
European Journal of Plant Pathology 109: 807–815, 2003.
© 2003 Kluwer Academic Publishers. Printed in the Netherlands.

Genetic variability and population structure of the wheat foot rot fungus,
Fusarium culmorum, in Tunisia

Samia Gargouri1, Louis Bernier2, Mohamed Rabeh Hajlaoui1 and Mohamed Marrakchi3
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Abstract

The random amplified polymorphic DNA (RAPD) method was used to investigate the genetic variability and pop-
ulation structure of Fusarium culmorum isolated from wheat stem bases. A total of 108 isolates, representing seven
geographically distinct populations, was collected from five climatic regions in Tunisia. Pseudo-allelic frequencies
were estimated at each of the 25 putative RAPD loci analyzed by scoring for the presence or absence of amplified
fragments; 92 haplotypes were found among the 108 strains. The analysis of the population structure did not reveal
any trend with regard to geographic origin. Total gene diversity (H ∗

T = 0.318) was mostly attributable to diversity
within populations (H ∗

S = 0.308). Analysis of molecular variance confirmed that most of the genetic variability was
within populations. Genetic differentiation among populations was low to moderate (G∗

ST ranged from 0 to 0.190
and averaged 0.041 over all loci). Cluster analysis with UPGMA using genetic distances did not reveal any spatial
clustering of the isolates collected from the different geographic regions. Based on these results, we conclude that
the F. culmorum isolates recovered from different regions in Tunisia might be part of a single population pool.

Introduction

Fusarium foot rot is an economically important dis-
ease of cereals in many grain-producing regions of
the world (Cook, 1980; Wiese, 1987), especially in
areas with low to intermediate rainfall such as North
Africa. In Tunisia, a 44% yield loss was reported
in 1974 (Ghodbane et al., 1974). The causal agents
rot roots, crown, and basal stem tissues resulting in
reduced yield and lower grain quality (Wiese, 1987).
Disease etiology is often complex and varies region-
ally (Smiley and Patterson, 1996). A recent survey
conducted in Tunisia showed that Fusarium culmorum
was the principal causal agent (Gargouri et al., 2001).
At present, no fungicides are available to control
Fusarium diseases efficiently, therefore, breeding for
resistance is the best disease-management method

(Miedaner, 1997). For applying efficient strategies in
the breeding process, knowledge about the genetic
diversity and structure of naturally occurring pathogen
populations is crucial. Molecular markers are useful
tools in the analysis of genetic variation in populations
of phytopathogenic fungi. The development of random
amplified polymorphic DNA (RAPD) markers (Welsh
and McClelland, 1990; Williams et al., 1990) has
provided a powerful method for investigating intraspe-
cific genetic variation in many phytopathogenic fungi.
RAPD analyses have been used to study genetic vari-
ability of Fusarium species associated with wheat dis-
eases including F. graminearum (Ouellet and Seifert,
1993; Schilling et al., 1996a,b; 1997; Dusabenyagasani
et al., 1999), F. avenaceum (Yli-Mattila et al., 1996;
Nijs et al., 1997) and F. culmorum (Nicholson et al.,
1993; Schilling et al., 1996a,b; Nijs et al., 1997). To our
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knowledge, however, there has been no report on the
genetic variability and organization of populations of
F. culmorum in Tunisia or in neighboring countries. The
objective of this study was to analyze genetic variability
and population structure of F. culmorum in Tunisia.

Materials and methods

Collection of isolates of F. culmorum

A total of 1215 isolates was collected from stem
bases of durum wheat (Triticum durum) showing typ-
ical symptoms of foot rot disease as described by
Wiese (1987). Sampling was done during April and
May 2000 from 174 fields in five climatic regions
in Tunisia, namely humid, sub-humid, superior semi-
arid, medium semi-arid and inferior semi-arid (Bortoli
et al., 1969). The fields were chosen randomly and
were separated by at least 10 km. More than 70% of
fungi isolated were identified as F. culmorum, based
on the Burgess identification key (Burgess et al., 1994).
Morphological identification was confirmed by PCR
using F. culmorum-specific primers (Schilling et al.,
1996a). To study genetic variability and population
structure of this species in Tunisia, a subset of 108
single-spore isolates representing seven geographically
distinct populations from the five climatic regions
(Figure 1) was subjected to RAPD analysis.

DNA extraction

Flasks containing 50 ml of PDB (Potato Dextrose
Broth) (DIFCO Laboratories, Detroit, MI, USA) were

inoculated with three disks from 3–4 days old cul-
tures grown on PDA. Liquid cultures were placed on
a rotary shaker (110 rpm) and grown in the dark at
25 ◦C for 4–5 days. Mycelium was washed with dis-
tilled water and collected by centrifugation (5500 rpm),
frozen at −80 ◦C for 2 h and then lyophilized. Freeze-
dried mycelium was ground in liquid nitrogen. 150 µl
of ground mycelium were incubated in 500 µl of TES
buffer (100 mM Tris–HCl, pH 8.0, 10 mM EDTA,
2% SDS) and 50 µg proteinase K for 60 min at 55 ◦C,
then 150 µl of NaCl (5 M) and 65 µl of CTAB (10%)
were added and the mixture was incubated for 10 min
at 65 ◦C. DNA was extracted in chloroform : isoamyl
alcohol (24 : 1), precipitated with ethanol, and washed
twice with 70% ethanol (Möller et al., 1992). Extracted
DNA was resuspended in TE buffer (10 mM Tris–HCl
pH 8.0, 1 mM EDTA pH 8.0) and stored at −20 ◦C.
DNA was quantified by comparing the band intensity
of samples on 0.8% agarose gels to a known amount of
lambda DNA standard.

DNA amplification and primer screening

DNA was amplified by the RAPD technique (Williams
et al., 1990). Reactions were carried out in a vol-
ume of 12.5 µl containing 10 mM Tris–HCl (pH 8.3),
50 mM KCl, 1.5 mM MgCl2, 100 µM of each dNTP
(Pharmacia Biotechnology Inc, Uppsala, Sweden),
0.2 µM of 10-mer RAPD primer from Kits A, C
and E (Operon Technologies, Alameda, CA, USA),
or 2 µM of primer from 10-mer kits B and W, 1 U
of Taq DNA polymerase (Boehringer, Mannheim,
Germany) and ca. 5 ng DNA. Reactions were con-
ducted in a Perkin-Elmer Cetus Thermal cycler 9600
(Perkin-Elmer Cetus, Norwalk, CT, USA) following

Figure 1. Distribution of the 108 strains in the different climatic regions of Tunisia as described by Bertoli et al. (1969), P: population,
n: number of isolates.
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Table 1. Oligonucleotide primers
retained for population analysis and
their corresponding sequences

Primer Sequence

OPA08 GTGACGTAGG
OPA09 CGGTAACGCC
OPA10 GTGATCGCAG
OPA18 AGGTGACCGT
OPA19 CAAACGTCGG
OPB09 TGGGGGACTC
OPB16 TTTGCCCGGA
OPC13 AAGCCTCGTC
OPC14 TGCGTGCTTG
OPC15 GACGGATCAG
OPC16 CACACTCCAG
OPC20 ACTTCGCCAC
OPE19 ACGGCGTATG
OPW03 GTCCGGAGTG

the program of Schilling et al. (1994): 94 ◦C for 3 min,
35 ◦C for 1 min, 72 ◦C for 2 min, one cycle; 94 ◦C for
1 min, 35 ◦C for 1 min, 72 ◦C for 2 min, 43 cycles;
72 ◦C for 5 min, final extension cycle. The PCR prod-
ucts were separated by electrophoresis on 1% agarose
gel in 0.5X TPE (45 mM Tris–Phosphate, 1 mM EDTA,
pH 8.0) buffer plus 0.5% Synergel (Diversified Biotech,
Boston, MA, USA) and were visualized by fluores-
cence following ethidium bromide staining. Seventy
primers were initially screened with a sample of seven
isolates from the seven populations. Fourteen primers
that produced polymorphic and reproducible markers
were retained for this study (Table 1). Amplifications
from each DNA sample were repeated at least once.

Data analysis

Only bright bands that could be clearly distinguished
as present or absent for all isolates were scored. RAPD
fragments were identified by the name of the primer
and the size of band amplified. Fragments were scored
as putative loci with two alleles (presence and absence).
Data were compiled as a binomial matrix with 108
individual and 25 polymorphic loci. The marker fre-
quency was calculated for each population. For each
locus, heterogeneity of the marker frequency between
the seven populations was calculated by the likelihood
G-test (Sokal and Rohlf, 1981) using SAS for Windows
software (release 6.12; SAS institute, Cary, NC, USA).
Allelic diversities were estimated using Nei’s diversity
parameters. The occurrence of any population structure

among the bioclimatic regions was studied by dividing
the total genetic diversity (HT) into the genetic diver-
sity of individuals relative to their sub-population (HS)

and the genetic diversity between populations (DST).
The genetic differentiation relative to the total popula-
tion was calculated as GST = DST/HT (Nei, 1973). All
genetic parameters were corrected for small, unequal
sample sizes according to Nei and Chesser (1983). An
analysis of molecular variance (AMOVA) (Excoffier
et al., 1992) was performed using a matrix of Euclidean
distances between all pairs of haplotypes (Huff et al.,
1994). It consists in partitioning the variance into
its hierarchical components. A measure of genetic
differentiation was obtained by F -statistics analogs
(	 statistics). The variance components and	 statistics
were tested statistically by non-parametric randomiza-
tion tests using 1023 repetitions. All analyses were
conducted with the Arlequin version 2000 (a software
for population genetics data analysis) program (Schnei-
der et al., 2000). A cluster analysis was carried out
using a distance matrix based on the genetic distance
of Nei and Li (1979) and the unweighted pair group
method with arithmetic average (UPGMA) (Sneath and
Sokal, 1973). The analysis was performed with the
TREECON (software package for the construction and
drawing of evolutionary trees, version 1.3b by Yves
Van de Peer) program (Van de Peer and De Wachter,
1994) using 500 bootstrap samples.

Results

Sixty-six fragments were amplified with the
14 primers. Twenty-five fragments were polymorphic.
Fragment sizes ranged from 0.61 to 3.6 Kb. Polymor-
phic DNA fragments amplified with primers OPA10
and OPW03 are shown in Figure 2. Ninety-two
haplotypes were generated among the 108 individ-
uals. The frequency of nine loci varied significantly
(P < 0.05) among the seven populations. The anal-
ysis of population structure revealed that most of
the genetic diversity was within populations, while
genetic diversity between populations represented
a small proportion of the total. Adjusted values of
genetic diversity within populations (H ∗

S ) ranged from
0.010 to 0.520 and averaged 0.308, accounting for
97% of the total genetic diversity (H ∗

T = 0.318). The
proportion of the total genetic diversity attributable to
the population differentiation (G∗

ST) ranged from 0 to
0.190 and averaged 0.041 over all loci (Table 2).
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Figure 2. RAPD products from 19 strains of F. culmorum amplified with primers OPA10 (A) and OPE19 (B). Lanes M1 and M2 = 1 Kb
and 100 bp markers, respectively (GIBCO-BRL). Markers labeled with arrows are polymorphic.

The AMOVA analysis for the 108 individuals
revealed that most of the molecular variability was
attributable to differences within populations (96.2% of
the total variance; P = 0). A small yet significant pro-
portion of the variability was explained by differences
between populations (3.8%, P < 0.001) (Table 3).
The cluster analysis with the UPGMA using genetic
distances failed to identify any spatial clustering among
the different geographic regions (Figure 3).

Discussion

The objective of this study was to estimate the extent
of genetic diversity of F. culmorum in Tunisia and
to determine if any population structure occurred
with regard to geographical origin by means of
RAPD markers. As was pointed out by Wong et al.
(2001), the use of dominant PCR markers would
likely underestimate the gene diversity and among
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Table 2. Frequency of putative RAPD loci and genetic diversity of seven Tunisian populations of F. culmorum

Locus Frequency of the plus allele in each population Pr Genetic diversitya

P1 P2 P3 P4 P5 P6 P7 HS HT GST

n = 14 n = 15 n = 15 n = 15 n = 17 n = 18 n = 14

OPA082323 0.142 0.066 0.400 0.133 0.000 0.055 0.071 ∗ 0.201 0.219 0.082
OPA092036 0.214 0.266 0.600 0.400 0.411 0.388 0.357 ns 0.474 0.473 0.000
OPA101150 0.500 0.400 0.466 0.400 0.647 0.500 0.428 ns 0.520 0.503 0.000
OPA101140 0.285 0.133 0.266 0.066 0.058 0.166 0.214 ns 0.287 0.285 0.000
OPA10908 0.857 1.000 0.933 0.800 0.941 0.944 0.857 ns 0.175 0.173 0.000
OPA10816 0.071 0.000 0.333 0.066 0.000 0.055 0.071 ∗ 0.143 0.157 0.089
OPA18933 0.142 0.133 0.333 0.133 0.000 0.055 0.071 ns 0.212 0.219 0.030
OPA192036 0.000 0.130 0.330 0.200 0.120 0.280 0.000 ∗ 0.245 0.250 0.020
OPA19612 0.357 0.266 0.400 0.000 0.176 0.277 0.571 ∗∗ 0.383 0.417 0.080
OPC133050 0.714 0.333 0.533 0.600 0.176 0.666 0.928 ∗∗ 0.412 0.495 0.167
OPC132036 0.785 0.533 0733 0.733 0.705 0.666 0.571 ns 0.453 0.442 0.000
OPC142036 0.214 0.000 0.130 0.066 0.176 0.111 0.142 ns 0.217 0.214 0.000
OPC151010 0.857 0.866 0.733 0.866 0.941 0.888 0.857 ns 0.252 0.244 0.000
OPC163636 0.642 0.666 0.600 0.200 0.470 0.555 0.571 ns 0.486 0.502 0.030
OPC16834 0.642 0.733 0.866 0.866 0.820 0.777 0.928 ns 0.317 0.315 0.000
OPC201760 0.500 0.466 0.466 0.666 0.294 0.388 0.500 ns 0.508 0.502 0.000
OPC201236 0.428 0.733 0.600 0.266 0.647 0.388 0.285 ns 0.472 0.503 0.060
OPE192460 0.928 0.866 1.000 0.866 0.823 0.944 0.714 ns 0.213 0.216 0.013
OPE191010 0.642 0.666 0.666 0.600 0.705 0.611 0.857 ns 0.452 0.440 0.000
OPB091892 0.928 0.800 1.000 0.533 0.647 0.833 0.642 ∗∗ 0.327 0.357 0.080
OPB091757 0.071 0.066 0.000 0.200 0.352 0.055 0.285 ∗ 0.236 0.253 0.060
OPB09852 1.000 0.666 0.933 0.933 0.941 0.777 0.857 ns 0.213 0.223 0.040
OPB162710 1.000 1.000 0.933 0.933 0.882 1.000 0.785 ns 0.121 0.125 0.030
OPW031360 1.000 1.000 1.000 0.600 0.941 1.000 0.857 ∗∗ 0.127 0.158 0.060
OPW03807 0.857 0.866 0.933 0.600 0.882 1.000 0.714 ∗ 0.259 0.276 0.190
Average 0.308 0.318 0.041

aHS, genetic diversity of individuals relative to their population; HT, total genetic diversity; GST, genetic differentiation
of populations; all diversity values were corrected to account for small sample size (Nei and Chesser, 1983); Pr, G-test
heterogeneity of allele frequencies among the seven Tunisian populations; ∗allele frequencies differed at P < 0.05;
∗∗allele frequencies differed at P < 0.01.

Table 3. Analysis of molecular variance of RAPD haplotypes for 108 isolates of F. culmorum
from seven Tunisian populations

Source df SSD 	 statistics Proportion of P
variance components (%)

Among populations 6 37.17 0.038 3.8% 0.001
Within populations 101 388.42 96.2% 0.000

df: degrees of freedom; SSD: sums of squared deviations; P: Probability of obtaining equal
or larger value determined by 1023 randomizations of the treatments.

population genetic variance. The following discus-
sion of the results takes into account the possibility
of this slight bias. For this study, seven populations
from five bioclimatic zones were analyzed. RAPD
analysis revealed a high level of genetic variabil-
ity in populations of this fungus, as 92 genotypes
were identified among the 108 strains studied. Nine

out of 25 markers showed significant differences in
allele frequencies, while no evidence of population
structure was revealed. Indeed, both Nei’s diversity
indices and AMOVA led to the same conclusion:
genetic variability was for the most part accounted
for by diversity within populations (G∗

ST = 0.041;
	 = 0.038).
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Other authors have reported high levels of genetic
diversity in local populations of F. culmorum and
of related species. Thus, a high level of genotypic
variation was detected after RFLP analysis of
F. culmorum and F. avenaceum strains from a single
field in England (Nicholson et al., 1993). Similarly,
Miedaner and Schilling (1996) found a high degree
of genetic variability for aggressiveness within single
field populations of F. culmorum and F. graminearum.
On the other hand, Nijs et al. (1997) observed little vari-
ation among 17 isolates of F. culmorum based on RAPD
pattern analysis. However, in addition to the low num-
ber of isolates tested, only three primers were used for
RAPD amplifications. Interestingly, all isolates showed
a different secondary metabolite profile.

No sexual stage has been identified for F. culmorum.
The observation of high levels of genetic variation
in asexually reproducing fungi is not atypical, how-
ever. Significant variation for a wide range of markers
(pathogenicity, isozymes, ribosomal DNA and colony
color) has been reported for populations of the imper-
fect fungus Rhyncosporium secalis (McDermott et al.,
1989; Goodwin et al., 1993). High levels of genetic
variability have also been observed in F. oxysporum
(Gordon and Martyn, 1997), in Alternaria alternata
(Morris et al., 2000) and in asexual populations of
Uromyces appendiculatus (Groth et al., 1995).

Genetic changes may result from a single gene
mutation, which may occur spontaneously or may be
mediated by insertion of transposable elements, or
by loss of chromosomes or chromosome segments
(Kistler and Miao, 1992). For example, a great diver-
sity of electrophoretic karyotypes has been described
for F. oxysporum (Migheli et al., 1995). Several species
of fungi that reproduce asexually can sporulate pro-
fusely and give rise to large populations. Even though
mutations are rare events, large populations are likely
to display some level of genetic diversity over time,
as a result of the occurrence and accumulation of non-
lethal mutations that have arisen independently from
each other. Several lines of evidence suggest that the
potential for the buildup of large, genetically diversi-
fied populations exists in F. culmorum. Under labora-
tory conditions, F. culmorum, unlike F. graminearum,
sporulates abundantly on malt agar and synthetic media
(Champion, 1997). In the field, asexual sporulation

Figure 3. UPGMA dendrogram from RAPD data for 108 strains
of F. culmorum amplified by 14 primers. UPGMA cluster analysis
was based on Nei and Li’s distance (1979).
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of F. culmorum is especially profuse on parasitized
stems of oats (Cook, 1968). According to Cook (1980),
macroconidia of F. culmorum formed on diseased
culms or colonized debris can result in population
increases of several fold in a single season. In addi-
tion, F. culmorum exhibits a strong saprophytic abil-
ity that may allow isolates with low aggressiveness
to propagate even if they cannot invade living host
tissue (Burgess and Griffin, 1967). This characteris-
tic of the species would thus allow the coexistence
of genotypes with different levels of aggressiveness.
Finally, mechanisms favoring genetic exchange are
also known to occur in asexually reproducing popula-
tions. Thus, somatic recombination through parasexu-
ality has been demonstrated in F. oxysporum (Molnar
et al., 1990). Whether parasexuality occurs in nat-
ural populations of F. culmorum remains unknown,
however.

The low level of genetic differentiation among
Tunisian populations of F. culmorum is usually
observed in outcrossing fungal species rather than
in predominantly asexually propagated populations.
Thus, low levels of genetic differentiation among
geographic regions have been reported for the sex-
ually reproducing wheat pathogens Mycosphaerella
graminicola (McDonald et al., 1995), F. avenaceum
(Yli-Mattila et al., 1996) and F. graminearum
(Dusabenyagasani et al., 1999). In contrast, in the
imperfect fungus Peridermium harknessii, 51% of
the total variation was attributed to differences
among locations: this clustering appeared to be influ-
enced by geographic distribution and stand type
(Tuskan et al., 1990).

No clear trends in the distribution of the genetic vari-
ability were apparent with regard to the geographic
origin within Tunisia. Our work is in concordance
with the results of Schilling et al. (1996b) who did
not observe any relationship between the groupings
among isolates of F. culmorum found by means of
the RAPD technique, and the host or geographic ori-
gin. Similarly, Miedaner et al. (1996) could not match
marker-based associations among F. culmorum isolates
with the degree of aggressiveness as determined in a
field experiment. Thus, no structuring has so far been
observed at a small or a large geographic scale in this
fungal species. This result can be explained by the low
level of pathogenic host specialization of F. culmorum
populations (Miedaner and Schilling, 1996). The lack
of a geographic structure in Tunisian populations of
F. culmorum suggests, in addition, that spore dispersal
probably occurs over a wide geographic area.

This research is a study of the genetic diversity and
population structure of F. culmorum associated with
wheat foot rot in Tunisia. For successful Fusarium
foot rot management and resistance breeding, fur-
ther studies such as the accurate determination of the
aggressiveness of strains are needed to confirm whether
this single F. culmorum population pool, as determined
by RAPD markers, constitutes a single epidemiologi-
cal unit. Analysis of populations of the wheat pathogen
F. culmorum at a larger scale would be interesting to
better understand the source of the epidemics sim-
ilarly to the studies done for the cereal pathogens
Rhynchosporium secalis (Goodwin et al., 1993) and
Setosphaeria turcica (Borchardt et al., 1998).
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