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ABSTRACT. Isolates of Bipolaris sorokiniana were analyzed by ran-
dom-amplified polymorphic DNA (RAPD) techniques to determine the
amount of intraspecific genetic variability and to study host-pathogen in-
teractions. Ten isolates originated from different regions of Brazil were
examined. Plants of the wheat cultivars BR8, BH1146 (original host) and
IAC-5 Maringa, classified as resistant, moderately resistant or susceptible
to B. sorokiniana, respectively, were inoculated with these 10 isolates.
Twenty-seven isolates were recovered from these cultivars and were ana-
lyzed by RAPD assay and compared to the RAPD of the original 10 iso-
lates. According to the RAPD profiles there was a high level of genetic
variability among the isolates. We detected 69 polymorphic fragments,
ranging from 1.6 to 0.54 kb, in the original 10 isolates; 57 fragments with
sizes between 1.98 and 0.38 kb from the isolates recovered from BH1146;
47 polymorphic bands, ranging from 1.96-0.54 kb, were detected in the
isolates from BR8 and 32 fragments between 1.98 and 0.42 kb in isolates
were recovered from [AC-5 Maringa. The number of polymorphic frag-
ments varied, even for the same isolate, when the isolates were recovered
from different cultivar hosts.
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INTRODUCTION

One of the many diseases affecting wheat crops in Brazil is spot blotch, caused by
Bipolaris sorokiniana (Sacc. in Sorok) Shoem, anamorphic state, syn. Helminthosporium
sativum Pamm. King and Bakke, syn. Drechslera sorokiniana (Sacc.) Subram & Jaim,
telomorphic state Cochliobolus sorokiniana (Ito & Kurib) Drechsl. ex Daxtur. Bipolaris
sorokiniana infects plant leaves, stems, crowns and roots, causing infected tissues to become
necrotic. This pathogen is not specialized, as it affects wheat, triticale, barley and most grasses
(Agrios, 1997).

Historically, B. sorokiniana has been described as a variable fungus with many
morphological (Christensen, 1925; Christensen and Davis, 1937; Tinline, 1960;
Matsumura, 1991; Valim-Labres, 1995; Oliveira et al., 1998) and physiological variants
(Tinline, 1960; Wood, 1962; Nelson and Klyne, 1962; Hart, 1979; Metha, 1981; Valim-
Labres et al., 1997). Part of this variability has been attributed to heterokaryosis and
parasexuality mechanisms (Tinline, 1962). Characterization of this fungus is fundamental
for the study of host-parasite interactions, in order to develop appropriate strategies for
plant breeding programs.

Mendelian genetic analysis has been decisive for the discovery of many fundamental
principles in plant pathology. However, important phenomena observed in natural populations
of fungi are not adequately explained by Mendelian inheritance of phenotypic characters.
These include an unusually high mutation rate, the absence of detectable reversion and a
frequent association of mutation with other phenotypic changes, including loss of patho-
genicity (Bronson et al., 1990; Chumley and Valent, 1990; Levi et al., 1991; Klister and
Miao, 1992).

Analyses of the diversity of plant pathogens and studies of the interaction with their
hosts have been revolutionized by molecular techniques. Particularly, the polymerase chain
reaction (PCR) assay has provided a framework to understand taxonomy and population structure.
The assessment of genetic diversity is required for the development of long-time disease
management strategies. The random-amplified polymorphic DNA (RAPD) method has been
successfully used to identify strains (Guzman et al., 1999; Chiocchetti et al., 1999; Pryor and
Gilbertson, 2000), to characterize races (Malvick and Grau, 2001) and to analyze virulence
variability related to genetic polymorphisms (Chen et al., 1995; Chen et al., 1999; Browning et
al., 1999; Chakraborty et al., 1999; Kolmer and Liu, 2000) in phytopathogenic fungi. It has also
been used in the study of inter- and intraspecific variability among populations from different
(Vakalounakis and Fragkiadakis, 1999; Pimentel et al., 2000; Pazoutov4 et al., 2000) and from
the same geographic regions (Bhat and Subbarao, 1999; Walker et al., 2001; Ma et al., 2001).

Bipolaris sorokiniana has a high degree of phenotypic variability; however, the genetic
diversity of this fungus has not been fully studied. Studies have been made of isozyme poly-
morphisms among isolates (Matsumura, 1991; Valim-Labres, 1995). However, no such work
has been done using DNA polymorphisms.

We used a RAPD assay to determine the genetic variability of B. sorokiniana isolates
collected from different regions of the country and examined the host-pathogen interactions by
analyzing RAPD polymorphisms in isolates of this fungus recovered from wheat cultivars with
different resistance levels.
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MATERIAL AND METHODS

Fungal Isolates

We used 10 isolates from different geographic regions of Brazil, provided by the Centro
Nacional de Pesquisa do Trigo, EMBRAPA-CNPT (Table 1). These isolates were inoculated on
the wheat cultivars BR8, BH1146 (original host) and IAC-5 Maringa, which are classified as
resistant, moderately resistant and susceptible to B. sorokiniana infection, respectively (Oliveira
et al., 1998). After the fungus had been re-isolated from the wheat cultivars, 27 new samples
were collected and were also analyzed in this study.

Table 1. Bipolaris sorokiniana isolates used in the study of intraspecific variability.

Isolates® Geographic origin®
0392 Passo Fundo - RS
0592 Passo Fundo - RS
0892 Dourados - MG
1492 Planaltina - GO
1592 Planaltina - GO
1692 Planaltina - GO
1792 Cataldo - GO
1892 Planaltina - GO
1992 Planaltina - GO
0793 Dourados - MG

“Identification codes refer to isolates number in the culture collection of Embrapa - Centro Nacional de Pesquisa do Trigo, Passo
Fundo, RS, Brazil.
"Location in Brazil of the sample collection. RS - Rio Grande do Sul; MG - Mato Grosso; GO - Goias.

DNA isolation

Fungal cultures were grown on potato-dextrose-agar (PDA) incubated at 24 +£ 2°C on a
12-h light/12-h dark cycle for seven days. Aliquots of the cultures were used to inoculate flasks
containing 50 ml of potato-dextrose broth, which were incubated as described above. Twenty
grams of mycelium was used for DNA isolation according to Ashktorab and Cohen (1992),
with some modifications. The mycelia were collected by filtration and the samples ground to a fine
powder in liquid nitrogen. One volume (w/v) of lysis buffer (200 mmol/l Tris-HCI, pH 8.0; 250
mmol/l NaCl, 25 mmol/l EDTA, pH 8,0; 1% sodium dodecyl sulfate) with 1% B-mercaptoethanol
and 50 pg/ml proteinase K (Gibco-BRL) was added to the powder. The samples were then
incubated at 65°C for 1 h. After incubation, samples were centrifuged for 20 min at 13,000 g.
The supernatant was collected and one extraction with phenol was performed, followed by two
extractions with phenol-chloroform (1:1) and one with chloroform &#8221. Fifty micrograms
RNAse A (Sigma Aldrich) was added to the samples and incubated at 37°C for 15 min. The
DNA was precipitated with 0.1 vol. of sodium acetate 3 mol/l and 2.5 vol. of isopropanol. The
DNA was collected carefully and washed with 70% ethanol, dried and then dissolved in TE
(10 mmol/l Tris-HCI, 1 mmol/l EDTA).
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RAPD analysis

The primers used in this study were A1-A10 and B1-B10 (Biodynamics Kits S.R.L.),
OP13, OPB17 and OPB03 (Operon Technologies Inc., USA). For standardization of the
amplification conditions and selection of the primers, the genomic DNA extracted from original
samples of B. sorokiniana was used as a template for the amplifications. The primers A01, A02,
A06,A08, B06, B07 and OPC13 (Table 2) were chosen due to the consistent reproducibility of
their amplification products.

Table 2. RAPD primers used in the study of intraspecific variability of Bipolaris sorokiniana isolates.

Code Sequence 5°-3° Source

A01 CCCAAGGTCC Biodynamics S.R.L.
A02 GGTGCGGGAA Biodynamics S.R.L.
A06 GAGTCTCAGG Biodynamics S.R.L.
A08 ACGCACAACC Biodynamics S.R.L.
B06 GTGACATGCC Biodynamics S.R.L.
B07 AGATGCAGCC Biodynamics S.R.L.

OPC13 AAGCCTCGTC Operon Tech. USA

Amplification conditions were slightly modified from those indicated in Williams et al.
(1990). All reactions were carried out in a volume of 25 pl with 30 ng DNA; 2.5 mmol/l of each
dNTP (dATP, dGTP, dCTP, dTTP); 60 ng of primer; 2.5 pl of 10X reaction buffer (10 mmol/l
Tris-HCI, pH 8.0, 2.0 mmol/l MgCl,, 0.01% gelatine); 50 pg/ml bovine serum albumin (Gibco-BRL),
and 1 unit 7ag DNA polymerase (CENBIOT/RS-BR). The reactions were performed on a thermal
cycler (MJ Research) programmed for one initial cycle with 1 min at 94°C, 5 min at 35°C; 2
min at 72°C and 45 cycles of 1 min at 94°C, 1 min at 35°C; 2 min at 72°C. The assays were
repeated at least twice with each primer in different experiments. Amplification products were
electrophoresed in 1.4% agarose gel, and detected by staining with ethidium bromide.

Data analysis

The RAPD data were analyzed using the Statistical Package for the Social Sciences
(SPSS) software, 2nd edition (Wilkinson et al., 1992), through which similarity coefficients
were calculated and a dendrogram for genetic distances constructed. Similarity was evaluated
through simple association and the genetic distance determined as the Euclidian Distance. The
binary matrix was built pair-wise, and the presence or absence of a determined RAPD band
scored 1 and 0, respectively. The hierarchical groupings were based on the unweighted pair set
method using average (UPGMA) (Crisci and Armengol, 1983).

RESULTS

In this investigation the genetic variation existing among isolates of B. sorokiniana and
the host-pathogen interactions was studied by analyzing the DNA polymorphisms in isolates
recovered from wheat cultivars with different resistance levels to B. sorokiniana infection.

The RAPD profiles showed a high level of genetic variability among the B. sorokiniana
isolates. Variability was observed among isolates originated from the same cultivar, as well as
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between different host cultivars. Sixty-nine polymorphic fragments were detected in the 10 original
samples (BH1146 host), ranging from 1.6 to 0.54 kb. Polymorphisms, were also observed among
the isolates recovered from the BH1146 cultivar, in which 57 polymorphic fragments were
identified, some of which had not been observed in the original samples (Figure 1A and B). The
amplifications with all seven primers generated fragments ranging from 1.98 to 0.38 kb.

10 11

Figure 1. Amplification products of Bipolaris sorokiniana isolates with the primer B07. A, Original isolates. Lane I: Molecular
marker Lambda Hindl1l; lanes 2-11: 0392, 0592, 0892, 1492, 1592, 1692, 1792, 1892, 1992, and 0793, respectively; B, Isolates
recovered from BH1146 cultivar. Lane 1: Molecular Marker Lambda HindIll; lanes 2-10: 0392, 0592, 0892, 1492, 1592, 1692,
1792, 1892, and 0793, respectively, C, Isolates recovered from BRS cultivar. Lane I: Marker Lambda Hindlll lanes 2-10: 0392,
0592, 0892, 1492, 1592, 1692, 1792, 1892, and 0793, respectively; D, Isolates recovered from IAC-5 Maringa cultivar. Lane 1:
Marker Lambda Hindl1l; lanes 2-10: 0392, 0592, 0892, 1492, 1592, 1692, 1792, 1892, and 0793, respectively.

The amplification products of the isolates recovered from cultivars BR8 and IAC-5
Maringa also showed genetic variability (Figure 1). Forty-seven polymorphic fragments ranging
from 1.96-0.54 kb were identified in isolates from cultivar BR8, and 32 polymorphic fragments
were scored, ranging from 1.98-0.42 kb, in isolates from cultivar IAC-5 Maringa. Some
isolates did not amplify with this primer (B07), even after many repetitions. Amplification
problems are sometimes due to low quality of the DNA template. However, this possibility was
ruled out because these same samples amplified with other primers.

Computer analysis of these data resulted in a matrix with similarity coefficients for
each set of isolates (Table 3). Considerable polymorphism was found, with a similarity index
below 50%. The highest similarity coefficient among the original isolates was 0.89 for isolates
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0892 and 0592, and the lowest coefficient 0.47 was seen for the isolate 1892 in relation to
isolates 0392, 0892 and 1492. With the isolates recovered from cultivar BH1146 the maximum
coefficient was 0.93 for isolate 1592 in relation to 0592 and 1892 isolates, and the lowest
coefficient 0.39 was observed for pair 0793-0892; for the isolates from BR8 the highest value
was 0.92 for isolates 0392 and 1492, and 0.54 (the lowest) for isolate 0392 in relation to 0793
and 1892, and for those from IAC-5 Maringa the results were 0.82 for pair 1892-1692, and the
lowest coefficient 0.37 for isolate 0793 with 1692 and 1792.

Table 3. Simple matching similarity coefficients of Bipolaris sorokiniana isolates based on RAPD analysis with
the primers given in Table 2. (A) Original isolates; (B) isolates recovered from BH1146; (C) isolates from BRS; (D)
isolates from IAC-5 Maringa.

A Isolates 0392 0592 0892 1492 1592 1692 1792 1892 1992

0592 0.65

0892 0.64 0.89

1492 0.70 0.74 0.82

1592 0.55 0.77 0.85 0.82

1692 0.50 0.67 0.74 0.65 0.80

1792 0.58 0.56 0.55 0.70 0.64 0.62

1892 0.47 0.49 0.47 0.47 0.50 0.58 0.62

1992 0.52 0.53 0.49 0.49 0.49 0.53 0.58 0.59

0793 0.55 0.65 0.70 0.76 0.76 0.68 0.64 0.50 0.58
B Isolates 1492 1592 1692 1792 1892 0392 0592 0892

1592 0.88

1692 0.48 0.55

1792 0.55 0.58 0.69

1892 0.81 0.93 0.48 0.51

0392 0.48 0.55 0.72 0.55 0.48

0592 0.81 0.93 0.53 0.55 0.86 0.53

0892 0.48 0.55 0.48 0.37 0.53 0.62 0.53

0793 0.58 0.69 0.58 0.65 0.67 0.53 0.52 0.39
C Isolates 1492 1592 1692 1792 1892 0392 0592 0892

1592 0.66

1692 0.59 0.78

1792 0.64 0.69 0.76

1892 0.61 0.80 0.73 0.73

0392 0.54 0.59 0.61 0.57 0.54

0592 0.64 0.78 0.71 0.61 0.69 0.71

0892 0.57 0.71 0.78 0.64 0.61 0.73 0.83

0793 0.64 0.78 0.71 0.76 0.92 0.57 0.66 0.59
D Isolates 1492 1592 1692 1792 1892 0392 0592 0892

1592 0.72

1692 0.75 0.55

1792 0.48 0.62 0.65

1892 0.65 0.58 0.82 0.62

0392 0.58 0.65 0.62 0.48 0.65

0592 0.55 0.55 0.79 0.58 0.75 0.55

0892 0.55 0.75 0.51 0.51 0.48 0.62 0.58

0793 0.62 0.55 0.37 0.37 0.62 0.68 0.65 0.51
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The dendrograms were constructed with the RAPD data generated by the amplified
fragments from the original isolates recovered from BR*, BH1146 and [AC-5 Maringa cultivars,
respectively (Figure 2). There was genetic variation among the isolates because the isolates
never appeared in the same group. Also, the groupings showed no association with the
geographic origin of the isolates.

Isolates Isolates
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Figure 2. Dendrograms derived from banding patterns of RAPD analysis with primers given in Table 2. A, Original isolates; B,
Isolates recovered from BH1146; C, Isolates recovered from BR8; D, Isolates recovered from IAC-5 Maringa.

DISCUSSION

According to Burdon and Silk (1997), plant pathogenic fungi most commonly rely on
mutation and recombination as the main source of genetically based variation. Within a species,
gene flow between populations supplements these processes as propagules spread from one
epidemiological area to another, and from one deme to the next. Gene flow, along with other
evolutionary forces, can result in the spread of single genes (or DNA sequences), genotypes,
and even in the establishment of whole populations in different regions (McDermott and
McDonald, 1993).

Based on the high degree of genetic similarity found among B. sorokiniana isolates
from Passo Fundo, RS, Dourados, MS and Planaltina, GO, we suggest that there has been
considerable gene flow among all these populations. However, more isolates from each region
and from different regions must be tested with a higher number of primers in order to confirm
this hypothesis.

Much research with B. sorokiniana has been done during the past years, most of it
addressing changes in colony characteristics and in virulence in isolates recovered from
successive infections of the plant host (Christensen and Devay, 1955; Kinsey and Hooker,
1973; Castro, 1976; Linden, 1989). We observed modifications in the number of amplified
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fragments of fungal isolates from wheat cultivars with different resistance levels to B. sorokiniana
infection. It is well known that the plant host exerts a strong selective pressure on its pathogens
(Burdon and Silk, 1997). Nevertheless, in this investigation the relationship between the host
resistance to infection and DNA polymorphisms was not established as some of the fragments
that amplified with the isolates recovered from cultivar BH1146 did not amplify with the
original isolates that came from the same cultivar.

These isolates had been previously analyzed for their morphological and cultural
characteristics on PDA medium, as well as virulence for wheat cultivars BH1146, BR8 and
IAC-5 Maringa (Oliveira et al., 1998). Different degrees of virulence and high morphological,
as well as growth rate variability were found. However, no association was observed between
morphological and cultural characteristics, virulence and RAPD patterns.
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