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The food-borne fungus Neosartorya fischeri, which is phenotypically related to the human opportunistic
pathogen Aspergillus fumigatus, causes spoilage of heat-processed fruit products. Genomic methods were used
to type N. fischeri strains and identify the genomic relationship between A. fumigatus and N. fischeri and between
the different varieties of N. fischeri. EcoRI restriction fragment length polymorphism (RFLP) patterns obtained
after ethidium bromide staining could differentiate most of N. fischeri var. glabra and N. fischeri var. spinosa
strains. On the contrary, all N. fischeri var. fischeri strains tested exhibit the same RFLP pattern, which was
similar to the A. fumigatus pattern. Similarly, Southern hybridization with a ribosomal probe showed some
polymorphism between N. fischeri var. glabra and N. fischeri var. spinosa strains but could not distinguish
between N. fischeri var. fischeri and A. fumigatus strains. By using the endonucleases EcoRI, HindIII, and BglII
to generate Southern blot patterns with a fragment of the A. fumigatus gene coding for a 33-kDa protease, it was
possible to differentiate N. fischeri var. fischeri from A. fumigatus. The difference between N. fischeri and A.
fumigatus was confirmed by the use of moderately repetitive nonribosomal A. fumigatus sequences. These results
are in agreement with previous studies that showed important infraspecific polymorphism within N. fischeri
var. glabra and N. fischeri var. spinosa and, in contrast, the homogeneity of N. fischeri var. fischeri strains. A
unique Southern blot pattern was seen for each strain of N. fischeri fingerprinted with the A. fumigatus
repetitive sequence. In the future, such typing systems may contribute to localization of the origins and the
routes of fungal contaminations in food-industrial environments.

Neosartorya fischeri (22) is a ubiquitous fungus which com-
monly grows in damp environments, such as soil, decaying
vegetation, and organic debris (26), where it produces high
numbers of spores and particularly ascospores (6). Conse-
quently, ascospores of N. fischeri are frequently isolated from
fruits that grow or are harvested at the ground level (apples,
strawberries, grapes, pineapples, and others) (15, 24, 32). As-
cospores of N. fischeri are thermoresistant (2, 23, 30, 33) and
are the cause of food spoilages of heat-processed fruit products
in food industries (12, 14, 16, 28–31).
Within the species N. fischeri, three varieties (N. fischeri var.

fischeri, N. fischeri var. glabra, and N. fischeri var. spinosa) have
been identified on the basis of the ascospore ornamentation
(26, 27). Recent studies based on phenotypic methods (i.e.,
scanning electron microscopic observations of conidium and
ascospore morphology, secondary metabolite patterns, heat
resistance, and sodium dodecyl sulfate [SDS]-polyacrylamide
gel electrophoresis protein and antigen patterns) as well as
genomic methods (i.e., DNA complementation experiments)
divided the species N. fischeri into very different groups (7, 11,
18, 23, 25, 27). On the basis of morphological observations,
Kozakiewicz considered that the differences between the three
varieties of N. fischeri were sufficient to raise them to species
level (18). However, distinguishing between the three varieties
of N. fischeri remains difficult (26a). And the taxonomic status
of N. fischeri has not been officially ratified by the International
Code of Botanical Nomenclature.
In addition, strains of N. fischeri cannot be efficiently dis-

criminated from the human pathogenic fungus Aspergillus fu-
migatus (7, 11, 27). Indeed, the asexual stage of N. fischeri is
morphologically very similar to A. fumigatus (26), and N. fis-
cheri has been considered by some taxonomists to be the pu-
tative sexual stage or at least to be identical to an ancestor of
A. fumigatus.
Several genomic methods have recently been developed to

estimate the variability within the species A. fumigatus. These
methods include restriction fragment length polymorphism
(RFLP) after ethidium bromide staining (4, 5) or after South-
ern hybridization with ribosomal (34) or nonribosomal (8)
repeated sequences and randomly amplified polymorphic DNA
(1, 21).
In the study presented here, we used different genomic tech-

niques to type N. fischeri strains and identify the genomic
relationships between A. fumigatus and N. fischeri and between
the different varieties of N. fischeri. First, EcoRI RFLP pat-
terns of total genomic DNA were stained with ethidium bro-
mide after electrophoresis. Alternatively, Southern blot pat-
terns of endonuclease-digested total DNA were probed either
with sequences from a single A. fumigatus gene coding for a
33-kDa protease (13) or with repeated sequences of ribosomal
or nonribosomal origin (8).

MATERIALS AND METHODS

Strains. The collection numbers and the abbreviations of the Aspergillus and
N. fischeri strains used in this study are listed in Table 1. All strains were
maintained on 2% malt extract agar at room temperature.
Monospore isolates of N. fischeri. Cleistothecia were harvested from 3-week-

old slants of N. fischeri var. spinosa S7 on malt extract agar. Free ascospores were
obtained by manual disruption of cleistothecia in 500 ml of distilled water with a
glass pestle fitted to 2-ml microcentrifuge tubes. Monoascospore isolates were
obtained by the limiting dilution technique. Before being plated on 2% malt
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publique, 91300 Massy, France. Phone: (33-1) 69-53-64-70. Fax: (33-1)
60-13-36-01. Electronic mail address: girardin@massy.inra.fr.

1378



extract agar plates, ascospore suspensions were heated at 808C for 20 min to
inhibit the growth of any contaminating mycelial or conidial propagules.
Three successive sexual cycles were obtained by repeated transfers of 1- to

2-week-old cultures after heating of ascospore suspensions used for inoculating
the slants to ensure that the new culture originated from ascospores.
DNA extraction.DNA was extracted from a sample of N. fischeri that had been

cultured in a 2% glucose–1% peptone medium at 378C and shaken for 16 to 24
h. DNA was purified and quantified as previously described (10).
Ethidium bromide RFLP. After complete digestion by the endonuclease

EcoRI, DNA electrophoresis was conducted as described in reference 10. DNA
fragments were stained with a 0.5% ethidium bromide solution.
Southern blot hybridizations with repetitive sequences. EcoRI-digested DNA

fragments were transferred to a nylon membrane (Hybond N1; Amersham) and
hybridized to the molecular probes at 658C in a solution containing 53 SSPE (13
SSPE is 10 mM sodium phosphate [pH 7.5], 1 mM EDTA [pH 7.5], and 0.18 M
NaCl), 5% dextran sulfate, 150 mg of sheared denatured salmon sperm DNA per
ml, and 0.3% SDS (8). The moderately repetitive sequence lAF 3.19 (designated
3.19 in reference 8) and the 4.6-kb BamHI fragment of the ribosomal complex of
Aspergillus nidulans (20) (kindly provided by W. T. Timberlake) were labelled
either with [a-32P]dCTP or with fluoresceinylated dCTP with, respectively, the
random priming kit Megaprime (Amersham) or the ECL labelling kit (Amer-
sham). The membranes were washed and revealed as previously described (8).
Southern blot hybridizations with single-copy A. fumigatus sequences. DNA

digested with EcoRI, BglII, or HindIII was blotted onto a GeneScreen nylon
membrane (Dupont). The filters were prehybridized at 428C for 30 min in a
solution containing 53 SSC (13 SSC is 0.15 M sodium chloride plus 0.015 M
sodium citrate [pH 7.0]), 10% dextran sulfate, 20% formamide, 1% SDS, and 100
mg of denatured salmon sperm DNA per ml. The 1.5-kb BglII-HindIII fragment
of the A. fumigatus alp gene encoding a 33-kDa protease (13) was labelled with
[a-32P]dATP with a random-primed DNA-labelling kit (Boehringer, Mannheim,
Germany). The labelled probes were added to the prehybridization solution and
incubated overnight with the blots. The membranes were exposed to X-ray films
after two washes in 33 SSC–1% SDS at 408C.

RESULTS

Ethidium bromide-stained RFLP patterns of EcoRI-di-
gested total DNA. RFLP patterns of EcoRI-digested DNA
from N. fischeri and A. fumigatus strains are shown in Fig. 1.
The 11 strains of N. fischeri tested generated 9 different pat-
terns (Fig. 1). The patterns of the three strains of N. fischeri
var. fischeri were all identical (Fig. 1, lanes F1, F3, and F5) and

similar to the pattern seen with A. fumigatus (Fig. 1, lane AF1),
with two major bands at 3.0 and 4.7 kb. In contrast, the RFLP
patterns from each strain belonging to N. fischeri var. glabra
and N. fischeri var. spinosa were different. All RFLP patterns
showed a major band at 3.0 kb, but the variability of the
patterns was too great to cluster together the strains either
from N. fischeri var. glabra or from N. fischeri var. spinosa.
Southern blot hybridization patterns with a ribosomal se-

quence. Southern blots of N. fischeri strains with a ribosomal
DNA probe showed two major bands (Fig. 2). The band at 3.0
kb seen in ethidium bromide-stained gels (Fig. 1) was invariant

FIG. 1. Ethidium bromide RFLP patterns of N. fischeri and A. fumigatus
strains. AF, A. fumigatus; F, N. fischeri var. fischeri; G, N. fischeri var. glabra; S,
N. fischeri var. spinosa (Table 1). Total genomic DNA of each strain was digested
with EcoRI. Molecular sizes are expressed in kilobases.

FIG. 2. Southern blot hybridization patterns with a ribosomal probe of N.
fischeri and A. fumigatus strains. AF, A. fumigatus; F, N. fischeri var. fischeri; G,
N. fischeri var. glabra; S, N. fischeri var. spinosa (Table 1). EcoRI-digested DNA
fragments were probed with a 32P-radiolabelled ribosomal sequence from A.
nidulans. Molecular sizes are expressed in kilobases.

TABLE 1. Strains of Aspergillus and N. fischeri used in this study

Species and variety Straina Abbreviation

A. fumigatus CBS 143-89 AF1
CHUV 5 AF2

A. flavus CBS 569-65 AFl1

N. fischeri var. fischeri IBT 3003 F1
IBT 3007 F3
IBT 3008 F4
IBT 3009 F5
CBS 832-88 F13

N. fischeri var. glabra IBT 3006 G2
CBS 112-55 G5
CBS 165-63 G6
LCP 87.3513 G8
LCP 88.3577 G9
CBS 585-90 G10

N. fischeri var. spinosa CBS 297-67 S3
IMI 16061 S4
CBS 161-88 S7
LCP 76-3116 S8

a CBS, Centraalbureau voor Schimmelcultures, Baarn, The Netherlands;
CHUV, Centre Hospitalier Universitaire Vaudois, Lausanne, Switzerland; IBT,
Department of Biotechnology, Technical University of Denmark, Lyngby, Den-
mark; IMI, International Mycological Institute, Kew, United Kingdom; LCP,
Laboratoire de Cryptogamie-Mycologie, Museum d’Histoire Naturelle, Paris,
France.
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for all strains. The size of the highest-molecular-weight band
varied from 4.7 to 5.8 kb depending on the strain. The band at
4.7 kb seen for all strains of N. fischeri var. fischeri (Fig. 2, lanes
F1, F3, and F5) was also found in A. fumigatus (lane AF1). The
size of the high-molecular-weight band was variable within
strains of N. fischeri var. glabra and N. fischeri var. spinosa.
Neither EcoRI RFLP patterns nor Southern hybridization

patterns obtained with a ribosomal sequence provide the level
of discrimination sufficient to separate A. fumigatus from N.
fischeri var. fischeri or to cluster together the strains belonging
to N. fischeri var. glabra or N. fischeri var. spinosa.
Southern blot patterns with moderately repetitive A. fumiga-

tus sequences. Several nonribosomal repeated sequences iso-
lated from A. fumigatus genomic DNA (8) have been success-
fully used to fingerprint A. fumigatus strains (8–10). Because of
the taxonomic closeness between A. fumigatus and N. fischeri,
it was expected that the same probes could be used to finger-
print N. fischeri strains. Two of the moderately repetitive A.
fumigatus sequences, lAF 3.9 and lAF 3.19 (designated 3.9
and 3.19 in reference 8), were therefore tested on N. fischeri
DNA. The lAF 3.9 probe generated only one band of hybrid-
ization with one of the N. fischeri strains tested (N. fischeri var.
fischeri F5) (data not shown). The lAF 3.19 probe gave signif-
icant hybridization signals with DNA from N. fischeri strains
(Fig. 3). With a short film exposure time (4 to 6 h), weak
hybridization signals were observed on N. fischeri Southern
blots with the moderately repetitive sequence lAF 3.19 (Fig.
3A). Conversely, a strong hybridization banding signal was
seen with the same probe when A. fumigatus DNA was probed
(Fig. 3A, lane AF1). Increasing the exposure time from be-
tween 4 and 6 h to 72 h was necessary in order to detect signals
in N. fischeri blots (Fig. 3B). Under these conditions, N. fischeri
var. fischeri and N. fischeri var. spinosa Southern patterns
showed between 20 and 30 hybridization bands of different
intensities and sizes (Fig. 3B). The same DNA probe gener-
ated very few hybridization bands, of extremely weak intensity,
on N. fischeri var. glabra blots (Fig. 3B).
The specificity of the hybridization with the moderately re-

petitive A. fumigatus sequence lAF 3.19 was demonstrated by
the negative results observed with other Aspergillus species,
such as Aspergillus nidulans (data not shown) and Aspergillus
flavus (Fig. 3), even after a 72-h exposure of the blots to
radiographic films.
Each strain of N. fischeri fingerprinted by the moderately

repetitive sequence lAF 3.19 showed a unique Southern blot
pattern. These results suggested that moderately repetitive se-
quences of A. fumigatus could be used to fingerprint strains of
N. fischeri. However, before this could be ascertained it was
essential to check that the hybridization pattern was stable
over time after several sexual cycles and that monoascospore
isolates that issued from a single strain displayed the same
pattern. As an example to test the stability of the fingerprints,
the strain N. fischeri var. spinosa S7 (Table 1) was used. Five
monoascospore isolates randomly chosen from the same orig-
inal slant were probed with the moderately repetitive sequence
lAF 3.19. The Southern hybridization patterns obtained were
all identical (Fig. 4, lanes 1 to 5). Similarly, the banding pattern
of strain S7 remained unchanged over several successive sexual
sporulating cycles (Fig. 4, lanes a and b). These results indicate
that homothallic sexual cycles did not affect the Southern hy-
bridization pattern of an individual strain of N. fischeri.
Southern blots with the A. fumigatus 33-kDa protease gene.

A fragment of the gene encoding the 33-kDa protease of A.
fumigatus (13) was probed with N. fischeri DNA. Southern
blots generated by the 33-kDa protease genomic probe are
presented in Fig. 5. When digested by HindIII, all strains of N.
fischeri presented a major hybridization band at 2.0 kb. In
contrast, A. fumigatus patterns showed a 5.0-kb band (Fig. 5,
strain AF2). An invariant major hybridization band of 2.1 kb
was visible on BglII Southern patterns of A. fumigatus, N.
fischeri var. fischeri, and N. fischeri var. spinosa, whereas N.
fischeri var. glabra patterns showed different hybridization
bands, one at 4.0 and one at 3.0 kb, for the two respective
strains tested. The 33-kDa protease genomic probe hybridized
to EcoRI-digested DNA fragments of N. fischeri var. fischeri,

FIG. 3. Differential hybridizations of the moderately repetitive A. fumigatus
sequence lAF 3.19 probe with A. fumigatus, A. flavus, and N. fischeri DNAs. AF,
A. fumigatus; Afl, A. flavus; F, N. fischeri var. fischeri; G, N. fischeri var. glabra; S,
N. fischeri var. spinosa (Table 1). EcoRI-digested restriction fragments were
probed with the radiolabelled lAF 3.19 probe under conditions described in
Materials and Methods. Hybridization bands were revealed by autoradiography
after 6 h (A) or 72 h (B) of exposure at 2808C. Molecular sizes are expressed in
kilobases.

FIG. 4. Stability of the Southern blot hybridization patterns, generated by the
moderately repetitive A. fumigatus sequence lAF 3.19, of five different mono-
ascospore isolates of N. fischeri var. spinosa S7 (lanes 1 to 5) and of two cultures
of N. fischeri var. spinosa S7 separated by three sexual sporulating cycles (lanes
a and b). The probe was labelled with fluoresceinylated dCTP. Visualization was
performed by the indirect chemiluminescence method (Amersham) after a 30-
min exposure in a cassette with an intensifying screen. Molecular sizes are
expressed in kilobases.
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and A. fumigatus strains generated identical EcoRI Southern
patterns with a unique band at 3.0 kb.
The use of several endonucleases to generate different

Southern blot patterns with the 33-kDa protease probe from A.
fumigatus was an efficient way to discriminate between the
three varieties of N. fischeri and to differentiate N. fischeri var.
fischeri from A. fumigatus strains.

DISCUSSION

Relationship between A. fumigatus and N. fischeri. The most
important difference between N. fischeri and A. fumigatus is the
presence of ascospores in N. fischeri cultures (26). A study of
the relationship between these two species cannot be under-
taken on the basis of mycelial phenotypic characters such as
protein and antigenic patterns, as well as secondary metabolite
profiles, because of the high infraspecific variations within the
species N. fischeri and A. fumigatus (7, 11, 23, 27).
Genomic tools have been very useful for investigation of the

relationships between N. fischeri and A. fumigatus. On the basis
of nuclear DNA complementarity measurements, Peterson
(25) showed that A. fumigatus and N. fischeri species are closely
related. These two species exhibited 40 to 70% DNA comple-
mentarity, whereas genomic similarities of 0 to 9% were ob-
served between N. fischeri and taxonomically distant Aspergillus
species such as A. flavus. In addition, genomic probes originat-
ing from A. fumigatus, such as the 33-kDa and the 18-kDa
protease genes (19) and the midrepeat sequence lAF 3.19,
which were positive with N. fischeri, are negative with other
Aspergillus species, such as A. nidulans, A. flavus, Aspergillus
terreus, and Aspergillus niger (reference 8 and data not shown).
Nevertheless, DNA complementarity experiments demon-
strate that A. fumigatus represents a distinct taxonomic entity.
The four strains of A. fumigatus tested by Peterson had simi-
larities to each other of 92 to 100% and similarities to the most
closely related strain of N. fischeri of less than 70% (25). Sim-
ilarly, the reactivity of the moderately repetitive sequence lAF
3.19 was lower with N. fischeri DNA than with A. fumigatus
DNA (Fig. 3). In addition, the moderately repetitive probe
lAF 3.9, which efficiently hybridizes with A. fumigatus DNA,
gave one weak band with only one of the N. fischeri strains.
These results of hybridization of A. fumigatus sequences to N.
fischeri DNA suggest that N. fischeri and A. fumigatus are
indeed two distinct taxa.
N. fischeri var. fischeri appeared to be the variety most

closely related to A. fumigatus. This variety shares four major
groups of mycotoxins with A. fumigatus (fumitremorgins A, B,

and C and tryptoquivalins) (27). In addition, ethidium bro-
mide-stained RFLP patterns of EcoRI-digested DNA from A.
fumigatus and N. fischeri var. fischeri are identical (Fig. 1).
Moreover, similar Southern hybridization patterns were seen
when EcoRI-, HindIII-, or BglII-digested DNAs from A. fu-
migatus and N. fischeri var. fischeri were hybridized, respec-
tively, with the 1.5-kb BglII-HindIII fragment of the 33-kDa
protease gene (Fig. 5) or the 1.3-kb PstI fragment of the 18-
kDa ribotoxin gene (reference 19 and data not shown).
In contrast, N. fischeri var. glabra appeared to be the variety

most genetically different from A. fumigatus. For example, N.
fischeri var. glabra was the only variety which gave a weak
reactivity with the moderately repetitive sequence of A. fu-
migatus lAF 3.19 (Fig. 3). In addition, HindIII-digested DNA
probed with the 18-kDa probe (data not shown), as well as
EcoRI-, HindIII-, and BglII-digested DNA probed with the
33-kDa probe (Fig. 5), showed Southern hybridization patterns
that differed between N. fischeri var. glabra and A. fumigatus
strains.
Variability within N. fischeri species. Ascospore and conid-

ium morphology and physiological characters (secondary me-
tabolites and heat resistance), as well as DNA complementa-
tion experiments, allow the division of N. fischeri strains into
different taxa (18, 23, 27). The three varieties of N. fischeri
were raised to the species level by Kozakiewicz (18) on the
basis of differences in conidial and ascospore morphologies.
On the basis of DNA complementation experiments, Peterson
(25) showed that all three varieties of N. fischeri represent
separate taxa. However, a certain level of heterogeneity was
observed: depending on the strains tested, DNA complemen-
tarity varied from 58 to 66% between N. fischeri var. fischeri
and N. fischeri var. spinosa, from 23 to 44% between N. fischeri
var. fischeri and N. fischeri var. glabra, and from 30 to 52%
between N. fischeri var. spinosa and N. fischeri var. glabra.
Among all N. fischeri varieties, N. fischeri var. fischeri is

homogenous and is well separated from the two others. Scan-
ning electron microscopy showed that N. fischeri var. fischeri
ascospores are reticulate and differ markedly from N. fischeri
var. glabra and N. fischeri var. spinosa ascospores, which are
typically roughened (25, 27). Besides, N. fischeri var. fischeri
ascospores were less thermoresistant (the decimal reduction
time at 858C [D858C] was 6 to 10 min, and the z value, the
elevation of temperature necessary to reduce the D value to
1/10 its former value, was 9 to 108C) than those of N. fischeri
var. glabra and N. fischeri var. spinosa (D858C, 10 to 96 min; z,
5 to 148C) (23). High-pressure liquid chromatography (HPLC)
analysis showed that the majority of N. fischeri var. fischeri
strains produced the same secondary metabolites (27).
Ethidium bromide-stained RFLP (Fig. 1) and Southern blot
hybridization patterns obtained with a ribosomal probe (Fig. 2)
or the 33-kDa protease gene (Fig. 5) were identical for all the
N. fischeri var. fischeri strains tested. These results are in agree-
ment with previous studies that recommend the raising of N.
fischeri var. fischeri to species rank (18, 27).
On the contrary, N. fischeri var. glabra and N. fischeri var.

spinosa exhibit important infraspecific variations. HPLC anal-
ysis of secondary metabolites showed marked differences
among strains of N. fischeri var. glabra and among strains of N.
fischeri var. spinosa (23, 27). In particular, N. fischeri var. glabra
could be divided into three very different chemotypes, each of
them being characterized by the presence of a particular me-
tabolite. The genomic characterizations presented herein also
reflect significant heterogeneities within the varietiesN. fischeri
var. glabra and N. fischeri var. spinosa. In most cases, ethidium
bromide-stained RFLP patterns (Fig. 1) and Southern blot
patterns obtained with a ribosomal sequence (Fig. 2) or an A.

FIG. 5. Hybridization of the A. fumigatus 33-kDa protease gene fragment to
A. fumigatus and N. fischeriDNAs. AF, A. fumigatus; F, N. fischeri var. fischeri; G,
N. fischeri var. glabra; S, N. fischeri var. spinosa (Table 1). Endonuclease-digested
restriction fragments were probed with the 32P-radiolabelled probe under con-
ditions described in Materials and Methods. E, EcoRI; Bg, BglII; H, HindIII.
Molecular sizes are expressed in kilobases.
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fumigatus gene (Fig. 5) exhibit fragments of variable molecular
weights for the different strains of N. fischeri var. glabra and N.
fischeri var. spinosa tested (Fig. 1, 2, and 5 and reference 8). So
far, different ribosomal Southern blot patterns have been ob-
served only between various species of Aspergillus and not at
the strain level (8, 34). Therefore, the heterogeneity of N.
fischeri var. glabra and N. fischeri var. spinosa ribosomal South-
ern blot patterns (Fig. 2) suggests the putative presence of
different taxonomic entities within these taxa. On the basis of
DNA complementarity, mating reactions with other species of
Neosartorya, and the ascospore morphology, Peterson (25)
showed that one of the strains classified in the variety N.
fischeri var. glabra could indeed represent a different species.
The use of other taxonomic methods, such as the sequencing of
internal transcript spacers of the ribosomal complex (3), could
contribute to clarification of the taxonomic relationships
among N. fischeri varieties.
Fingerprinting of N. fischeri strains. Food spoilages are

caused mainly by N. fischeri var. glabra and N. fischeri var.
spinosa (23, 29). The use of fingerprinting methods to type
these food-borne fungi could allow the routes of contamina-
tion of food products in industrial environments to be traced.
RFLP patterns of EcoRI-digested DNA did not adequately

discriminate among strains of A. fumigatus (4, 8). Conversely,
EcoRI RFLP patterns of N. fischeri exhibited sufficient poly-
morphism on major restriction bands to distinguish most of the
N. fischeri var. glabra and N. fischeri var. spinosa strains tested.
RFLP can then be used for typing strains of the two varieties
N. fischeri var. glabra and N. fischeri var. spinosa. Nevertheless,
ethidium bromide-stained RFLP patterns are always more dif-
ficult to analyze than Southern hybridization blots because of
the high number and poor definition of most restriction bands.
The moderately repetitive sequence lAF 3.19 generated

discrete and unique Southern hybridization patterns with all
the unrelated strains of N. fischeri tested. Banding patterns
were stable within a single strain of N. fischeri var. spinosa even
through several homothallic sexual cycles (Fig. 4). A similar
stability of Southern hybridization patterns with moderately
repetitive sequences was also shown for the fungal species
Sclerotinia sclerotiorum, which propagates through homothal-
lic, sexual reproduction (17). Thus, the lAF 3.19 DNA probe
appeared to fulfill all of the requisites for effective fingerprint-
ing of food-borne strains of N. fischeri. Moderately repetitive
A. fumigatus sequences have demonstrated their efficiency dur-
ing the course of epidemiological studies of several aspergillo-
sis syndromes (including aspergilloma [9] and invasive as-
pergillosis [10]). By comparison of N. fischeri strains isolated
from soils where fruits were harvested with strains from fruits
used in the industrial process and strains from contaminated
processed products, it may be possible to localize the origins of
contaminations. An extensive epidemiological study may also
allow a clustering of the strains depending on the geographical
locations or on the thermoresistance, which is known to vary
significantly among isolates (23), of the isolates.
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