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Summary
Nuclear and mitochondrial markers were used to examine variation withm three elosely related species
of tree pathogens with differing reproductive strategies. Ceratocystis eucalypti is obligately outerossing;
Ceratocystis vireseens is capable of selfing due to unidireetional tnating type switcliing; and Cbalara
australis is an asexual species, comprised of a single mating type. When the nuclear DNA fingerprinting
markers (CAT), and (CAG), were used as probes against Pstl-restricted DNA, isolates of C. euealypti
were found to be highly polymorphic, and Cb. australis showed very little polymorphism. Tbe selfing
C. vireseens showed an intermediate level of variation in the nuclear fingerprint markers, and much of
the variation appeared \.o be due to differences between two forms of tbe speeies, one pathogenic to
Aeer and Liriodendron and another less-pathogenie form on Fagus and other hardwoods. Mitoehondrial
DNA (mtDNA) polymorphisms were examined by digesting total DNA witb HaeWl or G/oI, and G.
euealypti sbowed somewhat more variation in mtDNA than did G. vireseens. The only polymorphism
seen in the mtDNA of Cb. australis was associated with a plasmid. Selfing m G. vireseens may be
common and could explain an intermediate level of diversity when compared to tbe obligately outcrossing G. eucalypti and the asexual Cb. australis.

1 Introduction
Ceratocystis species have a number of l'eproductive strategies, and these strategies could
contribute to differing levels of genetic diversity. Bi-allelic heterothalhsm, typical for ascomycetes, is known in Ceratocystis, but homothallism has also been reported. Other species
are known only by their Chalara anamorphs, and these are presumably strictly asexual in
their reproduction. Unidirectional mating type switching has been found in two major
clades of Ceratocystis, the Ceratocystis coerulescens complex and the Ceratocystis fimbriata
complex. In these selfing species, one of the two mating types {MAT-2) is capable of
switching to the opposite mating type, allowing for self fertilization; the progeny segregate
for the two mating types, and hence, for self-fertility and self-sterility (HARRINGTON and

1997). The species with mating type switching are also capable of crossing with
strains of the opposite mating type, though the relative frequency of selfing and outcrossing
are not known.
Genetic diversity was examined in three hardwood pathogens in the C. coerulescens
complex that are known to be very closely related based on lsozyme analysis (HARRINGTON
et al. 1996), DNA sequences of the internal transcribed spacers of the ribosomal DNA
operon (WITTHUHN et al. 1998), and on partial interfertility (HARRINGTON and MCNEW
unpublished; KILE et al. 1996). Ceratocystis eucalyptiYuan and Kile is obligately outcrossing,
with compatibility determined by two alleles at a single mating type locus; perithecia and
ascospores are produced upon mating of strains of the opposite mating type (KILE et al.
1996). This species is a weak pathogen, colonizing wounds of Eucalyptus in Tasmania and
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Victoria, Australia. Chalara australis Walker and Kile is an asexual speeies with a similar
distribution to C. eucalypti but is a virulent pathogen in Nothofagus cunninghamii (KILE
1993). It is comprised of a single mating type {MAT-2) and is slightly interfertile with MAT1 strains of C. eucalypti (KILE et al. 1996). The third species, Ceratocystis vireseens (Davids.)
C. Moreau, also has two mating types, but one of the mating types is capable of selfing due
to unidirectional mating type switching (HARRINGTON and MCNEW 1997). Ceratocystis
vireseens causes sapstreak disease in maple {Acer species) and in tulip poplar {Liriodendron
tulipifera), but it also is a weak pathogen or saprophyte, causing stain in various hardwoods
in the eastern USA (KILE 1993).
Consistent for the genus, these species are believed to infect wounds on living trees and
then move through the xylem, staining the wood and causing wilt symptoms and/or cankers.
In the genus Ceratocystis, the ascospores accumulate in a sticky drop at the tip of a longnecked perithecium, suitable for acquisition by insects. These fungi produce fruity odours,
presumably to attract fungal-feeding insects for ascospore dispersal. While Ch. australis
produces these typical fruity odours, insect dispersal is not believed to be the primary mode
of spread. Rather, ambrosia beetles attack infected N. cunninghamii trees, and their borings
are generally into xylem colonized by Ch. australis. The frass from the beetle borings
contain hyphae, conidiophores and conidia of the fungus. The fungus is believed to be
dispersed in association with this frass by wind and rain (KILE, 1993).
In a previous study using 10 isozyme loci (HARRINGTON et al. 1996), four loci varied
among the 11 isolates of C. eucalypti, no variation in electromorphs was found among 30
isolates of Ch. australis, and one locus varied among 17 isolates of C. vireseens. The relative
level of variation in these species appeared to reflect their respective outcrossing, asexual,
and selfing reproductive strategies. Here, the nuclear and mitochondrial variation of these
species are investigated in more detail.

2 Materials and methods
The isolates studied represent most of the known geographical range of the three taxa
(HARRINGTON et al. 1996). The 16 C. vireseens isolates originated from North Carolina to
Wisconsin to New Hampshire in the USA, and isolates of the other two species originated
from Victoria and Tasmania in Australia. Isolate G450 of C. euealypti was not used in the
present study, so only data on 10 isolates are presented here. Also, (CAG)5 fingerprints
were not obtained for C. eucalypti isolates C643 and C645, and the C/of pattern for C643
was not resolved. Isolate G255 of C. vireseens was not included in the present study.
Nuclear DNA fingerprinting utilized restriction fragment length polymorphisms (RFLP)
of PstI digestions of total genomic DNA hybridized with the oligonucleotide probes (GAT)5
and (GAC)5. These microsatellite DNA sequences resolve numerous bands, several of
which are hypervariable. The protocols for DNA extraction, Pstl digestion, electrophoresis,
radiolabeling, and hybridization 'in-gel' are described in DESCENZO and HARRING'ION
(1994). Band sizes were determined using the software program GelReader 2.0.5 (NCSA,
University of Illinois, Champagne-Urbana, IL). The entire procedure, including DNA
extraction, was repeated at least twice for each isolate, and only bands clearly visible in each
run were scored.
The examined mitochondrial (mt) DNA polymorphisms were RFLPs from digestion of
total DNA with HaeWl or C/oI (Promega, Madison, WI, USA), which recognize the sites
GGGC and GGGC, respectively. These enzymes finely digest most of the nuclear DNA
but leave relatively long stretches of AT-rich mitochondrial DNA. Bright bands > 1.7 kb
in ethidium bromide stained agarose gels were scored as mtDNA bands. Total DNA was
extracted as in the nuclear DNA fingerprinting, and protoeols for digestion, electrophoresis
and staining are found in WINGI-IELD et al. (1996). Band sizes were determined using
GelReader. The procedure was repeated at least twice for each isolate.
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Total, unrestricted DNA was also electrophoresed in 1.0% agarose gels to look for
possible plasmids. Ethidium bromide stained fragments smaller than the genomic DNA
were sized as above. Three plasmids were purified from agarose gels and random-primed
labeled (Promega) with •''P for Southern blotting.

3 Results
Fifty progeny from a single penthecium of isolate C639 of C. euealypti spermatized with
isolate C640 were analysed for segregation of (CAT)^ and (CAC)5 markers. The two parents
differed in the presenee of four (GAT)5 bands, and the presence : absence of eaeh of the four
bands was found in a 1 :1 ratio among the progeny. Two of the bands may have been allelic
beeause each of the progeny had one or the other band but not both bands. The other (CAT)5
bands were apparently unlinked. In the parents and the progeny, seven polymorphisms were
seen in the (CAC)5 bands, and each segregated in the expected 1 :1 ratio. Two of the (CAC)5
bands were tightly linked but not allelic. The 50 progeny were also screened for Haelll
polymorphisms, and each of the progeny had the banding pattern of C639, the female
parent, as would be expeeted for mtDNA inheritance.
The (CAT)5 markers were highly variable in C. euealypti and were nearly uniform in Ch.
australis. An intermediate level of variation was found in C. vireseens (Fig. 1, Table 1). In
C. eucalypti 17 of the 19 loci were polymorphic, while only two of 22 were polymorphic
in Ch. australis. Only four (CAT)5 bands found in C. vireseens could be resolved in each
replicate, and only one of those was polymorphic. Nine phenotypes (unique banding
patterns) were seen in the 10 isolates of C. euealypti, three phenotypes were seen in the 30
isolates of Ch. australis, and two phenotypes were seen in the 16 isolates of C. vireseens.
Average gene diversity (H, NEI 1973) of the (CAT), markers was 0.3747, O.OI 11, and 0.0935
for the three respective taxa.

(CAT),
Chalara austratis

C. eue.

Haelll
C vir.

Chalara au.stralis

C. eiie. C vir

nm

Fig. 1. Nuelear (left) and mitochondrial (right) fingerprints of Cbalara australis, Ceratocystis eucalypti,
and Ceratocystis vireseens isolates using (GAT)5 probing of Pstl restricted DNA and Haelll digestion
of total DNA stained witb ethidium bromide. The last two lanes of the Haelll gel are digested D N A
of Cbalara neocaledoniae (n) and Hindlll digested Lambda marker (m, bands sizes from top to bottom
«23.1,9.4, 6.6, 4.4, 2.3 and 2.0 kb)
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More scorable bands were found with the (CAC); markers than with the (CAT)5 markers,
but a smaller proportion of these bands were polymorphic in C eucalypti and Ch. australis
(Table 1). In contrast, a relatively high level of diversity was found in the (CAC)5 markers
of C virescens. Combining the (CAT)5 and (CAC); markers, average gene diversities of
0.2605, 0.0078 and 0.2081 were found for C. eucalypti, Ch. australis, and C virescens,
respectively. Comparable values from isozyme analysis (HARRINGTON et al. 1996) were
considerably lower: 0.1511, 0.0 and 0.0654 for the three respective species.
In both the (CAT); and (CAC)5 markers, it was evident that the 16 isolates of C virescens
fell mto two basic phenotypes. By scoring each marker as present or absent, a distance
matrix was developed among the 16 isolates using NEI'S genetic distance, and this matrix
was analysed using UPGMA (FELSENSTEIN 1993). Plotting of this data showed two distinct
groups in C virescens (Fig.2). Almost all of the variation in this species is due to the
differentiation between these two groups, with very little variation within the groups
(Table 1). Twelve of the isolates were known to originate from maple trees with sapstreak
disease or from tulip poplar, which is also known to be susceptible to sapstreak. These 12
isolates had a single (CAT); phenotype and one of three similar (CAC)5 phenotypes
(Table 1). Of the other four isolates, one was from beech, one from oak, and the other two
from an unknown source (HARRINGTON et al. 1996). These four isolates, referred to here as
the saprobe group, had identical (CAT); and (CAC); banding patterns (Table 1, Fig.2).
Significant variation in C. eucalypti was also seen in the mtDNA markers generated by
Haelll and C/oI restrictions (Table 2, Fig. 1). Twenty-one of the 62 scored bands were

C252,C253
y C258

C68

(CAT)5
and
(CAC)5
(c.

C251

C254
C25B
C257
C260

\f

C261

Haelll
and
Cfo\

C254

Tig. 2. Dendrograms of Ul'GMA eluster analysis of genetic distanee matrixes of Ceratoeystis virescens
isolates using nuelear ((CAT), and (CAC),, top) and mitochondrial {HaelW and C/oI, bottom) markers
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polymorphic in C. eucalypti. Only one of 53 bands was polymorphic in Ch. australis
(Table 2); isolate C614 had a 3.25 kb Haelll band that was not present in the other Ch.
australis lsoliites. Average gene diversity values for C. eucalypti were 0.1115 and 0.1713 with
the Haelll and Cfol markers, respectively (Table 2). The average gene diversity values for
these same markers in C. virescens were 0.0928 and 0.0605. Combining Haelll and Cfol
markers, seven phenotypes were seen among the eight isolates of C. eucalypti, two phenotypes were seen among the 30 isolates of Ch. australis, and 10 phenotypes were seen
among the 16 isolates of C. virescens. In contrast to the nuclear fingerprinting markers, the
polymorphisms in the mtDNA markers were generally found in both the sapstreak and
saprobe groups of C. virescens. Cluster analysis (Fig.2) based on the Haelll and Cfol
markers did not separate the saprobe and sapstreak groups of C. virescens, and the average
mitochondrial gene diversity of each of the two groups was nearly as great as that of the
species as a whole (Table 2).
Relatively small fragments of DNA were seen in the undigested samples of total extracted
DNA of each species. These presumed plasmids were most common in C. eucalypti, in
which fragments of 3.1, 5.0, or 5.2 kb were found in 10 of the 11 isolates sampled. Two
isolates of Ch. australis (C614 and C615) each had two plasmids (1.4 and 3.2 kb in size).
Nine of 17 isolates of C virescens showed a plasmid of 3.2 kb. The 5.0 kb plasmid of isolate
C640 of C. eucalypti was radiolabelled, and it hybridized to plasmid DNA in eight of 11
isolates of C. eucalypti but not to the plasmid DNA of Ch. australis or C. virescens isolates.
The 3.2 kb plasmid fragment from isolate C614 of Ch. australis hybridized to both the 1.4
and 3.2 kb fragments of C614 and C615 but not to the DNA of other Ch. australis isolates.
The C614 plasmid also hybridized to the 3.1 kb fragment of isolates C642 and C644 of C.
eucalypti. Isolates C614 and C615 were from Tasmania, while C642 and C644 were from
Victoria. The plasmid from isolate C68 of C virescens hybridized to the DNA of 10 out of
the 17 tested isolates of C virescens, including three isolates whose plasmids were not visible
by ethidium bromide staining. The C. virescens plasmid did not hybridize to the DNA of
the Australian species.
4 Discussion
The (CAT); and (CAC); markers were highly variable in the obligately outcrossing species
C. eucalypti. In a cross between two isolates of C. eucalypti of opposite mating type, the
presence or absence of these polymorphic markers segregated in a 1 :1 ratio, and most of
these markers were unlinked. The gene diversity of the (CAT); and (CAC); markers was
much higher than that of the isozyme markers examined previously (HARRINGTON et al.
1996). The Haelll and Cfol markers were also quite variable, but in contrast to the (CAT);
and (CAC); markers, the Haelll polymorphisms were maternally inherited, as would be
expected for mtDNA. Significant variation in these mitochondrial markers was seen in both
C. eucalypti and C. virescens, but the only variation seen in Ch. australis was a single unique
Haelll band found in one isolate.
More polymorphisms and greater gene diversity in the nuclear markers of C eucalypti
compared to Ch. australis were expected because the former has a sexual state and must
outcross to form ascospores, the presumed dispersal propagule of this species. Pairings of
Ch. australis with G. eucalypti have shown (KILE et al. 1996) that Ch. australis consists of a
single mating type, so reproduction, at least in Australia, would appear to be asexual.
Although the near uniformity of the nuclear markers of Ch. australis can be explained by
clonal reproduction, there are also indications that the species has gone through a severe
genetic bottleneck. Sexual reproduction and outcrossing would not be expected to play a
large role in mitochondrial diversity, so the near uniformity in Ch. australis for Haelll and
Cfol markers may reflect a recent arrival of this species in Australia, either as an introduction
or as a recent speciation event, or reflect some other constriction in the population.
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Another asexual species of similar biology, Leptographium wageneri, is composed of
three host-specialized varieties in western North America, where it is believed to be native
and well established. Average gene diversity of each of the three varieties based on isozyme
analysis was low, but higher than that in Ch. australis (HARRINGTON et al. 1996; ZAMBINO
and HARRINGTON 1989), and limited sampUng with (GAT)5 markers showed more variation
in the L. wageneri varieties (DESCENZO and HARRINGTON 1994) than in Gh. australis. The
eight isolates of Gh. australis from Victoria were identical for all markers tested, and
this nuclear/mitochondrial phenotype was also found in 16 of the 22 isolates from the
neighbouring island of Tasmania. The higher degree of accumulated polymorphisms in the
Tasmanian population may indicate that the fungus has been present there longer.
It was anticipated that C. virescens would have an intermediate level of diversity in nuclear
markers beeause the fungus can form ascospores from selfing or outcrossing. Nuclear
markers did show a level of diversity somewhat less than that in the obligately outcrossing
G. euealypti, but on closer examination it was found that almost all of tTie variation in G.
vireseens was m the differentiation of two groups. The 11 isolates from maple trees with
sapstreak and the single isolate from tulip poplar comprised otie group. Four isolates (two
of unknown origin, one from oak and one from beech) fell into the other group, referred
to as the 'saprobe group'. An investigator, with extensive experience of sapstreak disease,
has stated that an isolate from maple caused the disease in inoculated maple, while an isolate
from beech that was similarly inoeulated did not cause the disease (D. HOUSTON, pers.
eomm.). Thus, it would appear that some host specialization has occurred. In the early
stages of speciation, mating type switching may facilitate such host adaptations by allowing
for production of dispersal spores through selfing, without the loss of essential combinations
of specially adapted ecological traits through outcrossing (BRASIER 1995).
Although many monomorphie bands from (GAT); and (GAG);fingerprintingwere found
in both groups of G. virescens, most of the polymorphic bands were unique to one of the
two groups. Similarly, only one of 10 isozyme loci was variable in G. virescens, and the two
alleles at this AAT locus distinguished the same four isolates of G. vireseens from the
sapstreak isolates (HARRINGTON et al. 1996). It appears that these two groups have recently
speciated and are no longer interbreeding, with most polymorphisms accumulating after
the establishment of reproductive barriers. In our attempts to cross a MAF-1, singleascospore isolate of G74 (the oak isolate, from the saprobe group) with two MAT-2 isolates
(G252 and G253) of the sapstreak group of C. vireseens, we found no perithecium produced
or only a few perithecia with few or no aseospores (HARRINGTON and MCNEW, unpublished). Upon squashing the perithecia, what appeared to be aborted asci, some misshapen
spores and mucilaginous contents were seen. Few perithecia, as well as few and misshapen
ascospores of low germination percentages, are typical for interspeeifie crosses of Ceratoeystis species, such as those between G. eucalypti atid Gh. australis.
Gonsidering that G. vireseens is comprised of two separate mating populations or species,
the data suggest that reproduction in each group is largely asexual or through selfings.
Neither of the groups shows variation in isozymes (HARRINGTON et al. 1996) or (GAT);
markers, and only three of 16 (GAG); loci were polymorphie in the sapstreak group. Only
four saprobe group isolates of G. virescens were represented in these studies, but no
polymorphism was seen in any nuclear marker among these isolates. The low level of "ene
diversity in the nuclear genome in each of the G. virescens groups therefore is comparable
to that in the asexual fungus Gh. australis.
It was surprising that the saprobe and sapstreak groups of G. virescens shared so many
polymorphisms in the Haelll and Gfol markers. In sharp eontrast with the nuclear markers,
there was almost as much mitochondrial gene diversity iti each of the two groups as
there was in the entire species. Perhaps there was a high degree of polymorphism in the
mitochondrial genome but not the nuclear genome when these two groups separated into
mating populations. An alternative hypothesis is that after speciation, mitochondrial DNA
but not nuclear DNA has been exchanged between the two groups. It is interesting to note
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that mtDNA polymorphisms typical of Ophiostoma ulmi have been found in strains of O.
novo-ulmi, whereas surveys of nuclear markers consistently indicated that there are effective
barriers to nuclear gene flow between these closely related speeies (BRASIER et al. 1993).
In Heterobasidion annosum, many of the polymorphisms seen with Haelll and Gfol
digestions were attributed to introns in the large ribosomal subunit of the mtDNA (WINGFIELD et al. 1996). There are two mating groups of H. annosum in North Ameriea, one
primarily on pine and one primarily on fir, and these groups are largely intersterile (HARRINGTON et al. 1989). The large subunit mitochondrial introns are usually speeific to the fir
or pine intersterility groups on a given continent, but the authors have oecasionally seen
introns of one intersterility group in isolates that have the mitochondrial and nuclear
background of the other intersterility group (T. G. HARRINGTON and J. STEIMEL, unpublished). Thus, there is evidence of horizontal transfer of mitoehondrial intron sequences
across the intersterility groups of H. annosum. Gytoplasmic fusions may occur between
species, and though they may not lead to diploidy, meiosis or viable hybrid progeny, they
may lead to cytoplasmic transfer of mitochondria or other foreign DNA. Plasmids, which
are often found in the mitochondria of fungi and may show partial sequence homology
with the mtDNA genome (BRASIER et al. 1993; ROBISON and HORGEN 1996), are particularly
prevalent in Geratoeystis speeies and may play a role in horizontal transfer of DNA (DEBETS
etal. 1994).
Plasmids were relatively common in both G. euealypti and G. virescens, and two of 30
isolates of Gh. australis contained plasmids. It is interesting to note that the highest percentage of isolates with plasmids was in the obligately outerossing species, the least was in
the asexual speeies, and the selfing speeies appeared to have an intermediate incidence of
identifiable plasmids. The larger of the two plasmids found in Gh. australis hybridized to
the plasmids of two isolates of G. eucalypti. Likewise, isolates of G. virescens from both the
sapstreak and saprobe groups contained 3.2 kb plasmids, and a plasmid from a sapstreak
isolate hybridized to plasmid DNA in both sapstreak group and saprobe group isolates. It
is not clear if such plasmids contributed to the polymorphisms seen with the Hanlll and
Gfol markers, but the data suggest that either the plasmids common to the two mating
groups were present before speciation or that there was horizontal transfer of plasmid DNA
between these two otherwise intersterile groups. Sympatric species that are closely related
would probably form at least transient hyphal fusions, so it would not be too surprising to
see transfer of plasmids and other cytoplasmic DNA between species such as G. eucalypti
and Gh. australis or between the sapstreak and saprobe groups of G. vireseens.
The (GAT)5 and (GAG); fingerprinting markers used here were shown to be highly
sensitive to variation in the nuclear genome. Unlike many other hypervariable markers
available today, these markers are useful in quantifying gene diversity in populations or
species and comparing these levels of diversity across species. The initial hypothesis, that
the mode of reproduction corresponds with the level of nuelear gene diversity, found some
support in the data above. The obligately outcrossing species had a relatively high level of
diversity and the asexual species very little. The selfing species, G. vireseens, appears to
consist of two intersterile groups, and taken separately, there is very little diversity in the
nuclear genome. This suggests that reproduction is largely through selfing in G. virescens.
The data on mitochondrial markers are less clear but suggest that Gh. australis has gone
through a recent genetic bottleneck in Australia. Although the low level of nuclear polymorphisms in the two mating populations of G. virescens might suggest bottlenecks in each
of the groups, the mitochondrial markers showed substantial polymorphisms. Horizontal
transfer of cytoplasmic DNA in the form of plasmids, other sources of intron sequences,
or exchange of whole mitochondria could explain the similarity of the mitochotidrial
phenotypes of the saprobe and sapstreak groups of G. vireseens. If horizontal transfer of the
Haelll and Gfol markers takes place between speeies, their use may have some limitations
in quantifying mitochondria! DNA diversity in populations or species, although their
applicability in 'fingerprinting' mitochondrial genomes is clear.
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Resume
Variations genetiques cbez trois especes de Geratocystis a strategies reproductives differentes: allogamie,
autofccondite et asexuee
La variabilite au sein de trois especes pathogenes d'arbres, tres voisines et montrant des strategies de
reproduction differentes, a ete analysc-e a l'aicTe de marqueurs mitochondriaux et nucleaires. Geratoeystis
eucalypti est allogame strict, Geratoeystis vireseens est eapable d'autofe-eondation par suite de eominutation non directionnelle de type sexuel et Gbalara australis est une espccc asexuee comportant un seul
type sexuel. Les marqueurs de I'ADN nucleaire (GAT); ct (GAG)5, utilises comme sonde sur de I'ADN
digerc par Pstl, ont inontre un polymorphisine eleve ehez les isolats de C. euealypti et tres redtiit
chez ceux dc Gh. australis. L'espcce autogame C. vireseens a montre un polymorphisine nucleaire
iiitermediaire, dont l'essentiel semble du a des differences cntrc deux formes d^e l'espc'ce I'une pathogene
sur Aeer et Liriodendron, et l'autre, moins virulente, sur Tagus ct d'autres feuillus. Le polymorphisine
de I'ADN mitoehondrial (mtDNA) a ete analyse par digestion totale de I'ADN par Haelll ou Gfol: le
mtDNA est plus variable ehez C eucalypti que chez C, vireseens. Le seul polymorphisme observe dans
le mtDNA cfe Gh. australis est lie" a un plasmide. L'autogamie, qui semble frc'quente ehez C. virescens,
pourrait expliquer son niveau intermediaire de polymorphisine par eomparaison avec C. eucalypti,
espece allogame stricte, et Gh. australis, espeee asexuee.

Zusammenfassung
Die genetische Variation bei drei Geratoeystis-Arten mit Fremdbefruehtung, Selbstbefruebtung und
asexueller Reproduktion
Die Variation von drei nahe miteinandcr verwandten Baumpathogenen mil untersehiedlichen
Reproduktionsstrategien wurde mit Hilfe von DNA-Markern aus dem Kenigenom und den Mitochondricn untersucht. Geratoeystis eucalypti ist obligat frcmdbefruchtet; G. virescens kann sich selbst
befruehten, da bei dieser Art ein unidirektionaler Mating-Type-Wechsel vorkommt und Gbalara
australis ist einc asexuelle Art mit nur einem einzigen Mating Type. Wenn die DNA-FingerprintingMarker (GAT), und (GAG), als Sonden gegen die PST I-verdaute DNA eingcsetzt wurden, ervviesen
sich die C. euealypti-lsolMe als sehr polymorph; Gh . australis zeigte dagcgcn nur eine geringe Variation.
C, vireseens, cine Art mit Selbstbefruchtung, zeigte eine mitllere Variabilitat der nuklearen FingerprintMarker, die tiberwiegend auf Unterschiede zwischen zwei Formen dieses Pathogens zuruckzuflihren
sind, von denen eine/leer und Liriodendron befallt und eine andere, die weniger pathogen ist, an Fagus
und anderen Laubgeholzen vorkommt. Mitochondriaie DNA-Polymorphismen wurden dureh Verdau
der gesamten D N A mit HaelW oder Gfol untersueht. Hier zeigte C. euealypti eine etwas ausgepragtere
Variation in der mtDNA als C, vireseens. Der cinzige Polymorphismus, der in der mtDNA voii^ Ch.
australis beobachtet wurde, war mit einem Plasmid assoziiert. Bei C. vireseens kann eine Selbstbefruchtung haufig vorkommen. L)ies konnte erklaren, warum die Divcrsitat bei dieser Art etwa in der Mitte
zwischen derjenigen der obligat fremdbefruehteten C euealypti und der asexuellen Gh. australis liegt.
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