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Summary. Verticillium wilt of olive trees (Olea europaea L.), a wilt caused by the soil-borne fungus Verticillium
dahliae (Kleb), is one of the most serious diseases in Algerian olive groves. To assess the pathogenic and genetic
diversity of olive-infecting V. dahliae populations in Algeria, orchards from the two main olive-producing regions
(north-western Algeria and Kabylia) were sampled and 27 V. dahliae isolates were recovered. For purposes of com-
parison, V. dahliae strains from France and Syria were added to the analysis. By means of PCR primers that specifi-
cally discriminate between defoliating (D) and non-defoliating (ND) V. dahliae pathotypes it was shown that all V.
dahliae isolates belonged to the ND pathotype. The amount of genetic variation between the 43 isolates was assessed
by random amplification of polymorphic DNA (RAPD). A total of 16 RAPD haplotypes were found on the basis of the
presence or absence of 25 polymorphic DNA fragments. Genotypic diversity between the 27 Algerian isolates was low,
with two RAPD haplotypes accounting for 70% of all isolates. Genotypic diversity was however greater between
isolates from Kabylia than between isolates from north-western Algeria. Cluster analysis showed that most of the
Algerian V. dahliae isolates grouped together with the French and Syrian isolates. On the basis of their ability to
form heterokaryons with each other, a subset of 25 olive-pathogenic isolates was grouped into a single vegetative
compatibility group (VCG). These results suggest that the olive-infecting V. dahliae populations in Algeria show
limited diversity and that caution should be taken to prevent introduction of the D pathotype.

Key words: Verticillium wilt, Olea europaea, DNA polymorphism, vegetative compatibility group, non-defoliating
pathotype.

Introduction

The fungus Verticillium dahliae (Kleb) is a broad
host-range pathogen that infects many crop plants,
including olive tree (Olea europaea L.) (Hiemstra
and Harris, 1998). V. dahliae causes olive wilt in
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many Mediterranean countries (Vigouroux, 1975;
Serghini and Zeroual, 1995; Hiemstra and Harris,
1998; Tosi and Zazzerini, 1998; Mercado Blanco et
al., 2002) and the fungus has recently also been
detected in Algeria where it has reached epidemic
proportions (Benchabane, 1990). An epidemiologi-
cal survey found that Verticillium wilt of olive oc-
curred in almost all olive-growing regions of Alge-
ria, infecting 20 out of the 22 orchards surveyed
(Bellahcene et al., 2000), with characteristic wilt



symptoms, whether generalized or local. Old wilt-
ed branches were defoliated at the tips, while re-
taining some withered leaves at the base. Young
shoots, as a rule, lost all their leaves at the base
but might retain some brownish leaves at the shoot
tip. In some cases however, wilted, very brittle and
curled leaves also remained on young wilted shoots.
Disease incidence varied from about 5% in north-
western Algeria, to 30% in severely infected or-
chards in Kabylia. However, no significant differ-
ences in wilt resistance were found between the
two main olive varieties grown in these regions,
the variety ‘Sigoise’, used for food consumption, and
the variety ‘Chemlal’, used for olive oil production
(Bellahcene et al., 2000).

Verticillium dahliae isolates from olive and cot-
ton (Gossypium hirsutum L.) can be separated into
two groups depending on their virulence towards
cotton and olive respectively (Schnathorst and
Mathre, 1966; Daayf et al., 1995; Jiménez-Diaz et
al., 1998). V. dahliae isolates are also either of the
defoliating (D) or the non-defoliating (ND) patho-
type, depending on whether or not they defoliate
the plant. The D pathotype is lethal to the plant,
while olive plants infected with the ND pathotype
may recover (Jiménez-Diaz et al., 1998; Lépez-Es-
cudero et al., 2004). Within the ND pathotype, how-
ever, variations in aggressiveness towards cotton
or olive are reported (Korolev et al., 2001; Lachqer
et al., 2002). Pathotype characterization of V. dah-
liae isolates is an important requirement for
achieving control of olive wilt. However, virulence
tests on olive plants are time-consuming and not
always reliable. On the basis of the ability of V.
dahliae isolates to form heterokaryons with each
other, cotton isolates of both the D and ND patho-
types can be separated into vegetative compatibil-
ity groups (VCGs) (Daayf et al., 1995; Korolev et
al., 2001). In addition, random amplified polymor-
phic DNA (RAPD) analysis differentiated the two
pathotypes of V. dahliae isolates by their DNA
banding patterns (Pérez-Artés et al., 2000). Spe-
cific PCR primers were designed that discriminat-
ed between D and ND pathotypes and that allowed
direct detection of the parasite in infested olive
plants (Pérez-Artés et al. 2000; Mercado-Blanco et
al., 2001, 2002). This molecular technique permits
the early and certain detection of D and ND patho-
types of V. dahliae on olive trees nurseries, irre-
spective of whether trees show wilt symptoms.

Genetic diversity of Verticillium dahliae in Algeria

In the present study, we used vegetative com-
patibility tests, RAPD markers and cotton D- and
ND-specific PCR primers to gain insight into the
pathogenic and genetic structure of the Algerian
V. dahliae population. In a survey conducted in
2000 we sampled 10 olive groves in the two main
olive-growing regions in Algeria (north-western
Algeria and Kabylia) and isolated a total of 27 V.
dahliae strains from infected olive trees. To com-
pare these Algerian isolates with V. dahliae iso-
lates from other Mediterranean countries, we in-
cluded 12 isolates from France and Syria in the
study .

Materials and methods

Sampling of fungal isolates and DNA extraction

The 43 isolates studied (27 Algerian, 12 French
and 4 Syrian) are listed in Table 1. Olive groves in
Algeria were sampled in 2000, and 2-3 isolates
were recovered from each grove. V. dahliae strains
were isolated from pieces of infected shoots or
branches, in slightly browning tissues. A pure cul-
ture of each isolate was grown in non-shade cul-
ture in the dark for 8 days at 25°C, in 200 ml of
GYP medium (2% glucose, 0.5% yeast extract and
0.5% peptone). Genomic DNA was extracted as
described in an earlier study (Assigbetsé et al.,
1994). Purified DNA was quantified using UV ab-
sorbance at 260 nm. After quantification, the DNA
was diluted in TE buffer to a final concentration of
20 ng ul™! and kept at -20°C until use.

Selection, characterization and pairing of nit
mutants

Nitrate nonutilizing (nit) mutants were used to
assess the vegetative compatibility of the 25 V.
dahliae isolates listed in Table 1. Mutant genera-
tion and characterization as well as pairings were
done as described in Daayf et al. (1995).

RAPD analysis

RAPD reactions were carried out with 14 prim-
ers, (10-mer oligonucleotides) from the OPF prim-
er set (Operon Technology, Alameda, CA, USA) list-
ed in Table 2. The RAPD amplification experiments
were conducted as described in Assigbetsé et al.
(1994). The mixtures were amplified in a PTC-100
Programmable Thermal Controller thermocycler
(MdJ Research Inc., Watertown, MA, USA). Nega-

Vol. 44, No. 3, December, 2005 267



M. Bellahcene et al.

Table 1. Geographic origin, host genotype, vegetative compatibility group (VCG) and random amplification of poly-
morphic DNA (RAPD) haplotype number of the 43 Verticillium dahliae isolates tested.

Code Geographic origin City Olea europaea variety VCG RAPD haplotype
Algeria
V6 North West Mohammadia Sigoise 1 1
V7 North West Mohammadia Sigoise nd! 1
V8 North West Mascara Sigoise 1 1
V9 North West Mascara Sigoise nd 1
V10 North West Mascara Sigoise nd 1
Vi1 North West Relizane Sigoise 1 4
Vi2 North West Relizane Sigoise nd 1
V13 North West Sidi-bel-abbes Sigoise 1 1
Vi4 North West Sidi-bel-abbes Sigoise nd 1
V15 North West Mostaganem Sigoise 1 1
Vie North West Mostaganem Sigoise nd 1
V17 North West Sig Sigoise nd 1
V18 North West Sig Sigoise 1 1
V19 North West Tlemcen Sigoise 1 1
V20 North West Tlemcen Sigoise 1 2
Va1 North West Tlemcen Sigoise nd 7
Va2 North West Tlemcen Sigoise nd 2
Va3 North West Sig Cornicabra 1 2
Va4 North West Sig Cornicabra 1 2
V25 North West Sig Cornicabra nd 2
V26 Kabylia Cap-Djinet Chemlal 1 2
Va7 Kabylia Cap-Djinet Chemlal 1 5
Va8 Kabylia Cap-Djinet Chemlal 1 10
V29 Kabylia Tizi-ouzou Chemlal 1 3
V30 Kabylia Tizi-ouzou Chemlal 1 6
V31 Kabylia Sidi-aich Chemlal nd 8
V32 Kabylia Sidi-aich Chemlal nd 9
VS1 Syria Idleb Sorani 1 11
VS2 Syria Idleb Sorani nd 12
VS3 Syria Damascus Sorani 1 12
VS4 Syria Damascus Sorani 1 12
VF1 France Béziers Picholine 1 14
VF2 France Nimes Picholine 1 13
VF3 France Nimes Picholine nd 15
VF4 France Var Bouteillon nd 15
VF5 France Var Bouteillon nd 15
VF6 France Var Rovera nd 15
VEF7 France Var Rovera nd 15
VF8 France Salon Unknown 1 15
VF9 France Salon Unknown 1 15
VF10 France Salon Unknown nd 15
VF1D France Nimes Picholine nd 16
VF8D France Nimes Picholine nd 15

nd, not determined.
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tive controls were included to check for contami-
nation. Amplification products were electro-
phoresed in 1.2% agarose gels using 1XTAE buff-
er. A 1 kb DNA ladder was used to estimate the
size of the amplified DNA bands.

Amplified fragments were scored as either
present, 1, or absent, 0. Bands of the same electro-
phoretic mobility were scored as identical. Genetic
distance analysis was based on the Simple match-
ing index (Sokal and Michener, 1958) which meas-
ures the proportion of common discrete data (0 or
1) between isolates. A dendrogram was derived
from the distance matrix using the UPGMA algo-
rithm (Sneath and Sokal, 1973) contained in the
software package TREECON, Version 1.3b (Van de
Peer and De Wachter, 1994). The measure of geno-
typic diversity (Stoddart and Taylor, 1988) was
based on the number of isolates with different RAPD
haplotypes. The genotypic diversity of the Algerian
population was estimated using the formula G=1/
J(fix)X(x/N)?), where f(x) is the number of haplo-
types observed x times in the sample, and N the
number of isolates in the sample. To compare G in
populations with different sample sizes, we divided
G from each collection by N to calculate the per-
centage of maximum possible diversity that was
obtained (Chen et al., 1996). The maximum possi-
ble value for G, which occurs when each individual
in the sample has a different genotype, is equal to
the number of individuals in the sample (N).

Molecular characterization of V. dahliae pathotypes

The specific PCR oligonucleotide primers D-1/
D-2 and ND-1/ND-2, which discriminated between
D and ND strains of V. dahliae (Pérez-Artés et al.,
2000), were used to characterize the pathotype
groups of V. dahliae from olive trees. PCR amplifi-
cation reactions were conducted as described in
Pérez-Artés et al. (2000) using 4 ul of fungal DNA.
PCR reactions were performed in a PTC-100 Pro-
grammable Thermal Controller thermal cycler (MdJ
Research Inc., Watertown, MA, USA). Amplifica-
tion products were separated on 1.2% agarose gels
in 1XTAE buffer and visualized under UV light
after staining with ethidium bromide.

Results

VCGs nit Mutants were obtained for a subset
of 25 isolates and phenotypically characterized ac-

Genetic diversity of Verticillium dahliae in Algeria

cording to Correll et al. (1987). All strains produced
nitl mutants, 21 strains generated NitM mutants,
but nit3 mutants were obtained for only 12 strains.
Complementation tests were made between NitM
and nitl or nit3 of all strains (Table 2). These tests
showed that the 25 V. dahliae isolates from Alge-
ria, Syria or France were all vegetatively compat-
ible and therefore belonged to the same VCG.

Molecular characterization of V. dahliae pathotypes

DNA of the 43 V. dahliae isolates was tested in
PCR experiments using the D- and ND-primers
(Pérez-Artés et al., 2000). Results are shown in
Figure 1. A 1.5-kb DNA fragment was amplified
with the ND-primers for all isolates tested. No
amplification was obtained with the D-primers. The
results indicated that all the isolates tested were
genetically related to the ND pathotype of V. dah-
liae and might belong to that pathotype.

Table 2. Number and percentage (in brackets) of each
Verticillium dahliae nit- mutants selected on character-
ization media.

Isolates nit-1 Nit-M nit-3 Total
Vi1 5(62.5) 1(12.5) 2(25) 8
V2 8 (72.7) 2(18.2) 1(9.1) 11
V3 1(100) 0 (0) 0(0) 1
V6 5(62.5) 1(12.5) 2 (25) 8
V8 8 (88.8) 1(11.2) 0(0) 9
Vi1 2 (40) 1 (20) 2 (40) 5
V13 7 (58.3) 3 (25) 2(16.7) 12
V15 7 (100) 0(0) 0(0) 7
V18 4 (80) 1 (20) 0(0) 5
V19 8 (72.7) 1(9.1) 2(18.2) 11
V20 9 (81.8) 2(18.2) 0(0) 11
V23 8 (66.7) 3 (25) 1(8.3) 12
V24 7(70) 1(10) 2 (20) 10
V26 8 (88.8) 1(11.2) 0(0) 9
Va7 3 (75) 1(25) 0(0) 4
V28 5(71.4) 2 (28.6) 0(0) 7
V29 3 (75) 1(25) 0(0) 4
V30 4 (80) 1 (20) 0(0) 5
VS1 6 (100) 0(0) 0(0) 6
VS3 6 (60) 1(10) 3 (30) 10
VsS4 5(55.6) 2(22.2) 2(22.2) 9
VF1 7(77.8) 2(22.2) 0(0) 9
VF2 4 (66.6) 1(16.7) 1(16.7) 6
VF8 1(20) 2 (40) 2 (40) 5
VF9 3 (100) 1(0) 1(0) 3
Total 134 (71.6) 22 (11.8) 31(16.6) 187
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ND - primers
M VI2 V25

D - primers
V12 V25

Fig. 1. Ethidium bromide-stained agarose gel showing
result of PCR experiments with the specific ND- and
D- primer pairs. M, molecular-weight marker 1 kb lad-
der (Eurogentec, Angers, France). Note the selective
amplification of a 1.5-kb fragment with ND-primers,
only.

Fig. 2. Gel stained with ethidium bromide showing
amplification products generated from the Verticil-
lium dahliae isolates with primer OPF-13 (A) and
OPF-14 (B)
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Polymorphism between V. dahliae isolates revealed by
RAPDs

Of the 14 primers tested, only primers OPF-04,
06, 07, 11, 13, 14, 19 and 20 amplified DNA bands
from the DNA of all 43 isolates. Polymorphic pat-
terns of amplification between isolates were shown
with 4 primers: OPF-04, 06, 13 and 14 (Fig. 2),
while only monomorphic bands were obtained with
OPF-07, 11, 19 and 20. RAPD analysis of DNA from
all 43 V. dahliae isolates using the 4 primers re-
vealed 25 polymorphic RAPD fragments. A total of
16 RAPD haplotypes were obtained based on the
presence or absence of the 25 DNA fragments (Ta-
ble 3). Among the 27 Algerian isolates, 10 haplo-
types were revealed, but two of these (RAPD1 and
2) accounted for 70% of the isolates (Table 3). The
estimated genotypic diversity (G) calculated for the
whole of Algeria was low, being only 12.6% of the
maximum possible value (Table 4). On a regional
scale, the value of G was much higher in Kabylia
than in north-western Algeria (Table 4). In Kab-
ylia, G attained its maximum possible value,
whereas in north-western Algeria it reached only
18.6% of this value. A study of the genetic similar-
ity of the genotypes showed that most of the Alge-
rian V. dahliae isolates (20 out of 27 - RAPD1 and
2, displaying 95% similarity) clustered together
with the French and Syrian isolates (Fig. 3). The

Table 3. Random amplified polymorphic DNA (RAPD)
haplotypes obtained among the 43 Verticillium dahliae
isolates tested.

No. of
Pattern No. Haplotype isolates
RAPD1 0110110011001101011110010 13
RAPD2 0110110011001101001110010 6
RAPD3 0110110011001101101110010 1
RAPD4 0110111011011101111101011 1
RAPD5 0110000010001101001010010 1
RAPD6 0110000010001101001110010 1
RAPD7 1111110000001101001110000 1
RAPDS 0100100011000101000100110 1
RAPD9 0110100011001101000000110 1
RAPD10 0000110001000010001010010 1
RAPDI11 0110100011001101001100011 1
RAPDI12 0110100011001101001110011 3
RAPD13 0110110011001101001110011 1
RAPD14 0110100011001101001110010 1
RAPD15 0110110111001101111110011 3
RAPD16 0110110111101101111110010 1
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Table 4. Frequency distribution of RAPD haplotypes in Algerian V. dahliae populations.

Frequency distribution!

RAPD haplotype
Algeria North-West Kabylia

1 8 2 7
5 0 1 0
6 1 0 0
13 1 1 0
No. of genotypes 10 4 7
N2 27 20 7
G? 3.42 3.73 7
(G/N) %* 12.6% 18.6% 100

Number of times each genotype is present in the population.
Total number of isolates in sample.

Index of genotyping diversity G (Stoddart and Taylor, 1988).
Percentage of maximum possible value for G.

36 isolates were subdivided into 9 RAPD haplo-
types grouped at a genetic distance of 0.14. Other
branches of the dendrogram separated 7 Algerian
isolates (v11 and v21 from the north-west and v27,
v30, v31, v32 and v28 from Kabylia) as having a
higher level of genetic diversity. No direct relation-
ship was found between the geographic origin of
the Algerian V. dahliae isolates and the RAPD clus-
tering. The two most common haplotypes, RAPD1
and RAPD2, occurred in both parts of Algeria (Ta-
ble 1).

Discussion

Overall, the olive-infecting V. dahliae popula-
tions in Algeria displayed a moderate level of
diversification. All the isolates tested were vege-
tatively compatible and thus belonged to the same
VCG. The use of pathotype-specific PCR primers
(Pérez-Artés et al., 2000) suggested that the iso-
lates might belong to the ND pathotype described
for cotton. At the molecular level, RAPD analysis
revealed the presence of several genotypes, which
shared 70% genetic similarity. Some two thirds
of the isolates belonged to 2 genetically related
predominant RAPD haplotypes dispersed
throughout the country, and the overall level of
genotypic diversity was low. However, there was
a regional diversification of isolates in Kabylia,
where the maximum level of genotypic diversity
was reached. Ecological conditions and agricul-
tural practices differ between Kabylia and north-

western Algeria. Kabylia is a mountainous area
with small olive groves, whereas in the north-west
olive groves extend over large plains. In addition,
different olive varieties are grown in these re-
gions. The V. dahliae strains from Kabylia were
isolated from the Chemlal variety, used for pro-
ducing olive oil, whereas the strains from the
north western area were isolated from the Sigo-
ise variety, whose olives are grown for direct con-
sumption. Whether these varietal differences ac-
count for the differences observed in the genetic
diversity of V. dahliae isolates from these two
regions is unclear.

On a broader geographical scale, a compari-
son of the Algerian isolates with the 12 French
and 4 Syrian isolates in the study indicated that
the olive—infecting V. dahliae isolates were genet-
ically closely related. All isolates were vegetative-
ly compatible and the RAPD profiles of the French
and Syrian isolates shared more than 80% simi-
larity with the Algerian isolates. In addition, a
positive amplification was obtained with the ND
primers for the non Algerian isolates, suggesting
that these isolates also belonged to the ND patho-
type. Moreover, a study conducted in Morocco on
33 indigenous olive-infecting V. dahliae popula-
tions and 3 isolates from Algeria (including V11
and V21 also used in this study) showed that all
these isolates could be separated into 4 RAPD
groups displaying limited genetic diversity
(Lachqger and Sedra, 2002). The same isolates
were found to belong to 1 major VCG and 2 minor
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Fig. 3. Dendrogram showing the genetic relationships among the 43 Verticillium dahliae isolates. Cluster analysis
was performed using the unweighted paired-group method with arithmetic averaging (UPGMA) and genetic dis-
tances were obtained based on Simple Matching coefficient of 25 individual DNA bands produced by random ampli-
fied polymorphic DNA (RAPD).
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VCGs (Lachger et al., 2002). Interestingly, the V.
dahliae isolates from Algeria could not be differ-
entiated from the V. dahliae Moroccan isolates,
except V21 which did not form heterokaryons with
any other strains (Lachqer and Sedra, 2002;
Lachgqer et al., 2002). These observations suggest
that olive-infecting V. dahliae populations are
genetically poorly diversified in the Mediterra-
nean region. A few studies report higher levels of
pathogenic and genetic diversity in V. dahliae
populations isolated from other hosts. In Spain,
for instance, the two pathotypes D and ND coex-
ist in cotton, and isolates are separated into 3
VCGs (Korolev et al., 2001). Generally, a low lev-
el of VCG diversity has been reported in V. dah-
liae isolates (Joaquim and Rowe, 1990; 1991; Ko-
rolevet al., 2001; Hiemstra and Rataj-Guranows-
ka, 2003). Four VCGs, numbered 1 to 4, were in-
itially described (Joaquim and Rowe, 1990); these
groups were further subdivided into subgroups
(Joaquim and Rowe, 1991; Korolev et al., 2000).
So far, VCG1 is reported to contain the cotton D
isolates (Daayf et al., 1995; Korolev et al., 2001)
and is predominant among V. dahliae isolated
from ornamental woody hosts in the USA (Chen,
1994). Cotton ND isolates display more variation
and have been classified as belonging to VCG2
and VCG4 (Daayf et al., 1995; Korolev et al.,
2001). It would be useful to test olive-infecting V.
dahliae isolates with testers of these VCGs in
order to further our understanding of the genetic
relationships between V. dahliae isolates infect-
ing olive, and V. dahliae isolates from other hosts.
As regards pathogenicity, significant varia-
tions in aggressiveness on olive trees were found
between V. dahliae isolates displaying the mildly
aggressive ND pathotype in Morocco (Lachger and
Sedra, 2002; Lachqer et al., 2002). The highly ag-
gressive D pathotype of V. dahliae has recently
been detected in Spain (Mercado-Blanco et al.,
2002). Absence of the D pathotype among the Al-
gerian strains tested must be verified by screen-
ing a larger number of isolates. If its absence
should be confirmed, strict prophylactic measures
should be taken to prevent introducing the D
pathotype into Algeria. Experiments are currently
under way to achieve a better understanding of
the diversity of V. dahliae from olive trees, with
emphasis on a larger collection of strains from
Algeria and other North African countries.

Genetic diversity of Verticillium dahliae in Algeria
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