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Abstract

Bipolaris sorokiniana is a serious problem, especially in organic farming system, and
no cultivars are especially recommended for this system. Infection by B. sorokiniana can
be reduced by development of resistance in spring barley. The development re-
quires knowledge of the pathogen population structure. The purpose of the study
was to determine intraspecies genetic variability of B. sorokiniana by RAPD-PCR
analysis. The research materials were 54 isolates of B. sorokiniana taken from roots
and stem bases with disease symptoms and from harvested grain. RAPD analysis
revealed genetic variability of the B. sorokiniana isolates. Generally, the differences
occurred in certain degree in dependence on barley cultivar from which the B.
sorokiniana isolate originated and to a lesser extent by farming system. No direct ef-
fect of isolation year or plant part from which the pathogen was isolated was appar-
ent.
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Introduction

Bipolaris sorokiniana Sacc. in Sorok. (teleomorph. Cochliobolus sativus (Ito & Kurib.)
Drechsl. ex Dastur) is one of the most serious pathogens of spring barley and infects
all parts of plant in all stages. A very important source of the disease can be sowing
material infected by mycelium or contaminated with conidia (Lacicowa 1990).
Knudsen et al. (1995) claim that spring barley grain can be infected up to 76% by B.
sorokiniana, and Christensen and Stakman (1935) observed 90% infection of grain.
Analyses by Lacicowa (1982) showed that B. sorokiniana can limit germination dras-
tically, even to 25%; diseased grain also gives rise to diseased, weak seedlings. Grain
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yield decreases to as low as 30%, as a result of root, stem base, leaf, head, and grain
infection (Eng-Chong Pua et al. 1985, Lacicowa and Pieta 1993).

Bipolaris sorokiniana is the serious problem, especially in organic systems, and
no cultivars are especially recommended for this system. Infection by B. sorokiniana
can be reduced by development of resistance in spring barley. This development re-
quires knowledge of the pathogen population structure. Such information is lack-
ing, so research on breeding practices connected with resistance of spring barley to
this important pathogen is badly needed.

The purpose of the study was to determine intraspecies genetic variability of B.
sorokiniana by RAPD-PCR analysis.

Materials and methods

The purpose of the study was to verify genetic variability among B. sorokiniana
isolates originating from two different regions of Poland, various farming systems,
different spring barley cultivars and plant parts.

Experiments were carried out in 2002 and 2003. Material was taken from ex-
perimental fields in Osiny in southeastern Poland, owned by the Institute of Soil
Science and Plant Cultivation in Pulawy. Beside experimental fields, research work
was performed in a production field of an organic farm, approved by the Associa-
tion of Ecological Food Producers EKOLAND, which has produced organic food
for over 14 years, in Kielpin, near Tuchola in the kujawsko-pomorski region,
northwestern Poland, in the neighbourhood of national and landscape park “Bory
Tucholskie”. The sources of B. sorokiniana isolates were ‘Damazy’ cultivated in a
production field and ‘Rudzik’, ‘Rodos’, ‘Start’ and ‘Maresi’ cultivated in experi-
mental fields in organic, integrated, and conventional systems.

The research materials were 54 isolates of B. sorokiniana obtained from roots
(six isolates) and stem bases (15 isolates) with disease symptoms and from har-
vested grain (33 isolates). Isolates are characterised in Table 1.

At emergence and at the beginning of dough maturity, plants with disease
symptoms on roots and stem bases were separated, and 0.5-cm fragments of them
were prepared for mycological analysis. Harvested grain was also taken for analy-
sis. For mycological analysis 4 x 100-grain samples were taken from each combi-
nation.

Before they were put onto the PDA medium, pH 5.5, plant fragments and grain
were disinfected 2 min in 1% NaOCI and washed three times with sterile water.
After incubation at 23°C for seven days, B. sorokiniana was identified under a micro-
scope, and two-three isolates from every combination of roots, stem bases, and
grain were transferred into separate Petri dishes. Pure cultures of B. sorokiniana
were the basis for single spore cultures preparation. These cultures grown in 25°C
on PDA for five days were transferred onto liquid potato dextrose medium and
shaken for four days in the dark on a rotary shaker.
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Table 1
Origin of Bipolaris sorokiniana isolates used in the study
) Origin of isolate
Serial number | Isolate code - -
year plant part location cultivar
1 2 3 4 5 6
1 G 0301 OD 2003 G OF D
2 G 0302 OD 2003 G OF D
3 G 0303 OD 2003 G OF D
4 G 0304 ORU 2003 G (O8] RU
5 G 0305 ORU 2003 G oS RU
6 G 0306 ORU 2003 G (O8] RU
7 G 0307 ORO 2003 G oS RO
8 G 0308 ORO 2003 G oS RO
9 G 0309 ORO 2003 G os RO
10 G 0310 OST 2003 G os ST
11 G 0311 OST 2003 G os ST
12 G 0312 OST 2003 G os ST
13 G 0313 OM 2003 G oS M
14 G 0314 OM 2003 G (O8] M
15 G 0315 OM 2003 G (O8] M
16 G 0319 CRO 2003 G CS RO
17 G 0325 CM 2003 G CS M
18 G 0328 IRU 2003 G IS RU
19 G 0331 IRO 2003 G IS RO
20 G 0332 IRO 2003 G IS RO
21 G 0337 IM 2003 G IS M
22 G 0201 OD 2002 G OF D
23 G 0202 OD 2002 G OF D
24 G 0203 OD 2002 G OF D
25 G 0204 ORU 2002 G os RU
26 G 0205 ORU 2002 G os RU
27 G 0206 ORU 2002 G os RU
28 G 0207 CRU 2002 G CS RU
29 G 0208 CRU 2002 G CS RU
30 G 0209 CRU 2002 G CS RU
31 G 0210 IRU 2002 G IS RU
32 G 0211 IRU 2002 G IS RU
33 G 0212 IRU 2002 G IS RU
34 S 0201 ORU 2002 S (O8] RU
35 S 0202 ORU 2002 S (O8] RU




166 A. Baturo

Table 1 - cont.

1 2 3 4 5 6
36 S 0203 ORU 2002 S 0os RU
37 S 0204 CRU 2002 S CS RU
38 S 0205 CRU 2002 S CS RU
39 S 0206 IRU 2002 S IS RU
40 S 0207 OD 2002 S OF D
41 S 0208 OD 2002 S OF D
42 S 0209 OD 2002 S OF D
43 R 0201 ORU 2002 R (O] RU
44 S 0301 OD 2003 S OF D
45 S 0302 OD 2003 S OF D
46 S 0303 OD 2003 S OF D
47 S 0304 ORU 2003 S (O] RU
48 S 0305 ORU 2003 S (O] RU
49 S 0306 ORU 2003 S 0os RU
50 R 0301 OD 2003 R OF D
51 R 0302 OD 2003 R OF D
52 R 0303 OD 2003 R OF D
53 R 0304 ORU 2003 R (O] RU
54 R 0305 ORU 2003 R (O] RU

G - grain, R - roots, S — stem base, CS — conventional system Pulawy, IS - integrated system
Putawy, OF - organic farm Kielpin, OS - organic system Putawy, D - cv. ‘Damazy’, M - cv. ‘Maresi’, RO
—cv. ‘Rodos’, RU - cv. ‘Rudzik’, ST - cv. ‘Start’.

The mycelium was filtered through Whatman No. 1 filter paper, then washed
twice with TE buffer, and total DNA was extracted according to a modification of
the method by Doyle and Doyle (1990). RNA was eliminated by addition of 3 ul of
RNAase (1.0 mg/ml). The amount of DNA was quantified by spectrometer and
confirmed by gel electrophoresis. DNA samples were diluted in TE buffer to give a
concentration of 20 ng/ul and were stored at —20°C for future use.

Genetic variability analysis of B. sorokiniana isolates was carried out with
RAPD-PCR (Random Amplified Polymorphic DNA). Several decamer primers
supplied by Operon Technologies Inc. were tested against five randomly selected
B. sorokiniana isolates. Of the 40 primers tested (OPH and OPI sets), 28 produced
some products, and five showed evidence of polymorphism and were used in fur-
ther studies. These five primers produced the maximum number of bands, either
polymorphic or monomorphic, and were selected for RAPD analysis with all iso-
lates: OPH-3 (5’-AGACGTCCAC-3’), OPI-8 (5-TTTGCCCGGT-3’), OPI-10
(5-ACAACGCGAG-3’), OPI-13  (5-CTGGGGCTGA-3’), and OPI-18
(5’-TGCCCAGCCT-3’).

RAPD-PCR reactions were performed in 25-ul volumes containing PCR Core
Kit (buffer 10 X, MgCl, dNTP, Taq polymerase), and 5 pmol of primer and 100 ng
of DNA. Amplification was performed in a thermocycler, according to the follow-
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ing program: 94°C for 3 min followed by 40 cycles of 94°C for 1 min, 37°C for 1
min, 72°C for 2 min, and a final extension at 72°C for 5 min. Amplification prod-
ucts (25 pl) were electrophoresed in 1.2% agarose gels with TBE running buffer
and stained with ethidium bromide. Results were scanned into a computer-imag-
ing file with gel documentation set (VILBER LOURMAT) with a digital camera. A
molecular marker of 100 bp was used.

RAPD data were analysed for the presence or the absence of bands. After analy-
sis, data were performed into a dendrogram made by the STATISTICA program to
show genetic variability of the isolates. To determine that variability, a scale of
0-100 was used: 0 — completely different isolates, 100 — identical isolates.

Results

The RAPD analysis with the five selected primers produced three
monomorphic and 27 polymorphic bands on electrophoresis gels. Size of amplified
and analysed DNA fragments generated with the selected primers ranged from 600
bp to 2900 bp. Results of electrophoresis of 38 isolates of B. sorokiniana with
OPI-13 are shown in Photograph 1.

From the dendrogram (Fig. 1), the isolates can be classified into 13 basic
groups (differentiation ranging from 8 to 22) that in turn formed two main groups.
The level of differentiation among isolates from the first main group was approxi-
mately 45, that for the second main group was about 60.

Isolates were genetically different, but the differences were not correlated with
their origins. Some isolates taken from stem base of ‘Rudzik’, cultivated in an or-
ganic system near Putawy in 2003 (S 0203 ORU, S 0202 ORU, S 0201 ORU), are
similar to each other and also similar to the isolates taken from different parts of
‘Damazy’ cultivated on an organic farm in Kielpin (R 0301 OD, S 0301 OD, S 0208
OD, G 0202 OD). In both cases the level of differentiation was below 10. However,
isolates taken from different parts of ‘Rudzik’, cultivated in different farming sys-
tems (S 0305 ORU, R 0305 ORU, S 0206 IRU, S 0304 ORU, S 0306 ORU, G 0210
IRU, G 0209 CRU), entered into the composition of one group where the level of
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Phot. 1. The results of electrophoresis of 38 isolates of Bipolaris sorokiniana
with OPI-13 primer (sample). M — marker 100 bp
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Relationships between 54 isolates of Bipolaris sorokiniana
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Fig. 1. Dendrogram produced by STATISTICA cluster analysis based on five random
RAPD primers for Bipolaris sorokiniana. For isolates — see Table 1

differentiation was 20. Isolates from ‘Maresi’ were in some cases similar to isolates
from ‘Damazy’. For example the level of differentiation among G 0337 IM, G 0325
CM, and G 0301 OD was approximately 20, and that among S 0209 OD, G 0315
OM, and G 0303 OD was 15.

Generally, the differences among isolates occurred in certain degree in depend-
ence on barley cultivar from which the B. sorokiniana isolate originated and to a
lesser extent by farming system. No direct effect of year of isolation or plant part
(root, stem base, grain) from which the pathogen was isolated was apparent.

Our results should be considered preliminary because isolates of B. sorokiniana
were obtained during two years only and only 40 OP primers were tested. The ef-
fect of farming system on genetic variability was difficult to study because the
pathogen is rare in integrated and conventional systems and common in the or-
ganic one, from which most of the isolates were taken.

Discussion

RAPD analysis revealed genetic variability among the isolates of B. sorokiniana
obtained from spring barley. Oliveira et al. (2002) also reported differences among
B. sorokiniana populations. Using RAPD analysis of 27 isolates, originating from
wheat cultivated in different regions of Brazil, these authors reported a high level
of variability among the isolates, but Baturo et al. (2004), after analysis of 53 iso-
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lates collected during 15 years in different regions of Brazil, reported low
intraspecies differentiation in the pathogen population, where most of the isolates
were at a similarity index of approximately 85%; only two isolates differed, show-
ing about a 76% similarity index. In recent years Fordyce and Meldrum (2001), us-
ing RAPD, confirmed different genetic structure of some isolates of B. sorokiniana
classified into different pathotype groups.

The examples mentioned may suggest that RAPD analysis does not always
yield the same results with the same pathogen. RAPD is a relatively modern
method, but older studies also looked for intraspecies differences. The first at-
tempts to identify the races of B. sorokiniana were made as early as 1922.
Christensen (1925) revealed 37 races of B. sorokiniana, based only on pathogenicity
tests and morphological differences among isolates. Clark and Dickson (1958) also
noted that isolates of B. sorokiniana taken from barley differed significantly in
pathogenicity. Several years later Wood (1962), during studies of this pathogen’s
physiology and taking into consideration isolates obtained from different cereals
from various regions, confirmed that conclusion. Later Mehta (1981) tested 96 iso-
lates obtained from cereals in different regions of Brazil and distinguished 32
races. The importance of those studies he explained by the need for the knowledge
necessary for resistant plant breeding.

Nevertheless, knowledge about races of the pathogen is still very controversial,
and the RAPD technique may allow us to complete it. In general, RAPD analysis is
useful in detecting inter- and intraspecific variation in plant pathogenic fungi. This
molecular method has been used for examination of many specific pathogens. It
proved efficient in analysis of genetic structure of an Erysiphe graminis f.sp. hordei
Marchal population (McDermott et al. 1994, Brindle 1994). Those studies re-
vealed very high variability of isolates originating from various European countries
as well as among those originating from local collection. Huang et al. (1995) re-
ported differences in Mycosphaerella dearnessit M.E. Barr. Yli-Mattila et al. (1996),
using RAPD-PCR, demonstrated genetic variability among Fusarium avenaceum
(Corda ex Fr.) Sacc. isolates taken from various regions of Finland and analysed
phenotypes classified into five groups that were 55% similar.

The research reported here concerned genetic variability among isolates of B.
sorokiniana obtained from only one plant species, but similar studies are underway
of the level of differentiation among isolates of the same genus but from different
species of pathogens infesting various host plants. Krol (2002) analysed Phomopsis
spp., isolated from e.g. bilberry, walnut, grape, and cherry. Fouly et al. (1996) iden-
tified races of Gaeumannomyces graminis var. tritici J. Walker, G. graminis var. graminis
(Sacc.) Arx. & D. Olivier and G. graminis var. avenae E.M. Turner by RAPD. Mehta
(2001) used that method to discover differences among Stemphylium solani Weber
infesting tomato and cotton leaves and found that isolates of the same pathogen
species taken from different plants are genetically different.

During the studies reported here, a significant effect of region on genetic diver-
sity of B. sorokiniana was not noted, but evidence exists for the presence or absence
of such effects in some pathogens. Assigbetse et al. (1994) found a geographic in-
fluence on Fusarium oxysporum Schlecht. populations, but Frazzon et al. (2002) re-
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ported no differences among isolates of Drechslera teres (Sacc.) Shoemaker from
various regions. Also Krél (2002) noted that genotypes of Phomopsis spp. isolated
from grapes cultivated in different parts of Poland did not show diversity.

The genetic variability reported here among isolates of B. sorokiniana is difficult
to explain. Krdmer and Kopahnke (1997) encountered problems in the case of D.
teres. On the basis of RAPD primers, they demonstrated intraspecific diversity of
the pathogen, but that diversity was not correlated with pathogenicity or geo-
graphic origin of isolates.

The much higher frequency of the pathogen in organic systems and the preva-
lence of isolates from that system can be explained by results noted by Baturo
(2002), Lukanowski et al. (2002), and Baturo et al. (2002). Analysis revealed that
more than 60% of grain harvested in the organic system was infected by B.
sorokiniana and that this pathogen may be the most prevalent cause of root and
stem disease.

Conclusions

1. RAPD analysis revealed genetic variability in Bipolaris sorokiniana popu-
lation isolated from spring barley.

2. Intraspecific differences in B. sorokiniana depend on barley cultivar and
farming system to a greater extent than on plant part or region of cultivation.

3. Genetic variability can be troublesome for breeding of resistant culti-
vars. Many isolates should therefore be tested in breeding projects intended to
select resistant plants.
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