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ABSTRACT

Tantaoui, A., Ouinten, M., Geiger, J.-P., and Fernandez, D. 1996. Charac-
terization of a single clonal lineage of Fusarium oxysporum f. sp. albedi-
nis causing Bayoud dxsease of date palm in Morocco. Phytopathology 86:
787-792. p A 2 (:C's v

Bayoud, the Fusarium wilt of date palm, was first detected in southern
Morocco (Draa Valley), after which it spread to most of the Moroccan
palm groves. To assess whether the epidemic results from the spread of a
single virulent clone, 42 isolates of Fusarium oxysporum f. sp. albedinis
were collected from several cultivars of wilted palms at different loca-
tions in Morocco; two isolates were included from Algeria, where the
disease also occurs. The isolates were tested for vegetative: compatlblhty
group (VCG), restriction fragment length polymorphlsm (RFLP) .and

random amphfled polymorphic DNA (RAPD). No polymorphlsm was

observed either in RFLP studies on mitochondrial DNA or:in*RAPD
analysis, and all strains belonged to a single VCG (0170). Sequences
homologous to the DNA transposable element Fotl were found in the

genome of the F oxysporum f. sp. albedinis strains. Repetitive DNA
patterns were produced when EcoRI-digested DNA of the isolates was
probed with Fot1; 23 distinct hybridization patterns were established among
the 44 isolates. Of these patterns, 4 accounted for more than 50% of the
isolates, 1 was found twice, and 18 were represented by a single isolate
each. Common hybridization patterns were found in the Moroccan palm
groves surveyed; the two Algerian isolates had a pattern that also was
found in the Draa Valley. Cluster analysis grouped most of the F. oxy-
sporum f. sp. albedinis strains at a genetic distance of 0.11. Such close
genetic relationships between the isolates provides evidence that Moroc-
can F. oxysporum f. sp. albedinis populations may belong to a single
clonal lineage that originated in Moroccan palm groves and eventually
reached the Algerian oases.

" Additional keywords: genetic diversity, Phoenix dactylifera, population

structure.

*Bayoud, the fungal vascular wilt of date palm (Phoenix dac-
tylifera L.) caused by Fusarium oxysporum Schlechtend.:Fr. f. sp.
albedinis (Killian & Maire) Gordon, is widely distributed in all
date palm-growing areas of Morocco and in the western and cen-
tral parfs of Algeria. The disease first appeared before 1870 in the
Draa Valley, a large palm grove that extends for 300 km in south-
ern Morocco. Epidemiological data (33) show new occurrences of
the disease both in the western and eastern parts of Morocco a few
years later; the oases of western Algeria were reached as early as
1898. It has been estimated that more than 10 million trees (rep-
resenting two-thirds of the Moroccan palm grove) have been killed,
threatening both the economic resources of the local human popu-
lations and the ecological maintenance of the oasis (reviewed in
25). Currently, disease control methods in Algeria and Morocco
primarily involve preventitive measures, including strict phytosan-
itary rules at borders of date palm-growing countries that remain
free of Bayoud.

Attempts to characterize and identify F. oxysporum f. sp. albe-
dinis isolates showed that the pathogen vary in colony morphol-
ogy and pathogenicity (9,10). No races within F oxysporum f. sp.
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albedinis have been identified to date, mainly due to problems in
performing pathogenicity tests because no well-defined differen-
tial series of host genotypes is available. Differentiation between
E oxysporum f. sp. albedinis and some formae speciales of F.
oxysporum was made by conducting vegetative compatibility
analyses (8). In a preliminary study, we showed that F. oxysporum
f. sp. albedinis could be differentiated from nonpathogenic F. oxy-
sporum isolated from date palm roots or soil by vegetative com-
patibility, mitochondrial DNA (mtDNA) restriction fragment length
polymorphism (RFLP), or random amplified polymorphic DNA
(RAPD) tests (16,31,32). These analyses also suggested that little
genetic variability might exist in the forma specialis albedinis. =

The objective of the current study was to test the hypothesis of O
the unique origin of F oxysporum f. sp. albedinis isolates as a
result of the invasion of the Moroccan oasis by a single virulent
clone. Fourty-two E. oxysporum f. sp. albedinis isolates were col-
lected from several date palm cultivars in Moroccan palm groves.
Two isolates collected in Algeria also were included for compari- .=
son. We used vegetative compatibility group (VCG) genetic mar-
kers as well as molecular markers (RAPD and RFLP) to investi-
gate the genetic relatedness of the F oxysporum f. sp. albedinis
isolates. Both the nuclear and the mitochondrial genome were
examined, and repetitive hybridization patterns were established
with the DNA transposable element Fotl cloned from F. oxyspor-
um f. sp. melonis (7). A preliminary report on this research has
been published (15).
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MATERIALS AND METHODS

Isolates. The geographic location, year of isolation, and host
origin of the 44 isolates of F. oxysporum f. sp. albedinis examined
are listed in Table 1. Nonpathogenic F oxysporum strain Al5
isolated from roots of a wilted date palm (16,31,32) was added to
serve as an outgroup in Fotl hybridization-pattern analysis (Table
2). These isolates are part of the Institut National de la Recherche
Agronomique (INRA) fungal collection in Marrakech and have all
been checked for pathogenicity on date palms. Fourteen locations
were sampled in the Moroccan palm groves. Isolates collected
during 1991 in Zagora (Draa Valley) were sampled at the INRA
experimental station where date palms resulting from genetic
crosses are tested for resistance to Bayoud. Hyphal mass isolates
were obtained from the rachis of diseased palms by standard tech-
niques (25). All cultures were single spored and were maintained
as mycelia on potato dextrose agar slants for short-term storage or
as chlamydospores in sand for long-term storage.

TABLE 1. Fusarium oxysporum f. sp. albedinis isolates tested and their corres-
ponding Fotl fingerprint as determined in this study

Fotl
Date palm Geographic Year of hybridization

Isolate host? origin isolation  pattern®
69 Boufg Achoria 1983 P8
F'6 Khalt Achoria 1992 P10
15.25 Khalt Arromiate 1992 P11
15.19 Khalt Arromiate 1992 P2
16.6 - Jihel Asrir 1992 P1
E4 Khalt Eljorf 1992 P21
F7 Bouslikhane Eljorf 1992 P2
13.9 Bourar Id-Ouchah 1992 P3
A Khalt Irchag 1992 P22
V.2l Male Irchag 1992 P23
A3 Majhoul Meski/Ziz 1992 P20
I11.23 Khalt Qaozagor 1992 P2
131 Bourar 0Od MKadem 1983 P4
VIL3 Khalt Tagounite 1992 P2
V.6 Jihel Tansikht 1992 P2
145 Sair-Layalate Tata 1986 P13
BFGtj Boufg Tinjdad 1992 P2
133 Khalt Tinzouline 1986 P18
132 Bouskri Tinzouline 1986 P6
82 Aguellid Zagora 1979 P9
9 Azegzao Zagora 1979 P5
OTK Otokdim Zagora 1979 P10
50 Boufg Zagora 1983 P15
11 Azegzao Zagora 1984 P5
79 Ahardane Zagora 1984 P7
BR Barhi Zagora 1986 P5
3z Boufg-omossa  Zagora 1992 Ps
4Z Boufg-omossa  Zagora 1992 P15
5Z Boufg-omossa  Zagora 1992 P15
6Z Iklane Zagora 1992 P14
Cl1 P4.26/52 INRA station (Zagora) 1991 P15
Cl12 P4.34/77 INRA station (Zagora) 1991 P8
Cl P4.33/54 INRA station (Zagora) 1991 P10
c2 P4.1/89 INRA station (Zagora) 1991 P12
C3 P3.8/1 INRA station (Zagora) 1991 P5
C4 P3.7117 INRA station (Zagora) 1991 P16
Cs5 P4.22/20 INRA station (Zagora) 1991 P5
C6 P3.2/27 INRA station (Zagora) 1991 Pio
Cc1 P4.26/54 INRA station (Zagora) 1991 P19
Cc8 P3.22/4 INRA station (Zagora) 1991 P17
c9 P4.22/7 INRA station (Zagora) 1991 P15
Cl0 P3.4/17 INRA station (Zagora) 1991 P2
ALL Allig Algeria 1985 P5
DN Deglat Nour Algeria 1986 PS5

2 Names represent date palm cultivar designations, except for Khalt (the common
name for spontaneously growing date palm trees, for which cultivar cannot be
assessed); Male (a male tree for which cultivar cannot be assessed); and num-
bers (progeny from genetic crosses between date palm cultivars).

b DNA patterns are listed in Table 2.
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VCG analysis. VCGs were determined according to Puhalla
(29) and Correll et al. (5) with spontaneous nitrate nonutilizing
(nif) mutants.

Genomic DNA extraction. Fungal mycelium was cultivated in
500-ml flasks containing 200 mi of GYP medium (glucose 2%,

" yeast extract 0.5%, and peptone 0.5%) for 5 days at 25°C. The

mycelium was harvested by filtration, washed with sterile distilled
water, and lyophilized for 48 h. Total DNA extraction was per-
formed by a miniprep procedure (24).

Restriction endonuclease digestion, electrophoresis, and blot-
ting. For each isolate, approximately 3 to 5§ ug of total genomic
DNA was digested with 20 to 30 units of the restriction enzymes
(Boehringer Mannheim, Meylan, France) with the addition of 5
mM spermidine per reaction for 6 to 16 h at 37°C. Restriction
fragments were separated by electrophoresis in 0.8 or 1.2%
agarose gels in TAE buffer (40 mM Tris-acetate, | mM EDTA, pH
8.0) at 1 V cm™ overnight. Gels stained with ethidium bromide
(0.5 pug ml™!) were photographed on a UV transilluminator. DNA
fragments were blotted onto NylonN* membranes (Amersham, Les
Ullis, France) by alkaline vacuum transfer (TE 80 TransVac, Hoefer
Scientific Instruments, San Francisco).

Labeling of probes and hybridization conditions. Two mtDNA
probes obtained from E oxysporum f. sp. conglutinans (20) were
used for mtDNA RFLP analysis: the whole purified 52-kb mol-
ecule and pUF1-14 (6.1-kb EcoRI-fragment in pUC119). Probe
Fotl was a F oxysporum f. sp. melonis 4.6-kb EcoRI-fragment
containing the 1.9-kb Fotl sequence (7). DNA probes were la-
beled with *P-dCTP by random-priming according to the manu-
facturer’s specifications (Megaprime kit, Amersham) and hybridized
to membrane-bound DNA fragments in standard hybridization
buffer (Amersham) for at least 16 h at 65°C. Blots were washed
twice with 2x SSC (1x SSC is 0.15 M sodium chloride plus 0.015
sodium citrate, pH 7.0) and 0.1% sodium dodecyl sulfate (SDS)
for 20 min at room temperature, once with 1x SSC and 0.1% SDS
for 20 min at 65°C, and twice with 0.5X SSC for 20 min at 65°C.
Hybridized membranes were exposed to X-ray film (Amersham)
at —80°C with intensifying screens.

miDNA RFLP analysis. Previously (32), we found that the com-
bination Hinfl/pUF1-14 allowed detection of mtDNA length vari-
ations between F. oxysporum f. sp. albedinis and other F. oxyspor-
um isolates, and the combination Bg/ll/whole purified mtDNA
gave the most readable mtDNA hybridization patterns in F. oxy-
sporum f. sp. albedinis. In addition, the combination Bgill/whole
purified mtDNA revealed the highest number of restriction site
polymorphisms in E oxysporum f. sp. vasinfectum (14). Based on
these results, we chose the enzyme/probe combinations Bg/Il/whole
purified mtDNA and Hinfl/pUF1-14 to test the F. oxysporum . sp.
albedinis isolates in this study.

Fotl hybridization-pattern analysis. DNA from the 44 F. oxy-
sporum f. sp. albedinis isolates and from nonpathogenic F. oxy-
sporum strain A15 was digested with EcoRI and hybridized to the
Fotl probe. Fotl-hybridizing restriction fragments were scored
either as present (1) or absent (0); unique band patterns were
identified with specific pattern numbers. Bands of the same elec-
trophoretic mobility were scored as identical. Analyses were based
on Jaccard’s distance (18), which measures the proportion of com-
mon discrete data (C) between the isolates: d =1 — C/(2N - C), in
which N is the total number of different bands in the two com-
pared hybridization patterns. A dendrogram was derived from the
distance matrix by the the unweighted paired-group method, arith-
metic mean (UPGMA) algorithm (30) contained in the computer
program package Phylip 3.4 (developed by J. Felsenstein, Depart-
ment of Genetics, University of Washington, Seattle).

RAPD assay. The primers used were random 10-base oligomers
(kit F, Operon Technologies, Alameda, CA). We selected three
RAPD primers, OPF04 (5°"GGTGATCAGG3"), OPF12 (5'ACG-
GTACCAG3"), and OPF13 (5"GGCTGCAGAA3") from a set of
20 previously analyzed (16) because these primers differentiated




E oxysporum f. sp. albedinis from F. oxysporum, and they pro-
duced bright, reproducible bands. Amplification reactions were
performed as described previously (2). After the reaction, either
20 pl of the amplification products was separated by electrophor-
esis on 1.4% agarose gels stained with ethidium bromide and then
photographed under UV light, or 10 ul of the amplification prod-
ucts was separated by electrophoresis on 7% polyacrylamide gels
and stained with silver nitrate. RAPD assays were performed at
least twice for each isolate with each primer to ensure that ampli-
fication patterns were reproducible.

RESULTS

Vegetative compatibility tests. For each isolate, a nit1 mutant

was generated and paired with a NitM mutant tester from the four |

VCGs identified previously (31). Complementation tests showed
that the 44 isolates were all vegetatively compatible and belonged to
the group formerly designated VCG1 (31), which, henceforth, we
will call E oxysporum f. sp. albedinis group VCGO0170, to follow
the designation first used by Puhalla (29) and others (12,19,34).

mtDNA RFLP analysis. No polymorphisms were detected among
the 44 isolates with the two enzyme/probe combinations tested
(Fig. 1). Fourteen BglIl-restriction fragments (with estimated sizes
of 13, 12.5, 7.8, 4.2, 3.8, 3.6, 2.4, 2.2, 1.5, 1.3, 1.2, 1.1, 0.9, and
0.5 kb, respectively) hybridized with the whole purified mtDNA
probe, and four Hinfl-restriction fragments (with estimated sizes
of 1.25, 0.8, 0.6, and 0.4 kb, respectively) hybridized with the
pUF1-14 probe. The length of E oxysporum f. sp. albedinis mtDNA,
estimated to be 55 kb (32), was confirmed.

RAPD analysis. Initially, polymerase chain reaction (PCR) am-
plification products were separated by electrophoresis in 1.4% ag-
arose gels. Depending on the primer tested, three to four DNA
bands were obtained for each isolate, and no polymorphism was
detected among isolates within our collection. To enhance separ-
ation and detection of the RAPD fragments, amplification products
also were resolved by polyacrylamide gel electrophoresis and stained
with silver nitrate. Five to eight amplified DNA fragments were
identified for each isolate, and again, no polymorphism was found
(Fig. 2).

Fotl hybridization-pattern analysis. For F. oxysporum f. sp.
albedinis isolates, an average of 20 EcoRI fragments per isolate,

ranging from 0.8 to 15 kb, hybridized with the Fotl probe. A total
of 27 distinct restriction fragments were obtained among the 44
isolates, allowing detection of 23 DNA hybridization patterns (Fig.
3; Table 2). Only 7 of 27 fragments were common to all isolates
tested, and the repetitive DNA patterns differed from each other
by one to six bands. For F. oxysporum strain A15, only four EcoRI
fragments hybridized with the Fotl probe (Table 2). Cluster anal-
ysis showed that all F oxysporum f. sp. albedinis isolates were
very similar and formed a very tight cluster (Fig. 4). The isolates
were grouped at a genetic distance of 0.11, except one isolate
(15.25, displaying pattern P11) that clustered at 0.17. E oxyspor-
um strain A15 clustered at 0.46 (Fig. 4). The high similarity de-
tected among the 23 hybridization patterns indicates that the 44 F,
oxysporum f. sp. albedinis isolates belong to a single genetic
group. Among the 23 hybridization patterns, 4 patterns (P2, P5,
P10, and P15) accounted for more than 50% of the isolates, and
18 were represented by single isolates (Table 2). Common hybri-
dization patterns (P2, P8, and P10) were found in the Moroccan
locations. The two Algerian isolates exhibited a pattern (P3) also
found in Zagora (Draa Valley) (Table 1).

DISCUSSION

The aim of this study was to test whether the F. oxysporum f.
sp. albedinis isolates causing Bayoud disease on date palm in Mor-
occo originate from a unique virulent clone that spread throughout
the oasis. :

We used a large set of genetic and molecular markers to reveal
polymorphisms in F. oxysporum. All the F. oxysporum f. sp. al-
bedinis isolates grouped in a single VCG (0170) and displayed the
same mtDNA restriction patterns and RAPD profiles. Sequences
homologous to the DNA transposable element Fotl (7) were
found in the genome of the F. oxysporum f. sp. albedinis strains,
revealing 23 closely related repetitive DNA patterns among the 44
isolates (Figs. 3 and 4). VCG, RAPD, and RFLP analyses have
proved useful in detecting polymorphisms among pathogenic and
nonpathogenic F. oxysporum isolates and have increased our
knowledge of the population biology of F oxysporum (2—4,12-
14,17,19,21,23,26-28,34). Our analyses clearly showed that the F.
oxysporum f. sp. albedinis isolates tested belong to a single
genetic group. The high level of genetic similarity found among

TABLE 2. Fotl hybridization patterns (presence [1]/absence [0] of each EcoRI fragment) obtained among 44 Fusarium oxysporum f. sp. albedinis isolates and

F. oxysporum strain A15 (outgroup)

Pattern No. of No. of
no. Haplotype fragments isolates
P1 1 1011190111100 001 11112001 1101171 20 1
P2 11111101 111o0oo0001 1111101110111 22 7
P3 1 1111190111100 1T1T1T 111101110111 23 1
P4 t1 +rt1r11r0o01 1100 00011112011 10T11:1 19 1
P5 t1 +1 1110111190 001111 1101 01 1 1 11 22 8
P6 1 ++1 10190111100 011111 110111401 1:1 21 1
P7 1 +1 1010111t 90001111 11111101 11 22 1
P8 !l +o0 1110111100011 111101011011 20 2
P9 1 111110111140 0010111101 1T 10111 21 1
P10 t 111110111 100011111101 010111 21 4
P11 t 1001100111000 191m1T 111001110000 15 1
P12 t 111110111100 90111T1%0101 010111 20 1
P13 ! 111010011 100011111101 1120111 20 1
P14 1 101110111100 01 11%01TT1O0OT101 1 111 20 1
P15 I 10111011110 0o01T11T1TT1T 101011111 21 5
P16 1 1090010111 19000111 1T1To00O0T1T1TT1® 0111 18 1
P17 !l 1011100111t o0o0o01T 1111101 0T1T1UO0TO0O0 17 1
P18 111111011t 110001 110 T1T 101 1 1 01 11 21 1
P19 11110101 1¢t1 1000101 1T1T1 01110111 20 1
P20 /1 *+0 1110111101011 11 1001 I 1 ¢ 1 11 21 1
P21 1111901011 1190%0o011T1T1T1T1O01 01 0111 20 1
P22 1 +r11t11 1011t 1190001 1T01T11 01 1T 1 0111 21 1
P23 1 1r 111101t 1110011 111101110 111 23 1
Outgroup 6010900100001 O0O0O0O0OCO0UO0OO0CO0OO0OOO0OO0OO0OCTO0OO01 4 1

Vol. 86, No. 7, 1996 789



the isolates is consistent with the hypothesis that all F. oxysporum
f. sp. albedinis isolates belong to a unique clonal lineage and that
the present Moroccan populations may derive from a single clone.

In addition, isolates from Morocco and Algeria had the same
multilocus genotype, and identical Fot1 hybridization patterns were
found in distinct palm groves (Table 1). Additional data obtained
by the same techniques on a large sampling of Algerian isolates
confirm the existence of a unique genetic group among F oxy-
sporum f. sp. albedinis isolates ([16], M. Ouinten, unpublished
data). Bayoud was first described in the Draa Valley in southern
Morocco (33); F. oxysporum f. sp. albedinis is suspected to have
been introduced along with contaminated date palm material in
other locations and to have been successively transported from
one oasis to another (25,33). Our resulis are consistent with the
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Fig. 1. Mitochondrial DNA (mtDNA) restriction patterns of Fusarium oxy-
sporum f. sp. albedinis isolates. Left: hybridization patterns of the whole puri-
fied mtDNA on Bgl/II-digested DNAs. Right: hybridization patterns of probe
pUF1-14 on Hinfl-digested DNAs. Lanes 1 to 4, isolates OTK, C1, 145, and
ALL, respectively. Lanes M, molecular weight marker (radiolabeled EcoRI-
HindIlI-digested phage lambda DNA); the fragment size in kilobases is in-
dicated in the middle.

A B

Fig. 2. Random amplified polymorphic DNA patterns generated from Fusar-
ium oxysporum f. sp. albedinis isolates with primer OPF-12. A, Agarose gel
stained with ethidium bromide; B, polyacrylamide gel stained with silver ni-
trate. Lanes 1 to 5, isolates 133, OTK, C1, 145, and ALL, respectively. Lanes
M, molecular weight marker (EcoRI-HindliI-digested phage lambda DNA);
the fragment size in kilobases is indicated to the left of A and B.
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scenario involving evolution in Morocco of a virulent clone and
its subsequent geographic spread.

The special form albedinis, thus, presents a remarkable level of
genetic homogeneity compared with those described in other F
oxysporum. In most of the special forms studied, several genetic
groups, which can be referred to as different clonal lineages, have
been identified on the basis of VCG, RFLP, and RAPD analyses

(2,12-14,19,26-28,34). To our knowledge, the existence of a.

unique clonal lineage within a special form is restricted to the cru-
cifer-infecting formae speciales conglutinans, raphani, and matthioli
(3,20,21,23). These special forms were classified into the forma
specialis conglutinans by Armstrong and Armstrong (1) because
they share common host specificities.

The limited geographic area of extension of Bayoud disease and
the dispersal of F. oxysporum f. sp. albedinis to only two countries
could account for the lack of diversity in this special form but
might not be the only explanation. There are several examples in
pathogenic F. oxysporum populations in which genetic diversity is
distributed on a small scale (13,14,19,26,27,34). Our results from
F. oxysporum {. sp. albedinis can be compared with those obtained
from another Arecaceae-attacking special form. E oxysporum f.
sp. elaeidis, the oil palm (Elaeis guinensis) wilt pathogen is dis-
tributed in Africa and America, and no races have been described
so far (11). At least 10 genetic groups have been identified based
on VCG (11,12) and fingerprinting analysis with the F. oxysporum
f. sp. elaeidis cloned transposable element Palm (28). These clo-
nal lineages coexist in at least two African countries (Ghana and
Zaire), and two genetically distinct clones have been isolated from
the same tree in Ghana. On the other hand, some clonal lineages
may be dominant on a regional or continental scale; analyses strongly
suggest that the recently discovered American populations of F
oxysporum f. sp. elaeidis were introduced from Africa (11,12,28).

Whether several clones were the origin of Bayoud disease in the
Draa Valley in Morocco and then lost by random genetic drift dur-
ing the past 120 years is questionable and cannot be assessed
easily. Loss of genotypes through genetic drift can be particularly
important in strictly asexually reproducing populations. In the same
way, reduction in host population genetic diversity by the dramatic
disappearance of some highly susceptible date palm cultivars
could have led to the reduction of genetic diversity in the actual
pathogen population. In this study, the E oxysporum f. sp. al-
bedinis isolates were collected from several date palm cultivars as
well as from trees resulting from genetic crosses at the INRA
experimental station in Zagora. We could not find particular asso-
ciations between the Fotl hybridization patterns and the date palm
cultivars from which the isolates were collected, including the highly
Bayoud-susceptible Bouffegous (Boufg) and Deglat Nour cultivars.

Fig. 3. Fotl hybridization patterns obtained with 14 Fusarium oxysporum f. sp.

albedinis isolates (lanes 1 through 14). The fragment size is indicated to the
left.
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Several questions need to be addressed. First, the possible oc-
currence of races in F. oxysporum f. sp. albedinis and the patho-
genic status of the isolates have to be determined. The genetic
similarity detected by molecular markers or VCG does not neces-
sarily mean there is no variation with respect to pathogenicity. In
several other special forms of F, oxysporum, isolates belonging to
distinct races belong to the same VCG or RFLP or RAPD group
(4,13,17,19,27). Thus, we cannot exclude the possible existence of
races in E oxysporum f. sp. albedinis based on the current results.

Second, will this genetic homogeneity be maintained over time?
We have shown that the genome of the fungus contains several
sequences homologous to the DNA transposable element Fotl,
which is known to be active in F. oxysporum (7). The high number
of Fotl hybridization patterns in F oxysporum f. sp. albedinis
strains (23 patterns versus 44 isolates) compared to the strict ge-
netic homogeneity observed with other analyses (VCG, mtDNA,
RFLP, and RAPD) suggests that some copies of Fotl may still be
able to move or that some recombination events may occur during
mitosis or via a parasexual process between vegetatively compat-
ible strains (6,22). If new Fotl patterns can be generated by sev-
eral molecular mechanisms associated with the presence of active
transposable elements in the genome, then it would be possible for
local genetic diversification of the fungus to occur. We have shown
that the Fotl hybridization patterns make it possible to analyze F.
oxysporum f. sp. albedinis populations on a local scale (oasis).

genetic distance
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Fig. 4. Dendrogram showing the genetic relationships among Fusarium oxy-
sporum f. sp. albedinis isolates and nonpathogenic F. oxysporum isolate A15
(“outgroup”), Cluster analysis was performed by the unweighted paired-group
method with arithmetic mean, and genetic distances were obtained based on
Jaccard’s similarity coefficient of 27 individual DNA bands produced by
hybridization with the Fot] probe. For convenience, isolates are represented
by their corresponding hybridization-pattern numbers (Table 2).

Tracking genotypes would be useful to detect genetic changes over
time and would allow testing for F. oxysporum f. sp. albedinis
population differentiation in the oases of Morocco and Algetia.
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