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SUMMARY

This thesis represents a critical taxonomical review of the fungal genus
Cryphonectria sensu lato. An appropriate taxonomy for this group is of great
importance because it includes many well known tree pathogens such as the chestnut
blight fungus Cryphonectria parasitica and the FEucalyptus canker pathogen
Cryphonectria cubensis. The many taxonomic changes introduced in studies
presented in this thesis have largely arisen as a result of DNA sequence comparisons
for Cryphonectria spp. that show that Cryphonectria sensu lato is comprised of
different lineages, strongly supported by robust morphological characteristics. New
taxa, of which many are pathogenic, have also been discovered. The expanded
number of species of Cryphonectria and related genera as well as the consideration of
large numbers of isolates has furthermore made it possible to establish a broad view
of the group at the super-generic level.

The first part of the thesis deals with studies on Cryphonectria cubensis. A
new genus Chrysoporthe is described for C. cubensis sensu lato. Two additional
species are also described for phylogenetic sub-clades previously known as C.
cubensis. These include Chrysoporthe austroafricana, representing all isolates from
South Africa, and an anamorphic species described in the new genus Chrysoporthella
as Chrysop. hodgesiana, which is currently only known from Colombia on native
Tibouchina spp. Isolate collections from several new host genera for Chr. cubensis
are also characterized. Collections from Eucalyptus in Cuba, now representing the
epitype of Chr. cubensis, also define the type of Chr. cubensis as residing in the South

American sub-clade. Another new species, Chrysoporthe inopima from Tibouchina
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lepidota in Colombia is described as well as a new species Chrysoporthe doradensis
for isolates from Eucalyptus spp. in Ecuador.

A new family Cryphonectriaceae is described in this thesis for Cryphonectria,
Chrysoporthe and Endothia. Genera in this family are united by orange stromatic
tissue, with the pigments colouring purple in 3% KOH and yellow in lactic acid. The
existence of this new family confirms the close relationship of Cryphonectria and
morphologically similar genera.

A proposal to conserve the name Cryphonectria against the new type C.
parasitica is presented. This is required because Cryphonectria gyrosa, the currently
accepted type, was erroneously used as type. The conservation of Cryphonectria
against C. parasitica made it possible to describe the new genus Amphilogia for C.
gyrosa. Amphilogia also includes a second species from New Zealand described as
Amphilogia major, although no isolates currently exist for this species.

New genera for existing Cryphonectria spp., as well as newly discovered
fungi are presented in this thesis. The new genus Rostraureum is established for a
fungus pathogenic on Terminalia ivorensis in Ecuador. This fungus also represents a
new species, Rostraureum tropicale. Cryphonectria longirostris, originating from
Puerto Rico, Trinidad and Tabago, is also transferred to Rostraureum. A fungus
morphologically similar to Chrysoporthe on native Tibouchina, Miconia and exotic
Eucalyptus spp. in Colombia, is described as Aurapex penicillata gen. sp. nov.
Cryphonectria havanensis is transferred to the new genus Microthia. Cryphonectria
coccolobae also resides in this genus based on morphology, although its phylogenetic
relationship to C. havanensis could not be confirmed due the absence of isolates. A
new fungus was discovered during surveys for C. coccolobae on Coccoloba uvifera in

Florida, which is described in the new genus Ursicollum as U. fallax. Phylogenetic
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analyses in this study also clearly distinguish Cryphonectria eucalypti from
Cryphonectria, and this fungus is thus transferred to the new genus Holocryphia.

A minireview is presented at the end of the thesis and discusses the new
taxonomic concepts developed for Cryphonectria during this thesis, and recent studies
by other authors. The review describes how this new taxonomic scheme has changed
our view and understanding of the distribution and ecology of Cryphonectria sensu
stricto from what it has traditionally been seen.

The final part of the thesis is written in the form of a monograph. It contains
background information of all the species, including many pathogens, currently
known in Cryphonectria and allied genera. The majority of these have recently been
described, some in this thesis, and this chapter thus contains all recent information
pertaining to them. It is intended that this monograph should be useful as a manual,
enabling users to work with and isolate these fungi and to identify the different taxa
based on morphology and phylogenetic relationships.

The studies presented in this thesis greatly change the taxonomy of
Cryphonectria sensu lato, which is now seen as representing a large number of genera
and species in a new family. Many would argue that Cryphonectria is still
monophyletic, but the different lineages shown by DNA sequence comparisons are
morphologically inordinately diverse, and clearly represent different genera. Studies
presented in this thesis further suggest that additional genera await description from
diverse geographical areas and ecological niches. The studies presented in this thesis
will hopefully provide a foundation against which these new taxa can be compared

and will improve our understanding of tree diseases.
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PREFACE

Cryphonectria, in the broad sense, includes some of the most important pathogens of
trees in the world. Cryphonectria parasitica, also known as the chestnut blight pathogen,
caused an epidemic in North America that resulted in the death of vast areas of American
chestnut (Castanea dentata), and it still negatively effects the this tree today. Cryphonectria
cubensis s one of the most important pathogens of commercially planted Eucalyptus trees in
tropical and sub-tropical areas of the world and its impact has shaped the composition of the
Eucalyptus forestry industries, world wide.

The taxonomy of Cryphonectria has been seriously considered in the past. These
studies were based on morphology and preceded the common application of DNA sequence
comparisons. The taxonomy of this group of fungi was also confused because most works
treated Cryphonectria as a synonym of the morphologically similar Endothia. Recent
phylogenetic studies have clearly shown that the taxonomy of Cryphonectria sensu lato
seriously needs to be reassessed.

This Ph. D. thesis is comprised of a suite of studies that reflects a radical revision of
the taxonomy of Cryphonectria and allied genera. The thesis is presented in two sections.
The first Section is comprised of several taxonomic studies presented in the first ten
Chapters. These aim to determine the appropriate taxonomic positions of several
Cryphonectria spp. and of new collections that generally represent newly discovered
pathogens causing tree diseases. The second Section of this thesis represents a monograph
treated as Chapter 11. In this monograph, all of the newly recognised genera and species are

treated in a single document and all relevant literature pertaining to the taxonomy and
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ecology of Cryphonectria and allied genera are presented. It also provided the opportunity
to re-analyse DNA sequence data for all of the fungi in a single treatment and to compare
results from past studies.

Chapters 1 to 3 involve taxonomic and ecological studies on Cryphonectria cubensis.
Chapter 1 presents the description of a new genus Chrysoporthe for this fungus. The
different phylogenetic sub-clades previously identified within C. cubensis based on DNA
sequence data, are also studied further to determine whether they represent discrete species
or not. A new sub-clade representing isolates from FEucalyptus spp. in Ecuador, is
characterized in Chapter 2. Chapter 3 includes reports of several new host genera for Chr.
cubensis and the description of a new species from Colombia, and it encompasses the
epitypication of Chr. cubensis based on a collection from Eucalyptus in Cuba, the type
location of Chr. cubensis.

Chapter 4 of this thesis presents studies on the family status of Cryphonectria and
allied genera in the Diaporthales. The possible existence of a new family for Cryphonectria
and Endothia had previously been recognized by earlier authors based on DNA sequences of
the large subunit of the ribosomal operon. This warranted the description of a new family
for Cryphonectria, Chrysoporthe and Endothia.

The studies presented in Chapter 5 reveal that C. gyrosa does not represent the true
type of Cryphonectria. A proposal is consequently made that the name Cryphonectria is
conserved against a new type, C. parasitica. C. gyrosa had been shown in previous studies
to group in a distinct and undescribed genus including isolates from Elaeocarpus spp. in
New Zealand. A new genus, Amphilogia, is described for this group in Chapter 6. The

species, Amphilogia major, 1s also described in this chapter.



i

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
W YUNIBESITHI YA PRETORIA

Chapters 7 to 10 of the thesis encompass several descriptions of new genera related
to Cryphonectria that either represent existing Cryphonectria spp. or new species. In
Chapter 7, a new fungus found on plantation-grown Terminalia ivorensis in Ecuador, is
characterized. Its relatedness to Cryphonectria longirostris, a fungus that resembles it and
known from Puerto Rico and Trinidad & Tabago, is also considered. During surveys for
Chr. cubensis on native Melastomataceae in Colombia, a fungus morphologically similar to
Chrysoporthe was found on native Tibouchina, Miconia and exotic Eucalyptus spp. This
fungus is characterized in Chapter 8. Chapter 9 represents taxonomic studies on
Cryphonectria havanensis, Cryphonectria coccolobae and Cryphonectria eucalypti.
Surveys for C. coccolobae on Coccoloba uvifera in Florida yielded another fungus, which is
also characterized in this chapter.

Studies presented in this thesis and by previous authors, have revealed that a new
taxonomic scheme is needed for Cryphonectria and allied genera. The various taxonomic
changes that are made in studies presented in this thesis impact on the understanding of the
relatedness, ecology and pathology pertaining to this important group of fungi. Chapter 10
summarizes the recent changes made to the taxonomy of species broadly recognized as
Cryphonectria and it treats the ecology, importance and distribution of these fungi.

Chapter 11 of this thesis is presented as a monograph of the newly recognised
Cryphonectriaceae. Here 1 review all species that have been described and taxonomic
schemes applied in this thesis. Studies by others relevant to the taxonomy of Cryphonectria
and related fungi are also treated. The monograph provides information on the ecology and
diseases caused by the species in the Cryphonectriaceae, morphological descriptions and

keys, and phylogenetic trees including all known taxa.
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The various chapters in this thesis were written as independent papers during the
course of approximately six years. All of the papers, with the exception of the monograph,
have been published or accepted for publication in recognised mycological journals. These
publications represent part of an accumulating resource of taxonomic literature on the
Cryphonectriaceae that has ultimately required a summary that is presented in a draft
monograph in which all genera and species could be treated collectively. It is my hope that
these studies will provide a strong foundation for subsequent studies on the taxonomy,

ecology and distribution of this important group of fungi.
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Chrysoporthe,

a new genus to
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Chrysoporthe, a new genus to accommodate Cryphonectria cubensis

Marieka Gryzenhout'", Henrietta Myburg?, Nicolaas A. van der Merwe?, Brenda D.

Wingfield® & Michael J. Wingfield®

'Department of Microbiology and Plant Pathology, “Department of Genetics,
Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria,

Pretoria, 0002, South Africa.

Abstract: Cryphonectria cubensis is an important canker pathogen of tree species
residing in the Myrtaceae and Melastomataceae. Recent phylogenetic studies based
on multiple gene sequence comparisons have revealed that isolates of C. cubensis
group separately from other Cryphonectria species. Within the C. cubensis clade,
isolates formed three distinct sub-clades that include isolates mainly from South
America, South Africa and South East Asia, respectively. In this study, we establish a
new genus, Chrysoporthe, for this species. Chrysoporthe is characterized by
superficial, blackened conidiomata, limited ascostromatic tissue, and blackened
perithecial necks protruding from the orange stromatal surface. Although specimens
of C. cubensis from South East Asia and South America reside in two distinct
phylogenetic sub-clades, they could not be separated or distinguished from the type
specimen, originating from Cuba, based on morphological characteristics. For the
present, these specimens are collectively transferred to Chrysoporthe as a single
species, Chrysoporthe cubensis. Specimens previously treated as C. cubensis from

South Africa reside in a discrete phylogenetic clade and could be distinguished from
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those in the other sub-clades based on having longer asci and ascospores with rounded
apices as opposed to tapered apices. The South African fungus is described as
Chrysoporthe austroafricana. Isolates from Tibouchina spp. in Colombia resided in a
fourth sub-clade of Chrysoporthe. Isolates in this phylogenetic assemblage grew
optimally at 25 °C in contrast to those in the other groups that grew optimally at 30
°C. No sexual state is known for the fungus in this fourth sub-clade and a new

anamorph genus and species name, Chrysoporthella hodgesiana, is provided for it.

Taxonomic novelties: Chrysoporthe Gryzenh. & M. J. Wingf. gen. nov.,
Chrysoporthella Gryzenh. & M. J. Wingf. anam. gen. nov., Chrysoporthe cubensis
(Bruner) Gryzenh. & M. J. Wingf. comb. nov., Chrysoporthe austroafricana Gryzenh.
& M. J. Wingf. sp. nov., Chrysoporthella hodgesiana Gryzenh. & M. J. Wingf. sp.

nov.

Key words:  Cryphonectria cubensis, Chrysoporthe cubensis, Chrysoporthe

austroafricana, Chrysoporthella hodgesiana, Diaporthales, Phylogeny

INTRODUCTION

Cryphonectria cubensis (Bruner) Hodges is a serious and often deadly canker
pathogen of commercially grown Eucalyptus spp. (Fig. 1A) in plantations (Boerboom
& Maas 1970, Hodges et al. 1976, Hodges 1980, Florence et al. 1986, Wingfield et al.
1989). This pathogen causes cankers on the trunks of trees (Figs 1B-D) that reduce
growth and can lead to stem breakage (Fig. 1E) or tree death (Hodges et al. 1976,

1979, Sharma et al. 1985). The fungus generally occurs in countries that are situated




CHRYSOPORTHE GEN. NOV. 3

between the 30° North and South latitudes where rainfall and temperatures are high
(Boerboom & Maas 1970, Hodges et al. 1976, 1979, Sharma et al. 1985). More
specifically, C. cubensis has been reported from countries in South America
(Boerboom & Maas 1970, Hodges et al. 1976), the Caribbean (Bruner 1917, Hodges
et al. 1979), Africa (Gibson 1981, Hodges et al. 1986, Micales et al. 1987, Wingfield
et al. 1989, Roux et al. 1999, 2003), South East Asia (Sharma et al. 1985, Florence et
al. 1986, Van Heerden et al. 1997), Australia (Davison & Coates 1991), Western
Samoa, Florida, Puerto Rico and Hawaii (Hodges et al. 1979).

Cryphonectria cubensis occurs on hosts other than Eucalyptus species. This
fungus has been shown to be synonymous with Endothia eugeniae (Nutman &
Roberts) J. Reid & C. Booth, which is the causal agent of clove (Syzygium
aromaticum) die-back (Figs 1F-G) (Hodges et al. 1986, Micales et al. 1987, Myburg
et al. 2003). Cryphonectria cubensis has also been recorded on strawberry guava
(Psidium cattleianum) in Brazil (Hodges 1988). The pathogen was recently
discovered causing cankers on native Tibouchina lepidota (Fig. 1H) and T. urvilleana
(Melastomataceae) in Colombia (Wingfield et al. 2001). There have been subsequent
reports of C. cubensis on T. granulosa (Fig. 11) in South Africa (Myburg et al. 2002a)
and Brazil (Seixas et al. 2004).

The appropriate generic placement of C. cubensis has been problematic ever
since its discovery. It was originally described as Diaporthe cubensis Bruner (Bruner
1917), but was transferred to Cryphonectria because the orange stromatal tissue
surrounding the perithecia, single-septate ascospores and cultural characteristics
resembled those of Cryphonectria species (Hodges 1980). Walker et al. (1985) noted
that C. cubensis possibly belonged in a genus other than Cryphonectria due to the

limited stromatic development, superficial pycnidia and simple to slightly convoluted
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pycnidial cavities, which are different from the highly convoluted cavities in other
Cryphonectria spp.  Roane (1986) suggested that C. cubensis should be
accommodated in Cryptodiaporthe.

Recent studies employing DNA sequence data have clearly shown that isolates
of C. cubensis are only distantly related to species of Cryphonectria. In phylogenetic
analyses of the ribosomal LSU and SSU region, isolates of C. cubensis grouped
separately from C. parasitica (Murrill) M. E. Barr, and more closely to
Cryptodiaporthe corni (Wehm.) Petr. (Zhang & Blackwell 2001, Castlebury et al.
2002), suggesting that the fungus does not reside in Cryphonectria. This, however,
did not imply that C. cubensis should reside in Cryptodiaporthe, since the
Cryptodiaporthe corni isolate included in the study of Castlebury et al. (2002) was
not representative of Cryptodiaporthe. This species grouped separately from the type
species, Cryptodiaporthe aesculi (Fuckel) Petr., as well as from other species of
Cryptodiaporthe (Castlebury et al. 2002).

More variable sequence data of the ribosomal ITS region and two regions
within the B-tubulin genes (Myburg et al. 2004) confirmed conclusively that C.
cubensis is phylogenetically distinct from Cryphonectria. The separate phylogenetic
grouping of C. cubensis isolates was supported by distinct morphological features
such as superficial, blackened conidiomata, ascomata with reduced stromatic
development and blackened perithecial necks extending beyond the stromatal surface
(Myburg et al. 2004). Species belonging to Cryphonectria have orange conidiomata,
well-developed ascostromata and orange perithecial necks where they extend beyond
the stromatal surface (Myburg et al. 2004).

Phylogenetic analyses based on DNA sequences of the ITS region of the

ribosomal operon (Myburg et al. 1999), two regions within the B-tubulin genes and
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one region of the histone H3 gene (Myburg et al. 2002b) have made it possible to
compare isolates of C. cubensis collected from a wide range of geographic locations
and hosts. These isolates thus grouped in three related but phylogenetically discrete
clades within the C. cubensis sensu lato group. One of these clades included isolates
from a number of South American countries (Myburg et al. 1999, 2002b, 2003) as
well as isolates from the Democratic Republic of Congo (Zaire) and the Republic of
Congo (Myburg et al. 2003, Roux et al. 2003). A second group included isolates
from South East Asian countries as well as Australia (Myburg et al. 1999, 2002b,
2003), Zanzibar and Hawaii (Myburg et al. 2003). The third group accommodated
isolates from South Africa (Myburg et al. 2002a, 2002b, 2003).

Myburg et al. (2002b) were not able to find obvious morphological differences
between specimens representing the three phylogenetic sub-clades of C. cubensis
sensu lato. This was consistent with previous reports suggesting that C. cubensis
from different regions are identical (Hodges et al. 1979, Hodges 1980, Hodges et al.
1986, Wingfield et al. 1989). However, the study of Myburg et al. (2002b) was
limited by the rare occurrence of the teleomorph of C. cubensis on Eucalyptus spp. in
South Africa (Wingfield et al. 1989), and comparisons based on this state could thus
not be made.

Teleomorph specimens for the fungus known as C. cubensis in South Africa
have now become available. The objectives of this study were to undertake
morphological comparisons of C. cubensis specimens from different parts of the
world. Consistent with morphological and phylogenetic differences, a new genus is
provided for the fungus that has been known as C. cubensis. Furthermore,
characteristics were sought to determine whether isolates residing in different

phylogenetic groups of this new genus could be described as different species.
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MATERIALS AND METHODS

Isolates and specimens examined

Isolates have been assembled over the course of approximately 15 years and represent
a wide diversity of hosts and origins (Table 1). These include collections from known
areas and hosts, as well as reports from new areas and hosts, for instance collections
from Mexico and Tibouchina semidecandra in Colombia, respectively. Isolates are
preserved on oatmeal agar (OA; 30 g/ 800 L water, extract added to 20 g/L Biolab
agar, Merck, Midrand, South Africa) slants at 5 °C in the culture collection of the
Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria,
Pretoria, South Africa. Representative isolates have also been deposited with the
Centraalbureau voor Schimmelcultures (CBS), Utrecht, Netherlands. Bark specimens
with fruiting structures, collected from diseased trees, were used for the
morphological comparisons. The bark specimens (Table 2) have been deposited with
the herbarium of the National Collection of Fungi, Pretoria, South Africa (PREM). A
number of these specimens are linked to or originated from the same areas as some of

the isolates included in the phylogenetic study (Table 2).

DNA sequence comparisons

DNA sequence data of the ribosomal ITS region and two regions of the B-tubulin
genes that are currently available from previously characterised C. cubensis isolates,
were included in this study. These isolates originated from Eucalyptus spp. (Myburg
et al. 2002b, 2003, Roux et al. 2003), S. aromaticum (Myburg et al. 1999, 2003) and

Tibouchina spp. (Wingfield et al. 2001, Myburg et al. 2002a) from different parts of
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the world (Table 1). Sequences were also generated for additional isolates
specifically required for this study (Table 1). Three species of Cryphonectria, namely
C. parasitica, C. nitschkei (G. H. Otth) M. E. Barr and C. macrospora (Tak. Kobay.
& Kaz. 1t6) M. E. Barr, were chosen as outgroups in the phylogenetic analyses. This
was justified because it has previously been shown that Cryphonectria spp. are
phylogenetically related but clearly separate from C. cubensis (Myburg et al. 2004).

Prior to DNA extraction, isolates were grown in 20 % Malt Extract Broth [20
g/L Biolab malt extract]. DNA was extracted from the mycelium following the
method used by Myburg et al. (1999). Using the primer pair ITS1 and ITS4 (White et
al. 1990), the internal transcribed spacer (ITS) regions ITS1 and ITS2, as well as the
conserved 5.8S gene of the ribosomal RNA (rRNA) operon, were amplified (Myburg
et al. 1999). The primer pairs Btla/Btlb and Bt2a/Bt2b (Glass & Donaldson 1995)
were used to amplify two regions within the B-tubulin gene using the reaction
conditions outlined in Myburg et al. (2002b). PCR products were visualised with UV
light on 1 % agarose (ethidium bromide-stained) gels. PCR products were purified
with a QIAquick PCR Purification Kit (Qiagen GmbH, Hilden, Germany). The
purified PCR products were sequenced with the same primers used in the PCR
reactions. Sequencing reactions were as specified by the manufacturers of the ABI
PRISM™ Dye Terminator Cycle Sequencing Ready Reaction Kit (Perkin-Elmer,
Warrington, U.K.). Nucleotide sequences were determined on an ABI PRISM
3100™ automated DNA sequencer (Perkin-Elmer, Warrington, U.K.).

The nucleotide sequences were edited using Sequence Navigator version 1.0.1
(Perkin-Elmer Applied BioSystems, Inc., Foster City, California) software.
Sequences were manually aligned and analysed in PAUP (Phylogenetic Analysis

Using Parsimony) version 4.0b (Swofford 1998). A 500 replicate partition-
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homogeneity test (PHT) was applied to the rRNA and B-tubulin gene sequence data
sets (after the exclusion of uninformative sites) to determine whether they could be
analysed collectively in PAUP (Farris et al. 1994).

A phylogenetic tree was inferred from maximum parsimony (MP) using the
heuristic search option with the tree-bisection-reconnection (TBR) branch swapping
and MULTREES options (saving all optimal trees) effective. Gaps inserted to
achieve sequence alignment were treated as fifth character (NEWSTATE) in the
heuristic searches and nucleotides were defined as unordered and unweighted. The
phylogenetic signal from the dataset was computed and compared against values
obtained by Hillis & Heulsenbeck (1992). A 1000 replicate bootstrap analysis
(Felsenstein 1985) was executed to assess the confidence levels of the branch nodes in
the phylogenetic tree. MODELTEST version 3.5 (Posada & Crandall 1998) were
used to determine the appropriate distance model for the datasets. Distance analyses
were thus executed using the HKY85 model (Hasegawa et al. 1985) with the gamma
distribution shape parameter set to 0.1717 (HKY+G). DNA sequences have been
deposited in GenBank and accession numbers are listed in Table 1. The sequence
alignment and phylogenetic tree have been deposited in TreeBase as S1211 and

M2095.

Morphology

Fruiting structures were cut from bark and boiled in water for 1 min to rehydrate the
cells.  The structures were embedded in Leica mountant (Setpoint Premier,
Johannesburg, South Africa) and sectioned with a Leica CM1100 cryostat (Setpoint
Technologies) at —20 °C. The 12 um thick sections were mounted in lactophenol.

Sectioning was also done by hand and the sections were mounted in lactophenol or




CHRYSOPORTHE GEN. NOV. 9

3% KOH to specifically observe conidiophore and ascus morphology. For the
holotype specimen (BPI 631857) of C. cubensis and a representative specimen for
each phylogenetic group (PREM 57297, PREM 57294, PREM 58023, PREM 58022),
fifty measurements were taken of ascospores, asci, conidia and conidiogenous cells,
and the range of measurements was calculated from at least ten anamorph and ten
teleomorph stromata, respectively. Twenty measurements were taken for other
structures on the remaining specimens. Measurements and digital photographs were
made using an HRc Axiocam digital camera and Axiovision 3.1 software (Carl Zeiss
Ltd., Germany). Standard colour notations given by Rayner (1970) were used.

Two isolates representing each of the phylogenetic groups making up C.
cubensis sensu lato (Table 1) were selected for comparisons of growth in culture.
Culture growth was assessed on MEA in 90 mm diam Petri dishes. The studies were
conducted in the dark at temperatures from 15 to 35 °C at 5 ° intervals. Discs, 6 mm
in diam, were taken from the edge of actively growing colonies, and placed at the
center of the Petri dish. Four plates were inoculated for each isolate. Two
measurements, perpendicular to each other, were taken of colony diameter (mm) each
day until the mycelia of the fastest growing isolates had covered the plates. Colony
diameter of each isolate was computed as an average of eight readings per isolate (two
measurements for each of four replicates). The growth comparisons were repeated

twice.

RESULTS
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DNA sequence comparisons

DNA amplicons for the ITS region of the ribosomal operon were approximately 600
bp in size, and those for the two regions amplified in the B-tubulin genes were
approximately 550 bp each. The results of the PHT showed that DNA sequences for
the two partitions (B-tubulin and ITS1/ITS2) were significantly incongruent (P-value
= 0.016). This was a result of the South African isolates that grouped with South
American isolates in the ITS tree (Myburg et al. 1999), but formed a distinct group in
the B-tubulin dataset (Myburg et al. 2002b). After the exclusion of the South African
isolates from the dataset, the data from the B-tubulin and ITS1/ITS2 partitions were
fully congruent (P-value = 0.13). Since it is known that isolates from South Africa
can be distinguished from isolates in other parts of the world based on B-tubulin and
Histone H3 genes (Myburg et al. 2002b), we have thus combined the ITS and B-
tubulin datasets in order to present our data in a compact way. The DNA sequence of
the partial ITS1/ITS2 region (538 bp) consisted of 414 constant characters, 41
parsimony-uninformative and 83 parsimony-informative characters, while the
sequence of the B-tubulin gene regions (894 bp) consisted of 658 constant characters,
55 parsimony-uninformative and 181 parsimony-informative characters.  After
combination, the data set was comprised of 1432 characters, of which 1072 were
constant, 96 parsimony-uninformative and 264 parsimony-informative. Of these,
three ambiguous characters were excluded.

A 70 % majority consensus tree (tree length = 459 steps, consistency index/Cl
= 0.939, retention index/RI = 0.951, g1 = -3.6) was computed from 100 trees obtained
with the TBR algorithm (Fig. 2). The 100 trees differed in the way the different
clades were related. All of the trees (Fig. 2) showed that isolates of C. cubensis from

the different geographic regions and hosts (Myrtaceae and Melastomataceae) grouped
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with strong bootstrap support in the three previously identified sub-clades (Myburg et
al. 2002a, 2002b, 2003, 2004). lIsolates from Tibouchina spp. in Colombia grouped
separately from all other phylogenetic groups (bootstrap support 98 %) and were
distinct from a C. cubensis isolate (CMW 10639) collected on E. grandis in
Colombia. Isolate CMW 10639 resided in the South American group. The distance
tree obtained using the HKY85 parameter model (Fig. 3) showed the same four
phylogenetic groups generated using parsimony.

The sub-clades in the phylogenetic trees resulted from single-nucleotide
differences that were characteristic for each phylogenetic group. The majority of
these nucleotide polymorphisms was fixed between the four phylogenetic groups and
were distributed throughout both DNA regions considered (Table 3). In the combined
data set, 23 bases were polymorphic of which 16 were fixed for one of the groups (70
%) and three were shared between two of the groups (Table 3). The fixed
polymorphisms occurred in all four phylogenetic groups (Table 4). Four additional
sites represented a nucleotide that occurred in all isolates of a group, except for one
isolate of that group that shared an allele with the other groups (Table 3). Some of the
isolates also showed individual variation and had substitutions that were unique to the

isolate (data not shown).

Morphological comparisons

Differences between C. cubensis specimens and other Cryphonectria spp.:
Morphological characteristics, previously noted by Myburg et al. (2004), that
distinguish specimens of C. cubensis, are mainly based on stromatal differences.
These characters differentiate C. cubensis specimens from the type species of

Cryphonectria, C. gyrosa (Berk. & Broome) Sacc. (K 109807, K 109809, BPI
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614797), as well as other species of Cryphonectria such as C. parasitica, C. radicalis,
C. macrospora and C. nitschkei (Table 2). The conidiomata of C. cubensis specimens
are superficial, fuscous-black, pyriform to globose with attenuated necks (Figs 4G-I),
while those of Cryphonectria spp. are semi-immersed, orange and globose with no
necks (Myburg et al. 2004). Perithecial necks of C. cubensis are covered with umber
tissue as they extend through the stromatal surface, thus appearing fuscous-black
(Figs 4A, 4D), whereas the extending necks of Cryphonectria spp. are covered with
orange tissue. Teleomorph structures of C. cubensis have limited, orange to
cinnamon stroma tissue forming a clypeus around the upper parts of the perithecial
bases and bases of the perithecial necks (Figs 4A-C, 4l), thus not completely
surrounding the perithecial bases. This stromatic development can vary depending on
the host. For instance, on clove stromatic development is more extensive, whereas in
some cases stromatic tissue is absent on Eucalyptus bark (Hodges et al. 1986).
Cryphonectria spp. have well-developed, orange ascostromata usually covering the
greater part of the perithecial bases (Shear et al. 1917, Kobayashi 1970, Myburg et al.
2004). Necks of C. cubensis perithecia commonly extend beyond the stroma surface
(Fig. 41) whereas those of Cryphonectria spp. often fail to develop beyond the tops of
the stromata.

The ascospores, conidiophores and conidia of C. cubensis are different from
those of Cryphonectria spp. For C. cubensis, ascospores are septate in the center or
somewhat off the center to a variable extent (Fig. 4F). Although the ascospore septa
in Cryphonectria spp. have been known to deviate slightly from the center of the
ascospores, they are not known to occur near the apex of the spores (Shear et al. 1917,
Kobayashi 1970). Conidiophores of C. cubensis also consist of a basal cell of

variable shape, with conidiogenous cells branching from it radially and irregularly




CHRYSOPORTHE GEN. NOV. 13

(Figs 4M-N, 9-11). The conidiophore basal cells of Cryphonectria spp. usually are
not easily discernable. Furthermore, the conidia of C. cubensis are oblong (Fig. 40),
while those of Cryphonectria spp. are more cylindrical (Shear et al. 1917, Kobayashi

1970, Myburg et al. 2004).

Differences between different phylogenetic groups of C. cubensis:  Limited
morphological differentiation existed for the C. cubensis specimens representing the
four phylogenetic groups emerging from the DNA sequence comparisons. Specimens
in only two of these groups could be distinguished from each other based on
morphology. Specimens representing the South African group could be distinguished
from those in other groups. This distinction was based on ascospore and ascus
morphology. Asci of a C. cubensis specimen (PREM 58023) collected from South
African E. grandis (Figs 5E, 6C) were (25-)27-32(-34) um long, although no asci
could be observed for the South African specimen (PREM 57359) from T. granulosa
(Myburg et al. 2002a). Asci from specimens in the other phylogenetic groups were
typically smaller. For example, asci for specimen PREM 58017 (Colombia) were
(19-)22-26.5(-28) um in length and those for specimen PREM 57297 (Indonesia)
were (20.5-)22.5-25.5(-27) um in length. Asci for the type specimen of C. cubensis
from Cuba were reported to be 24.9-34.03 um long (Bruner 1917), but such long asci
were not observed for specimens linked to the South American and South East Asian
phylogenetic groups.

Apices of ascospores from South African specimens (PREM 58023, PREM
57359) were rounded (Figs 5F, 6C) while those for the specimens representing the
other phylogenetic groups (Table 2) were more tapered (Fig. 4F). This included

ascospores from the type specimen of C. cubensis (BPI 631857). Morphological
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characteristics, such as size and shape of the conidia, were similar to those on
specimens representing other phylogenetic groups and the type specimen.

The phylogenetic group from Tibouchina in Colombia differed from isolates
in the other phylogenetic groups based on optimal colony growth. The Colombian
isolate from T. semidecandra (CMW 10641) grew optimally at 25 °C and covered the
90 mm plates on day 6. Isolates representing the other three phylogenetic groups had
a temperature optimum of 30 °C, and covered the plates within five days.

Few differences other than those observed in colony growth, were found
associated with the fungal structures on the bark specimens for the phylogenetic group
from Tibouchina. Conidia (Figs 7H, 8D) were slightly longer [(3-)3.5-5(-5.5) um]
than those of the other C. cubensis specimens [(3-)3.5-4.5(-5) um]. These
measurements were, however, based on relatively few, sporadically occurring conidia
and could not be used with confidence. No sexual state was found for this fungus.

Specimens of C. cubensis representing the remaining phylogenetic groups
(South East Asia/Zanzibar/Hawaii and South America/Congo), could not be
distinguished from each other. The only possible differences between specimens in
these two phylogenetic groups were in conidiophore morphology. We could,
however, not use these features with confidence because of potential variation within
groups. The distinguishing characteristic of the fungi in these two groups was that
basal cells for the South East Asian group (Fig. 9) were more variable in shape than
those of the South American group (Fig. 10). Furthermore, conidiogenous cells of the
South East Asian specimens were simple or septate, usually with a single lateral
branch at the septum (Fig. 9). The conidiogenous cells of South American specimens
were also simple or septate, but were often branched irregularly into two to three

conidiogenous cells at the septa, which often branched again (Fig. 10).
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The type specimen of C. cubensis could not be distinguished from the South
East Asian/Zanzibar/Hawaiian and South American/Congolese phylogenetic groups
based on morphology. The phylogenetic position of the type specimen from Cuba
could not be established because there are no isolates linked to the type specimen of
this species. In the original description of Bruner (1917), asci of C. cubensis from the
Cuban sample are given as 24.9-34.03 X 4.15-6.64 um. This is longer than the asci
measured for the South East Asian and South American samples in this study. The
difference in ascus length could not be verified, because no intact asci were present on
the type specimen and no additional specimens of this fungus from Cuba are
available. Morphology of the conidiophores was similar to those of the South East
Asian group, although conidiophores were more irregular and secondary branching

also occurred (Fig. 11).

Taxonomy

Extensive comparisons based on DNA sequence data (Myburg et al. 2004) have
shown that C. cubensis and other Cryphonectria spp. represent distinct groups.
Results of the present and previous (Myburg et al. 2004) studies have also shown that
these groups can be clearly distinguished based on morphology. It is thus appropriate
to establish a new genus to accommodate isolates and specimens referred to as C.
cubensis.  Fruiting structures of C. cubensis do not resemble those of any other
member of the Diaporthales because of the orange colour of the stromatic tissue (Barr
1978). Other than Cryphonectria, the only genus in the Diaporthales having orange
stromatic tissue, is Endothia. Specimens of C. cubensis can be distinguished from
those of Endothia by the septate ascospores and weakly developed ascostroma in the

former genus (Barr 1978, Micales & Stipes 1987, Venter et al. 2001, Myburg et al.
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2004). Based on this justification, a new genus in the Diaporthales is provided for C.

cubensis as follows:

Chrysoporthe Gryzenh. & M. J. Wingf., gen. nov. MycoBank MB500032

Anamorph: Chrysoporthella Gryzenh. & M. J. Wingf., anam. gen. nov.

Etymology: Greek, chrysous, golden, referring to the orange stromatic tissue, and

porthe, destroyer, referring to its pathogenic nature.

Ascostromata perithecia nigra valsoidea in contextu corticis inclusa; colla peritheciorum longa,
cylindrica, per superficiem corticis protrudentia, contextu umbrino tecta, itaque atrofusca apparentia.
Contextus ascostromaticus prosenchymatosus parcus, cinnamomeus Vel aurantiacus, oculo nudo
aurantiacus, plerumque infra corticem adest vel per superficiem erumpens. Asci fusoidei vel
ellipsoidei. Ascosporae hyalinae, uno solo septo positione variabili, plerumque centrali, fusoideae vel
ovales. Conidiomata ad Chrysoporthellam pertinentia, superficialia, atrofusca, pyriformia vel
pulvinata, 1-4 collis attenuatis praedita, uni- vel multilocularia, superficie interna levi vel
subconvoluta.  Textura stromatica, basim versus textura globulosa, in collo textura porrecta.
Conidiophora hyalina, cellulae basales irregulariter ramosae, phialides cylindricas proferentes, septis
divisas an non. Conidiorum massa in cirrhis vel guttis laete luteis exudata, conidia hyalina, non

septata, oblonga.

Ascostromata consisting of black, valsoid perithecia embedded in bark tissue, long,
cylindrical, perithecial necks covered with umber tissue as they protrude through the
bark surface, thus appearing fuscous-black.  Limited cinnamon to orange
prosenchymatous stromatic tissue present around the upper part of the perithecial

bases, appearing orange to the naked eye, usually present beneath or erumpent
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through the bark surface. Asci 8-spored, fusoid to ellipsoid. Ascospores hyaline, with
one septum in variable, usually median, position, fusoid to oval.

Conidiomata of Chrysoporthella occurring separately or on top of the
ascostroma, superficial, fuscous-black, pyriform to pulvinate with one to four
attenuated necks, single to multilocular with even to slightly convoluted inner surface.
Stromatic tissue of base tissue of textura globulosa and that of neck cells of textura
porrecta. Conidiophores hyaline, consisting of a basal cell, branched irregularly at
the base or above into cylindrical cells, separated by septa or not. Conidiogenous
cells phialidic, determinate, apical or lateral on branches beneath the septum. Conidia

hyaline, non-septate, oblong, exuded as bright luteous spore tendrils or droplets.

Typus: Chrysoporthe cubensis (Bruner) Gryzenh. & M. J. Wingf., comb. nov.

Various species of Chrysoporthe predominantly occur as anamorphs
(Wingfield et al. 1989, Myburg et al. 2002a, Seixas et al. 2004) and there is a strong
practical reason to provide anamorph names for these fungi. This is further
necessitated by the fact that some species, such as the fungus from Tibouchina spp. in
Colombia, have no known teleomorph and thus cannot be described in Chrysoporthe
(ICBN, Art. 59.2, Greuter et al. 2000). We, therefore, describe a new anamorph
genus for Chrysoporthe, with the anamorph of Chr. cubensis as type species. The
fungus from Tibouchina in Colombia represents a second species. This new
anamorph genus could equally be used for other species of Chrysoporthe, but we are
not providing anamorph names for these fungi following ICBN recommendation

59.A.3 (Greuter et al. 2000).
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Chrysoporthella Gryzenh. & M. J. Wingf., anam. gen. nov. MycoBank MB500033.

Etymology: diminutive of Chrysoporthe, referring to the anamorph structures that

commonly occur independently from the teleomorph.

Conidiomata sparsa vel in summo ascostromate reperta; ab ascostromatibus forma pyriformi, collis
attenuatis, dispositione superficiali, loculis conidiis repletis texturaque stromatica distinguenda.
Conidiomata superficialia, atrofusca, pyriformia vel pulvinata, 1-4 colla attenuate proferentia, uni- vel
plurilocularia, intus levia vel convoluta. Basis stromatis e textura globulosa, collorum e textura porrecta
composita. Conidiophora hyalina, e cellula infima basilari vel supra ramificata in acervos irregulares
phialidum cylindricarum vel ampulliformium, sursum attenuatarum, ad basim septis divisarum an non,
collari et inspissatione periclinali inconspicuis. Conidiorum massa cirrhis vel guttis laete luteis exudata;

conidia hyalina, non septata, oblonga.

Conidiomata occurring separately or on top of an ascostroma, distinguishable from
ascomata by their pyriform shape, attenuated necks, conidiomatal locules and
characteristic stromatic tissue. Conidiomata superficial, fuscous-black, pyriform to
pulvinate, with one to four attenuated necks, single to multilocular, with even to
slightly convoluted inner surface. Stromatic tissue of base of textura globulosa and
neck tissue of textura porrecta. Conidiophores hyaline, consisting of a basal cell,
irregularly branched into cylindrical cells, with or without separating septa.
Conidiogenous cells phialidic, determinate, apical or lateral on branches beneath
septum. Conidia hyaline, non-septate, oblong, masses exuded as bright luteous

tendrils or droplets.

Typus: Chrysoporthella anamorph of Chrysoporthe cubensis (Bruner) Gryzenh. & M.

J. Wingf.
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The following key is provided to aid in differentiation between
Chrysoporthe with its Chrysoporthella anamorph, and the closely related genera

Cryphonectria and Endothia:

la. Ascostromata reduced, orange; perithecial necks long, fuscous-black; conidiomata
usually pyriform, superficial, with attenuated necks, fuscous-
DIACK. ... et e e e ChiTySOpOTthe
1b. Ascostromata erumpent, orange; perithecial necks short, orange; conidiomata
PUIVINGLE, OFaNGE. ... ettt ettt e e e e e e e e e e e e eeens 2
2a. Ascostromata and conidiomata semi-immersed; ascospores uniseptate
...................................................................................... Cryphonectria
2b. Ascostromata  and conidiomata  superficial, ascospores non-

=T 0] £ (PPN Endothia

No distinct morphological differences could be found for specimens that represented
the South East Asian/Zanzibar/Hawaiian and South American/Congolese
phylogenetic groups. These specimens were also indistinguishable from the type
specimen. No isolates are available connected with the type specimen from Cuba and
it is unknown where Cuban isolates would group with respect to the other
phylogenetic groups. Nevertheless, it can be assumed that the South American group
is closest to the type. The fungi in the South East Asian/Zanzibar/Hawaiian and
South American/Congolese phylogenetic groups, including the type specimen from

Cuba are thus retained as a single species. A more detailed description for C.
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cubensis to supplement the original description of Bruner (1917) is provided below to

enable comparison with the other new species:

Chrysoporthe cubensis (Bruner) Gryzenh. & M. J. Wingf., comb. nov. MycoBank
MB500034. Fig. 4.
Basionym: Diaporthe cubensis Bruner, Estac. Exp. Agron., Cuba, Bull. 37: 15-16.
1917.
= Cryphonectria cubensis (Bruner) Hodges, Mycologia 72: 547. 1980.
= Cryptosporella eugeniae Nutman & Roberts, Ann. Appl. Biol. 39: 607. 1952.
= Endothia eugeniae (Nutman & Roberts) J. Reid & C. Booth, Mycologia 78:
347. 1986.
Typus: BPI 631857, Eucalyptus botryoides, Cuba, Santiago de las Vegas, 1916, C.L.

Shear.

Ascomata semi-immersed in bark, recognizable by extending, fuscous-black,
cylindrical perithecial necks, and in some cases, erumpent, limited, orange
ascostromatic tissue; ascostroma 120-230 um high above level of bark, 280-490 pum
diam (Fig. 4A). Perithecia valsoid, 1-9 perithecia per stroma, bases immersed in
bark, black, globose, 170-250 yum diam, perithecial wall 17-22 pm thick (Fig. 4B).
Top of perithecial bases covered with cinnamon to orange, predominantly
prosenchymatous, stromatic tissue forming a clypeus of variable extent, which is
occasionally visible above the bark surface (Figs 4A-C). Perithecial necks black,
periphysate, 80-170 um wide (Fig. 4B). Necks emerging through bark covered in
umber stromatic tissue of textura porrecta, thus appearing fuscous-black, extending

necks up to 240 pm long, 110-610 um wide (Figs 4D, 4l). Asci 8-spored, biseriate,
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unitunicate, free when mature, non-stipitate, with a non-amyloid refractive ring,
fusoid to ellipsoid (Fig. 4E), 25-34 X 4-6.5 um (Bruner 1917). Ascospores hyaline,
one-septate, with septum variously placed in the spore but usually central, fusoid to
oval, with tapered apices, (5.5-)6.5-7.5(-8) X 2-2.5(=3) um (Fig. 4F).

Conidiomata occurring separately (Figs 4G—H) or on the top of an ascostroma
(Fig. 4l), distinguishable from ascomata by their pyriform shape, attenuated necks,
conidiomatal locules and distinct stromatic tissue (Figs 4G-L). Conidiomata
eustromatic, superficial to slightly immersed, pyriform to clavate, sometimes
pulvinate, with one to four attenuated necks per structure (Figs 4G, 41-J), fuscous-
black, with an umber interior when young, conidiomatal base above the bark surface
130-740 pm high, 100-950 pm diam, necks up to 230 um long, 90-240 um wide.
Conidiomatal locules with even to convoluted inner surface, occasionally
multilocular, single locule connected to one or several necks, locules 110-500 pm
diam (Fig. 4J). Stromatic tissue of base of textura globulosa with walls of outer cells
thickened (Fig. 4K), and neck cells of textura porrecta (Fig. 4L). Conidiophores
hyaline, with a globular to rectangular basal cell, (2.5-)4-7(-8.5) X (2-)3-4.5(-5.5)
um, branched irregularly at the base or above into cylindrical cells, cells delimited by
septa or not, total length of conidiophore (12-)13.5-19(-24.5) um (Figs 4M-N, 9-
11). Conidiogenous cells phialidic, determinate, apical or lateral on branches beneath
the septum, cylindrical to flask-shaped with attenuated apices, (1.5-)2-2.5(-3) um
wide, collarette and periclinal thickening inconspicuous (Figs 4M-N, 9-11). Conidia
hyaline, non-septate, oblong, (3-)3.5-4.5(-5) X (1.5-)2(-2.5) um (Fig. 40), exuded
as bright luteous spore tendrils or droplets.
Cultural characteristics: No cultures from the type location are available. Cultures

from Indonesia (CMW 11288, CMW 8650), Colombia (CMW 10639) and the
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Republic of Congo (CMW 10669) on MEA white with cinnamon to hazel patches,
fluffy, with a smooth margin, fast-growing, covering a 90 mm diam plate after a
minimum of five days at the optimum temperature of 30 °C. Cultures rarely
sporulating, especially after sub-culturing, teleomorphs not produced.

Substrate: Bark of Eucalyptus spp. and Syzygium aromaticum (clove). Also reported
from Psidium cattleianum.

Distribution: Cuba, Mexico, Colombia, Venezuela, Brazil, Surinam, U.S.A. (Florida,
Hawaii, Puerto Rico), Democratic Republic of Congo (Zaire), Republic of Congo,
Cameroon, Tanzania (Zanzibar), Indonesia, Malaysia, Singapore, China, India,

Australia, Western Samoa.

Specimens examined: Cuba, Santiago de las Vegas, Eucalyptus botryoides, 1916,
C.L. Shear, holotype BPI 631857. Colombia, Cali, Vanessa farm, Eucalyptus
grandis, 2000, M. J. Wingfield, PREM 57294, culture from same area CMW 10639 =
CBS 115747; Cali, Vanessa farm, Eucalyptus urophylla, 2000, M. J. Wingfield,
PREM 58017. Mexico, Tabasco, Eucalyptus sp., 2000, M. J. Wingfield, PREM
57295, PREM 58016, culture from same area CMW 9432 = CBS 115724.
Venezuela, Uverito, host given as Eucalyptus grandis/ Eugenia sp., 1983, C. S.
Hodges, IMI 284438. Brazil, Minas Gerais, Eucalyptus grandis, 1973, C. S. Hodges,
MASS; Minas Gerais, Dionisio, Eucalyptus maculata, 1974, C. S. Hodges, IMI
184653; Minas Gerais, Dionisio, Eucalyptus sp., 1973, C. S. Hodges, IMI 172718;
Minas Gerais, Coronel Fabriciano, Eucalyptus propinqua, 1974, C. S. Hodges, IMI
184652; Santa Catarina, Ilha de Santa Catarina, Psidium cattleianum, 1988, C. S.
Hodges, IMI 351788; S&o Paulo, Eucalyptus sp., 1973, L. May, IMI 173960; Espirito

Santo, Funddo, Syzygium aromaticum (as Eugenia caryophyllata), 1983, C. S.
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Hodges, IMI 285983; Bahia, Valenca, Syzygium aromaticum (as Eugenia
caryophyllata), 1983, C. S. Hodges, IMI 285982, cultures CMW 10777, CMW 10778
= CBS 115755. Surinam, Paramaribo, Eucalyptus citriodora, 1973, P. A. Tennissen,
IMI 177647. U.S.A., Florida, La Belle, Eucalyptus grandis, 1981, W. Sinclair, CUP
58722; Florida, Eucalyptus grandis, 1976, C. S. Hodges, IMI 202849; Hawaii, Kauai,
Eucalyptus saligna, 1978, C. S. Hodges, DAR 35434, culture from same area CMW
1856. China, Hong Kong Island, Botanical Gardens, Eucalyptus sp., 1981, C. S.
Hodges, IMI 263717. India, Kerala Forest Research Institute, Eucalyptus grandis,
1981, J. K. Sharma, IMI 261569. Singapore, Istana grounds, Syzygium aromaticum,
1991, C. P. Yik, dried culture IMI 350626. Malaysia, Johar, Kluang, Eucalyptus
aromatica, 1986, Loh Chow Fong, IMI 304273; Serdang, Fe. Exp. Stn., Syzygium
aromaticum (as Eugenia caryophyllata), 1954, A. Johnston, IMI 58569; Eugenia sp.,
1954, A. Johnston, IMI 58567, IMI 58568; Jelok Bahang, Syzygium aromaticum (as
Eugenia caryophyllata), 1954, A. Johnston, IMI 58388. Indonesia, Sulawesi,
Syzygium aromaticum, 2001, M. J. Wingfield, PREM 57470, cultures CMW 8650 =
CBS 115719, CMW 8651 = CBS 115718; Sulawesi, Syzygium aromaticum, 2003, M.
J. Wingfield, PREM 58018, PREM 58019; Sulawesi, Utard, Syzygium aromaticum,
2003, M. J. Wingfield, PREM 58020; Bankals, Selindung, Eugenia sp., C. P. A.
Bennett, IMI 231648; Sumatra, Kurai, Taji, Eugenia sp., C.P.A. Bennett, IMI 231649;
Sumatra, Eucalyptus sp., 2001, M. J. Wingfield, PREM 57297, cultures from the same
area CMW 11288 = CBS 115736, CMW 11289 = CBS 115737, CMW 11290 = CBS
115738; Sumatra, Sei Kabaro, Eucalyptus sp., 2001, M. J. Wingfield, PREM 58021,
cultures from same area CMW 11289, CMW 11290. Tanzania, Zanzibar, Mkaje
district, Syzygium aromaticum (as Eugenia caryophyllata), 1951, J. Nutman & F. M.

Roberts, IMI 45440, IMI 45450, culture from same area CMW 10774; Zanzibar,
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Syzygium aromaticum (as Eugenia caryophyllata), 1983, A. Dabek, IMI 279035,
culture from same area CMW 10774. Cameroon, Cellucam, Edea, Eugenia

urophylla, 1980, F. B. Armitage, IMI 249406.

Specimens residing in the South African phylogenetic group were
distinguishable from those representing the other three phylogenetic groups based on
ascospore shape and ascus size. This fungus is thus described as a new species of

Chrysoporthe as follows:

Chrysoporthe austroafricana Gryzenh. & M. J. Wingf., sp. nov. MycoBank

MB500035. Figs 5-6.

Etymology: Latin, from Southern Africa.

Ascomata in cortice semi-immersa, collis peritheciorum protrudentibus atrofuscis cylindricis, et textura
erumpente ascostromatica limitata aurantiaca visibilibus. Perithecia valsoidea nigra, basibus globosis in
cortice immersis, textura ascostromatica prosenchymatosa cinnamomea vel aurantiaca, interdum supra
superficiem corticis visibili tecta. Colla peritheciorum per corticem emergentia, contextu stromatico
textura porrecta umbrino tecta, ita ut atrofusca videantur. Asci octospori, fusoidei vel ellipsoidei.
Ascosporae hyalinae, uniseptatae, septo positione variabili sed plerumque centrali, fusoideae vel
ovales, utrinque rotundatae. Conidiomata ad Chrysoporthellam pertinentia, sparsa vel in summo
ascostromate aggregata; eustromatica, superficialia vel sub-immersa, pyriformia vel pulvinata, 1-4
collis in quaque structura, atrofusca, juvenia intus umbrina. Loculi conidiomatum intus leves vel
convoluti, interdum multiloculares, quisque loculus uno vel pluribus collis junctus. Basis stromatis e
textura globulosa, cellulis superficialibus inspissatis, colla e textura porrecta composita. Conidiophora
hyalina, cellula infima forma irregulari, supra irregulares greges phialidum cylindricarum vel
ampulliformium, sursum attenuatarum proferentes; rami ad basim septati an non; collare et inspissatio

periclinalis inconspicuae. Conidiorum massa cirrhis vel guttis laete luteis exudata; conidia hyalina, non
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septata, oblonga. Coloniae in MEA albae cinnamomeo- vel avellaneo-maculatae, celeriter crescentes,

patellam 90 mm diam in minime quinque diebus temperatura optima 30 °C tegentes.

Typus: PREM 58023, Eucalyptus grandis, South Africa, KwaZulu-Natal,

KwaMbonambi, 1989, M. J. Wingfield (cultura viva CMW 2113 = CBS 112916).

Ascomata semi-immersed in bark, recognizable by extending, fuscous-black,
cylindrical perithecial necks and in some cases, erumpent, limited ascostromatic tissue
appearing orange, 70-260 pm high above the bark, 220-740 pm diam (Figs 5A, 6A,
6B). Perithecia valsoid, 1-11 per stroma, bases immersed in the bark, black, globose,
320-505 um diam, perithecial wall 19-23 um thick (Figs 5B, 6B). Top of perithecial
bases covered with cinnamon to orange, predominantly prosenchymatous, stromatic
tissue forming a clypeus of variable extent, which is occasionally visible above the
bark surface (Figs 5A-C, 6B). Perithecial necks black, periphysate, 75-100 pm wide
(Figs 5A, 6B). Necks emerging through the bark covered in umber, stromatic tissue
of textura porrecta, thus appearing fuscous-black (Figs 5D, 6B), extending necks up
to 1900 um long, 100-150 pm wide. Asci 8-spored, biseriate, unitunicate, free when
mature, non-stipitate with a non-amyloid refractive ring, fusoid to ellipsoid, (25-)27-
32(-34) X (4-)5.5-7(-7.5) um (Figs 5E, 6C). Ascospores hyaline, one-septate with
septum variously placed in the spore but usually central, fusoid to oval, with rounded
apices, (5.5-)6-7 X (2-)2.5 um (Figs 5F, 6C).

Conidiomata occurring separately or on the top of an ascostroma,
distinguishable from the ascomata by their pyriform shape, attenuated necks,
conidiomatal locules and distinct stromatic tissue (Figs 5I-J, 6A, 6D-E).
Conidiomata eustromatic, superficial to slightly immersed, pyriform to clavate,

sometimes pulvinate, with one to four attenuated necks per structure (Figs 5G, 6D,
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6E), fuscous-black, inside umber when young, conidiomatal base above the bark
surface 100-220 pm high above level of bark, 80-210 um diam, necks up to 200 pm
long, 30-80 um wide. Conidiomatal locules with even to convoluted inner surface,
occasionally multilocular, single locule connected to 1 or several necks, locules 90—
380 um diam (Figs 5H, 6E). Stromatic tissue of base of textura globulosa, the walls
of outer cells thickened (Fig. 5I), neck tissue of textura porrecta (Fig. 5J).
Conidiophores hyaline, with basal cells of irregular shape, (2.5-)3.5-6(-8) X (2—
)2.5-4.5(-6) um, branched irregularly at the base or above into cylindrical cells, with
or without separating septa, total length of conidiophore (11.5-)14.5-21(-28) um
(Figs 5K, 6F). Conidiogenous cells phialidic, determinate, apical or lateral on
branches beneath a septum, cylindrical to flask-shaped with attenuated apices, (1-
)1.5-2.5(-3.5) um wide, collarette and periclinal thickening inconspicuous (Figs 5K,
6F). Conidia hyaline, non-septate, oblong, 3-4(-4.5) X 1.5-2 um (Figs 5L, 6G),
masses exuded as bright luteous tendrils or droplets.

Cultural characteristics: on MEA (CMW 2113, CMW 9328) white with cinnamon to
hazel patches, fluffy with a smooth margin, fast-growing, covering a 90 mm diam
plate after a minimum of five days at the optimum temperature of 30 °C. Cultures
rarely sporulating after sub-culturing, teleomorphs not produced.

Substrate: Bark of Eucalyptus spp. and Tibouchina granulosa.

Distribution: South Africa

Specimens examined: South Africa, KwaZulu-Natal, KwaMbonambi, on Eucalyptus
grandis, 1989, M. J. Wingfield, holotype PREM 58023, ex-type culture CMW 2113
= CBS 112916; KwaZulu-Natal, KwaMbonambi, Eucalyptus grandis, 1986-88, M. J.

Wingfield, PREM 49377, PREM 49378, PREM 79379; KwaZulu-Natal,
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KwaMbonambi, Eucalyptus grandis clone inoculated with isolate CMW 2113 during
artificial inoculations, 2003, J. Roux, PREM 58024, culture CMW 2113 = CBS
112916; KwaZulu-Natal, Mtubatuba, Dukuduku estate, Eucalyptus grandis, 2001, M.
Venter, PREM 57293; KwaMbonambi & Richardsbay, Tibouchina granulosa, 1999,
J. Roux, PREM 57357, PREM 57385, PREM 57359, cultures from same area CMW
9327 = CBS 115843, CMW 9328; KwaZulu-Natal, Durban, Tibouchina granulosa,

2000, J. Roux, R. Heath & L. Lombard, PREM 57360, PREM 57361.

Specimens representing the Colombian Tibouchina group contained only the
anamorph and no teleomorph has been found for this fungus. The anamorph
structures could not be distinguished from those of Chr. cubensis or Chr.
austroafricana. However, isolates of this fungus grew optimally at 25 °C, which was
different from isolates representing Chr. cubensis and Chr. austroafricana that grew

optimally at 30 °C.

Chrysoporthella hodgesiana Gryzenh. & M. J. Wingf., sp. nov. MycoBank

MB500036. Figs 7-8.

Etymology: Latin, in honour of Dr. Charles S. Hodges recognizing his fundamental
research on the distribution, host range, pathology and taxonomy of Cryphonectria

cubensis.

Conidiomata eustromatica, superficialia vel subimmersa, plerumque pulvinata, interdum pyriformia, 1—
4 collis brevibus attenuatis in quaque structura, atrofusca. Loculi conidiomatum intus leves vel
convoluti, interdum multiloculares, quisque loculus uno vel pluribus collis junctus. Basis stromatis e

textura globulosa, cellulis superficialibus incrassatis, colla e textura porrecta composita. Conidiophora
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hyalina, cellula infima forma irregulari, supra greges irregulares phialidum cylindricarum vel
ampulliformium, sursum attenuatarum proferentes; rami ad basin septati an non, collare et inspissatio
periclinalis inconspicuae. Conidiorum massa cirrhis vel guttis laete luteis exudata; conidia hyalina, non
septata, oblonga. Coloniae in MEA albae, cinnamomeo- vel avellaneo-maculatae, celeriter crescentes,

patellam 90 mm diam in minime sex diebus temperatura optima 25 °C tegentes.

Typus: PREM 58022, Tibouchina semidecandra, Colombia, Darien, 2001, R.

Arbelaez (cultura viva CMW 10641 = CBS 115854).

Conidiomata eustromatic, superficial to slightly immersed, generally pulvinate,
sometimes pyriform, with one to four short attenuated necks per structure (Figs 7A-B,
8A-B), fuscous-black, with an umber interior when young, conidiomatal base above
the bark surface 85-310 um high, 145-635 pm wide, necks up to 380 um long, 65—
170 um wide. Conidiomatal locules with even to convoluted inner surface,
occasionally multilocular, a single locule connected to one or several necks, locules
125-410 pm diam (Figs 7C, 8B). Stromatic tissue of base of textura globulosa, the
outer cells with thickened walls (Fig. 7D), neck tissue of textura porrecta (Fig. 7E).
Conidiophores hyaline, with a basal cell of irregular shape, (1.5-)3-6.5(-9.5) X (2—
)2.5-4(-5.5) um, branched irregularly at the base or above into cylindrical cells, with
or without separating septa, total length of conidiophore (12-)13-21(-33) um (Figs
7F-G, 8C). Conidiogenous cells phialidic, determinate, apical or lateral on branches
beneath a septum, cylindrical to flask-shaped with attenuated apices, (1.5-)2-2.5 um
wide, collarette and periclinal thickening inconspicuous (Figs 7F-G, 8C). Conidia
hyaline, non-septate, oblong, (3-)3.5-5(-5.5) X 1.5-2(-2.5) um (Figs 7H, 8D),

masses exuded as bright luteous tendrils or droplets.
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Cultural characteristics: on MEA (CMW 10641) white with cinnamon to hazel
patches, fluffy with a smooth margin, fast-growing, covering a 90 mm diam plate
after a minimum of 6 d at the optimum temperature of 25 °C. Cultures rarely
sporulating especially after sub-culturing, teleomorphs not produced.

Substrate: Bark of Tibouchina semidecandra, Tibouchina urvilleana and Tibouchina
lepidota.

Distribution: Colombia.

Specimens examined: Colombia, Darien, Tibouchina semidecandra, 2001, R.
Arbelaez, holotype PREM 58022, ex-type culture CMW 10641 = CBS 115854;
Buga, Tibouchina lepidota, 1999, M. J. Wingfield, PREM 56913; Buga, Tibouchina

urvilleana, 1999, M. J. Wingfield, PREM 16914, PREM 56915.

The following key, based on morphological characteristics, is provided to aid in
differentiation between the three Chrysoporthe species. This key will not help to
identify specimens with confidence in the absence of a teleomorph and should, as far
as possible, be used in conjunction with DNA sequence data of the regions sequenced
in this study. This is especially true since a teleomorph is not known for
Chrysoporthella hodgesiana, and its anamorph is virtually indistinguishable from that

of Chr. cubensis and Chr. austroafricana.

Key to species of Chrysoporthe
la. Teleomorph not known; optimal growth at 25 °C
.................................................................... Chrysoporthella hodgesiana

1b. Teleomorph present; optimal growth at 30°C............ccoviviiiiiiii e 2
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2a. Ascospores with tapered apices ............ccccceeveieseenenee.. Chrysoporthe cubensis
2b. Ascospores with rounded apices ....................... Chrysoporthe austroafricana
DISCUSSION

The new genus Chrysoporthe (Diaporthales) is described to accommodate the fungus
previously known as Cryphonectria cubensis. This study and the work of Myburg et
al. (2004) have shown that Chrysoporthe can easily be distinguished from
Cryphonectria based on morphological characters.  In addition, isolates in
Chrysoporthe were shown to be phylogenetically distinct from Cryphonectria and
Endothia, based on comparisons of DNA sequences of the ITS1/ITS2 region of the
ribosomal operon and B-tubulin genes (Myburg et al. 2004). Recognition of a new
genus to accommodate C. cubensis is consistent with previous suggestions (Walker et
al. 1985, Roane 1986, Venter et al. 2001) that this species was atypical of
Cryphonectria.

We have described the new anamorph genus Chrysoporthella, residing in the
Diaporthales, to accommodate the asexual structures of Chrysoporthe.
Chrysoporthella is clearly distinct from Endothiella, the currently recognised
anamorph of Cryphonectria and Endothia (Barr 1978). Chrysoporthella has
blackened, pyriform and superficial conidiomata while the conidiomata of Endothiella
are orange, pulvinate and semi-immersed (Myburg et al. 2004).

In addition to Endothiella, Barr (1978) described the anamorph of
Cryphonectria as dendrophoma-like, an observation most probably based on the
anamorph of Chrysoporthe. Dendrophoma is, however, currently a synonym of

Dinemasporium, which is an anamorph for Phomatospora (Hawksworth et al. 1995).
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This is thus no appropriate anamorph genus for Chrysoporthe since Phomatospora is
of uncertain position in the Xylariales (Hawksworth et al. 1995, Kirk et al. 2004).
This further justifies our description of a new anamorph genus for Chrysoporthe.

Previous DNA sequence comparisons have shown that isolates of C. cubensis
represent three phylogenetic lineages (Myburg et al. 2002a, 2002b, 2003, 2004). Two
of these, representing isolates mainly from South East Asia and South America, can
be distinguished based on sequences of the ITS region, B-tubulin and Histone H3
genes (Myburg et al. 1999, 2002a, 2002b, 2003, 2004). South African isolates were
shown to be distinct from the former two groups using B-tubulin and Histone H3
genes (Myburg et al. 2002b), although DNA sequences of the ITS region grouped
these isolates together with South American isolates (Myburg et al. 1999). Results of
this study recognized the same three phylogenetic lineages, and a fourth clade has also
emerged accommodating isolates from Tibouchina in Colombia. The four lineages
are characterised by a number of fixed alleles found in the ITS1/ITS2 regions and two
regions of the B-tubulin gene (Table 3) that can be used to identify each group. These
characteristic alleles were also noted for the ITS region by Van der Merwe et al.
(2001).

Specimens representing the South African phylogenetic clade can be
distinguished from the others based on morphological characters. These include
ascospores with rounded apices and seemingly longer asci. Consequently we have
described this fungus as the new species Chr. austroafricana. In addition to the
morphological differences, Chr. austroafricana also differs from Chr. cubensis in
various other respects. Chr. austroafricana rapidly invades the cambium and gives
rise to girdling cankers (Wingfield et al. 1989). In contrast, Chr. cubensis invades the

wood more deeply (Fig. 1C) and gives rise to swollen cankers on infected stems
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(Wingfield 2003), although this could be due to different host reactions (C.S. Hodges,
pers. comm.). Furthermore, teleomorph structures of Chr. austroafricana are rarely
encountered on Eucalyptus (Wingfield et al. 1989, Van Heerden & Wingfield 2001)
or Tibouchina spp. (Myburg et al. 2002a) in South Africa. In contrast, teleomorph
structures of Chr. cubensis are common on the surfaces of cankers on Eucalyptus
stems in South East Asia, Hawaii and South America (Hodges et al. 1976, 1979, Van
Heerden et al. 1997, Van Zyl et al. 1998, Van der Merwe et al. 2001, Van Heerden &
Wingfield 2001).

The fourth phylogenetic clade recognized in this study includes isolates,
previously treated as C. cubensis, from Tibouchina in Colombia. This fungus occurs
only in its asexual morph. Based on phylogenetic data, we would ideally have chosen
to provide a name for this fungus in Chrysoporthe. This is, however, contrary to Art.
59.2 of ICBN. We have consequently erected the anamorph genus Chrysoporthella to
accommodate this fungus and provided the species name Chrysoporthella hodgesiana
for it. This fungus is morphologically indistinguishable from the anamorphs of Chr.
cubensis and Chr. austroafricana. Other than by its origin and DNA sequence,
Chrysoporthella hodgesiana can only be distinguished from the latter two species
based on its optimum growth at 25 °C. Little additional information is, however,
available to aid in its identification.

Although they represent two distinct phylogenetic groups, no significant
morphological or biological differences could be found to separate the remaining two
clades of isolates previously treated as C. cubensis. These two clades contain isolates
mainly from South America and South East Asia. Where they have been tested,
isolates in both groups were shown to be homothallic (Hodges et al. 1976, 1979, Van

Heerden et al. 1997, Van Zyl et al. 1998). They also give rise to the same disease
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symptoms (Boerboom & Maas 1970, Florence et al. 1986, Hodges et al. 1976, 1979,
Sharma et al. 1985). Furthermore, fungi representing both groups have been found on
clove (Hodges et al. 1986, Micales et al. 1987, Myburg et al. 2003).

Whether isolates representing the two phylogenetic groups within Chr.
cubensis represent distinct species remains to be decided. They are clearly closely
related and yet, based on DNA sequences, equally different to each other as they are
from Chr. austroafricana and Chrysoporthella hodgesiana. For the present, we have
chosen not to provide different names for these fungi, and these isolates will thus
represent Chr. cubensis. However, we believe that with more data, and particularly
with additional specimens from areas such as Cuba, it will be possible to decide
whether the remaining phylogenetic groups represent reproductively isolated species,
or whether gene flow occurs between them. Progress in resolving this question has
already been made with the development of Simple Sequence Repeats (SSR) markers
to study the population structure of Chr. cubensis and Chr. austroafricana (Van der
Merwe et al. 2003).

Various hypotheses have been presented to explain the origin of Chr. cubensis
(Hodges et al. 1986, Wingfield et al. 2001, Wingfield 2003, Seixas et al. 2004).
These have tended to focus on the occurrence of the fungus on hosts other than
Eucalyptus. This is because Eucalyptus spp. have not been considered as native hosts
of Chr. cubensis since there has only been a single report of Chr. cubensis on
Eucalyptus spp. in their native range (Davison & Coates 1991). One view is that Chr.
cubensis originated on cloves in Indonesia and that the fungus has moved from this
native tree to infect exotic Eucalyptus, via the movement of cloves around the world
through the spice trade (Hodges et al. 1986). Wingfield et al. (2001) showed that the

fungus occurs commonly on native Tibouchina spp. in Colombia and that it could
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equally have originated on this continent. Isolates from Tibouchina studied by
Wingfield et al. (2001) have now been shown to represent a species related to but
different from Chr. cubensis. However, other native Colombian Melastomataceae
such as Miconia theaezans and M. rubiginosa, have been recognized as hosts of Chr.
cubensis in Colombia (Rodas 2003). Thus, the hypothesis that Chr. cubensis has a
South American origin retains strong support. Resolution of the hypotheses relating
to the origin of Chr. cubensis is, however, obscured by the fact that isolates from the
two regions form distinct phylogenetic groups (Myburg et al. 1999, 2002b, 2003).
Another hypothesis based on this fact, states that Chr. cubensis could have a world-
wide distribution with isolation occurring in Asia and South America (Seixas et al.
2004). Before studies on the origin of Chr. cubensis are pursued further, the exact
relationship between the two phylogenetic groups within Chr. cubensis should,
however, be clarified.

Chrysoporthe austroafricana (as C. cubensis) was first described as a
pathogen on Eucalyptus in South Africa in 1989 (Wingfield et al. 1989). This fungus
was assumed to have been introduced into South Africa from areas where the
Eucalyptus canker pathogen was known to occur (Van Heerden & Wingfield 2001).
The view that Chr. austroafricana was introduced into South Africa was based on a
relatively low phenotypic diversity amongst isolates on Eucalyptus spp. (Van Heerden
& Wingfield 2001). Van der Merwe (2000) has recently shown, using microsatellite
markers, that despite a low genetic diversity, genetic recombination occurs among
isolates of Chr. austroafricana on Eucalyptus in South Africa. Perithecia are seldom
seen on Eucalyptus trees in South Africa and one possible explanation has been that
genetic recombination in Chr. austroafricana occurs on hosts other than Eucalyptus

(Conradie et al. 1990, Swart et al. 1991, Van der Merwe 2000). Recently this fungus
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was discovered on T. granulosa (Myburg et al. 2002a) and preliminary surveys have
suggested that the fungus also occurs on native Syzygium spp. (Heath et al. 2002).
The question of the host range and host of origin of Chr. austroafricana is currently
being actively pursued.

Chrysoporthe represents one of the most important genera of tree pathogens.
All three species recognized in this genus are highly pathogenic. Chrysoporthe
cubensis is an important pathogen that infects Eucalyptus spp. and clove in tropical
and sub-tropical areas of South America and South East Asia (Boerboom & Maas
1970, Hodges et al. 1976, 1979, Sharma et al. 1985). The fungus also occurs in
Central Africa (Gibson 1981, Hodges et al. 1986, Myburg et al. 2003, Roux et al.
2003) and Hawaii (Hodges et al. 1979, Myburg et al. 2003), where it has probably
been introduced. Chrysoporthe austroafricana is one of the most important
pathogens of Eucalyptus in South Africa (Wingfield et al. 1989). This fungus also
causes a serious canker disease on ornamental Tibouchina spp. (Myburg et al. 2002a).
Chrysoporthella hodgesiana causes a serious stem canker disease of Tibouchina spp.
in Colombia (Wingfield et al. 2001). Many of these fungi pose serious threats to
Myrtaceae and Melastomataceae in countries where they do not currently occur
(Wingfield 2003). In the past, they have been recognised under a single name, and
their relative threat has certainly been underestimated. This situation serves as an
example of the importance of in-depth taxonomic studies including DNA sequence
comparisons that expose differences that cannot be discerned based on morphology

alone.
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Table 1. Isolates included in this study.

Isolate Alternative  Species identity Host Origin Collector GenBank accession numbers*
number? isolate
number?
CMW 1856 - Chrysoporthe Eucalyptus sp. Kauai, Hawaii - AY 083999, AY 084010, AY 084022
cubensis
CMW 9903 - Chr. cubensis Syzygium Kalimantan, C.S. Hodges AF 292044, AF 273066, AF 273461
aromaticum Indonesia
CMW 11288°  CBS 115736  Chr. cubensis Eucalyptus sp. Indonesia M.J. Wingfield AY 214302, AY 214230, AY 214266
CMW 11289  CBS 115737  Chr. cubensis Eucalyptus sp. Indonesia M.J. Wingfield AY 214303, AY 214231, AY 214267
CMW 11290  CBS 115738  Chr. cubensis Eucalyptus sp. Indonesia M.J. Wingfield AY 214304, AY 214232, AY 214268
CMW 8650° CBS 115719  Chr. cubensis S. aromaticum Sulawesi, Indonesia ~ M.J. Wingfield AY 084001, AY 084013, AY 084024
CMW 8651 CBS 115718  Chr. cubensis S. aromaticum Sulawesi, Indonesia ~ M.J. Wingfield AY 084002, AY 084014, AY 084026
CMW 10774 - Chr. cubensis S. aromaticum Zanzibar, Tanzania - AF 492130, AF 492131, AF 492132
CMW 2631 - Chr. cubensis Eucalyptus Australia E. Davison AF 543823, AF 543824, AF523825
marginata
CMW 2632 - Chr. cubensis E. marginata Australia E. Davison AF 046893, AF 273078, AF 375607
CMW 10453 CBS505.63  Chr. cubensis Eucalyptus saligna Democratic - AY 063476, AY 063478, AY 063480
Republic of Congo
CMW 10669°  CBS 115751  Chr. cubensis Eucalyptus sp. Republic of Congo  J. Roux AF 535122, AF 535124, AF 535126
CMW 10671 CBS 115752  Chr. cubensis Eucalyptus sp. Republic of Congo  J. Roux AF 254219, AF 254221, AF 254223
CMW 10639° CBS 115747  Chr. cubensis Eucalyptus grandis Colombia C.A. Rodas AY 263419, AY 263420, AY 263421
CMW 8757 - Chr. cubensis Eucalyptus sp. Venezuela M.J. Wingfield AF 046897, AF 273069, AF 273464
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CMW 1853
CMW 10777
CMW 10778
CMW 9432¢
CMW 62

CMW 2113°
CMW 8755
CMW 9327
CMW 9328°
CMW 9932
CMW 9927

CMW 9928

CMW 9929

CMW 10641"¢

CMW 1652

CMW 10518

CBS 115755
CBS 115724

CBS 112916

CBS 115843

CBS 115854

CBS 112914

CBS 112919

Chr. cubensis
Chr. cubensis
Chr. cubensis
Chr. cubensis
Chrysoporthe
austroafricana
Chr. austroafricana
Chr. austroafricana

Chr. austroafricana

Chr. austroafricana
Chr. austroafricana
Chrysoporthella
hodgesiana
Chrysoporthella
hodgesiana
Chrysoporthella
hodgesiana
Chrysoporthella
hodgesiana
Cryphonectria
parasitica

Cryphonectria

S. aromaticum
S. aromaticum
S. aromaticum
E. grandis
E. grandis

E. grandis
E. grandis
Tibouchina
granulosa
T. granulosa
T. granulosa
Tibouchina
urvilleana

T. urvilleana

T. urvilleana

Tibouchina

semidecandra

Castanea dentata

Quercus sp.

Brazil

Brazil

Brazil
Mexico
South Africa

South Africa
South Africa
South Africa
South Africa
South Africa
Colombia
Colombia
Colombia
Colombia

US.A.

Japan

C.S. Hodges
C.S. Hodges
M.J. Wingfield
M.J. Wingfield

M.J. Wingfield
M.J. Wingfield
M.J. Wingfield

M.J. Wingfield
M.J. Wingfield
C.A. Rodas,
M.J. Wingfield
C.A. Rodas,
M.J. Wingfield
C.A. Rodas,
M.J. Wingfield
R. Arbaleaz

T. Kobayashi

AF 046891, AF 273070, AF 273465
AY 084005, AY 084017, AY 084029
AY 084006, AY 084018, AY 084030
AY 692321, AY 692324, AY 692323
AF 292041, AF 273063, AF 273458

AF 046892, AF 273067, AF 273462

AF 292040, AF 273064, AF 273458

AF 273473, AF 273060, AF 273455

AF 273474, AF 273061, AF 273456

AF 273472, AF 273062, AF 273457

AF 265653, AF 292034, AF 292037

AF 265654, AF 292035, AF 292038

AF 265656, AF 292036, AF 292039

AY 692322, AY 692326, AY 692325

AF 046902, AF 273075, AF 273468

AF 452118, AF 525706, AF 525713
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nitschkei
CMW 10463 CBS 112920  Cryphonectria Castanopsis Japan T. Kobayashi ~ AF 368331, AF 368351, AF 368350
macrospora cupsidata

& CMW = Forestry & Agricultural Biotechnology Institute (FABI), University of Pretoria, Pretoria, South Africa; CBS = Centraalbureau voor Schimmelcultures, Utrecht,
The Netherlands.

® |solates used in growth studies.

¢ Accession numbers refer to sequence data of the ITS, B-tubulin 1 (primers Btla/1b) and B-tubulin 2 (primers Bt2a/2b) regions respectively.

¢ Isolates sequenced in this study.
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Table 2. Herbarium specimens examined in this study.

Species identity Herbarium Linked Host Origin Collector Date
number? sequence”

Chrysoporthe BPI 631857 - Eucalyptus botryoides Santiago de las Vegas, S.C. Bruner 1916

cubensis (holotype) Cuba
BPI 631858 - E. botryoides Santiago de las Vegas, S.C. Bruner 1916
(slides only) Cuba
PREM 57294 CMW 10639 Eucalyptus grandis Vanessa, Colombia M.J. Wingfield 2000
PREM 58017 - Eucalyptus urophylla Colombia M.J. Wingfield 2000
PREM 57295 CMW 9432 Eucalyptus sp. Tabasco, Mexico M.J. Wingfield 2000
PREM 58016 CMW 9432 Eucalyptus sp. Tabasco, Mexico M.J. Wingfield 2000
IMI 284438 - E. grandis/ Eugenia sp.  Uverito, Venezuela C.S. Hodges 1983
MASS - E. grandis Minas Gerais, Brazil C.S. Hodges 1973
IMI 184653 - Eucalyptus maculata Minas Gerais, Brazil C.S. Hodges 1974
IMI 184652 - Eucalyptus propinqua Minas Gerais, Brazil C.S. Hodges 1974
IMI 172718 - Eucalyptus sp. Minas Gerais, Brazil C.S. Hodges 1973
IMI 173960 - Eucalyptus sp. Sdo Paulo, Brazil L. May 1973
IMI 285983 - Syzygium aromaticum Espirito Santo, Brazil ~ C.S. Hodges 1983
IMI 285982 CMW 10777 S. aromaticum Valenca, Brazil C.S. Hodges 1983
CMW 10778

IMI 177647 - Eucalyptus citriodora Paramaribo, Surinam P.A. Tennissen 1973
IMI 202849 - E. grandis Florida, U.S.A. C.S. Hodges 1976
CUP 58722 - E. grandis La Belle, Florida, W. Sinclair 1981
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IMI 351788
IMI 263717
IMI 45450
IMI 45440

IMI 279035
IMI 249406
IMI 261569
IMI 58569
IM1 58388
IMI 58567
IMI 58568
IMI 304273
PREM 57470

PREM 58018

PREM 58019

PREM 58020

IMI 231648

CMW 10774
CMW 10774

CMW 10774

CMW 8650
CMW 8651
CMW 8650
CMW 8651
CMW 8650
CMW 8651
CMW 8650
CMW 8651

Psidium cattleianum
Eucalyptus sp.
S. aromaticum

S. aromaticum

S. aromaticum

E. urophylla

E. grandis

S. aromaticum

S. aromaticum
Eugenia sp.
Eugenia sp.
Eugenia aromatica

S. aromaticum

S. aromaticum

S. aromaticum

S. aromaticum

Eugenia sp.

US.A.

Santa Catarina, Brazil

Hong Kong, China
Zanzibar, Tanzania

Zanzibar, Tanzania

Zanzibar, Tanzania
Edea, Cameroon
Kerala, India
Malaysia

Malaysia

Malaysia

Malaysia

Malaysia

Sulawesi, Indonesia

North Sulawesi,
Indonesia

North Sulawesi,
Indonesia

Utard, Sulawesi,
Indonesia

Bankals, Indonesia

C.S. Hodges
C.S. Hodges

J. Nutman, F.M.

Roberts
A. Dabek
F.B. Armitage
J.K. Sharma
A. Johnston
A. Johnston
A. Johnston
A. Johnston

Low Chow Fong

M.J. Wingfield

M.J. Wingfield

M.J. Wingfield

M.J. Wingfield

C.P.A. Bennett

1988
1981
1951
1951

1983
1980
1981
1954
1954
1954
1986
2001

2003

2003

2003
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Chrysoporthella
hodgesiana

Chrysoporthe

austroafricana

PREM 57297

IMI 231649
PREM 58021

IMI 350626

DAR 35434
PREM 58022
(holotype)
PREM 56914

PREM 56915

PREM 56913
PREM 58023
(holotype)
PREM 49377

PREM 49378

CMW 11289
CMW 11290
CMW 11289
CMW 11290

CMW 1856
CMW 10641

CMW 9927
CMW 9928
CMW 9929
CMW 9927
CMW 9928
CMW 9929

CMW 2113

Eucalyptus sp.

Eugenia sp.
Eucalyptus sp.

S. aromaticum
E. saligna
Tibouchina

semidecandra

Tibouchina urvilleana

T. urvilleana

Tibouchina lepidota
E. grandis

E. grandis

E. grandis

Sumatra, Indonesia

Sumatra, Indonesia

Sei Kabaro, Indonesia

Istana grounds,
Singapore
Kauai, Hawaii

Darien, Colombia

Buga, Colombia

Buga, Colombia

Buga, Colombia

KwaMbonambi, South
Africa

KwaMbonambi, South
Africa

KwaMbonambi, South
Africa

M.J. Wingfield

C.P.A. Bennett
M.J. Wingfield

C.P.Yik

C.S. Hodges
R. Arbeleaz

M.J. Wingfield

M.J. Wingfield

M.J. Wingfield
M.J. Wingfield

M.J. Wingfield

M.J. Wingfield

2001

2001

1991

1978
2001

1999

1999

1999

1989

1986

1987
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Cryphonectria

gyrosa

PREM 49379

PREM 57293

PREM 58024

PREM 57357

PREM 57358

PREM 57359

PREM 57360

PREM 57361

K 109807
(holotype)
K 109809

CMW 2113

CMW 9327,
CMW 9328
CMW 9327,
CMW 9328
CMW 9327,
CMW 9328

E. grandis

E. grandis

Inoculation of CMW
2113 into E. grandis
clone

Tibouchina granulosa

T. granulosa

T. granulosa

T. granulosa

T. granulosa

Bark

Bark

KwaMbonambi, South
Africa

Dukuduku, South
Africa

KwaMbonambi, South
Africa

KwaMbonambi, South
Africa

KwaMbonambi, South
Africa

KwaMbonambi, South
Africa

Durban, South Africa

Durban, South Africa

Sri Lanka

Mount Eliya, Sri
Lanka

M.J. Wingfield

M. Venter

J. Roux

J. Roux

J. Roux

J. Roux

J. Roux, R.
Heath & L.
Lombard

J. Roux, R.
Heath & L.
Lombard

G.H.K. Thwaites

1988

2001

2003

1999

1999

1999

2000

2000

1868
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BPI1 614797 - Elaeocarpus Hakgala, Sri Lanka T. Petch 1913
glandulifer
Cryphonectria CUP 2926 CMW 10790 Castanea dentata New York, USA W.A. Murrill 1907
parasitica
Cryphonectria TFM: FPH 1045 CMW 10518 Quercus grosseserrata  Japan T. Kobayashi 1954
nitschkei (holotype)
Cryphonectria TFM: FPH 1057 CMW 10463 Shiia sieboldii Japan T. Kobayashi 1954

macrospora

(holotype)

# BPI, U.S. National Fungus Collections, Systematic Botany and Mycology, Beltsville, U.S.A.; PREM, National Collection of Fungi, Pretoria, South Africa; DAR, Plant
Pathology Herbarium, Orange Agricultural Institute, N.S.W., Australia; CUP, Plant Pathology Herbarium, Plant Pathology Department, Cornell University, Ithaca, New York,
U.S.A.; IMI, Herbarium, CABI Bioscience, Egham, Surrey, U.K.; MASS, Herbarium, Biology Department, University of Massachusetts, Amherst, Massachusetts, U.S.A.; K,
Herbarium, Royal Botanic Gardens, Kew, Richmond, Surrey, England, U.K.; TFM: FPH, Forestry and Forest Products Research Institute, Norin Kenkyu, Danchi-Nai, Ibaraki,

Japan.

® Isolates in bold are directly linked to the specimens. Other isolates were only collected from the same country and host. CMW refers to the culture collection of the Forestry &

Agricultural Biotechnology Institute (FABI), University of Pretoria, Pretoria, South Africa.
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Table 3. Summary of polymorphic nucleotides found within the ribosomal ITS region and the two regions in the B-tubulin genes generated for
the phylogenetic groups of Chrysoporthe cubensis, Chr. austroafricana and Chrysoporthella hodgesiana. Only polymorphic nucleotides
occurring in all of the isolates are shown, and not alleles that occur in a single or small number of individuals per phylogenetic group. Fixed
polymorphisms for each group are highlighted and in bold, single nucleotide polymorphisms that also occur in other groups are only highlighted
and those fixed but shared between groups are in italics. Numerical positions of the nucleotides in the DNA sequence alignments are indicated,

and those nucleotides occurring in exons are in blocks.

Group Isolate number B-tubulin (Btla/1b) ITS1/5.85/ITS1
141 162 164 167 185 189 201 209 | 256 | 274 [ 1023 1309 1316 1317 1342
Asia/Hawaii  CMW 1856, CMW 2631, c G A A A T T T 7T cC |A G ] T G
| Zanzibar CMW 2632, CMW 8650,
CMW 8651
CMW 9903, CMW 10774 C G A A A T T T T C |A G ] T G
South Africa  CMW 9327, CMW 9328, c G € € A € € ¢ c¢c c |A A c - A
CMW 9932, CMW 62
CMW 2113 c G € € A €t € ¢ c c |A A [ - A
CMW 8755 C G A A A € € € c c |A A C - A
South CMW 9432, CMW8757, T A A A A T T T T 7T A A C - A
America CMW 10639, CMW1853,
CMW 10777, CMW 10778
Congo CMW 19776,CMW 10453, |T A A A A T T T T T A A C - A
CMW 10669, CMW 10671
Colombia, CMW 9927, CMW 9929, c G A A G T T T c T G A C - G
Tlbouchina  CMW 9928, CMW 10641
£
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Group Isolate number B-tubulin (Bt2a/2b)

537 546 585 669 | 789 | 810 | 819 | 859

Asia/Hawaii/ CMW 1856, CMW 2631, C G cC I T T T G
Zanzibar CMW 2632, CMW 8650,
CMW 8651
CMW 9903, CMW 10774 C G c G T T T G

South Africa  CMW 9327, CMW 9328, T G T G C T C G
CMW 9932, CMW 62

CMW 2113 T G T G C T C G
CMW 8755 T G T G C T C G
South CMW 9432, CMW 8757, c G T G C T C G
America CMW 10639, CMW 1853,
CMW 10777, CMW 10778
Congo CMW 19776, CMW 10453, |[C G T G C T C G

CMW 10669, CMW 10671

Colombia, CMW 9927, CMW 9929, C A T G C C C A
Tibouchina CMW 9928, CMW 10641
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Table 4. Number of fixed alleles between different phylogenetic groups of Chrysoporthe cubensis, Chr. austroafricana and Chrysoporthella

hodgesiana.

South East

Asian/Zanzibar/Hawaiian

group of Chr. cubensis

South American/Congolese

group of Chr. cubensis

Chrysoporthella hodgesiana

Chrysoporthe austroafricana
Chrysoporthella hodgesiana
South American/Congolese

group of Chr. cubensis

11
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10
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Fig. 1. Hosts and disease symptoms associated with species of Chrysoporthe. A.
Plantation of Eucalyptus globulus. B. Canker caused by Chrysoporthe cubensis on the
trunk of Eucalyptus grandis in Colombia. C. Section through trunk canker caused by Chr.
cubensis on E. grandis. D. Conidiomata of Chr. cubensis around canker margin on E.
grandis. E. Stem of E. grandis broken at canker caused by Chr. cubensis. F. Die-back
caused by Chr. cubensis on Syzygium aromaticum (clove) in Indonesia. G. Flowers of S.
aromaticum. H. Flowers of Tibouchina lepidota. 1. Die-back caused by Chrysoporthe
austroafricana on Tibouchina granulosa in South Africa.
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C. parasitica CMW 1652 USA

100 —— C. nitschkei CMW 10518 JAPAN Cryphonectria

100 “—— C. macrospora CMW 10463 JAPAN

100 [—— CMW1856 Eucalyptus HAWAII A

—— CMW 9903 Syzygium INDONESIA
a1 CMW 11290 Eucalyptus INDONESIA

100 —— CMW 11288 Eucalyptus INDONESIA Chr. CUbQI’lSI?
71 South East Asia/

100 — CMW 11289 Eucalyptus INDONESIA Australia/

92— CMW 2631 Eucalyptus AUSTRALIA Zanzibar/

CMW 2632 Eucalyptus AUSTRALIA Hawaii
100

100 f————— CMW 8650 Syzygium SULAWESI
CMW 8651 Syzygium SULAWESI

CMW 10774 Syzygium ZANZIBAR J

79 —— CMW 62 Eucalyptus SOUTH AFRICA A

—— CMW 8755 Eucalyptus SOUTH AFRICA

100  —— CMW 2113 Eucalyptus SOUTH AFRICA

94 Chr. austroafricana
—— CMW 9327 Tibouchina SOUTH AFRICA

100
79

aynuodosAuyd

CMW 9328 Tibouchina SOUTH AFRICA

—— CMW 9932 Tibouchina SOUTH AFRICA  _/

CMW 9432 Eucalyptus MEXICO N\
CMW 10639 Eucalyptus COLOMBIA

CMW 8757 Eucalyptus VENEZUELA

hr. nsi
100 CMW 1853 Syzygium BRAZIL Chr. cubensis

84 South America/
- CMW 10778 Syzygium BRAZIL Congo

—— CMW 10453 Eucalyptus DRC

100

CMW 10669 Eucalyptus CONGO
—— CMW 10671 Eucalyptus CONGO J
—— CMW 9927 Tibouchina COLOMBIA M

—— CMW 9928 Tibouchina COLOMBIA Chrysoporthella
hodgesiana

100
98 —— CMW 9929 Tibouchina COLOMBIA

—— CMW 10641 Tibouchina COLOMBIA ~

Fig. 2. Majority rule (70 %) consensus tree (tree length = 459 steps, consistency
index/Cl = 0.939, retention index/Rl = 0.951, g1 = -3.6) obtained from 100 trees
produced with the TBR algorithm of a heuristic search on a combined data set of
ribosomal DNA and B-tubulin gene sequences. Group frequencies and bootstrap
values (1000 replicates) of branches are indicated, with bootstrap values in bold.
Cryphonectria parasitica, Cryphonectria nitschkei and Cryphonectia macrospora
were used as outgroups.
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South East Asia/

— CMW 11289 Eucalyptus INDONESIA Australia/
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Fig. 3. Distance phylogram obtained with the HKY85 parameter model (G = 0.1717) on the
combined data set of ribosomal DNA and B-tubulin gene sequences. Bootstrap values (1000
replicates) of branches are indicated in bold. Cryphonectria parasitica, Cryphonectria
nitschkei and Cryphonectria macrospora were defined as outgroups to root the tree.




Fig. 4. Micrographs of Chrysoporthe cubensis. A. Black perithecial necks and orange
stromatic tissue (arrow) of ascostroma on bark. B. Vertical section through ascoma. C.
Stromatic tissue of ascostroma. D. Perithecial neck and surrounding tissue (arrow). E.
Ascus from specimen PREM 57297 collected in Indonesia. F. Ascospores. G, H.
Conidiomata of different shapes on bark. 1. Ascoma (dashed arrows) with conidiomata
(arrows) on top. J. Vertical section through conidioma. K. Tissue of the conidiomal
base. L. Tissue of conidiomal neck. M-N. Conidiophores from a Colombian specimen
(PREM 57294) and Cuban specimen (BPI 631857), respectively. O. Conidia. Scale
bars A-B, G-J =100 um; C-D, K-L =20 um; E-F, M-O =10 um.
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Fig. 5.  Micrographs of fruiting structures of Chrysoporthe austroafricana. A.
Ascostromata on bark showing black perithecial necks and orange stromatic tissue (arrow).
B. Vertical section through ascoma. C. Stromatic tissue of ascostroma. D. Perithecial
neck and surrounding tissue (arrow). E. Ascus. F. Ascospores. G. Pyriform conidiomata.
H. Vertical section through conidiomata. 1. Tissue of the conidiomal base. J. Tissue of
conidiomal neck. K. Conidiophores. L. Conidia. Scale bars A-B, G-H = 100 um; C-D,
I-J=20 um; E-F, K-L =10 #

2
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Fig. 6. Line drawings of Chrysoporthe austroafricana. A. Shapes of ascomata and
conidiomata (indicated with arrow) on bark. B. Section through ascoma. C. Asci and
ascospores. D. Shapes of conidiomata. E. Section through conidiomata. F. Conidiophores
and conidiogenous cells. G. Conidia. Scale bars A-B, D-E =100 um; C, F-G = 10 um.




Fig. 7. Micrographs of fruiting structures of Chrysoporthella hodgesiana. A-B.
Conidiomata of different shapes on bark. C. Vertical section through
conidioma. D. Tissue of the conidiomal base. E. Tissue of conidiomal neck.
F-G. Conidiophores. H. Conidia. Scale bars A-C = 100 um; D-E =20 um; F-
H =10 pum.
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Fig. 8. Line drawings of Chrysoporthella hodgesiana. A. Shapes of conidiomata on bark. B.
Section through conidiomata. C. Conidiophores and conidiogenous cells. D. Conidia. Scale
bars A-B = 100 um; C-D =10 pm.




Figs 9-11. Line drawings of the conidiophores of Chrysoporthe cubensis. 9. South East
Asian specimens. 10. South American specimens. 11. Type specimen (BPI 631857).
Scale bar = 10 um.
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CHAPTER 2

Chrysoporthe doradensis
sp. nov. pathogenic to
Eucalyptus in Ecuador

Gryzenhout M, Myburg H, Wingfield BD, Montenegro F, Wingfield MJ (2005).
Chrysoporthe doradensis sp. nov. pathogenic to Eucalyptus in Ecuador.

Fungal Diversity 20: 39-57.
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Chrysoporthe doradensis sp. nov. pathogenic to Eucalyptus in

Ecuador
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Abstract: Canker caused by Chrysoporthe cubensis is a serious disease of
commercially grown Eucalyptus in various South American countries. This disease
has not previously been recorded from Ecuador. Recent disease surveys in
Ecuadorian Eucalyptus plantations have led to the discovery of canker symptoms
typical of this disease with fruiting bodies resembling C. cubensis abundant on
diseased tissues. The aim of this study was to characterise the fungus based on
morphology and sequences of the ITS1/ITS2 regions of the ribosomal DNA operon
and B-tubulin genes. Phylogenetic analyses showed that isolates from Ecuador
reside in a clade together with other Chrysoporthe spp., but in a clearly distinct
group. The distinct phylogenetic position of the Ecuadorian fungus is supported by
unique conidial morphology and it is, therefore, described as Chrysoporthe

doradensis sp. nov. Pathogenicity trials on Eucalyptus deglupta showed that the
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fungus is highly pathogenic on this commonly planted tree as well as on saplings of

Tibouchina urvilleana.

Taxonomic novelty: Chrysoporthe doradensis Gryzenh. & M. J. Wingf. sp. nov.

Key words: Chrysoporthe cubensis, Chrysoporthe doradensis, Diaporthales,

Eucalyptus, Ecuador, Tibouchina

INTRODUCTION

Chrysoporthe cubensis (Bruner) Gryzenh. & M. J. Wingf., previously known as
Cryphonectria cubensis (Bruner) Hodges, causes a serious canker disease of
Eucalyptus trees in plantations. Chrysoporthe cubensisis common in the Neotropics
where it has been reported from several countries (Bruner 1917, Boerboom & Maas
1970, Hodges et al. 1976, 1979, Myburg et al. 1999, Van der Merwe et al. 2001,
Gryzenhout et al. 2004/Chapter 1 of this thesis). Girdling cankers on the stems of
trees by this pathogen has had a substantial impact on Eucalyptus propagation in the
tropics and sub-tropics, where it has also greatly influenced plantation practices
(Wingfield 2003). The best option for management of this disease has been through
breeding and selection of resistant Eucalyptus clones, and such programmes have
been successfully implemented in various South American countries (Alfenas et al.
1983, Wingfield 2003, Rodas et al. 2005).

Chrysoporthe is a recently described genus including the fungus previously

known as Cry. cubensis (Gryzenhout et al. 2004). DNA sequence comparisons and
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detailed morphological studies have shown that specimens and isolates previously
identified as Cry. cubensis from various parts of the world, represent at least three
species (Myburg et al. 2002a, Gryzenhout et al. 2004). The fungus now known as
C. cubensis represents isolates from South and Central America, but also includes
isolates from Central Africa, Hawaii, South East Asia and Australia (Gryzenhout et
al. 2004). In these areas, C. cubensis not only occurs on Eucalyptus but also on
other Myrtaceae such as Syzygium aromaticum (clove) in Brazil, Zanzibar and
Indonesia (Hodges et al. 1986, Myburg et al. 2003), and Melastomataceae such as
native Miconia theaezans and Miconia rubiginosa in Colombia (Rodas et al. 2005).
Other than C. cubensis, two other species of Chrysoporthe are known and
one of these occurs in South America together with C. cubensis. This species,
Chrysoporthella hodgesiana Gryzenh. & M. J. Wingf., is recognized as a species of
Chrysoporthe based on DNA sequence data, but is known only in its asexual state
and thus resides in the anamorph genus of Chrysoporthe. Chrysop. hodgesiana is
commonly found in Colombia on native Tibouchina spp. (Wingfield et al. 2001,
Gryzenhout et al. 2004) and on M. theaezans (Rodas et al. 2005). Other than its
unique DNA sequences, it can also be distinguished from C. cubensis based on its
low optimal growth temperature (Gryzenhout et al. 2004). Isolates of the fungus
previously known as Cry. cubensis from South Africa represents the third species
that has been provided the name C. austroafricana Gryzenh. & M. J. Wingf. This
species is defined by ascospores with rounded apices and is currently known only
from South Africa (Gryzenhout et al. 2004). All three Chrysoporthe species are
highly pathogenic to Eucalyptus spp. (Wingfield et al. 1989, Wingfield et al. 2001,

Wingfield 2003).
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Forestry in Ecuador includes the planting of native as well as exotic tree
species in plantations. Plantations of Eucalyptus are not widespread and little is
known regarding the diseases that affect them. Cankers caused by C. cubensis are
found in neighbouring countries such as Colombia (Van der Merwe et al. 2001), but
the disease has not been reported from Ecuador. The presence of this disease in
Ecuador could have a negative impact on forestry in the country, particularly if
susceptible species are planted. This provided the motivation for disease surveys in
Ecuadorian Eucalyptus plantations and the discovery of a canker disease that forms

the basis of this study.
MATERIALSAND METHODS

Symptoms and collection of samples

Eucalyptus grandis and E. deglupta trees of various ages between five and 10-years-
old were found with stem cankers (Fig. 1A) in plantations near the towns of Buenos
Aires. The extent of cankers differed substantially, but in many cases they had
girdled and killed trees. Ascostromata and conidiomata were commonly found
fruiting around the cankers, and these were collected and transported to the
laboratory for further study. Isolates were made, purified and have been lodged in
the culture collection (CMW) of the Forestry and Agricultural Biotechnology
Institute (FABI), University of Pretoria, Pretoria, South Africa (Table 1).
Representative isolates have also been deposited in the Centraalbureau voor

Schimmelcultures (CBS), Utrecht, Netherlands (Table 1). The original pieces of
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bark from which isolates were made were dried and have been deposited in the

herbarium of the National Collection of Fungi, Pretoria, South Africa (PREM).

M or phology

Fruiting structures were cut from the bark specimens and examined using the
methods outlined in Gryzenhout et al. (2004). Fifty ascospores, asci, conidia and
conidiophores were measured and are presented as (min-)(average - S.D.) —
(average + S.D.)(-max) um. Only minimum and maximum values arising from the
smallest and largest structure were obtained for the eustromata and perithecia.
Colours were assigned using the notations of Rayner (1970).

Growth in culture was studied for the isolates (CMW 11286, CMW 11287)
from E. grandis in Ecuador. This is especially important since Chrysop. hodgesiana
has been distinguished from C. cubensis based on growth characteristics in culture
(Gryzenhout et al. 2004). Growth of cultures was studied in the dark at
temperatures ranging from 15 to 35 °C, at 5 © intervals. The procedure for
assessment of growth in culture was the same as that described by Gryzenhout et al.

(2004).

DNA sequence comparisons

Sequences were obtained from a number of genic regions of isolates from E. grandis
in Ecuador. These sequences were compared with those published (Table 1) for C.
cubensis, C. austroafricana and Chrysop. hodgesiana from a variety of hosts
(Gryzenhout et al. 2004, Rodas et al. 2005). Isolates of Rostraureum tropicale

Gryzenh. & M. J. Wingf. were also included (Table 1). This species is closely
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related to Chrysoporthe and was recently described as a pathogen of Terminalia
ivorensis and T. superba in the same areas of Ecuador where the Chrysoporthe sp.
was found in this study (Gryzenhout et al. 2005/Chapter 7 in this thesis). The R.
tropicale isolates were included as outgroup taxa, together with the closely related
Cryphonectria parasitica (Murrill) M. E. Barr, Cryphonectria macrospora (Tak.
Kobay. & Kaz. I1t6) M. E. Barr and Cryphonectria nitschkei (G. H. Otth) M. E. Barr
(Gryzenhout et al. 2004, Myburg et al. 2004).

DNA was extracted from mycelium grown in Malt Extract Broth [20 g/L
Biolab malt extract] following the protocol described in Myburg et al. (1999). The
internal transcribed spacer (ITS) regions ITS1 and ITS2, and the conserved 5.8S
gene of the ribosomal RNA (rRNA) operon, as well as two regions of the B-tubulin
gene, were amplified as described in Myburg et al. (1999) and Myburg et al.
(2002a). PCR products were run on 1% agarose (ethidium bromide-stained) gels,
and detected under UV light. The PCR products were purified using a QlAquick
PCR Purification Kit (Qiagen, Hilden, Germany) and sequenced with the same
primers that were used to amplify the respective DNA regions. An ABI PRISM™
Dye Terminator Cycle Sequencing Ready Reaction Kit with AmpliTag® DNA
Polymerase, FS (Perkin-Elmer, Warrington, UK) was used for the sequence
reactions on an ABI PRISM 3100™ automated DNA sequencer.

The forward and reverse sequences that were obtained were imported into
Sequence Navigator version 1.0.1 software (Perkin-Elmer Applied BioSystems,
Foster City, CA). Sequences were manually aligned and inserted, together with
those from Rodas et al. (2005), in the TreeBASE data matrix (S 1211, M 2095)

generated in the study by Gryzenhout et al. (2004). Subsequent phylogenetic
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analyses were done using PAUP version 4.0b (Swofford 1998). The combinability
of the rRNA and B-tubulin gene sequence data sets was determined with a partition
homogeneity test (PHT; Farris et al. 1994). Parsimony using the heuristic search
option with the tree-bisection-reconnection (TBR) branch swapping, MULTREES
options (saving all optimal trees) effective and random sequence additions set to 100
was employed to generate trees. During analyses, uninformative sites were excluded
and individual CI values were used to reweight base pairs. Distance analyses were
also executed using the distance model determined with MODELTEST version 3.5
(Posada & Crandall 1998) to confirm results obtained with parsimony. Thus the
Transitional model or TIM (Tavaré 1986) was used (proportion of invariable sites (I)
= 0.1840; Base frequency = 0.1952, 0.3262, 0.2408, 0.2379; Rate matrix = 1.0,
3.3491, 1.8115, 1.8115, 5.9357, 1.0). In the heuristic searches, gaps inserted during
sequence alignment were treated as fifth character (NEWSTATE), but these were
treated as missing data for distance analyses. A 1000 replicate bootstrap analyses
was executed to assess the reproducibility levels of the branch nodes of the
phylogenetic trees. Individual sequences generated in this study have been

deposited in GenBank (Table 1).

Pathogenicity tests

Fifteen one-year-old E. deglupta trees were inoculated in November 2001 with
isolate CMW 11287 (Table 1) to assess its pathogenicity. The trees were planted on
the farm Rio Pitzara near the town of Santa Domingo. An equal number of trees
were inoculated with discs from uninoculated MEA plates to serve as negative

controls. Inoculation wounds were made with a 10 mm diam punch to remove the
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bark and expose the cambium. Agar discs of equal size and bearing the test fungus
were inserted into the wounds with the mycelium touching the exposed cambium.
Wounds were covered with masking tape to reduce desiccation and contamination.
Lesion development was assessed after five weeks by scraping the bark from the
lesions and measuring the lesion length. The size of lesions arising from the
inoculations was analysed in a Two-Sample t-Test Assuming Equal Variances in
Microsoft Excell 2000.

Based on the fact that Tibouchina spp. are highly susceptible to
Chrysoporthe spp. in other countries (Wingfield et al. 2001, Myburg et al. 2002b,
Seixas et al. 2004) and are thought to be possible native hosts to Chrysoporthe spp.
in South America (Gryzenhout et al. 2004), susceptibility of these trees, which are
native to Ecuador, was also tested. ~Twenty approximately one-year-old T.
urvilleana plants grown in pots (Fig. 1D) at a nursery near Buenos Aires, were thus
inoculated with the Chrysoporthe sp. from Eucalyptus in Ecuador. Inoculations
were done with isolate CMW 11287 in February 2000 using the same method
described above and including the same number of negative controls. Data were
analysed in a Two-Sample t-Test Assuming Equal Variances in Microsoft Excell

2000.
RESULTS

DNA sequence comparisons
Amplification products of the ITS1, 5.8S and ITS2 rRNA regions of the ribosomal

DNA operon were approximately 600 bp, while those of the two regions of the j3-
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tubulin genes approximately 550 bp in length. Based on results from the PHT test
(P = 0.04), the two data sets did not differ significantly from each other and could
thus be combined. The data set consisted of 34 taxa with the Cry. parasitica, Cry.
macrospora, Cry. nitschkei and R. tropicale isolates as the outgroup (Fig. 2). The
ribosomal DNA dataset (553 bp) consisted of 399 constant, 50 variable parsimony-
uninformative and 104 variable parsimony-informative characters (g1 = —3.186),
while the B-tubulin dataset (896 bp) contained 634 constant, 35 variable parsimony-
uninformative and 227 variable parsimony-informative characters (g1 = —2.809).
The combined data set contained 1449 sequence characters in total.

Thirty phylogenetic trees were generated from the heuristic search (tree
length = 474.5 steps, Cl = 0.914, Rl = 0.946) and only differed in the length of the
branches. These trees and the tree obtained through distance analyses, both
displayed the sub-clades observed previously for isolates of Chrysoporthe (Myburg
et al. 2002a, 2003, Gryzenhout et al. 2004). These sub-clades included the two in
which the morphologically identical isolates of C. cubensis reside (bootstrap support
= 99 % for the Asian group, 93 % for the South American group), the sub-clade
representing C. austroafricana (bootstrap support = 97 %) and the sub-clade
representing Chrysop. hodgesiana (bootstrap support = 89 %). Isolates from
Ecuador did not reside in any of the sub-clades representing existing Chrysoporthe
spp., but formed a distinct sub-clade with a 100 % bootstrap within the greater
Chrysoporthe clade. This sub-clade was characterised by unique alleles present in

all of the isolates (Table 2).
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M or phology

Ascostromata and conidiomata (Figs 3-4) of the fungus found on Eucalyptus
grandis in Ecuador were generally similar to those for the descriptions of
Chrysoporthe spp. (Myburg et al. 2003, Gryzenhout et al. 2004). Various
morphological features were, however, distinct from those of the described
Chrysoporthe spp. The most important distinguishing feature of this fungus is its
conidial morphology. Conidia of the fungus from Ecuador were larger, (3-)3.5-5(—
6) um in length, variable in shape, cylindrical to oblong to ovoid, and occasionally
allantoid (Figs 3K, 4F). Conidia of other Chrysoporthe species are oblong to ovoid,
and (3-)3.5-4.5(-5) um in length (Gryzenhout et al. 2004). Conidia of the fungus
from Ecuador were often also exuded as pale luteous spore drops (Figs 3G, 3H)
rather than the typical luteous to orange spore tendrils common to other
Chrysoporthe species (Gryzenhout et al. 2004). Besides pyriform conidiomata,
pulvinate conidiomata with short, thin necks (Figs 3G, 4D) were also observed,
which differ from those of C. cubensis (Gryzenhout et al. 2004). No obvious
differences in ascomatal structure and colony growth were observed for the fungus

from Ecuador and those of other Chrysoporthe spp. (Gryzenhout et al. 2004).

Taxonomy

Results of the DNA sequence and morphological comparisons clearly showed that
the fungus associated with cankers on Eucalyptus in Ecuador resides in
Chrysoporthe.  Furthermore, it represents a distinct and undescribed species. The

following description is provided for this new species.
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Chrysoporthe doradensis Gryzenh. & M. J. Wingf., sp. nov. Figs 3—4.

Etymology: after EI Dorado, legendary South American city of gold and the golden

colour of stromatic tissue of the fungus.

Ascostromata in cortice semi-immersa, collis peritheciorum protrudentibus atrofuscis cylindricis, et
textura erumpente ascostromatica limitata aurantiaca visibilibus. Asci octospori, fusoidei vel
ellipsoidei. Ascosporae hyalinae, uniseptatae, fusoideae vel ovales. Conidiomata superficialia,
pyriformia vel pulvinata, 1 colla in quaque structura, atrofusca. Basis stromatis e textura globulosa,
colla e textura porrecta composita. Conidiophora hyalina, cellula infima forma irregulari, supra
irregulares greges phialidum cylindricarum vel ampulliformium, sursum attenuatarum proferentes;
rami ad basim septati an non. Conidiorum massa cirrhis vel guttis luteis exudata; conidia hyalina,
non septata, oblonga. Coloniae in MEA albae cinnamomeo- vel avellaneo-maculatae, celeriter

crescentes, temperatura optima 30 °C.

Ascostromata semi-immersed in bark, recognizable by extending, fuscous-black,
cylindrical perithecial necks and in some cases, erumpent, limited ascostromatic
tissue appearing orange, 140-380 um high above the bark, 320-610 pm diam (Figs
3A-B, 4A-B). Perithecia valsoid, up to 5 per stroma, bases immersed in the bark,
black, globose, 230-400 um diam, perithecial wall 15-25 pm thick (Figs 3B, 4B).
Top of perithecial bases covered with cinnamon to orange, predominantly
prosenchymatous, stromatic tissue, which is occasionally visible above the bark
surface (Figs 3A-C, 4A-B). Perithecial necks black, periphysate, 90-110 pm wide
(Figs 3B, 4B). Necks emerging through the bark covered in umber, stromatic tissue
of textura porrecta, thus appearing fuscous-black, extending necks up to 1680 um

long, 80-140 um wide (Figs 3D, 4B). Asci 8-spored, biseriate, unitunicate, free
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when mature, non-stipitate with a non-amyloid refractive ring, fusoid to ellipsoid,
(19.5-)21.5-24(-25) X (4-)4.5-6(-7)um (Figs 3E, 4C). Ascospores hyaline, one-
septate, fusoid to oval, with tapered apices, (4.5-)5.5-7.5(-8.5) X 2-2.5 um (Figs
3F, 4C).

Conidiomata eustromatic, superficial to slightly immersed, pyriform to
pulvinate, usually with one attenuated neck per structure (Figs 3G-H, 4D-E),
fuscous-black, inside umber when young, conidiomatal base above the bark surface
70-300 pm high, 100-290 pm diam, necks up to 300 pm long, 20-90 um wide.
Conidiomatal locules with even to convoluted inner surface (Figs 31, 4E). Sromatic
tissue of base of textura globulosa, the walls of outer cells thickened, neck tissue of
textura porrecta (Fig. 3J). Conidiophores hyaline, with irregular shaped basal cells,
(2-)3.5-6(-7.5) X (2-)2.5-4(-5) um, branched irregularly at the base or above into
cylindrical cells, with or without separating septa, total length of conidiophore (9.5—
)12.5-18(-22.5) um (Figs 3K, 4F). Conidiogenous cells phialidic, determinate,
apical or lateral on branches beneath a septum, cylindrical to flask-shaped with
attenuated apices, 1.5-2(-2.5) um wide, collarette and periclinal thickening
inconspicuous (Figs 3K, 4F). Conidia hyaline, non-septate, oblong to ovoid to
cylindrical, occasionally allantoid, (3-)3.5-5(-6.5) X 1.5-2(-2.5) um (Figs 3L, 4F),
masses exuded as pale luteous droplets.

Cultural characteristics: on MEA white with cinnamon to hazel patches, or
completely cinnamon to hazel, fluffy with a smooth margin, fast-growing, covering
a 90 mm diam plate after a minimum of four to five days at the optimum
temperature of 30 °C. Cultures rarely sporulating after sub-culturing, teleomorphs

not produced.
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Substrate: Bark of Eucalyptus spp. including Eucalyptus grandis and Eucalyptus
deglupta.

Distribution: Ecuador

Soecimens examined: Ecuador, Pichincha, Buenos Aires, Buenos Aires nursery,
Eucalyptus grandis, November 2001, M. J. Wingfield, holotype designated here
PREM 58581, ex-type cultures CMW 11286 = CBS 115734, CMW 11287 = CBS
115735; Buenos Aires nursery, Eucalyptus grandis, July 2004, M. J. Wingfield,
PREM 58582; Buenos Aires nursery, ex-type isolate CMW 11287 from Eucalyptus
grandis inoculated into Tibouchina urvilleana, February 2000, M. J. Wingfield,
PREM 58583. South Africa, Pretoria, ex-type isolates CMW 11286 and CMW
11287 from Eucalyptus grandis inoculated into Eucalyptus grandis clone ZG14 in

the greenhouse, June 2002, M. Gryzenhout & H. Myburg, PREM 58584.

Pathogenicity tests
Inoculations with C. doradensis resulted in significant lesion development (avg.
57.5 mm, max. 72 mm) on the E. deglupta trees (Fig. 1B). These lesions were
girdling trees and were significantly larger (P < 0.001) than those in the control
inoculations (Fig. 1C). Fruiting structures were produced abundantly on the lesions
caused by the test fungus and C. doradensis could thus easily be re-isolated from the
inoculation wounds.

The inoculations on the T. urvilleana trees resulted in extremely long lesions
(lesions avg. 111.5 mm, max. 260 mm), often resulting in death of the tree parts

above the inoculation points (Figs 1E, 1G) and significantly different (P < 0.001)
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from those of the control inoculations. As was true on the E. deglupta trees, the
fungus fruited profusely on the lesions (Fig. 1F) and resulted in girdling of the stems

and the production of epicormic shoots below the points of inoculation (Fig. 1G).
DISCUSSION

The stem canker disease caused by the Chrysoporthe sp. described in this study
appears to be a serious and common disease of E. grandis and E. deglupta in the
lowlands of Ecuador. The climate in this area is tropical and thus very similar to
that in other parts of the world where Chrysoporthe spp. cause disease. Outward
symptoms of the disease are similar to those caused by C. cubensis, but
morphological and DNA based comparisons have shown clearly that the pathogen
represents a distinct species. We have thus provided the name C. doradensis for this
fungus, which is clearly an important pathogen in Ecuador.

Although peripherally similar to C. cubensis, C. doradensis could clearly be
distinguished from C. cubensis. Based on DNA sequences differences, C.
doradensis grouped separately from C. cubensis, C. austroafricana and Chrysop.
hodgesiana.  The most pronounced morphological feature supporting this
phylogenetic distinction is the variable shape of the conidia of C. doradensis that is
different from the more uniform oblong to oval conidia of other Chrysoporthe spp.
In addition, C. doradensis produces spore masses of a different colour to those of the
other species and C. cubensis.

Pathogenicity trials showed that C. doradensis is highly pathogenic and

results resemble those found with the aggressive pathogen C. austroafricana in
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South Africa (Van Heerden & Wingfield 2002, Roux et al. 2003, Rodas et al. 2005).
Large lesions were produced by C. doradensis on E. deglupta, which together with
E. grandis, is also naturally infected by the fungus in field stands. Although no
quantitative data are available, and no E. grandis trees were available for inoculation
at the time of this study, field observations suggest that E. grandis is substantially
more susceptible to infection than is E. deglupta.

Pathogenicity trials with C. doradensis on seedlings of T. urvilleana showed
that this host is highly susceptible to infection by the pathogen. In the two separate
trials involving E. deglupta and T. urvilleana respectively, lesions on T. urvilleana
were twice the length of those of E. deglupta. Similar results were obtained in
pathogenicity trials involving Chrysop. hodgesiana (Wingfield et al. 2001) and C.
cubensis (Rodas et al. 2005), where the pathogenicity of these species were also
compared on Tibouchina and Eucalyptus species. In these trials, the Tibouchina
trees were usually considerably more susceptible than the Eucalyptus trees, and were
often killed during the course of the trials.

The origin of C. doradensis is unknown although we suspect that it is native
to Ecuador. Despite widespread surveys for Chrysoporthe species over the past few
years, C. doradensis has not been isolated in other parts of South America or the
world, indicating that it might be restricted to Ecuador. If C. doradensis is native to
Ecuador, it would have originated from a host other than Eucalyptus, which is a non-
native in this country. Other species of Chrysoporthe in South and Central America
occur on native members of the Melastomataceae including species of Tibouchina
and Miconia (Wingfield et al. 2001, Gryzenhout et al. 2004, Rodas et al. 2005).

One possibility is that the fungus has originated on native Melastomataceae such as
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Tibouchina spp. that are common in Ecuador. The fact that T. urvilleana was highly
susceptible to infection in this study might argue against this genus of tree being a
native host. However, Tibouchina spp. in Ecuador are never found in the hot humid
lowlands but are rather restricted to cool, high altitude forests of Ecuador.
Susceptibilty of these trees to Chrysoporthe spp. could thus be associated with hot
humid climates.

It is not clear whether C. cubensis and Chrysop. hodgesiana occur in
Ecuador. The wide distribution of C. cubensis throughout South and Central
America would suggest that the pathogen should also occur in this country.
Chrysop. hodgesiana, however, has been reported only from Colombia (Gryzenhout
et al. 2004, Rodas et al. 2005) and it is unknown whether it occurs elsewhere in
South America. Cankers caused by C. doradensis are common on Eucalyptus spp.
in the Ecuadorian lowlands and some of these may be caused by Chrysoporthe spp.
other than the newly described C. doradensis. Identification of these fungi is
difficult and demands robusts tests and ideally DNA sequence comparisons. For the
present, it is clear that C. doradensis is commonly associated with cankers on
Eucalyptus spp. in Ecuador, but other species of Chrysoporthe may also be present.
If other species are present, this would potentially complicate disease management
strategies.

The relative susceptibility of Eucalyptus spp. world wide to canker caused by
species of Chrysoporthe, has been based on knowledge of the well known C.
cubensis. The recent discovery that there are various other species related to this
fungus, and that these are all pathogenic to Eucalyptus, should change this view.

While C. cubensis might be pathogenic to certain species of Eucalyptus, others such
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as the new species described in this study, could have a different host range. For
example, the fungus causing cankers on Eucalyptus in South Africa, now known as
C. austroafricana, is highly pathogenic and appears to have a rather different
biology to C. cubensis (Wingfield 2003). These fungi, like the well known and
devastating chestnut blight pathogen Cry. parasitica (Anagnostakis 1987), are
virulent pathogens that can cause substantial damage to trees. Thus great effort
should be made to ensure that they are not introduced into new areas of the world,
where native Myrtaceae, Melastomataceae, or possibly hosts in other families, could

be highly susceptible to infection by them.
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Table 1. Isolates included in this study. Isolates in bold were sequenced in this study.

Speciesidentity I solate number?® Alternative Host Origin Collector GenBank accession numbers’
isolate number?®

Chrysopo_rthe CMW 11286 CBS 115734 Eucalyptus grandis. Ecuador M J.Wingfield AY 214289, AY 214217, AY 214253

doredenss CMW 11287 CBS 115735 E. grandis Ecuador M.J. Wingfield AY 214290, AY 214218, AY214254
CMW 9123 CBS 115717 Eucalyptus deglupta Ecuador M.J. Wingfield DQ 224034, DQ 224038, DQ 224039
CMW 9124 CBS 115716 E. deglupta Ecuador M.J. Wingfield DQ 224035, DQ 224040, DQ 224041
CMW 9125 CBS 115715 E. deglupta Ecuador M.J. Wingfield DQ 224036, DQ 224042, DQ 224043
CMW 9126 CBS 115723 E. deglupta. Ecuador M.J. Wingfield DQ 224037, DQ 224044, DQ 224045

Chrysoporthe CMW 1856 - Eucalyptus sp. Kauai, Hawaii - AY 083999, AY 084010, AY 084022

cubensis
CMW 9903 - Syzygium aromaticum Kalimantan, Indonesia C.S. Hodges AF 292044, AF 273066, AF 273461
CMW 11290 CBS 115738 Eucalyptus sp. Indonesia M.J. Wingfield AY 214304, AY 214232, AY 214268
CMW 8650 CBS 115719 S. aromaticum Sulawesi, Indonesia M.J. Wingfield AY 084001, AY 084013, AY 084024
CMW 10774 - S aromaticum Zanzibar, Tanzania - AF 492130, AF 492131, AF 492132
CMW 2632 - Eucalyptus marginata Australia E. Davison AF 046893, AF 273078, AF 375607
CMW 10453 CBS 505.63 Eucalyptus saligna Democratic Republic of - AY 063476, AY 063478, AY 063480

Congo

CMW 10669 CBS 115751 Eucalyptus sp. Republic of Congo J. Roux AF 535122, AF 535124, AF 535126
CMW 10639 CBS 115747 E. grandis Colombia C.A. Rodas AY 263419, AY 263420, AY 263421
CMW 9993 CBS 115728 Miconia theaezans Colombia C.A. Rodas AY 214298, AY 214226, AY 214262
CMW 10024 CBS 115739 Miconia rubiginosa Colombia C.A. Rodas AY 262390, AY 262394, AY 262398
CMW 8757 - Eucalyptus sp. Venezuela M.J. Wingfield AF 046897, AF 273069, AF 273464
CMW 1853 - S. aromaticum Brazil - AF 046891, AF 273070, AF 273465
CMW 10778 CBS 115755 S. aromaticum Brazil C.S. Hodges AY 084006, AY 084018, AY 084030
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Chrysoporthe

austroafricana

Chrysoporthella
hodgesiana

Cryphonectria
parasitica
Cryphonectria
nitschkei
Cryphonectria
macrospora
Rostraureum

tropicale

CMW 9432
CMW 2113

CMW 8755

CMW 9327

CMW 9328

CMW 9927

CMW 9995

CMW 10641
CMW 10625

CMW 1652

CMW 13742

CMW 10463

CMW 9972

CMW 10796

CBS 115724
CBS 112916

CBS 115843

CBS 115730

CBS 115854
CBS 115744

CBS 112914

MAFF 410570

CBS 112920

CBS 115757

E. grandis
E. grandis

E. grandis
Tibouchina granulosa
T. granulosa

Tibouchina urvilleana

Tibouchina semidecandra

T. semidecandra
M. theaezans

Castanea dentata

Quercus grosseserrata

Castanopsis cupsidata

Terminaliaivorensis

T. ivorensis

Mexico
South Africa

South Africa
South Africa
South Africa

Colombia

Colombia

Colombia
Colombia

US.A

Japan

Japan

Ecuador

Ecuador

M.J. Wingfield
M.J. Wingfield

M.J. Wingfield
M.J. Wingfield
M.J. Wingfield
C.A. Rodas,
M.J. Wingfield
R Arbelaez

R. Arbaleaz
C.A. Rodas

T. Kobayashi

T. Kobayashi

M.J. Wingfield

M.J. Wingfield

AY 692321, AY 692324, AY 692323
AF 046892, AF 273067, AF 273462

AF 292040, AF 273064, AF 273458
AF 273473, AF 273060, AF 273455
AF 273474, AF 273061, AF 273456

AF 265653, AF 292034, AF 292037

AY 956969, AY 956977, AY 956978

AY 692322, AY 692326, AY 692325
AY 956970, AY 956979, AY 956980

AF 046902, AF 273075, AF 273468

AY 697936, AY 697961, AY 697962

AF 368331, AF 368351, AF 368350

AY 167426, AY 167431, AY 167436

AY 167428, AY 167433, AY 167438

4 CMW = Forestry & Agricultural Biotechnology Institute (FABI), University of Pretoria, Pretoria CBS = Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands; MAFF =
Microorganisms Section, MAFF GENEBANK, National Institute of Agrobiological Sciences (NIAS), MAFF Gene Bank, Ibaraki, Japan.

b Accession numbers refer to sequence data of the ITS, B-tubulin 1 (primers Btla/1b) and p-tubulin 2 (primers Bt2a/2b) regions respectively.
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Table 2. Summary of polymorphic nucleotides found within sequences of the ribosomal ITS region and two regions in the B-tubulin genes for
Chrysoporte cubensis, Chrysoporte austroafricana, Chrysoporte doradensis and Chrysoporthella hodgesiana. Only polymorphic nucleotides
shown to occur in all of the isolates in this study or previously (Gryzenhout et al. 2004), are shown (in bold typeface), and not alleles that occur
in a single or small number of individuals per phylogenetic group. Numerical positions of the nucleotides in the DNA sequence alignments are

indicated, and those nucleotides occurring in exons are in bold typeface.

Species Isolatenumbers  B-tubulin (Btla/b) I TSL/5/851TS2
141 153 161 162 164 167 185 189 201 209 258 276 354 | 1040 1326 1333 1334 1359
Chrysoporthe All isolates in c C G G A A A T T T T C C A G T T G
cubensis Asian group
All isolates in T C G A A A A T T T T T C A A C - A

South American

group
Chrysoporthe CMW 9327, C C G G C C A C C C C C C A A C - A
austroafricana CMW 9328
CMW 2113 C C G G C C A C C C C C C A A T - A
CMW 8755 C C G G A A A C C C C C C A A C - A
Chrysop. All isolates cC ¢C G G A A G T T T C T C G A C - G
hodgesiana
Chrysoporthe All isolates C T A G A A A T c C 7T C A A A C - A
doradensis
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Table 2 cont.
Species I solate numbers B-tubulin (Bt2a/b)
539 548 561 586 705 791 812 821 860

Chrysoporthe All isolates in C G C C A T T T G
cubensis Asian group

All isolates in C G C T A C T C G

South American

group
Chrysoporthe CMW 9327, T G C T A C T C G
austroafricana CMW 9328

CMW 2113 T G C T A C T C G

CMW 8755 T G C T A C T C G
Chrysop. All isolates C A C T A C C C A
hodgesiana
Chrysoporthe All isolates C G T C G T T C G
doradensis
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Fig. 1. Symptoms associated with the canker pathogen Chrysoporthe doradensis in the
field and in inoculation trials. A. Stem canker of a dying Eucalyptus grandis tree in the
field. B. Lesion on Eucalyptus deglupta associated with inoculations. C. Control
inoculation on E. deglupta. D. Tibouchina urvilleana. E. Lesion associated with
inoculations on T. urvilleana. F. Fruiting structures of C. doradensis on T. urvilleana.
G. Formation of epicormic shoots resulting from inoculations on T. urvilleana.
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Fig. 2. A phylogram obtained from the combined data set of ribosomal DNA and B-tubulin
gene sequences. Distance analyses were done using the Transitional model (proportion of
invariable sites (I) = 0.1840; Base frequency = 0.1952, 0.3262, 0.2408, 0.2379; Rate matrix =
1.0, 3.3491, 1.8115, 1.8115, 5.9357, 1.0). Bootstrap values (1000 replicates) of branches are
indicated on the branches and isolates representing the new species are in bold type . The

outgroups includes Rostraureum tropicale, Cryphonectria parasitica, Cryphonectria
nitschkei and Cryphonectria macrospora.
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Fig. 3. Micrographs of fruiting structures of Chrysoporthe doradensis (from holotype). A.
Ascostroma on bark showing black perithecial necks and orange stromatic tissue (arrow). B.
Vertical section through ascostroma. C. Stromatic tissue of ascostroma. D. Perithecial neck
and surrounding tissue (arrow). E. Ascus. F. Ascospores. G-H. Conidiomata. |. Vertical
section through conidiomata. J. Tissue of the conidiomal base and neck (arrow). K.
Conidiophores. L. Conidia. Scale bars A-B, G- 1 =100 ym; C-D, J = 20 um; E-F, K-L =
10 pm. ke
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Fig. 4. Schematic drawings of Chrysoporthe doradensis (from holotype). A. Ascostroma on
bark. B. Section through ascostroma. C. Asci and ascospores. D. Conidiomata on bark. E.
Section through conidioma. F. Conidiophores and conidia. Scale bars A-B, D-E = 100 um; C,
F =10 um.
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Novel hosts of the Eucalyptus canker pathogen Chrysoporthe cubensis and a new
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* Toba Pulp Lestari, Porsea, Sumatera, Indonesia.

Abstract. The pathogen Chrysoporthe cubensis (formerly Cryphonectria cubensis) is
best known for the important canker disease that it causes on Eucalyptus species.
This fungus is also a pathogen of Syzygium aromaticum (clove), which is native to
Indonesia and, like Eucalyptus, in the Myrtaceae. Furthermore, C. cubensis has been
found on Miconia spp. native to South America and residing in the Melastomataceae.
Recent surveys have yielded C. cubensis isolates from new hosts, characterized in this
study based on DNA sequences for the ITS and B-tubulin gene regions. These hosts
include native Clidemia sericea and Rhynchanthera mexicana (Melastomataceae) in
Mexico, and non-native Lagerstroemia indica (Pride of India, Lythraceae) in Cuba.
Isolates from these hosts and areas group in the sub-clade of C. cubensis
accommodating the South American collections of the fungus. This sub-clade also

includes isolates recently collected from Eucalyptus in Cuba, which are used to
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epitypify C. cubensis. New host records from South East Asia include exotic
Tibouchina urvilleana from Singapore and Thailand and native Melastoma
malabathricum (Melastomataceae) in Sumatra, Indonesia. Consistent with their areas
of occurrence, isolates from the latter collections group in the Asian sub-clade of C.
cubensis. DNA sequence comparisons of isolates from Tibouchina lepidota in
Colombia revealed that they represent a new sub-clade within the greater
Chrysoporthe clade. Isolates in this clade are described as Chrysoporthe inopina sp.

nov. nom. prov., based on distinctive morphological differences.

Taxonomic novelty: Chrysoporthe inopina Gryzenh. & M. J. Wingf. sp. nov. nom.
prov.

Key words: Chrysoporthe cubensis, Chrysoporthe inopina, Clidemia sericea,
Lagerstroemia indica, Melastoma malabathricum, Miconia, Rhynchanthera

mexicana, Tibouchina urvilleana

INTRODUCTION

Chrysoporthe cubensis (Bruner) Gryzenh. & M. J. Wingf., previously known as
Cryphonectria cubensis (Bruner) Hodges, is a well documented pathogen of various
tree species in tropical and sub-tropical areas of the world (Wingfield 2003). On
Eucalyptus (Myrtales, Myrtaceae), the fungus causes serious damage, especially in
commercial plantations of susceptible species or clones (Hodges et al. 1979, Van
Heerden et al. 2005). The fungus also causes a serious canker disease on Syzygium

aromaticum (clove, Myrtaceae) in Malaysia, Indonesia, Zanzibar and Brazil (Nutman
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& Roberts 1952, Reid & Booth 1969, Hodges et al. 1986, Gryzenhout et al.
2004/Chapter 1 in this thesis). Chrysoporthe cubensis has recently been found to
cause die-back and cankers on native Miconia rubiginosa and Miconia theaezans trees
(Myrtales, Melastomataceae), where these trees occur naturally in Colombia (Rodas
et al. 2005).

In recent years, numerous isolates of C. cubensis have been collected from
different hosts and parts of the world. Large numbers of these isolates have been
characterised based on DNA sequence data for the ITS region of the ribosomal DNA
operon, B-tubulin genes and Histone H3 genes (Myburg et al. 1999, Myburg et al.
2002a, 2003, Gryzenhout et al. 2004). These comparisons have thus shown that
isolates of C. cubensis group in two well resolved sub-clades, roughly related to
geographic distribution, within the greater Chrysoporthe clade (Gryzenhout et al.
2004). The one sub-clade encompasses isolates mainly from South America, but
isolates from the Congo, Republic of the Congo and Cameroon (Africa) also group in
this clade (Myburg et al. 2003, Roux et al. 2003, Nakabonge et al. 2006). The second
clade contains isolates from many South East Asian countries and Australia (Myburg
et al. 1999, 2002a), as well as isolates from Zanzibar in Tanzania, Kenya,
Mozambique, Malawi (Africa) and Hawaii (U.S.A.) (Myburg et al. 2003, Nakabonge
et al. 2006). Isolates and specimens linked to these two sub-clades are
morphologically and phenotypically indistinguishable (Gryzenhout et al. 2004).

In addition to the two sub-clades identified for C. cubensis, three other
phylogenetic sub-clades have also been recognized within Chrysoporthe, for isolates
previously assigned to Cry. cubensis (Myburg et al. 1999, 2002a, Wingfield et al.
2001, Gryzenhout et al. 2004, 2005/Chapter 2 of this thesis). The fungi defining these

sub-clades are morphologically distinct from each other and from C. cubensis and
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have thus been described as novel taxa (Gryzenhout et al. 2004, 2005). Collections
making up the South African sub-clade have been described as Chrysoporthe
austroafricana Gryzenh. & M. J. Wingf., recognizable by the rounded apices of the
ascospores (Gryzenhout et al. 2004). The isolates in the sub-clade from Tibouchina
trees in Colombia, which do not have sexual structures, have been described in a new
anamorph genus for Chrysoporthe as Chrysoporthella hodgesiana Gryzenh. & M. J.
Wingf. (Gryzenhout et al. 2004). This fungus can be recognized by its optimal
temperature for growth in culture, which is lower than that of other species of
Chrysoporthe. Isolates from Eucalyptus spp. in Ecuador represent the third sub-clade,
and this fungus has been described as Chrysoporthe doradensis Gryzenh. & M. J.
Wingf. based on its variably shaped conidia and pale lutous spore droplets
(Gryzenhout et al. 2005).

Several hypotheses have been formulated regarding the origin of C.
cubensis. One of these is that the fungus originated on clove where these trees are
native on the Molucca islands of Indonesia (Hodges et al. 1986). The fungus could
thus have been moved around the world with these trees, when they were planted for
the spice trade, and later adapted to infect Eucalyptus (Hodges et al. 1986). Another
view is that C. cubensis originated in South and Central America (Wingfield et al.
2001). The latter hypothesis is strongly influenced by the wide-spread occurrence of
the fungus in various pan-tropical countries and islands of South and Central America
and the Caribbean (Gryzenhout et al. 2004), its high phenotypic diversity in various
South America countries (Van Heerden et al. 1997, Van Zyl et al. 1998) as well as its
discovery on native Miconia species in Colombia (Rodas et al. 2005). This would be
consistent with observations that C. cubensis rapidly infected Eucalyptus spp. when

plantations of these trees were established in South America (Hodges et al. 1986,
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Seixas et al. 2004), or on islands such as Hawaii (Hodges et al. 1986). Whether
isolates defining the Asian and South American sub-clades of C. cubensis represent
discrete and cryptic taxa or groups of isolates in the process of speciation is not clear.
Population genetic studies are required to resolve this question and thus to more fully
understand the probable origin of the fungus.

The hypotheses regarding the origin of C. cubensis are based largely on the
occurrence of this fungus on hosts other than Eucalyptus spp. Although the fungus
has been found in Australia where Eucalyptus spp. are native, it is not common and it
occurs in a mediterranean environment quite atypical for it (Hodges et al. 1986,
Davison & Coates 1991). Views concerning the origin of C. cubensis also rest firmly
on our knowledge of the geographical distribution of the pathogen. An expanded
view of the hosts and distribution of C. cubensis must contribute significantly to a
better understanding of the origin of this fungus. We have, therefore, actively
collected isolates of C. cubensis from trees other than Eucalyptus and also from areas
where this fungus has not previously been found. In addition, collections have been
made in Cuba, the locality of the type specimen, in order to obtain isolates firmly
defining this species. The aim of this study was to characterise these isolates,
apparently representing new collections of C. cubensis from previously unreported
hosts and areas, using DNA sequence data and morphological characteristics. An
additional aim was to define an epitype for C. cubensis and thus to secure the name

using DNA sequence data.
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MATERIALS & METHODS

Symptoms and collection of samples
Collections used in this study were made in many parts of the world (Fig. 1). In
Mexico, fruiting structures of fungi resembling C. cubensis were found on Clidemia
sericea (Melastomataceae). These plants are common as weeds and occurred at road
sides and in proximity to Eucalyptus plantations. Structures of a Chrysoporthe sp.
were associated with cankers on the stems or at the bases of the stems. Subsequent
collections from the same area by Mr. F. Ferreira yielded fruiting structures
reminiscent of C. cubensis on Rhynchanthera mexicana (Melastomataceae).
In Cuba, fruiting structures believed to represent C. cubensis were common on
cankers (Fig. 2A) on E. grandis, E. saligna and E. urophylla trees in Parque
Metropolitano (Cerro Municipality. Havana city), Santiago de las Vegas (Boyeros
Municipality, Havana city) and La Habano (or Havana city). Chrysoporthe cubensis
was originally described from this area but there is only one specimen representing
the holotype and there are no isolates linked to this important specimen (Gryzenhout
et al. 2004). Therefore, specimens and isolates were collected from Cuba in order to
fortify collections of the fungus and to define an epitype for it. In Cuba, fruiting
structures resembling those of C. cubensis were also found on the tree Lagerstroemia
indica (Myrtales, Lythraceae), commonly known as Pride of India, or crepe myrtle,
growing in the gardens of the Institute of Ecology and Systematics, Boyeros
Municipality, Havana city (Figs 2E-F).

In North Sumatra, structures resembling a species of Chrysoporthe were found
on a native Melastoma sp. (Melastoma malabathricum) also known as the Straits

Rhododendron. These trees were part of the natural vegetation around Lake Toba and




NOVEL HOSTS FOR CHRYSOPORTHE CUBENSIS AND CHRYSOPORTHE INOPINA SP. NOV. 98

in an area where both clove and Eucalyptus trees are planted (Figs 2B-C). Tibouchina
urvilleana plants (Fig. 2D) in Singapore and Thailand were also found bearing
fruiting structures similar to those of Chrysoporthe spp. This is not a certain host of
C. cubensis since previous reports of C. cubensis on Tibouchina spp. (Wingfield et al.
2001, Seixas et al. 2004) represent Chrysop. hodgesiana or are of unconfirmed
identity (Gryzenhout et al. 2004).

Additional plant material bearing structures resembling those of Chrysoporthe
spp. and isolates derived from these specimens, were obtained from Colombia.
Specimens bearing fruiting structures taken from T. lepidota trees were collected at
the Libano farm of Smurfit Carton de Colombia, near Pereira, Colombia. This
material included teleomorph structures of a fungus resembling a Chrysoporthe sp.

Isolations from the fruiting structures on the bark surface of field-collected
specimens, were made on malt extract agar MEA [20 g/L malt extract agar (Biolab,
Merck, Midrand, South Africa)]. This was done by taking conidial or ascospore drops
from the necks of fruiting structures or by exposing the spore mass inside the
ascomata and then removing spores from it. The resultant cultures are maintained in
the culture collection of the Forestry and Agricultural Biotechnology Institute (FABI),
University of Pretoria, South Africa, and representative isolates have been deposited
with the Centraalbureau voor Schimmelcultures (CBS), Utrecht, Netherlands (Table
1). The original bark specimens connected to the isolations have been deposited in

the herbarium of the National Collection of Fungi, Pretoria, South Africa (PREM).

DNA sequence comparisons
Isolates for DNA sequence comparisons were grown in Malt Extract Broth [20 g/L

malt extract, Biolab, Midrand, South Africa]. DNA was extracted from mycelium as
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described in Myburg et al. (1999). The internal transcribed spacer (ITS) regions ITS1
and 1TS2, as well as the conserved 5.8S gene of the ribosomal RNA (rRNA) operon,
were amplified as described by Myburg et al. (1999). Two regions within the -
tubulin genes were also amplified following the methods of Myburg et al. (2002a).
Purification of PCR products was done using a QIAquick PCR Purification Kit

(Qiagen GmbH, Hilden, Germany).

The purified PCR products were sequenced with the same primers that were
used to amplify the respective DNA regions. An ABI PRISM™ Dye Terminator
Cycle Sequencing Ready Reaction Kit with AmpliTag® DNA Polymerase (Perkin-
Elmer, Warrington, UK) was used to sequence the amplification products on an ABI
PRISM 3100™ automated DNA sequencer. The resulting raw nucleotide sequences
were edited using Sequence Navigator version 1.0.1 (Perkin-Elmer Applied

BioSystems, Inc., Foster City, California, U.S.A.) software.

Sequences were added to the existing dataset (S 1211, M 2095) of Gryzenhout
et al. (2004) and manually aligned. This dataset (Table 1) thus included isolates of C.
cubensis from Eucalyptus spp. (Myburg et al. 2002a, Gryzenhout et al. 2004), S.
aromaticum (Myburg et al. 1999, 2003) and Miconia spp. (Rodas et al. 2005) from
different parts of the world; isolates of C. hodgesiana from T. urvilleana (Wingfield et
al. 2001, Gryzenhout et al. 2004) and M. theaezans (Rodas et al. 2005); C.
austroafricana isolates from Eucalyptus spp., T. granulosa (Myburg et al. 2002b,
2002b) and S. cordatum (Heath et al. 2006); and isolates representing C. doradensis
(Gryzenhout et al. 2005). The outgroup consisted of species of the closely related
Cryphonectria, namely Cryphonectria parasitica (Murrill) M. E. Barr, Cryphonectria
nitschkei (G. H. Otth) M. E. Barr and Cryphonectria macrospore (Tak. Kobay. &

Kaz. 1t0) M. E. Barr.
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Phylogenetic trees were inferred using PAUP (Phylogenetic Analysis Using
Parsimony) version 4.0010 (Swofford 2002). A 500 replicate partition homogeneity
test (PHT) (Farris et al. 1994) was applied to the rRNA and B-tubulin gene sequence
data sets (after the exclusion of uninformative sites, heuristic search with 100 random
sequence additions and tree-bisection-reconnection branch swapping, MULTREES
off) to determine whether they could be analysed collectively. A phylogenetic tree
was inferred from distance analyses. The correct model for the data sets was found
with MODELTEST version 3.5 (Posada & Crandall 1998). The HKY85 model
(Hasegawa et al. 1985) with the Gamma distribution shape parameter set to 0.1798
(fregA 0.1893, freqC 0.3273, freqG 0.2368, freqT 0.2465, Ti/Tv 2.0064), was shown
to be the appropriate model. A 1000 replicate bootstrap analysis was executed to
assess the confidence levels of the branch nodes of the phylogenetic tree. The

sequence data generated in this study have been deposited in GenBank (Table 1).

Mor phology

Fruiting structures were cut from the bark specimens and rehydrated in boiling water
for 1 min. The structures, embedded in Leica mountant (Setpoint Premier,
Johannesburg, South Africa), were sectioned approximately 12 um thick. The
sections were dropped in water, transferred to microscope slides and mounted in 85%
lactic acid. Fresh slides from structures were also made with lactic acid or 3% KOH.
Twenty measurements of ascospores, asci, conidia and conidiophores were taken from
the fresh slides for all specimens, but fifty measurements were taken for the holotype
specimen. These are presented as (min-)(average - std. dev.) — (average + std. dev.)(-
max) um. A range of measurements (minimum and maximum) was obtained from at

least two structures (representing the smallest and largest) for the anamorph and
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teleomorph stromata on the bark, and perithecia representing the midpoint from
sections, respectively. Standard colour notations provided by Rayner (1970) were
applied.

Growth of isolates CMW 12727 and CMW 12729, which represent the new
species from T. lepidota in Colombia (Table 1), was compared in culture. Cultures
were grown on MEA in 90 mm diam Petri dishes in the dark at temperatures from 15
to 35 °C at 5 © intervals. Assessment of growth was made as is described in

Gryzenhout et al. (2004).

RESULTS

DNA sequence comparisons

The PHT analyses showed that the rDNA and B-tubulin sequence data sets did not
have any significant conflict (P = 0. 012) and could thus be combined. The dataset
consisted of 39 taxa with the aligned ribosomal DNA sequence dataset (538
characters) consisting of 473 constant characters, 20 parsimony-uninformative and 45
parsimony-informative characters (g1 = -3.671). The B-tubulin gene dataset (894
characters) consisted of 716 constant characters, 68 parsimony-uninformative and 110
parsimony-informative characters (g1 = —3.5959). After combination, the data set
was comprised of 1432 characters.

The various isolates originating from Mexico, Cuba, Sumatra and Singapore
grouped in the two sub-clades representing C. cubensis, separately from those
representing C. austroafricana, Chrysop. hodgesiana and C. doradensis (Fig. 3). The
isolates from Cli. sericea (CMW 12471, CMW 13046) and R. mexicana (CMW

12734, CMW 12736) in Mexico, grouped in the sub-clade including Mexican and
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other South American isolates (bootstrap support 93%). Specifically, the isolates
from E. grandis (CMW 14394, CMW 14404) and L. indica (CMW 16199, CMW
16200) in Cuba, also grouped in the South American sub-clade of C. cubensis. The
isolates from T. urvilleana in Singapore (CMW 12745) and Thailand (CMW 17172,
CMW 17178), and M. malabathricum (CMW 16192, CMW 18515) in Sumatra
grouped in the South East Asian sub-clade (bootstrap support 96%).

Other than the four previously characterised sub-clades in Chrysoporthe
(Myburg et al. 2002a, Gryzenhout et al. 2004, 2005), an unexpected sub-clade
emerged in the phylogenetic tree (Fig. 3). The clade included isolates representing the
new collection (CMW 12727, CMW 12729, CMW 12731) from T. lepidota in

Colombia (bootstrap support 72%).

M or phology

Fruiting structures produced on specimens from different hosts in Mexico, Cuba,
Singapore and Sumatra (Table 2) included both teleomorph and anamorph structures.
These structures all resembled features previously described for C. cubensis (Bruner
1917, Hodges 1980, Myburg et al. 2003, Gryzenhout et al. 2004). The morphological
characterisation of this material as C. cubensis is consistent with the results of the
DNA sequence comparisons.

Fruiting structures on specimens collected from Eucalyptus spp. in Cuba were
similar to those described for C. cubensis from other parts of the world. They were
also indistinguishable from those of the type specimen (BPI 631857) of C. cubensis
(Bruner 1917, Gryzenhout et al. 2004). The sizes of the asci on the newly collected
material from Cuba differed somewhat from those reported by Bruner (1917) for

Cuban specimens. They were thus up to 28 um long, and not up to 34 um as reported
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by Bruner (1917). Gryzenhout et al. (2004) also reported that ascus dimensions as
reported by Bruner (1917) were inconsistent with those of specimens from other
countries, but they could not find asci on the type specimen to confirm the ascus
dimensions. The new measurements obtained for Cuban material from Eucalyptus in
this study are similar to ascus sizes reported by Gryzenhout et al. (2004) for
specimens connected to C. cubensis from South America and South East Asia. The
newly confirmed ascus size of (19-)22-26.5(-28) um for C. cubensis represents an
additional characteristic to distinguish C. cubensis from C. austroafricana, which has
longer asci [(25-)27-32(-34) um; Gryzenhout et al. 2004).

Fruiting structures on the bark material (PREM 58800) linked to the isolates
from T. lepidota in Libano, Colombia (CMW 12727, CMW 12729, CMW 12731),
which formed a separate sub-clade based on DNA data, could be distinguished from
those of existing Chrysoporthe species. Asci (Figs 4E, 5C) were longer [(27.5-)29.5-
34(-35.5) um] than those of C. cubensis [(19-)22-26.5(-28) um; Gryzenhout et al.
(2004)] and C. doradensis [(19.5-)21.5-24(-25); Gryzenhout et al. (2005)], and
corresponded with those of C. austroafricana [(25-)27-32(-34) um; Gryzenhout et
al. (2004)]. The new species could also be distinguished from C. austroafricana, C.
cubensis and C. doradensis, because its ascospores (Figs 4F, 5C) were slightly wider
(2.5-3.5 um) than those of C. cubensis [(2-2.5(-3) um; Gryzenhout et al. (2004)], C.
austroafricana [(2-)2.5 um; Gryzenhout et al. (2004)] and C. doradensis [2-2.5 pm;
Gryzenhout et al. (2005)]. Furthermore, isolates in this group grew optimally at 25
°C, different to the temperature for optimal growth of 30 °C for C. cubensis, C.
austroafricana (Gryzenhout et al. 2004) and C. doradensis (Gryzenhout et al. 2005).
Conidiomata also had variable shapes, varying from subulate with no attenuated neck,

to pyriform with an attenuated neck, to globose (Figs 4G, 5D). These characteristics
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distinguished the new species from Chrysop. hodgesiana, which is the only other
species growing optimally at 25 °C (Gryzenhout et al. 2004). However, since shape
and size of the conidiomata can be quite variable between samples (Hodges et al.
1986, Rodas et al. 2005), the shape of the conidiomata cannot always be used with

confidence to distinguish Chrysop. hodgesiana from the new species.

Taxonomy

In this study we have characterised collections of C. cubensis from Eucalyptus spp.
from Cuba (PREM 58788-PREM 58791), which is the type locality of C. cubensis.
Based on morphology, these specimens were similar to other specimens of C.
cubensis. Isolates connected to these specimens also grouped in the South American
sub-clade of C. cubensis based on DNA sequence comparisons. In the absence of
isolates it has been impossible to tell whether the type specimen of C. cubensis from
Cuba would group in the South East Asian or South American sub-clade of the fungus
(Gryzenhout et al. 2004). Certain morphological features such as ascus morphology
could also not be studied, due to the poor quality of the type specimen.
Epitypification of C. cubensis using newly collected Cuban specimens will greatly aid
future taxonomic studies of Chrysoporthe species. We, therefore, designate specimen
PREM 58788 (ex-type culture CMW 14394/CBS 118654, living culture CMW
14404/CBS 118647), which originates from the same locality as the type specimen, as
epitype of C. cubensis. Additional specimens and linked isolates (Table 2; specimen
PREM 58789 = isolate CMW 14378/CBS 118655; PREM 58790 = CMW 14362/CBS
118657; PREM 58791 = CMW 14395/CBS 118648) from Cuba have also been

deposited to fortify material defining this species.
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Comparisons of specimens from T. lepidota collected on the Libano farm in
Colombia, showed that this fungus represents a previously undescribed taxon.
Although the sub-clade representing this fungus is supported with a relatively low
bootstrap value based on the regions of the genome sequenced, the fungus clearly
does not group in the sub-clades representing other species. This new species can also
be differentiated from other species of Chrysoporthe based on morphology. We,

therefore, provide the following description for it.

Chrysoporthe inopina Gryzenh. & M. J. Wingf., sp. nov., nom. prov. Figs 4-5.

Etymology: Latin, inopina, unexpected, referring to the unexpected discovery of this

species.

Ascosporae fusoideae vel ovales, utrinque rotundatae, (4.5-)6-7.5(-8) X 2.5-3.5 um. Conidiomata

subulata vel pyriformia vel pulvinata.

Ascostromata semi-immersed in bark, recognizable by extending, fuscous-black,
cylindrical perithecial necks and in some cases, erumpent, limited ascostromatic tissue
appearing orange, 90-540 pm high above the bark, 200-770 pm diam (Figs 4A-B,
5A-B). Perithecia valsoid, 1-6 per stroma, bases immersed in the bark, black,
globose, 306—-390 um diam, perithecial wall 21-25 um thick (Figs 4B, 5B). Top of
perithecial bases covered with cinnamon to orange, predominantly prosenchymatous,
stromatic tissue, which is occasionally visible above the bark surface (Figs 4B-C,
5B). Perithecial necks black, periphysate, 77-131 um wide (Figs 4B, 4D, 5B).
Necks emerging through the bark covered in umber, stromatic tissue of textura

porrecta, thus appearing fuscous-black (Figs 4B, 5A-B), extending necks up to 2330
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pum long, 90-180 pm wide. Asci 8-spored, biseriate, unitunicate, free when mature,
non-stipitate with a non-amyloid refractive ring, fusoid to ellipsoid, (27.5-)29.5-34(-
35.5) X (4.5-)5.5-6.5(-7) um (Figs 4F, 5C). Ascospores hyaline, one-septate, fusoid
to oval, with rounded apices, (4.5-)6-7.5(-8) X 2.5-3.5 um (Figs 4E, 5C).
Conidiomata eustromatic, superficial to slightly immersed, subulate to
pyriform to pulvinate, with neck attenuated or not, usually with one neck per structure
(Figs 4G-H, 5D-E), fuscous-black, inside umber when young, conidiomatal base
above the bark surface 100-650 um high above level of bark, 70-710 um diam, necks
up to 780 um long, 50-190 pum wide. Conidiomatal locules with even to convoluted
inner surface, occasionally multilocular, single locule connected to 1 or several necks
(Figs 4H, 5E). Stromatic tissue of base of textura globulosa, walls of outer cells
thickened (Fig. 41), neck tissue of textura porrecta (Fig. 4J). Conidiophores hyaline,
with basal cells of irregular shape and (2.5-)3.5-6(-7) X 2-3.5(-4) um, branched
irregularly at the base or above into cylindrical cells, with or without separating septa,
total length of conidiophore (11-)12.5-22.5(-29.5) um (Figs 4K, 5F). Conidiogenous
cells phialidic, determinate, apical or lateral on branches beneath a septum, cylindrical
to flask-shaped with attenuated apices, (1.5-)2-2.5(-3) pm wide, collarette and
periclinal thickening inconspicuous (Figs 4K, 4L, 5F). Conidia hyaline, non-septate,
oblong, (3-)3.5-4 X (1.5-)2-2.5 pm (Figs 4L, 5F), masses exuded as orange to
luteous droplets.
Cultural characteristics: on MEA (CMW 12727, CMW 12729) white with cinnamon
to hazel patches, fluffy with a smooth margin, fast-growing, covering a 90 mm diam
plate after a minimum of five days at the optimum temperature of 25 °C. Cultures
rarely sporulating after sub-culturing, teleomorph not produced in culture.

Substrate: Bark of Tibouchina lepidota.
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Distribution: Colombia

Specimens examined: Colombia, Risaralda, Libano farm near Pereira (75° 35" 49" W
and 40° 43’ 13" N, 2102 meters above sea level, 3143 mm/y), Tibouchina lepidota,
Jan. 2003, R. Arbelaez, holotype PREM 58800, ex-type culture CMW 12727 = CBS

118659, living cultures CMW 12729 = CBS 118658, CMW 12731 = CBS 118656.

DISCUSSION

Results of this study encompass reports of several new host species for C. cubensis
from various parts of the world (Fig. 1). Many of these hosts are native to the
countries in which they have been found. Thus, isolates of C. cubensis residing in the
South American sub-clade, originated on native Cli. sericea and R. mexicana in
Mexico. These collections add to those on Miconia spp. that have been reported
before as native hosts of C. cubensis in Colombia (Rodas et al. 2005). Isolates from
the native melastome, M. malabathricum, were shown to group in the South East
Asian clade of C. cubensis. This represents the first ever collection of C. cubensis
from a native plant growing in a natural situation in South East Asia. The only other
equivalent collection is that of C. cubensis from clove collected in Malaysia (Reid &
Booth 1969), Sulawesi (Myburg et al. 2003) and elsewhere in Indonesia (Hodges et
al. 1986). Although clove occurs naturally in the Molucca islands, which is relatively
close to areas in Indonesia and Malaysia where C. cubensis has been found to occur,
the trees in the latter areas are planted and not native.

Other hosts of C. cubensis reported in this study are exotics in the countries

where the fungus was collected. Lagerstroemia indica is native to China, but is
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planted world-wide as a garden ornamental. In the case of this study, C. cubensis was
found on this tree in Cuba. Isolates from this collection in Cuba group in the South
American sub-clade of C. cubensis, which is the same as collections of the fungus
now available from Eucalyptus in Cuba. The origin of the fungus on Eucalyptus and
L. indica is not known but it probably originated on a native plant in the area. It is,
however, also possible that L. indica represents a native host of C. cubensis in China
where the tree is native. If that were the case, isolates of the fungus from China
would most probably group in the South East Asian sub-clade. That was also true in
previous studies (Myburg et al. 1999, Myburg et al. 2002a), where an isolate from E.
camaldulensis in China grouped in the South East Asian clade.

Tibouchina urvilleana is a native of South America, but it is also popular as an
ornamental in various countries, because of its conspicuous and attractive flowers. In
this study, C. cubensis was found on T. urvilleana planted as a non-native ornamental
in Singapore and Thailand. Isolates from these collections group in the South East
Asian clade of C. cubensis. The fungus is also known to occur on Eucalyptus in
Thailand (Old et al. 2004). Presumably, the fungus in the area originally came from a
native South East Asian plant, possibly a species of Melastoma of which there are
numerous native species in the area. Tibouchina spp. are known to be highly
susceptible to infection by Chrysoporthe spp. (Wingfield et al. 2001, Myburg et al.
2002b, Seixas et al. 2004) and trees planted as exotics could easily become infected,
as appears to have occurred in this situation.

Prior to this study, Tibouchina spp. had not been confirmed as hosts of C.
cubensis. Previous collections from Tibouchina, thought to represent C. cubensis
(Wingfield et al. 2001), have recently been shown to represent Chrysop. hodgesiana

(Gryzenhout et al. 2004). The collections of Seixas et al. (2004) from Tibouchina
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were identified based only on morphological characters and before Chrysoporthe was
described (Gryzenhout et al. 2004) It is thus unclear whether these represent C.
cubensis or one of the related fungi such as Chrysop. hodgesiana or C. inopina,
described in this study. It is, however, likely that C. cubensis occurs on native
Tibouchina spp. in South America due to the susceptibility of these trees to
Chrysoporthe spp.

The collection of C. cubensis from native M. malabathricum supports the view
that South East Asia could be an area of origin for C. cubensis. The fact that the
isolates group in the discrete South East Asian clade of the fungus, however, supports
the DNA based view that there are two discrete populations of the fungus. Isolates
representing both clades have now been found on native plants (species of Melastoma,
Miconia, Clidemia and Rhynchanthera) and non native plants (S. aromaticum,
Eucalyptus, Lagerstroemia, Tibouchina) in two geographically distant parts of the
world. Either of these areas could represent the area of origin of C. cubensis, or the
isolates might represent two discrete taxa that have speciated recently.

Ideally, isolates from various hosts should be included in studies at the
population level aimed at determining the world-wide population structure and origin
of C. cubensis sensu lato. Such studies are, however, frustrated by the difficulty of
obtaining sufficient numbers of isolates from native hosts in the various countries
where they are known to occur. Although there is substantial phylogenetic support
for separating the isolates of the two sub-clades of C. cubensis into two taxa, these
fungi appear to be morphologically identical. They also share hosts in the two regions
in which they occur. We thus believe that a population-based species concept is
required if these isolates from the two regions are to be treated as discrete taxa. Such

studies will be greatly aided by evidence presented in this study that the type
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specimen of C. cubensis phylogenetically represents the South American form of the
fungus. This was previously unknown and the question could only be resolved with
collections of C. cubensis from Cuba. These specimens and cultures, including an
epitype linked to them, should provide a robust basis for future studies.

It is evident from this study that C. cubensis is able to infect plants from at
least three different families although all of these are in the Myrtales. The families
include the Myrtaceae, Melastomataceae and Lythraceae and they represent a wide
diversity of morphological and physiological characteristics (Dahlgren & Thorne
1984, Conti et al. 1997). Even within the families, C. cubensis is able to infect plants
belonging to different tribes, e.g. the Syzygieae and the Eucalypteae in the Myrtaceae
(Wilson et al. 2005), and the Miconieae and Melastomeae in the Melastomataceae
(Clausing & Renner 2001). Furthermore, artificial inoculations on members of
several additional families in the Myrtales have shown that they are also susceptible to
infection by Chrysoporthe spp., although these have not yet been found as natural
hosts (Hodges et al. 1986, Seixas et al. 2004). These hosts include members of the
Rhizophoraceae, Combretaceae, Onagraceae, Punicaceae, Sapotaceae and
Lauraceae, which represent distinct phylogenetic groups within the Myrtales (Conti et
al. 1996, Conti et al. 1997). Only a limited number of genera in each of these families
has been tested (Seixas et al. 2004), and it is likely that additional hosts of C. cubensis
will be discovered.

Phylogenetic analyses in this study have revealed an unexpected and closely
related new sub-clade in the larger Chrysoporthe group. This is the phylogenetic sub-
clade accommodating isolates from T. lepidota in Colombia. The distinct grouping of
the sub-clade from Colombia is clearly supported with morphological characteristics

and we were able to describe the new species C. inopina. Fruiting structures of C.
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inopina contained asci longer that those of C. cubensis, and ascospores wider than
those for all other species of Chrysoporthe.

When C. inopina was first discovered, our view was that it might represent the
teleomorph of Chrysop. hodgesiana, or a first report of C. cubensis on Tibouchina
spp. in South America. This is because no teleomorph is known for Chrysop.
hodgesiana, nor is Tibouchina a confirmed host for C. cubensis (Gryzenhout et al.
2004). DNA sequences of these isolates and morphological comparisons, however,
showed clearly that the fungus represents an undescribed taxon. C. inopina thus
represents a third species of Chrysoporthe on native Melastomataceae in Colombia,
with the other two species C. cubensis (Rodas et al. 2005) and Chrysop. hodgesiana
(Gryzenhout et al. 2004, Rodas et al. 2005). Of these, both C. inopina and Chrysop.
hodgesiana occur on Tibouchina spp. and in the same area. It is thus evident that a
complex of species, closely related and morphologically similar, occurs on these
native trees in South America. Extreme care should thus be taken when collecting
and identifying these fungi, especially where work is related to quarantine and disease
management, which is clearly important for fungi such as C. cubensis.

Chrysoporthe cubensis was previously known almost exclusively as a
Eucalyptus canker pathogen, but this and other recent studies (Wingfield et al. 2001,
Myburg et al. 2002b, Gryzenhout et al. 2004, Rodas et al. 2005) have reported on
new and diverse hosts for the fungus. These studies have radically changed our
perception of the ecology of C. cubensis. Furthermore, besides C. cubensis, there are
many closely related and morphologically similar species that have previously been
treated under the older name as representing Cry. cubensis. Some of these species in
Chrysoporthe, such as C. cubensis, C. austroafricana and C. doradensis, are

important pathogens of Eucalyptus, but all species appear to be pathogens of members
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of the Myrtales. They should thus be considered as serious potential pathogens that
could cause devastating diseases if they were to be accidentally introduced into new
areas with large populations of native, susceptible plants. For example, C.
austroafricana, apparently native to South Africa (Heath et al. 2006), causes a serious
disease of Eucalyptus in that country and represents a significant threat to native
forests of Eucalyptus in Australia (Roux et al. 2003, Wingfield 2003). These
relatively unknown and newly discovered fungi deserve more attention from

pathologists and quarantine authorities.
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Table 1. Isolates included in this study.
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Speciesidentity I solate number? Alternativeisolate  Host Origin Collector GenBank accession numbers’
number?
Chrysoporthe CMW 1856 - Eucalyptus sp. Kauai, Hawaii - AY 083999, AY 084010, AY 084022
cubensis
CMW 9903 - Syzygium Kalimantan, C.S. Hodges AF 292044, AF 273066, AF 273461
aromaticum Indonesia
CMW 11289 CBS 115737 Eucalyptus sp. Indonesia M.J. Wingfield AY 214303, AY 214231, AY 214267
CMW 8650 CBS 115719 S. aromaticum Sulawesi, Indonesia ~ M.J. Wingfield AY 084001, AY 084013, AY 084024
CMW 10774 - S. aromaticum Zanzibar, Tanzania - AF 492130, AF 492131, AF 492132
CMW 2632 - E. marginata Australia E. Davison AF 046893, AF 273078, AF 375607
CMW 12745 CBS 117837 Tibouchina Singapore M.J. Wingfield DQ368764, DQ368780, DQ368781
urvilleana
CMW 17172 CBS 118664 T. urvilleana Thailand M.J. Wingfield DQ368765, DQ368782, DQ368783
CMW 17178 CBS 118665 T. urvilleana Thailand M.J. Wingfield DQ368766, DQ368784, DQ368785
CMW 16192 CBS ** Melastoma Sumatra M.J. Wingfield DQ368767, DQ368786, DQ368787
malabathricum
CMW 18515 CBS 118651 M. malabathricum Sumatra M.J. Wingfield DQ368768, DQ368788, DQ368789
CMW 10669 CBS 115751 Eucalyptus sp. Republic of Congo  J. Roux AF 535122, AF 535124, AF 535126
CMW 1853 - S. aromaticum Brazil - AF 046891, AF 273070, AF 273465
CMW 10778 CBS 115755 S. aromaticum Brazil C.S. Hodges AY 084006, AY 084018, AY 084030
CMW 9432 CBS 115724 E. grandis Mexico M.J. Wingfield AY 692321, AY 692324, AY 692323
CMW 12734 CBS 115853 Rhynchanthera Mexico F. Ferreira DQ368769, DQ368790, DQ368791
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mexicana
CMW 12736 CBS 115847 R. mexicana Mexico F. Ferreira DQ368770, DQ368792, DQ368793
CMW 13046 CBS 115762 Clidemia sericeae Mexico F. Ferreira DQ368772, DQ368796, DQ368797
CMW 12471 CBS 115849 Cli. sericeae Mexico F. Ferreira DQ368771, DQ368794, DQ368795
CMW 14394 (ex- CBS 118654 E. grandis Cuba M.J. Wingfield DQ368773, DQ368798, DQ368799
epitype culture
designated here)
CMW 14404 CBS 118647 E. grandis Cuba M.J. Wingfield DQ368774, DQ368800, DQ368801
CMW 16199 CBS 118652 Lagerstroemia Cuba M.J. Wingfield DQ368775, DQ368802, DQ368803
indica
CMW 16200 CBS 118650 L. indica Cuba M.J. Wingfield DQ368776, DQ368804, DQ368805
CMW 10639 CBS 115747 E. grandis Colombia C.A. Rodas AY 263419, AY 263420, AY 263421
CMW 10026 - Miconia rubiginosa  Colombia C.A. Rodas AY 214294, AY 214222, AY 214258
CMW 10028 - M. rubiginosa Colombia C.A. Rodas AY 214295, AY 214223, AY 214259
CMW 9980 - Miconia theaezans Colombia C.A. Rodas AY 214297, AY 214225, AY 214261
CMW 9993 CBS 115728 M. theaezans Colombia C.A. Rodas AY 214298, AY 214226, AY 214262
Chrysoporthe CMW 2113 CBS 112916 E. grandis South Africa M.J. Wingfield AF 046892, AF 273067, AF 273462
austroafricana
CMW 9327 CBS 115843 Tibouchina South Africa M.J. Wingfield AF 273473, AF 273060, AF 273455
granulosa
CMW 10192 CBS 118649 Syzygium cordatum  South Africa M. Gryzenhout ~AY 214299, AY 214227, AY 214263
Chrysoporthella CMW 10641 CBS 115854 Tibouchina Colombia R. Arbaleaz AY 692322, AY 692326, AY 692325

hodgesiana

semidecandra

P
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
W VYUNIBESITHI YA PRETORIA




NOVEL HOSTS FOR CHRYSOPORTHE CUBENSIS AND CHRYSOPORTHE INOPINA SP. NOV.

119

CMW 9995 T. semidecandra Colombia R. Arbelaez AY956969, AY956977, AY 956978
CBS 115730
CMW 10625 CBS 115744 M. theaezans Colombia C.A. Rodas AY956970, AY956979, AY 956980
Chrysoporthe CMW 12727 CBS 118659 Tibouchina lepidota  Colombia R. Arbelaez DQ368777, DQ368806, DQ368807
inopina (ex-type culture
designated here)
CMW 12729 CBS 118658 T. lepidota Colombia R. Arbelaez DQ368778, DQ368808, DQ368809
CMW12731 CBS 118656 T. lepidota Colombia R. Arbelaez DQ368779, DQ368810, DQ368811
Chrysoporthe CMW 11286 CBS 115734 E. grandis Ecuador M.J. Wingfield AY 214289, AY 214217, AY 214253
doradensis
CMW 11287 CBS 115735 E. grandis Ecuador M.J. Wingfield AY 214290, AY 214218, AY?214254
CMW 9123 CBS 115717 Eucalyptus deglupta  Ecuador M.J. Wingfield DQ 224034, DQ 224038, DQ 224039
Cryphonectria CMW 1652 CBS 112914 Castanea dentata US.A. - AF 046902, AF 273075, AF 273468
parasitica
Cryphonectria CMW 10518 CBS 112919 Quercus sp. Japan T. Kobayashi AF 452118, AF 525706, AF 525713
nitschkei
Cryphonectria CMW 10463 CBS 112920 Castanopsis Japan T. Kobayashi AF 368331, AF 368351, AF 368350
macrospore cuspidata
® CMW = Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria, Pretoria; CBS = Centraalbureau voor

Schimmelcultures (Utrecht). Isolates in bold were sequenced in this study.

® Accession numbers refer to sequence data of the ITS, B-tubulin 1 (primers Btla/1b) and B-tubulin 2 (primers Bt2a/2b) regions respectively.
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Table 2. Herbarium specimens used in this study.

NOVEL HOSTS FOR CHRYSOPORTHE CUBENSIS AND CHRYSOPORTHE INOPINA SP. NOV.

Speciesidentity Herbarium Linked isolate® Host Origin Collector Date
number?
Chrysoporthe PREM 58788 CMW 14394, Eucalyptus grandis Santiago de las M.J. Wingfield Jan. 2004
cubensis (epitype CMW 14404 Vegas, Boyeros

designated here) Municipality,
Havana city
Cuba

PREM 58789 CMW 14378 E. grandis 60 km west from  M.J. Wingfield Jan. 2004
Havana, Cuba

PREM 58790 CMW 14362 E. saligna Parque M.J. Wingfield Jan. 2004
Metropolitano,
Cerro
Municipality,
Havana city.

PREM 58791 CMW 14395 Eucalyptus urophylla Road to Havana, = M.J. Wingfield Jan. 2004
Cuba

PREM 58792 CMW 16199 Lagerstroemia indica Havana city, M.J. Wingfield Jan. 2004
Cuba

PREM 58793 CMW 12734, Rhynchanthera mexicana Mexico F. Ferreira 2002

CMW 12736
PREM 58794 CMW 12734, R. mexicana Mexico F. Ferreira 2002
CMW 12736

-
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Chrysoporthe

inopina

PREM 58795
PREM 58796
PREM 58797
PREM 58798

PREM 58799

PREM 58800
(holotype

designated here)

CMW 13046
CMW 12471
CMW 12745
CMW 16192

CMW 18515

CMW 12727,

CMW 12729,
CMW 12731

Clidemia sericea

C. sericea

Tibouchina urvilleana

Melastoma

malabathricum

M. malabathricum

Tibouchina lepidota

Mexico
Mexico
Singapore

Lake Toba, Aek

Nauli, Sumatra
Lake Toba,
Sumatra
Pereira,

Colombia

F. Ferreira
F. Ferreira
M.J. Wingfield
M.J. Wingfield

M.J. Wingfield

R. Arbelaez

2002
2002
Apr. 2003
Feb. 2004

May 2005

Jan. 2003

8 PREM, National Collection of Fungi (Pretoria); CMW = Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria,

Pretoria; CMW = Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria, Pretoria.
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C. cubensis (South America) o FEucalyptus E
C. cubensis (Asia) o Syzygium S

C. austroafricana o Miconia Mi
Chrysop. hodgesiana ® Melastoma Me
C. doradensis A Tibouchina T
C. inopina # Clidemia C

Rhynchanthera R
Lagerstroemia L

Fig. 1. Map of world showing the locations of different collections of
Chrysoporthe cubensis (distinguishing between two sub-clades), Chrysoporthe
austroafricana,  Chrysoporthe inopina, Chrysoporthe  doradensis and
Chrysoporthella hodgesiana.  Only collections verified with DNA sequence data
are shown. Different hosts are also shown for collections of C. cubensis sensu lato.
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Fig. 2. Different hosts susceptible to Chrysoporthe cubensis. A. Basal canker on
Eucalyptus grandis in Cuba. B. Native Melastoma malabathricum trees growing in a
plantation in Sumatra. C. Flowers of M. malabathricum. D. Tibouchina urvilleana. E-F.
Lagerstroemiaindica.
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CMW 1652 Cry. parasitica USA
| — CMW 10518 Cry. nitschkei JAPAN
100 — CMW 10463 Cryv. macrospora JAPAN

Cryphonectria

- CMW 1856 Eucalyptus HAWAII
96 CMW 8650 Syzygium SULAWESI
T 1 CMW 16192 Melastoma SUMATRA

II CMW 10774 Syzygium ZANZIBAR
— CMW 11289 Eucalyptus INDONESIA
CMW 17172 Tibouchina THAILAND
CMW 17178 Tibouchina THAILAND
— CMW 18515 Melastoma SUMATRA
CMW 12745 Tibouchina SINGAPORE
CMW 2632 Eucalyptus AUSTRALIA
CMW 9432 Eucalyptus MEXICO
CMW 12734 Rhynchanthera MEXICO
CMW 12736 Rhynchanthera MEXICO
CMW 12471 Clidemia MEXICO
L CMW 10639 Eucalyptus COLOMBIA
AR B 2T I UL Chrysoporthe cuberisis
CMW 14404 Eucalyptus CUBA (South America)
CMW 10028 Miconia COLOMBIA
= CMW 10778 Syzygium BRAZIL

Chrysoporthe cubensis
{Asia)

93 CMW 13646 Clidemiu MEXICO
\‘. i CMW 9993 Miconia COT.OMRIA

| CMW 16199 Lagerstroemia CUBA
] CMW 16200 Lagerstroemia CUBA
CMW 10669 Eucalyptus CONGO

{ CMW 99935 Tibouchina COLOMBIA

’4 Chrysoporthella
CMW 10641 Tibouchina COLOMBIA

™ e A A | hodgesiaﬂa
CMW 10625 Miconia COLOMBIA

95 I CMW 2113 Eucalyptus SOUTH AFRICA
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M hzesonmntho
L/’l’)/L)UIJU’ tric

ONW 117Q7T Do, BOTITATOR
v 1120/ £LHC

ey WJ - weabpi HEUADO | Chrysoporthe
CMW 11286 Eucalyptus ECUADOR :
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— 0.005 substitutions/site

Fig. 3. Phylogram obtained from a combined data set comprising of ribosomal and B-tubulin
gene sequences. The phylogram was obtained with distance analyses using the HKY85
parameter model (G = 0.1798, fregA 0.1893, freqC 0.3273, freqG 0.2368, freqT 0.2465, Ti/Tv
2.0064). Confidence levels, determined by a 1000 replicate bootstrap analysis, of the tree
branch nodes >70% are indicated. Isolates sequenced in this study are bolded and host species
for Chrysoporthe cubensis are indicated in italics. Cryphonectria parastica, Cryphonectria
nitschkei and Cryphonectria macrospora were defined as an outgroup.
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Fig. 4. Light micrographs of Chrysoporthe inopina from Colombia (from holotype PREM
58800). A. Black perithecial neck and orange stromatic tissue (arrow) of ascostroma on
bark. B. Vertical section through ascoma. C. Stromatic tissue of ascostroma. D.
Perithecial neck and surrounding tissue (arrow). E. Ascus. F. Ascospores. G.
Conidiomata on bark. H. Vertical section through conidioma. 1. Tissue of the conidiomal
base. J. Tissue of conidiomal neck. K. Conidiophores. L. Conidia. Scale bars A-B, G-H
=100 um; C-D, 1-J = 20 um; E-F, K-L =10 um.
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Fig. 5. Line drawings of Chrysoporthe inopina (from holotype PREM 58800). A. Shape of
ascoma on bark. B. Section through ascoma. C. Asci and ascospores. D. Shapes of
conidiomata on bark. E. Section through conidioma. F. Conidiophores, conidiogenous cells
and conidia. Scale bars A-B, D-E =100 um; C, F =10 um.
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Cryphonectriaceae (Diaporthales), a new family including Cryphonectria,

Endothia, Chrysoporthe and allied genera

Marieka Gryzenhout', Henrietta Myburg?, Brenda D. Wingfield> & Michael J.

Wingfield*

'Department of Microbiology and Plant Pathology, “Department of Genetics,
Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria,

Pretoria, 0002, South Africa.

Abstract. Recent phylogenetic studies on the members of the Diaporthales have
shown that the order includes a number of distinct phylogenetic groups. These groups
represent the Gnomoniaceae, Melanconidaceae, Valsaceae, Diaporthaceae and
Togniniaceae. New groups representing undescribed families have also emerged and
they have been referred to as the Schizoparme, Cryphonectria-Endothia and
Harknessia complexes. In this study, we define the new family Cryphonectriaceae
(Diaporthales) to accommodate genera in the Cryphonectria-Endothia complex.
These genera can be distinguished from those in other families or undescribed groups
of the Diaporthales, by the formation of orange stromatic tissue at some stage of their
life cycle, and a purple color reaction in KOH and a yellow reaction in lactic acid

associated with pigments in the stromatic tissue or in culture.

Taxonomic novelty: Cryphonectriaceae Gryzenh. & M. J. Wingf. fam. nov. nom.

prov.
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Key words: Amphilogia, Chrysoporthe, Cryphonectria, Cryphonectriaceae,

Cryptodiaporthe corni, Endothia, Rostraureum

INTRODUCTION

The Diaporthales represents a fungal order incorporating approximately 100 genera
(Eriksson 2005a). Genera in this order occur on a wide diversity of plant substrates as
either saprophytes or parasites (Barr 1978). The parasites include some of the most
economically and ecologically important pathogens of trees and agricultural crops.
Examples of such a pathogen is Cryphonectria parasitica (Murrill) M. E. Barr, which
has devastated American chestnut (Castanea dentata) populations in North America
(Anagnostakis 1987, Heiniger & Rigling 1994), and Diaporthe phaseolorum (Cooke
& Ellis) Sacc., the causal agent of stem canker of soybeans (Kulik 1984).

Members of the Diaporthales are morphologically united by a Diaporthe-type
centrum (Alexopoulos & Mims 1978, Barr 1978). Morphological characteristics
include perithecia with long necks that are located in pseudostromata with no
paraphyses, and thick-walled asci that are either evanescent with short stalks or intact
(Alexopoulos & Mims 1978, Hawksworth et al. 1995). Features such as the presence
or absence of stromatic tissue, stromatal tissue type, the position of the perithecia and
perithecial beaks relative to the substrate, ascospore shape and ascospore septation
have been used to differentiate families and genera in the Diaporthales (Barr 1978).

Six families are currently recognised in the Diaporthales (Eriksson 2005b).
These include the Diaporthaceae HOhn. ex Wehm., Gnomoniaceae G. Winter,
Melanconidaceae G. Winter, Valsaceae Tul. & C. Tul., Vialaeaceae P. F. Cannon and

Togniniaceae Réblova, L. Mostert, W. Gams & Crous. This classification has largely
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emerged from recent DNA sequence comparisons of Castlebury et al. (2002), who
compared genera representing the families previously recognised in the Diaporthales.
The Togniniaceae is a new family that was described by Réblova et al. (2004). The
family level status of the Vialaeaceae, established by Cannon (Cannon 1995), has not
yet been confirmed using DNA sequence data (Castlebury et al. 2002).

In addition to the described families, groups not recognised previously were
also noted by Castlebury et al. (2002). One of these groups includes species of
Schizoparme Shear and their Coniella Hohn. and Pilidiella Petr. & Syd. anamorphs,
which have been referred to as members of the Schizoparme complex (Castlebury et
al. 2002). The second group included species of Cryphonectria (Sacc.) Sacc. and
Endothia Fr. and this was referred to as the Cryphonectria-Endothia complex
(Castlebury et al. 2002). Species of Harknessia M. C. Cooke and allied genera
Dwiroopa C. V. Subramanian & J. Muthumary and Apoharknessia Crous & S. Lee,
also formed a group within the Diaporthales, although not well supported
phylogenetically with the available DNA sequence data (Castlebury et al. 2002, Lee
et al. 2004). This group could not be described as a family since the status of
Wuestneia Auersw. ex Fuckel as the teleomorph of this coelomycete genus must still
be confirmed (Lee et al. 2004). Besides these undescribed complexes of species,
several species, such as Greeneria uvicola (Berk. & M. A. Curtis) Punith., did not
group in any of the families or undescribed complexes (Castlebury et al. 2002). This
suggests that additional groups might emerge in the Diaporthales as more species are
described or included in phylogenetic comparisons.

Various taxonomic studies considering genus and species delimitation for
species of Cryphonectria and Endothia have been conducted recently (Venter et al.

2002, Gryzenhout et al. 2004/Chapter 1 in this thesis, Myburg et al. 2004a,
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Gryzenhout et al. 2005a/Chapter 7 in this thesis, 2005b/Chapter 6 in this thesis).
These studies have included the recognition of at least four new genera containing
species previously placed in Cryphonectria. Of these, Chrysoporthe Gryzenh. & M.
J. Wingf. was described to accommodate the important stem canker pathogen
Cryphonectria cubensis (Bruner) Hodges and two additional species, Chrysoporthe
austroafricana Gryzenh. & M. J. Wingf. and the anamorph species Chrysoporthella
hodgesiana Gryzenh. & M. J. Wingf. (Gryzenhout et al. 2004). Rostraureum
Gryzenh. & M. J. Wingf. was described to include the fungus previously known as
Cryphonectria longirostris (Earle) Micales & Stipes, and also includes Rostraureum
tropicale Gryzenh. & M. J. Wingf., a pathogen of Terminalia ivorensis A. Chev. trees
in Ecuador (Gryzenhout et al. 2005a). Another genus, represented by isolates from
Elaeocarpus spp. in New Zealand and including Cryphonectria gyrosa (Berk. &
Broome) Sacc., was identified in a study by Myburg et al. (2004a) and was
subsequently described as Amphilogia Gryzenh. & M. J. Wingf. (Gryzenhout et al.
2005b). A genus closely related to Cryphonectria and Endothia and representing
isolates from Syzygium aromaticum (clove) in Indonesia, was recognised in a study by
Myburg et al. (2003). This genus was not assigned a name because insufficient
herbarium material, linked to isolates, is available.

A collection of isolates representing species of Cryphonectria and Endothia,
as well as those of the newly described genera, has provided the opportunity to
substantially expand the LSU DNA sequence data set for the Cryphonectria-Endothia
complex defined by Castlebury et al. (2002). The expanded LSU sequence data set
was ultimately used to characterise and describe a family for species and genera in the

Cryphonectria-Endothia complex of genera. The LSU sequences were also
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supplemented with more variable sequences of the ribosomal ITS region and B-

tubulin genes, to show infra-familial relationships.
MATERIALS AND METHODS

Isolates studied
Representative isolates for species of Cryphonectria, Endothia, Chrysoporthe,
Amphilogia and Rostraureum, used in previous studies (Myburg et al. 2002, 2003,
Venter et al. 2002, Gryzenhout et al. 2004, Myburg et al. 2004a, 2004b, Gryzenhout
et al. 2005a), were included in sequence data analyses (Table 1). Isolates (CMW
10779-10781) that represented the undescribed genus from S. aromaticum in
Indonesia (Myburg et al. 2003), were also included (Table 1).

Isolates of some of the species studied by Castlebury et al. (2002) and Zhang
& Blackwell (2001) were included. These isolates included Cryptodiaporthe corni
(Wehm.) Petr. (AR 2814), and isolates of C. macrospora (Tak. Kobay. & Kaz. 1t6) M.
E. Barr (AR 3444) and C. nitschkei (G. H. Otth) M. E. Barr (AR 3433) from Siberia,
Russia. These were kindly provided for additional analyses by Drs. A. Y. Rossman
and L. A. Castlebury (Systematic Botany and Mycology Laboratory, USDA-ARS,
Beltsville, Maryland, USA). Cryptodiaporthe corni was of interest because it
grouped separately from other Cryptodiaporthe Petr. species in the Gnomoniaceae
clade, including the type species Cryptodiaporthe aesculi (Fuckel) Petr. (Castlebury et
al. 2002).

The isolate referred to as E. eugeniae (Nutman & F. M. Roberts) J. Reid & C.
Booth (CBS 534.82), sequenced by Zhang & Blackwell (2001) and used by

Castlebury et al. (2002), was acquired from the Centraalbureau voor
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Schimmelcultures (CBS), Utrecht, Netherlands. It was necessary to include this
isolate because it did not group with the isolate of Chr. cubensis, even though it
represents a previous synonym of C. cubensis (Hodges et al. 1986, Micales et al.
1987, Myburg et al. 2003). The isolate of C. havanensis (Bruner) M. E. Barr (CBS
505.63) used in the study of Castlebury et al. (2002), has previously been shown (as
E40 or CMW 10453) to represent Chr. cubensis (Hodges et al. 1986, Micales et al.
1987, Myburg et al. 2004a).

Isolates used in this study (Table 1) are maintained in the culture collection
(CMW) of the Forestry and Agricultural Biotechnology Institute (FABI), University
of Pretoria, Pretoria, South Africa. A representative sub-set of these isolates not in
other internationally recognised culture collections, is also stored in the culture
collection of the Centraalbureau voor Schimmelcutures, Utrecht, Netherlands (Table
1). Background information pertaining to other isolates included in the phylogenetic
analyses can be found in the studies of Zhang & Blackwell (2001) and Castlebury et

al. (2002).

PCR amplification and sequencing

Isolates were grown in Malt Extract Broth [20 g/L Biolab malt extract]. DNA was
extracted from the mycelium following the method used by Myburg et al. (1999). To
characterise the isolates of Cryptodiaporthe corni (AR 2814), C. macrospora (AR
3444), C. nitschkei (AR 3433) and E. eugeniae (CBS 534.82), the ITS1, 5.8S and
ITS2 regions of the rRNA operon as well as two regions within the B-tubulin gene
were amplified using previously described methods (Myburg et al. 1999, Myburg et

al. 2002).
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DNA from isolates representing key species of Cryphonectria, Endothia,
Chrysoporthe, Rostraureum, Amphilogia and the undescribed fungi from Indonesia
(Table 1), was used to amplify a region of the LSU rDNA gene. Primers pairs ITS3
(White et al. 1990) and LR3 (Vilgalys & Hester 1990) were used. The reaction mix
used the same reagents and concentrations as those used for the ITS and B-tubulin
reactions. PCR conditions were: 95 °C for 3 min (denature), 30 cycles of 95 °C for 30
S (denature), 56 °C for 45 s (anneal), 72 °C for 1 min (elongation) and a final
elongation step of 72 °C for 4 min. Amplification products were purified using a
QIAquick PCR Purification Kit (Qiagen GmbH, Hilden, Germany) and used directly
as templates in subsequent sequencing reactions.

Sequencing reactions were as specified by the manufacturers of the ABI
PRISM™ Dye Terminator Cycle Sequencing Ready Reaction Kit (Perkin-Elmer,
Warrington, United Kingdom). Nucleotide sequence data were generated using an
ABI PRISM 3100™ automated DNA sequencer (Perkin-Elmer, Warrington, United
Kingdom). The primer pairs used in the respective sequencing reactions were as
follows: ITS1 and ITS4 (amplifying the ITS region), Btla and Btlb (amplifying -
tubulin region 1), Bt2a and Bt2b (amplifying B-tubulin region 2), LS1 and LR3
(amplifying LSU rDNA).

The raw sequence data generated for the respective gene regions were edited
using Sequence Navigator version 1.0.1 (Perkin-Elmer Applied BioSystems, Inc.,
Foster City, California) software, exported to PAUP* (Phylogenetic Analysis Using
Parsimony) version 4.0b8 (Swofford 1998) and aligned to available sequence data

sets. Subsequent phylogenetic analyses were executed using PAUP*.
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Analyses of LSU rDNA sequences

The subset of isolates used to generate large subunit ribosomal RNA sequence data
for this study included 12 taxa (Table 1). These sequences were aligned with the 650
bp data set of Castlebury et al. (2002) obtained from TreeBASE (study accession
number S815). This dataset was shown to be sufficient to define the various lineages
within the Diaporthales, although higher bootstrap values were obtained with a larger
dataset (Castlebury et al. 2002). Only key taxa representing each lineage and the type
species of genera, were retained in the dataset. LSU sequences for additional species
from other studies were also added to this database. These included species in the
Schizoparme-complex derived from Van Niekerk et al. (2004); species of Harknessia,
Apoharknessia and Wuestneia derived from Lee et al. (2004); representatives of the
Togniniaceae (Réblov4 et al. 2004) and a second Crypto. corni isolate sourced from
Zhang & Blackwell (2001).

Phylogenetic trees were generated by parsimony and distance analyses. LSU
sequence data generated in this study were deposited in GenBank (Table 1) and the
datamatrix in TreeBase (SN 2390). Gaps were treated as characters in the parsimony
analyses using the NEWSTATE option in PAUP*, and missing in the distance
analyses. Parsimony was inferred from TBR swapping algorithms with Multrees
inactive and trees randomly added (100 reps). Uninformative characters were
excluded and remaining characters were reweighted according to their Consistency
Indices (CI) index to reduce the number of trees. A 50% consensus bootstrap analysis
was performed with the heuristic search modified by using no branch swapping with
the MULTREES option turned off, and only 10 random repeats (Castlebury et al.
2002). This was done since bootstrap analysis was inordinately extensive using the

parameters defined to generate the trees and could not run to completion (Castlebury
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et al. 2002). For the distance analyses, a neighbour-joining tree was generated with
the Tamura-Nei (TrNef+1+G) model (Tamura & Nei 1993) with invariable sites (1),
Gamma distribution (G) and equal base frequencies was used (I = 0.5726; G = 0.7028;
rate matrix 1.0000, 4.2834, 1.0000, 1.0000, 8.9689, 1.0000). These parameters were
determined with the program Modeltest version 3.5 (Posada & Crandall 1998).

The probabilities of branches occurring were also tested using Bayesian
inference employing the Markov chain Monte Carlo (MCMC) algorithm (Larget &
Simon 1999). The program Mr. Bayes vers. 3.1.1 (Huelsenbeck & Ronquist 2001)
was used with the following parameters: number of generations = 1000000, sample
frequency = 100, number of chains = 4 (1 cold, 3 hot) and a burnin of 1000. Four
independent analyses were run, with one of these having 3000000 generations. The
likelihood model and settings used were the same as for the distance methods, as

determined by Modeltest.

Analyses of ITS rDNA and B-tubulin sequences

The ribosomal DNA (ITS1, 5.8S, 1TS2) and B-tubulin sequence data generated in this
study were added to already published sequences of other species (Table 1) using the
TreeBase sequence matrix (study accession number = S1128, matrix accession
number = M1935) from Myburg et al. (2004a). Two isolates of Diaporthe amibigua
Nitschke were used as outgroup, since they are more distantly related members of the
same order. The datasets for the two regions of the genome sequenced, were
subjected to a partition homogeneity test (Farris et al. 1994) to ascertain whether they
could be combined in a single sequence dataset in the phylogenetic analyses.
Phylogenetic analyses were done using both parsimony and distance methods. All the

sequence characters were unordered. Gaps were treated as characters with the
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Newstate option in parsimony analyses, and as missing in distance analyses.
Parsimony was inferred from heuristic searches, with tree-bisection-reconnection
(TBR) and MULTREES options (saving all optimal trees) effective, and trees added
randomly (100 repetitions). Uninformative characters were excluded, and remaining
characters were re-weighted according to their individual CI to reduce the number of
trees.

The distance analysis was done using the Neighbour Joining method and the
General Time Reversal model (GTR +1+G) (Rodriguez et al. 1990), with G = 1.3390,
| = 0.4877, base frequency 0.1929, 0.3348, 0.2315, 0.2409 and rate matrix 0.9638,
2.7348, 1.2919, 1.5236, 3.3995, 1.00. This model was chosen based on likelihood
ratio tests performed by Modeltest version 3.5 (Posada & Crandall 1998). The
confidence levels of the tree branch nodes were determined by a 1000 replicate
bootstrap analysis showing values greater than 70%. Bayesian analyses were made
using the same parameters and methodology as those in the LSU analysis, with the
exception that the distance settings were those determined for this particular dataset
by Modeltest and the long run had 5000000 generations. GenBank accession
numbers of sequences generated in this study as well as those from previous
phylogenetic studies are listed in Table 1. The resulting dataset and trees have been

deposited in TreeBase as SN 2390.
RESULTS

Analyses of LSU rDNA sequences
The LSU sequence data set included 71 taxa, of which Magnaporthe grisea (T.T.

Herbert) Yaegashi & Udugawa (AB 026819), Pyricularia grisea (Cooke) Sacc. (AF
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362554), Gaeumannomyces graminis (Sacc.) Arx & D. Oliver (AF 362556) and
Gaeumannomyces graminis (AF 362557) were defined as outgroup taxa. These
species do not reside in the Diaporthales. The LSU sequence data set consisted of a
total of 655 bases of which 468 were constant, 24 were parsimony-uninformative and
163 were parsimony-informative (g1 = -1.1078 after exclusion of uninformative
characters). The heuristic search for the MP analyses resulted in 74 trees (tree length
= 222.64762 steps, Cl = 0.629, Rl (Retention Index) = 0.886), which did not differ
markedly in the grouping of the major lineages, but differed in branch lengths and the
topology within clades. The phylogram obtained with distance analyses (Fig. 2)
showed the same lineages, although relationships between the lineages differed.
Reasonably high bootstrap values (85%) were obtained for the Cryphonectria-
Endothia complex in the distance analyses, although bootstrap values were below 50
% for the parsimony analyses. Bayesian analyses showed the same groupings and
topology than those obtained in the distance and parsimony analyses with high
posterior probability values for the different families (Fig. 2). This included the clade
representing the Cryphonectria-Endothia complex (posterior probability 74%).

The LSU phylogenetic tree based on our analyses (Fig. 1) was similar to the
trees presented by Castlebury et al. (2002), although the present study included a
substantially greater number of taxa representing the Cryphonectria-Endothia
complex. These included at least six genera. Inclusion of these additional taxa did
not affect the structure of the Cryphonectria-Endothia group, which remained a
distinct lineage.  Other lineages in the phylogram represent the families
Gnomoniaceae, Melanconidaceae, Valsaceae, Diaporthaceae, Togniniaceae and the
Schizoparme complexes as previously defined (Zhang & Blackwell 2001, Castlebury

et al. 2002, Réblova et al. 2004).
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In this study, a core group of Harknessia and Wuestneia species formed a
discrete clade (bootstrap 54%). Species of the closely related genera Dwiroopa and
Apoharknessia, however, did not group in this clade. Some other species such as G.
uvicola, Melanconis desmazieri Petr. and Hercospora tiliae (Pers.) Tul. & C. Tul.

retained their groupings separate from the major lineages (Castlebury et al. 2002).

Analyses of ITS rDNA and B-tubulin sequences
The dataset consisted of 32 taxa of which the two D. ambigua isolates were defined as
the outgroup. Results generated with the PHT analyses (P = 0.306) indicated that the
rDNA and B-tubulin sequence data sets were significantly congruent and that they
could be combined. This is in accordance with the trees of similar topology and
having strong support generated from the separate data sets. The aligned ribosomal
DNA sequence dataset (566 characters) consisted of 315 constant, 12 parsimony-
uninformative and 239 parsimony-informative chararacters (g1 = -0.7185 after
exclusion of uninformative characters), and the B-tubulin alignment (955 characters)
consisted of 538 constant, 21 parsimony-uninformative and 396 parsimony-
informative chararacters (g1 = —0.535 after exclusion of uninformative characters).
The combined data set consisted of 1521 characters. The heuristic search resulted in a
single most parsimonious tree (tree length = 1223.91668, Cl = 0.741, Rl = 0.905).
Both the distance and Bayesian analyses showed the same grouping of isolates.
Exclusion of ambiguously aligned sequences representing the introns in the B-tubulin
alignment and the ITS1 regions also resulted in similar trees. The tree obtained using
distance analyses was chosen for presentation (Fig. 2).

Phylogenetic analyses based on the ITS region and B-tubulin sequences,

showed the same clades as those observed in previous studies (Myburg et al. 2003,
A
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2004a, 2004b, Gryzenhout et al. 2005a). Endothia, Cryphonectria, Chrysoporthe,
Amphilogia and Rostraureum formed distinct and well-supported clades, while the
isolates representing an apparently undescribed genus from clove in Indonesia also
formed a discrete group (Fig. 2). The isolate of E. eugeniae (CBS 534.82) included in
the study of Zhang & Blackwell (2001), grouped in the clade representing this
undescribed genus (bootstrap 100%). The isolates of C. nitschkei and C. macrospora
from Russia included in the study of Castlebury et al. (2002), grouped with Japanese
isolates of C. nitschkei in the Cryphonectria clade (bootstrap 100%, posterior
probability 100%). The isolate of Crypto. corni did not reside in any of the clades

resulting from the phylogenetic analyses, but grouped closely to them.

Taxonomy

Addition of a more representative taxon set to that analyzed by Castlebury et al.
(2002) showed that Cryphonectria, Endothia and closely related genera represent a
distinct monophyletic lineage in the Diaporthales. This has also been shown based on
analyses of a larger LSU sequence data as the one used in this study (Castlebury et al.
2002) and it is also supported by easily defined morphological characteristics. These
findings provide strong justification for the establishment of a new family in the
Diaporthales.

Genera in this complex have distinct orange stromatic tissue in the teleomorph
state and usually in the anamorph state, which is different from any other species in
the Diaporthales. Members of this group can also be distinguished from other taxa in
the Diaporthales by the purple discolouration of the stromatic tissue in 3 % KOH and

a yellow colour reaction in lactic acid (Castlebury et al. 2002). This discolouration is
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due to pigments in the stromatic tissue, often responsible for the orange colour, and
that is also produced in culture (Roane 1986, Castlebury et al. 2002).

Endothia and Cryphonectria represent the oldest and best known names in the
group representing these and related fungi. They would thus represent an ideal
foundation for a new family name. In the case of Endothia, E. gyrosa, the type
species of the genus, is well characterised morphologically and based on DNA
sequences (Shear et al. 1917, Roane 1986, Micales & Stipes 1987, Venter et al. 2002,
Myburg et al. 2004a). However, the type specimen of this species is old and only
anamorph structures are present on it (Shear et al. 1917). An epitype for this species
is thus needed (Myburg et al. 2004a) and it is not presently available.

The typification of Cryphonectria has recently been revised. This was
necessary because of nomenclatural problems with Cryphonectria gyrosa as type
(Myburg et al. 2004a, Gryzenhout et al. 2005c/Chapter 5 in this thesis), and the fact
that this fungus belongs in Amphilogia (Myburg et al. 2004a, Gryzenhout et al.
2005b, 2005c). Hence Cryphonectria has been conserved with a new type, C.
parasitica (Gryzenhout et al. 2005c). Due to the importance and notoriety of this
fungus, Cryphonectria represents an appropriate choice as type for a new family. The

following description is thus provided:

Cryphonectriaceae Gryzenh. & M. J. Wingf., fam. nov., nom. prov.

Ascostromata subimmersa vel superficialia, textura stromatica aurantiaca, collis peritheciorum cum
textura stromatica aurantiaca vel fusconigra tectis. Asci fusoidei. Ascosporae ellipsoideae, fusoideae
vel cylindricae, non septatae vel usque ad multiseptatae, hyalinae. Conidiomata eustromatica,

subimmersa vel superficialia, aurantiaca vel fusconigra. Cellulae conidiogenae phialidicae. Conidia
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perparvula, ovoidea vel cylindrica, non septata, hyalina. Textura stromatica in 3% KOH purpurascit, in

acido lactico flavescit.

Ascostromata small to large, erumpent, semi-immersed to superficial, generally with
orange stromatic tissue. Perithecia fuscous black to umber, occurring underneath bark
surface or superficially in stroma, perithecial necks slender, covered with orange to
fuscous-black stromatic tissue. Asci fusoid, aparaphysate, free floating. Ascospores
generally ellipsoid to fusoid to cylindrical, aseptate to multiseptate, hyaline.
Conidiomata eustromatic, semi-immersed to superficial, pyriform to pulvinate, orange
to fuscous black, occasionally occurring in same stroma than perithecia.
Conidiogenous cells phialidic, simple or branched. Conidia minute, generally ovoid
to cylindrical, aseptate, hyaline. Stromatic tissue colours purple in 3% KOH and

yellow in lactic acid.
Typus genus: Cryphonectria (Sacc.) Sacc., Syll. Fung. 17: 783. 1905.
DISCUSSION

Results of this study have provided additional evidence to support the establishment
of a new family in the Diaporthales accommodating species that have previously been
treated in the Cryphonectria-Endothia complex. Early evidence for the existence of
this distinct group was provided in a fundamental study by Castlebury et al. (2002),
which treated a large number of genera in the Diaporthales to delimit family
relationships within the order. The aim of the present study was to focus specifically
on genera in the Cryphonectria-Endothia complex and to include additional isolates,
particularly new genera that have recently been assigned to this group. In this way,
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we were able to further test the unique nature of the group and to show that it
represents a distinct phylogenetic lineage, for which we have now provided family
status.

Genera residing in the newly defined Cryphonectriaceae can clearly be set
aside from other families in the Diaporthales based on DNA sequence data,
particularly for the LSU region. Their unique nature can also be recognised based on
a number of morphological features such as the formation of orange stromata and
pigments in the stromatic tissue or in culture (Roane 1986) that can be tested with
unique colour reactions in KOH and lactic acid (Castlebury et al. 2002). This is
similar to the classifications of the Nectriaceae within the Hypocreales, where one of
the distinguishing characteristics of taxa in this family is similar colour reactions in
KOH and lactic acid (Rossman et al. 1999).

In this study, problems were experienced with low bootstrap support for the
Cryphonectriaceae in parsimony analyses. Similar low bootstrap support was also
shown in parsimony analyses presented by Castlebury et al. (2002). These authors,
however, showed conclusively that the branch separating the Cryphonectria-Endothia
complex from the other lineages, was well-supported based on additional distance and
Bayesian analyses and a longer DNA sequence dataset. We have confirmed this in
our study, where support for the clade representing the Cryphonectriaceae was
adequately high based on distance and Bayesian analyses.

Analyses of the variable ITS region and B-tubulin genes in the present study
have shown that isolates of Crypto. corni (AR 2814), C. macrospora (AR 3444) and
E. eugeniae (CBS 534.82) used in the studies of Zhang & Blackwell (2001) and
Castlebury et al. (2002), represent taxa other than those assigned to them. Thus the E.

eugeniae isolate was shown to group together with isolates representing an
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undescribed genus from clove in Indonesia (Myburg et al. 2003). This isolate does
not represent Chr. cubensis, of which E. eugeniae is a synonym to (Hodges et al.
1986, Myburg et al. 2003). The isolate of C. macrospora from Russia represents C.
nitschkei (Myburg et al. 2004b), confirming observations of Vasilyeva (1998) that C.
nitschkei occurs in Russia, and not only in China and Japan (Myburg et al. 2004b).

In the present study, the isolate of Crypto. corni treated by Castlebury et al.
(2002) did not group with any of the isolates of Cryphonectria, Endothia,
Chrysoporthe, Amphilogia or Rostraureum, nor with the isolates from Indonesia that
represent an undescribed genus. The fungus does, however, have a position in the
Cryphonectriaceae based on the LSU sequence data and its orange/yellow stromatic
tissue that turns purple in KOH and yellow in lactic acid (Redlin & Rossman 1991,
Castlebury et al. 2002). This fungus appears to represent an undescribed genus in the
Cryphonectriaceae, since its morphology does not correspond with any of the genera
currently known for this family (Myburg et al. 2004a, Gryzenhout et al. 2005a,
2005b). For instance, conidiomata of the anamorph, Myxosporium nitidum Berk. &
Curtis, are fully immersed in the bark and emerge through lenticles as orange, sub-
spherical pycnidia (Redlin & Rossman 1991). More detailed studies with additional
isolates and specimens of this fungus would be required before a name can be
provided for it.

The new family Cryphonectriaceae defined in this study includes some of the
most serious tree pathogens in the world. Notable examples are the causal agent of
chestnut blight C. parasitica (Anagnostakis 1987), and Chr. cubensis, which is one of
the most serious pathogens of plantation-grown Eucalyptus spp. (Wingfield 2003).
Many other members of the family are also pathogens. For example R. tropicale

causes cankers on Terminalia spp. (Gryzenhout et al. 2005a), although it does not
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appear to have a large ecological impact. It is likely that additional genera will be
discovered that reside in the Cryphonectriaceae, as illustrated by the characterisation
of the Crypto. corni isolate in this study. The description of a new family
encompassing Chrysoporthe, Cryphonectria, Endothia and allied genera should

facilitate identification and taxonomic studies on these fungi.
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Original  label Isolate Additional Host Origin Collector GenBank Accession numbers®
name of taxon numbers * numbers * ITS, B-tubulinl and 2 LSuU
Chrysoporthe CMW 8758 — Eucalyptus sp. Indonesia M.J. Wingfield ~ AF 046898, AF 273068, AY 194098
cubensis AF 273463
CMW 2632 — Eucalyptus Australia E. Davison AF 046893, AF 273078, —
marginata AF 375607
CMW 1853 — Syzygium Brazil — AF 036891, AF 273070, —
aromaticum AF 273465
Cryphonectria CMW 10453 E40, CBS 505.63 Eucalyptus Demographic — AY 063476, AY 063478, AF 408339
havanensis © saligna Republic of AY 063480
Congo
Chrysoporthe CMW 62 — E. grandis South Africa M.J. Wingfield  AF 292041, AF 273063, AY 194097
austroafricana AF 273458
CMW 2113 CBS 112916 E. grandis South Africa M.J. Wingfield ~ AF 046892, AF 273067, —

AF 273462
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Chrysoporthella

hodgesiana

Rostraureum

tropicale

Unidentified

Cryphonectria

radicalis

CMW 9929

CMW 10641

CMW 9972

CMW 10796

CMW 14853

CMW 10780

CMW 10781

CMW 10436

CBS 115854

CBS 115757

CBS 534.82

CBS 115844

El14,

CBS 165.30

Tibouchina
urvilleana
Tibouchina
semidecandra
Terminalia
ivorensis

T. ivorensis

Eugenia

aromatica

E. aromatica

E. aromatica

Quercus suber

Colombia

Colombia

Ecuador

Ecuador

Indonesia

Indonesia

Indonesia

Portugal

C. Rodas, M.J.

Wingfield

R. Arbaleaz

M.J. Wingfield

M.J. Wingfield

S. Mandang

M.J. Wingfield

M.J. Wingfield

B. d’Oliveira

AF 265656, AF 292036,

AF 292039

AY 692322, AY 692326,

AY 692325

AY 167426, AY 167431,

AY 167436

AY 167428, AY 167433,

AY 167438
DQ120759,

DQ120764

DQ120763,

AY 084008, AY 084020,

AY 084032

AY 084009, AY 084021,

AY 084033

AF 452117, AF 525703,

AF 525710

AY 194092

AF 277142

AY 194093
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CRYPHONECTRIACEAE FAM. NOV. (DIAPORTHALES)

CMW 10455 E42, Q. suber Italy A. Biraghi AF 452113, AF 525705, AY 194101
CBS 238.54 AF 525712
CMW 10477 E76, Q. suber Italy A. Biraghi AF 368328, AF 368347, AY 194102
CBS 240.54 AF 368347
CMW 10484 ES83, Q. suber Italy A. Biraghi AF 368327, AF 368349, —
CBS 112918 AF 368349
Cryphonectria CMW 7048 E9, Quercus USA R.J. Stipes AF 292043, AF 273076, AY 194100
parasitica ATCC 48198 virginiana AF 273470
CMW 13749 MAFF 410158, Castanea Japan Unknown AY 697927, AY 697943, —
TFM:FPH Epl mollisima AY 697944
Cryphonectria CMW 10786 Quercus sp. Japan M. Milgroom, S. AF 140247, AF 140251, AY 194099
nitschkei Kaneko AF 140259
CMW 13742 MAFF 410570, Quercus Japan T. Kobayashi AY 697936, AY 697961, —
TFM:FPH E19 grosseserrata AY 697962
CMW 10527 AR 3433, Quercus Russia L. Vasilyeva DQ120761, DQ120767, AF 408341
CBS 109776 mongolica DQ120768
&

A 4
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CRYPHONECTRIACEAE FAM. NOV. (DIAPORTHALES)

Cryphonectria CMW 10528 AR 3444, Q. mongolica Russia L. Vasilyeva DQ120760, DQ120765, AF 408340
macrospora ° CBS 109764 DQ120766
C. macrospora CMW 10463 E54, Castanopsis Japan T. Kobayashi AF 368331, AF 368351, —
CBS 112920 cuspidate AF 368350
CMW 10914 TFM: FPH E55 C. cuspidata Japan T. Kobayashi AY 697942, AY 697973, —
AY 697974
Cryptodiaporthe  CMW 10526 AR 2814, Cornus Maine, USA S. Redlin DQ120762, DQ120769, AF 408343
corni CBS 245.90 alternifolia DQ120770
Endothia gyrosa CMW 2091 E13, Quercus USA R.J. Stipes AF 046905, AF 368337, AY 194114
CBS 112915 palustris AF 368336
CMW 10442 E27 Q. palustris USA R.J. Stipes AF 368326, AF 368339, AY 194115
AF 368338
Amphilogia CMW 10469 E67, Elaeocarpus New Zealand G.J. Samuels AF 452111, AF 525707, AY 194107
gyrosa CBS 112922 dentatus AF 525714
CMW 10470 E68, E. dentatus New Zealand G.J. Samuels AF 452112, AF 525708, AY 194108
CBS 112923 AF 525715
&
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CRYPHONECTRIACEAE FAM. NOV. (DIAPORTHALES) 154

Diaporthe CMW 5288 CBS 112900 Malus domestica  South Africa W.A. Smit AF 543817, AF 543819, —
ambigua AF 543821
CMW 5587 CBS 112901 M. domestica South Africa W.A. Smit AF 543818, AF 543820, —
AF 543822

& CMW, Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria, South Africa; E, from the culture collection of Prof.
R. J. Stipes (Department of Plant Pathology, Virginia Polytechnic Institute & State University, Blacksburg, Virginia, USA) now housed in the
culture collection (CMW) of FABI; CBS, Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands; MAFF, Microorganisms Section,
MAFF GENEBANK, National Institute of Agrobiological Sciences (NIAS), MAFF Gene Bank, Ibaraki, Japan; TFM: FPH, Forestry and Forest
Products Research Institute, Danchi-Nai, Ibaraki, Japan, while E or Ep refers to an isolate; AR, collection of Dr. A. Rossman, U. S. National
Fungus Collections, Systematic Botany and Mycology, Beltsville, USA.

® Sequences in bold were derived from cultures in this study. Other sequences were acquired from previous studies as follows: Zhang &
Blackwell 2001, Castlebury et al. 2002, Myburg et al. 2002, Venter et al. 2002, Myburg et al. 2003, Gryzenhout et al. 2004, Myburg et al.
2004a, 2004b, Gryzenhout et al. 2005a.

¢ The C. havanensis isolate represents Chr. cubensis, and the C. macrospora isolate represents C. nitschkei.

i
UNIVERSITEIT VAN PRETOR

! 1A
a UNIVERSITY OF PRETORIA
PRETORIA

W VYUNIBESITHI YA




UNIVERSITEIT VAN PRETORI
UNIVERSITY OF PRETORI
TORI

Qu# YUNIBESITHI YA PRE

A
A
RIA
wuestneia molokaiensis AY 720842 ‘

155
Harknessia leucospermi AY 720824
54 Harknessia capensis AY720816
Harknessia eucalypti AF408363

Harknessia hawaiiensis AY 720823
o Wuesineia eucalyptorum AY 720840
Plagiostoma euphorbiae AF408382

Cryplodiaporthe salicella AFA08345

Cryptodiaporthe hystrix AF408344 .
Cryptodiaporthe aesculi AF408342 Gnomoniaceae
Gnomonia gnomon AF408361

Harknessia complex

100 Phragmoporthe conformis AF408377
Ditopella ditopa AF408360
100|100 :
Ophiovalsa suffusa AF408376
100 Melanconis stilbostoma AF408374 |
TANGAMA el

[ Melanconis marginalis AF4G8373 vietauneoniaaceae
-|. 10098 Melanconis alni AF362566 l
Dwiroopa lythri AF408364
Schizoparme straminea AF362569
Pilidiella diplodiopsis AY 339288
— Pilidiella castaneicola AF408378

98| L Schizoparme borrviidis AF408383 Schizoparme complex
]3 0 Pilidiella macrospora AY339292
Coniella fragariae AF408391

Coniella australiensis AF408336
Undescribed CMW 10781
Isndothia eugeniae AF277142
Endothia gyrosa CM W2091
Indothiella gyrosa AF362555
Endothia gyrosa CMW 10442

 (evontodianorthe corni AFA0R343

Lryploaiaperine cornt Araussa

" Cryptodiaporthe corni AF277133

Cryphonectria radicalis CMW 10455 .
" Cryphonectria radicalis CMW 10477 Cryp h onectriaceae

IV IR d T

" Cryphoneciria nitschiei CMW 137806
Cryphonectria parasitica CMW 7048
Cryphonectria parasitica AF277132
Cryphonectria macrospora AF408340
Cryphonectria nitschkei AF408341
['Rostraureum tropicale CMW 9972
‘&

Amphilogia gyrosa CMW 10469
Amphilogia gyrosa CMW 10470
85| Chrysoporthe austroafricana CMW 62
74 || Chrysoporthe cubensis CMW 8758
- Cryphonectria havanensis AF408339
Chrysoporthe cubensis AF408338
Valsella salicis AF408389
Valsella adherens AF408388

9% 100 Leucostomu cincta AF408366 Valsaceae

Leuncostoma nivea AF408367

100 L Valsa ambiens AF362564
Valsa mali AF362559
Greeneria uvicola AF362670
5 Melanconis desmazieri AF408372
Hercospora tiliae AF408365
Mezzantia napelli AF408368
Diaporthe pustulaia AF408357
100 Diaporthe perjuncta AF408356 .
Diaporthe fibrosa AF408351 Dlaporthaceae
100 100 Diaporthe decedens AF408348
Diaporthe eres AF408350
Y— Diuporthe arctii AF362562 "
99 100 |' Apoharknessia insueta AY720813
IW 100 Apoharknessia insueta AY720814
I Togninia minima AY761082 1
100 L Togninia novaezealandiae AY 761081 ..
Togninia fraxinopennsylvanica AY 761083 T ogniniaceae
100 Phaeoacremonium aleophilum AY249088

—— Gaeumannomyces graminis AF362556
Magnaporthe grisea AB026819
Pyricularia grisea AF362554

= 0.005 substitutions/site

Fig. 1. LSU phylogram based on neighbor-joining analysis of the Diaporthales. Taxa in bold
represent the type species of the genus. Branches representing families are indicated with dots.
Bootstrap values (50%) of only these branches are shown above the branch, with the posterior
probabilities given as a percentage in bold typeface. GenBank accession numbers (AB, AF, AY
or U) of isolates not sequenced in this study are indicated next to each taxon. The LSU sequence
data for Magnaporthe grisea, Pyricularia grisea and Gaeumannomyces graminis generated in the
study of Castlebury et al. (2002), were used as outgroup taxato root the LSU phylogenetic tree.
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I CMW 5288 Diaporthe ambigua

| CMW 5587 Diaporthe ambigua

96 CMW 8758 Chr. cubensis INDONESIA
97 {CMW 2632 Chr: cubensis AUSTRALIA
100 94 CMW 1853 Chr. cubensis BRAZIL
100 99100 { CMW 10453 Chr: cubensis DRC Chrysoporthe
100 \ CMW 62 Chr: austroafricana SOUTH AFRICA
‘l CMW 2113 Chr: austroafricana SOUTH AFRICA
98 || CMW 9929 Chrysop. hodgesiana COLOMBIA
-l CMW 10641 Chrysop. hodgesiana COLOMBIA
CMW 9972 R. tropicale ECUADOR
Rostraureum

38

CMW 10796 R. tropicale ECUADOR

CBS 534.82 Undescribed INDONESIA

CMW 10781 Undescribed INDONESIA Undescribed

100
100 CMW 10780 Undescribed INDONESIA

100
—e— 100 CMW 13749 C. parasitica JAPAN

100

100
100 | CMW 10469 A. gyrosa NEW ZEALAND

100

— 0.01 substitutions/site

100 |100" MW 10477 C. radicalis ITALY

100 .
100 [C

76

78 100" CMW 13742 C. nitschkei JAPAN

100 1000 AR 3444 C. macrospora RUSSIA

100— 791 AR 3433 C. nitschkei RUSSIA

100 100

100L cmw 10914 C, macrospora JAPAN

CMW 10442 E. gyrosa USA
CMW 2091 E. gyrosa USA

CMW 10470 4. gyrosa NEW ZEALAND

1001 CMW 10455 C. radicalis ITALY
10 |

CMW 10436 C. radicalis PORTUGAL
MW 10484 C. radicalis ITALY

100 L oniw 7048 €. parasitica USA
99 CMW 10786 C. nitschiei JAPAN

100] EMW 10463 C. macrospora JAPAN

Cryphonectria

—8— AR 2814 Cryptodiaporthe corni USA
100

| Endothia

| Amphilogia

Fig. 2. ITS/B-tubulin phylogram based on neighbor-joining analysis of members of the
Cryphonectriaceae. Confidence levels of the tree branch nodes are indicated and were determined
by a 70% bootstrap analysis (1000 replicates). Posterior probabilities are given as a percentage in
bold typeface. Species names in capital letters represent host species. Branches representing

genera are accentuated with dc*-
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CHAPTER 5

Proposal to conserve the
name Cryphonectria
(Diaporthales) with a

conserved type

Gryzenhout M, Glen HF, Wingfield BD, Wingfield MJ (2005). Proposal to conserve
the generic name Cryphonectria (Sacc.) Sacc. (Diaporthales) with a changed

type. Taxon 54: 539-540.
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(1686) Proposal to conserve the name Cryphonectria (Diaporthales)

with a conserved type

Marieka Gryzenhout!, Hugh F. Glen?, Brenda D. Wingfield® & Michael J. Wingfield®

'Department of Microbiology and Plant Pathology, °Department of Genetics,
Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria,
Pretoria, South Africa, 0002.

“National Botanical Institute, KwaZulu-Natal Herbarium, P O Box 52099, Berea

Road, Durban 4007, South Africa.

(1686) Cryphonectria (Sacc.) Sacc. in Sylloge Fungorum 17: 783. 1905, nom. cons.
prop.
Typus: C. parasitica (Murrill) M. E. Barr (Diaporthe parasitica Murrill), typ.

cons. prop.

The typification of Cryphonectria is problematic because the widely accepted choice
of C. gyrosa (Berk. & Broome) Sacc. as type of the name is not in accord with Art.
7.4 of the ICBN (Greuter et al., Regnum Veg. 138. 2000). Cryphonectria was first
described as a subgenus of Nectria (Fr.) Fr. in 1883 by Saccardo (Syll. Fung. 2: 507.
1883), with two species, N. abscondita Sacc. and N. variicolor Fuckel, included in
this group. Saccardo (in Saccardo & Saccardo, Syll. Fung. 17: 780-781. 1905) raised
the subgenus to generic level as Cryphonectria (Sacc.) Sacc., including the
aforementioned two species as well as C. gyrosa (Berk. & Broome) Sacc., C.

moriformis (Starbédck) Sacc., C. caraganae (Hohn.) Sacc. and C. xanthostroma (Penz.
&
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& Sacc.) Sacc. Saccardo (l.c., 1905) did not designate a type for Cryphonectria but
placed C. gyrosa first. Von Hohnel (Fragmente zur Mykologie 118: 1479-1481.
1909) designated C. gyrosa as the lectotype of Cryphonectria specifically because it
had been placed first in the list of species recognised by Saccardo & Saccardo (l.c.)
(“Als Typus ... muf} die zuerst angefuihrte Art ... aufgestellt wurden). This selection
is evidently mechanical (Art. 10.5 (b) and *Ex. 7 of the ICBN, Greuter et al., l.c.).
Furthermore, it is also incorrect because the species selected was not one of the two
original members of Nectria subgen. Cryphonectria Sacc. When Barr (Mycol. Mem.
no. 7: 143. 1978) accepted C. gyrosa as the type, she did not treat the two original
species of Nectria subgen. Cryphonectria, namely N. variicolor and N. abscondita.

Neither of the two original species of Nectria subgen. Cryphonectria have
been examined in recent years. Indeed the type material of C. abscondita (Sacc.)
Sacc. (PAD, Wisteria sinensis) does not contain structures that could be used in
morphological studies. The morphology and generic placement of this fungus is thus
unknown. Fruiting structures on the type specimens, G 843, FH 843 and B (Salix
triandra, Oestrich), of C. variicolor (Fuckel) Sacc. do not resemble those for
Cryphonectria species or any other member of the Diaporthales, since the ascomata
are not stromatic and the perithecia are minute, globose, orange and superficial with
striated ascospores. Since the appropriate placement of C. abscondita is unknown and
C. variicolor does not reside in the Diaporthales, they are best viewed as taxa of
uncertain position and unsuitable as sources of a type. As these are, however, the only
candidates for type of Cryphonectria, it is, therefore, appropriate (Art. 48 note 2) to
propose that the name be conserved with a new type.

Results of a recent taxonomic study (Gryzenhout et al., in Taxon 54: 1009-

1021. 2005/ Chapter 6 in this thesis) demonstrate that C. gyrosa (Barr, in Mycol.
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Mem. no. 7: 143. 1978), widely, though incorrectly, cited as the type of
Cryphonectria, is generally distinct from most of species currently included in
Cryphonectria. Furthermore, C. gyrosa (K 109807, K 109809, BPI 614797) and its
recently recognized allies from New Zealand differ in important characters (cf. Art.
9.17 of the Code) from those in the original description of the genus by Saccardo &
Saccardo (l.c.). A separate clade (Myburg et al., in Mycologia: 96: 990-1001. 2004)
that includes C. gyrosa and a new New Zealand species, is being described separately
as a new genus (Gryzenhout et al., I.c.). It would not, therefore, be appropriate to
establish C. gyrosa as type of Cryphonectria by conservation.

By contrast, the proposed type, C. parasitica (Murrill) M. E. Barr (in Mycol.
Mem. no. 7: 143. 1978) based on Diaporthe parasitica Murrill (Torreya 6: 1809.
1906), falls within the phylogenetic clade that includes most species of the genus as
currently understood (Myburg et al., I.c.). Cryphonectria parasitica is one of the most
important forest pathogens and has been the subject of intensive studies by scientists
including forest pathologists as well as chestnut growers. The name Cryphonectria
has also been assigned to three important hypoviruses that infect C. parasitica, and
the condition of reduced virulence caused by these viruses has been most widely
studied in C. parasitica by virologists and scientists outside plant pathology and
mycology. Cryphonectria parasitica has been thoroughly characterised based on its
phylogenetic relationships and world-wide population structure. Furthermore, ample
isolates and herbarium specimens exist for this species, although none of the isolates
are directly linked to the type specimen (NY, Castanea dentata, Bronx Park, New
York, USA, 1905, coll. W. A. Murrill). Its morphological characteristics correspond
with those traditionally defined for the genus, and it can thus be chosen instead of one

of the alternatives, C. abscondita or C. variicolor, as type (Art. 10.5). Conservation of
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Cryphonectria with C. parasitica as type is also strongly justified by the importance
of this fungus. Conserving Cryphonectria in this way would restrict the usage of the
name Cryphonectria (Ex. 9 Art. 14.9) to this fungus and close relatives, thus avoiding

future changes of its name.
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CHAPTER 6

Amphilogia gen. nov.
for Cryphonectria-like
fungi from Elaeocarpus

spp. in New Zealand and
Sri Lanka

Gryzenhout M, Glen HF, Wingfield BD, Wingfield MJ (2005). Amphilogia gen.
nov. for Cryphonectria-like fungi from Elaeocarpus spp. in New Zealand and

Sri Lanka. Taxon 54: 1009-1021.
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Amphilogia gen. nov. for Cryphonectria-like fungi from Elaeocarpus spp.

in New Zealand and Sri Lanka

Marieka Gryzenhout', Hugh F. Glen?, Brenda D. Wingfield® & Michael J. Wingfield®

! Department of Microbiology and Plant Pathology, *Department of Genetics, Forestry and
Agricultural Biotechnology Institute (FABI), University of Pretoria, Pretoria, South Africa,
0002.

2 KwaZulu-Natal Herbarium, SANBI, P O Box 52099, Berea Road, Durban 4007, South

Africa.

Abstract. The ascomycete genera Cryphonectria and Endothia are closely related
members of the Diaporthales. Recent DNA sequence comparisons have shown that isolates
from Elaeocarpus spp. in New Zealand, previously identified as Cryphonectria radicalis
and Cryphonectria gyrosa, represent a phylogenetic group distinct from those including
other species of Cryphonectria and Endothia. Cryphonectria gyrosa applies to a species
that occurs on Elaeocarpus glandulifer in Sri Lanka, the same host genus but a different
species from which the New Zealand collections were made. The aim of this study was to
provide a name for the fungi residing in the phylogenetic group from New Zealand.
Morphological characters that define these fungi include superficial conical conidiomata,
conidia of variable size and ascospores with one to three septa. These characteristics are not
found in other species of Cryphonectria. We also recognise a second species in the group
from New Zealand that has distinctly larger ascospores. Herbarium specimens of C. gyrosa
exhibit the same primary characteristics as the specimens from New Zealand and C. gyrosa

is regarded as conspecific with one of the species in the New Zealand collections. A new
&
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genus, Amphilogia, is described for the collections of C. gyrosa from Sri Lanka and New
Zealand, which also contains the second species from New Zealand, Amphilogia major sp.

nov.

Taxonomic novelties: Amphilogia Gryzenh., Glen & M. J. Wingf. gen. nov., Amphilogia
gyrosa (Berk. & Broome) Gryzenh., Glen & M. J. Wingf. comb. nov., Amphilogia major
Gryzenh., Glen & M. J. Wingf. sp. nov.

Key words: Amphilogia gyrosa, Amphilogia major, Cryphonectria, Cryphonectria gyrosa,

Diaporthales, Elaeocarpus, New Zealand, Sri Lanka.

INTRODUCTION

The fungal genus Cryphonectria (Sacc.) Sacc., as outlined by Barr (1978), includes
Cryphonectria parasitica (Murrill) M. E. Barr, which is one of the world’s most important
plant pathogens. This fungus causes the devastating disease known as chestnut blight that
completely changed the composition of hardwood forests in the eastern part of Northern
America during the first half of the 20™ Century (Brewer 1995), and also caused extensive
damage in Europe (Anagnostakis 1987, Heiniger & Rigling 1994). Most other species of
Cryphonectria are either known to be saprobic or their pathogenicity has not been tested.
Cryphonectria radicalis (Schwein. : Fr.) M. E. Barr occurs in North America, Europe
(Shear et al. 1917, Roane 1986) and Japan (Kobayashi 1970) primarily on Fagaceae
(Fagales). Cryphonectria macrospora (T. Kobay. & Kaz. 1td) M. E. Barr and

Cryphonectria nitschkei (G. H. Otth) M. E. Barr occur mainly on Fagaceae in Japan
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(Kobayashi 1970, Roane 1986). Cryphonectria havanensis (Bruner) M. E. Barr was first
described from Eucalyptus spp. in Cuba (Bruner 1916). Reports of this fungus from Japan
on Fagaceae (Kobayashi 1970, Roane 1986) represent C. nitschkei, although it is unclear
whether the fungus in Japan and Cuba are the same (Myburg et al. 2004a). Cryphonectria
coccolobae (Vizioli) Micales & Stipes occurs on stems of seagrape (Coccoloba uvifera —

Polygonaceae, Polygonales) in the Caribbean (Vizioli 1923).

Other species that have been known in Cryphonectria have recently been transferred
to new genera. Cryphonectria longirostris (Earle) Micales & Stipes is now classified in
Rostraureum Gryzenh. & M. J. Wingf. (Gryzenhout et al. 2005a/Chapter 7 in this thesis).
Chrysoporthe Gryzenh. & M. J. Wingf. has been described to accommodate Cryphonectria
cubensis (Bruner) Hodges (Gryzenhout et al. 2004/Chapter 1 in this thesis). Cryphonectria
eucalypti M. Venter & M. J. Wingf. is suspected to be distinct from Cryphonectria sensu

strico (Myburg et al. 2004b) although this question has not been fully resolved.

Endothia Fr. is a genus that resembles Cryphonectria morphologically and the
taxonomy of these two genera has been confused. Both Endothia and Cryphonectria have
orange, well-developed stromata and similar anamorphs (Shear et al. 1917, Kobayashi
1970, Roane 1986), but Endothia has aseptate ascospores and large superficial stromata,
while Cryphonectria has one-septate ascospores and semi-immersed stromata (Barr 1978,
Micales & Stipes 1987, Venter et al. 2002, Myburg et al. 2004b). Cryphonectria,
established in 1905 (Saccardo & Saccardo 1905), was treated as a synonym of Endothia
from 1909 onwards (Von Hoéhnel 1909, Shear et al. 1917, Kobayashi 1970). In 1978, Barr
suggested that the two genera should be treated as distinct (Barr 1978, Micales & Stipes

1987). Recent phylogenetic studies based on DNA sequence data, have supported this
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separation, but they have also shown that these two genera are closely related (Zhang &
Blackwell 2001, Castlebury et al. 2002, Venter et al. 2002, Myburg et al. 2004a, 2004b).

Cryphonectria was first described as a subgenus of Nectria (Fr.) Fr. (Saccardo
1883), with two species, Nectria variicolor Fuckel and Nectria abscondita Sacc., listed.
Cryphonectria gyrosa (Berk. & Broome) Sacc. was listed as Nectria gyrosa Berk. &
Broome under another subgenus, Nectria “subg. Eunectria Sacc.” (Saccardo 1883). When
Cryphonectria was elevated to genus level (Saccardo & Saccardo 1905), Cryphonectria
abscondita Sacc., Cryphonectria variicolor (Fuckel) Sacc., Cryphonectria gyrosa and
three other species, namely Cryphonectria moriformis (Starbdck) Sacc., Cryphonectria
caraganae (Ho6hn.) Sacc. and Cryphonectria xanthostroma (Penz. & Sacc.) Sacc. were
included. No type was designated, and the species were listed numerically with C. gyrosa
placed first in the list (Saccardo & Saccardo 1905). Von Hohnel (1909) reduced C. gyrosa
(Berk. & Broome) Sacc. to synonymy with Endothia gyrosa (Schwein. : Fr.) Fr., the type of
Endothia (Fries 1849). He also chose C. gyrosa as type of Cryphonectria because it was
listed first, thereby reducing Cryphonectria to synonymy with Endothia.

The lectotypification of Cryphonectria by Von Hohnel (1909) was “based on a
largely mechanical method of selection” (Art. 10.5 & *Ex. 7 of the ICBN, Greuter et al.
2000), and hence supersedable. Furthermore, it is unacceptable because C. gyrosa was not
one of the original species of Nectria subg. Cryphonectria upon which the generic name was
based. Von Hbéhnel’s incorrect typification was, however, accepted by Barr (1978), but his
synonymy of C. gyrosa with E. gyrosa was rejected based on differences in ascospore and
stromatal morphology between these two genera. It is possible that Von HOhnel based his
synonymy, which confirmed observations by Petch (1907), on comparisons of C. gyrosa with
European C. radicalis specimens, a species which was at that time regarded as synonymous

with E. gyrosa, as summarised by Shear et al. (1917). Cryphonectria gyrosa has been
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erroneously cited as type of the generic name Cryphonectria. Since the only valid candidates
for type, namely C. abscondita and C. variicolor, were either unidentifiable or not
diaporthalean, conservation of the generic name Cryphonectria with C. parasitica as type has

been proposed (Gryzenhout et al. 2005b/Chapter 5 in this thesis).

Cryphonectria gyrosa was first described from Sri Lanka (Berkeley & Broome 1875,
Shear et al. 1917) and is associated with Elaeocarpus spp. Two specimens are connected to
the first description of C. gyrosa (Berkeley & Broome 1875), but both with hosts unknown.
The type specimen (K 109807, originally #638) is from a twig from an unknown locality in
Sri Lanka. The second specimen (K 109809, originally #290) was collected at 6000 feet
(1850 m) in Nuwara (Mount) Eliya, Sri Lanka. A third collection of specimens (BPI
614797, BPI 614526), believed to represent the same fungus as those connected to the
earlier description of C. gyrosa, was obtained by Shear et al. (1917) when they redescribed
this fungus as a new species, Endothia tropicalis Shear & N. E. Stevens. The latter species
was described to rectify, what the authors believed was an erroneous synonymy with E.
gyrosa (Shear et al. 1917) introduced by Von Hohnel (1909). These specimens (BPI
614526, BPI 614797, both as number 2807) were collected from Hakgala, Sri Lanka, on
Elaeocarpus glandulifer Mast. and were used as the type specimens for E. tropicalis (Shear
et al. 1917). A report of C. gyrosa on Elaeagnus (Barr 1978) actually represents
Elaeocarpus (Myburg et al. 2004b). Specimen K 109809 was mentioned by Shear et al.
(1917) in their description of E. tropicalis, but the type specimen, K 109807, of C. gyrosa
was not considered. There are no cultures linked to the original description of C. gyrosa or

any more recent collections of the fungus from Sri Lanka.

A recent phylogenetic study including all available isolates of Endothia and

Cryphonectria spp. (Myburg et al. 2004b), has shown that, besides the strongly resolved
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clades representing Endothia and Cryphonectria, additional and distinct groups exist. One
of these represents species of the newly described genus Chrysoporthe, which includes the
Eucalyptus canker pathogen previously known as C. cubensis (Gryzenhout et al. 2004).
Isolates from Elaeocarpus spp. (Elaeocarpaceae, Oxalidales) in New Zealand that were
labeled as C. radicalis and C. gyrosa (= Endothia tropicalis), respectively, formed the

other group.

The aim of this study was to provide a name for specimens linked to isolates from
New Zealand, which have been shown to be distinct from Cryphonectria based on DNA
sequence comparisons (Myburg et al. 2004b). The isolates from New Zealand identified as
C. gyrosa were collected from cankers on the roots of Elaeocarpus hookerianus Raoul and
Elaeocarpus dentatus Vahl (Gilmour 1966, Dingley 1969, Pennycook 1989) that occur on
both the North and South Islands of New Zealand (Fig. 1). We have also considered
whether specimens labeled as C. gyrosa from New Zealand represent the same fungus as

that known as C. gyrosa from Sri Lanka.

MATERIALS AND METHODS

Morphological comparisons

Herbarium specimens, including fruiting structures linked to isolates from Elaeocarpus
spp. in New Zealand and recognized by Myburg et al. (2004b) as representing a discrete
species, were obtained from various herbaria (Table 1). These specimens had been
collected from a number of locations in New Zealand (Fig. 1). Cultures are not available
for most of these collections. Specimens from Sri Lanka representing C. gyrosa, as well as

other species of Cryphonectria and Endothia, were also included (Table 1).
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Fruiting structures and surrounding bark were removed from the specimens. These
were rehydrated in boiling water for 1 min, mounted in Leica mountant (Setpoint Premier,
Johannesburg, South Africa) and sectioned at 12-18 um thickness, with a Leica CM1100
cryostat (Setpoint Premier) at —20 @C. The mountant was removed in water and the sections
were transferred to lactophenol. Sections of perithecial bases and conidial locules were also
made by hand and mounted in lactophenol or 3% KOH for further study. Twenty
measurements were taken of conidia, conidiophores, asci and ascospores from each
specimen, but fifty measurements were taken from the holotype specimens. Measurements
were made using an HRc Axiocam digital camera and Axiovision 3.1 software (Carl Zeiss
Ltd., Germany).

Colony growth of isolates CMW 10469 and CMW 10471 (Table 1), identified as C.
radicalis and C. gyrosa respectively, but residing in the unique phylogenetic clade
characterised by Myburg et al. (2004b), was studied on MEA (20 g/l malt extract, 15 g/L
agar [Biolab, Merck, South Africa]). CMW is the culture collection of the Forestry &
Agricultural Biotechnology Institute (FABI), University of Pretoria, Pretoria, South Africa,
0002. Growth was observed in the dark at five temperatures ranging from 15 to 35 «C at 5
AC intervals. A disc 6 mm diam, taken from actively growing cultures, was placed at the
center of four 90 mm plates for each isolate and at each temperature. Two diameter
measurements (mm), perpendicular to each other were taken for each plate daily and the
means of the eight measurements for each isolate were compared. The experiment was
terminated after six days, when the colonies completely covered the plates at the optimum

temperature for growth.
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RESULTS

Morphological comparisons

Measurement of ascospores on specimens from New Zealand could be used to recognize
two distinct species in this study. Herbarium specimens (NY 31874, PDD 32619) from
which isolates CMW 10469, CMW 10470 and CMW 10471 originated and that formed the
phylogenetic group described by Myburg et al. (2004b), have ascospores (9-)9.5-11.5(-
12) um long. The majority of specimens from Elaeocarpus spp. in New Zealand (Table 1)
have ascospores falling within this range [(7-)8.5-11(-13.5) um long]. Specimens PDD
20056 and PDD 28490, however, have distinctly longer ascospores [(10.5-)11.5-14(-15.5)
pm]. Ascospores of these two specimens often also have one to three septa (Figs 4E, 5C),
whereas ascospores for the other specimens have only one or two septa (Figs 2E, 3C).
There are no isolates connected to the specimens with larger ascospores and their
phylogenetic position cannot be resolved, although they are morphologically similar to
those for which isolates are available in other respects than ascospore morphology.

Myburg et al. (2004b) previously found that specimens from E. dentatus and E.
hookerianus in New Zealand differ from Cryphonectria and Endothia spp. Ascospores of
the New Zealand specimens have one to three septa in irregular positions (Figs 2E, 3C, 4E,
5C). These are different from ascospores of Cryphonectria species that typically have one
median septum (Kobayashi 1970, Roane 1986, Myburg et al. 2004b). Conidia are often
variable in size (Figs 2K-L, 3F, 4K-L, 5F), ranging from 3-12 pm in length, whereas
conidia of Cryphonectria are generally more uniform in size, ranging from 2-5 um
(Kobayashi 1970, Roane 1986). Conidiomata of the New Zealand specimens are typically
superficial, conical to fluted (Figs 2F, 3D, 4F, 5D), although conidial locules can also be

observed inside stromata that contain perithecial necks. This is different from
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Cryphonectria species, which have semi-immersed, pulvinate conidiomata (Kobayashi
1970, Venter et al. 2002, Myburg et al. 2004b). Furthermore, ascostromata on the New
Zealand specimens are pulvinate and erumpent with perithecia formed in a diatrypoid
orientation (Figs 2B, 3B, 4B, 5B). This is more similar to stromata of Endothia, but
Endothia spp. have aseptate, cylindrical ascospores (Shear et al. 1917, Kobayashi 1970,
Venter et al. 2002, Myburg et al. 2004b) that can easily be distinguished from those of the
structures on Elaeocarpus spp.

Careful study of the specimens (K 109807, K 109809) linked to the original
description of C. gyrosa from Sri Lanka, revealed that the structures originally described for
C. gyrosa are identical to those on the specimens linked to the description of E. tropicalis
(BPI 614797, BPI 614256, BPI 797701). The type specimen of C. gyrosa (K 109807),
however, contains few recognizable structures, and only a few of these structures could be
used. Structures on the C. gyrosa specimens from Sri Lanka also had a morphology identical
to specimens from Elaeocarpus spp. in New Zealand, which have previously been assigned
the name C. gyrosa. Ascospores of the Sri Lankan fungus were generally one-septate, but
ascospores with two irregularly spaced septa were found in all three specimens (Figs 6E-F).
Ascospores of the C. gyrosa specimens from Sri Lanka [(7-)8-9.5(-11.5) um long]
overlapped in size with those of the group from New Zealand with smaller ascospores [(7-
)8.5-11(-13.5) um long]. Specimens BPI 614797 [(4-7(-10) um long] and K 109809 [4.5-
10(-14) pm long], also had conidia (Fig. 6L) that fell within the size range [(3-)4-8.5(-12)
pum long] of the specimens for both groups of fungi from New Zealand. Ascostromata on
specimens BPI 614797 and K 109807 representing the Sri Lankan fungus (Figs 6A-B), were
identical to those of structures on New Zealand specimens, and specimen BPI 614797
contained conical conidiomata (Figs 6G-H) similar to those found on New Zealand

specimens. Specimens representing the Sri Lankan fungus could thus not be distinguished
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from those originating in New Zealand, connected to isolates that represent a phylogenetic
group separate from Cryphonectria (Myburg et al. 2004b) and with ascospores (7-)8.5-11(-

13.5) um long.
DISCUSSION

Results of this study and Myburg et al. (2004b) show that specimens from Elaeocarpus
spp. in New Zealand, which were previously considered to be Cryphonectria spp., are
morphologically distinct from other species now classified in Cryphonectria. These
specimens are connected to isolates that Myburg et al. (2004b) showed to be
phylogenetically distinct from other Cryphonectria spp. Furthermore, our examination of a
large collection of specimens from New Zealand indicates that the specimens from New
Zealand represent two morphologically related but distinct species. Cultures are available
for only one of the species and the phylogenetic relatedness of the two species cannot be
considered at this time. However, based on morphology, they can justifiably be treated in
the same genus.

The most obvious characteristics defining the two fungi from Eleaocarpus in New
Zealand as distinct from Cryphonectria are ascospores that have up to three septa. This was
previously noted for specimen PDD 20056 by Roane (1986). Conidiomata are also
different from those found in species of Cryphonectria (Shear et al. 1917, Micales & Stipes
1987, Myburg et al. 2004b). These are typically superficial on the host tissue and are
conical to fluted. In contrast, other species of Cryphonectria have ascospores with one
septum, and conidiomata that are semi-immersed and pulvinate (Myburg et al. 2004b).

Specimens of C. gyrosa from Sri Lanka, including the type specimen and the type

specimen of E. tropicalis previously treated as a synonym of C. gyrosa, were
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indistinguishable from the New Zealand collections from Elaeocarpus. They have ascospores
of the same size and with one to two septa, although this form of septation has not previously
been noted for C. gyrosa (Berkeley & Broome 1875, Saccardo & Saccardo 1905, Shear et al.
1917, Barr 1978, Roane 1986, Micales & Stipes 1987). Furthermore, conidia are variable in
size and fall within the same range as those of specimens from New Zealand. Conidiomata
also have a conical to pyriform shape, similar to the New Zealand fungus and different from
the pulvinate structures of Cryphonectria spp. (Myburg et al. 2004b). We conclude that C.
gyrosa sensu stricto most likely will group in the distinct phylogenetic clade representing the
New Zealand specimens as defined by Myburg et al. (2004b).

A proposal to conserve the generic name Cryphonectria with a conserved type
(Gryzenhout et al. 2005b), showed that the extensive citation of C. gyrosa as type of
Cryphonectria is contrary to Art. 7.4 of the ICBN (Greuter et al. 2000). Since C. gyrosa is
not eligible as type, it will have no effect on the name Cryphonectria if C. gyrosa is
transferred to another genus. The fungus known as C. gyrosa from Sri Lanka and the
specimens from Elaeocarpus spp. in New Zealand are thus described in a new genus that is
closely related to Cryphonectria. Cryphonectria gyrosa and the specimens with smaller
ascospores from New Zealand are treated as one species, the name of which is designated
as the type of the new generic name. A second species from Elaeocarpus in New Zealand
with larger ascospores, is also recognized. A name is provided for this fungus even though
cultures and thus DNA sequence data are not available for it. Description of the new genus
for the fungus previously known as C. gyrosa and the second new species, are provided
below. A key facilitating the identification of the new genus and the species residing in it is

also provided.
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Amphilogia Gryzenh., Glen & M. J. Wingf., gen. nov.

Etymology. Greek, amphi, on both sides, and logos, discussion, thus the Greek
personification of disputes; referring to the dispute this genus caused regarding the identity

of Cryphonectria.

Ascostromata aurantiaca, erumpentia, subimmersa vel superficialia, textura stromatica bene evoluta,
pulvinata, collis peritheciorum papillatis vel longis. Asci octospori, fusoidei. Ascosporae hyalinae, fusoideae
vel ellipsoideae, uno vel tribus septis irregulariter dispositis divisae.

Conidiomata aurantiaca, discreta vel super ascostromata, interdum etiam velut loculi in ascostromate
videntur, superficialia, conica vel pyriformia vel striata, unilocularia. Conidiophora hyalina cum cellulis
conidiogenis phialidicis apicalibus vel lateralibus in ramis sub septo oriundis. Conidia hyalina, aseptata,

oblonga vel subfalcata, magnitudine variabili.

Ascostromata orange, erumpent, slightly immersed to superficial, stromatic tissue well-
developed, pulvinate with papillate to long orange perithecial necks, perithecia diatrypoid.
Asci 8-spored, fusoid. Ascospores hyaline, fusoid to ellipsoid, containing one to three
irregularly spaced septa.

Conidiomata orange, separate or on top of the ascostromata, also evident occasionally
as locules inside ascostroma, superficial, conical to pyriform to fluted, unilocular.
Conidiophores hyaline with phialidic, irregular branching, determinate conidiogenous cells
that occur apically or laterally on branches beneath a septum. Conidia hyaline, non-septate,

oblong to slightly curved, of variable size.

Typus: Amphilogia gyrosa (Berk. & Broome) Gryzenh., Glen & M. J. Wingf. 2005.
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Amphilogia gyrosa (Berk. & Broome) Gryzenh., Glen & M. J. Wingf., comb. nov., Figs 2—
3, 6.

= Diatrype gyrosa Berk. & Broome, J. Linn. Soc. London 14: 124. 1875.

= Nectria gyrosa Berk. & Broome, J. Linn. Soc. London 15: 86. 1877.

= Cryphonectria gyrosa (Berk. & Broome) Sacc., Syll. Fung. 17: 784. 1905.

= Endothia gyrosa (Berk. & Broome) Héhn., Sitzb. Kais. Akad. Wiss. Wien, Math.

Naturw. KI. 118: 1480. 1909, nom. illegit. Art. 53, non (Schwein. : Fr.) Fr.

Holotype. Sri Lanka. 1868 (K 109807).

Epitype. New Zealand. Auckland: Waitakere Ranges, Spragg’s Bush, exposed roots

on dead tree, 1973, R. E. Beaver (NY 31874, living cultures CMW 10469,

CMW 10470 — designated here).

= E. tropicalis Shear & N. E. Stevens, U. S. Dept. Agric. Bull. 380: 20-21. 1917.

Holotype: Sri Lanka. Hakgala, Elaeocarpus glandulifer, 1913, T. Petch (BPI 614797, BPI
614526).

= E. havanensis Bruner, Bull. Govt. For. Exp. Station 226: 140. 1970.

Holotype: Cuba. Santiago de las Vegas, Eucalyptus sp., 1916, S. C. Bruner (BP1 614275).
Etymology: Greek, gyrus, circle, thus round.

Ascostromata gregarious on bark, often occurring in cracks, often confluent, pulvinate,
erumpent, slightly immersed to superficial (Figs 2A-B, 3A-B, 6A-B), 460-500 pum high,
660-950 um diam, orange, well-developed stromatic tissue (Figs 2C, 6C), prosenchyma at the
center, pseudoparenchyma at the edges, orange. Perithecia surrounded with fungal tissue or

with bases touching the host tissue, diatrypoid, globose to sub-globose (Figs 2B, 3B, 6B),
&
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340-400 pm diam, walls black, 17-21 pm thick, up to 22 perithecia in a stroma. Perithecial
necks periphysate, black, slender (Figs 2B, 3B, 6B), 80-120 um wide, breaking through the
stromatal surface as papillae or long cylindrical beaks covered with orange tissue (Figs 2A-
B, 3A-B, 6A), protruding necks up to 440 pm long, 100-200 pm wide. Asci (43-)46-52(—
55) X (6-)7-8(-9) um, fusoid, floating freely in the perithecial cavity, stipitate only when
immature, unitunicate with non-amyloid, refractive apical ring, 8-spored, biseriate (Figs 2D,
3C). Ascospores (9-)9.5-11.5(-12) X (3.5-)4-5(-5.5) pum, oval, hyaline, containing one or
two irregularly spaced septa (Figs 2E, 3C, 6E-F).

Conidiomata separate (Figs 2F, 3D, 6G) or above the ascostromata, also appearing as
locules inside ascostromata, individual conidiomata unilocular (Figs 2G, 3E, 6H), 400-890
pum high, 100-370 um diam, orange, superficial, conical to pyriform to fluted, conidiomatal
tissue pseudoparenchymatous (Fig. 2H). Conidiophores (10.5-)13-19(-24) um long,
branched irregularly, cells delimited by septa or not, hyaline (Figs 2I-J, 3F, 6J-K).
Conidiogenous cells phialidic, determinate, branches arising beneath a septum, cylindrical to
flask-shaped with attenuated apices, (1-)1.5-2.5(-3) um wide, collarette and periclinal
thickening inconspicuous (Figs 21-J, 3F, 6J-K). Conidia (3-)4-8.5(-12) X (1.5-)2-2.5(-3.5)
pum, non-septate, oblong to slightly curved, hyaline (Figs 2K-L, 3F, 6L).

Cultural characteristics: Cultures (CMW 10469, CMW 10471) on MEA white when young,
often with a luteous center, becoming orange when older, flat and striate with a smooth to
sinuous margin, fast growing, covering a 90 mm plate after a minimum of six days; optimum
temperature 25-30 °C.

Substrate: Roots of Elaeocarpus dentatus, E. hookerianus and E. glandulifer.

Distribution: New Zealand, Sri Lanka.
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Specimens examined: Sri Lanka, 1868, holotype K 109807; Nuwara (Mount) Eliya,
Elaeocarpus glandulifer, G. H. K. Thwaites, K 109809; Hakgala, Elaeocarpus glandulifer,
1913, T. Petch, BPI 614797, BPI 614526. New Zealand, Auckland, Atanui State Forest, E.
dentatus, 1973, G. J. Samuels, PDD 32619, living culture CMW 10471; Waitakere Ranges,
Spragg’s Bush, exposed roots on dead tree, 1973, R. E. Beaver, epitype designated here NY
31874, ex-type cultures CMW 10469 = CBS 112922, CMW 10470 = CBS 112923;
Waitakere Ranges, E. dentatus, 1958, J. M. Dingley, PDD 18377; Titirangi, unidentified
living tree, 1973, J. M. Dingley & G. J. Samuels, NY 30873; Waitakere Ranges, Fairy Falls
track, E. dentatus, 1963, J. M. Dingley, PDD 21944; Waitakere Ranges, Waiatarua, E.
dentatus, 1963, J. M. Dingley, PDD 25570; Waitakere Ranges, Cutty Grass track, E. dentatus
root, 1959, S. McBeth, PDD 28497; Waitakere Dam, E. dentatus, 1966, J. M. Dingley, PDD
25003; Waitakere Ranges, Upper Piha Valley, E. dentatus fallen trunk, 1949, J. M. Dingley,
PDD 28485; Upper Piha, E. dentatus, 1947, J. M. Dingley, PDD 28482; Waitakere Ranges,
Piha, E. dentatus, 1948, J. M. Dingley, PDD 28484; Orere, E. dentatus, 1963, S. J. Hughes,
PDD 20570; Orere, E. dentatus, 1953, J. M. Dingley, PDD 28487; Hanua Ranges, E.
dentatus, 1953, J. M. Dingley, PDD 28488; Hanua Ranges, Moumoukai Valley, E. dentatus,
1932, L. M. Cranwell, PDD 3841; Henderson, off Stony Creek, E. dentatus root, 1948, J. M.
Dingley, PDD 28483; Henderson, Walker’s Bush, E. dentatus, 1958, S. McBeth, PDD 28494;
Henderson Valley, Sharps Bush, E. dentatus, 1972, J. M. Dingley, PDD 29819; Northland,
Omahuta State Forest, E. dentatus, 1963, S. J. Hughes, PDD 21242; Waipoua, E. dentatus,
1955, J. M. Dingley, PDD 28492; Coromandel, Camel’s Back 1000’, E. dentatus exposed
root, 1934, J. M. Dingley, PDD 28489; Waikato, Taupiri Mt. 900’, E. dentatus, 1954, J. M.
Dingley, PDD 28491; Buller, Orwell Creek, Granville Forest, E. hookerianus, 1963, J. M.

Dingley, PDD 23365.
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Amphilogia major Gryzenh., Glen & M. J. Wingf. sp. nov., Figs 4-5.

Etymology: Latin, major, greater, pointing to the ascospores that are larger than those of A.

gyrosa.

Ascostromata pulvinata vel tuberculata, erumpentia, partim immersa in pulvino stromatico bene evoluto
aurantiaco. Perithecia textura stromatica circumdata vel basi hospitem tangentia, globosa vel subglobosa,
parietibus nigris. Colla peritheciorum periphysata, nigra, tenuia, per superficiem stromatis ut papillae vel rostra
longa cylindrica textura aurantiaca tecta erumpentia. Asci fusoidei, solum immaturi stipitati, unitunicati, annulo
apicali non amyloideo, refractivo, octospori, biseriati vel uniseriati. Ascosporae ovales, hyalinae, uno vel tribus
septis irregulariter dispositis divisae.

Conidiomata discreta vel ascostromati insidentia, etiam ut loculi in ascostromate videntur, conidiomata
singula unilocularia, aurantiaca, superficialia, conica vel pyriformia. Conidiophora irregulariter ramosa, septata
an non, hyalina. Cellulae conidiogenae phialidicae, cylindricae vel ampulliformes apicibus attenuatis, collari

incrassationeque periclinali inconspicuis. Conidia non septata, oblonga vel subfalcata, hyalina.

Ascostromata gregarious on bark, often confluent, pulvinate to tuberculate, erumpent, slightly
immersed to superficial (Figs 4A-B, 5A-B), 1600-1750 pm high, 1050-3050 pum diam,
orange, well-developed stromatic tissue (Figs 4C), prosenchyma at the center,
pseudoparenchyma at the edges, orange. Perithecia surrounded with fungal tissue or with
bases touching the host tissue, diatrypoid, base globose to sub-globose (Figs 4B, 5B), 330-
660 um diam, walls black, 13-25 pum thick, up to 25 perithecia in a stroma. Perithecial necks
periphysate, black, slender (Figs 4B, 5B), 170-260 pm wide, breaking through the stromatal
surface as papillae or long cylindrical beaks which are covered with orange tissue (Figs 4A—
B, 5A); protruding necks up to 460 pum long, 140-510 um wide. Asci (47-)57.5-77(-87.5) X
(7.5-)9-11(-12) pm, fusoid, floating freely in the perithecial cavity, stipitate only when

immature, unitunicate with non-amyloid, refractice apical ring, 8-spored, biseriate or
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uniseriate (Figs 4D, 5C). Ascospores (10.5-)11.5-14(-15.5) X (4.5-)5-6(-6.5) pm, oval,
hyaline, containing one to three irregularly spaced septa (Figs 4E, 5C).

Conidiomata separate (Figs 4F, 5D) or on top of ascostromata (Figs 4F, 5A), also
appearing as locules inside ascostromata (Figs 4B, 5B), individual conidiomata unilocular
(Figs 4G, 5E), 240-820 um high, 260-500 pm diam, orange, superficial, conical to pyriform,
conidiomatal tissue pseudoparenchymatous. Conidiophores (4.5-)8.5-19.5(-32.5) um long,
branched irregularly, cells delimited by septa or not, hyaline (Figs 41-J, 5F). Conidiogenous
cells phialidic, determinate, apical or lateral on branches arising beneath a septum, cylindrical
to flask-shaped with attenuated apices, (1-)1.5-2.5(-3) um wide, colarette and periclinal
thickening inconspicuous (Figs 41-J, 5F). Conidia (3-)3.5-7.5(-12) X (1-)1.5-2(-2.5) pm,
non-septate, oblong to slightly curved, hyaline (Figs 4K-L, 5F).

Cultural characteristics: No cultures are available for this fungus.
Substrate: Roots of Elaeocarpus hookerianus and E. dentatus.

Distribution: New Zealand

Specimens examined: New Zealand, Fiordland, Lake Manapouri, Elaeocarpus hookerianus,
1948, J. M. Dingley, holotype PDD 20056; Westland, Pukekura, Elaeocarpus dentatus,

1954, J. M. Dingley, PDD 28490.

The following key summarises the morphological differences between Amphilogia,
Cryphonectria and Endothia, and should serve as an aid in the identification of unknown
specimens.

la. Ascospores aseptate; conidiomata superficial, pulvinate; conidia relatively uniform in
SIZE, =4 M IONQG .t iee et e e e e ENDOTHITR

1D, ASCOSPOIES SEPLALE ... ettt ettt e et et e e et e e et e e e e e e e 2
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2a. Conidiomata often superficial, conical to fluted; ascospores 1-3-septate; conidia variable
iNSIZe, 3=12 UM IONG c.eoiiee e . AMIPHIT OgHR
2b. Conidiomata semi-immersed, pulvinate; ascospores always 1-septate; conidia relatively

uniform in size, 2=5 UM IONQ ..cvvoiviiiiiice e e e e Cryphonectria

Amphilogia major can be distinguished from A. gyrosa based on features of the teleomorph.
Conidiomatal structures do not have explicit diagnostic characteristics. Conidiomata of A.
gyrosa are often more slender than those of A. major, but this feature may be influenced by
environmental conditions such as humidity. The following key is presented to distinguish

between the two species:

la. Asci up to 55 pum long; ascospores (9-)9.5-11.5(-12) pmlong.................. A. gyrosa
1b. Asci longer than 55 um; ascospores (10.5-)11.5-14(-15.5) um long.............. A. major
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Table 1. Specimens of Amphilogia, Cryphonectria and Endothia species examined in morphological comparisons.

Identity Herbarium Previous Host Origin Collector Date
allocation® labeled name
Amphilogia PDD 3841 Endothia Elaeocarpus Moumoukai Valley, L. M. 1932
gyrosa tropicalis dentatus Auckland Cranwell
PDD 18377 E. tropicalis E. dentatus root Waitakere Ra., Auckland  J. M. Dingley 1958
PDD 20570 E. tropicalis E. dentatus Orere, Auckland S.J. Hughes 1963
PDD 21242 E. tropicalis E. dentatus Omahuta State Forest, S.J. Hughes 1963
Auckland
PDD 21944 E. tropicalis E. dentatus Waitakere Ranges, Fairy  J. M. Dingley 1963
Falls Track, Auckland
PDD 23365 E. tropicalis Elaeocarpus Granville forest, Westland  J. M. Dingley 1963
hookerianus
PDD 25003 E. tropicalis E. dentatus Waitakere Dam, Auckland  J. M. Dingley 1966
PDD 25570 E. tropicalis E. dentatus Waitakere Ranges, J. M. Dingley 1963

Waiatarua, Auckland
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PDD 28482

PDD 28483

PDD 28484

PDD 28485

PDD 28486

PDD 28487

PDD 28488

PDD 28489

PDD 28491

PDD 28492

PDD 28494

PDD 28497

. tropicalis

. tropicalis
. tropicalis

. tropicalis

. tropicalis
. tropicalis
. tropicalis

. tropicalis

. tropicalis
. tropicalis
. tropicalis

. tropicalis

E. dentatus

E. dentatus root

E. dentatus

E. dentatus fallen

trunk

E. dentatus

E. dentatus

E. dentatus

E. dentatus exposed

root

E. dentatus

E. dentatus

E. dentatus

E. dentatus root

Waitakere Ranges,
Auckland
Henderson, Auckland
Piha, Auckland
Upper Piha Valley,
Auckland

Waipoua, Auckland

Hunua Ranges, Auckland

Hunua Ranges, Auckland

Coromondel Peninsula,
Auckland
Taupiri Mt., Auckland
Waipoua, Auckland
Henderson, Auckland
Waitakere Ranges,

Auckland

J. M. Dingley

J. M. Dingley
J. M. Dingley

J. M. Dingley

. Dingley
. Dingley

. Dingley

z =z z 2

. Dingley

J. M. Dingley
J. M. Dingley
S. McBeth

S. McBeth

1947

1948

1948

1949

1949

1953

1953

1954

1954

1955

1958

1959

a

\ 4

“
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Amphilogia

major

PDD 29819

PDD 30873

=NY 30873

PDD 32619°

NY 31874°

BPI 614525
BPI 614524
DAOM
93506a
PDD 20056

(holotype)

E. tropicalis

Endothia

radicalis

E. tropicalis

E. radicalis

E. tropicalis

E. tropicalis

E. tropicalis

E. tropicalis

E. dentatus

Exposed roots of
unidentified, living
tree
Exposed E. dentatus
root
Exposed roots on
dead tree
E. dentatus
E. dentatus

E. dentatus

E. hookerianus

Henderson Valley,
Waitemata County

Titirangi, Auckland

Atuanui State Forest,
Auckland
Waitakere Ranges,
Spragg’s Bush, Auckland
Omahuta forest, Auckland
Orere, Auckland

Omahuta forest, Auckland

L. Manapouri, Southland

J. M. Dingley

J. M. Dingley
&G.J.
Samuels

G. J. Samuels

R. E. Beaver

S. J. Hughes

S. J. Hughes

S. J. Hughes

J. M. Dingley

1972

1973

1973

1973

1963

1963

1963

1948

5

Qe
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PDD 28490 E. tropicalis E. dentatus Pukekura, Westland J. M. Dingley 1954
Cryphonectria K 109807 Nectria gyrosa Bark Sri Lanka n.a. 1868
gyrosa © (holotype) (#638)
K 109809 n.a. (#290) Bark Nuwara Eliya, Sri Lanka G.H. K. n.a.
Thwaites
BP1 614797° E. tropicalis Elaeocarpus Hakgala, Sri Lanka T. Petch 1913
glandulifer
BPI 614526°¢ E. tropicalis E. glandulifer Hakgala, Sri Lanka T. Petch 1913
BPI 797701° E. tropicalis E. glandulifer (as Hakgala, Sri Lanka n.a. n.a.
Elaeagnus
glandulifer)
Cryphonectria  TFM: FPH Endothia Shiia siebordii Japan T. Kobayashi 1954
macrospora 1057 macrospora
(holotype)

;

Qe
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Cryphonectria  TFM: FPH Endothia Quercus Japan T. Kobayashi 1954
nitschkei 1045 nitschkei grosseserrata
(holotype)
Cryphonectria NY Diaporthe Castanea dentata New York, USA W. A. Murrill 1905
parasitica (holotype) parasitica
CUP 2926 D. parasitica C. dentate New York, USA W. A. Murrill 1907
TFM: FPH Endothia Castanea crenata Koganei, Japan T. Kobayashi 1953
629 parasitica
Cryphonectria  BP1 797697 E. radicalis Castanea sativa Locarno, Switzerland n.a. 1862
radicalis
BP1 613739  Endothia fluens C. sativa Stresa, Italy C. L. Shear 1913
Endothia PREM E. gyrosa Quercus phellos Raleigh, USA L. Grand 1997
gyrosa 56218

# NY, William and Lynda Steere Herbarium, New York Botanical Garden, Bronx, New York, USA. PDD, Landcare Research New Zealand

Limited, Mt. Albert, Auckland, New Zealand. BPI, U. S. National Fungus Collections, Systematic Botany and Mycology, Beltsville, USA.

“
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DAOM, National Mycological Herbarium, Eastern Cereal and Oilseed Center (ECORC), Agriculture and Agri-Food Canada, Ottawa, Ontario,
Canada. K, Herbarium, Royal Botanic Gardens, Kew, Richmond, Surrey, U.K. TEM: FPH, Forestry and Forest Products Research Institute,
Danchi-Nai, Ibaraki, Japan. CUP, Plant Pathology Herbarium, Cornell University, Ithaca, New York, USA. PREM, National Collection of
Fungi, Pretoria, South Africa.

' NY 31874 is linked to isolates CMW 10469 and CMW 10470, and PDD 32619 is linked to isolate CMW 10471 (Myburg et al. 2004b).

° These specimens now represent A. gyrosa.

i
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Fig. 1. Map of New Zealand showing the locations of herbarium specimens from Elaeocarpus spp.
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Fig. 2. Micrographs of specimens of Amphilogia gyrosa from New Zealand linked to the
phylogenetic clade characterised by Myburg et al. (2004b). A. Ascostroma on bark with long
perithecial necks. B. Vertical section through ascostroma. C. Stromatic tissue of ascostroma.
D. Ascus. E. Ascospores with different septation. F. Conidioma on bark. G. Vertical section
through conidioma. H. Stromatic tissue of conidioma, longitudinally sectioned. I-J.
Conidiophores and conidiogenous cells. K-L. Conidia. Scale bars A, F =200 um; B, G = 100
um; C, H =20 pm; D-E, I-L =10 um.
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Fig. 3. Line drawings of Amphilogia gyrosa. A. Shape of ascostroma on bark. B. Vertical
section through ascostroma. C. Asci and ascospores. D. Shapes of conidiomata on bark. E.
Vertical section through conidioma. F. Conidiophores, conidiogenous cells and conidia. Scale

bars A-B, D-E = 100 um; C, F = 10 um.



191

Fig. 4. Micrographs of specimens of Amphilogia major from New Zealand. A. Ascostromata
on bark with perithecial necks. B. Vertical section through ascostroma, with conidial locule
indicated with arrow. C. Stromatic tissue of ascostroma. D. Ascus. E. Ascospores with
different septation. F. Conidiomata on bark (arrows). G. Vertical section through conidioma.
H. Stromatic tissue of conidioma, longitudinally sectioned. 1-J. Conidiophores and
conidiogenous cells. K-L. Conidia. Scale bars A-B, F =200 um; G =100 um; C, H =20 um;
D-E, I-L =10 pm.
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Fig. 5. Line drawings of Amphilogia major. A. Shapes of ascostromata on bark with
conidioma indicated with arrow. B. Vertical section through ascostroma. C. Asci and
ascospores. D. Shapes of conidiomata on bark. E. Vertical section through conidioma. F.
Conidiophores, conidiogenous cells and conidia. Scale bars A = 200 um; B, D-E = 100 um;
C-F =10 um.
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Fig. 6. Micrographs of Sri Lankan specimens of Amphilogia gyrosa. A. Ascostroma on bark with
long perithecial necks (arrow). B. Vertical section through ascostroma. C. Stromatal tissue of
ascostroma. D. Tip of ascus. E-F. Ascospores with different septation. G. Conidioma on bark
(arrow). H. Vertical section through conidioma. 1. Stromatic tissue of conidioma, longitudinally
sectioned. J-K. Conidiophores and conidiogenous cells. L. Conidia. Scale bars A-B, G =200 um;
H =100 um; C, I =20 um; D-F, J-L = 10 um.
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Abstract: Terminalia ivorensis, a tree of central African origin, is planted in several
tropical countries for timber and veneer production. During the course of a recent disease
survey, an unknown fungus was found associated with basal cankers on dying T.
ivorensis in Ecuador. The fungus has orange fruiting structures and septate, fusoid
ascospores, similar to those of Cryphonectria, a well-known genus of canker pathogens.
The aim of this study was to identify the fungus and to assess its pathogenicity.
Identification was based on morphological characteristics as well as DNA sequence data.
DNA sequence data from the ITS regions of the rDNA operon and two regions of the 3-
tubulin gene, were compared with published sequences of Cryphonectria species and the
closely related genera Endothia and Chrysoporthe. Pathogenicity tests were conducted
on T. superba saplings. Morphological characterisations revealed that the conidiomata of

the fungus from T. ivorensis, differed from those typical of Cryphonectria in being
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superficial and rostrate. Only Cryphonectria longirostris was similar to the fungus from
T. ivorensis, but could be distinguished from it based on conidial size. Phylogenetic
analyses showed that the fungus from T. ivorensis grouped closely with species of
Cryphonectria, Chrysoporthe and Endothia, yet formed a distinct clade. Pathogenicity
tests on T. superba provided evidence that the fungus is able to cause distinct stem
cankers. We conclude that the pathogenic fungus from T. ivorensis represents a new
genus and new species in the Diaporthales and we provide the name Rostraureum
tropicale for it. The genus is typified by R. tropicale. Furthermore, C. longirostris is

transferred to Rostraureum.

Taxonomic novelties: Rostraureum Gryzenh. & M. J. Wingf. gen. nov., Rostraureum
tropicale Gryzenh. & M. J. Wingf. sp. nov., Rostraureum longirostris (Earle) Gryzenh. &
M. J. Wingf. comb. nov.

Key words:  Cryphonectria, Cryphonectria longirostris, Diaporthales, Ecuador,

Rostraureum, Terminalia

INTRODUCTION

Terminalia ivorensis (Combretaceae, Myrtales) is native to the rainforests of Central
Africa (Lamb & Ntima 1971). A similar species, Terminalia superba, also occurs in
tropical central Africa (Groulez & Wood 1985). Both trees are planted in the tropics as a

source of high quality solid timber and veneer. These trees grow rapidly, have straight




ROSTRAUREUM TROPICALE GEN. SP. NOV. 196

stems, are self-pruning and have tended to display a natural resistance to pests and
pathogens (Lamb & Ntima 1971, Groulez & Wood 1985).

Few pathogens have been reported from Terminalia spp. A Sphaeronaema sp.
has been associated with die-back of T. ivorensisin nurseries (Lamb & Ntima 1971) and
an Endothiella sp. has also been found on cankers on T. ivorensis in Ghana (Ofosu Siedu
& Cannon 1976). In Brazil, Korunomyces terminaliae Hodges & F.A. Ferreira causes
leaf spots on seedlings and young T. ivorensis plants (Hodges & Fereira 1981), and
Auerswaldiella parvispora M. L. Farr causes black blotches on leaves (Farr 1989). Root
rot caused by species of Rosellinia and Phytophthora, leads to die-back of T. ivorensis in
Panama and Costa Rica (Kapp et al. 1997). Some foliage diseases caused by unidentified
species of Cercospora, Ramularia, Irenina and Spaceloma have been reported from T.
superba in Africa (Groulez & Wood 1985).

Terminaliaivorensisand T. superba are cultivated in Ecuador where both perform
well, although T. ivorensis trees are prone to unexplained deaths. This study emerged
from surveys aimed at gaining an understanding of these deaths. A possible causal agent
of basal cankers on dying T. ivorensis trees was sought and identified based on

morphological characteristics and DNA sequence analyses.

MATERIALS & METHODS

Disease symptoms and specimens
Dead and dying Terminalia ivorensis trees were inspected in plantations in the lowland
tropics of Ecuador. All trees were mature and ranged in age from 13-15 yrs. Trees

appeared to have declined relatively rapidly and diffuse cankers were present in the root
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collar region. A fungus with yellow to orange fruiting structures was abundant on the
surface of the dead tissue. The fungus was also found on the stumps of recently felled T.
superba, but these could not be positively connected with a disease problem.

Specimens of the fungus were collected on bark from the surface of cankers and
transported to the laboratory. Single conidial and ascospore suspensions were made by
suspending spore masses in sterile water, and spreading these onto the surface of malt
extract agar [MEA, 20 g/L malt extract agar (Biolab, Merck, Midrand, South Africa)].
Single germ tubes emerging from the spores were transferred to new MEA plates and
incubated at 25 °C. Pure cultures have been preserved at 5 °C in the culture collection
(CMW) of the Forestry and Agricultural Biotechnology Institute (FABI; University of
Pretoria, Pretoria; Table 1), and representative cultures have been deposited in the
collection of the Centraalbureau voor Schimmelcultures (CBS; Utrecht). Bark specimens
bearing fruiting structures were preserved for morphological comparisons and have been
deposited in the herbarium (PREM) of the National Collection of Fungi, Pretoria, South

Africa (Table 2).

M or phology

Fruiting structures were cut from the bark and boiled in water for 1 min to rehydrate the
cells. The structures were then embedded in Leica mountant and sectioned with a Leica
CM1100 cryostat (Setpoint Premier, Johannesburg). Sectioning was carried out at —20
°C. Sections 12-16 um thick, were dropped in water, transferred to microscope slides
and mounted in lactophenol. For the holotype specimen, 50 measurements in lactophenol

or 3 % KOH were taken of ascospores, asci, conidia and conidiophores, and are presented
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as (min-)(average - S.D.) — (average + S.D.)( —-max) um. A range of measurements was
obtained from at least ten structures for the anamorph and teleomorph stromata and
perithecia respectively, and at least ten anamorph and teleomorph structures were
sectioned to study their internal morphology. Standard colour notations provided by
Rayner (1970) were used to describe various elements of the fungus.

The fungus associated with basal cankers on T. ivorensis in Ecuador clearly had
characteristics similar to those of species of Cryphonectria and Endothia (shared
anamorph: Endothiella), and Chrysoporthe (anamorph: Chrysoporthella). Chrysoporthe
is a newly described genus accommodating the fungus previously known as
Cryphonectria cubensis (Bruner) Hodges (Gryzenhout et al. 2004/Chapter 1 in this
thesis). The fungus from T. ivorensis was thus compared with specimens representing
species of Cryphonectria, Endothia and Chrysoporthe. One species, Cryphonectria
longirostris (Earle) Micales & Stipes, was found to be superficially similar to the fungus
from T. ivorensis. Additional specimens of this fungus were thus included in this study
for comparative purposes (Table 2). These specimens originated from dead plant
material in Puerto Rico, Trinidad and New Zealand and were obtained from various
herbaria. Specimens connected to the Endothiella species reported from cankers on T.
ivorensis in Ghana (Ofosu Siedu & Cannon 1976), as well as another specimen labelled
as C. gyrosa (Berk. & Broome) Sacc. from T. ivorensis in Kenya, were also examined
(Table 2).

Growth in culture of isolates CMW 9973 and CMW 10796 (Table 1), was
assessed. CMW 10796 originated from the holotype specimen. These studies were

conducted on MEA (20 g/L malt extract agar; Biolab, Midrand) as described by Venter et
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al. (2002). Growth tests were conducted in the dark at temperatures ranging from 15-35

°C, at 5 °C intervals.

DNA isolations and PCR amplifications

DNA was isolated from isolates using the method described in Myburg et al. (1999).
Two B-tubulin gene regions were amplified using the primer pairs Btla/Btlb and
Bt2a/Bt2b respectively (Glass & Donaldson 1995). The ITS1 and ITS2, as well as the
conserved 5.8S gene of the ribosomal RNA operon, were amplified using primers ITS-1
and ITS-4 (W