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ABSTRACT

On the basis of morphological features and RAPD markers the strains of Chalara ovoidea found in Poland on
planks and on stems of beech trees were identified. As reference strains the cultures taken from CBS Utrecht were
employed; they were cultures CBS 354.76 and CBS 136.88. The amplification of genomic DNA was conducted
using 10 primers (OPA0O1-OPA10), 7 of which (OPA0O1-OPAO0S5, OPA09, OPA10) gave positive results. In total
42 fragment of DNA (bands) were obtained. In case of primers OPA03, OPA04, OPAOS5, and OPAOQ9 all obtained
fragments for analyzed strains were fully monomorphic. This means, that no genetic variability was found using
the above mentioned primers. Low genetic variability was ascertained in the analysis of frequency of occurrence
of DNA fragments using other primers, namely OPAO1, OPA02, and OPA10.

The matrix and dendrogram of genetic affinities among different strains of Chalara, calculated using the Jac-
card’s similarity coefficient suggested, that the most similar strains are the ones coming from Poland (HMIPC
16136 and HMIPC16664) as well as the strain CBS 136.88, while somewhat different from them is the strain
CBS 354.76. To determine, how exactly did the dendrogram reflect genetic affinity among analyzed strains, the
Mantel’s test was employed. The correlation coefficient amounted to 0.78, suggesting that the strains under study
had been grouped properly. The results showed, that the fungal strains found in southern Poland represent the spe-
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cies Chalara ovoidea.
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INTRODUCTION

Chalara ovoidea Nag Raj & Kendrick is the hyphomyce-
te fungus which was described as a new species quite re-
cently (Nag Raj and Kendrick 1975). It occurs predomi-
nantly on trees from the genus Fagus, less commonly on
Quercus. Morphologically it is very similar to Chalara
thielavioides (Peyr.) Nag Raj & Kendrick, which was fo-
und on Juglans and on Ulmus (Nag Raj and Kendrick
1975; Paulin-Mahady et al. 2002). Chalara ovoidea has not
been recorded yet from Poland. Only recently it was found
on discolored beech planks, as well as on live beech trees
showing symptoms of decline (T. Kowalski, unpublished).

The isolated cultures displayed several physiological and
developmental features different from those described in
the literature (Nag Raj and Kendrick 1975; Paulin and Har-
rington 2000). Among the most important of them is the
development of teleomorph, which — according to the lite-
rature — has not been observed earlier (Nag Raj and Ken-
drick 1975; Paulin-Mahady et al. 2002). To proceed with

the studies, it was necessary to be certain if the preliminary
identification of the species collected in Poland was cor-
rect. Two cultures from CBS Utrecht (Netherlands) were
used to make comparisons. The unequivocal identification
of colonies on the basis of their morphological features is
difficult, because there is a high variability in morphology
and a big variability in sizes of conidia, especially their
lengths, as well as in the size of aleuriospores and the fre-
quency of their occurrence. Therefore RAPD analysis of
molecular markers (Williams et al. 1990) was employed to
determine, if the Polish and the CBS Utrecht strains belong
to the same species.

MATERIAL AND METHODS

In the study 4 strains of Chalara ovoidea were used:

HMIPC 16136 — isolated on June 20, 1995 by T. Kowal-
ski, representing colonies isolated from beech (F. sylvati-
ca) planks stored in wood processing factory in Wadowice
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(southern Poland), showing symptoms of gray-brown di-
scoloration

HMIPC 16664 — isolated on January 18, 2000 by T. Ko-
walski, represents colonies isolated from exposed wood in
place of necroses of stems of European beech (F. sylvatica)
in the Nawojowa Forest District (southern Poland)

CBS 354.76 — obtained from the Centraalbureau voor
SchimmelCultures, Netherlands, isolated from firewood
(Paulin-Mahady et al. 2002).

CBS 136.88 — obtained from the Centraalbureau voor
SchimmelCultures, Netherlands, isolated from Quercus
(Paulin-Mahady et al. 2002).

Morphological examination

For the morphological examination colonies were culti-
vated on 2% malt extract agar (MEA, Difco). Description
of the structure of a colony and measurements of spores
were done on 3-week old cultures, incubated at the tempe-
rature of 20°C without light. For each culture 30 endoconi-
dia and 30 aleuriospores submerged in water were measu-
red using a Zeiss microscope with a 100 x Planapo objecti-
ve with interference differential contrast.

Extraction of DNA and RAPD analysis

The genomic DNA was obtained from the cultures of
Chalara ovoidea growing on malt extract agar in Petri di-
shes. Extraction of DNA was carried out using a modified
method developed by Carlson and others (1991). The aerial
hyphae was collected from the surface of the medium, put
into a mortar and powdered with 1000 pl of Carlson Lysis
Buffer (100 mM Tris pH 9.5, 20 mM EDTA, 1.4 M NaCl,
2% CTAB, 1% PEG 8000, 0.2% 2-mercaptoethanol) at the
temperature of 65°C. The powdered hyphae was put into
1.5 ml Eppendorf test-tubes and then incubated at the tem-
perature of 65°C for 1 hour. Every 15 minutes the content
of incubated test-tubes was being mixed.

Then the samples were centrifuged (10 000 rpm for 10
minutes) at the temperature of 4°C. The water phase was
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put to the next test-tube and 500 pl of a chloroform and
isoamyl alcohol mixture 24:1 was added. After mixing the
samples were centrifuged (13 000 rpm for 10 minutes).
The water phase was collected to a test-tube and 400 pl of
cooled isopropanol was added in order to precipitate the
nucleic acids. This process was conducted at the tempera-
ture of -20°C for a dozen hours. Then the samples were
centrifuged (13 000 rpm for 10 minutes) and the superna-
tant was collected. The pellet of DNA was rinsed with
ethyl alcohol and dried at ambient temperature. Nucleic
acids were diluted in 30 pl of TE buffer (10 mM Tris pH
8.0, 1 mM EDTA) with addition of RNA-se (Sigma) of
a concentration of 10 pg/ml. Test-tubes were then put for
24 hours in an incubator at the temperature of 37°C to per-
mit the RNA-se to operate. The concentration of DNA was
determined using a spectrophotometer. Test-tubes with
extracted DNA were kept at the temperature of -20°C until
next analyses.

For amplification 10 primers OPAO1 (Operon) (Table 2)
were used. The reaction was conducted employing the ge-
nomic DNA extracted from the hyphae of 4 cultures for
each of the analyzed strains of Chalara ovoidea. DNA was
kept in sterile 0.2 ml Eppendorf’s test tubes in 25 pl of re-
action mixture containing PCR buffer (750 mM Tris-HCI
(pH 8.8), 200 mM (NH,),SO,, 0.1% Tween 20) (Fermen-
tas), MgCl, in concentration determined in a previous
experiment, 150 mM of a mixture of ANTP (Fermentas), 5
pM of a primer (Operon) 10 ng of genomic DNA, 3 U Taq
DNA polymerase (Fermentas).

Amplification of DNA was conducted in a thermocycler
T3 (Biomertra) programmed in a following way: initial de-
naturation, 94°C, 3 minutes, then 40 cycles containing the
following stages: denaturation, 94°C, 1 minute, annealing,
36°C, 1 minute, elongation, 72°C, 2 minutes. The elonga-
tion in the last cycle was prolonged to 5 minutes. The test-
tubes were cooled down to 4°C.

For each sample of DNA the amplification was conduc-
ted twice to evaluate the repeatability of the results and to

TABLE 1. Dimensions of endoconidia and aleurioconidia in analyzed strains of Chalara ovoidea.

Endoconidia (length x width)

Aleurioconidia (length x width)

Strain

range range mean
HMIPC 16136 6.0-32.0x2.8-5.0 14.8x3.7 9.0-12.0x7.0-9.0 10.8x8.4
HMIPC 16664 9.0-34.0x2.2-4.2 16.7x3.5 9.0-12.0x8.0-11.0 10.5%9.3
CBS 354.76 5.0-29.0x2.2-3.5 13.3%x2.9 7.0-10.0x5.2-7.0 8.9%6.5
CBS 136.88 6.0-53.0x2.8-5.0 17.7x3.3 10.0-13.5%7.0-8.7 12.0x7.7

TABLE 2. Primers used for amplification, optimum concentration of Magnesium ions, and range of sizes of obtained products.

Name of primer The sequence of primer

The optimum
concentration of Mgt [mM]

Sizes of obtained products of amplification (bp)

Minimum Maximum

OPAO1 CAGGCCCTTC 1.5 395 2399
OPAO02 TGCCGAGCTG 2.0 561 2513
OPAO03 AGTCAGCCAC 2.0 600 1297
OPA04 AATCGGGCTG 2.0 525 2244
OPAO05 AGGGGTCTTG 2.0 500 2166
OPA06 GGTCCCTGAC X X X

OPAO7 GAAACGGGTG X X X

OPAO8 GTGACGTAGG X X X

OPA09 GGGTAACGCC 1.5 509 1063
OPA10 GTGATCGCAG 1.5 768 2287

X —negative reaction, lack of bands at the concentration of Mg2* in range 1.0-2.0 mM
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eliminate mistakes. As a negative control the reaction mi-
xture without template DNA was employed.

To identify the products of amplification the electropho-
resis was conducted in 2% agarose gel (Sigma) suspended
in a TBE buffer (89 mM Tris, 89 mM boric acid, 2.5 mM
EDTA) (ICN Biomedicals). 0.5 pg/ml of ethidium bromide
was added to the gel in order to make the bands visible.
For the electrophoresis 8 pl of a reaction mixture with loa-
ding buffer (0.25% bromophenol blue, 0.25% xylene cya-
nol FF, 30% glycerol) was used. A GeneRuler 100 bp Lad-
der Plus (Fermentas) was used as a marker of the length of
DNA fragments. The electrophoresis was conducted at the
voltage of 60 V for 2-3 hours, and then the image of elec-
trophoresis was produced employing a documentation set
of electrophoretic gels by Vilber Laurmat.

Optimization of concentration of Magnesium ions
in reaction mixture

To determine the appropriate concentration of the Mg**
ions during the amplification of DNA a series of prelimina-
ry experiments was conducted. DNA from one culture was
chosen by random for each fungal strain and the PCR reac-
tion was carried out according to the procedure described
above. For particular primers three concentrations of Ma-
gnesium ions were used: 1.0, 1.5 and 2.0 mM. As a negati-
ve control a mixture without the template DNA was ap-
plied. Then the electrophoresis was conducted and a pictu-
re of gels in UV light was made. The most appropriate con-
centrations of Magnesium ions were chosen on the basis of
the number and sharpness (clarity) of the obtained bands.
As an excessive concentration of Magnesium the one pro-
ducing streaks without visible bands or with very poorly
visible ones. The too low concentration of Mg** ions was
the one that produced low number of poorly visible bands.

Investigation of genetic stability within strains

To make sure that the analyzed cultures of Chalara ovoi-
dea were genetically stable within strain and were not in-
fected by other microorganisms, from two chosen strains
of Chalara (HMIPC 16664 and CBS 354.76) 10 colonies
per each strain were brought. The DNA was then extracted
from those colonies and amplified using two primers:
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OPAO2 and OPAO3. On the basis of the electrophoretic
picture of the separated fragments of DNA (degree of mo-
nomorphity of bands) conclusions about the genetic stabili-
ty of cultures were drawn.

Data analysis

The length of the electrophoretically separeted fragments
of DNA was determined using the BIO-1d ++ software
produced by Vilber Laurmat. To each band one of two fea-
tures was ascribed: 1 — present, or O — absent. It was assu-
med, that the band is monomorphic (strains were genetical-
ly identical), if it occurs in all analyzed cultures. Then,
using the RAPDistance ver. 1.04 software, a matrix of ge-
netic similarity (calculated employing the Jaccard’s simila-
rity coefficient — Jackson et al. 1989; Gower 1985) was
constructed:

nll
n-n00

where:

n — number of bands obtained for compared genotypes,

nll — number of cases, in which the bands occur in both
compared genotypes,

n00 — number of cases, in which the bands did not occur
in both compared genotypes.

On the basis of the matrix of genetic similarity a cluster
analysis was conducted, employing the unweighted pair gro-
up average (UPGMA) method. The results were presented
graphically in a form of a dendrogram. To estimate, how
exactly did the dendrogram represent the genetic distance
between analyzed strains of Chalara ovoidea, a Mantel ma-
trix-correspondence test (Mantel 1967) was carried out using
the Mantel-Stuct 1.0 software. Basic statistics (mean value,
maximum and minimum values, standard deviation, coeffi-
cient of variation) were calculated for each strain.

RESULTS

Colonies of Chalara ovoidea (HMIPC 16136, HMIPC
16664, CBS 136.88, CBS 354.76) were in most cases effu-
se, with poorly developed aerial mycelium, bright-gray, to
dark gray or black (Fig. 1). The structure of some colonies

Fig. 1. A colony of Chalara ovoidea HMIPC
16136 (21 days, 21°C, MEA).
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Fig. 2. A colony of Chalara ovoidea CBS
354.76 (21 days, 21°C, MEA).

Fig. 3. Aleuriospores of Chalara ovoidea
HMIPC 16136 produced in a culture grow-
ing on MEA.

Fig. 4. Phialoconidia of Chalara ovoidea
HMIPC 16136 produced in a culture grow-
ing on MEA.
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was more compact, wool-like, only at the outskirts it was
powder-like (Fig. 2). In all colonies aleuriospores and en-
doconidia were produced. The frequency of occurrence of
each of those types of spores affected the structure and co-
lor of the colony. The occurrence of endoconidia in high
numbers resulted in the appearance of a white-gray delicate
loose powder. Production of numerous aleuriospores cau-
sed made the colony more compact and darkening of its
color. The features of the spores were as follows: aleurio-
spores — single cells, brown, subglobose or pyriform with
truncate base (Fig. 3). In the strain HMIPC 16664 the aleu-
riospores were less numerous, while in the strain CBS
354.76 they attained slightly smaller dimensions than in th-
ree other strains (Table 1). Endoconidia (phialoconidia)
were single cells, cylindric in shape, hyaline, golden to bri-
ght brown color (Fig. 4). In the strain CBS 354.76 the en-
doconidia — like aleuriospores — were slightly smaller than
in other strains (Table 1).

Optimization of concentration of Magnesium ions
in reaction mixture

On the basis of the number of bands, their sharpness and
intensity the optimum concentration of Magnesium ions
was determined. This concentration was then applied in the
analyzes. The optimum concentration of Mg** for particu-
lar primers was presented in Table 2.

The results allow to say, that for the primers used in the
experiment it is quite easy to match appropriate concentra-
tions of Magnesium ions, allowing for obtaining clearly vi-
sible bands, easy for further analyses.

Investigation of genetic stability within strains

The electrophoretic pictures of DNA fragments obtained
for strains HMIPC 16664 and CBS 354.76 were identical
for all cultures within strain with the one exception. It sug-
gests almost full genetic stability within strains. On the ba-
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sis of those results, in order to enhance the credibility of
the main experiment, the DNA coming from 4 cultures was
used for each strain.

ldentification of Chalara ovoidea strains

For amplification there were chosen the primers, which
had given positive PCR reaction at optimization of the con-
centration of Magnesium ions: these primers were: OPAO1
to OPAOS, OPA09 and OPA10. As a result of amplifica-
tion we obtained for 7 above mentioned primers in total 42
fragments of DNA (bands). Chosen pictures of electropho-
retic gels were given in Figure 5 and 6. The range of leng-
ths of DNA fragments obtained for particular strains were
give in Table 2, while their numbers — in Table 3.

The results showed, that in case of primers from OPAO3
to OPAO5 and OPAOQ9 all fragments of DNA obtained
from analyzed strains were fully monomorphic (they
occurred in all cultures of the analyzed strain). This sugge-
sted a lack of genetic variability of analyzed strains in re-
spect to above mentioned primers and obtained bands. Low
genetic variability occurred in the analysis of the frequency
of occurrence of DNA fragments in case of remaining pri-
mers, namely OPAO1, OPA02 and OPA10. Employing in
the amplification procedure the OPA10 primer gave an ad-
ditional band (1129 nucleotides) for the strains CBS
136.88; this band was monomorphic for all analyzed cultu-
res of that strain (Fig. 6).

In case of the primer OPAOI for Polish strains (HMIPC
16136 and HMIPC 16664) we obtained 6 and 7 bands, re-
spectively; four of them were monomorphic. For the stra-
ins from CBS Utrecht (CBS 354.76 and CBS 136.88) we
obtained only 4 fragments of DNA, the lengths of which
matched the lengths of bands for monomorphic strains
from Poland. The primer OPA0O2 gave in total 9 fragments
of DNA. Two facts need special attention: first, the frag-
ment of the length of 934 nucleotides occurred only in the
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Fig. 5. Pattern of bands obtained as a result of amplification of DNA in four strains of Chalara ovoidea employing the primer OPA04 (Operon). Lines: M —
marker, K — control (without DNA), lines 1 — 4 strain HMIPC 16136, lines 5 — 8 strain HMIPC 16664, lines 9 — 12 strain CBS 354.76, lines 13 — 16 strain

CBS 136.88.

Fig. 6. Pattern of bands obtained as a result of amplification of DNA in four strains of Chalara ovoidea employing the primer OPA10 (Operon). Lines: M —
marker, K — control (without DNA), lines 1 — 4 strain HMIPC 16136, lines 5 — 8 strain HMIPC 16664, lines 9 — 12 strain CBS 354.76, lines 13 — 16 strain

CBS 136.88.
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TABLE 3. Number of obtained DNA fragments for particular strains of Chalara ovoidea.
Strains
Pri HMIPC 16136 HMIPC 16664 CBS 354.76 CBS 136.88
rimer
all monomorphic all monomorphic all monomorphic all monomorphic
fragments fragments fragments fragments fragments fragments fragments fragments
OPAO1 6 4 7 4 4 4 4 4
OPAO02 8 6 9 9 4 4 8 8
OPAO3 5 5 5 5 5 5 5 5
OPA0O4 5 5 5 5 5 5 5 5
OPAO5 6 6 6 6 6 6 6 6
OPA09 4 4 4 4 4 4 4 4
OPA10 5 5 5 5 5 5 6 6
TABLE 4. The statistical characteristics of the Chalara ovoidea strains based upon the Jaccard’s coefficient of similarity.
Strain Mean Jaccard’s Standard Coefficient Maximum Minimum Range
coefficient deviation of variability
HMIPC 16136 0.919 0.042 0.045 1.0 0.846 0.154
HMIPC 16664 0.915 0.054 0.059 1.0 0.805 0.195
CBS 354.76 0.901 0.064 0.071 1.0 0.805 0.195
CBS 136.88 0.922 0.052 0.056 1.0 0.868 0.132
TABLE 5. Matrix of genetic distances among the strains of Chalara ovoidea.
Mean Jaccard’s coefficient for the strain
Strain
HMIPC 16136 HMIPC 16664 CBS 354.76 CBS 136.88
HMIPC 16136 1.0
HMIPC 16664 0.9249
CBS 354.76 0.8932 0.8414 1.0
CBS 136.88 0.8990 0.9199 0.8684 1.0

strain HMIPC 16664, and was monomorphic for that popu-
lation. Because we did not find this fragment in the strain
HMIPC 16136, it could be used for telling apart the Polish
strains after conducting other investigations. Secondly, for
the strains CBS 354.76 and CBS 136.88 the primer OPA02
gave 4 and 8 fragments of DNA, respectively. All these
DNA fragments were monomorphic within a strain (Table
3). In case of the strain CBS 354.76 there were 4 DNA
fragments missing; their respective lengths were 2513,

1939, 934 and 561 nucleotides. Also the mentioned above
band with 1129 nucleotides, being a result of amplification
using primer OPA10, did not occur in that strain.
Calculating the Jaccard’s coefficient of similarity for the
pairs of cultures allowed for a closer statistical description
of the investigated populations. Data presented in Table 4
indicated, that the most similar are the Polish strains
(HMIPC 16136 and HMIPC 16664) and the strain CBS
136.88, while the most distant one was the strain CBS

HMPIC 16136

HMPIC 16664

CBS 136.88

CBS 354.76

Fig. 7. A dendrogram for 4 strains of
Chalara ovoidea obtained by unweighted
pair group average (UPGMA) method. The

0.94 0.93 0.92 0.91 0.90 0.89

Genetic similarity

0.88 0.87 0.86

genetic similarity calculated using the Jac-
card’s formula.
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354.76. Certainly that was caused by the fact, that this stra-
in lacked the above mentioned DNA fragments, which we-
re produced during the amplification procedure with the
primers OPAO2 and OPA10. The presented above relation-
ships based upon the genetic distance between strains were
supported by the matrix of genetic similarity (Table 5) and
by the dendrogram constructed on the basis of data contai-
ned in that matrix (Fig. 7).

Using the Mantel matrix-correspondence test we estima-
ted the accuracy, with which the dendrogram represents the
genetic similarity among the analyzed strains of Chalara.
The coefficient of correlation (r) was 0.78, which indicated
an appropriate grouping of analyzed strains.

DISCUSSION

The results prove the usefulness of the RAPD markers
for examining the taxonomic identity of the analyzed stra-
ins of Chalara ovoidea. Using the Jaccard’s coefficient we
showed, that the Polish strains of Chalara were genetically
very similar to the strains from CBS Utrecht (Table 3, 4).
The genetic likeness among Polish strains (HMIPC 16136
and HMIPC 16664) was higher than the likeness among
the strains (CBS 354.76 i CBS 136.88) which were used as
a standard in our investigations; the Jaccard’s coefficient of
similarity was 0.92 and 0.87, respectively. There were also
ascertained some differences in morphological features and
in production of spores among the analyzed strains. The
strain CBS 354.76, which had smaller endoconidia and
aleuroconidia than in other strains, was also characterized
by the lack of bands (2513, 1939, 934, 561 bp) in the elec-
trophoretic gel. These bands occurred in all other analyzed
strains of Chalara.

The recent research based upon the nuclear DNA sequ-
ences showed, that Chalara according to the contemporary
taxonomic approach is an polyphyletic genus (Paulin and
Harrington 2000). On the basis of parsimony analysis of
the sequences obtained from a large sub-unit (LSU) and in-
ternal transcribed spacer regions (ITS) rDNA Paulin-Ma-
hady et al. (2002) suggested, that the species of the genus
Chalara, which displayed Ceratocystis affinities, should be
included into the genus Thielaviopsis. The new nomencla-
ture combination for the species analyzed in this paper sho-
uld be Thielaviopsis ovoidea (Nag Raj et Kendrick) Paulin,
Harrington et McNew. In this paper we still used the name
Chalara ovoidea, as it was used also in the original de-
scription of the species (Nag Raj and Kendrick 1975).

It is essential to note, that the analysis of IDNA sequence
presented in the paper by Paulin-Mahady et al. (2002) did
not allow to find any differences between the strains CBS
354.76 and CBS 136.88 of Chalara ovoidea. These had be-
en exactly the same strains, which were analyzed in our
work using RAPD method on genomic DNA. The reason
for not finding differences by Paulin-Mahady et al. (2002)
could be the use of ribosomal DNA, which is commonly
used as a tool in taxonomy (to identify the species) and in
phylogenetic investigations (Henrion et al. 1994; Lovic et
al. 1995).

The morphological and genetical analyses showed, that
the strains isolated in Poland belonged to Chalara ovoidea.
This was the first well documented case of finding that
species in Poland. This refers both to the strains isolated
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from beech planks with the signs of gray-brown discolora-
tion, and to the wood in necroses found in the stems of live
specimens of Fagus sylvatica. This is a good starting point
for further research on the teleomorph of Chalara ovoidea,
which is still not known to science (Nag Raj and Kendrick
1975).

Our research confirmed the need to optimize the concen-
tration of the Magnesium ions in the reaction mixture. Ob-
taining visible and clear bands in electrophoretic gels while
analyzing the genetic affinity using RAPD method needs
an optimization of the conditions in which the PCR reac-
tion is conducted. It refers especially to the choice of pro-
per concentrations of the magnesium ions in the reaction
mixture, which could be different depending upon the kind
of primer used in the reaction, the kind of polymerase (pro-
ducer) and the species under study (Bousquet et al. 1990;
Carlson et al. 1991; Kraj 2002).

Our research showed, that for each primer which starts
a positive PCR reaction we can match such a concentration
of Magnesium ions, which allows for an easy identification
of bands characteristic for each species of fungus. The pro-
blem of optimizing the concentration of Magnesium ions in
the reaction mixture has been discussed by numerous au-
thors. Bosquet at al. (1990) wrote, that choosing right con-
centrations of Mg** ions permits minimizing the errors
caused by the Taq DNA polymerase during the PCR reac-
tion, thus increasing the repeatability of analyses. The opti-
mization of the concentration of Magnesium ions was con-
ducted by Carlson et al. (1991) for Picea glauca Voss.
They concluded, that in case of too high concentration of
Magnesium ions a diffuse band is produced, being an ef-
fect of producing during the PCR reaction some non-speci-
fic DNA fragments of very similar lengths; low variability
in length of these DNA fragments makes their electropho-
retic separation virtually impossible, so no discrete bands
are produced.

Too low concentration of Mg** leads to production of
a low number of bands, which are usually hardly visible. In
both cases determining the actual genetic variability of
analyzed individuals is quite difficult. Also other authors
mentioned the need of optimizing the concentration of Ma-
gnesium ions before conducting the main analyses. For
example, Devos and Gale (1992) conducted such investiga-
tions on wheat Triticum aestivum L., Barcaccia (1994) con-
ducted it on Medicago sativa L. All above mentioned au-
thors suggested, that the right concentration of Magnesium
ions is a prerequisite for obtaining clear and interpretable
electrophoretic pictures.
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