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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.
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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 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
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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
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(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.




CHRYSOPORTHE GEN. NOV. 20

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