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Abstract

Two hundred twenty five isolates of B. sorokiniana of
barley were studied for their morpho-pathological
characterization and were grouped in to four categories
(1) dull white to slight black, gel type cottony growth (DW),
(2) white fluffy growth (WF), (3) suppressed white growth
(SW) and (4) black fluffy growth (BF). The frequency of BF
isolate was highest (39.6 %) whereas SW isolates
displayed lowest frequency (7.1 %). The group IV (BF)
isolate was most aggressive. Sixty four purified isolates,
sixteen from each of the four groups, were taken for RAPD
analysis. Twenty RAPD primers were tested to detect the
variability among these four identified groups. A total of
204 bands were amplified with 100% polymorphism using
20 primers. Dendrogram based on molecular
polymorphism displayed considerable diversity within and
between groups of 64 isolates which displayed four
morpho-pathological groups into seven clusters. Specific
DNA bands were identified for the selected isolates. The
distinct markers may potentially be employed as genetic
fingerprints for specific strain identification and
classification in future.
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Introduction

Barley (Hordeum vulgare L. emend. Bowden) is the
world’s fourth most important cereal crop after wheat,
maize and rice [1]. Its production is continuously
declining since last decade in India. Spot blotch caused
by Bipolaris sorokiniana is a serious disease in barley
and wheat in hot and humid conditions [2]. Therefore, it
is considered as a key biotic factor for reducing the
quality and quantity of the barley produce. Yield losses

due to spot blotch vary from 16-52 % in barley [3, 4, 5,
6]. Spot blotch also reduces malting quality [7] causing
lower price of the crop [8]. Although fungicides can
reduce severity of spot blotch [9, 10], their repeated
application not only increase cost of cultivation, but it is
hazardous to ecosystem and is also associated with
emergence of fungicidal resistance in the target
pathogen [11]. Previous studies have indicated that spot
blotch pathogen B. sorokiniana is a variable fungus with
many morphological [12, 13] and physiological variants
[14]. Part of this variability has been attributed to
heterokaryosis and parasexual mechanism [14]. Despite
the realization that the spot blotch is an important
disease of barley, the progress in breeding for resistance
against this disease has not been satisfactory. A major
reason for this slow progress is the absence of proper
knowledge about the variability in the isolates of B.
sorokiniana. The variability and aggressiveness of this
pathogen on cereals seems to increase overtime [15].
Lack of knowledge on pathogen variability has also
hampered in understanding the inheritance of resistance
to this disease [13, 16]. Although variability in the
isolates of B. sorokiniana of wheat has been reported
at morphological [17, 18, 19] and pathological [15, 18,
20] levels, little information is available for barley. In
addition, knowledge about the aggressive pattern of the
B. sorokiniana isolates is also lacking.

The role of molecular markers in establishing
variability in the isolates of pathogen is now well
accepted. The PCR-based molecular marker, Random
Amplified Polymorphic DNA (RAPD), has been
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successfully used to identify strains [21], characterize
races [22] and to analyze virulence variability related to
genetic polymorphism [12, 13, 16, 23]) in pathogenic
fungi. However, the information on the variability and
aggressiveness pattern of B. sorokiniana isolates of
barley is still limited and not in practical use. Organized
molecular assisted selection of barley varieties and
isolates of B. sorokiniana may be effective in enhancing
the level of resistance against this disease. A precise
knowledge in this aspect would also enable barley
breeders to generate effective and durable host
resistance. Therefore, the present investigation was
initiated to characterize B. sorokiniana isolates using
RAPD and provide breeders and pathologists reliable
information about the presence of genetic variability in
the pathogen.

Materials and methods

Isolation of fungus isolates

The fungal isolates used in this study were collected
from barley plants growing at different locations of
Varanasi, Ghazipur, Mirzapur, Jaunpur, Chandouli and
Bhadohi districts of Eastern Uttar Pradesh. Bipolaris
sorokiniana was isolated from the infected leaves [24].
Samples were washed in tap water followed by one
washing in surfactant (Sandovit) solution for few
seconds. Infected leaves showing typical blight
symptoms were cut into small pieces (2 mmz) [16, 17].
These leaf pieces were dipped into 0.1% (w/v) HgCl,
solution for half a minute followed by 3-4 washings in
sterile double distilled water. Leaf pieces were dried
under sterile blotter paper and transferred to Petri plates
(9 cm diameter) containing Potato Dextrose Agar (PDA).
Tetracycline 25ug/ml was also added to the medium
before pouring it to the Petri plates. Each Petri plate
was incubated at 25+1°C for 5 days with a 12 h alternate
dark and photoperiods. The presence of B. sorokiniana
was confirmed by comparing the isolated cultures with
the characteristic features of the fungus [25]. The
pathogen was isolated on PDA medium, purified by
monoconidial isolation [18] and stored at 5°C on PDA.
Hereafter the monoconidial culture will be referred as
isolate. Single spores from each of the groups was
transferred in the flask containing liquid media [26] and
incubated for 15 days at 25+1°C. The mycelium so
cultured was used for genomic DNA extraction.

Characterization of isolates

The colony morphology (colour and growth behavior)
of different group of isolates was studied on PDA
medium. Radial growth of isolates was recorded when
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fast growing isolate covered entire Petri plate at g™ day
from the date of inoculation [13]. Cluster analysis was
done using NTSYSpc 2.1 program.

Aggressiveness of isolates

The aggressiveness of isolates of different groups was
tested on susceptible (RD 2503) and resistant (EMBSN
27-4-1) genotypes grown under poly house having
relative humidity 70-90% and temperature 20 to 30°C.
Three rows of each genotype were planted in a 4m plot
having approximately 40-50 plants per row. In each plot,
20 random plants were tagged for recording disease
severity. Spore suspension (1 o* spore/ml) was sprayed
on the flag leaf of the two genotypes [27, 12]. Disease
severity (%) on plant basis was recorded at three
different growth stages viz., GS 57, 69 and 77 [28]. Area
Under Disease Progress Curve (AUDPC) was estimated
[29].
n
AUDPC =i21[{(Yi +Yirn) 12X (v 1) - 1)

where, Y; = disease level at time t;
t+1) - ti = Time (days) between two disease scores
n = Number of dates on which spot blotch was recorded

Genomic DNA extraction and RAPD analysis

The extraction of DNA was done from 64 isolates, 16
from each of the four groups (DW, WF, SW and BF) by
using CTAB (Cetyl Trimethyl Ammonium Bromide) with
minor modification [30]. The DNA was quantified with
spectrophotometer and quality analysis was done on
0.8% agarose gel. Twenty RAPD arbitrary decamer
primers (Operon USA) were used to screen 64 isolates
of B. sorokiniana. The PCR amplification reaction was
carried out in the final volume of 25ul which consisted
of 1X PCR assay buffer, 1 mM dNTPs mix, 20 pl primer,
3U Taqg DNA polymerase (Bangalore Genie, India) and
50 ng template DNA. All the reactions were carried out
in a Thermal Cycler PTC-200 (Techne, UK) under the
following thermal cycling parameter conditions: initial
denaturation at 94°C for 3 min annealing at 36°C for 1
min 72°C for 1 min 20 sec and final extension was done
at 72°C for 5 min. Amplified products were visualized
on 1.5% agarose gel.

Analysis of RAPD data scoring and statistical
analysis

Each reproducible band was visually scored “1” for
presence and “0” for absence. Binary data were used
for statistical analysis. The data were analyzed using
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Table 1. DNA Polymorphism in 64 isolates of spot blotch pathogen Bipolaris sorokiniana of barley based on 20 RAPD
markers
No. Primers Sequences Number of bands
Total Monomorphic Polymorphic  Polymorphism%
1. OPA-12 5"TCGGCGATAG3 10 0 10 100
2. OPA-15 TTCCGAACCC 0 0 0 0
3. OPC-11 AAAGCTGCGG 11 0 11 100
4. OPC-15 GACGGATCAG 0 100
5. OPC-20 ACTTGGCCAC 0 100
6. OPD-02 GGACCCAACC 11 0 11 100
7. OPD-04 TCTGGTGAGG 7 0 7 100
8. OPD-05 TGAGCGGACA 9 0 9 100
9. OPD-11 AGCGCCATTG 8 0 8 100
10. OPD-15 CATCCGTGCT 10 0 10 100
11. OPH-01 GGTCGGAGAA 8 0 8 100
12. OPH-02 GGTCGGAGAA 10 0 10 100
13. OPW-10 TCGCATCCCT 14 0 14 100
14. OPH-04 GGAAGTCGCC 22 0 22 100
15. OPI-04 CCGCCTAGTC 11 0 11 100
16. OPI-10 ACAACGCGAG 15 0 15 100
17. OPI-11 ACATGCCGTG 9 0 9 100
18. OPI-20 AAAGTGCGGG 5 0 5 100
19. OPJ-01 CCCGGCATAA 8 0 8 100
20. OPJ-05 CTCCATGGGG 18 0 18 100
Total 204 0 204

NTSYS-pc version 2.1 [31] to generate Jaccard’s
similarity coefficient [a/(n-d)] in which the data were
defined in a two-way contingency table such that for
any pair wise combination of isolates, a = (1,1), b =
(1,0), c=(0,1), d = (0,0) and n = (a+b+c+d). The matrix
was subjected to unweighted pair group method for
arithmetic mean analysis (UPGMA) to generate
dendrogram using average linkage procedure. The band
sizes were determined after comparing with Lambda
DNA double digested with EcoRl and Hind lll and 100
bp molecular markers, which was run along with
amplified products.

Results and discussion

Two hundred twenty five isolates of B. sorokiniana were
grouped into four groups on the basis of colour
morphology and growth pattern. These groups were (1)
dull white/slight black/gel type cottony growth (DW), (11)
white with fluffy growth (WF), (Ill) white with suppressed

growth (SW) and (IV) black with fluffy growth (BF) (Fig.
1 and Table 2). Among all the isolates, BF type displayed
highest frequency (39.6%) while the SW group was the
lowest (7.1 %) and the DW and WF appeared in 36.4%
and 16.9% frequency, respectively. The BF group of
isolates showed highest aggressiveness with barley
varieties EMBSN 27-4-1 and RD 2503 as indicated by
maximum AUDPC (Table 2) The AUDPC of isolates
on resistant genotype (EMBSN 27-4-1) varied between
182.5 (WF) to 340 (BF), while for susceptible cultivar
(RD 2503) it varied from 987.7 (WF) to 1770.0 (BF)
(Table 2).

The DNA amplification

All 20 primers (except OPA 15) that were used in this
experiment were highly polymorphic with all 4 groups
of isolates. Out of these, nineteen oligonucleotide
primers were scorable and provided reproducible
results. The distributions of RAPD bands with OPD 05
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Group | (Dull white)

Group Il (White Fluffy)

Group lll (Suppressed white)

Group IV (Black fluffy)

Fig.1. Four morphological groups observed in the 225 isolates of Bipolaris sorokiniana of barley

primer among 64 isolates of B. sorokiniana are shown
in Fig. 2 while the number of polymorphic bands that
were amplified by 19 RAPDs primers is given in Table
1. The OPD 05 primer gave the unique band of 150 bp
for group Il (WF) isolates (except isolates 17, 21, 28,
31 and 32). The same primer gave a unique band of

600 bp for group IV (BF) (except for isolates 57, 63 and
64), which was supported by the dendrogram. The
RAPD analysis showed high degree of polymorphism
and a total of 204 bands were scored among the
selected 64 isolates (Table 1). On an average, the total
number of bands generated per primer was 10.2.
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Table 2. Morphological characteristics and AUDPC on the resistant (EMBSN-27-4-1) and susceptible (RD 2503) genotypes

with frequency distribution of 225 isolates

Groups & Morphological features AUDPC Isolates Colony Isolates
diameter (cm) No.
after 8 days
EMBSN-27-4-1 RD 2503 No % (16 from
each)
I-Dull white to slight black, gel type growth (DW) 240.00 1560.00 82 36.44 8.56 1-16
II-White and fluffy growth (WF) 182.53 987.71 38 16.88 7.11 17-32
IlI-Suppressed and white growth (SW) 215.60 1015.21 16 07.11 6.42 33-48
IV-Black and fluffy growth (BF) 340.50 1770.50 89  39.55 6.72 49-64
M 12 345 6789101012134 1516 MI7181920 212223242526 2728 29303132
M 33343536 37383940 414243 444546 4748 4950 5152 535455 56573830 606162 6364 M
600 bp

Fig. 2. Amplification profiles of 64 isolates belonging to four morpho-pathological groups of spot blotch pathogen
Bipolaris sorokiniana of barley employing random primers, OPD 05

The dendrogram constructed by NTSYS-pc
program for all the selected isolates displayed that the
overall similarity indices ranged from 0.00 to 0.87 (Fig.
3). In the 4" group (BF), two isolates BF51 and BF59
showed 100% similarity with 0.86 genetic similarity
coefficient. However, SW43 and DW2 showed highest
(98.76%) similarity followed by BF57 and DW2 that
showed 98.57% similarity.

Cluster analysis of RAPDs

The 64 isolates belonging to the four groups of B.
sorokiniana formed seven major clusters (Fig. 3). The
cluster 1 contained 14 isolates (DW1, DW4, DW2,

DwW15, DW7, DW11, DW16, DW6, DW8, DW5, DW9,
DW13, DW10 and DW14) out of 16 of group | (dull
white). Cluster 2 contained 15 isolates (SW33, SW34,
SW36, SW35, SW37, SW44, SW38, SW42, SW43,
SW47, SW39, SW48, SW40, SW41 and SW46) out of
16 of group Il (suppressed white). The cluster 3
contained 18 isolates (BF49, BF54, BF64, BF50, BF51,
BF59, BF52, BF56, BF55, BF57, BF62, BF58, BF60,
BF63, BF53, DW3, WF25 and WF31), in which 15 were
black fluffy (BF) of group IV and the other 3 isolates of
group | (DW3) and group Il (WF25 and WF31). The
cluster 4 contained 13 isolates (WF17, WF19, WF20,
WF18, WF21, WF23, WF26, WF27, WF28, WF22,
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Fig. 3. Dendrogram of 64 isolates of Bipolaris sorokiniana revealed by UPGMA cluster analysis of genetic similarities
based on RAPD data of 204 fragments amplified with 20 arbitrary primers

WF24, WF29 and WF30) of group Il out 16 of white
fluffy type. The clusters 5, 6 and 7 contained only one
isolate of group Ill (SW45), group | (DW12) and group I
(WF32), respectively.

The experimental data on barley displayed
substantial variation between and within groups of
isolates which was proved morphologically as well as
at molecular level. Group IV (black fluffy) isolate showed
highest AUDPC and hence was the most aggressive
and the group Il (white fluffy) the least (Table 2).
Therefore, the group IV isolate could be used more
effectively for creating artificial epiphytotic for evaluating
resistance in barley.

The 64 isolates subjected to RAPD showed high
level of polymorphism which displayed differentiation
of 4 morphological groups into 7 clusters at molecular
level which suggested that morpho-pathological
classification does not reflect total variability. The
experimental data also displayed a high degree of
variation among four groups of B. sorokiniana and
suggested that all the four groups characterized
morphologically were different at DNA level and
therefore molecular characterization would be more
reliable [13]. RAPD analysis showed genetic similarity
(GS) coefficient ranging from 0.0 to 0.87 that clearly
differentiated all the 64 isolates of B. sorokiniana of
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barley. The GS coefficient value for isolate WF22 and
WF32 was same (0.87) and showed proximity to the
morphological GS value 0.892 of Bipolaris isolate of
wheat reported earlier [32]. The OPD 05 primer gave
the unique band of 150 bp for group Il (WF) and 600 bp
for group IV (BF) isolates. These unique bands can be
used as marker for the identification of different isolates.

Parasexual recombination [14] is the major cause
of variability in the isolates of B. sorokiniana [33]. It has
also been suggested in wheat that variable
rearrangements of 1 to 6 nuclei per cell could also be
another possible way to create variability in the spot
blotch pathogen [17]. The continuous evolution of
variability and aggressiveness makes spot blotch
pathogen more pathogenic and may be the cause of
increased host range [16]. Although morpho-
pathological traits can be fairly used for preliminary
screening and grouping of isolates for practical
purposes, molecular markers are considered more
precise for characterization or identification of
pathogenic isolates [16]. The present investigation
establishes molecular diversity among the isolates of
B. sorokiniana of barley and provides a marker (OPD
05) to distinguish the isolates for the use of plant
pathologists and breeders.
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