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Phylogenetic relationships in Leptographium
based on morphological and molecular characters

K. Jacobs, M.J. Wingfield, and B.D. Wingfield

Abstract: Species of Leptographium Lagerberg & Melin are characterized by mononematous conidiophores with dark
stipes and conidiogenous apparatuses with complex series of branches. These fungi generally inhabit woody substrates,
are associated with bark beetles (Coleoptera: Scolytidae) and cause blue-stain in conifers. Few phylogenetic studies
have been conducted on Leptographium species, and those that have been undertaken have been focused on a small
number of species. The objective of this study was to investigate the phylogenetic relationships among species in
Leptographium based on partial DNA operon sequences and to ascertain whether morphological characters are congru-
ent with DNA-based phylogeny. Morphological characters were analyzed and compared with results from DNA se-
quence analysis. Results indicate that there are three groups within Leptographium based on DNA sequence analysis.
There was, however, no congruence between these groups and those emerging from morphological characters. Data
from this study strongly support the connection between Leptographium and Ophiostoma Sydow & Sydow. They also
provide us with an objective means to confirm the identity of many Leptographium species that are difficult to distin-
guish based on morphological characters.

Key words: Leptographium, phylogeny, morphology, Ophiostoma, rRNA.

Résumé : Les espéces de Leptographium Lagerberg & Melin se caractérisent par des conidiophores mononématiques avec
des stipes foncés et des appareils conidiogénes munis de séries de branches complexes. Ces champignons habitent généra-
lement des substrats ligneux, sont associés avec des insectes de I’écorce (Coleoptera : Scotylidae) et causent la tache
bleue chez les coniféres. Il existe peu d’études phylogénétiques sur les Leptographium spp., et celles qui ont été réalisées
portent sur un nombre restreint d’especes. Les auteurs ont donc examiné les relations phylogénétiques entre les espéces de
Leptographium sur la base de séquences partielles de 1’opéron de I’ADN, afin de vérifier si les caractéres morphologiques
sont congrus avec la phylogénie basée sur I’ADN. Ils ont analysé les caractéres morphologiques et les ont comparés avec
les résultat des analyses des séquences. Sur la base de I’analyse de ces séquences de I’ADN, les résultats montrent qu’il y
a trois groupes au sein du genre Leptographium. Cependant, il n’y a pas de congruence entre ces groupes et ceux qui pro-
viennent des caractéres morphologiques. Les données de cette étude supportent fortement la relation entre les genres Lep-
tographium et Ophisotoma Sydow & Sydow. Elles fournissent également un moyen objectif de confirmer I’identité de

plusieurs Leptographium spp. difficiles a distinguer sur la base des caractéres morphologiques.
Mots clés : Leptographium, phylogénie, morphologie, Ophiostoma, rRNA.

[Traduit par la Rédaction]

Introduction

Species of Leptographium Lagerberg & Melin can be recog-
nized by their dark mononematous conidiophores and complex
conidiogenous apparatuses. Conidia are produced by annelidic
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conidium development and are single-celled and hyaline
(Kendrick 1962). Some Leptographium species are known as
anamorphs of Ophiostoma Sydow & Sydow species (Harring-
ton 1988; Wingfield 1993). These fungi are able to tolerate
high levels of cycloheximide (Harrington 1981) and have
rhamnose and cellulose in their cell walls (Marais 1996; Hor-
ner et al. 1986).

Ophiostoma and Leptographium species mostly occur on
conifers in association with insects, particularly bark beetles
(Harrington 1988; Solheim 1986; 1993). Most Lepto-
graphium species cause blue-stain in the sapwood of lumber.
Only one species is well-recognized as a pathogen. This in-
cludes the three varieties of Leptographium wageneri
(Kendrick) Wingfield that cause black stain root disease in
the western United States (Wagener and Mielke 1961;
Kendrick 1962; Cobb 1988). Leptographium procerum
(Kendrick) Wingfield has been associated with a root decline
disease, primarily in western North America (Harrington and
Cobb 1983; Alexander et al. 1988) and Leptographium
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serpens (Goidanich) Arx with a root disease in pines in
South Africa and Italy, but the role of these fungi in disease
remains unclear (Lorenzini and Gambogi 1976; Wingfield
and Knox-Davies 1980; Wingfield et al. 1988).

Several new species have been described in Leptographium
in recent years (Wingfield et al. 1994; Van der Westhuizen et
al. 1995; Jacobs et al. 1997, 1998, 1999H; Webber et al.
1999). Some of these are unusual, because they are associ-
ated with niches such as soil and nonconiferous hosts. Sev-
eral have also been described from tropical areas, which is
unusual for Leptographium species (Wingfield et al. 1994,
Webber et al. 1999). This has posed some questions regard-
ing the relatedness of species described in Leptographium
and the phylogenetic placement of the atypical species.

Zambino and Harrington (1992) used isozymes to deter-
mine phylogenetic relationships among some Leptographium
species. They concluded that isozyme variation can be useful
in determining relationships within the genus. In general,
their data also supported morphological species groupings. In
a recent study of a selected group of Lepfographium species,
Jacobs et al. (2001) showed an apparent correlation between
conidium length and phylogenetic groupings. Although the
correlation was not equivocal, it did suggest that conidium
length might be used to infer phylogeny in Leptographium.

Sequences of the ribosomal DNA genes have proved use-
ful in determining phylogenetic relationships within groups
of Ascomycetes (Gaudet et al. 1989; Okada et al. 1997,
Ward and Adams 1998; Myburg et al. 1999; Witthuhn et al.
1999). This is especially true for morphologically similar
taxa (Glenn et al. 1996; Wingfield et al. 1996; Dupont et al.
1998; O’Donnell et al. 1998; Chen et al. 1999; Myburg et al.
1999; Witthuhn et al. 1998). In the ophiostomatoid fungi,
comparison of ribosomal gene sequences has been valuable
in resolving various taxonomic questions, at least at generic
and ordinal levels (Hausner et al. 1993a, 1993b; Wingfield et
al. 1999). The majority of these studies have made use of the
ITS and 5.8S ribosomal RNA operon sequences. However,
the large subunit of the ribosomal gene (28S) is sufficiently
conserved to allow determination of relationships among

genera but is also sufficiently sensitive to distinguish relation-
ships among species in many cases (Gaudet et al. 1989;
Yamada and Kawasaki 1989; Yamada et al. 1989; Guého et al.
1989; Kurtzman and Robnett 1991; Peterson and Kurtzman
1991; Hausner et al. 1993b; Vilgalys and Sun 1994; Wingfield
et al. 1994q).

Various authors have attempted to correlate morphological
characters and DNA sequence phylogeny, with various levels
of success. Berbee and Taylor (1992) concluded that some
morphological characters can be misleading and may not be
a reflection of true relationships in ascomycetes. This was
also the case with Hausner et al. (1992) and Wingfield et al.
(1994a), who found that relationships inferred from
ascospore shape were incongruent with phylogenies based
on DNA sequence data. They thus cautioned against the use
of certain morphological characters in taxonomy. In other
studies, a strong correlation has been found between rela-
tionships based on morphology and phylogeny (Kurtzman
1993; Strydom et al. 1997; Jacobs and Rehner 1998;
Witthuhn et al. 1998; Myburg et al. 1999).

The combination and comparison of morphological with
molecular characters is difficult. Hibbett and Vilgalys (1993)
coded morphological data for Lentinus species in a manner
similar to that used for sequence data and analyzed these
data as they would sequence data. From the results, they de-
termined whether relationships based on morphology corre-
sponded to those determined through molecular phylogeny.
A similar approach was followed by Viljoen (1996) who
studied the phylogeny of Ceratocystis s.1. based on morpho-
logical characters. Patterson et al. (1993) concluded that
comparison of phylogenies based on morphology and molec-
ular data can only be made if large data sets of morphologi-
cal characters for the organisms in question exist.

The objective of this study was to determine the phylo-
genetic relationships of species of Leptographium through
comparison of the partial sequence of the ITS2 (internal
transcribed spacer region) and 28S ribosomal RNA operon.
A selected set of isolates was used to determine the place-
ment of Leptographium in a larger group of Ascomycetes.
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Secondly, morphological characters from a large data set
were coded and analyzed. Derived trees were compared to
those generated from the molecular data to determine
whether relationships based on the selected morphological
characters are congruent with those generated based on
DNA sequence data.

Materials and methods

Molecular comparisons

Representative isolates were selected for known Leptographium
species (Table 1). These cultures represent the majority of the de-
scribed Leptographium species. Species not included in the study
are Leptographium aenigmaticum Jacobs, Wingfield, & Yamaoka;
Leptographium neomexicanum Wingfield, Harrington, & Crous;
and L. serpens. These species were omitted because we failed to
amplify the DNA of the desired region despite repeated attempts.
One possible explanation is that there might be variation in the an-
nealing sites of the chosen primers. Where possible, and within the
limitations of our budget, more than one isolate per species was in-
cluded.

The DNA extractions were performed using a modification of
the technique described by Raeder and Broda (1985). Genomic
DNA was extracted from 2-week-old cultures grown in liquid ME
(malt extract). This was done by grinding a small amount of myce-
lium in liquid nitrogen to a fine powder and adding 1.0 mL extrac-
tion buffer (1% cetyltrimethylammonium bromide (CTAB),
200 mM Tris-HC1 (pH 8.0), 25 mM EDTA, 250 mM NaCl 1.5%
SDS). This was then incubated in a 60°C waterbath for 1 h. Pro-
teins were removed with phenol and chloroform (1:1), followed by
a series of chloroform extractions, until the interface was clean.
The DNA was precipitated with cold 100% ethanol and left for 2 h
at —20°C. This solution was then centrifuged at 13 000 rpm for
30 min, the resulting pellet was washed with cold 70% ethanol and
dissolved in 100 pL sterile water. The presence of DNA was con-
firmed by agarose gel electrophoresis and visualized through
ethidium bromide staining under the ultraviolet light.

The ITS2 and part of the large subunit (28S) of the ribosomal
DNA gene were amplified using the polymerase chain reaction
(PCR) (Saiki et al. 1988) on a Hybaid™ Touchdown thermo cy-
cling system (Life Sciences International, U.K.). The primers ITS3

723

(5-GCATAGATGAAGAAGCAGC-3) (White et al. 1990) and
LR3 (5-CCGTGTTTCAAGACGGG-3’) (White et al. 1990) were
used to amplify the required DNA fragment. Reaction volumes were
100 pL and contained 10 pL. 10x PCR buffer (Boehringer
Mannheim, Germany), 5 mM MgCl, (Boehringer Mannheim, Ger-
many), 10 mM dNTPs, 20 pmol of each primer, 0.5 pL. DNA, and
1.75 U Expand Tag polymerase (Boehringer Mannheim, Germany).
The PCR reaction conditions were as follows: 2 min at 94°C, an-
nealing at 48°C for | min, 10 s at 62°C, and 2 min at 72°C with an
increase of 5°C/s. This was repeated for 40 cycles, and a final elon-
gation reaction was done at 72°C for 8 min. The resulting products
were purified with the High Pure PCR product purification kit
(Boehringer Mannheim Kit) and used in DNA sequence reactions.

Sequencing was done using the primers ITS3, LR3, LRIR (5'-
AGGAAAAGAAACCAACC-3) (White et al. 1990), and 404X
(5"-CCCTTTCAACAATTTCAC-3") (designed based on consensus
sequences of selected Leptographium and Saccharomyces
cereviseae LSU sequences). Sequencing was performed on an ABI
377 automated sequencer using the Thermo Sequenase dye termi-
nator cycle sequencing premix kit (Perkin Elmer Applied
Biosystems). Sequence data were edited using Sequence Navigator
(Perkin Elmer Applied Biosystems) and aligned using the align-
ment algorithm, CLUSTAL. Manual adjustment of the alignments
was done in PAUP* (version 4.0). Analyses were performed in
PAUP* (version 4.0) (Phylogenetic Analysis Using Parsimony
*and other methods) (Swofford 1999). Gaps were treated as miss-
ing data. Parsimony analyses were performed using the heuristic
search option (TBR, tree bisection—reconnection). Bootstrap sup-
port was determined on 1000 bootstrap replicates, using the “fast”-
bootstrap option. Selected Leprographium rRNA operon DNA
sequences were also compared with other genera of the Asco-
mycetes. Sequences for other taxa for comparisons were obtained
from Genbank (Table 1).

A Templeton nonparametric Wilcoxon signed ranked test was
performed on the different data sets (Kellogg et al. 1996;
O’Donnell 2000). This test gives an indication of whether data sets
can be combined or analysed separately. The tests were performed
to determine whether ITS2 sequence data, LSU sequence data, and
morphological data were appropriate for combination.

Morphological comparison

The data used for comparison were obtained from a morphologi-
cal study of all described species in Leptographium (Jacobs and
Wingfield 2001). Representative isolates of each species were
grown on 2% malt extract agar (MEA) (Table 1). These were com-
pared with the original description of each species as well as with
available herbarium specimens. Fungal structures for microscopic
examination were mounted on glass slides in lactophenol. Fifty
measurements of each relevant morphological structure were made
and ranges and averages were computed.

Nineteen different characters were used in the comparison. Only
about half of all described Leptographium species have been con-
nected to a teleomorph (Harrington 1988; Wingfield 1993), for this
reason, only anamorph characters were used. Morphological char-
acters included conidiophore length, stipe length, and coni-
diogenous apparatus length; morphology of the hyphae and stipe;
the presence or absence of rhizoids; primary branch pattern; and
number of primary branches. They also included primary, second-
ary, tertiary, and quaternary branch length; length of the coni-
diogenous cells; conidium shape and length; ratio of conidium
length to width; optimal growth temperature; as well as host and
insect associations (Table 2). Species of Leptographium can be di-
vided into three groups according to the length of the coni-
diophore. However, the ranges of the groups overlap considerably.
Therefore, the character was reduced to a multistate character and
species were coded according to their range. Similarly, there are
three forms of primary branch arrangement in Leptographium,
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Fig. 2. Owe of the most passimonious trees of the DNA based analysis of species in Lepograpiipr, 283 inees wath armilar wopadoges
werne ohtnined through the PAUP analysis using 3 beuristic search, Trees are rooted to the midpoint. The shortest tree length was S
seps with o refention indes (BRI} of 0832 and consistency index (Cl) of 0,628, Boodsirap values are incicated 1n bold on the berznches.
The different fonts correspond io the three maper groops derived from analysis of s molecular data and s indicated as such by smplidy
companson with ihe analysis of the morphologicsl charsctess i Fig. 4.
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which we refer to as type A (only two branches), type B (two or cies of Leptographium can be defined in terms of one of these
more branches), and type C (two or more branches with a single types. The last character considered was the length to width ratio
branch that is two to three times as broad as the others). All spe- of conidia. All species in Leptographium can be defined broadly in
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terms of small, medium, or large conidia. As in the case of the co-
nidiophores, this character was reduced to multiple characters to
incorporate the overlapping ranges for the different species.

Morphological characters were coded according to the multi-
state coding system (Table 2). Characters with ranges were polar-
ized by defining them as ordered characters in the PAUP analysis.
Characters that did not represent ranges were defined as unordered
characters. A matrix was compiled for the data set, and data were
analyzed using parsimony analysis, as well as distance analysis
(UPGMA) using the PAUP* version 4 program (Swofford 1999)
(Fig. 1). Weighting of taxonomically important characters was
done as proposed by Viljoen (1996). These characters include coni-
diophore length, number of primary branches, and the type of ar-
rangement. The weight assigned to a specific character was
calculated as the largest number of character states in a character
divided by the number of character states in the given character,
times 100. A fast-bootstrap analysis (1000 replicates) was done to
calculate bootstrap support. No outgroup taxa were used and the
trees were rooted to midpoint.

Results

Molecular comparison

A single amplified fragment of 950 base pairs (bp) was
obtained for all the isolates using the primers ITS3 and LR3.
Of these, 648 bp were used for comparison. This region in-
cluded the last 10 bp of the 5.8S gene, the whole ITS2 re-
gion, and the first 416 bp of the 28S gene. Results from the
Templeton nonparametric Wilcoxon signed ranked test indi-
cated that the ITS2 and 28S regions should be analyzed sep-
arately (P = 0.0001). Heuristic analysis of data for the ITS2
region resulted in 285 trees with similar topologies. For the
ITS2 region, 240 characters were used. Of these, 180 were
parsimony informative, 43 were parsimony uninformative,
and 17 were constant. The shortest tree length was 901 steps
with a retention index (RI) of 0.832 and a consistency index
(CI) of 0.628 (Fig. 2). The 28S region was analysed sepa-
rately. For the 28S region, 416 characters were used. Of
these, 51 were parsimony informative, 84 were parsimony
uninformative, and 281 characters were constant. Heuristic
analysis of the 28S region resulted in 10 068 trees with simi-
lar topologies. The shortest tree length was 344 steps with a
RI of 0.755 and CI of 0.692. Comparison of the trees from
the different analyses revealed that, in both cases, groups
consisted of the same sets of species. However, because of
the conserved nature of the 28S gene, relationships within
the genus could only be resolved into larger groups. Analy-
sis of the ITS2 region was necessary to determine relation-
ships within the Leptographium group.

Three distinct groups are obvious from the analysis
(Fig. 2). The first of these includes Leptographium
abietinum (Peck) Wingfield; Leptographium engelmannii
Davidson; Ophiostoma abiocarpum (Davidson) Harrington;
Ophiostoma huntii (Robinson-Jeffrey) De Hoog & Scheffer;
Leptographium guttulatum Jacobs & Wingfield; Lepto-
graphium euphyes Jacobs & Wingfield; Leptographium
alethinum Jacobs, Wingfield, & Uzunovic; Leptographium
wingfieldii Morelet; Ophiostoma americanum Jacobs, Wing-
field, & Bergdahl; Leptographium pyrinum Davidson, Lepto-
graphium hughesii Jacobs, Wingfield, & Harrington,
Leptographium eucalyptophilum Jacobs, Wingfield, & Roux;
Leptographium abicolens Jacobs & Wingfield; Ophiostoma
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franke-grosmanniae (Davidson) De Hoog & Scheffer;
Ophiostoma penicillatum (Grosmann) Siemaszko; and
Ophiostoma dryocoetidis (Kendrick & Molnar) Harrington.
Leptographium costaricense Weber, Spaaij, & Wingfield;
Leptographium pineti Jacobs & Wingfield; and Lepro-
graphium elegans Wingfield, Crous, & Tzean clustered sep-
arately from this larger group. Both L. elegans and L. pineti
were originally isolated from Asian countries. However,
they occur on different host species.

The second group includes Ophiostoma trinacriforme
(Parker) Harrington, Leptographium brachiatum (Kendrick)
Wingfield, Leptographium antibioticum (Kendrick) Wing-
field, and Ophiostoma brevicolle Davidson. Apart
from L. brachiatum and L. antibioticum, which are morpho-
logically similar, there is no obvious correlation between
morphology and phylogeny within this group

The third group comprises Leprographium reconditum
Jooste; Ophiostoma laricis Van der Westhuizen et al.; Ophi-
ostoma europhioides (Wright & Cain) Solheim; and Ophi-
ostoma piceaperdum (Rumbold) Arx; the three varieties of
Leptographium wageneri; Leptographium albopini Wing-
field, Harrington, & Crous; Ophiostoma aureum (Robinson-
Jeffrey) Harrington; Leptographium lundbergii Lagerberg &
Melin; Leptographium pityophilum Jacobs & Wing-
field; Leptrographium procerum; and Leptographium tere-
brantis Barras & Perry (Fig. 2). Ophiostoma robustum
(Robinson-Jeffrey & Davidson) Harrington, Ophiostoma
grandifoliae (Davidson) Harrington, and Ophiostoma
leptographioides (Davidson) Arx clustered separately from
this group.

Comparison of a subset of Leptographium species with
other Ascomycetes using only the 28S region and the heuris-
tic search option in PAUP produced 288 trees with identical
topologies. The group belonging to the Pezizales was used
as outgroup. The shortest tree was 596 steps with a RI of
0.802 and CI of 0.542 (Fig. 3). The phylogram consisted of
three distinct clades. The first clade consisted of species be-
longing to the Eurotiales and Dothideales. The second clade
included species residing in the Microascales, Xylariales,
Phyllachorales, Ophiostomatales, Hypocreales, and Laboul-
beniales and the third clade included the Pezizales. All
Leptographium species grouped closely together in the
Ophiostomatales.

Morphological comparison

Analysis of the unweighted morphological characters us-
ing the heuristic search option in PAUP produced 1 tree. The
shortest tree length was 1139 steps with a CI of 0.248 and
RI of 0.752 (Fig. 4). No correlation could be found between
trees produced based on molecular characters (Fig. 2) and
those from the analysis of morphological characters (Fig. 4).
It was, however, of interest that O. laricis, O. piceaperdum,
and O. europhioides clustered together in both the molecular
and morphological analysis. The same was true for the
three L. wageneri varieties.

Weighting of morphological characters produced trees that
were incongruent with those produced by the analyses of the
unweighted characters (Fig. 4). Three morphologically im-
portant characters (conidiophore length, primary branch
type, and conidium length to width ratio) were weighted
preferentially. No correlation could be found between any of
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the weighted trees based on morphology and those based on
molecular characters. It is interesting, however, that
0. laricis, O. europhioides, and O. piceaperdum clustered
together as before. The same was true for the three varieties
of L. wageneri.

The molecular and morphological data were also subjected
to distance analysis using UPGMA. The resulting phenogram,
as in the case of the parsimony analysis, was incongruent with
the molecular data.

Discussion

DNA-based analysis of species in Leptographium has
clarified the answers to some of the taxonomic questions re-
garding species complexes in this genus. The species that
group together in the different clusters based on ribosomal
DNA sequence data are morphologically diverse and inhabit
different niches. In most cases, no obvious correlations
emerged.

Based on analysis of the ribsomal DNA data,
O. europhioides appears to be closely related to
0. piceaperdum. This close relationship confirms the recent
synonymy of O. europhioides with O. piceaperdum pro-
posed by Jacobs et al. (1999a). These species were also
found to be closely related to O. laricis based on DNA anal-
ysis, and they are morphologically similar (Van der
Westhuizen et al. 1995). Cluster III of the DNA based analy-
sis also includes L. procerum and L. terebrantis. Although
these species are morphologically distinct, they are similar
in terms of disease, they occur on the same hosts and are as-
sociated with the same insects (Kendrick 1962; Barras and
Perry 1971; Wingfield 1983; Highley and Tattar 1985; Alex-
ander et al. 1988; Harrington 1988; Wingfield and Gibbs
1991). In addition, this cluster includes the three varieties
of L. wageneri. These varieties are difficult to distinguish
morphologically, but can be distinguished based on molecu-
lar characters and isozyme analyses (Zambino and Harring-
ton 1992).

The outcome from the DNA sequence-based comparison in
this study is similar to that of Zambino and Harrington (1992),
which was based on isozyme analyses. Although these authors
used a smaller number of species, a significant correlation can
be seen between the results of the two studies. Species from
the L. serpens and L. lundbergii cluster (Zambino and Harring-
ton 1992) corresponded well to cluster III of the ribosomal
DNA analysis in this study. Leptographium albopini (as
Leptographium sp 1), L. aureum, L. terebrantis, L. lundbergii,
and L. europhioides formed part of the L. lundbergii group, in
the isozyme analysis of Zambino and Harrington (1992). This
corresponds with the grouping of these species in cluster IIT of
our study. The three varieties of L. wageneri clustered together

closely in the isozyme study (Zambino and Harrington
1992) and this was also confirmed in the current study.

The synonymy of L. engelmannii with L. abietinum, as
proposed by Zambino and Harrington (1992) and imple-
mented by Jacobs et al. (1999b) was confirmed using DNA
sequence analysis. These species, together with O. peni-
cillatum and O. abiocarpum, formed part of a separate clade
based on isozyme analysis (Zambino and Harrington 1992).
This corresponds to clade II derived from the DNA analysis
in the present study. The anamorph of O. abiocarpum was
not described when the teleomorph of this fungus was de-
scribed (Davidson 1966). However, Upadhyay (1981) re-
ported a Leptographium anamorph for this species. We have
not observed this morph in material available to us, but its
close relationship with Leptographium in this study confirms
that it fits appropriately with other Leprographium species.
Leptographium procerum resides in the L. serpens group
based on isozyme analysis (Zambino and Harrington 1992).
However, from the DNA sequence data in this study, it ap-
pears to be more closely related to L. terebrantis than
to L. wageneri. Two species, O. huntii and L. pyrinum, that
reside in cluster II of the DNA sequence study, grouped in
the L. lundbergii cluster of Zambino and Harrington (1992).

Based on partial sequence of the ITS1 and ITS2, as well as
the 5.8S gene, Jacobs et al. (2001) speculated that conidium
size might be an indication of phylogeny in some species of
Leptographium. This was based on the fact that species with
long spores clustered separately from those with shorter spores.
This tendency was also apparent in the current study with all
the species having long spores, namely L. penicillatum,
O. americanum, and O. dryocoetidis, grouping together. How-
ever, this group also contained species with medium sized and
small spores and natural relationships do not appear to be re-
flected by conidium size.

The close relationship between O. europhioides, O. picea-
perdum, and O. laricis found in a previous study (Van der
Westhuizen et al. 1995; Jacobs et al. 1998) is confirmed
here. Leptographium procerum, although part of one group
in this study, grouped away from the cluster accommodating
0. laricis and O. europhioides. This is consistent with the
findings of Jacobs et al. (2001). The only discrepancy be-
tween the two studies was with the placement of L. guttulatum.
Jacobs et al. (2001) found that this species grouped separately
from O. penicillatum. However, in the current study, L. gurtulatum
groups together with O. penicillatum in clade II.

This study has shown that there is no single morphologi-
cal character that corresponds with phylogeny based on
rDNA sequences. However, the tDNA sequence-based data
might be reflected in a combination of morphological char-
acters. To test this hypothesis, we coded the morphological
characters using a multistate code. Analyses of the un-
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weighted characters produced a dendogram including two
clades. Each clade included a group of species from the
three main clusters emerging from the sequence analysis.
The only groups in the resulting trees that were similar to
those emerging from the molecular comparison were the
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group with O. piceaperdum, O. europhioides, and O. laricis
and the cluster including the three varieties of L. wageneri.
Weighting of different taxonomically important characters
did not produce trees that were congruent with results based
on tDNA based analysis. Taxonomically important morpho-
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logical characters, therefore, cannot be used to infer phylog-
eny in this genus, and only seem to be useful in the
identification of these species.

From the molecular data presented in this study, it is ap-
parent that there is no distinction between Leptographium
species that are not known to be associated with a tele-
omorph, and those that have an Ophiostoma teleomorph.
Earlier researchers have reported a close relationship of mor-
phologically similar genera based on cycloheximide toler-
ance (Harrington 1981; Marais 1996) and the presence of
cellulose in the cell walls of both these genera (Horner et al.
1986; Marais 1996). This relationship is confirmed in our
study. Comparison with other genera of Ascomycetes using
partial sequence of the 28S gene, placed all Leptographium
species within the Ophiostomatales, together with Ophi-
ostoma species. Leptographium species without teleomorphs
grouped together with species with known Ophiostoma tele-
omorphs. This implies a strong association between
Leptographium and Ophiostoma as previously suggested
(Harrington 1981; Wingfield 1993).

Many Leptographium species are morphologically similar
and they are generally difficult to identify (Wingfield 1993).
Thus, many misidentifications have emerged in the scientific
literature and these have in some cases also led to mis-
diagnoses of disease problems. Results of this study have,
for the first time provided DNA sequence data for a rela-
tively large set of Leptographium species. We are already us-
ing these data to routinely confirm the names of species that
are sent to us for identification and we believe that this par-
ticular output of this study is especially valuable. Although
availability of isolates and cost precluded us from including
additional specimens, in the future it will be desirable to ex-
tend this initial data base. We also hope that similar data sets
for other genes will emerge and provide tools for the identi-
fication of Leptographium species.
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