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XYLARIACEAE/NUCLEOTIDE SEQUENCE/PHYLOGENY/INTERNAL

TRANSCRIBED SPACER REGIONS

Species identification and classification of the fungi in the family Xylariaceae
based on their molecular data were studied for resolving undescribed species, which
were closely related in their morphological characteristics, and some were uncultured
specimens. In this study, thirty one specimens from reference sources and three
hundred and thirty eight specimens from natural habitats of 14 localities in different
11 provinces of Thailand were examined. Morphological and chemical
characterisation results showed high morphological variations and limitations in their
secondary metabolite profiles. Approximately 30 % of all collected specimens could
not be identified. The molecular technique was then performed. Nucleotide sequences
of 18S rDNA having approximately 2,000 to 2,200 bp, and/or the internal transcribed
spacer (ITS) 1 and 2 regions including 5.8S rDNA (ITS1-5.8S-ITS2) having
approximately 500 to 900 bp, were achieved. The comparison of these nucleotide
sequences within specimens examined and sequences from GenBank database
exhibited clearly separations among xylariaceous species and these sequences can be
used to identify the problem fungi. When the whole ITS sequences were aligned, they

revealed the greatest variation in ITS1 region, which was suitable to design specific



IT1

primers and probes for these particular strains. The phylogenetic trees showed clear
relationéhips within xylariaceous species and also could be used to confirm results of
the finding of new species. From this study, the xylariaceous fungi were identified as
belonging to nine genera; Astrocystis, Biscogniauxia, Camillea, Daldinia, Hypoxylon,
Kretzschmaria, Nemania, Rosellinia and Xviaria, and were represented by fifty nine
species, including nine new species, which one, five, and three species belonged to
Biscogniauxia, Hypoxylon, and Xylaria respectively. In addition, these molecular data

are valuable for the creation of the DNA sequence database of the xylariaceous fungi

found in Thailand.
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CHAPTER I

INTRODUCTION

1.1 Significance of the study

The Xylariaceae is a large and relatively well-known fungal family which is
represented in most countries of the world especially in the tropics and subtropics.
The fungi in this group play an important role in the natural functions of forest
ecosystems. They are wood-decay fungi that are able to break down the major
components of wood, and play a role in nutrient cycling in the forest. In addition, the
Xylariaceae is known to contain phytopathogens and also endophytes. It has been
well investigated for secondary metabolite production (Whalley and Edwards, 1995;
Andersen et al., 2001; Stadler et al., 2001; Muhlbauer et al., 2002; Quang et al., 2002;
Stadler et al., 2002; Stadler et al., 2004).

In taxonomic studies of xylariaceous fungi, conventional methods, including
morphological, cultural, and chemical features, have been used. They are still
frequently used although these methods have limitations regarding very closely
related species. Thus, conventional methods are unable to resolve the problem and the
confusion in some areas of investigation of the family. Many species are
cosmopolitan, and have been frequently reported from different localities and at
different stages of development. The xylariaceous fungi also show a great variation in
their morphology, and some do not form a teleomorph stage, which causes a difficulty

in identification and classification. Therefore, molecular techniques have been chosen



to resolve these problems. The nucleic acid sequence data have been successfully
applied for the study of evolutionary patterns and phylogeny in fungi. The aim of this
study is to apply nucleic acid data based on ribosomal DNA sequences to resolve and
clarify the situation regarding selected xylariaceous fungi, where conventional

methods have been unsuccessful.

1.2 Research objectives

This study was undertaken to resolve the selected members of xylariaceous
fungi, which are difficult to identify. Therefore, three specific objectives were
investigated as follows:

1) to investigate species boundaries in problem species complexes, where
traditional taxonomic methodology has failed to resolve the problems,

2) to develop a database for identification of anamorphic isolates of
endophytic Xylariaceae, which can not be identified by conventional methods, and

3) to apply molecular techniques to clarify taxonomic relationships in certain

genera.

1.3 Scope and limitations of the study

The species complex of selected xylariaceous fungi were studied based on the
18S ribosomal DNA sequence and/or the internal transcribed spacers (ITS) 1 and 2
including 5.8S ribosomal DNA sequence. The nucleotide sequence results were
compared to the morphological results. Xylariaceous fungal specimens were collected
from forests in Thailand whilst the reference species were obtained from the Royal

Forest Department, Thailand, the Liverpool John Moore University, U.K., and the



University of Taiwan, Taiwan. The morphological characteristics of the selected
xylariaceous fungi were observed. Their chemical characteristics were analyzed by
secondary metabolite profiles and compared to the xylariaceous endophytes. Then,
this study attempted to resolve and analyze the genetic relationships of selected

xylariaceous fungi using different techniques suitable for each genus and species.

1.4 Expected results

From this study, the nucleotide sequences of the xylariaceous fungi could
clearly explain the identification and classification among the problematic genera
and/or species. The phylogenetic analysis could help for better understanding of
taxonomic and evolutionary relationships among xylariaceous fungi by means of
ribosomal DNA sequence analysis. The information of DNA sequences could also be
used to design specific primers as well as probes for the detection of specific
xylariaceous species in further application. Moreover, the nucleotide sequence

database of xylariaceous fungi collected in Thailand would then be developed.



CHAPTER Il

LITERATURE REVIEW

2.1 The Xylariaceae

The Xylariaceae is a fungus family belonging to Phylum Ascomycota, and is
commonly found throughout the temperate and tropical regions of the world (Ju and
Rogers, 1996; Whalley, 1996; Rogers, 2000). The xylariaceous fungus generally has a
paraphysate hamathecium and an ascus with the apical apparatus containing 4 to 8
ascospores, one-celled ascospores with a germination slit in each spore, and (Rogers,
1994; Ju and Rogers, 1996; Whalley, 1996). Their habitats are mostly on wood, litter,
leaves, seeds, dung, and soil. Some are associated with insect nests. Many species
exhibit strong host selectivity and in some cases are host specific (Whalley, 1996).

2.1.1 Ecology and host preference of the xylariaceous fungi

A major role of the Xylariaceae is wood decomposition, and most are
reported as white-rot fungi which can produce enzymes to degrade all the major wood
components (cellulose and lignin) (Nilsson et al., 1989; Rogers, 2000). The wood-
decay fungi in this family are similar to basidiomycete white-rot fungi (Sutherland
and Crawford, 1981; Rogers et al., 1997) but they decompose more slowly as found
for Daldinia concentrica (Bolt.: Fr.) Ces. & De Not. (Merrill et al., 1964; Rogers et
al., 1997).

Some xylariaceous species occur on a wide host range such as

Hypoxylon rubiginosum Pers.: Fr. and Nemania bipapillata (Berk.) Pouzar, which



have been found from several kinds of plants whilst some show a strong host
specificity. For example, Rosellinia buxi Fabre has only been found on Buxus
sempervirens L. (Whalley and Hammelev, 1988; Petrini, 1992; Whalley, 1996).
Hypoxylon fraxinophilum (Bull.: Fr.) Kuntze is always found on Fraxinus (Pouzar,
1972) and Biscogniauxia nummularia (Bull.: Fr.) Kiintze appears restricted to Fagus
(Whalley and Edwards, 1987). Rogers (2000) categorized the Xylariaceae by the part
or position and the invasion time of a host or substrate, which they invade as shown in

Table 1.

Table 1. The categorization of the xylariaceous fungi based on the part or position of

invading host.

Position of invading host Genera and/or species

To invade living leaves and stems, and Many species of Anthostomella
often found fruiting on the living host
material
To invade living stems and remain dormant  Many species of Daldinia, Biscogniauxia,
until the host is stressed Camillea, and Hypoxylon
To decay living roots and wood then move  Kretzschmaria clavas (Fr.) Sacc., Rosellinia
to living material from dead material necatrix and Xylaria spp.
To form fruiting bodies on decayed Most species of Xylaria and Nemania
material, but to be isolated as endophytes
from living hosts
To form fruiting bodies on seed and fruits,  Xylaria magnolia J.D. Rogers found on
and have specific and discrete Magnolia fruits, Xylaria ianthino-velutina
relationships with their hosts (Mont.) Fr. found on leguminous pods,
Xylaria carpophila (Pers.) Fr. found on
Fagus fruits, and Xylaria persicaria
(Schwein.: Fr) Berk. & M.A. Curtis found

on Liquidambar fruits




Table 1. (Continued).

Position of invading host Genera and/or species
To inhabit dung, and found to be special Most species of Hypocopra, Podosordaria,
relationships with animals. Many taxa and Poronia

have dormant ascospores, that seem to be
achieved via passage through a
mammalian digestive tract.
To associate with ant and termite nests Most species of Xylaria including Xylaria
melanaxis Ces. and X. nigripes (Kl.) Sacc.
To inhabit litter and organic soils Xylariaceous anamorphs such as
Nodulisporium and Geniculosporium
To damage host as pathogens Camillea tinctor (Berk.) Lessege, J.D. Rogers
& Whalley, Biscogniauxia capnodes
(Berk.) Y.-M. Ju & J.D. Rogers, and B.

mediterranea (De Not.) Kuntze

Source: Rogers (2000).

2.1.2 Xylariaceous fungi as phytopathogens

Some xylariaceous fungi are considered to be weak plant pathogens
causing canker disease, root rot disease, and needle blight disease (Whalley, 1996;
Edwards et al., 2003). Although they are not often considered to be a major cause of
plant diseases, an increasing number of pathogenic species is now recognised which
lead to economic loss in national ecosystems or under agricultural conditions (Rogers,
1979; Whalley, 1985; Whalley, 1996; Edwards et al., 2003). Rogers (1979) and
Rogers et al. (1997) reported that xylariaceous fungi are primarily parasites and
saprophytes of angiosperm plants. Rogers believed that early angiosperms might have
evolved in open areas with regular periods of drought. Therefore, one of the major
factors in directing evolution of fungi associated with angiosperms might have been

the capacity to survive through dry periods. If xylariaceous fungi co-evolved with



early angiosperms in exploiting the dry sites, they would have evolved to tolerate
periods of drought. Rogers (1979) pointed out several properties of the Xylariaceae
which might has been derived from co-evolving with their hosts on dry sites: a
relatively long period of ascospore maturation and discharge, a rapid germination of
ascospores in water, the discharge of ascospores when water is available, and the
ability of perithecial stromata and ascospores to withstand severe desiccation (Rogers,
1979). These fungi may weaken the host by absorbing nutrients from it, blocking the
vascular tissue, and preventing translocation of photosynthetic, water, and nutrients,
or actually destroying cells. In some cases enzymes or toxins are produced
(Alexopoulos et al., 1996).

Some species of Hypoxylon, Biscogniauxia, Camillea, and Xylaria
cause canker diseases (Whalley, 1996; Edwards et al., 2003). Canker diseases
contribute to the premature death of trees which have been stressed by drought,
construction damage, or other problems. Examples of xylariaceous phytopathogens
are shown in Table 2. In addition, these fungi have been investigated for phytotoxin
production that may cause the disease (Bodo et al., 1987; Pinon and Manion, 1991;
Whalley, 1996; Edwards et al., 2003).

Some species of Rosellinia, Kretzschmaria, and Xylaria cause root rot
diseases as shown in Table 2 (Whalley, 1996; Edwards ef al., 2003). The symptoms of
these diseases are similar to those of other root diseases, leaf yellowing, smaller
leaves and premature leaf fall; some branches exhibit dieback. Rosellinia necatrix has
been reported to produce rosellinic acid (Chen, 1964; Whalley, 1996), cytochalasin E
(Aldridge, Burrows, and Turner, 1972; Whalley and Edwards, 1995; Whalley, 1996),

rosellichalasin (Kimura, Nakajima, and Hamasaki, 1989; Whalley, 1996) and



rosnecatrone (Edwards et al., 2001; 2003), which might have a significant role in
causing the disease symptoms.

Members of xylariaceous fungi that cause needle blight diseases
belong to species of Rosellinia (Whalley, 1996; Edwards et al., 2003). Examples are

noted in Table 2.

Table 2. Examples of xylariaceous phytopathogens.

Species

Plant

Canker diseases
Entoleuca mammata (Wahlenberg:
F.) J.D. Rogers & Y.-M. Ju

Biscogniauxia mediterranea
Biscogniauxia nothofagi Whalley,
Lassoe & Kile
Camillea punctulata (Berk. & Rev.)
Leaessee, J.D. Rogers & Whalley
Root rot diseases

Rosellinia necatrix Prill.

Rosellinia bunodes (Berk. &
Broome) Sacc.

Kretzschmaria deusta (Hoffm.: Fr.)
P. Martin

Xylaria arbuscula Fr.

Acer, Alnus, Betula, Carpinus, Fagus, Picea,
Pyrus, Salix, Sorbus, and Ulnus (Manion and
Griffin, 1986; Whalley, 1996; Edwards et al.,
2003)

Oak (Macara, 1975; Whalley, 1996)

Nothofagus cunninghamii (Whalley, Lassoe,
and Kile, 1990; Whalley, 1996)

Quercus (Barnett, 1957; Whalley, 1996;
Edwards et al., 2003)

Apple, grape wive, pear, plum, sweet cherry,
poplar, jasmine and scented geranium
(Cellerino, 1973; Cellerino and Anselmi,
1980; Guillaumin, Mercier, and Dubois,
1982; Teixeira de Sousa, 1985; Cellerino,
Anselmi, and Giorcelli, 1988; Teixeira de
Sousa et al., 1995; Whalley, 1996)

Cacao (Theobroma cacao), quinine (Cinchona
spp.), coffee (Coffea spp.), rubber (Hevea
brasiliensis), and tea (Camellia sinesis)
(Sivanesan and Holliday, 1972; Whalley,
1996; Edwards et al., 2003)

Various tree species (Wilkins, 1934; Whalley,
1996; Edwards et al., 2003)

Macadamia (Ko and Kunimoto, 1991)




Table 2. (Continued).

Species Plant

Xylaria mali Fromme and Xylaria Apple (Clayton, Julis, and Sutton, 1976;
polymorpha (Pers.: Fr.) Grev. Whalley, 1996; Edwards et al., 2003), and
Acer rubrum (Sivanesan and Holliday, 1972;
Whalley, 1996)
Needle blight diseases
Rosellinia herpotrichioides Hepting ~ Douglas fir (Pseudotsuga menziesii) in forest

& Davidson nurseries (Salisbury and Long, 1956; Smith,
1966; Whalley, 1996; Edwards et al., 2003)
Rosellinia minor (H6hn.) Francis Young conifer seedlings (Francis, 1986)

2.1.3 Xylariaceous fungi as endophytes

Endophytes are microorganisms that live inside the plant tissue for at
least part of their life cycle without causing any disease symptom in the host (Petrini,
1992). Endophytes can be isolated from surface-sterilized plant tissues and cultivated
on suitable nutrient agars. The grass or clavicipitaceous endophytes colonize inside of
plant tissues and are believed to obtain their nutrition and some degrees of protection
from the host plants. In turn, they can confer enhanced fitness to the host plants by
producing certain functional metabolites. They are also implicated in improving the
ecological adaptability of hosts by enhancing their tolerance to environmental stresses
and resistance to phytopathogens and/or herbivores including some insects feeding on
the host plant. Endophyte-infected grasses usually possess an increased tolerance to
drought (Arachevaleta et al., 1989; Ravel et al., 1997), and aluminium toxicity
(Malinowski and Belesky, 1999). Furthermore, some endophytes are able to provide
the host plant with protection against some nematodes (Kimmons, Gwinn, and
Bernard, 1990; Hallmann and Sikora, 1996), mammalian animals (Bacon et al.,

1977), and insect herbivores (Preazler, Gaylord, and Boecklen, 1996; Wilkinson et
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al., 2000) as well as bacterial and fungal pathogens (Christensen, 1996; Sturz et al.,
1999). The non-clavicipitaceous endophytes occur in a wide range of non-grass hosts,
are worldwide in their distribution, and are the source of many bioactive compounds
(Schulz et al., 2002; Strobel, 2002).

Over the past two decades, members of the Xylariaceae have been
found to be widely and commonly occurring endophytic fungi being especially
common and diverse in tropical plants (Petrini and Petrini, 1985; Whalley, 1996;
Rodrigues and Petrini, 1997; Rogers, 2000). To date, eight genera of the Xylariaceae
have been recorded as endophytes including Anthostomella, Biscogniauxia, Daldinia,
Hypoxylon, Kretzschmaria, Nemania, Rosellinia, and Xylaria (Whalley, 1996).
Endophytes have been widely investigated because of their ability to produce new or
interesting metabolites, which can be used for natural, pharmaceutical, and biological
controls of pests and diseases (Azevedo et al., 2000; Schulz et al., 2002; Strobel,
2002). An increasing numbers of studies show that individual xylariaceous species
from a dominant part of the endophytes in certain tropical plant leaves (Rodrigues,
1994; Mekkamol, 1998; Photita et al., 2001). Studies on metabolites from
xylariaceous fungi, including endophytic isolates, indicate that the family is a rich
source of novel and often produces bioactive compounds (Whalley and Edwards,
1999; Isaka et al., 2000; Boonphong et al., 2001; Chinworrungsee et al., 2001; 2002).
Xylaria cubensis (Mont.) Fr. was reported as the second most frequent species
isolated from leaves of Licuala ramsayi (Muell.) Domin. (Rodrigues and Samuels,
1990) and an unidentified species of Xylaria was a frequent inhabitant of Stylosanthes
guianensis Sw. leave (Pereira, Azevedo, and Petrini, 1993). Consequently, Rodrigues

et al. (1993) demonstrated that xylariaceous fungi were the most frequent endophytes
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isolated from Euterpe oleracea, especially Xylaria cubensis. Chapela (1989) isolated
endophytic fungi from Fagus grandifolia and Populus tremuloides by using non-
selective methods and found 32% and 41% to be xylariaceous fungi. In the study of
leaf endophytes from a tropical palm, Xylaria, Anthostomella, Daldinia, and
Hypoxylon were represented, and the most frequent species was Xylaria cubensis
(Rodrigues, 1992). In most culture studies of leat endophytes from tropical plants,
Xylaria is abundant in plants tissue (Rodrigues, 1994).

Endophytic Xylaria species have been isolated from a wide range of
plants including Euterpe, Trachycapus, and Livistona (Rodrigues, 1994; Taylor et al.,
1999; Guo et al., 2000); Quercus and Fagus (Fagaceae); Betula, Corylus, and Alnus
(Betulaceae); Acer (Sapindaceae); Fraxinus (Oleaceae); Rhizophora and Bruguiera
(Rhizophoraceae); Avicennia (Avicenniaceae); Pinus and Picea (Pinaceae); and
Nicotiana (Solanaceae) (Brunner and Petrini, 1992); Manilkara (Sapotaceae) (Lodge
et al., 1996; Bayman et al., 1998); Tectona grandis L.f. (Mekkamol, 1998;
Charesprasert 2001); Samanea saman Merr. (Charessprasert, 2001); Musa acuminate
(Photita et al., 2001); Amomum siamense (Bussaban et al., 2001); bamboo (Lumyong
et al., 2001); Lepanthes (Orchidaceae; Bayman et al., 1997); Casuarina
(Casuarinaceae; Bayman et al., 1998); Schefflera (Araliaceae) (Lassoe and Lodge,
1994); Heisteria (Olaceae) and Ouratea (Ochnaceae) (Arnold et al., 2000); and
liverworts (Davis et al., 2003). Endophytic Xylaria species have also been isolated
from vascular plants in Europe (Brunner and Petrini, 1992; Taylor et al., 1999),
Malaysia (Brunner and Petrini, 1992), the Brazilian Amazon (Rodriques, 1994),
Puerto Rico (Lassge and Lodge, 1994; Lodge et al., 1996; Bayman et al., 1997,

1998), China (Taylor et al., 1999; Guo et al., 2000), Japan (Brunner and Petrini,
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1992), Panama (Arnold et al., 2000), and Thailand (Mekkamol, 1998; Charesprasert,
2001; Lumyong et al., 2001; Ruchichakhon, 2004). In addition, there is some
evidence that endophytic Xylaria species can be vertically transmitted through seeds
of Casuarina as in mutualistic endophytes (Clavicipitales) (Bayman et al., 1998).
However, given their global range, the horizontal transmission of conidia or spores
must also be very effective.

The production of secondary metabolites that are toxic to herbivores or
pathogens is a common characteristic of many endophytic mutualisms and also
provides the basis for selection favoring the symbiosis in the host plant (Carroll,
1988). In vitro studies of endophytic Xylaria species have shown that they actively
produce secondary metabolites (Brunner and Petrini, 1992), and these may also be
produced when the fungus inhabits living plant tissues. Such metabolites include
antifungal and antibiotic compounds (Brunner and Petrini, 1992; Petrini ef al., 1995).
The secondary compounds of the xylariaceous endophyte, Muscodor albus
Worapong, Strobel & W.M. Hess, were experimentally shown to inhibit the growth of
a broad range of plant and human pathogenic bacteria and fungi (Strobel ef al., 2001).
There has been no research on how these important compounds may affect host
ecology.

Accumulating evidence suggests that relationships between endophytic
Xylaria and their hosts are complex. The further study of endophytic Xylaria species
is needed to fully understand their ecology. Transplant and inoculation experiments
are also needed to address the question of whether Xylaria is a mutualistic,

antagonistic, or commensalistic endophyte.
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2.2 Taxonomy of the Xylariaceae

The Xylariaceae is classified in Phylum Ascomycota, Class Pyrenomycetes,
and Order Xylariales (Alexopoulos et al., 1996). In the key to genera of Xylariaceae
the number of genera is opened to discuss by mycologists depending on the criteria
used in the taxonomy. Eriksson and Hawksworth (1993) recognised 35 genera
whereas Lassoe (1994) proposed 37 genera with a few uncertain genera. Later,
Whalley (1996) reviewed the family and listed 41 genera with Ju and Rogers (1996)
accepting 39 genera. Recently four more new genera have been proposed. Jumillera
J.D. Rogers, Y.-M. Ju & San Martin and Whalleya J.D. Rogers, Y.-M. Ju & San
Martin have been separated from Biscogniauxia Kuntze (Rogers et al., 1997).
Poroleprieuria M.C. Gonzalez, Hanlin, Ulloa et E. Aguirre, has been erected for a
collection from Mexico (Gonzalez et al., 2004) and this is closely related to
Leprieuria Lassge, J.D. Rogers & Whalley. Emarcea Duong, R. Jeewon & K.D.
Hyde has very recently been described as a new genus from Thailand containing a
single species, Emarcea castanopsidicola (Duong et al., 2004). Although there are
different opinions, at least 42 genera can be assigned to the family (Table 3).

Thienhirun (1997) reported seventeen xylariaceous genera from Thailand,
which were Anthostomella, Astrocystis, Biscogniauxia, Camillea, Daldinia,
Entonaema, Holttumia, Hypoxylon, Kretzschmaria, Kretzschmariella, Nemania,
Podosordaria, Poronia, Rophalostroma, Rosellinia, Sacoxylon, and Xylaria.
Consequently, three more genera, Jumillera, Stilbohypoxylon, and Whalleya have
been included (Thienhirun and Whalley, 2001) and now Emarcea was added (Doung

et al.,2004).



Table 3. The fungal genera within the Xylariaceae family.
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Eriksson and Hawksworth (1993)

Laessge (1994)

Whalley (1996)

Ju and Rogers (1996)

Others

Anthostomella Sacc.

Ascotricha Berk.

? Ascotrichella Valldos.&Guarro
? Astrocystis Berk. & Broome
Biscogniauxia Kuntze
Calceomyces Udagawa & S. Ueda
Camillea Fr.

Daldinia Ces. & De Not.

Engleromyces Henn.

Entonaema A. Moller

Fassia Dennis

Helicogermslita Lodha & D. Hawksw.

Hypocopra (Fr.) J. Kickx f.
Hypoxylon Bull.
Induratia Samuels, E. Mull. & Petrini

Kretzschmaria Fr.

Leprieuria Lassee, J.D. Rogers&Whalley

Lopadostoma (Nitschke) Traverso

Anthostomella

Astrocystis

Biscogniauxia

Calceomyces

Camillea

Chaenocarpus Fr.
Collodiscula 1 Hino & Katum.
Creosphaeria Theiss.

Engleromyces

Entonaema
Euepixylon Fiiisting

Helicogermslita
Holttumia Lloyd
Hypocopra
Hypoxylon
Induratia

Kretzschmaria

Leprieuria
Lopadostoma
? Myconeesia Kirschst.

Anthostomella

? Ascotricha

? Ascotrichella
Astrocystis
Biscogniauxia
Calceomyces
Camillea

? Chaenocarpus
? Collodiscula
Creosphaeria
Daldinia

Engleromyces

Entonaema
? Euepixylon

Helicogermslita
? Holttumia
Hypocopra
Hypoxylon
Induratia

Kretzschmaria

Leprieuria
Lopadostoma

Anthostomella
Areolospora S.C. Jong &

E.E. Davis
Ascotricha

Biscogniauxia
Calceomyces
Camillea

Collodiscula

Creosphaeria

Daldinia

Discoxylaria Lindquist & J.
Wright

Engleromyces
Entoleuca Syd.
Entonaema
Euepixylon

Hypocopra
Hypoxylon
Induratia

Kretzschmaria
Kretzschmariella Viégas
Leprieuria
Lopadostoma

Emarcea Duong, R.
Jeewon & K.D. Hyde
(2004)

Jumillera J.D. Rogers, Y.-
M. Ju & San Martin
(1997)

Source: Whalley (1996); Ju and Rogers (1996); Rogers, Ju and San Martin (1997); Duong et al. (2004); Gonzalez et al. (2004).
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Eriksson and Hawksworth (1993) Laessge (1994) Whalley (1996) Ju and Rogers (1996) Others
Nemania Gray emend. Pouzar Nemania Nemania
Obolarina Pouzar Obolarina Obolarina
? Paucithecium Lloyd
Penzigia Sacc. ? Penzigia
Phaeosporis Clem. Phaeosporis Phaeosporis
Phylacia Lév. Phylacia Phylacia Phylacia
Podosordaria Ellis & Holw. Podosordaria Podosordaria Podosordaria
Poroconiochaeta Udagawa & Furuya
Poroleprieuria M.C.
Gonzalez, Hanlin, Ulloa et
E. Aguirre, (2004)
Poronia Willd. Poronia Poronia Poronia
Pulveria Malloch & Rogerson (as Pyrenomyxa Morgan) Pulveria Pulveria
Rhopalostroma D. Hawksw. Rhopalostroma Rhopalostroma Rhopalostroma
Rosellinia De Not. Rosellinia Rosellinia Rosellinia
Sarcoxylon Cooke Sarcoxylon Sarcoxylon Sarcoxylon
? Seynesia Sacc.
Stilbohypoxylon Henn. ? Stilbohypoxylon Stilbohypoxylon
Stromatoneurospora S.C. Jong & E.E. Davis  Stromatoneurospora Stromatoneurospora Stromatoneurospora
Thamnomyces Ehrenb. Thamnomyces Thamnomyces Thamnomyces
Theissenia Maubl. Theissenia Theissenia Theissenia
Thuemenella Penz. & Sacc. Thuemenella Thuemenella Thuemenella
Ustulina Tul. & C. Tul. Ustulina
Versiomyces Whalley & Watling Versiomyces Versiomyces
Vivantia J.D. Rogers, Y.-M. Ju,
& Cand.
Wawelia Namysl. ? Wawelia Wawelia Wawelia
Whalleya J.D. Rogers, Y .-
M. Ju & San Martin
(1997)
Xylaria Hill ex Schrank Xylaria Xylaria Xylaria

Source: Whalley (1996); Ju and Rogers (1996); Rogers, Ju and San Martin (1997); Duong et al. (2004); Gonzalez et al. (2004).
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2.2.1 Morphological taxonomy

Principally, the xylariaceous fungi have been characterised mainly on
conventional methods regarding teleomorphic and anamorphic characteristics by
using macroscopy and microscopy (Eriksson and Hawksworth, 1993; Lassee, 1994;
Rogers, 1994; Ju and Rogers, 1996; Whalley, 1996). Additionally, chemical
characteristics have been accepted or widely used in fungal taxonomy (Whalley and
Edwards, 1987; Whalley and Edwards, 1995; Stadler et al., 2001; Stadler, Ju, and

Rogers, 2004).

2.2.1.1 Teleomorphic characteristics
A) Stromata

The stromatal characters of Xylariaceae are extremely
variable in shape, size, and colour. They range from applanate, erumpent, effused,
subglobose to globose, uniperitheciate, and upright forms. The flattened applanate and
erumpent forms are found in the genera Biscogniauxia, Jumillera, Whalleya, and a
few Camillea species (Figure 1). The superficial and widely effused types occur in
Nemania and many taxa belonging to the genus Hypoxylon. Whereas subglobose to
globose forms have been found in Daldinia and some species of Hypoxylon, and the
uniperitheciate stroma is generally restricted to Rosellinia and Astrocystis (Figure 1).
In Xylaria, Kretzschmaria, and Rhopalostroma, stromata are upright but some
Camillea species, e.g. C. leprieurii Mont., have dimorphic forms, which are applanate
or erect. The texture of stromata has also been emphasized being defined as hard,
fairly hard, woody, and soft. However, these variations of features could result from
environmental influences. In addition, moisture and light might affect pigmentation or

degree of branching whilst host types or surface shapes of the substratum may
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influence growth form (Miller, 1961; Rogers, 1979; Ju and Rogers, 1996; Whalley,
1996).

The colour of the stromatal surface is also an important
feature in many species. Their coloration can, however, vary with age and
environmental conditions (Miller, 1961). Thus, some species exhibit different
stromatal colour depending on the stage and locality of the fungal growth. However,
the stromatal colour has been proven to be more useful in the delimitation of taxa
above species level with the application of KOH or ethyl acetate extractable pigments
in Daldinia and Hypoxylon proving to be of taxonomic value (Martin, 1968;
Greenhalgh and Whalley, 1970; Whalley and Greenhalgh, 1973; Whalley and
Whalley, 1977; Ju and Rogers, 1996; Ju et al., 1997; Stadler et al., 2001; Stadler, Ju,

and Rogers, 2004).

B) Perithecia

The perithecial characters of xylariaceous fungi are
usually described as globose, ovoid, and obovoid to tubular (Figure 2). Their degree
of protruding may be recorded as completely immersed, partially immersed or almost
free. Their arrangement may be monostichous or polystichous, and they vary
considerably in their dimensions (Luttrell, 1951; Rogers and Berbee, 1964; Mai,
1977; Rogers, 1967). The size of perithecia has been considered in combination with
other characters. The characters of perithecia vary in detail at the species level, and

might provide useful additional taxonomic information in the family (Jensen, 1985).
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Figure 1. Stromata of the xylariaceous fungi; (a) Camillea heterostromata (Mont.)
Lassee, J.D. Rogers & Whalley (applanate form), (b) Biscogniauxia
schweinitzii Y .-M. Ju & J.D. Rogers (applanate form), (c) Hypoxylon bovei
Speg. (subglobose to globose form), (d) Hypoxylon fusoideosporum Y .-M.
Ju & J.D. Rogers (subglobose to globose form), (e) Rosellinia corticium
(Schwein.: Fr.) Sacc. (uniperitheciate form), (f) Daldinia concentrica
(Bolt.: Fr.) Ces. & De Not. (subglobose to globose form), (g)
Kretzschmaria clavus (Fr.. Fr.) Sacc. (upright form), (h) Camillea
leprieurii Mont. (upright form), and (i) Xylaria schweinitzii (Berk. & M.A.
Curtis) (upright form).

Source: Ju and Rogers (1997).
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Figure 2. Perithecia of the xylariaceous fungi; (a) Biscogniauxia schweinitzii Y .-M.
Ju & J.D. Rogers (tubular), (b) B. dennisii (Pouzar) Piuzar (tubular), (c)
Camillea leprieurii Mont. (long spherical), (d) C. bilabiata Speg.
(tubular), (e) Hypoxylon chathamense Y.-M. Ju & J.D. Rogers (spherical),
(f) H. hypomiltum Mont. (obovoid to tubular), (g) Nemania aenea
(Nitschke) Pouzar var. macrospora (J.H. Miller) Y.-M. Ju & J.D. Rogers
(obovoid), (h) N. serpens (Pers.: Fr.) S.F. Gray var. colliculosa (Schwein.:
Fr.) Y.-M. Ju & J.D. Rogers (obovoid), and (i) H. fuscum (Pers.: Fr.) Fr.
(spherical).

Source: Ju and Rogers (1997).
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C) Ostioles

The ostiole characters of xylariaceous fungi consist of
two types, the umbilicate ostiolum and the papillate ostiolum. The umbilicate
ostiolum is characterised by small circular depressions in the stroma which appear
flush with the stromal surface. Umbilicate ostioles are found mainly in species
belonging to Hypoxylon section Hypoxylon (Miller, 1961; Ju and Rogers, 1996) and in
representatives of many other genera (Figure 3). An umbilicate ostiolum occurring
sunken as in Biscogniauxia and some Camillea species is often termed punctate. In
contrast, the papillate ostiolum is elevated above the surface of the stroma and, thus,
appears as a small nipple-like projection. Papillate ostioles are found in most species
of Nemania, Kretzschmaria, many species of Xylaria, and some species of
Biscogniauxia (Figure 3). In several members of the section Annulata of Hypoxylon
(Ju and Rogers, 1996) the papillate ostiolum is surrounded by a circular depression or
disk which has been found to occur as the result of the sloughing off of the stromal
surface in this region (Abe, 1986). Ju and Rogers (1996) recognised a bovei-type
where the whole disk area is shed in one piece and the truncatum-type where the
surface is gradually worn away to form the disk. The annulate ostiolum is also found
in some species of Nemania, Kretzschmaria, and Xylaria. Therefore, the ostiolar type

is an important taxonomic character in Hypoxylon and other xylariaceous genera.
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Figure 3. Ostioles of the xylariaceous fungi; (a) Biscogniauxia dennisii (Pouzar)
Piuzar (papillate), (b) B. reticulospora Y.-M. Ju & J.D. Rogers (papillate),
(c) Hypoxylon bovei Speg. (papillate with disk), (d) H. kretzschmariodes
Y.-M. Ju & J.D. Rogers (umbilicate), (e) H. hypomiltum Mont. (umbilicate
with white substance), and (f) Xvlaria melanura (Lév.) Sacc. (papillate).

Source: Ju and Rogers (1997).

D) Ascus and apical apparatus
Asci of most xylariaceous fungi usually contain eight
spores expect Wawelia which has four spores (Minter and Webster, 1983; Lundqvist,
1992) and Thuemenella which has six spores (Samuels and Rossman, 1992). In
general, the xylariaceous ascus is unitunicate, cylindrical, and terminates below in a
short or long stipe. The ratio of the spore bearing part to the stipe is sometimes

taxonomically useful such as in Biscogniauxia where the stipes are typically short. In
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Xylaria, Kretzschmaria, and Nemania, the stipes are invariably long.

The apical tip is usually rounded, and encloses an apical
apparatus, which is usually amyloid stained blue in Melzer’s iodine reagent (Figure
4). Some are occasionally reddish (dextrinoid) and some do not react visibly with
iodine. The significance of the iodine reaction on the apical apparatus has been
discussed by Eriksson (1966), Kohn and Korf (1975), and Nannfeldt (1976). The
shape and size of the apical apparatus are one of the more important taxonomic
features in the Xylariaceae (Munk, 1957; Carroll, 1963; Martin, 1969; Krug and Cain,
1974; Francis, 1975; Rogers, 1979; Lassoe et al., 1989; Ju and Rogers, 1996;
Whalley, 1996). There are at least five types of apical apparatus which can be
recognised. Firstly, an apical apparatus is constructed from stacks of smaller rings
found in Hypocopra and Poronia (Krug and Cain, 1974; Jong and Rogers, 1969).
Secondly, it is flattened and appears broader than high as in most species of
Hypoxylon s. str. and Daldinia (Ju and Rogers, 1996; Ju, Rogers, and Martin, 1997)
(Figure 4). Thirdly, it is discoid as found in Biscogniauxia (Ju and Rogers, 1996; Ju,
Rogers, and Gonzalez, 1997; Martin, 1967). Fourthly, it is rhomboid or diamond-
shaped but only in Camillea (Lassoe et al., 1989). Finally, it is higher than broad,
often constricted sub-apically to appear uniform or inverted hat-shaped and is
generally characteristic for Xylaria, Rosellinia, Kretzschmaria, and Nemania (Martin,

1967; Rogers, 1979; Van der Gucht, 1995; Whalley, 1996).
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Figure 4. The apical apparatus forms of the xylariaceous fungi; (a) Nemania aenea
(Nitschke) Pouzar var. macrospora (J.H. Miller) Y.-M. Ju & J.D. Rogers
(higher than broad), (b) Hypoxylon rubiginosum Pers.: Fr. (broader than
high), and (c¢) Camillea tinctor (Berk.) Lasseoe, J.D. Rogers & Whalley
(higher than broad).

Source: Ju and Rogers (1997).

E) Ascospores and germination slit

Ascospores of most xylariaceous fungi are usually
described as single cell, with a smooth wall, light to dark brown in colour, with a
conspicuous full-length germ slit (Rogers, 1979). In general, the ascospores are
arranged in a single row within the ascus being uniseriate or obliquely uniseriate.

Most spores are subglobose, ellipsoid, oblong, fusiform,
inequilaterally ellipsoid (where one side is flat to slightly concave and the other side is
curved) to broadly crescentric, with ends either narrowly or broadly rounded,
attenuated or apiculate. Subglobose, ellipsoid, oblong or fusiform ascospores are most
common in the genera Biscogniauxia and Camillea whilst inequilateral ellipsoid
spores are characteristics of the genera Daldinia and Hypoxylon s. str. Broadly

crescentric spores are usual found among members of the genera Kretzschmaria and
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Xylaria.

The colour of ascospores ranges from light brown to
medium brown to dark brown, sometimes appearing almost black. Ascospores of
Camillea are pale yellow or almost colourless. They lack germ slits or pores but they
are characterised by ornamented spore walls readily seen by scanning electron
microscope (SEM). Although most ascospores are mainly smooth, some are
ornamented. The ornamentation in the genus Camillea varies from poroid, reticulate,
ribbed, and echinulate-verrucose. Striate ascospore ornamentation has been found in
members of the genus Stromatoneurospora (Jong and Davis, 1973), Nemania
chestersii (Rogers & Whalley) Pouzar (Rogers and Whalley, 1978), and
Biscogniauxia weldenii (J.D. Rogers) Whalley & Lessoe (Rogers, 1977). There are
also faint transverse striations oriented perpendicular to the long axis of the spores in
some species of Hypoxylon s. str. section Hypoxylon (Rogers and Candoussau, 1982;
Rogers, 1985; Van der Gucht and Van der Veken, 1992) and Daldinia (Van der
Gucht, 1993). Thus, the spore ornamentation has been proven to be very useful in
some xylariaceous species but SEM is required to observe it in most taxa.

Some species have a conspicuous hyaline outermost wall
layer called the exospore (Child, 1932; Pouzar, 1979) or perispore (Rogers, 1965;
1969). These outer walls are commonly characteristic among Hypoxylon s. str. and
Daldinia (Rogers, 1965; Beckett, 1976; Ju and Rogers, 1996). Whether the perispore
is dehiscent or indehiscent in 10% KOH, smooth or ornamented is considered very
useful taxonomic data at the species level in Hypoxylon s. str. (Ju and Rogers, 1996).

Most xylariaceous fungi have ascospores with germ slits,

and germ slit forms have been recognised by most investigators (Vincens, 1918;
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Carrol, 1963; Krung and Cain, 1974; Martin, 1967; Rogers, 1979; Whalley, 1996).
The germ slit is a constant and diagnostic feature of many well-circumscribed species.
The important characters in describing the germ slit are shape, position on the spore,
orientation along the long axis of the spore, and length. The germ slit can be straight,
curved, spiraling, and even dotted. In Hypoxylon germ slits are usually straight but
sometimes sigmoid (Figure 5). A few species of Hypoxylon exhibit peculiar germ
slits. Some ascospores appear lacking germ slits or pores such as species of Camillea
(Rogers, 1977b; Leassee et al., 1989), Stromatoneurospora (Jong and Davis, 1978)
and Nemania chestersii (Rogers and Whalley, 1978). The germ slit can be found on
the ventral (concave) side such as the members of the genera Nemania,
Kretzschmaria, and Xylaria, or the dorsal (convex) side such as in Daldinia and
Hypoxylon s. str. The orientation can be oblique or parallel to the long axis of the
spore. The length is short (less than spore length), or long (essentially the length of
the spore). The germ slit, when present, is assumed to act as a site for germination
providing an easy exit point for the germ tube and it may also facilitate uptake of
water and nutrients. Ascospores lacking germ slits may have less elaborate wall
structure or, alternatively, might have germination sites in the wall that are not
obvious. The germ slit is a fissure in several of the inner wall layers which remain

covered by the outermost layers until germination begins (Beckett, 1976).
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Figure 5. Germ slit characters of the xylariaceous fungi. (a) Biscogniauxia anceps

(Sacc.) J.D. Rogers, Y.-M. Ju & Cand (straight form) from Ju and Rogers
(1997), (b) Hypoxylon purpureonitens Y.-M. Ju & J.D. Rogers (SUT004)

(straight form), and (c) Xylaria sp. SUT155 (spiral form).

2.2.1.2 Anamorphic characteristics

Most species of xylariaceous fungi form anamorphs or an
asexual stage. They are characterised by conidia which are holoblastically. They are
usually pigmented, and have a broad, circular, flat to truncate base. The anamorphic
characteristics of xylariaceous species have been proven valuable in closely related
species, and were first reported by Chesters and Greenhalgh (1964). However, the
major problem is the inability to obtain anamorphic cultures because the teleomorphic
material might not be fresh and in good condition. The anamorphs can develop on the
external surfaces of immature or maturing stromata or in close association with them.
They are four major characteristics to their growth form.

Firstly, the anamorph develops on immature or mature
stromata, or on the wood lying in close proximity to the stromata. The anamorph
usually appears as a powdery layer, yellowish gray, gray or brown. The conidiophores

develop either monematously (freely) or in a few cases they develop on synnemata.
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This type of growth form is commonly found in members of the genera
Biscogniauxia, Daldinia, Hypoxylon, and Nemania (Chesters and Greenhalgh, 1964;
Greenhalgh and Chesters, 1968; Jong and Rogers, 1972; Petrini and Miiller, 1986).

Secondly, the anamorph develops on immature stromata
covering the whole or a part of the surface or developing on specialized structures of
the immature stromata. The conidiophores are organized in a dense regular palisade
layer. This is the common form found in Xylaria (Rogers, 1985) and Kretzschmaria
(Van der Gucht, 1995).

Thirdly, the anamorph develops separately from the stromata
usually on distinctive structures. It is always produced earlier in the growing season
than the stromata. The conidiophores form dense palisade layers. This growth form is
commonly found in certain Xylaria species such as X. cubensis with its accompanying
Xylocoremium flabelliforme (Schwein.: Fr.) J.D. Rogers state (Rogers, 1984; 1985)
and X. poitei (Lév.) Fr. (Rogers and Callan, 1986).

Fourthly, the anamorph develops superficially on bamboo
culms, and consists of a central cone of hyaline thin walled conidiophores. They are
arranged in a compact palisade layer, which terminates apically in denticulate
conidiogenous cells and are surrounded by sterile carbonaceous tissue. The perithcia
develop beneath the conidiome and grow through it. And frequently the remnants of
the conidiome persist as a rough ring on the perithecial stromata giving a stellate
appearance as in Astrocystis. This type of anamorph also occurs in Collodiscula and
the anamorphs have been assigned to the form-genus Acanthodochium Samuels, J.D.

Rogers & Nagasawa (Samuels, Rogers, and Nagasawa, 1987; Ju and Rogers, 1990).
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All xylariaceous anamorphs have hyaline to light brown
conidiophores, and vary in the type of branching and development of the
conidiogenous cells. The conidiophores are characterised by the manner of branching
and the position of the conidiogenous cells. The relationship between anamorph and

teleomorph is shown in Table 4.

Table 4. The anamorph-teleomorph relationship within genera of the Xylariaceae.

Teleomorph Anamorph

Anthostomella Geniculosporium Chesters & Greenh. (Martin 1969,=Nodulisporium
type 2a), Nodulisporium Preuss and Virgariella S. Hughes (Francis,
Minter, and Caine, 1980)

?Ascotricha Dicyma Boulanger (Hawksworth, 1971)

?Ascotrichella ?Humicola-like (Valdosera and Guarro, 1988)

Astrocystis Acanthodochium Samuels, J.D. Rogers & Nagas. (Samuels, Rogers,
and Nagasawa, 1987; Ju and Rogers, 1990)

Biscogniauxia Geniculosporium (Eckblad and Granmo, 1978; Whalley and Edwards,
1985), Nodulisporium (Greenhalgh and Chesters, 1968; Callan and
Rogers, 1986; Gonzalez and Rogers, 1993), Periconiella (Petrini and
Miiller, 1986)

Calceomyces Nodulisporium (Udagawa and Ueda, 1988)

Camillea Xylocladium Syd. (Crane and Dumont, 1975; Lassee, Rogers, and
Whalley, 1989; Gonzalez and Rogers, 1993)

?Chaeocarpus Unknown

Collodiscula Acanthodocium (Samuels, Rogers, and Nagasawa, 1987)

Daldinia Nodulisporium (Chesters and Greenhalgh, 1964; Petrini and Miiller,
1986)

Engleromyces Unknown

Entonaema Nodulisporium (Rogers, 1982)

Euepixylon Geniculosporium (Whalley, 1976)

Helicogermslita Unknown

Holttumia Unknown

Hypocopra Unknown

Hypoxylon Nodulisporium, Virgariella, Hadrotrichum Fuckel, Rhinocladiella
Nannf. (Martin, 1967; Greenhalgh and Chesters, 1968; Jong and
Rogers, 1972; Petrini and Miiller, 1986)

Induratia Nodulisporium (Samuels, Miiller, and Petrini, 1987)

Jumillera

Unknown
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Table 4. (Continued).

Teleomorph Anamorph

Kretzschmaria Hadrotrichum (Petrini and Miiller, 1986)

Leprieuria Geniculosporium (Samuels and Miiller, 1980)

Lopadostroma Scolecosporous anamorph, Libertella-like (Ju, Gonzalez, and
Rogers, 1993)

Nemania Geniculosporium (Chesters and Greenhalgh, 1964; Petrini and
Miiller, 1986)

Obolarina Rhinocladiella-like (Candoussau and Rogers, 1990)

?Penzigia Unknown

Phaeosporis Sporothrix Hektoen & C.F. Perkins (Jong and Davis, 1974)

Phaeosporis Sporothrix Hektoen & C.F. Perkins (Jong and Davis, 1974)

Phylacia Geniculosporium (Rodrigues and Samuels, 1989)

Podosordaria Lindquistia Subram. & Chandrash.(Subramanian and
Chandrashekara, 1977; Rogers and Lassee, 1992)

Poroleprieuria Unknown

Poronia Lindquistia (Subramanian and Chandrashekara, 1977; Stiers,
Rogers, and Russell, 1973)

Pulveria Unknown

Rhopalostroma Nodulisporium (Hawksworth and Whalley, 1985)

Rosellinia Geniculosporium, Dematophora R. Hartig, Nodulisporium (Petrini,
1992)

Sarcoxylon Unknown

Seynesia Acanthodochium (Hyde, 1995)

Stilbohypoxylon Unknown

Stromatoneurospora  Unknown

Thamnomyces Nodulisporium (Samuels and Miiller, 1980)

Theissenia Unknown

Theumenella Nodulisporium (Samuels, 1989; Samuels and Rossman, 1992)

Theumenella Nodulisporium (Samuels, 1989; Samuels and Rossman, 1992)

Versiomyces Unknown

Wawelia Anamorph described by Minter & Webster (1983) as being
geniculate but not assigned to a form genus

Whalleya Unknown

Xylaria Typically produced on developing stromata but no form genus yet

assigned Xylocoremium flabelliforme (Schwein.: Fr.) J.D. Rogers is
associated with X. cubensis (Rogers, 1984, 1985)

Source: Whalley (1996); Ju and Rogers (1996); Rogers, Ju, and San Martin (1997);
Duong et al. (2004); Gonzalez et al. (2004).
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Conidia of most xylariaceous fungi are all morphologically
similar, and exhibit little variation except for moderate differences in overall shape
and size. They are unicellular, subglobose, obovoid to ellipsoid, hyaline to light
brown, and usually smooth. Since they are produced holoblastically, they all possess a
basal scar indicating the former site of attachment to the conidiogenous cell

(Greenhalgh, 1967; Stiers et al., 1973; Koehn and Cole, 1975).

2.2.2 Chemical taxonomy

Although secondary metabolites have not been accepted or widely
used in fungal taxonomy, they are now known to be useful in the taxonomy of
Penicillium (Frisvad and Samson, 1991; Lund and Frisvad, 1994; Frisvad et al.,
1998), Aspergillus (Kozakiewicz, 1994), Fusarium (Onji, Aoki, and Tani, 1994), and
lichens (Culberson and Culberson, 1994). Fungal secondary metabolites have a great
diversity of molecular structures, and frequently show taxonomic specificity in their
production which usually occurs during the stationary phase of growth or the
idiophase (Bulock, 1980; Whalley and Edwards, 1999).

In the Xylariaceae, there are several genera reported to produce
pigments or other secondary metabolites in their stromata and cultures. Ju and Rogers
(1996) characterised many species of genera of Xylariaceae with Nodulisporium-like
anamorphs by conspicuous colours of their fruit bodies such as in Hypoxylon and
Daldinia which extracted stromatal pigment colours in 10% KOH and employed as
key features. Van der Gucht (1994) also used colours of organic extracts made with
solvents such as acetone to include in species descriptions. These colours of extracted

pigments are determined by comparison with a standard chart (Rayner, 1970). The
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concentration of colour-extracted pigments may vary with age and stages of
preservation, however, they usually still contain the same metabolites found in young
and fresh specimens, albeit at lower concentrations. In any case, the Xylariaceae is
quite creative when it comes to the production of chemical diversity, hence their
stromatal pigment colours usually result from the presence of a mixture of several
metabolites. Pigments and other secondary metabolites can be separated according to
their polarity, and detected as single component. The profile of secondary metabolites
can be investigated using chromatographic methods such as thin layer
chromatography (TLC) on Hypoxylon (Whalley and Whalley, 1977) and ultra-violet
light or high performance liquid chromatography and diode array detection (HPLC-
DAD) on Daldinia, Entonaema, Rhopalostroma, and other xylariaceous fungi
(Andersen et al., 2001; Stadler et al., 2001; Miihlbauer et al., 2002; Quang et al.,
2002; Stadler et al., 2004).

The Xylariaceae has been shown to produce a large number of
secondary metabolites which can be grouped as butyrolactones, dihydroisocoumarins,
succinic acid, cytochalasins, and other compounds. These metabolites have been used
to demonstrate the possible phylogenetic relationships (Whalley and Edwards, 1987).
Daldinia concentrica was found to contain 4, 9-dihydroxyperylene quinone in its
ascocarps (Allport and Bu’lock, 1958) whilst 1, 8-dimethyoxynaphthalene and its
corresponding ether were produced in culture broth (Allport and Bu’lock, 1960).
During the same period, Chen (1960; 1964) isolated rosellinic acid and
diketopiperazine from cultures of phytopathogenic Rosellinia necatrix, and
subsequently it was found to produce cytochalasin E (Aldridge et al., 1972).

Engleromycin, an epoxide of cytochalasin D, was later isolated from the xylariaceous
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taxon, Engleromyces goetzii P. Henn. (Pedersen et al., 1980). Hypoxylon fragiforme
was found to owe its orange to brick red stromatal colour to mitorubrin and its
derivatives (Steglich et al., 1974) whilst Xylaria polymorpha Pers. produces a
hydroxyphthalide derivative, xylaral, which develops a violet purple colour reaction
with aqueous ammonia (Gunawan et al., 1990). Extensive studies have resulted in the
characterisation of many secondary metabolites from a range of representatives of the
family, and have demonstrated a remarkable diversity of chemical compounds
produced. A considerable number of these metabolites have proven to be new
(Whalley and Edwards, 1995). Most of metabolites produced by the representatives
investigated can be grouped as dihydroisocoumarins and derivatives (Anderson et al.,
1983), succinic acid and derivatives (Anderson et al., 1985), butyrolactones (Edwards
and Whalley, 1979; Anderson et al., 1982), cytochalasins (Edwards et al., 1989),
sesquiterpene alcohols (punctaporonins) (Edwards et al., 1988; Edwards et al., 1989),
griseofulvin and griseofulvin derivatives (Whalley and Edwards, 1995), naphthalene
derivatives (Whalley and Edwards, 1995), and long chain fatty acids (Adeboya et al.,
1995).

Generally, the presence of these compounds can be seen to be closely
related to systematic position, and the chemical data has proved invaluable in
recognising associations between species and genera (Whalley and Edwards, 1995;
Whalley, 1996). The dihydroisocoumarins are widely distributed throughout the
family but they are probably more representatives of Hypoxylon, Biscogniauxia and
Camillea (Whalley and Edwards, 1995). Butyrolactones, so far, appear to be restricted
to Nemania serpens (Pers.: Fr.) Pouzar whilst cytochalasins are frequently

encountered in species of Xylaria, Rosellinia, and members of the defunct section
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Primocinerea of Hypoxylon (Whalley, 1996).

Dreyfuss (1986) reported new cytochalasins in endophytic Xylaria
species from tropic plants. A relationship between the production of some secondary
metabolites, e.g. cytochalasins, and the phytopathogenicity of the isolates cannot be
excluded (Whalley and Edwards, 1999). On the other hand, the production of
secondary metabolites is increasingly used to clarify the taxonomic position of fungal

taxa.

2.2.3 Molecular taxonomy
Since the morphological characteristics of several fungal genera are
frequently too limited to allow its identification, the molecular techniques are applied.
The group of genes, which is most frequently targeted for phylogenetic analysis, is the
ribosomal RNA genes (or rDNA). In addition, introns of several protein-encoding
genes, such as the f-tubulin (O’Donnell, 1992; Tsai et al., 1994), actin (Cox et al.,
1995), chitin synthase (Bowen et al., 1992; Szaniszlo and Momany, 1993), acetyl
coenzyme A synthase (Birch, Sims, and Broda, 1992), glyceraldehydes-3-phosphate
dehydrogenase (Harmsen et al., 1992), or orotidine 5’-monophosphate decarboxylase
genes (Radford, 1993), can also be applied, and can provide the valuable information
of molecular taxonomy.
2.2.3.1 Ribosomal DNA
Ribosomal DNA (rDNA) is widely used for the inference of
phylogenetic relationships because it is present in all living organisms, and different
rates of evolution in different regions. Therefore, it makes rDNA useful for studies at

different taxonomic levels (Bruns ef al., 1991). The sequences coding for nuclear
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ribosomal RNA (rDNA) have been chosen in many studies of phylogenetic
systematics and evolutionary patterns of fungi (Okada et al., 1997). The fungi and
most eukaryotes contain 80S ribosomes, which consist of two subunits, the large
(60S) and small (40S) subunits. Each subunit consists of rRNA as a structural
molecule and a number of associated proteins. The large subunit contains 28S, 5.8S
and 5S rRNA molecules and the small subunit contains 18S rRNA molecule (Figure
6). Genes coding for rRNA are suitable signal molecules as the synthesis of ribosomes
has been strongly conserved over evolution, due to the central role of ribosomes in
gene expression. The rRNA genes for the rRNA subunits, although not varying
greatly in length, contain both strongly conserved and variable regions within their
sequences (Van de Peer, Chapelle, and Wachter, 1996). The genes for these rRNA
molecules are also separated by the two external transcribed spacers (ETS) and the
nontranscribed spacer regions (NTS), which contain the signals for rDNA expression
(Figure 6). Both spacers are mainly called the intergenic spacer (IGS). The regions
that lie between these RNAs are the two noncoding internal transcribed spacers (ITS1
and ITS2) (Hwang and Kim, 1999). The nucleotide sequences of the rDNA repeat
unit have been detected by designed primers according to the highly conserved 18S
and 28S regions (White ef al., 1990). The most detailed information can be obtained
by direct sequencing of the PCR products, which detect every single base-pair
difference of the amplified fragment between different samples. Phylogenetic analysis
using sequence data combined with mating compatibility studies has shown more
promise for resolving phylogenetic relationships and understanding speciation for

problematic species complexes in fungi (Bruns et al., 1991).
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Figure 6. Schematic diagram of a tandem repeat unit of rDNA.

Source: Hwang and Kim (1999).

A) Small-subunit ribosomal DNA (SSU rDNA)
The nuclear SSU rDNA (18S rRNA gene in eukaryote) is
one of the most highly conserved DNA regions, and the size is approximately 1,800
bp (White et al., 1990). The sequence analysis of 18S in most filamentous fungi has
been used completely or over 600 bp in subunit. In particularly, the SSU has been
studied to reconstruct deep phylogenetic branches that include kingdoms, phyla,
classes, or orders (Field et al., 1988; Abele et al., 1989; Friedrich and Tautz, 1995;

Aguinaldo et al., 1997; Whiting, 1998).

B) 5.8S ribosomal DNA
The degree of nucleotide conservation of 5.8S rDNA,
which is the smallest nuclear rDNA of the cluster, is similar to that of SSU rDNA, but
its length (approximately 150 bp) is too short to contain enough phylogenetic
information. Due to the short length in DNA sequence, it is not advisable to use the

5.8S rDNA region for phylogenetic reconstruction (Hwang and Kim, 1999).
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C) Large-subunit ribosomal DNA (LSU rDNA)

Nuclear LSU rDNA is much larger than SSU rDNA
approximately > 4,000 bp, and shows more variation in the rate of evolution of its
different domains compared to the SSU rDNA. It has many divergent domains or
expansion segments, so the size of the gene varies considerably among phyla. Nuclear
LSU rDNA is known to be useful for examining phylogenetic relationships in slightly
low categorical levels such as orders or families (Friedrich and Tautz, 1997; Hwang et

al., 1998; Whiting, 1998).

D) The intergenic sequence (IGS) and the internal

transcribed spacer (ITS) regions
Ribosomal DNA spacer regions, IGS and ITS, have been
employed to resolve phylogenetic problems in lower categorical levels among genera,
species, or populations (Morgen and Blair, 1998; Navajas et al., 1998; Perera et al.,
1998). The size of IGS (approximately 4-5 kb) is far larger than those of ITS region
(approximately 1 kb). In fungi, the ITS region is often between 600 and 800 bp in
length. The ITS region, as well as the intergenic NTS repeat, shows much
evolutionary change. Differences in these regions occur between species within a
genus (Goosen and Debets, 1996). Several studies have demonstrated that the ITS
region is often highly variable among morphologically distinct fungal species, but the
intraspecific variation is low in most cases (Gardes and Bruns, 1991; Lee and Taylor,
1992). Due to the large size of the IGS, the ITS regions have been preferred to IGS in
phylogenetic approach. However, the IGS has been used in restriction fragment length

polymorphism (RFLP) of entire rDNA arrays (Wheeler, 1989).
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In ITS region from several distantly related evolutionary
groups, the variation often consists of tandem arrays of repeat motifs of up to 10-bp
length (Gonzalez et al., 1990; Lee and Taylor, 1992; Vogler and DeSalle, 1994).
These short repeat motifs are believed to be caused by slipped-strand mispairing or
replication slippage (Levinson and Gutman, 1987; Li and Graur, 1991). The processes
involve intra-helical mispairing during DNA replication, which results insertion or
deletion of bases. The short repeat motifs derived from this process have also been
observed in rpoC2, a plastid gene encoding the " subunit of RNA polymerase in
grasses (Cummings et al., 1994). Once an array of repeat motifs has been established,
it becomes increasingly prone to additional slipped-strand mispairing events and, thus,
accumulation of repeats.

The appropriate region for phylogenetic analysis is very
important. Most of such misuses are caused by the lack of understanding of properties
of molecular markers or gene regions by the negligence in the categorical levels
examined. The selection of molecular markers or gene regions is necessary because
the selection of inappropriate molecular makers or gene regions can not explain the
correctly phylogenetic relationships. For instance, for studies of relationships among
closely related species, the use of nuclear rRNA coding regions (such as nuclear SSU,
LSU, 5.8S rDNA) can be problematic, whereas nuclear rDNA spacers such as IGS or
ITS appear to have fewer problems because of their higher variation. On the other
hand, for deep levels of divergence, the proteins coding genes are saturated at the
amino acid level, and highly conserved regions of rDNA are useful. Hwang and Kim
(1999) summarized the appropriate categorical levels of commonly used molecular

markers or gene regions in rDNA (Table 5).
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Table 5. The applicable categorical levels of each molecular marker or gene region
in molecular taxonomic study. The bold lines indicate mainly applicable
categorical levels of each molecular marker or gene region while the dot

lines indicate less frequently applicable categorical levels

Kingdom
Phylum
Class
Order
Family
Genus
Species
Population

Nuclear rDNA
ssu(le-188)  ______
LSU (23-288)  e—
588  e—
IGS
ITS
Source: Hwang and Kim (1999).

2.2.3.2 Phylogenetic study

Phylogenetics is the area of research concerned with finding
the genetic relationships between species (Baldauf, 2003). The basic idea is to
compare specific features of the species, under the natural assumption that similar
species (i.e. species with similar characters) are genetically close. The classic
phylogenetics used mainly with physical or morphological features, whilst the modern
phylogeny uses information extracted from genetic material mainly DNA and protein
sequences. Phylogenetics is sometimes called cladistics because the word “clade”, a
set of descendants from a single ancestor, is derived from the Greek word for branch.
Intuitively, the phylogenetic trees are drawn from the ground up like real trees (Figure

7a). However, as these trees get larger and more complex, they can become cluttered
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and difficult to read. As an alternative, the nodes can be expanded (Figure 7b), and
turned the tree on its side (Figure 7c). Then, the tree grows left to right, and all the
labels are horizontal. This makes the tree easier to read and to annotate. Thus, the
widths of the nodes have no meaning. They are simply adjusted to give even spacing
to the branches. To make things slightly more complicated, all branches can rotate
freely about the plane of their nodes, then, all trees in Figure 7 are identical (Baldauf,
2003). Molecular phylogenetic trees are usually drawn with proportional branch
lengths, which is the lengths of the branches correspond to the amount of evolution
(roughly, percent sequence difference) between the two nodes they connect (Figure
7a-f). Thus, the long branches are more divergent than the one attached to short
branches. Alternatively, trees can be drawn to display branching patterns only
(cladograms), in which case the lengths of the branches have no meaning (Figure 7g),
but this is rarely done with molecular sequence trees (Baldauf, 2003).

In the tree construction from nucleotide sequences, the first
step is building the dataset. This means finding and retrieving sequences from the
public domain. The main repository for these data is the public nucleotide database
such as GenBank (U.S.A.), EMBL (Europe), and DDBJ (Japan) (Baldauf, 2003).
Then, the next step is sequence alignment, which is the heart of the matter. The role of
sequence alignment is to organize sequences so that homologous residues appear in
the same column of the alignment. This is a relatively straightforward task for regions
that have a highly conserved sequence. Regions of sequences that cannot be

unambiguously aligned are normally not included in phylogenetic analyses.



(@)

L
L’@f\ v LGDS'{EF

AN \e
Choco‘-are .“\:"“

Coffee —__ ot

B e

Q
(e) G 2
2 ke g
X

ChOCOIafe
Coffee —

3 |
“, N\~ Lobster

o %‘E 7

\
&
% \‘\ ,J— Lobster

40

| Coffee
— Chocolate

Caviar
— Qyster
Lobster
Truffle

— Nori
Coffee

Chocolate
Truffle

Caviar
Qyster
. — Lobster
— Mori

(9)

Coffee

Chocolate

Truffle

— Caviar

— | — Oyster
Lobster
Mori

Figure 7. Phylogenetic tree styles. All these trees have identical branching patterns.

Source: Baldauf (2003).



41

The common program that has been widely used in multiple sequence alignment is
CLUSTAL, which is freely available for use on all major computer platforms
(Higgins et al., 1998). This program takes an input set of sequences, and calculates a
series of pairwise alignments, comparing each sequence to every other sequence, one
at a time.

For phylogenetic tree construction, methods for calculating
the trees fall into two general categories (Page and Holmes, 1998). These are
distance-matrix methods, also known as clustering or algorithmic methods (e.g. the
unweighted pair group method using arithmetric averages (UPGMA), neighbour-
joining, Fitch-Margoliash), and discrete data methods, also known as tree searching
methods (e.g. parsimony, maximum likelihood, Bayesian methods) (Page and
Holmes, 1998; Graur and Li, 1999; Nei and Kumar, 2000; Baldauf, 2003). Distance is
relatively simple and straightforward. The distance (roughly, the percent sequence
difference) is calculated for all pairwise combinations of OTUs (operational
taxonomic units), and then the distances are assembled into a tree. Discrete data
methods examine each column of the alignment separately and look for the tree that
best accommodates all of this information. The programs for phylogenetic
construction are examples of PHYLIP, Mega, and PAUP*, which are the most
comprehensive and widely used (Felsenstein, 1985; Hall, 2000; Swofford, 1999).

However, the methods of phylogenetic tree construction may
assign organisms incorrectly to positions along a phylogenetic tree as a result of "false
identity" in sequence positions. The extent of this problem varies from one method to
another. Thus, the next step in constructing a sequence phylogeny is to assess the

reliability of the inferred branching pattern. This is often accomplished by a bootstrap



42

analysis (Felsenstein, 1985). Bootstrap procedures involve construction of new
sequence sets by resampling with replacement sites (columns) of the original set,
building a tree for each new set, and calculating the percentage of times. A cluster
reappears in the bootstrap replications. This percentage is called the bootstrap value,
and clusters with a bootstrap value >95% are widely considered to reflect correct

relationships (Felsenstein, 1985).

2.2.3.3 Molecular studies of the Xylariaceae

Since the morphological and biochemical characteristics of
the Xylariaceae are frequently too limited, molecular techniques have, therefore, been
applied.

Lee et al. (2000) analyzed 18 species of Xylaria and related
genera by using nuclear ribosomal ITS1-5.8S-ITS2 sequences. Species of selected
Xylaria were divided into three groups, and phylogenetic analysis of these was also
supported by a set of signature nucleotides of ITS1-5.8S-ITS2 sequences. Group A
consisted of Xylaria arbuscula, Xylaria mali, and Xylaria apiculata Cooke, whereas
group B consisted of Xylaria cornu-damae (Schw.) Fr., Xylaria longipes Nitschke,
Xylaria acuta Peck, Xylaria castorea Berkeley, Xylaria enteroleuca (Spegazzini)
Martin, and Xylaria fioriana Saccardo. Group C included Xylaria polymorpha and
Xylaria hypoxylon (L.: Fr.) Greville. In contrast, Xylaria cubensis appeared to be
separated from other Xylaria species. The results showed that a few characteristics
based on ascospores, perithecia and stromata, support grouping of Xylaria inferred
from the molecular data. But there seems to be no character of universal significance

that can justify the present phylogenetic results. It may indicate that convergent
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evolution of characters occurred many times within Xylaria species. Such possible
changes in convergent evolution along with variations associated with developmental
stages of stromata, might have caused confusions in identifying and classifying
Xylaria species. Phylogenetic analysis based on molecular data such as ITS sequences
of the present study proved to be very practical for taxonomic investigations at
specific or generic levels in identification or classification of fungi of highly variable
morphology like Xylaria.

Molecular and morphological investigations of Daldinia in
Northern Europe have also been undertaken by Johannesson et al. (2000). Since the
study of Daldinia was undertaken by Ju et al. (1997), which was based on
morphological and cultural characteristics, it has proven difficult to name collections
from Northern Europe. The confusion over the typification of especially the type
species of the genus has also created problems. Therefore, five taxonomic entities of
Daldinia concentrica, Daldinia cf. fissa, Daldinia grandis, Daldinia loculata, and
Daldinia cf. petriniae, that were found exclusively on burnt wood, were defined based
on both morphotaxonomical and ITS-sequence criteria. The results showed that at
least five different taxa of Daldinia are present in Northern Europe, and the
preference for burnt hosts has either been gained or lost more than once in the history
of the genus. Later, Stadler et al. (2001) studied the secondary metabolite profiles
coupled with DNA fingerprints of Daldinia. They selected 18S rDNA to amplify and
digested DNA fragments with three different restriction enzymes, Hpall, Haelll, and
Taql. Then the DNA restriction patterns were used to construct the phylogenetic tree
according to the unweighted pair group method using arithmetric averages (UPGMA).

The results showed clearly within species.
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For the genus Hypoxylon, Sanchez-Ballesteros et al. (2000)
studied the phylogenetic relationships of Hypoxylon and its allies, the complete DNA
sequences of the ITS regions (including the 5.8S rRNA gene) from 41 isolates were
determined, then aligned and processed for phylogenetic reconstruction, and critically
compared to the available taxonomic information. Their results generally agreed with
the current concepts and limits established for the genus by Ju and Rogers (1996). The
species and varieties of Hypoxylon in the sense of modern authors appear to be a
monophyletic group within the Xylariaceae. However, the recent infrageneric division
of Hypoxylon into sections Hypoxylon and Annulata (Ju and Rogers, 1996) was not
supported by this limited molecular phylogenetic analysis. In another study,
Mazzaglia et al. (2001b) confirmed the efficacy of the 5.8S-ITS2 sequence analysis in
phylogenetic studies of Hypoxylon fragiforme, Hypoxylon multiforme and related
genera. The analysis confirmed that Hypoxylon is a taxonomically and
phylogenetically separated taxon from Biscogniauxia and Entoleuca. Moreover,
Hypoxylon fragiforme isolates formed a group separated from the single isolate of
Hypoxylon multiforme. Although clearly belonging to the same genus, they were once
recognised as being very closely related (Miller, 1961). However in the revision of Ju
and Rogers (1996), these two species were separated with H. fragiforme being placed
in section Hypoxylon and H. multiforme in section Annulata. This was on the basis of
absence (Hypoxylon) or presence (Annulata) of a layer of carbonaceous stromatal
tissue enclosing the perithecia (Ju and Rogers, 1996).

For Biscogniauxia, Mazzaglia et al. (2001a) developed a
polymerase chain reaction (PCR) assay to detect B. mediterranea in asymptomatic

tissues of Quercus cerris. They designed two specific primers (MED1 and MED?2) by
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comparison of sequences of ITS1 and ITS4 of 21 isolates of B. mediterranea and
related species. Both primers were able to detect B. mediterranea DNA in the host
tissues at picogram quantity of target DNA. The reliability of the results was
confirmed by Southern blot analysis.

In addition, Platas et al. (2001) found a simple tandem repeat
sequence in the ITSI region of the rDNA of members of order Xylariales. The
number of repetitions detected ranged from one to six, and they could be found in
pure tandem or interspersed. These replications could have been generated by slipped
strand mispairing. The presence of this sequence increases the normal rate of
divergence in the ITS1 of the Xylariales.

On the basic of published data to date, molecular taxonomy
may be applied and prove to be valuable as a standard technique for identification of
members of the Xylariaceae. Therefore, ribosomal DNA subunit sequence analysis of
selected xylariaceous fungi and their comparison with the available sequences on
databases will greatly help in their identification especially in the absence of a
teleomorph or where morphological characteristics are insufficient to clearly separate
closely related species. However, it will be necessary to greatly enlarge the available
data by including more genera and by increasing the number of isolates examined for
each species. The reliable identification of teleomorphic materials using the
conventional taxonomy will be an important prerequisite to ensure validity of

molecular data deposited in databases.
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2.3 Problematic groups in the systematic of the xylariaceous fungi

Since the xylariaceous fungi are cosmopolitan fungi and often exhibit high
variation in morphology depending on localities of collection, stage of development,
and criteria of identification, there are problems in recognizing and delimiting some
of the genera and species.

2.3.1 Group I: Astrocystis and Rosellinia

According to the broadly accepted current concept of the genus,
Rosellinia is delimited within the Xylariaceae by five main characters: the stromata
are uniperitheciate (rosellinioid), superficial, subglobose, associated with a hyphal
mat usually called subiculum, and associated with a Geniculosporium-like anamorph
(including Dematophora R. Hartig and Geniculosporium Chesters & Greenhalgh).
The delimitation of Rosellinia led L. Petrini (1992) to move taxa excluded from this
genus to Amphisphaerella, Anthostromella, Astrocystis, Coniochaeta, Xylaria, and
other sordariaceous or xylariaceous genera.

Astrocystis Berk. & Broome is based on Astrocystis mirabilis Berk. &
Broome as a type species, which occurs on bamboo and features a skirt or volva on
the perithecial stroma (Berkeley and Broom, 1875). The stellate aspect of the volva
led the authors of the species name to provide a somewhat fanciful illustration that
gives the impression that 4. mirabilis looks exactly like a minute earth star (Geaster)
(Berkeley and Broome, 1875). Penzig and Saccardo (1904) recognised the strong
relationship of Astrocystis with Rosellinia De Not., and noted that the illustrations
provided by Berkeley and Broome are “strongly fictitious”. Diehl (1925) published a
detailed account of 4. mirabilis, including its nomenclatural and taxonomic history.

He had a broad concept of ascospores as “...acuminate to rounded, elliptical, narrow
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to broad, light brown becoming dark brown and subopaque when mature 10-21 x 4-2
pm, chiefly 11-13 x 5-7 um...” Diehl’s expanded concept of the species resulted, in
part, from his acceptance of Rosellinia bambusae P. Henn. as a synonym of 4.
mirabilis.

Some disagreement over the status of the genus Astrocystis Berk. &
Br., which accommodates Rosellinia-like fungi devoid of subiculum but with
stromata splitting the host surface or with a carbonaceous extension at the base,
associated with an Acanthodochium anamorph, persists between different authors.
Astrocystis 1s recognised by Petrini (1993), and Lassee and Spooner (1994), but
synonymized with Rosellinia by Ju and Rogers (1990) and San Martin and Rogers
(1994). Ju and Rogers (1990) have examined type and other materials identified as
Astrocystis mirabilis. Using ascospore and stromatal features, these collections can
mostly be divided into two distinct groups corresponding to A. mirabilis in the
original sense and R. bambusae. The division is strongly reinforced by data from
cultures obtained from recent field collections. Cultural characters differ between
representatives of these groups. Each produces a distinctive anamorph in nature and in
culture that is referable to Acanthodochium Samuels. They, thus, consider R.
bambusae and A. mirabilis (as Rosellinia) to be distinct species.

The genus Rosellinia appears to be poorly represented in Thailand.
Only two species, R. necatrix and R. cf. procera, were reported by Thienhirun (1997)
and for Astrocystis only one species, A. mirabilis, has been reported (Thienhirun,
1997). It appears to be more common in peninsular Malaysia (Whalley, 2001). Since
there are not clear separation of these genera and since their anamorphs are entirely

different the molecular examination could determine their true relationship.
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2.3.2 Group Il: Camillea

The genus Camillea was erected from other xylariaceous fungi, which
possess erect cylindrical or short discoid black stromata and have a hard carbonaceous
crust (Fries, 1849). Camillea was reviewed by Lassee ef al. (1989) when the genus
was considerably enlarged with many species formerly placed in the genera
Nummularia and Hypoxylon section Applanata (Miller, 1961). Camillea 1is
characterised by applanate or cylindric stroma, erumpent through bark, and perithecia
completely immersed. The apical apparatus of the ascus is vase- to urn-shaped, dome-
shaped or somewhat diamond-shaped. Ascospores are light-coloured, ornamented,
lacking germ slits, and without a loosening perispore (Lassoe et al., 1989). The
ascospores of most Camillea species appear smooth by light microscopy but they
appear characteristically ornamented by SEM with warts, spines, pits, reticulations or
to be longitudinally ribbed (Lassoe ef al., 1989; Rogers et al., 1991; San Martin,
Gonzales, and Rogers, 1993; Whalley, 1995; Whalley, 1996; Whalley et al., 1999).
Lassoe et al. (1989) recognised 28 species and varieties of Camillea of which C.
obularia (Fr.) Lassee, J.D. Rogers & Lodge (as C. broomeiana and C. tinctor were
the only species known from outside the New World, with C. tinctor exhibiting a
widespread distribution. The discovery of three new species of Camillea from Mexico
(San Martin, Gonzalez, and Rogers, 1993) maintained this pattern until the recent
discoveries of C. selangorensis (Whalley et al., 1996) and C. malaysianensis
described from Kuala Selangor, Malaysia. Camillea selangorensis was later reported
from Thailand (Whalley et al., 1999).

Camillea leprieurii Mont. has a dimorphic form, erect (camilleoid)

form and applanate (expanded, “hypoxyloid” form), which had been recognised by
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Patouillard (1888). He stated that the applanate H. melanaspis Mont. was the “forme
¢talée” or expanded state of C. leprieurii (Mont.) Mont. The examination of
ascospores of C. leprieurii and H. melanaspis by SEM revealed an intricate
ornamented ascospore wall composed of anastomosing ridges overlying a regular
ribbed substructure in which the ribs are orientated perpendicular to the ridges
(Rogers, 1977; 1979). Although he was not convinced that these two forms were the
same species, he concluded that they have a close relationship (Rogers, 1979). Laessoe
et al. (1989) explained the characteristics of both dimorphic forms of C. leprieurii. In
erect form, the stromata are erumpent through bark, cylindrical, seated on slightly
broader disc, which remains after broken off stromata. The stromata are also apex
discoid-depressed with narrow rounded margin, brittle, black or with thin, flaky white
ectostroma, initially with brown fungus and host covering, sometimes with felt-like
dark brown subiculum of old Xylocladium anamorph. For applanate form, the
stromata is erumpent through bark, plano-convex with plane ostiolar part, margin
without rim, circular, orbicular or confluent, shiny black (‘polished’) or with flaky
white ectostroma, initially with brown fungus (Lassee et al., 1989). Both forms of C.
leprieurii are distributed in Bolivia, Brazil, Colombia, Ecuador, Franch Guiana,
Guyana, Nicaragua, Panama, Peru, Puerto Rico, Surinam, and Venezuela, but they
have not been recorded in Thailand or Southeast Asia.

Camillea tinctor is characterised by stromata which is orbicular to
elongate, and applanate with a slightly convex centre. Ascospores are smooth by light
microscopy with distinct poroid ornamentation by SEM (Laessee ef al., 1989; Rogers
et al., 1991; San Martin, Gonzales, and Rogers, 1993; Whalley, 1995; Whalley, 1996;

Whalley et al., 1999). The stromata of C. tinctor is usually accompanied by yellow
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staining of the wood immediately beneath. In Thailand, C. finctor has been first
recorded by Thienhirun (1997), and exhibits a wide distribution from North to South.
In addition, Camillea tinctor occurs in neighbouring countries.

Camillea selangorensis is characterised by stromata which is circular
to orbicular, slightly elevated, and 2-3 thick with a slightly raised rim. Ascospores are
minutely warted by light microscopy, strongly verrucose by scanning electron
microscopy, and the type locality is lowland forest bordering on mangrove (Whalley,
1995; Whalley et al., 1999). The discovery of C. selangorensis (Whalley et al., 1995)
provided clear evidence that Camillea, once considered to be a New World genus, has
greater world wide representation than is generally believed. In Thailand, C.
selangorensis was discovered from a similar ecological situation in Phuket Island
(Whalley et al., 1999). This suggested that this species might be expected in similar

areas elsewhere in the region.

2.3.3 Group I11: Daldinia

The genus Daldinia is characterised by conspicuous internal
alternating ring zones, which presently comprises of about 25 species (Stadler et al.,
2004). The type of the genus is D. concentrica which was firstly described by Bolton
(1789) in Great Britain. Lloyd (1924) and Child (1932) were among the first to study
the biology of Daldinia, and gave evidence on the existence of several species within
the genus. Tropical species of the genus were studied as well. The surveys of Daldinia
are now available from countries such as Papua New Guinea (Van der Gucht, 1994;
1995), Mexico (San Martin, 1992), and Thailand (Thienhirun, 1997). The current

taxonomy of Daldinia is outlined in the latter monograph and subsequent additions by
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Rogers et al. (1999), Ju, Vasilyeva, and Rogers (1999), Stadler et al. (2001) and
Stadler, Baumgartner, and Wollweber (2001). Species of Daldinia are segregated by
the combination of anamorphic and teleomorphic characters and by their colours of
stromatal pigments in 10% KOH. The anamorphic states of Daldinia spp. and allies
are morphologically rather similar, ranging from Nodulisporium-like to Sporothrix
and Virgariella-like and further branching patterns (Stadler et al., 2001).

Daldinia concentrica (Rogers et al., 1999; Johannesson, Lassee, and
Stenlid, 2000; Stadler et al., 2001) is now generally accepted to occur primarily in
Western and Northern Europe in temperate regions, and its stromata is preferentially
encountered on Fraxinus whereas Daldinia eschscholzii (Ehrenb.: Fr.) Rehm is a
widely distributed species of subtropical and tropical climates (Van der Gucht, 1994;
Ju et al., 1997). The stromata of D. eschscholzii has extractable pigments in KOH,
whose colours and intensities were weaker than of D. loculata and D. fissa, but
similar to those observed in D. concentrica. According to the current definition of D.
concentrica, this species cannot be easily distinguished from D. eschscholzii by the
colour of stromatal pigments alone. However, both species differ in several
morphological features. Culture of D. eschscholzii generally produces rather small
conidia, never exceeding 6 pum in length and 3.5 pum in width. Moreover, D.
eschscholzii is characterised by having smaller ascospores, and its stromatal surface is
not crackled into a fine network in mature specimens (Ju et al., 1997; Stadler et al.,
2004).

Recently, Stadler et al. (2004) proposed five new species separated
from D. concentrica and D. eschscholzii. The new species are D. macaronesica M.

Stadler, Wollweber & J. Castro, D. martinii M. Stadler, Venturella & Wollweber,
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D. raimundi M. Stadler, Venturella & Wollweber, D. palmensis M. Stadler,
Wollweber & H-.V. Tichy, and D. vanderguchtiae M. Stadler, Wollweber & Briegert.

Daldinia macaronesica differs from D. eschscholzii, D. palmensis, and
D. vanderguchtiae in size, morphology and ornamentation of its ascospores and in its
anamorphic characters. Stadler ef al., (2004) reported D. macaronesica is a close
relative of D. concentrica but it differs in ascospores. They are more slender, show a
wider range in size and bear a more conspicuous ornamentation than those of D.
concentrica. In addition, D. macaronesica shows apparent host specificity for Ocotea
foetens, a plant endemic to the Macaronesian Islands (Kunkel, 1993).

Daldinia martinii differs from D. concentrica and D. eschscholzii in
anamorph form. Daldinia martinii has Sporothrix to Virgariella and Nodulisporium-
like forms.

Daldinia raimundi, which was originally reported as D. concentrica
pro parte (Venturella et al., 2001), differs in more conspicuous ornamentation of
perispore by SEM. Moreover, the ascospore size of D. raimundi is in the range of D.
eschscholzii (Ju et al., 1997) rather than in the one typically found in D. concentrica.

Daldinia palmensis was originally identified as D. eschscholzii. The
SEM characteristics of D. palmemsis ascospores were found in agreement with D.
eschscholzii found from around the world. Notably, in contrast to the former species,
the germ slit of the ascospores of D. palmensis may either be straight or slightly
undulate. However, only a detailed study of the anamorph revealed significant
differences to the former species (Stadler et al., 2004). The conidiophores of D.
palmensis are Nodulisporium-like or Sporothrix-like forms whilst those of D.

eschscholzii are Nodulisporium-like in form.
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Daldinia vanderguchtiae is peculiar among the concentricol-containing
taxa of Daldinia in having smooth ascospores by SEM. Otherwise its ascospores
resemble those of D. eschscholzii in size range as well as in shape. However,
conidiophores approaching a Virgariella-like branching pattern as defined in Ju and
Rogers (1996) were hitherto only seen in a culture of D. grandis Child 11932 from
New Zealand (Ju et al., 1997), and in D. martini, but they have never seen in D.
eschscholzii.

In Thailand, three species of Daldinia had been reported since 1963.
Carrol (1963) recorded D. eschscholzii from Chiang Mai Province and D. concentrica
was recorded by Phanichapol (1968), Cansrikul (1977) and Schumacher (1982) whilst
Ju, Rogers and San Martin (1997) described D. bambusicola for a distinctive taxon
associated with bamboo and having a Southeast Asian distribution. Although
intensive collection has been undertaken by Thienhirun (1997) in the Doi Chiang Dao
area and similar forests in Chiang Mai Province, where Schumacher (1982) reported
D. concentrica as occurring, it was D. eschscholzii not D. concentrica which was
found there. Carroll’s record of D. eschscholzii is from the nearby Doi Suthep
(Carroll, 1963). Thienhirun (1997) believed that the former recorded of D.
concentrica in fact represent D. eschscholzii. Certainly D. concentrica is more
frequently associated with temperate regions and D. eschscholzii with tropics and
subtropics (Ju et al., 1997). Thienhirun (1997) reported that five species, D. cf.
caldariorum, D. loculata, D. eschscholzii, D. bambusicola, and Daldinia taxonomic

species 1, were found in Thailand.
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2.3.4 Group IV: Hypoxylon

The genus Hypoxylon delimitation has been rearranged several times
among mycologists (Miller, 1961; Martin, 1968; Ju and Rogers, 1996). Miller’s
monograph of Hypoxylon was divided into four sections, Hypoxylon, Annulata,
Applanata and Papillata (Miller, 1961). His monograph was strongly relied on
stromatal form, texture, and nature of the ostiole. Consequently, this monograph
failed to recognise the relationships between groups of species. The section Applanata
sensu Miller has since been redistributed between Camillea and Biscogniauxia
(Leessoe, Rogers, and Whalley, 1989; Whalley, Lessoe, and Kile 1990; Gonzélez and
Rogers, 1993) whereas member of the section Papillata subsection Primocinerea
(Miller, 1961) have been allocated to a range of genera including Nemania (Pouzar,
1985), Rosellinia (Petrini, 1992), and Euepixylon (Laessee and Spooner, 1994). The
genus Hypoxylon was revised by Ju & Rogers (1996) using four major criteria to
define the genus; Nodulisporium-like anamorphs having stromata unipartite, never
erect, with a solid and homogenous basal tissue below the perithecial layer. They
divided Hypoxylon in two sections, section Hypoxylon and section Annulata,
containing at least 130 accepted species and varieties. Ju and Rogers (1996) were able
to utilize data, which absent from the monograph of Miller (1961) such as ascospore
ornamentation using SEM, form of the apical apparatus of the ascus, germination slit
morphology and the colour of stromatal pigments extracted with 10% potassium
hydroxide (10% KOH). However, the revision of the genus identification of certain
Hypoxylon species remains problematic resulting from considerable variation in
species characteristics. This has proved to be most pronounced when considering

tropical species of the Annulata especially Hypoxylon nitens, H. moriforme, H. bovei
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var. microspora, H. purpureonitens, H. stygium, and H. stygium var. annulata, when

there are variations and overlap in their morphological features.

2.3.5 Group V: Xylariaceous endophytes

There are eight xylariaceous genera recorded as endophytes,
Anthostomella (Petrini and Petrini, 1985; Petrini et al., 1987), Biscogniauxia (Petrini
and Miiller, 1986), Daldinia (Petrini and Petrini, 1985; Petrini and Miiller, 1986),
Hypoxylon (Petrini and Miiller, 1986), Kretzschmaria (Petrini and Petrini, 1985;
Petrini and Miiller, 1986), Nemania (Petrini and Petrini, 1985; Petrini and Rogers,
1986), Rosellinia (Petrini and Petrini, 1985; Petrini, 1992), and Xylaria (Petrini and
Petrini, 1985). The identification of xylariaceous endophytes is often difficult since
they fail to produce suitable diagnostic features. And it is very infrequently to form
their teleomorph in culture. The situation regarding tropical endophytes is much more
complex as a result of their abundance and impressive diversity (Rodriques and
Samuels, 1990; Whalley, 1993; Whalley, 1996). It is doubtful whether differentiation
of species on the basis of cultural and anamorphic features alone will ever be possible
since differences between individual species are often insufficient to allow for
absolute identifications to be made (Petrini, Petrini and Rodrigues, 1995). However,
studies of Xylaria indicate that a combination of morphological characters and
biochemical analyses might enable satisfactory identifications to be made (Brunner
and Petrini, 1992; Rodriques, 1992; Rodriques, Leuchtmann, and Petrini, 1993).
There are also indications that secondary metabolite profiles from endophytic isolates
might be matched with those obtained from cultures derived from teleomorphic

material thus enabling identity to be established (Whalley and Edwards, 1995; 1999).
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A preliminary study of X. cubensis comparing secondary metabolites e.g. cubensic
acid (Adeboya et al., 1995) obtained from teleomorphic derived cultures with those
produced by endophytic Xylaria isolates from Euterpe oleracea leaves confirmed the
finding of Rodrigues that they belonged to X. cubensis (Whalley, 1996; Rodrigues,
1992). Ongoing research on secondary metabolites of the Xylariaceae was included
endophytic isolates to determine the suitability of this approach for the identification

of endophytic members of the family.



CHAPTER III

MATERIALS AND METHODS

3.1 Chemicals, reagents, and media

3.1.1 Morphological taxonomic study
Reagents used for teleomorphic characteristics of xylariaceous fungi
were Melzer’s solution (Appendix 1.2A) to determine whether or not the ascus apical
ring blued (the amyloid iodine reaction), and 10% potassium hydroxide (KOH)
(Fluka, Sigma-Aldrich Chemical Company, U.S.A.) to determine whether or not the
perispore, and to extract colour pigments of stromata.
The medium used for cultural characteristic study was potato dextrose

agar (PDA) (Appendix 1.1A).

3.1.2 Chemical taxonomic study

The medium used for fungal growth in metabolite extraction was 2%
malt extract broth (MEB) (Difco, Difco Laboratories, U.S.A.) containing 6% glucose
(Merck, Merck KGaA, Germany).

Reagent used for fungal metabolite extraction was ethyl acetate
(Sigma, Aldrich Chemical Company, U.S.A.). The components of mobile phase in
thin layer chromatography (TLC) were toluene, ethyl acetate, and acetic acid (Sigma).
Reagents used for chemical detection of TLC plate were p-nitroaniline and

anisaldehyde (Sigma).
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3.1.3 Nucleic acid study

Reagents used for genomic DNA extraction were lysis buffer
(Appendix 3.1A); phenol, chloroform, isoamyl alcohol (Merck) to purify genomic
DNA,; isopropyl alcohol (Merck) to precipitate genomic DNA; 70% ethanol to wash
genomic DNA pellet. Agarose (Promega, Promega Coporation, U.S.A.) was used to
detect DNA by agarose gel electrophoresis.

Reagents used for Polymerase Chain Reaction (PCR) amplification
were the 10X PCR buffer (Sigma), dNTPs (dATP, dCTP, dGTP, and dTTP)
(Invitrogen, Invitrogen life technologies, U.S.A.), and Taqg DNA polymerase (Sigma).
The oligonucleotide primers were ordered from the Science Pacific Company, Ltd.,
Thailand. The QIA-quick PCR purification kit (Qiagen, Qiagen Coporation, U.S.A.)
was used in PCR purification. The BigDye Terminator Ready Reaction kit (Perkin
Elmer, Applied Biosystems Inc., U.S.A.) was used for the nucleotide sequencing

reaction.

3.2 Instrumentation

Instruments required for morphological taxonomic and nucleic acid studies of
xylariaceous fungi were located at the Instrument Buildings of the Centre for
Scientific and Technological Equipment, Suranaree University of Technology,
Nakhon Ratchasima, and specimen comparison of collected fungi with reference
collections were performed at the Royal Forest Department, Bangkok, Thailand.

Instruments required for chemical taxonomic studies were located at the
School of Biomolecular Sciences, Liverpool John Moores University, Liverpool, U.K.

Instruments required for DNA sequencing were located at the Biotechnology
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and Development Office, Department of Agriculture, Pathumthani, Thailand.

3.3 Collection of xylariaceous fungi for taxonomic studies

The teleomorph stage of xylariaceous fungi were collected during rainy
season, June to December in years 2002 and 2003, from 14 different locations in
Thailand as described in Table 6. All specimens were recorded for their collection
dates, locations, and habitats. The collections were kept as herbarium by freezing at
-20°C for one week to destroy insects and/or mites and then drying at 37°C for

approximately 7 days before keeping in sealed plastic bags.

Table 6. Locations and time of specimen collection in this study.

Year Location
2002 Chiang Mai Province

Nakhon Ratchasima Province

2003 Phu Luang, Nakhon Ratchasima Province
Nong Rawieng, Nakhon Ratchasima Province
Burirum Province
Chaiyaphum Province
Plant Nursery of the Royal Forest Department, Ratchaburi Province
Suranaree University of Technology, Nakhon Ratchasima Province
Kanchanaburi Province
Petchaboon Province
Songkhla Province
Trad Province
Yasothon Province

Chiang Rai Province
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3.4 Morphological taxonomic studies of the problematic groups in

xylariaceous fungi

3.4.1 Macroscopic study

The teleomorph of the collected xylariaceous specimens were observed
for shape, size, colour of their stromatal surface, perithecia, and ostioles using the
Olympus Stereomicroscope SZX fitted with the Olympus Digital Camera DP11
(Olympus, Olympus Optical Co., Ltd. Japan). Colours of stromatal surface were
determined comparing to the Rayner Mycological Colour Chart (Rayner, 1970). The
stromatal pigments of Hypoxylon and Daldinia were extracted in 10% potassium
hydroxide (KOH), leaved for one minute, and observed the colour compared to the

colour chart (Ju and Rogers, 1996; Ju, Rogers, and San Martin, 1997).

3.4.2 Microscopic study

The collected xylariaceous fungi were observed for colour, shape, and
size of ascospores by mounting with distilled water and using the Olympus
Compound Microscope BX51 fitted with the Olympus Digital Camera DP11
(Olympus). The ornamentation of perispore and epispore were observed in 10% KOH
to determine dehiscence or indehiscence. The apical apparatus of ascus was examined
for amyloid reaction including shape and sized by using Melzer’s iodine reagent. The
type of germ slit was included.

Ascospore ornamentation of some Xxylariaceous isolates was also
observed using SEM. Dried xylariaceous stromata were attached to aluminium stubs
with Dag metallic paint, coated with gold, and examined using JEOL-6400 SEM

(JEOL, Japan).
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3.5 Isolation and cultivation of the selected xylariaceous fungi

The ascospores of selected xylariaceous specimens were isolated for culture
by the method as described by Ju and Rogers (1996) and Thienhirun (1997). A
portion of the stromatal surface including the upper parts of perithecia was removed
with a sterile razor blade. The contents of the exposed perithecia were scooped out
and spotted with a fine-tipped sterile needle in Petri dishes containing PDA medium
(Appendix 1.1A). Hyphal tips emerging from the perithecial contents were then cut
and transferred to fresh media. All isolates were routinely incubated at 25°C, and
subcultured every two months. The anamorph form was also observed. Their mycelia

were maintained in 15% glycerol at -20°C as stock cultures.

3.6 Chemotaxonomic study of the selected xylariaceous fungi

Since Xylaria species are common endophytes isolated from several plants as
described previously and most of them could not form mature teleomorph stage in
their cultures, the representatives of Xylaria isolates and xylariaceous endophytes
were selected to study on secondary metabolite profiles by using TLC technique.

3.6.1 TLC analysis of secondary metabolites from agar plugs

Selected Xylaria isolates were grown on yeast extract sucrose (YES)
agar (Appendix 2.1A) in 9-cm Petri dishes at 25°C for 4 weeks. The extracellular
metabolite analysis was performed according to the standard method (Lund and
Frisvad, 1994). Small agar plugs were cut from the fungal colony using a 4-mm
flamed cork borer. The plugs were wetted by a drop of chloroform : methanol (2 : 1,

v/v) and immediately applied onto a TLC plate (Silica gel 60, Merk Kieselgel
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GF254), 2.5 cm from the bottom line. The eluent system composed of toluene : ethyl
acetate : 90% formic acid, 5 : 4 : 1, v/v/v). The TLC plate was inspected in daylight
and under ultra-violet (UV) transilluminator (366 nm and 265 nm), and all spots were

noted. Each detected spot was calculated for retention factor (R ) as follows:

Distance of each compound

Ry = :
Distance of solvent

3.6.2 TLC analysis of secondary metabolites from cultural broth

3.6.2.1 Secondary metabolite extraction from 100 mL of cultural

broth
Selected Xylaria isolates were grown in 100 mL of 2% malt
extract broth (Difco) containing 6% glucose for 8 weeks (Pittayakhajonwut, 2000).
The broth medium was filtrated from fungal mycelium, and extracted with equal
volume of ethyl acetate (Sigma). After extraction, the ethyl acetate layer was
transferred to a volume metric flask and the extracted solution was concentrated by
evaporating until the solution was changed to powder. Then, the extracted powder
was dissolved with 5 mL ethyl acetate. The extracted solution was spotted onto the
TLC plate (Silica gel 60, Merk Kieselgel GF254) using capillary tube. The eluent
system was toluene : ethyl acetate : acetic acid; 50 : 49 : 1 (v/v/v). The detection
systems were p-nitroaniline (Sigma) spray agent and anisaldehyde (Sigma) spray

agent.
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3.6.2.2 Secondary metabolite extraction from 1 L of cultural broth

An isolate of Xylaria was selected to culture in 1 L of 2%

malt extract broth (Difco) containing 6% glucose for 8 weeks. The cultural broth was
separated and extracted for secondary metabolites using the same procedures as

described in section 3.6.2.1.

3.7 Nucleic acid studies of the selected xylariaceous fungi

DNA of the selected xylariaceous fungi and the reference strains were studied.

3.7.1 Extraction of genomic DNA
Genomic DNA of the xylariaceous specimens selected as
representatives was extracted from their cultural mycelia and stromatal herbarium, in
case of uncultured specimens, using the method of Lee and Taylor (1990) with some
modifications. The fungal mycelium was harvested and rinsed with TE buffer
(Appendix 3.2A). The washed mycelium was squeezed, placed in a microcentrifuge
tube, and stored at -20°C overnight. The frozen mycelium was ground, added lysis
buffer (Appendix 3.1A), and incubated at 65°C for an hour. The equal volume of
phenol : chloroform : isoamyl alcohol (25 : 24 : 1, v/v/v) was added, gently mixed,
and centrifuged at 12,000 rpm (Labofuge 400R, Heraeus Instruments, Heraeus
Instruments GmbH, Germany) at 4°C for 20 min. The top supernatant was transferred
to a fresh microcentrifuge tube. An equal volume of isopropanol (Merck) and one-
tenth volume of 3 M ammonium acetate (pH 5.2, Appendix 3.3A) (BDH, BDH
Laboratory Supplies Poole, England) were then added, gently mixed, and placed in an
icebox for 10-30 min to precipitate genomic DNA. The tube was centrifuged at

12,000 rpm for 30 min at 4°C. The DNA pellet was washed with 400 uL of 70%
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ethanol (Merck), air dried, and then resuspended in 50 pL. TE buffer. RNA was
removed by adding Ribonuclease A (1 mg/mL) (Invitrogen) (Appendix 3.4A) to give
a concentration of 10 pug RNase/mL sample and the tube was incubated at 37°C for 30
min. Genomic DNA was detected in 1% agarose gel electrophoresis, stained with
ethidium bromide (1 mg/mL) (BioRad, BioRad Laboratories, Italy), and examined
under UV transilluminator (BioRad). The concentration of DNA was measured by
SmartSpec "™ 3000 spectrophotometer at 260 nm (BioRad) and the purity of DNA
was calculated from the ratio of optical density at 260/280. The conversion factor for
determination of DNA concentration is 1 OD6p = 50 pg/mL of double stranded DNA.

Then, DNA solution was maintained at -20°C until use.

3.7.2 Amplification of the ribosomal RNA genes
The 18S ribosomal RNA gene and the internal transcribed spacer (ITS)
regions 1 and 2 including 5.8S ribosomal RNA gene of xylariaceous fungi were
amplified using PCR.
3.7.2.1 Amplification of 18S ribosomal RNA gene
The 18S ribosomal RNA gene amplification was performed
using NS1 and NS8 primers as forward and reverse to obtain the whole gene (Figure 8
and Table 7). The PCR amplification reaction was performed in 50 pL mixture
containing 50 ng of fungal DNA, 5 uL of 10X reaction buffer (10 mM KCL, 20 mM
Tris-HCI pH 8.8, 10 mM (NH4),SO4, 2 mM MgSOy, 0.1% Triton X-100), 200 uM of
each dATP, dCTP, dGTP, and dTTP, 1 uM of each primer, 1.0 unit of Tag DNA
polymerase (Sigma), and adjusted volume to 50 pL with deionized water. The

program of amplification consisted of 1 cycle of 95°C for 5 min; 35 cycles of 95°C
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for 1 min, 53°C for 2 min, 72°C for 2 min; and the final cycle of 72°C for 10 min.

The PCR reactions were carried out in the automated thermal cycle (i-cycle, BioRad,

U.S.A)).
NS1 SR8R ITS5
-> - -
18 SrDNA ITs1 |5.8S [ 1Ts2 28 S rDNA
<+ <+ <+
NS4 NS8 ITS4

Figure 8. The map of oligonucleotide primers for 18S rDNA and ITS region
amplification. The arrowheads represent the 3" end of each primer.

Source: Vilgalys, www (1999)

Table 7. Nucleotide sequences of PCR primers used in this study.

Name Sequence (5°- 3") Target region® Reference
NS1 GTAGTCATATGCTTGTCTC SSU 20-38 White et al. (1990)
NS8 TCCGCAGGTTCACCTACGGA SSU 1788-1769 White et al. (1990)
ITS4 TCCTCCGCTTATTGATATGC LSU 60-41 White et al. (1990)
ITSS GGAAGTAAAAGTCGTAACAAGG  SSU 1744-1763 White et al. (1990)

*Saccharomyces cerevisiae numbering

3.7.2.2 Amplification of internal transcribed spacer (ITS) 1 and 2
including 5.8S ribosomal RNA gene
The ITS1-5.8S-ITS2 region was amplified using ITS4 and
ITSS primers (Table 7). The PCR amplification reaction was performed in 50 pL

mixture containing 10 ng of fungal DNA, 5 pL of 10X reaction buffer (10 mM KCL,
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20 mM Tris-HCI pH 8.8, 10 mM (NH4)2SO4, 2 mM MgSOs, 0.1% Triton X-100), 200
uM of each dATP, dCTP, dGTP, dTTP, 2.5 uM of each primer, 1.0 unit of Taq DNA
polymerase, and adjusted volume to 50 pL with deionized water. The program of
ITS1-5.8S-ITS2 region amplification consisted of 1 cycle of 95°C for 5 min; 35
cycles of 95°C for 30 sec, 53°C for 1 min, 72°C for 1 min; and final cycle of 72°C for

10 min. The PCR reactions were carried out in the automated thermal cycle (BioRad).

3.7.3 Detection of PCR-amplified products by agarose gel electrophoresis

Agarose gel electrophoresis is a standard method used to separate,

identify, and purify DNA fraction. Agarose gel was prepared at a concentration of

1.5% (w/v) in 1X TBE buffer (Appendix 3.5A), melted in microwave oven until
completely dissolved, and then poured into gel box with an appropriate comb.

Five microliters of PCR-amplified product was thoroughly mixed with

6X loading buffer (Appendix 3.6A). The mixture was loaded into the submarine 1.5%

agarose gel, and electrophoresis was carried out at constant 100 volts until the

bromphenol blue dye reached about 2 cm from the lower edge of the gel, then the

electrophoresis was stopped. One hundred base pair DNA ladder (Invitrogen) was
used as standard markers to determine the molecular size of DNA fragments.

After electrophoresis, the agarose gel was stained with ethidium

bromide by soaking the gel in a solution containing 10 pg/mL of ethidium bromide,

and visualized under UV transilluminator (BioRad). The agarose gel was

photographed for being reference.
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3.7.4 Purification of DNA-amplified products

The single band of the DNA-amplified product as estimated size was
purified throughout the QIAquick purification kit (Qiagen) according the
manufacturer’s instruction. The DNA-amplified product that contained primer dimer
band, approximately 50 bp, was purified by low melting point (LMP) agarose gel
purification (BIO 101, Inc., U.S.A.). The DNA was mixed with 6X loading buffer and
then loaded into the 1.5% LMP agarose gel. Electrophoresis was carried out at the
constant 100 volts until the bromophenol blue dye reached about 2 cm from the lower
edge of the gel then electrophoresis was stopped. The gel was stained and viewed as
previously described in section 3.7.3.

The DNA band of the expected size visualized under the UV light was
cut from the gel by a clean blade and placed into a new 1.5 mL microcentrifuge tube.
The gel matrix that did not contain DNA material was trimmed off to obtain the
minimum volume of the gel. DNA was eluted from a slice of gel using QIAquick gel

purification kit (Qiagen) according the manufacturer’s instruction.

3.7.5 Sequencing of ribosomal DNA
3.7.5.1 Preparation of DNA for sequencing
The purified ribosomal DNA amplicons were sequenced
using the BigDye Terminator Ready Reaction kit version 2.0 (Perkin Elmer)
according to the manufacturer’s protocol. The 10 pL cycle sequencing reaction
mixture contained 80-200 ng DNA, 4 uL BigDye, and 5 pM primer. Primers used for
the sequencing of 18S rDNA and ITS fragments, were the same as in PCR

amplification of each PCR fragment. The thermal profile consisted of 25 cycles of 10
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sec at 96°C, 5 sec at 50°C, and 4 min at 60°C. The cycle sequencing was performed in
the thermal cycle (BioRad). The PCR mixtures were spun down briefly before DNA
precipitation. The sequencing DNA fragments were precipitated by adding 16 pL of
deionized water and 64 pL of 95% ethanol. The tube was vortexed briefly, incubated
at 4°C for 15 min, and then spun at 12,000 rpm for 20 min at 4°C. The DNA pellet
was washed with 300 pL of 70% ethanol, centrifuged at 12,000 rpm for 20 min at
4°C, and discarded the supernatant. The DNA pellet was dried at room temperature in

the dark.

3.7.5.2 DNA sequencing

The sequencing gel used for an ABI 377 automated DNA
sequencer (Perkin Elmer) was prepared as described in the manufacturer’s protocol.
The 6% polyacrylamide gel was casted in slab gel glass plates. The sequencing pellet
was dissolved in 3 pL of loading buffer, and loaded onto the gel. Electrophoresis was
carried out at constant 750 volts for 8 h. Fluorescent signals were detected with ABI
Collection software. Base calling was performed using sequencing analysis software,
and nucleotide sequence determination was performed using sequence navigator
software. The resulting sequences were assembled and manually corrected by using

Chromas 1.56 program (Technelysium Pty. Ltd).

3.7.6 Alignment of DNA sequences
Completed DNA sequences were aligned using Clustual X software
package (Thompson et al., 1994). All alignments were examined and manually

optimized with the BioEdit program (North Carolina State University, U.S.A.).
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In addition, the available xylariaceous sequences of 18S rDNA and
ITS1-5.8S-ITS2 from GenBank database were downloaded, and imported to

xylariaceous database examined for DNA sequence alignment.

3.7.7 Construction of phylogenetic tree
Phylogenetic trees were constructed with different methods and
software packages.
3.7.7.1 Neighbour-joining (NJ) method
Phylogenetic trees were constructed based on genetic
distances using neighbour-joining method. The conditional clustering, Kimura 2
parameter distances (Kimura, 1980), was computed with the Dnadist module of the
PHYLIP software package version 3.6 (Felsenstein, 1995). Strengths of internal
branches of resulting trees were statistically tested by the bootstrap analysis of 1,000

replications.

3.7.7.2 Maximum parsimony (MP) method
Phylogenetic trees were constructed using PAUP* version
4.0b10 (Swofford, 2000) for the maximum parsimony method. They were analyzed
by heuristic searches. The MAXTREES set to 10,000 and TBR branch swapping. All
characters were assessed as independent, unordered and equally weighted.

Bootstrapping in these analyses was performed using 1,000 replicates.



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Collection of the xylariaceous fungi for taxonomic studies

Three hundreds and thirty eight xylariaceous specimens were collected from
14 different locations in Thailand. The different locations, period of collection,
number and type of specimens were recorded. The number of collected specimens is
shown in Table 8. The collection locations were selected following consultation with
Dr. Surang Thienhirun as being proven as good forest sites for the Xylariaceae.
Although most of the collections are from the Northeastern Thailand sites from the
North (Chiang Mai Province) to the South (Songkhla Province) were also surveyed.

Thus, a range of different forest types was included in this study.

Table 8. Xylariaceous collections from 14 locations of Thailand in years 2002 and

2003.
Year  Location No. of
specimens
2002 Chiang Mai Province 11
Nakhon Ratchasima Province 7
2003 Phu Luang, Nakhon Ratchasima Province 7
Nong Rawieng, Nakhon Ratchasima Province 11
Burirum Province 9

Chaiyaphum Province 4
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Table 8. (Continued).

Year  Location No. of
specimens
2003 Ratchaburi Province 51
Suranaree University of Technology, Nakhon Ratchasima Province 51
Kanchanaburi Province 49
Petchaboon Province 9
Songkhla Province 30
Trad Province 77
Yasothon Province 19
Chiang Rai Province 3

The majority of collections were from Trad Province where the forest was

classified as the mixed forest (Thienhirun, 1997).

4.2 Morphological taxonomic studies of the problematic groups in

xylariaceous fungi

All collected xylariaceous specimens were identified and classified into nine
genera and 59 species according to their morphological characteristics as shown in
Table 9.

The high numbers of collected specimens belonged to Hypoxylon and Xylaria
respectively. There was also wide distribution and variation of both genera whereas
the other xylariaceous genera were rarely represented especially Astrocystis, which
occurs only on bamboo. Unfortunately Daldinia bambusicola occurring on bamboo
was not found during the two years of survey. The details for each genus and species

are described as follows:
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Table 9. Numbers of genera and species of xylariaceous collections in this study in

years 2002 and 2003.

Genus No. of specimens No. of species
Astrocystis Berk. & Broome 8 1
Biscogniauxia Kuntze 6 2
Camillea Fr. 5 1
Daldinia Ces. & De Not. 13 1
Hypoxylon Bull. 196 29
Kretzschmaria Fr. 2 1
Nemania S.F. Gray 2 1
Rosellinia De Not. 4 1
Xylaria Hill ex Schrank 102 22

4.2.1 Group I: Astrocystis and Rosellinia

Since the genera Astrocystis and Rosellinia are poorly represented in
Thailand, which agreed with Thienhirun (1997), with only two species having been
found in this study, A. mirabilis Berk. & Broome and R. procera Syd. Comparison of
the two species is given in Table 10.

Astrocystis mirabilis SUT047, SUT048, SUT049, SUT051, SUTO052,
SUTO054, SUT055, and SUTO056 (Figure 9), which was reported as the type species of
the genus (Berkeley and Broom, 1875), were found to be very similar to specimens
previously described by Thienhirun (1997) collected from Surat Thani Province
except for ascospore size, 10-13.8 x 3.8-5 um cf. (10-)10.6-12.5 x 5.6-6.3 pum
(Thienhirun, 1997). However other characters were well matched A. mirabilis as

described by Ju and Rogers (1990).
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Table 10. Species comparison of Astrocystis and Rosellinia found in this study.

Character A. mirabilis* R. procera*
Stromata
Shape Subglobose to hemispherical, Subglobose to hemispherical,
blackish, each stroma encircled blackish, embedded on a brown
with a more or less stellate to cottony subiculum
irregular ring of mixed host and
stromatic material at the base to
midportion
Color Black Black
Perithecia
Shape Obovoid Obovoid
Size 1-1.5 mm diameter 1-1.5 mm diameter
Ostiole Papillate Conico-papillate
Asci Cylindrical Not observed
Ascospores
Color Brown to dark brown Brown to dark brown
Shape Ellipsoid Fusiform with tapering ends
Size 10-13.8 x 3.8-5 um (65-)95-125 x 10-15 um

Apical apparatus

Germ slit

Culture

Habitat
Location
Specimen
examined

Inverted hat, 2-3(-4) um high x
3-4 um broad

Straight slightly less than spore
length

White radiate strands with
fimbriate margins, velutinous or
floccose, and faintly zonate

On bamboo

Ratchaburi

SUTO047, SUT048, SUT049,
SUTO051, SUTO052, SUT054,
SUTO055, SUT056

Inverted hat, 2-3 um high x 3.5-
5 um broad

Straight longitudinal germ slit
spore length

Uncultured

On wood

Ratchaburi, Nakhon Ratchasima
SUT102, SUT109, SUT113,
SUT114

* More details on collections are given in Appendix B.
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Figure 9.

Astrocystis mirabilis Berk. & Broome (SUTO051); (a) stromatal form (Bar
= 1 mm), (b) ascospores with ellipsoid equilateral (Bar = 10 pum), (c)
apical apparatus bluing in Melzer’s iodine reagent (Bar = 4 um), (d) germ
slit straight nearly spore length (arrowed) (Bar = 2 um), and (e) cultural

characteristics on PDA cultured at 25°C after 3 weeks (Bar = 1 cm).
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Four collections of the Rosellinia (SUT102, SUT109, SUT113, and
SUT114) examined were in close agreement with R. procera Syd. (Figure 10) as
described by Petrini (1990) except for small differences in ascospore size (65-)95-125
X 10-15 pm cf. 75-130 x 15-18 pm (Petrini, 1990). These might be because of
variation within the species and the different collection areas. Unfortunately, the
Astrocystis found in this study did not form its anamorph in culture, and also the
Rosellinia examined could not be cultured. Therefore, there was no information of
anamorph characteristics for both taxa. The genus Astrocystis has been separated from
Rosellinia on the basis of host specificity on bamboo and also on features of the
stromata splitting the host surface or the presence of a carbonaceous extension at the
base (Berkeley and Broome, 1887; Petrini, 1993; 2003; Lassge and Spooner, 1994).
However, there is some disagreement with Ju and Rogers (1990; 1995) and San

Martin and Rogers (1994) considering Astrocystis to be congeneric with Rosellinia.
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Figure 10. Rosellinia procera Syd. (SUT113); (a) stromatal form with conico-
papillate of ostiole (arrowed) (Bar = 2 mm), (b) perithecia (Bar = 3 mm),

(c) ascospore (Bar = 10 um), and (d) apical apparatus (Bar =5 um).
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4.2.2 Group Il: Camillea

One species of C. tinctor (Berk.) Lessge, J.D. Rogers & Whalley
(Figure 11) was recorded from this study. Camillea selangorensis M.A. Whalley,
A.J.S. Whalley & E.B.G. Jones., which is another tropical species firstly described in
Malaysia by Whalley (1995), has since been reported to be found in Thailand
(Whalley et al., 1999). Unfortunately, it was not found during this study. Therefore,
C. selangorensis and C. leprieurii (Figure 12), provided by Dr. Margaret A. Whalley
were used to compare with the C. tinctor collected in Thailand, and their
morphological characteristics are described in Table 11.

Four collections (SUT099, SUT161, SUT211, and SUT260) examined
collected from different localities in Chiang Mai, Trad, Songkhla, and Yasothorn
Provinces closely matched C. tinctor (Berk.) Lassge, J.D. Rogers & Whalley as
described by Leessge et al. (1989), and also the previously described specimens from
Thailand by Thienhirun (1997). The comparison of all collections, which was
collected from different locations, suggested that they were identical. The present of
orange color staining on the substratum was also observed from some specimens.
Since the ascospores of most Camillea species appear smooth by light microscopy but
appear characteristically ornamented by SEM (Lassge et al., 1989; Rogers et al.,
1991; San Matin, Gonzales, and Rogers, 1993; Whalley, 1995; Whalley, 1996;
Whalley et al., 1999). The collected C. tinctor specimens were, therefore, observed by
SEM, and found to exhibit the reticulate ornamentation which was the distinctive
character of this species as shown in Figure 11f. However, C. selangorensis and C.
leprieurii revealed strongly verrucose or intricately ornamented ascospore walls as

described by Whalley et al. (1996) and Lassge et al. (1989) respectively.
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Table 11. Morphological characteristics of Camillea tinctor found in this study, C. selangorensis, and C. leprieurii.

Character C. tinctor (Berk.) Laessge, J.D. Rogers & C. selangorensis M.A. Whalley, A.J.S. Whalley C. leprieurii Mont.
Whalley * & E.B.G. Jones.
Stromata
Shape Applanate with a slightly raised center, Circular to orbicular, or elongated, with applanate Erumpent through bark, cylindrical, seated on
elongate elliptic to convex apex, surrounded by a slightly raised rim  slightly broader disc
Color Externally black, mat or shiny, internally dark  Black Black
brown, surface smooth
Perithecia
Shape Deeply immersed, cylindrical to slightly Deeply immersed, brittle entostroma, basally Elongate ovoid
elongate seated, cylindrical, individually erumpent
Size 0.3-1 mm high x 0.2-0.5 mm diameter 0.5-0.8 mm diameter 0.2-0.4 mm diameter
Ostiole Punctiform, slightly raised Finely papillate becoming punctate in age
Asci Cylindrical Cylindrical Cylindrical
Ascospores
Color Pale yellow Pale yellow Colorless to dilute yellow
Shape Ellipsoid to fusiform, reticulate-poroid by Ellipsoid inequilateral, minutely warted by light Elongate with upper end acute wedge shaped and
SEM microscopy, strongly verrucose by SEM lower end draw into very long tail, wavy
longitudinal rib-structure with ladder-like
transverse substructure by SEM
Size (12.5-)13.8-21.3 x (5.6-)6.3-8.8 um 10.0-13.8 x 3.8-6.3 um (26.3-)29.1-37.6(-38.5) x (5.3-)6.1-7.5 um

Apical apparatus

Germ slit

Habitat

Location

Specimen examined

Urniform, 2-3 (-4) um high x 3-4 um broad

No

On wood

Songkhla, Yasothorn, Trad

SUT099, SUT161, SUT211, and SUT260

Rhomboid, 2.5-3.8 um high x 3-3.8 um broad

No

On wood

Malaysia (provided by M.A. Whalley)
KS15

Dome or thimble-shaped, 3.3-8.5 (-9.5) high x
4.4-7.3 um broad

No

On wood

Malaysia (M.A. Whalley)

* More details on collections are given in Appendix B.
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Figure 11. Camillea tinctor (Berk.) Lassge, J.D. Rogers & Whalley (SUT260); (a)
stromatal form (Bar = 1 mm), (b) perithecia (Bar = 0.5 mm), (c)
ascospores (Bar = 15 um), (d) apical apparatus bluing in Melzer’s iodine
reagent (Bar = 4 um), (e) cultural characteristics on PDA cultured at 25°C
after 4 weeks (Bar = 1 cm), and (f) the reticulate ornamentation of

ascospore by SEM (Bar = 2 um).
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Figure 12. Camillea selangorensis M.A. Whalley, A.J.S. Whalley & E.B.G. Jones
(KS15), and C. leprieurii (Mont.) Mont; (a) and (b) stromatal form of C.
leprieurii (Bar = 0.5 cm and 0.2 cm respectively), (c) ascospores (Bar = 6

pm), and (d) stromatal form of C. selangorensis (Bar = 1 cm).
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4.2.3 Group I11: Daldinia

One species of D. eschscholzii (Ehrenb.: Fr.) Rehm was recorded from
thirteen collections (SUTO013, SUT037, SUT038, SUTO039, SUT084, SUTO085,
SUTO086, SUT168, SUT169, SUT178, SUT209, SUT268, and SUT278) of the genus
(Figure 13). The type species, D. concentrica (Bolton: Fr.) Ces. & De Not. which is
frequently found in temperate region, was provided by Prof. Anthony J.S Whalley to
compare with collected D. eschscholzii specimens. Unfortunately, D. bambusicola,
which occurs on bamboo, has only been found twice in Thailand and it was not found
during this study. The description of the D. eschscholzii examined is given in Table
12.

Thirteen collections collected from eight provinces were matched D.
eschscholzii (Ehrenb.: Fr.) Rehm as described by Ju, Rogers, and San Martin (1997).
This is a widely distributed species, and it is the most common xylariaceous species
found throughout Thailand as previously reported by Whalley (1996), Thienhirun
(1997), and Thienhirun and Whalley (2004). From SEM observation, the ascospore
wall of D. eschscholzii was ornamented with conspicuous transversely oriented fibrils
(Figure 13). However, only teleomorphic characteristics, including perispore
ornamentation by SEM, were insufficient to identify species of D. eschscholzii or D.
concentrica. Recently Stadler et al. (2004) rearranged the two species of Daldinia into
five new species according to their anamorph characteristics, shape of ascospores, and
chemical characteristics. One out of five species belonging to D. palmensis M.
Stadler, Wollweber & H-.V. Tichy. is closed to D. eschscholzii. The conidiophore of
D. palmensis is Nodulisporium-like or Sporothrix-like forms whilst D. eschscholzii is

a Nodulisporium-like form. Unfortunately, only four of the collected D. eschscholzii
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isolates could be cultured, and all of them were Nodulisporium-like in form. The

remainder of collections was still unable to confirm to be either D. eschscholzii or D.

palmensis.

Table 12. Morphological characteristics of Daldinia eschscholzii found in this study

and the reference specimen of D. concentrica.

Character D. eschscholzii * D. concentrica (Ju, Rogers, and San
Martin, 1997)**
Stromata
Shape Turbinate to placentiform, sessile or with Spherical, sessile, solitary to
short, stout stipe, solitary to infrequently aggregated, smooth or with
aggregated, smooth inconspicuous perithecial mounds
Color Surface brown vinaceous, dark brick, sepia, Surface brown vinaceous, chestnut, or

KOH-extractable
pigments
Perithecia
Shape
Size
Ostiole
Asci
Ascospores
Color
Shape

Size
Apical apparatus

Germ slit
Perispore
Culture

Location

Specimen examined

grayish sepia, or vinaceous grey, blackened
and varnished in age
Livid purple, dark livid, or vinaceous purple

Tubular

0.8-1.5 mm x 0.3-0.4 mm diameter
Obsolete or slightly papillate
Cylindrical

Brown to dark brown

Ellipsoid-inequilateral with narrowly rounded
ends

11.3-13.8 X 5-6.3 um

Discoid, 0.5 um high x 2-2.5 um broad

Straight full spore-length on convex side

Dehiscent, conspicuous coil-like
ornamentation

White at first, becoming brownish grey,
fluffy, rapidly grow

Bangkok, Burirum, Chiang Rai, Nakhon
Ratchasima, Ratchaburi, Trad, and Yasothorn
SUTO013, SUT037, SUT038, SUT039,
SUTO084, SUT085, SUT086, SUT168,
SUT169, SUT178, SUT209, SUT268,
SUT278

sepia, blackened and varnished in age

Livid purple or dark purple

Tubular

0.3-0.5 mm diameter x 1-2 mm high
Slightly papillate

Cylindrical

Brown to dark brown
Ellipsoid-inequilateral with narrowly
rounded ends

13-17 X 6-7.5 um

Discoid, 0.5-1 pm high x 3-3.5 pm
broad

Slightly sigmoid germ slit spore-
length on convex side

Dehiscent, smooth

L1and L2

* More details on collections are given in Appendix B.

** Typical specimens with anamorphic culture from the U.K.
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Figure 13.

Daldinia eschscholzii (Ehrenb.: Fr.) Rehm (SUT039); (a) stromatal form
(Bar = 1 cm), (b) perithecia (Bar = 0.5 mm), (c) ascus containing eight
ascospores (Bar = 10 um), (d) apical apparatus bluing in Melzer’s iodine
reagent (arrowed), (e) germ slit straight nearly spore length (arrowed)
(Bar = 2 um), (f) ascospore dehiscent in 10% KOH (arrowed), (g) cultural
characteristics on PDA cultured at 25°C after 4 weeks (Bar = 1 cm), and
(h) the perispore with conspicuous coil-like ornamentation by SEM (Bar =

2 um).
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Twenty nine species of Hypoxylon were recorded including 4 new

species. Although Hypoxylon sect. Annulata was focused in this study, other species

of Hypoxylon sect. Hypoxylon also were examined for species differentiation and

DNA database construction. The Hypoxylon species found and investigated are listed

in Table 13.

Table 13. Species of Hypoxylon sect. Annulata, and sect. Hypoxylon found in this

study.
Species No.* Remark
Hypoxylon sect. Annulata

H. cf. archeri 6 Hazel in KOH-extracted pigments,
white substance on the stromatal
surface

H. atroroseum J.D. Rogers 10  Juand Rogers (1996)

H. bovei Speg. var. microspora J.H. Miller 1 Ju and Rogers (1996)

H. moriforme Henn. 5 Ju and Rogers (1996)

H. purpureonitens Y.-M. Ju & J.D., Rogers 12 Juand Rogers (1996)

H. stygium (Lév.) Sacc. 13 Juand Rogers (1996)

H. urceolatum (Rehm) Y.-M. Ju & J.D. Rogers 1 Ju and Rogers (1996)

Hypoxylon taxonomic species 1 sp. nov. 15  Green in KOH-extracted pigments,
truncatum-type in ostiolar form,
0.3-0.4 mm diameter of ostiolar disc

Hypoxylon sect. Hypoxylon

H. anthochroum Berk. & Broome 7 Ju and Rogers (1996)

H. brevisporum Y.-M. Ju & J.D. Rogers 1 Ju and Rogers (1996)

H. duranii J.D. Rogers 11 Juand Rogers (1996)

H. fendleri Berk. ex Cooke 20 Juand Rogers (1996)

H. cf. ferrugineum (SUTO017) 1 Small in ascospore size

H. cf. ferrugineum (SUT070) 1 Brown vinaceous in stromatal
surface colour, orange in granule
colour

H. cf. ferrugineum (SUT237) 4  Close to H. ferrugineum except for

stromatal surface color, KOH-
extractable pigment, and ascospore
size

* Number of Hypoxylon collections.
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Species No.* Remark
Hypoxylon sect. Hypoxylon

H. haematostroma Mont. apud Sagra 7 Ju and Rogers (1996)

H. hypomiltum Mont. 1 Ju and Rogers (1996)

H. investiens (Schwein.) M.A. Curtis 7 Ju and Rogers (1996)

H. lenormandii Berk. & M.A. Curtis apud Berk 11 Juand Rogers (1996)

H. lenormandii var. microspora 1 Thienhirun (1997)

H. macrocarpum Pouzar 1 Juand Rogers (1996)

H. monticulosum Mont. 28  Juand Rogers (1996)

H. cf. perforatum (SUTO020) 1  Grayish sepia in stromatal surface
colour, dark brown to black in
granule colour, straight full length in
germ slit

H. cf. perforatum (SUT224) 1 Brown vinaceous in stromatal
surface colour, brown vinaceous in
granule colour, straight full length in
germ slit

H. cf. perforatum (SUT294) 1 Reddish brown in stromatal surface
colour, reddish brown to black in
granule colour, straight full length in
germ slit

H. rubiginosum (Pers.: Fr.) Fr., Summa Veg 4 Juand Rogers (1996)

H. subgilvum Berk. & Broome var. microsporum 3 Juand Rogers (1996)

(Abe) Y.-M. Ju & J.D. Rogers

H. trugodes Berk. & Broome 6  Juand Rogers (1996)

H. sublenormandii sp. nov. 3 Closed to H. lenormandii except for
reddish brown in stromatal colour,
smaller in ascospore size, and
straight germ slit

H. kanchanapisekii sp. nov. 5  Close to H. lenormandii except for
stromatal surface color of dull
reddish brown not grayish sepia,
small ascospores, and having a
straight germ slit

H. suranareei sp. nov. 5  Conspicuous perithecial mounds,

orange brown in stromatal surface
colour, yellowish orange in KOH-
extractable pigments, ostioles same
or lower than the stromatal surface
with white substance

* Number of Hypoxylon collections.
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Table 13. (Continued)

Species No.* Remark

Hypoxylon sect. Hypoxylon

Hypoxylon taxonomic species 2 (SUT082) 1 Brownish yellow in KOH-
extractable pigment, ascospore size,
and inconspicuous coil-like
ornamentation

Hypoxylon taxonomic species 3 (SUT158) 1 Dark brick or brown vinaceous in
stromatal surface colour, brown
vinaceous in granule colour, amber
or yellowish brown in KOH-
extracted pigments

* Number of Hypoxylon collections.

4.2.4.1 Hypoxylon section Annulata

Eight species of Hypoxylon sect. Annulata were observed
including a new species, Hypoxylon taxonomic species 1 sp. nov. The results are
given in Table 14. Hypoxylon cf. archeri (SUT079, SUT103, SUT105, and SUT112)
(Figure 14) closely agreed with H. archeri Berk. apud J.D. Hook. as described by Ju
and Rogers (1996) except for its KOH-extractable pigments having greenish
olivaceous according to Ju and Rogers (1996) but they were hazel in the Thai
collections. In addition, two specimens related to this taxon provided by Dr. Surang
Thienhirun (ST2333 and ST2527) were used as the reference strains. Initially, the
specimens examined looked like H. michelianum in having a layer of white substance
on the stromatal surface, which was striking and has not been observed in other taxa

of section Annulata (Ju and Rogers, 1996) but the other characters were different.
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Character H. cf. archeri* H. atroroseum J.D. Rogers* H. bovei Speg. var. microspora J.H.
Miller*
Stromata
Shape Effused-pulvinate Effused-pulvinate Hemispherical to effused-pulvinate
Color Blackish brown Vinaceous gray Black
Granules beneath Black Dull reddish brown Black
surface
KOH pigments Hazel Greenish olivaceous Greenish olivaceous
Perithecia
Shape Spherical Obovoid Spherical
Size 0.3-0.4 mm diameter 0.2-0.3 mm diameter x 0.3-0.5 mm high 0.6-1 mm diameter
Ostiole Coarsely papillate Papillate Papillate
Disc
Type Truncatum-type Truncatum-type Bovei-type
Size 0.1-0.2 mm diameter 0.1-0.2 mm diameter 0.3-0.7 mm diameter
Apical apparatus Discoid, 0.5 pm high x 1-1.5 pum broad Discoid, 0.5 um high x 1 um broad Discoid, 1-1.5 um high x 2 um broad
Ascospores
Color Brown to dark brown Light brown Brown to dark brown
Shape Ellipsoid-inequilateral, with narrowly Ellipsoid-equilateral, with narrowly rounded  Ellipsoid-inequilateral, with narrowly
rounded ends ends rounded ends
Size 8.8-10(-11.5) x 3.8-5 um 6.3-8.8 x 2.5-3.8 um 7.5-10 x 3.8-5 um
Germ slit Straight full length Straight full length Straight full length
Perispore Smooth Smooth Smooth
Habitat On wood On wood On wood
Location Songkhla Province Nakhon Ratchasima, Trad Chaiyaphum
Specimen examined ~ SUT079, SUT103, SUT105, and SUTO009, SUT010, SUT214, and SUT219 SUTO025 and SUT242

SUT112

* More details on collections are given in Appendix B.
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Character H. moriforme Henn.* H. purpureonitens Y.-M. Ju & J.D., Rogers*  H. stygium (Lév.) Sacc.*
Stromata
Shape Glomerate, hemispherical to effused- Glomerate, hemispherical to effused-pulvinate Effused-pulvinate
pulvinate
Color Blackish with reddish brown tone, some  Blackish with reddish brown tone, some shiny Blackish with reddish brown tone
shiny black black
Granules beneath Black Black Dull reddish brown

surface
KOH pigments
Perithecia

Shape

Size
Ostiole
Disc

Type

Size
Apical apparatus
Ascospores

Color

Shape

Size
Germ slit
Perispore
Habitat
Location

Specimen examined

Greenish olivaceous

Spherical
(0.4-)0.5-1(-1.2) mm diameter
Conical-papillate

Bovei-type
0.2-0.3 mm diameter
Discoid, 0.5 um high x 1-1.5 um broad

Brown

Ellipsoid-inequilateral, with narrowly
rounded ends

7.5-9x 2.8-4.2 um

Straight full length

Smooth

On wood

Chaiyaphum, Kanchanaburi, Nakhon

Ratchasima, Trad

SUT216, SUT220, SUT231, SUT249,
SUT285, and SUT288

Vinaceous purple

Spherical
(0.3-)0.5-1 mm diameter
Conical-papillate

Bovei-type
0.2-0.3 mm diameter
Discoid, 0.5 um high x 1-1.5 pum broad

Brown

Ellipsoid-inequilateral, with narrowly rounded
ends

7.5-10 x 3.8-5 um

Straight full length

Smooth

On wood

Nakhon Ratchasima, Songkhla, Trad, Yasothorn

SUTO001, SUT004, SUT005, SUT100, SUT160,
SUT167, and SUT262

Greenish olivaceous

Obovoid
0.2-0.3 mm diameter x 0.3-0.5 mm high
Papillate

Truncatum-type
0.1-0.2 mm diameter
Discoid, 0.5 um high x 1um broad

Light brown

Ellipsoid-equilateral, with narrowly
rounded ends

3.8-6.3x2.5-3.8 um

Straight full length

Smooth

On wood

Ratchaburi, Trad

SUTO058, SUT222, SUT226, SUT229,
SUT230, SUT243, SUT245, SUT?247,
SUT253, and SUT257

* More details on collections are given in Appendix B.



Table 14. (Continued).

89

Character H. urceolatum (Rehm) Y.-M. Ju & J.D. Rogers * Hypoxylon taxonomic species 1 sp. nov.*
Stromata
Shape Effused-pulvinate Glomerate, hemispherical to effused-pulvinate
Color Black Blackish with reddish brown tone, some shiny black
Granules beneath surface Black Black

KOH pigments
Perithecia
Shape
Size
Ostiole
Disc
Type
Size
Apical apparatus
Ascospores
Color
Shape

Size
Germ slit

Perispore

Habitat

Location

Specimen examined

Vinaceous purple

Obovoid to tubular
0.2-0.4 mm diameter x 0.4-1 mm high
Conical-papillate

Truncatum-type
0.2-0.3 mm diameter
Not observed

Pale brown

Ellipsoid to fusoid, slightly inequilateral to equilateral,
with narrowly rounded ends

10-12.5 x 2.5-5 um

Straight less than spore-length and originating from one
end

Smooth

On wood

Songkhla

SUTO098

Green

Spherical
0.5-0.8 mm diameter
Conical-papillate

Truncatum-type
0.2-0.3 mm diameter
Discoid, 0.5 um high x 1-1.5 um broad

Brown
Ellipsoid-inequilateral, with narrowly rounded ends

7.5-9 x 2.8-4.2 um
Straight full length

Smooth
On wood
Chaiyaphum, Nakhon Ratchasima, Trad, Kanchanaburi

SUTO081, SUT238, SUT241, SUT244, SUT246, SUT251, and

SUT255

* More details on collections are given in Appendix B.
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Hypoxylon atroroseum SUTO009, SUTO010, SUT214, and
SUT219 (Figure 15) examined were similar to Hypoxylon atroroseum J.D. Rogers as
described by Ju and Rogers (1996) except for its ascospore size, which were 6.3-8.8 x
2.5-3.8 um and 5-7 x 2-3 um respectively. The teleomorphic characteristics of H.
atroroseum were similar to H. stygium except the stromata of H. atroroseum often
have rosy surface tones.

Hypoxylon bovei var. microspora SUT242 (Figure 16)
examined was similar to Hypoxylon bovei Speg. var. microspora J.H. Miller. as
described by Ju and Rogers (1996).

Hypoxylon moriforme SUT216, SUT220, SUT231, SUT249,
SUT285, and SUT288 (Figure 17) were similar to Hypoxylon moriforme Henn. (Ju
and Rogers, 1996). This taxon closely resembles H. nitens and H. bovei var.
microspora in KOH-extractable pigments and size of perithecia, disc, and ascospores
but they are different in ostiolar disc type. Hypoxylon moriforme has a truncatum-type
disc whilst the other species have a bovei-type disc (Ju and Rogers, 1996). For the
truncatum-type, the outermost layer of stroma around ostioles is flaked off gradually
from the ostiole outwards, whereas in the bovei-type the outermost layer of stroma
dehisces abruptly. However, in the case of mature specimens lacking these outer
layers, the ostiolar discs of bovei-type look like the truncatum-type disc and as a
result were difficult to identify. The collected specimens examined were placed in this
taxon because of the lack of these outer layers and as their ostiolar discs were
identified as belonging to the truncatum-type. They also mainly formed glomerate

stromata.
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Figure 14. Hypoxylon cf. archeri (SUT105); (a) stromatal form when immature (Bar
= 0.2 mm), (b) KOH-extractable pigment, (c) stromata with white fringe
surrounding ostiolar disc (Bar = 0.1 mm), (d) ascospores (Bar = 10 um),
(e) straight germ slit spore length (arrowed) (Bar = 2 um), (f) the
thickening on perispore (arrowed) (Bar = 1 um), (g) SEM micrograph of
ascospore (Bar = 1 um), and (h) cultural characteristics on PDA cultured

at 25°C after 3 weeks (Bar = 1 cm).
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Figure 15. Hypoxylon atroroseum J.D. Rogers (SUT009); (a) stromatal form (Bar =
0.1 mm), (b) ascospores (Bar = 10 um), (c) KOH-extractable pigment
greenish olivaceous, (d) straight germ slit spore length (arrowed) (Bar = 2
pm), (e) the thickening on perispore (arrowed) (Bar = 2 um), and (f)
cultural characteristics on PDA cultured at 25°C after 4 weeks (Bar = 1

cm).
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Figure 16.

Hypoxylon bovei Speg. var. microspora J.H. Miller (SUT025); (a) and (c)
stromatal form (Bars = 1 c¢cm and 0.5 mm respectively), (b) KOH-
extractable pigment, (d) ascospores (Bar = 10 um), (e) the thickening on
perispore (arrowed) (Bar = 5 um), and (f) cultural characteristics on PDA

cultured at 25°C after 3 weeks (Bar =1 cm).



94

Figure 17. Hypoxylon moriforme Henn. (SUT220); (a) and (c) stromatal form (Bars =
1 cm and 0.3 mm respectively), (b) KOH-extractable pigment greenish
olivaceous, (d) ascospores (Bar = 10 um), (e) straight germ slit spore
length (arrowed) (Bar = 2 um), and (f) cultural characteristics on PDA

cultured at 25°C after 4 weeks (Bar =1 cm).
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Hypoxylon purpureonitens SUTO001, SUTO004, SUTO05,
SUT100, SUT160, SUT167, and SUT262 (Figure 18) matched Hypoxylon
purpureonitens Y.-M. Ju & J.D. Rogers (Ju and Rogers, 1996). This taxon is similar
to H. nitens except its KOH-extractable pigments are purplish (Ju and Rogers, 1996).

Hypoxylon stygium SUTO058, SUT222, SUT226, SUT229,
SUT230, SUT243, SUT245, SUT247, SUT253, and SUT257 (Figure 19) from
Thailand fitted Hypoxylon stygium (Lév.) Sacc. (Ju and Rogers, 1996). The ascospore
size of collected specimens was 3.8-6.3 x 2.5-3.8 um but Hypoxylon stygium (Lév.)
Sacc. was 5-7 X 2-3 pum.

Hypoxylon urceolatum SUT098 (Figure 20) matched
Hypoxylon urceolatum (Rehm) Y.-M. Ju & J.D. Rogers as described by Ju and Rogers
(1996) except the ascospore size (10-12.5 x 2.5-5 pum), which was smaller than
specimens recorded by Ju and Rogers (1996) (9-14(-17) x 3.5-4.5 um) but it was
close to Thai specimens reported by Thienhirun (1997) (8.8-10 x 3-3.8 um). The
cultural characteristics of this taxon have never been observed. In this study, the
specimen was cultured on PDA and hypha covered a 9-cm Petri dish in 3 weeks at
25°C. At first, the mycelium was white. Then, it became dull green, floccose, azonate,
with diffuse margins, with scattered black patches as shown in Figure 20f. No
anamorph was observed.

Hypoxylon taxonomic species 1 sp. nov. (Figure 21).
Characteristics of this taxon are as follows: stromata glomerate, hemispherical to
effused-pulvinate, with perithecial mounds; surface blackish, with reddish brown
tone; blackish granules beneath surface, with KOH-extractable pigments greenish

olivaceous (90); perithecia spherical, 0.5-0.8 mm diameter, ostioles papillate,
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encircled with a flattened truncatum-type disc 0.3-0.5 mm diameter; asci 100-130 pm
total length x 3.8-5 um broad, the spore bearing parts 40-65 um long with stipes 30-
55 um; ascospores brown to dark brown, unicellular, ellipsoid-inequilateral, with
narrowly rounded ends, 7.5-9 x 2.8-4.2 um, with straight-germ slit spore length;
perispore dehiscent in 10% KOH, smooth; epispore smooth.

Specimens examined: Thailand, Trad Province, 14 December
2003, Suwannasai, N. (Holotype SUT236), SUT238, SUT241, SUT244, SUT246,
SUT251, and SUT255; Chaiyaphum Province (SUT025); Nakhon Ratchasima
Province (SUT081).

Colonies on PDA covering 9 cm Petri dish in two weeks at
room temperature, 23-28°C, at first white then dull green, floccose, azonate, with
diffuse margins, with scattered black patches. Anamorph not formed.

This species was close to Hypoxylon nitens (Ces.) Y.-M. Ju &
J.D. Rogers. (Ju and Rogers, 1996). Some specimens examined however were shiny
black but some were matt. The type of ostiolar disc was truncatum-type but

Hypoxylon nitens (Ces.) Y.-M. Ju & J.D. Rogers was bovei-type.



Figure 18. Hypoxylon purpureonitens Y.-M. Ju & J.D. Rogers (SUTO004); (a)
stromatal form (Bar = 0.3 mm), (b) ascospores (Bar = 5 um), (¢) KOH-
extractable pigment vinaceous purple, (d) ascospore dehiscent in 10%
KOH (arrowed) (Bar = 2 um), (e) straight germ slit spore length (arrowed)
(Bar = 2 um), and (f) cultural characteristics on PDA cultured at 25°C

after 4 weeks (Bar =1 cm).
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Figure 19. Hypoxylon stygium (Lév.) Sacc. (SUT058); (a) stromatal form (Bar = 0.2
mm), (b) KOH-extractable pigment greenish olivaceous, (c) ascospores
dehiscent in 10% KOH (arrowed) (Bar = 2 um), (d) ascospores (Bar = 5
pum), and (e) cultural characteristics on PDA cultured at 25°C after 4

weeks (Bar =1 cm).
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Figure 20. Hypoxylon urceolatum (Rehm) Y.-M. Ju & J.D. Rogers (SUT098); (a)
stromatal form (Bar = 1 cm), (b) KOH-extractable pigment vinaceous
purple, (c) stromatal form (Bar = 0.3 mm), (d) perithecia (Bar = 0.4 mm),
(e) ascospores (Bar = 10 um), and (f) cultural characteristics on PDA

cultured at 25°C after 4 weeks (Bar = 1 cm).
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Figure 21. Hypoxylon taxonomic species 1 sp. nov. (SUT236); (a) stromatal form
(Bar = 0.4 mm), (b) KOH-extractable pigment greenish olivaceous, (c)
apical apparatus (arrowed) (Bar = 1 um), (d) ascospore dehiscent in 10%
KOH (arrowed) (Bar = 2 um), (e) straight germ slit spore length (arrowed)
(Bar = 2 um), (f) ascospores (Bar = 10 pm), and (g) cultural

characteristics on PDA cultured at 25°C after 4 weeks (Bar = 1 cm).
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4.2.4.2 Hypoxylon section Hypoxylon

Twenty one species of Hypoxylon sect. Hypoxylon (Table 15)
were observed. Three of them were described as new species, Hypoxylon
sublenormandii sp. nov., Hypoxylon kanchanapisekii sp. nov., and Hypoxylon
suranareei sp. nov.

Hypoxylon anthochroum SUT233, SUT240, and SUT263
(Figure 22) examined were virtually identical to Hypoxylon anthochroum Berk. &
Broome as described by Ju and Rogers (1996).

Hypoxylon brevisporum SUT256 (Figure 23) examined
closely resembled the species Hypoxylon brevisporum Y.-M. Ju & J.D. Rogers as
described by Ju and Rogers (1996) except for the KOH-extractable pigments, which
were hazel or blackish brown and olivaceous grey or greenish olivaceous respectively.

Hypoxylon duranii SUT223, SUT239, SUT248, SUT252,
SUT254, SUT259, and SUT284 (Figure 24) examined fitted Hypoxylon duranii J.D.
Rogers (Ju and Rogers, 1996) except the ascospores which were 8.8-10(-11.3) x 2.8-5
pm and 9.5-13(-14.5) x 4.5-6.5 um respectively. However, the ascospore size of these
collections was similar to those of specimens found in Thailand (Thienhirun, 1997).

Hypoxylon fendleri SUT040, SUTO061, SUT120, SUT145,
SUT159, SUT162, SUT163, SUT165, and SUT280 (Figure 25) examined closely
resembled Hypoxylon fendleri Berk. ex Cooke as described by Ju and Rogers (1996)
except the germ slit form which was sigmoid. Initially, one of specimens, SUT120,
was placed to H. retpela because the germ slit form was straight to slightly sigmoid.
After observing perispore ornamentation by SEM, the specimen exhibited

inconspicuous coil-like ornamentation, which was a character of H. fendleri.
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Therefore, the specimen SUT120 was considered to be H. fendleri. This taxon is
similar to H. retpela, and these are the only two Hypoxylon taxa with a vinaceous
stromatal surface among the Hypoxylon taxa with orange or orange red granules
inside the stromata. These two species differ mainly in the conspicuousness of the
ornamentation on the perispore (Ju and Rogers, 1996).

Hypoxylon cf. ferrugineum SUTO017 (Figure 26), H. cf.
ferrugineum SUTO070 (Figure 27), and H. cf. ferrugineum SUT237 (Figure 28) were
similar to H. ferrugineum Otth. (Ju and Rogers, 1996). Hypoxylon cf. ferrugineum
SUTO070 differed in stromatal surface color (dark brick or hazel), and in granule color
(rusty brown or ochraceous brown) whereas H. cf. ferrugineum SUTO017 differed in
ascospore size 12.5-15(-17.5) x 5-7.5 um cf. (13.5-)14-17 x 6.5-8(-8.5) um (Ju and
Rogers, 1996). Hypoxylon cf. ferrugineum (SUT237) differed in stromatal surface
color. In addition, this taxon was different from H. cf. ferrugineum (SUTOQ70) in
stromatal form and KOH-extractable pigment colour. Although, H. ferrugineum was
placed as a variety of H. rubiginosum by Miller (1961), it was recognised as a
different species based on habitat of stromata, distribution of granules, colors of the
tissue below the perithecial layer, and ascospore size range, (8-)9-12 x 4-5.5 um (Ju
and Rogers, 1996). Nevertheless, H. ferrugineum has been found in Swiss and U.S.A.
It has never been reported in Southeast Asia.

Hypoxylon haematostroma SUT062, SUT064, SUT164,
SUT292, and SUT293 (Figure 29) examined fitted Hypoxylon haematostroma Mont.
apud Sagra as described by Ju and Rogers (1996) but they differed from H.
haematostroma as reported by Thienhirun (1997), which had smaller ascospores 13-

17.9 X 6.3-8.6 um cf. 12.5-13.8 x 6.3-7.5 um (Thienhirun, 1997).
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Character H. anthochroum Berk. & Broome* H. brevisporum Y.-M. Ju & J.D. Rogers*  H. duranii J.D. Rogers*
Stromata
Shape Effused-pulvinate Effused-pulvinate Glomerate, restricted-pulvinate to effused-
pulvinate
Color Chestnut or brown vinaceous Brown vinaceous Brown vinaceous
Granules beneath Brown to blackish Black Reddish brown
surface
KOH pigments Olivaceous Hazel or blackish brown Isabelline or yellowish brown
Perithecia
Shape Obovoid Obovoid to tubular Spherical to obovoid
Size 0.2-0.3(-0.4) mm diameter x 0.3-0.6 0.2 mm diameter x 0.3-0.7 mm high 0.1-0.3 mm diameter x 0.2-0.5 mm high
mm high
Ostiole Lower than the stromatal surface Lower than the stromatal surface, with white  Lower than the stromatal surface

Apical apparatus
Ascospores
Color
Shape

Size
Germ slit
Perispore

Habitat
Location

Specimen examined

Discoid, 0.5 um high x 2-2.5 um broad

Brown to dark brown
Ellipsoid-inequilateral, with narrowly
rounded ends

10.8-13(-14) x 4-6 um

Straight full length

Dehiscent, with inconspicuous coil-like
ornamentation

On wood

Trad

SUT233, SUT240, and SUT263

substance
Not observed

Light brown to brown

Ellipsoid-equilateral, with narrowly rounded
ends

6.1-7.2 x 2.7-3.7 um

Straight full length

Smooth

On wood
Nakhon Ratchasima, Trad
SUT256

Discoid, 0.8-1.5 um high x 2-3um broad

Brown to dark brown
Ellipsoid-inequilateral, with narrowly rounded
ends

8.8-10(-11.3) x 3.8-5 um

Straight full length

Dehiscent, with very conspicuous coil-like
ornamentation

On wood

Kanchanaburi, Trad

SUT223, SUT239, SUT248, SUT252,
SUT254, SUT259, and SUT284

* More details on collections are given in Appendix B.
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Character H. fendleri Berk. ex Cooke* H. cf. ferrugineum (SUT017)* H. cf. ferrugineum (SUT070)*
Stromata

Shape Effused-pulvinate Hemispherical, pulvinate to effused- Effused-pulvinate

pulvinate

Color Brown vinaceous or dark brick Hazel Brown vinaceous
Granules beneath Orange red Yellowish orange Brown vinaceous

surface
KOH pigments Orange Orange Orange
Perithecia

Shape Obovoid Obovoid Obovoid

Size 0.2-0.4 mm diameter x 0.3-0.6 mm 0.2-0.4 mm diameter x 0.3-0.5 mm high 0.2-0.4 mm diameter x 0.3-0.5 mm high

high

Ostiole Lower than the stromatal surface Lower than the stromatal surface, usually Lower than the stromatal surface

Apical apparatus

Ascospores
Color
Shape

Size
Germ slit
Perispore

Habitat
Location

Specimen examined

Discoid, 0.5-1.2 um high x 1.8-2.5 um
broad

Brown to dark brown
Ellipsoid-inequilateral, with narrowly
rounded ends

8.75-11.25(-12.5) x 3.75-5 um

Slightly sigmoid full length

Dehiscent, with inconspicuous coil-like
ornamentation

On wood

Kanchanaburi, Nakhon Ratchasima,
Ratchaburi, Yasothorn

SUT040, SUT061, SUT120, SUT145,
SUT159, SUT162, SUT163, SUT165,
and SUT280

with white substance
Not observed

Brown to dark brown
Ellipsoid-inequilateral, with narrowly
rounded ends

12.5-15(-17.5) x 5-7.5 um

Straight full length

Dehiscent, with inconspicuous coil-like
ornamentation

On wood

Burirum

SUTO017

Not observed

Dark brown

Ellipsoid-inequilateral, with narrowly rounded
ends, infrequently with one or two ends
pinched

(15-)16.3-17.5x 7.5 um

Straight full length

Dehiscent, with conspicuous coil-like
ornamentation

On wood

Ratchaburi

SUTO070

* More details on collections are given in Appendix B.
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Character H. cf. ferrugineum (SUT237)* H. haematostroma Mont. apud Sagra* H. hypomiltum Mont.*
Stromata

Shape Glomerate Hemispherical to effused-pulvinate Effused-pulvinate

Color Brown vinaceous or rusty brown Orange red or rust Dark brick
Granules beneath Brown vinaceous Reddish brown Dull rusty brown

surface
KOH pigments Orange Orange red Amber or yellowish brown
Perithecia

Shape Obovoid Long tubular Obovoid

Size 0.2-0.4 mm diameter x 0.3-0.5 mm 0.2-0.5 mm diameter x 1.8-2.2 mm high 0.3-0.5 mm diameter x 0.5-0.7 mm high

high

Ostiole Lower than the stromatal surface Lower than the stromatal surface Lower than the stromatal surface

Apical apparatus

Ascospores
Color
Shape

Size
Germ slit
Perispore

Habitat
Location

Specimen examined

Discoid, 0.5 pm high x 2.7-3.4 um
broad

Brown to dark brown
Ellipsoid-inequilateral, with narrowly
rounded ends

(12.2)-13.4-17.8 x 5.3-8.3 um
Straight full length

Dehiscent, with conspicuous coil-like
ornamentation

On wood

Trad

SUT237

Discoid, 2.5-3 um high x 1.3-1.5 um broad

Brown to dark brown
Ellipsoid-inequilateral, with narrowly
rounded ends

13-17.9 x 6.3-8.6 um

Slightly sigmoid full length
Dehiscent, smooth

On wood

Kanchanaburi, Ratchaburi, Yasothorn
SUT062, SUT064, SUT164, SUT292, and
SUT293

Discoid, 0.3-0.6 um high x 1.2-1.5 um broad

Light brown to brown
Nearly equilateral, with nearly acute ends

7.5-8 x 2.5-3.8 um
Straight full length
Dehiscent, smooth

On wood
Yasothorn
SUT166

* More details on collections are given in Appendix B.
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Character H. investiens (Schwein.) M.A. H. lenormandii Berk. & M.A. Curtisapud H. lenormandii var. microspora
Curtis* Berk.* (Thienhirun, 1997)*
Stromata
Shape Effused-pulvinate Glomerate to effused-pulvinate with the Effused-pulvinate, with the tendency to be
tendency to be perithecioid perithecioid
Color Brown vinaceous or chestnut Grayish sepia Blackish brown
Granules beneath Black Dull orange brown to dark brown Black
surface
KOH pigments Dull green Red Reddish brown
Perithecia
Shape Obovoid to tubular Spherical Spherical
Size 0.3-0.4 mm diameter x 0.5-1 mm high ~ 0.3-0.5 (-0.6) mm diameter 0.5-0.8 mm diameter
Ostiole Lower than the stromatal surface Slightly higher than the stromatal surface Coarsely papillate
Apical apparatus Not observed Discoid, 0.7-1.5 um high x 2-3 pm broad Discoid, 0.5 pm high x 1-1.5 um broad.
Ascospores
Color Light brown to brown Brown to dark brown Brown to dark brown
Shape Ellipsoid, nearly equilateral with Ellipsoid-inequilateral to equilateral, with Ellipsoid-inequilateral, with narrowly rounded
broadly rounded ends narrowly rounded ends ends
Size 7.3-8.8 x 2.5-3.8 um 10-12.5 x 3.8-5 um 5-6.3 x 2.5-3.8 um
Germ slit Straight less than length Slightly sigmoid full length Straight full length
Perispore Indehiscent Dehiscent, with inconspicuous coil-like Dehiscent, smooth
ornamentation
Habitat On wood On wood On wood
Location Nakhon Ratchasima, Ratchasima Burirum, Kanchanaburi, Nakhon Chaiyaphum
Ratchasima
Specimen examined SUTO041 and SUTO063 SUTO016, SUT065, SUT144, SUT147, SUT022

SUT151, SUT180, SUT181, and SUT283

* More details on collections are given in Appendix B.
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Character H. macrocarpum Pouzar* H. monticulosum Mont.* H. cf. perforatum (SUT020)*
Stromata

Shape Effused-pulvinate Pulvinate to effused-pulvinate Hemispherical, pulvinate to effused-

pulvinate

Color Brown vinaceous Rust, brown vinaceous then blackish when mature  Grayish sepia
Granules Brown vinaceous Black Dark brown or black
KOH pigments Hazel or yellowish brown Colorless or purple Amber or yellowish brown
Perithecia

Shape Obovoid Obovoid Spherical

Size 0.17-0.2 mm diameter x 0.6-0.9 mm 0.2-0.5 mm diameter x 0.3-0.5 mm high 0.1-0.3 mm diameter

high

Ostiole Slightly higher than the stromatal Higher than the stromatal surface and minutely Lower than the stromatal surface

Apical apparatus

Ascospores
Color
Shape

Size
Germ slit
Perispore

Habitat
Location

Specimen examined

surface
Not observed

Brown to dark brown
Ellipsoid-inequilateral to equilateral,
with narrowly rounded ends

8.8-11.3 x 3.8-5 um

Straight full length

Dehiscent, with inconspicuous coil-like
ornamentation

On wood

Ratchaburi

SUT045

papillate
Discoid, 1 pm high x 2 um broad

Brown to dark brown
Ellipsoid-inequilateral, with narrowly rounded ends

(6.3-)7.5-8.8(-11.3) x 3.8-5um

Slightly sigmoid full length

Dehiscent, with smooth to inconspicuous coil-like
ornamentation

On wood

Kanchanaburi, Nakhon Ratchasima, Songkhla, Trad
SUT042, SUT059, SUT060, SUT073, SUTO080,
SUT094, SUT106, SUT115, SUT116, SUT179,
SUT185, SUT189, SUT225, SUT227, SUT232,
SUT235, SUT264, SUT265, SUT266, SUT287, and
SUT295

Discoid, 0.5-1.8 um high x 2-2.8 um
broad

Brown to dark brown
Ellipsoid-inequilateral to equilateral,
with narrowly rounded to end pinched
(7.5-)8.8-10 x 5-6.3 um

Straight full length

Dehiscent, with inconspicuous coil-like
ornamentation

On wood

Burirum

SUT020

* More details on collections are given in Appendix B.
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Character H. cf. perforatum (SUT224)* H. cf. perforatum (SUT294)* H. rubiginosum (Pers.: Fr.) Fr., Summa
Veg*
Stromata
Shape Hemispherical, pulvinate to effused- Pulvinate to effused-pulvinate Effused-pulvinate and sometimes pulvinate
pulvinate or even hemispherical
Color Brown vinaceous Reddish brown Brown vinaceous
Granules beneath Brown vinaceous Reddish brown Dark brown
surface
KOH pigments Amber or yellowish brown Amber or honey Rust
Perithecia
Shape Obovoid Spherical Obovoid
Size 0.1-0.3 mm diameter x 0.3-0.5 mm 0.1-0.3 mm diameter 0.2-0.5 mm diameter x 0.3-0.6 mm high
high
Ostiole Lower than the stromatal surface, Lower than the stromatal surface Lower than the stromatal surface

Apical apparatus

Ascospores
Color
Shape

Size
Germ slit
Perispore

Habitat
Location

Specimen examined

usually overlay with conspicuous white
substance

Discoid, 0.5 um high x 1-1.5 um
broad.

Brown to dark brown
Ellipsoid-inequilateral, with narrowly
rounded ends

8.8-10 x 3.8-5(-6.3) um

Straight full length

Dehiscent, with conspicuous coil-like
ornamentation

On wood

Trad

SUT224

Discoid, 0.5-1 um high x 2.5um broad

Brown to dark brown
Ellipsoid-inequilateral to equilateral, with
narrowly rounded ends

8.8-11.3 x 3.8-5 um

Straight full length

Dehiscent, with inconspicuous coil-like
ornamentation

On wood

Kanchanaburi

SUT294

Discoid, 0.8-1.5 um high x 2-3 um broad

Brown to dark brown
Ellipsoid-inequilateral, with narrowly
rounded ends

(7.5-)8.8-10 x 3.8-5 um

Straight full length

Dehiscent, with smooth to inconspicuous
coil-like ornamentation

On wood

Trad

SUT215 and SUT221

* More details on collections are given in Appendix B.
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Character H. subgilvum Berk. & Broome var. H. trugodes (SUT154)* H. trogodes (SUT187)*
microsporum (Abe) Y.-M. Ju &
J.D. Rogers *
Stromata
Shape Effused-pulvinate Effused-pulvinate Effused-pulvinate
Color Hazel or dark brick Brown vinaceous Sepia
Granules beneath Yellowish orange Brown vinaceous Brownish yellow
surface
KOH pigments Orange Amber or yellowish brown Amber or yellow
Perithecia
Shape Obovoid Obovoid Obovoid
Size 0.2-0.5 mm diameter x 0.3-0.6 mm high ~ 0.2-0.4 mm diameter x 0.3-1.2 mm high 0.2-0.4 mm diameter x 0.3-1.2 mm high
Ostiole Lower than the stromatal surface Lower than the stromatal surface, Lower than the stromatal surface

Apical apparatus
Ascospores
Color
Shape

Size
Germ slit

Perispore

Location

Specimen examined

Not observed

Brown to dark brown
Ellipsoid-inequilateral to equilateral,
with narrowly rounded ends
(3.8-)5-7.5 x 2.5-3.8 um

Straight to slightly sigmoid full spore-
length

Dehiscent, with inconspicuous coil-like
ornamentation

Songkhla

SUT095, SUT104, and SUT108

inconspicuous, sometimes on flattened area
Discoid, 0.3-0.8 um high x 1.5-2 um broad

Dark brown

Ellipsoid-inequilateral, with narrowly
rounded ends

10-12.5x 3.8-5 um

Straight full length

Dehiscent, with inconspicuous coil-like
ornamentation

Nakhon Ratchasima

SUT154

Discoid, 0.3-0.8 um high x 1.5-2 um broad

Brown to dark brown
Ellipsoid-inequilateral, with narrowly
rounded ends

10-11.3(-12.5) x 3.8-5(-6.3) um
Straight full length

Dehiscent, with inconspicuous coil-like
ornamentation

Nakhon Ratchasima, Trad

SUT187

* More details on collections are given in Appendix B.
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Character H. kanchanapisekii N. Suwannasai, S.  H. sublenormandii N. Suwannasai, S. H. suranareei N. Suwannasai, S. Rodtong,
Rodtong, S. Thienhirun & A.J.S. Rodtong, S. Thienhirun & A.J.S. S. Thienhirun & A.J.S. Whalley. sp.
Whalley. sp. nov. * Whalley. sp. nov. * nov. *
Stromata
Shape Glomerate to pulvinate Effused-pulvinate Glomerate to effused-pulvinate with the
tendency to be perithecioid
Color Dull reddish brown Dark brick or brown vinaceous Orange brown
Granules beneath Reddish brown Brown vinaceous Orange
surface
KOH pigments Reddish brown Amber or yellowish brown Yellowish orange
Perithecia
Shape Spherical Spherical Obovoid
Size 0.1-0.2 mm diameter 0.3-0.5 (-0.6) mm diameter 0.2-0.4 mm diameter x 0.3-0.5 mm high
Ostiole Slightly higher or the same as the Higher than the stromatal surface Same or lower than the stromatal surface,

Apical apparatus

Ascospores
Color
Shape

Size
Germ slit

Perispore

Location

Specimen examined

stromatal surface
Discoid, 1.25 um high x 2.5
um broad

Brown to dark brown
Ellipsoid-inequilateral to equilateral,
with narrowly rounded ends
(7.5-)10-11.3(-12.5) x 3.8-5 um
Straight full length

Indehiscent, smooth

Ratchaburi
SUT066, SUT067, SUTO068, and
SUT069

Discoid, 0.7-1.5 um high x 2-3um broad

Brown to dark brown
Ellipsoid-inequilateral to equilateral, with
narrowly rounded ends

9-12 x 3.8-5 um

Straight full length

Dehiscent, with inconspicuous coil-like
ornamentation

Kanchanaburi, Nakhon Ratchasima, Trad
SUT250 and SUT282

with white substance
Discoid, 0.7-1.5 um high x 2-3um broad

Brown to dark brown
Ellipsoid-inequilateral, with narrowly
rounded ends

(10-)12.5-13.8 x 5-6.3 um

Straight full length

Dehiscent, with inconspicuous coil-like
ornamentation

Nakhon Ratchasima

SUT182, SUT183, and SUT184

* More details on collections are given in Appendix B.
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Character Hypoxylon taxonomic species 2 * Hypoxylon taxonomic species 3 *
Stromata

Shape Effused-pulvinate and sometimes pulvinate or even Effused-pulvinate

hemispherical

Color Brown vinaceous Dark brick or brown vinaceous
Granule beneath Brown vinaceous Brown vinaceous

surface
KOH pigments Yellowish brown Amber or yellowish brown
Perithecia

Shape Obovoid Obovoid

Size 0.2-0.4 mm diameter x 0.3-0.5 mm high 0.2-0.5 mm diameter x 0.3-0.6 mm high
Ostiole Lower than the stromatal surface Lower than the stromatal surface, overlay with white substance
Apical apparatus Discoid, 0.5-1.5 um high x 2-3 um broad Discoid, 0.8-1.5 um high x 2-3 um broad
Ascospores

Color Brown to dark brown Brown to dark brown

Shape Ellipsoid-inequilateral, with narrowly rounded ends Ellipsoid-inequilateral, with narrowly rounded ends

Size (8.8)11.3-12.5(17.5) x 5-7.5 um 10-11.3 x 3.8-5 um
Germ slit Straight full length Straight full length
Perispore Dehiscent, smooth Dehiscent, smooth
Habitat On wood On wood
Location Nakhon Ratchasima Yasothorn
Specimen examined sSUT082 SUT158

* More details on collections are given in Appendix B.
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Figure 22. Hypoxylon anthochroum Berk. & Broome (SUT233); (a) stromatal form
(Bar = 0.3 mm), (b) ascospores (Bar = 12 um), (c) KOH-extractable
pigment olivaceous, (d) ascospore dehiscent in 10% KOH (arrowed) (Bar
=4 um), (e) straight germ slit spore length (Bar = 2 um), and (f) cultural

characteristics on PDA cultured at 25°C after 4 weeks (Bar = 1 cm).
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Figure 23. Hypoxylon brevisporum Y.-M. Ju & J.D. Rogers (SUT256); (a) stromatal
form (Bar = 1 cm), (b) KOH-extractable pigment hazel, (c) stromatal with
white substance on the ostioles (Bar = 0.2 mm), (d) ascospores (Bar = 6
pum), (e) ascospore dehiscent in 10% KOH (arrowed) (Bar = 4 um), and

(F) straight germ slit spore length (Bar = 2 um).



Figure 24. Hypoxylon duranii J.D. Rogers (SUT223); (a) stromatal form (Bar = 1
cm), (b) KOH-extractable pigment yellowish brown, (c) stromatal form
(Bar = 0.3 mm), (d) ascospores (Bar = 10 um), (e) apical apparatus (Bar =
2 pum), (f) ascospore dehiscent in 10% KOH (arrowed) (Bar = 2 um), and

(9) straight germ slit spore length (Bar = 2 pm).
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Figure 25. Hypoxylon fendleri Berk. ex Cooke (SUT162); (a) stromatal form (Bar =
0.3 mm), (b) ascospores (Bar = 10 um), (c) KOH-extractable pigment
orange, (d) slightly sigmoid germ slit spore length (arrowed) (Bar = 1
pum), (e) ascospore dehiscent in 10% KOH (arrowed) (Bar = 1 um), and
(F) cultural characteristics on PDA cultured at 25°C after 4 weeks (Bar =1

cm).
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Figure 26. Hypoxylon cf. ferrugineum (SUTO017); (a) and (c) stromatal form (Bars =
0.5 cm and 0.3 mm respectively), (b) KOH-extractable pigment orange,

and (d) ascospores (Bar = 10 um).
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Figure 27. Hypoxylon cf. ferrugineum (SUTO070); (a) stromatal form (Bar = 0.2 mm),
(b) perithecia (Bar = 0.4 um), (c) KOH-extractable pigment yellowish
orange, (d) ascospores (Bar = 10 um), (e) ascospore dehiscent in 10%
KOH (arrowed) (Bar = 2 um), and (f) cultural characteristics on PDA

cultured at 25°C after 2 weeks (Bar = 1 cm).
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Figure 28. Hypoxylon cf. ferrugineum (SUT237); (a) stromatal form (Bar = 1 cm),
(b) KOH-extractable pigment brownish yellow, (c) stromatal form (Bar =
0.4 um), (d) ascospores (Bar = 10 um), (e) cultural characteristics on PDA
cultured at 25°C after 4 weeks (Bar = 1 cm), (f) ascospore dehiscent in
10% KOH (arrowed) (Bar = 5 um), and (g) straight germ slit spore length

(arrowed) (Bar = 2 pm).
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Figure 29. Hypoxylon haematostroma Mont. (SUT164); (a) stromatal form (Bar = 1
cm), (b) KOH-extractable pigment orange, (c) stromatal form (Bar = 0.3
mm), (d) ascospores (Bar = 10 um), (e) apical apparatus (arrowed) (Bar =
3 um), (f) cultural characteristics on PDA cultured at 25°C after 4 weeks
(Bar = 1 cm), and (g) ascospore dehiscent in 10% KOH (arrowed) (Bar =

2 um).
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Hypoxylon hypomiltum SUT166 (Figure 30) examined was
similar to Hypoxylon hypomiltum Mont. described by Ju and Rogers (1996).

Hypoxylon investiens SUT041 and SUTO063 (Figure 31)
matched Hypoxylon investiens (Schwein.) M.A. Curtis described by Ju and Rogers
(1996) except for a small difference in ascospore size (7.3-8.8 x 2.5-3.8 um cf.
(6-)6.5-9.5(-10) x 3-4.5 um. (Ju and Rogers, 1996)).

Hypoxylon lenormandii SUT016, SUT065, SUT144, SUT147,
SUT151, SUT180, SUT181, and SUT283 (Figure 32) examined were very similar to
Hypoxylon lenormandii Berk. & M.A. Curtis apud Berk. described by Ju and Rogers
(1996) except for slightly smaller ascospores (10-12.5 x 3.8-5 pum cf. 9.5-15(-16) x 4-
6.5(-7) um (Ju and Rogers, 1996)).

Hypoxylon lenormandii var. microspora SUT022 (Figure 33)
examined was similar to the species firstly reported by Thienhirun (1997) except for
their ascospores, which were 5-6.3 x 2.5-3.8 um and 3.8-5 x 2.5-3 um respectively.
This taxon was different from H. lenormandii in ascospore size, germ slit form, and
its smooth perispore.

Hypoxylon macrocarpum SUTO045 (Figure 34) closely fitted
Hypoxylon macrocarpum Pouzar (Ju and Rogers, 1996) except for slightly differences
in ascospore size, 8.8-11.3 x 3.8-5 um cf. 9-12.5(-13) x 4-5.5 um, and type of
perithecia, obovoid cf. obovoid to tubular (Ju and Rogers, 1996). Although H.
macrocapum is similar to H. rubiginosum but they differ in stromatal pigments (Ju

and Rogers, 1996).
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Figure 30. Hypoxylon hypomiltum Mont. (SUT166); (a) stromatal form (Bar = 1 cm),
(b) KOH-extractable pigment amber, (c) stromatal form (Bar = 0.2 mm),
(d) ascospore (Bar = 8 um), (e) ascospore dehiscent in 10% KOH
(arrowed) (Bar = 2 um), (f) straight germ slit spore length (arrowed) (Bar
= 2 pm), and (g) cultural characteristics on PDA cultured at 25°C after 4

weeks (Bar = 1 cm).
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Figure 31. Hypoxylon investiens (Schwein.) M.A. Curtis. (SUT063); (a) stromatal
form (Bar = 0.4 mm), (b) Perithecia (Bar = 0.2 mm), (c¢) KOH-extractable
pigment dull green, (d) ascospore dehiscent in 10% KOH (arrowed) (Bar
= 2 pm), (e) ascospore (Bar = 8 um), (f) cultural characteristics on PDA
cultured at 25°C after 4 weeks (Bar = 1 cm), and (g) straight germ slit

spore length (arrowed) (Bar = 2 um).
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Figure 32. Hypoxylon lenormandii Berk. & M.A. Curtis. (SUT065); (a) stromatal
form (Bar = 0.5 um), (b) ascospores (Bar = 10 um), (c) ascospore
dehiscent in 10% KOH (arrowed) (Bar = 2 um), (d) KOH-extractable
pigment of red, (e) slightly sigmoid germ slit spore length (arrowed) (Bar
= 2 pm), and (f) cultural characteristics on PDA cultured at 25°C after 4

weeks (Bar =1 cm).
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Figure 33. Hypoxylon lenormandii var. microspora (SUT022) (Thienhirun, 1997);
(@) stromatal form (Bar = 0.5 um), (b) perithecia (Bar = 0.5 pm), (c)
KOH-extractable pigment of red, (d) apical apparatus (arrowed) (Bar = 1
pm), (e) ascospore dehiscent in 10% KOH (arrowed) (Bar = 2 pm), (f)
ascospores (Bar = 5 um), and (g) cultural characteristics on PDA cultured

at 25°C after 4 weeks (Bar = 1 cm).
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Figure 34. Hypoxylon macrocarpum Pouzar (SUTO045); (a) stromatal form (Bar = 1
cm), (b) KOH-extractable pigment hazel, (c) stromatal form (Bar = 0.2
mm), (d) perithecia (Bar = 0.2 mm), (e) straight germ slit spore length
(Bar = 2 um), (f) ascospore dehiscent in 10% KOH (arrowed) (Bar = 2
pum), (g) ascospores (Bar = 10 um), and (h) cultural characteristics on

PDA cultured at 25°C after 4 weeks (Bar = 1 cm).
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Hypoxylon monticulum SUT042, SUT059, SUT060, SUTO073,
SUTO080, SUT094, SUT106, SUT115, SUT1le, SUT179, SUT185, SUT189,
SUT225, SUT227, SUT232, SUT235, SUT264, SUT265, SUT266, SUT287, and
SUT295 (Figure 35) closely fitted Hypoxylon monticulum Mont. (Ju and Rogers,
1996). The KOH-extractable pigments of the examined samples varied from colorless
to purplish in color.

Hypoxylon cf. perforatum SUTO020 (Figure 36), H. cf.
perforatum SUT224 (Figure 37), and H. cf. perforatum SUT294 (Figure 38) collected
from different locations were closed to H. perforatum (Schwein.: Fr.) Fr. as reported
by Ju and Rogers (1996). All of specimens differed from H. perforatum in KOH-
extractable pigments, ascospore size, (8-)9-12(-13) x 4-6 um, and germ slit form
(slightly sigmoid) as shown in Table 15. Hypoxylon perforatum was considered to be
a variety of H. rubiginosum by Petrini and Muller (1986). However, they were
separated from each other by color of stromatal granules, color of KOH-extractable
pigments, color of their stromata, and their anamorph (Ju and Rogers, 1996).

Hypoxylon rubiginosum SUT215 and SUT221 (Figure 39)
examined matched Hypoxylon rubiginosum (Pers.: Fr.) Fr. as described by Ju and

Rogers (1996).
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Figure 35. Hypoxylon monticulosum Mont. (SUT116); (a), (b), and (c) stromatal
form (Bars =1 cm, 1 cm, and 0.5 mm respectively), (d) ascospore (Bar =
10 um), (e) KOH-extract colorless, (f) slightly sigmoid curve germ slit
spore length (Bar = 2 um), (g) cultural characteristics on PDA cultured at
25°C after 4 weeks (Bar = 1 cm), and (h) ascospore dehiscent in 10%

KOH (arrowed) (Bar = 2 um).
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Figure 36. Hypoxylon cf. perforatum (SUT020); (a) stromatal form (Bar = 0.5 cm),
(b) KOH-extractable pigment amber, (c) stromatal form (Bar = 0.3 mm),
(d) ascospores (Bar = 5 um), (e) straight germ slit spore length (Bar = 2
pum), (f) ascospore dehiscent in 10% KOH (arrowed) (Bar = 2 pm), and
(9) cultural characteristics on PDA cultured at 25°C after 4 weeks (Bar =

1 cm).
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Figure 37. Hypoxylon cf. perforatum (SUT224); (a) stromatal form (Bar = 1 cm), (b)
KOH-extractable pigment amber, (c) stromatal form (Bar = 0.4 mm), (d)
perithecia (Bar = 0.2 mm), (e) ascospores (Bar = 10 um), (f) straight germ
slit spore length (Bar = 2 um), and (g) ascospore dehiscent in 10% KOH

(arrowed) (Bar =5 um).
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Figure 38. Hypoxylon cf. perforatum (SUT294); (a) stromatal form (Bar = 1 cm), (b)

KOH-extractable pigment amber, (c) stromatal form (Bar = 0.3 mm), (d)
ascospores (Bar = 10 um), (e) straight germ slit spore length (Bar = 2
pum), (f) ascospore dehiscent in 10% KOH (arrowed) (Bar = 2 pm), and
(9) cultural characteristics on PDA cultured at 25°C after 4 weeks (Bar =

1cm).
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Figure 39. Hypoxylon rubiginosum (SUT215); (a) stromatal form (Bar = 1 cm), (b)
KOH-extractable pigment rust, (c) stromatal form (Bar = 0.2 mm), (d)
ascospores (Bar = 10 pm), (e) ascospore dehiscent in 10% KOH
(arrowed) (Bar = 2 um), and (f) cultural characteristics on PDA cultured

at 25°C after 4 weeks (Bar = 1 cm).



132

Hypoxylon subgilvum var. microsporum SUT095, SUT104,
and SUT108 (Figure 40) examined fitted Hypoxylon subgilvum Berk. & Broome var.
microsporum (Abe) Y.-M. Ju & J.D. Rogers as described by Ju and Rogers (1996).

Hypoxylon trogodes SUT187 and SUT154 (Figures 41 and
42) fitted Hypoxylon trogodes Berk. & Broome as described by Ju and Rogers (1996).
Hypoxylon trogodes SUT187 and SUT154 differed slightly from H. trogodes in
ascospore size.

Hypoxylon kanchanapisekii N. Suwannasai, S. Rodtong, S.
Thienhirun & A.J.S. Whalley, sp. nov. (Figure 43). Characteristics of this taxon are as
follows: stromata glomerate to pulvinate, restricted and usually containing less than
20 perithecia, perithecia occasionally almost free, 0.5-2 mm x 0.1-0.2 mm thick, with
perithecial mounds inconspicuous to 1/3 exposed, surface dull reddish brown with
KOH extractable pigments brown vinaceous (84), umber (9); perithecia spherical 0.1-
0.2 mm diameter, ostioles slightly higher or the same as the stromatal surface; asci
105-120 um total length x 3.8-5 um broad, the spore bearing parts 75-85 um long
with stipes 12.5-45 um; ascospores brown, unicellular, equilateral, with narrowly
rounded ends, 10-11.25(-12.5) x (0.5-)3.75-5 um, with straight-germ slit less than to
nearly spore length; perispore indehiscent in 10% KOH, smooth, epispore smooth.

Specimens examined: Thailand, Plant Nursery of the Royal
Forest Department, Ratchaburi Province, the branch of the Royal Forest Department,
on bamboo, 28 August 2003, Suwannasai, N. (Holotype SUT069); SUT066; SUTO068.

Colonies on PDA covering 9-cm Petri dish in two weeks at
room temperature, 23-28°C, at first creamy white then buff, velvety to felty, with

concentric zones where aerial hyphal tufts develop. Anamorph not formed.
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This taxon was close to H. lenormandii but it differed in
stromatal surface color of dull reddish brown not grayish sepia, in small ascospores
(7.5-)10-11.3(-12.5) x 3.8-5 pum cf. 9.5-15(-16) x 4-6.5(-7) um, Ju and Rogers (1996),
and in having a straight rather than slightly sigmoid germ slit. This taxon was only
found on bamboo.

Hypoxylon sublenormandii N. Suwannasai, S. Rodtong, S.
Thienhirun & A.J.S. Whalley, sp. nov. (Figure 44). Characteristics of this taxon are as
follows: stromata glomerate to effused-pulvinate, often appearing almost rosellinioid
but joined by thin stromal tissue, conspicuous perithecial mounds, surface reddish
brown; reddish brown granules immediately beneath surface and between perithecia,
with KOH-extractable pigments brown vinaceous (84), umber (9); perithecia
spherical, 0.2-0.4 mm diameter, ostioles slightly higher than the stromatal surface;
asci 95-110 um total length x 3.8-5 um broad, the spore bearing parts 65-75 um long
with stipes 30-42.5 um; ascospores brown, unicellular, equilateral, with narrowly
rounded ends, 9-12 x 4-5 um, with straight-germ slit spore length; perispore dehiscent
in 10% KOH, with inconspicuous coil-like ornamentation; epispore smooth.

Specimens examined: Thailand, Kanchanaburi Province,
Chong Kho Neab Forest, on bamboo, 14 December 2003, Suwannasai, N. (Holotype
SUT282); Trad Province, Ta Gum Forest, on bamboo, 19 September 2003, Phosri, C.
SUT250.

Colonies on PDA covering 9-cm Petri dish in two weeks at
room temperature, 23-28°C, at first creamy white then brown, felty, azonate, with

diffuse margins. Anamorph not formed.
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This species was similar to H. lenormandii and differed
mainly in its ascospore size 8-10 x 3.8-5 um cf. 9.5-15(-16) x 4-6.5(-7) pm, Ju and
Rogers (1996) and in its straight germ slit of spore length.

Hypoxylon suranareei N. Suwannasai, S. Rodtong, S.
Thienhirun & A.J.S. Whalley, sp. nov. (Figure 45). Characteristics of this taxon are as
follows: stromata glomerate to effused-pulvinate, often appearing almost rosellinioid
but joined by thin stromal tissue, conspicuous perithecial mounds, surface orange
brown; orange granules immediately beneath surface and between perithecia, with
KOH-extractable pigments yellowish orange; perithecia obovoid, 0.2-0.4 mm
diameter, ostioles same or lower than the stromatal surface, with white substance; asci
90-120 pum total length x 3.8-5 um broad, the spore bearing parts 70-85 um long with
stipes 30-50 um; ascospores brown to dark brown, unicellular, equilateral, with
narrowly rounded ends (10-)12.5-13.8 x 5-6.3 um, with straight-germ slit spore
length; perispore dehiscent in 10% KOH, with inconspicuous coil-like ornamentation;
epispore smooth.

Specimens examined: Thailand, Suranaree University of
Technology, Nakhon Ratchasima, on wood, 17 November 2003, Suwannasai, N.
(Holotype SUT182), SUT183, and SUT184.

Colonies on PDA covering 9-cm Petri dish in two weeks at
room temperature, 25°C, at first creamy white then brown, felty, azonate, with diffuse
margins. Anamorph not formed.

This taxon was similar to H. lenormandii Berk. & M.A. Curtis
apund Berk. in stromatal form but it was different in stromatal surface color,

ascospore size (9.5-15(-16) x 4-6.5(-7) um), germ slit form, and KOH pigment.
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Figure 40. Hypoxylon subgilvum Berk. & Broome var. microsporum (Abe) Y.-M. Ju
& J.D. Rogers. (SUT234); (a) stromatal form (Bar = 1 cm), (b) KOH-
extractable pigment orange, (c¢) stromatal form (Bar = 0.5 mm), (d)
perithecia (Bar = 0.5 um), (e) ascospores (Bar = 7 um), (f) straight to
slightly sigmoid germ slit spore length (arrowed) (Bar = 2 um), (g) apical
apparatus (arrowed) (Bar = 1 um), (h) ascospore dehiscent in 10% KOH
(arrowed) (Bar = 1 um), and (i) cultural characteristics on PDA cultured at

25°C after 4 weeks (Bar =1 cm).



136

Figure 41. Hypoxylon trogodes Berk. & Broome (SUT187); (a) stromatal form (Bar
= 1 cm), (b) perithecia (Bar = 0.2 pum), (c¢) KOH-extractable pigment
yellow, (d) straight germ slit spore length (arrowed) (Bar = 2 um), (e)
ascospore dehiscent in 10% KOH (arrowed) (Bar = 2 um), (f) ascospores
(Bar = 10 pm), and (g) cultural characteristics on PDA cultured at 25°C

after 4 weeks (Bar =1 cm).
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Figure 42. Hypoxylon trugodes Berk. & Broome (SUT154); (a) stromatal form (Bar
= 1 cm), (b) perithecia (Bar = 0.4 um), (c) KOH-extractable pigment
yellowish brown, (d) ascospore dehiscent in 10% KOH (arrowed) (Bar =
2 pum), (e) ascospores (Bar = 10 pm), and (f) cultural characteristics on

PDA cultured at 25°C after 4 weeks (Bar = 1 cm).
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Figure 43. Hypoxylon kanchanapisekii N. Suwannasai, S. Rodtong, S. Thienhirun &
A.J.S. Whalley, sp. nov. (SUT069); (a) stromatal form (Bar = 1 cm), (b)
KOH-extractable pigment reddish brown, (c) stromatal form (Bar = 0.2
mm), (d) perithecia (Bar = 0.2 um), (e) ascospores (Bar = 10 um), (f)
apical apparatus (arrowed) (Bar = 1 um), (g) straight germ slit less than
spore length (arrowed) (Bar = 2 um), and (h) cultural characteristics on

PDA cultured at 25°C after 4 weeks (Bar = 1 cm).
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Figure 44. Hypoxylon sublenormandii N. Suwannasai, S. Rodtong, S. Thienhirun &
A.J.S. Whalley, sp. nov. (SUT282); (a) stromatal form (Bar = 0.5 cm), (b)
ascospores (Bar = 10 pm), (c) KOH-extractable pigment of reddish
brown, (d) apical apparatus (arrowed) (Bar = 1 um), (e) straight germ slit
spore length (arrowed) (Bar = 2 um), (f) ascospore dehiscent in 10% KOH
(arrowed) (Bar = 2 um), (g) cultural characteristics on PDA cultured at
25°C after 4 weeks (Bar = 1 cm), and (h) SEM micrograph of coil-like

ornamentation of perispore (Bar = 1 pm).
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Figure 45. Hypoxylon suranareei N. Suwannasai, S. Rodtong, S. Thienhirun & A.J.S.
Whalley, sp. nov. (SUT182); (a) stromatal form (Bar = 1 cm), (b) KOH-
extractable pigment yellowish orange, (c) stromatal form (Bar = 0.5 pum),
(d) straight germ slit spore length (arrowed) (Bar = 5 um), (e) ascospore
dehiscent in 10% KOH (arrowed) (Bar = 5 um), (f) ascospores (Bar = 10
pm), and (g) cultural characteristics on PDA cultured at 25°C after 2

weeks (Bar =1 cm).
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Hypoxylon taxonomic species 2 (SUT082) (Figure 46) was
close to Hypoxylon rubiginosum (Pers.: Fr.) Fr. as described by Ju and Rogers (1996)
except that KOH-extractable pigment colour was yellowish brown and the range of
ascospore size was broader ((8.8-)11.3-12.5(-17.5) x 5-7.5 um) than Hypoxylon
rubiginosum (Pers.: Fr.) Fr. ((8-)9-12 x 4-4.5 um). In addition, perispore of this taxon
was inconspicuous coil-like ornamentation whereas H. rubiginosum was smooth (Ju
and Rogers, 1996).

Hypoxylon taxonomic species 3 (SUT158) (Figure 47) was
close to Hypoxylon rubiginosum (Pers.: Fr.) Fr. as described by Ju and Rogers (1996)
except for KOH-extractable pigment colour. Hypoxylon taxonomic species 3 had the
same colour of KOH-extractable pigment as Hypoxylon taxonomic species 2 but
ascospore size of Hypoxylon taxonomic species 2 was slightly smaller than Hypoxylon
taxonomic species 3, (8.8-)11.3-12.5(-17.5) x 5-7.5 ym and 10-11.3 x 3.8-5 pm

respectively.
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Figure 46. Hypoxylon taxonomic species 2 (SUT082); (a) stromatal form (Bar = 1
cm), (b) KOH-extractable pigment rust, (c) stromatal form (Bar = 0.2
mm), (d) ascospores (Bar = 10 um), (e) ascospore dehiscent in 10% KOH
(arrowed) (Bar = 2 um), and (f) cultural characteristics on PDA cultured

at 25°C after 4 weeks (Bar = 1 cm).



143

— k

Figure 47. Hypoxylon taxonomic species 3 (SUT158); (a) stromatal form (Bar = 0.5
cm), (b) ascospores (Bar = 10 um), (c) straight germ slit spore length
(arrowed) (Bar = 2 pm), (d) KOH-extractable pigment amber, (e)
ascospore dehiscent in 10% KOH (arrowed) (Bar = 2 um), and (f) cultural

characteristics on PDA cultured at 25°C after 4 weeks (Bar = 1 cm).
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Although eight xylariaceous genera have been reported as endophytes,

Anthostomella, Biscogniauxia, Daldinia, Hypoxylon, Kretzschmaria, Nemania,

Rosellinia, and Xylaria, the common endophytic genus is Xylaria. In this study,

twenty two species of Xylaria were recorded (Table 16). Other xylariaceous genera,

Kretzschmaria, Nemania, and Biscogniauxia, were also included (Table 16).

Table 16. Species of Xylaria, Kretzschmaria, Nemania, and Biscogniauxia found in

this study.
Species No.* Remark
Xylaria

X. anisopleura (Mont.) Fr. 3 According to Rogers and Samuels
(1986), Rogers (1988), Gonzalez
and Rogers (1989), and Thienhirun
(1997)

X. badia Pat. 15 According to Van der Gucht
(1995), and Thienhirun (1997)

X. beccari Lloyd 1 Lloyd (1924)

X. brachiata Sacc. 1 Lloyd (1919)

X. cubensis (Mont.) Fr. 6 According to Rogers and Samuels
(1986), Rogers et al. (1988),
Gonzalez and Rogers (1989), and
Thienhirun (1997)

X. ianthino-velutina (Mont.) Fr. 2 According to Dennis (1957),
Gonzélez and Rogers (1989), and
Thienhirun (1997)

X. cf. juruensis (SUTO035) 1 Ascospore size overlaps between
X. juruensis and X multiplex.

X. juruensis var. microspora 8 Thienhirun, 1997

X. maitlandii (Dennis) D. Hawksw. 2 According to Gonzéalez and Rogers
(1989)

X. mellisii (Berk.) Cooke 2 Van der Gucht (1995)

X. multiplex (Kunze) Fr. 1 Dennis (1957; 1961), Gonzalez

and Rogers (1989), and Thienhirun
(1997)

* Number of collections
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Species

No.*

Remark

Xylaria
X. muscula Lloyd
X. psidii J.D. Rogers & Hemmes

X. schweinitzii Berk. & M.A. Curtis

X. scruposa (Fr.) Fr.
X. telfairii (Berk.) Fr.

Xylaria species 2
Xylaria sp. nov.

Xylaria taxonomic species 1 (SUT075)

Xylaria taxonomic species 2 (SUT203)

Xylaria taxonomic species 3 (SUT204)

Xylaria taxonomic species 4 (SUT207)

Kretzschmaria
Kretzschmaria species (SUT101)

Nemania
Nemania species (SUT258)

17
27

Dennis (1957)

According to Rogers, Ju and
Hemmes (1992), and Thienhirun
(1997)

According to Rogers et al. (1988),
Gonzalez and Rogers (1989), and
Thienhirun (1997)

Van der Gucht (1995)

According to Dennis (1961),
Rogers et al. (1987 and 1988),
Callan and Rogers (1990), and
Thienhirun (1997)

Thienhirun, 1997

Rough stromatal surface, finely
reticulately cracked into small
angular closely spaced scales so as
to outline the individual perithecia
Smooth stromatal surface except for
peeling layer, externally blackish
with dark brown outer peeling layer,
internally creamy white

Smooth stromatal surface except for
peeling layer, externally blackish
brown to black with dull black
peeling of outer later, internally
white

Rugose and usually roughened
stromatal surface by warts, externally
black and internally white

Smooth stromatal surface except for
ostiolar slightly raised, externally
copper- to bronze-colored to brown
with black of ostioles, internally
creamy white

Stromata clustered subglobose fertile
head with short stalk, not branched,
externally blackish, internally white

Erumpent to superficial stromata,
smooth with slightly papillate surface

* Number of collections



146

Table 16. (Continued).

Species No.* Remark
Biscogniauxia
Biscogniauxia capnodes (Berk.) Y.-M. 4 Ju and Rogers (1998)
Ju & J.D. Rogers
Biscogniauxia sp. nov. (SUT290) 2 Applanate stromata, smooth

surface, externally black and
internally yellow which
distinguished from the other known
species

* Number of collections

The main characteristics for each species examined are described in
Table 17. Xylaria anisopleura SUT196, SUT205, and SUT208 (Figure 48) matched
Xylaria anisopleura (Mont.) Fr. as described by Rogers and Samuels (1986), Rogers
(1988), and Gonzalez and Rogers (1989), but the collections from this study were
different from the specimens described by Thienhirun (1997) in ascospore size,
(20-)23.8-25(-27.5) pm cf. 17.5-22.5 x 10-11.3 pum (Thienhirun, 1997). In addition,
the specimens examined had two different stromatal types. The stromata of SUT208
and SUT209 were boarder than high but SUT196 was higher than board. However,
both of them had the same cultural characteristics on PDA. The species that is related
to X. anisopleura is X. polymorpha (Pers.: Fr.) Grev., but they are different in the
smaller size and moriform shape of stromata and the short, oblique to somewhat
spiraling ascospore germ slit (Rogers and Samuels, 1986).

Xylaria badia SUT026, SUT032, SUT076, SUT142, SUT309, and
SUT310 (Figure 49) were close to Xylaria badia Pat. as described by Van der Gucht
(1995), and Thienhirun (1997). This taxon was specific to bamboo, and was widely

distributed throughout Thailand.
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Table 17. Morphological characteristics of Xylaria, Kretzschmaria, Nemania, and Biscogniauxia found in this study.

Character X. anisopleura (Mont.) Fr.* X. badia Pat.* X. beccari Lloyd. *
Stromata
Shape Clavate to cylindrical, or subglobose, Short cylindrical to clavate, with rounded Cylindrical to clavate from short
with rounded fertile apices fertile apices concolorous stipe
Color Externally dark brown to dull black, Externally silvery brown and became to Externally brownish black, internally white
internally white grayish brown with age, internally brownish
orange
Texture Woody Hard Woody
Surface Cracked into minute angular scales, Smooth and shinning Roughened due to little cracks and small
rough due to wrinkles, warts and excrescences
tomentum
Perithecia
Shape Partially immersed, subglobose Completely immersed, subglobose Subglobose
Size 0.5-1 mm diameter 0.2-0.3 mm diameter 0.2-0.3 mm diameter
Ostiole Inconspicuous, papillate, appearing as Finely papillate and black Slightly papillate

Apical apparatus

Ascospores
Color
Shape

Size
Germ slit

Habitat
Location

Specimen examined

small hemispherical black discs
Rectangular, constricted sub-apically, 7-
8(-9) um high x 4-5 um broad

Brown to dark brown
Ellipsoid-inequilateral to crescentic, with
narrowly rounded apiculate ends
(20-)23.8-25(-27.5) x 7.5-8.8um
Straight to curving, oriented obliquely to
the long axis of the spore

On wood

Trad

SUT196, SUT205, and SUT208

Discoid, 0.6 um high x 1.2
um broad

Light brown
Ellipsoid, with narrowly rounded ends

7.5-8.8 x 3.8-4.4 um
Straight less than spore length

On wood

Kanchanaburi, Nakhon Ratchasima,
Ratchaburi

SUT026, SUT032, SUT076, SUT142,
SUT309, and SUT310

Rectangular, 1-1.5 um high x 1-1.5um broad

Brown

Ellipsoid-inequilateral with broadly rounded
ends

(5-)6.3-7.5x 2.5-3 um

Straight full length

On wood
Songkhla

SUT092

* More details on collections are given in Appendix B.
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Character X. brachiata Sacc.* X. cubensis (Mont.) Fr.* X. ianthino-velutina (Mont.) Fr.*
Stromata
Shape Upright or prostrate, the fertile part short Cylindric-allantoid to clavate, occasionally Cylindrical, long conical, or flattened,
cylindrical to fusoid with perithecia flattened, with rounded fertile apices, short the fertile parts bearing more or less
immersed or with evident perithecial stipes, arising from tomentose discoid bases  naked perithecia, grading into ill-defined
contours, with acute sterile apices stipes
Color Externally brown outer peeling layer, Externally bronze, becoming dark with age,  Externally blackish, internally white
internally white internally white to cream
Texture Fairly hard Hard Soft
Surface Smooth to roughened with perithecial Smooth, sometimes very faintly, reticulately  Roughened with perithecia and
contours cracked around the ostioles, or surface tomentose except the stromatal apices
conspicuously cracked into small polygonal
surface scales
Perithecia
Shape Subglobose Completely immersed, subglobose Subglobose
Size 0.3-0.5 mm diameter 0.3-0.8 mm diameter 0.2-0.3 mm diameter
Ostiole Inconspicuous to papillate Finely papillate to annulate Minutely papillate

Apical apparatus

Ascospores
Color
Shape

Size
Germ slit
Habitat
Location

Specimen examined

Rectangular, 3.5-4 um high x 1.5-2.5 um
broad

Brown to dark brown
Ellipsoid-inequilateral, with broadly to
narrowly rounded ends
(8-)10-11.3(-12.5) x 3.8-5 um
Straight full length

On wood

Nakhon Ratchasima

SUTO078 and SUT175

Cubic to rectangular, 1.6-2.4 um high x 1.4-
1.8(-2) um broad

Light brown
Ellipsoid-inequilateral, with rounded ends

(6.3-)7.5-8.8 x 3.8-5 um

Straight less than spore length

On wood

Ratchaburi, Trad

SUT089, SUT090, SUT193, SUT194, and
SUT199

Cubic to rectangular, 1.3 pm high x 1.3
um broad

Brown
Ellipsoid-inequilateral with rounded ends

(7.5-)8.8-10(-12.5) x 3.8-4 um
Straight less than spore length
On legume pod

Songkhla

SUT091 and SUT123

* More details on collections are given in Appendix B.
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Character X. cf. juruensis (SUT035)* X. cf. juruensis (SUT088)* X. cf. juruensis (SUT140)*
Stromata
Shape Short cylindrical to irregular with acute Cylindrical to irregular with acute sterile Short cylindrical to irregular with acute
sterile apices (1 mm long), with short apices, with thin stalk and no hair sterile apices, short stalk with short hair
hair
Color Externally blackish with brownish gray Externally blackish with brownish gray Externally blackish with brownish gray
peeling layer, internally white peeling layer, internally white peeling layer, internally white
Texture Fairly hard Fairly hard Fairly hard
Surface Roughened with perithecial contours Roughened with perithecial contours Roughened with perithecial contours
Perithecia
Shape Subglobose Subglobose Subglobose
Size 0.2-0.6 mm diameter 0.2-0.4 mm diameter 0.2-0.5 mm diameter
Ostiole Umbilicate to slightly raise Umbilicate to slightly raise Umbilicate to slightly raise

Apical apparatus

Ascospores
Color
Shape

Size
Germ slit
Habitat
Location

Specimen examined

Rectangular, 5-7 um high x 2-4 um
broad

Brown

Ellipsoid-inequilateral, with rounded
ends

(10-)11.3-13.8 x 3.8-5 um

Straight slightly spore length

On wood

Ratchaburi

SUTO035

Rectangular, 4.5-7 um high x 2-3.8 um
broad

Brown
Ellipsoid-inequilateral, with rounded ends

12.5-15 x 3.8-5 um

Straight slightly spore length
On wood

Songkhla

SUT088

Rectangular, 5-7 um high x 2-3.8 um broad

Brown
Ellipsoid-inequilateral, with rounded ends

12.5-14(-15) x 3.8-5 um
Straight slightly spore length
On wood

Nakhon Ratchasima
SUT140

* More details on collections are given in Appendix B.
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Character X. cf. juruensis (170)* X. juruensis var. microspora * X. maitlandii (Dennis) D. Hawksw. *
Stromata
Shape Long cylindrical to irregular with acute Cylindrical to irregular, terete to Cylindrical to gregarious, with acute sterile
sterile apices, with thin stalk and no hair ~ compressed, with hair-like apiculi on stipe apices (1 mm diam), smooth stipe
Color Externally blackish with brownish gray Externally blackish with brown peeling Externally blackish with dark brown peeling
peeling layer, internally white outer layer, internally white outer layer, internally white
Texture Fairly hard Fairly hard Fairly hard
Surface Roughened with perithecial contours Roughened by peeling layer Smooth except for peeling layer
Perithecia
Shape Subglobose Subglobose Subglobose
Size 0.3-0.5 mm diameter 0.4-0.6 mm diameter 0.3-0.5 mm diameter
Ostiole Umbilicate to slightly raise Slightly raised Slightly raised

Apical apparatus

Ascospores
Color
Shape

Size
Germ slit
Habitat
Location

Specimen examined

Rectangular, 5-7 um high x 2-4 um
broad

Brown

Ellipsoid-inequilateral, with rounded
ends

11.3-12.5x 3.8-5 um

Straight slightly spore length

On wood

Nakhon Ratchasima

SUT170

Rectangular, 1.4-1.8 um high x 1.4-1.5 um
broad

Brown

Ellipsoid-inequilateral with rounded to acute
ends

8.8-10 x 3.8-5 um

Straight less than spore length

On wood

Nakhon Ratchasima

SUT129, SUT138, and SUT139

Quadrate, 2 um high x 2 um broad

Brown to dark brown

Ellipsoid-inequilateral with broadly rounded
ends

11.3-12.5 x 3.8-5 um

Straight less than spore length

On wood

Nakhon Ratchasima

SUT177

* More details on collections are given in Appendix B.
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Character X. mellisii (Berk.) Cooke * X. multiplex (Kunze) Fr. * X. muscula Lloyd. *
Stromata
Shape Fertile part cylindrical to cylindric- Cylindrical, with acute sterile apices, smooth  Cylindrical with sterile apices, on short
conical, with acute sterile apices, on stipe, arising from enlarged tomentose base  stipes
narrow hirsute stipes
Color Externally blackish with grey to brown Externally blackish with light brown outer Externally white with black ostioles,
outer peeling layer, internally white to peeling layer, which splited longitudinally internally creamy white
creamy white into narrow strips, internally white
Texture Fairly hard Fairly soft Woody
Surface Smooth except for peeling layer and Nodulose due to slightly protruding Slightly roughened by ostioles
ostiolar discs perithecial contours, and smooth
Perithecia
Shape Immersed, subglobose Partially immersed, subglobose Subglobose
Size 0.3-0.4 mm diameter 0.5 mm diameter 0.2-0.4 mm diameter
Ostiole Inconspicuous to finely papillate Papillate Umbilicate to slightly raised

Apical apparatus

Ascospores
Color
Shape

Size
Germ slit
Habitat
Location

Specimen examined

Rectangular, 3-3.5 um high x 2-2.5 um
broad

Brown to dark brown
Ellipsoid-inequilateral with narrowly
rounded ends

12.5-15 x 3.8-5 um

Straight less than spore length

On wood

Ratchaburi, Trad

SUTO074 and SUT192

Rectangular, 1.5-2 um high x 1.5 um broad

Brown

Ellipsoid-inequilateral, with narrowly
rounded ends

11.3-13.8(-15) x 3.8-5 um

Straight full length

On wood

Ratchaburi

SUTO028

Quadrate, 1-1.5 um high x 1-1.5um broad

Light brown

Ellipsoid-inequilateral with broadly rounded
ends

6-9(-10) x 3-3.5(-4) um

Straight full length

On wood

Nakhon Ratchasima

SUT029

* More details on collections are given in Appendix B.
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Character X. psidii J.D. Rogers & Hemmes* X. schweinitzii Berk. & M.A. Curtis* X. scruposa (Fr.) Fr.*
Stromata
Shape Upright, cylindrical to more or less Cylindrical to clavate to irregular, with Cylindrical to clavate to highly irregular,
conical with acute sterile apices, rounded fertile apices, with long or short subglobose, on short or long stipes, with
bearing embedded to prominent stipes or sessile rounded or flattened fertile apices, on short
perithecia to long narrowed smooth stipes
Color Externally blackish, internally white Externally brownish black to dull black, Externally yellowish brown to dark brown,
internally white internally white to creamy white
Texture Fairly soft Fairly hard Woody to fairly hard
Surface Roughened with perithecia Cracked into minute scales, and rugulose Rugose and usually roughened by warts
Perithecia
Shape Subglobose Partially immersed, subglobose Immersed, subglobose
Size 0.2-0.3 mm diameter 0.4-0.6 mm diameter 0.3-0.5 mm diameter
Ostiole Umbilicate Inconspicuous, umbilicate, appearing as small  Inconspicuous, umbilicate, appearing as

Apical apparatus

Ascospores
Color
Shape

Size

Germ slit

Habitat
Location

Specimen examined

Cubic, 2 um high x 2 um broad

Brown

Ellipsoid-inequilateral to somewhat
fusoid, with rounded to acute ends
(7.5-)8.8-10(-12.5) x 3.8-4 um
Straight full length

On Pod
Songkhla
SUT124, SUT125, and SUT126

hemispherical black disks in between the dark
brown scales
Rectangular, 4.5-5 um high x 3.8-5 um broad

Brown to dark brown

Ellipsoid-inequilateral with narrowly rounded
ends

18.8-21.3 x 6.3-7.5 um

Straight to slightly spiralling, obliquely
oriented to the long axis of the spore, less than
spore length

On wood

Trad

SUT201

hemispherical black discs in between the
brown scales

Rectangular, constricted subapically, 4-5 um
high x 3-3.5 um broad

Light brown

Ellipsoid-inequilateral with narrowly
rounded to pinched ends
17.5-21.3(-22.5) x (5-)6.3-7.5 um
Straight to slightly sigmoid, slightly
obliquely oriented to the long axis of the
spore, less than spore length

On wood

Petchaboon

SUT117

* More details on collections are given in Appendix B.
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Character Xylaria species 2 * X. telfairii (Berk.) Fr.* Xylaria sp. nov.*
Stromata
Shape Cylindrical, with rounded fertile Cylindrical to fusiform, not branched or ~ Cylindrical, gregarious, with narrowly rounded
apices, smooth stipe occasionally branched near the base, fertile apices, smooth stipe, which was
with rounded fertile apices, smooth longitudinally furrowed or wrinkled
stipes, concolorous to the fertile part
Color Externally blackish with dark brown Externally pale yellow, clay-colored to Externally dark brown to black, internally white
sloughing scales, internally yellow orange brown, internally white
Texture Woody Hard to very hard Woody
Surface Rough, cracked into rounded or Cracked into minute scales Rough, finely reticulately cracked into small
angular dark brownish scales angular closely spaced scales so as to outline the
individual perithecia
Perithecia
Shape Immersed, subglobose Partially immersed, subglobose Immersed, sometimes vaguely evident in outline,
subglobose
Size 0.3- 0.5 mm diameter 0.5-0.7 mm diameter 0.3- 0.5 mm diameter
Ostiole Slightly raised Inconspicuous, minute, black, and Slightly papillate

Apical apparatus

Ascospores
Color
Shape

Size
Germ slit

Habitat
Location

Specimen examined

Rectangular, 1.5-2 um high x 1.5 um
broad

Brown

Ellipsoid-equilateral with narrowly
rounded ends

(7.5-)10-12.5 x 3.75-5 um

Slightly sigmoid full spore length

On wood
Kanchanaburi,
Trad

SUT127, SUT128, SUT130, SUT132,
SUT134, SUT171, SUT195, SUT271,
and SUT274

Nakhon Ratchasima,

punctiform
Rectangular, constricted subapically, 4.5-
5 um high x 3.8-5 um broad

Dark brown

Ellipsoid-inequilateral with narrowly
rounded to pinched ends

17.5-20 x 5-6.25 um

Straight to slightly sigmoid, obliquely
oriented to the long axis of the spore, less
than spore length

On wood

Trad

SUT206

Quadrate to rectangular, 1.5 um high x 1.5-2 um
broad

Light brown to brown to dark brown
Ellipsoid-equilateral with narrowly rounded ends

(7.5-)8.8-10 x (2.5-)3.8-5 um
Straight full length

On wood
Chiang Rai, Kanchanaburi, Nakhon Ratchasima,
Trad

SUT006, SUT012, SUT027, SUT031, SUTO33,
SUT034, SUT087, SUT093, SUT131, SUT133,
SUT136, SUT141, SUT143, SUT155, SUT172,
SUT197, SUT198, SUT272, SUT273, and SUT275

* More details on collections are given in Appendix B.
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Character Xylaria taxonomic species 1 * Xylaria taxonomic species 2 * Xylaria taxonomic species 3 *
Stromata
Shape Cylindrical, with rounded fertile Cylindrical, bearing completely immersed Prostrate or upright, each stroma consisting
apices, short hair on stromata and stalk  perithecia, with attenuated or acute sterile of a rachis bearing scattered to crowded,
apices naked perithecia, extended upward into short
acute apices
Color Externally blackish with dark brown Externally blackish brown to black with dull Externally black, internally white
outer peeling layer, internally creamy black peeling of outer later, internally white
white
Texture Fairly soft Woody Fairly soft
Surface Smooth except for peeling layer Smooth except for peeling outer layer Rugose and usually roughened by warts
Perithecia
Shape Subglobose Immersed, subglobose Subglobose
Size 0.3- 0.5 mm diameter 0.4-0.8 mm diameter 0.4-0.8 mm diameter
Ostiole Slightly papillate Umbilicate to slightly raised Papillate

Apical apparatus

Ascospores
Color
Shape

Size
Germ slit
Habitat
Location

Specimen examined

Rectangular, 1-1.5 um high x 1-1.5um
broad

Brown

Ellipsoid-inequilateral with broadly
rounded ends

12.5-15(-16) x 5-6.3 um

Straight full length

On wood

Ratchaburi

SUTO75

Not observed

Brown to dark brown

Ellipsoid-inequilateral with narrowly rounded
to pinched ends

(7.5-)8.8-10 x 3.8 um

Straight full length

On wood

Trad

SUT203

Rectangular, 1-1.5 um high x 1-1.5um broad

Brown

Ellipsoid-inequilateral with broadly rounded
to pinched ends

6.25-7.5 x 2.5-3.8 um

Straight less than spore length

On wood

Trad

SUT204

* More details on collections are given in Appendix B.
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Character Xylaria taxonomic species4 * Biscogniauxia capnodes (Berk.) Y.-M. Biscogniauxia sp. nov. (SUT290)*
Ju & J.D. Rogers*
Stromata
Shape Clavate to clavate-cylindrical, with rounded  Applanate Applanate
fertile apices, on short stipes
Color Externally copper- to bronze-colored to Black Externally black and internally yellow
brown with black of ostioles, internally
creamy white
Texture Very hard Very hard Very hard
Surface Smooth except for ostiolar slightly raised Smooth Smooth
Perithecia
Shape Completely immersed, subglobose Obovoid to tubular Obovoid to tubular
Size 0.5-0.7 mm diameter 0.2-0.3 mm diameter x 0.3-0.5 mm high 0.3-0.4 mm diameter x 0.4-0.5 mm high
Ostiole Umbilicate to slightly raised Slightly higher than stromatal surface Slightly papillate
Apical apparatus Not observed Not observed Discoid, 1.5 pm high x 2.5-3 pm
Ascospores
Color Dark brown Dark brown Dark brown
Shape Ellipsoid-inequilateral with narrowly Ellipsoid, nearly equilateral with narrowly  Ellipsoid, nearly equilateral with narrowly
rounded round ends round ends
Size 21.3-25 x 8.8-10 um 10-12.5 (-13.8) X 6.3-7.5 um 9.2-11.9 x 5.4-6.7 um
Germ slit Straight to curving, oriented obliquely to the  Straight germ slit spore-length Straight germ slit spore-length
long axis of the spore, less than spore length
Habitat On wood On wood On wood
Location Trad Trad Songkhla
Specimen examined SUT207 SUT212 SUT290

* More details on collections are given in Appendix B.
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Character Kretzschmaria species * Nemania species *
Stromata
Shape Clustered subglobose fertile head with short stalk, not Erumpent to superficial
branched
Color Externally blackish, internally white Black
Texture Woody Very hard
Surface Cracked into minute angular scales Smooth with slightly papillate
Perithecia
Shape Completely immersed, subglobose Completely immersed, subglobose
Size 0.2-0.3 mm diameter 0.5-0.6 mm diameter
Ostiole Inconspicuous papillate
Apical apparatus Not observed Rectangular, 2-3 um high x 1-1.5um broad
Ascospores
Color Brown to dark brown Brown to dark brown
Shape Ellipsoid-inequilateral with rounded ends Ellipsoid-inequilateral with rounded ends
Size 8.8-10 x 3.8-5 um 8.9-11.7 x 4.7-6 pm
Germ slit Straight spore length Straight spore length
Habitat On wood On wood
Location Songkhla Trad
Specimen examined SUT101 SUT258

* More details on collections are given in Appendix B.
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Figure 48. Xylaria anisopleura (Mont.) Fr. (SUT205); (a) and (b) stromatal form
(Bars = 1 cm and 1 mm respectively), (c) perithecia (Bar = 2 mm), (d)
ascospores with germ slits (arrowed) (Bar = 10 pum), and (e) cultural

characteristics on PDA cultured at 25°C after 4 weeks (Bar = 1 cm).
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Figure 49. Xylaria badia Pat. (SUTQ076); (a) stromatal form (Bar

1 cm), (b)
perithecia (Bar = 1 mm), (c) stromatal form (Bar = 0.2 mm), (d)
ascospores (Bar = 10 um), (e) apical apparatus (arrowed) (Bar = 1 pm),
(F) straight germ slit less than spore length (Bar = 1 um), and (g) cultural

characteristics on PDA cultured at 25°C after 4 weeks (Bar = 1 cm).
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Xylaria beccari SUT092 (Figure 50) examined closely fitted the
species Xylaria beccari Lloyd. as described by Lloyd (1924).

Xylaria brachiata SUT078 and SUT175 (Figure 51) examined were
similar to X. brachiata Sacc. described by Lloyd (1919) except for ascospore sizes,
which were (8-)10-11.3(-12.5) x 3.8-5 ym and (11-14(-16) x 5-6 um) respectively.

Xylaria cubensis SUT089, SUT090, SUT193, SUT194, and SUT199
(Figure 52) examined were similar to Xylaria cubensis (Mont.) Fr. described by
Rogers and Samuels (1986), Rogers et al. (1988), Gonzalez and Rogers (1989), and
Thienhirun (1997). These collections had slightly smaller ascospores ((6.3-)7.5-8.8 x
3.8-5 um) compared to those given by Rogers and Samuels (1986), Rogers et al.
(1988), and Gonzalez and Rogers (1989) (8-10.5 x 4-5 um). But these Xylaria species
were similar to specimens found in Thailand by Thienhirun (1997). Xylaria cubensis
has been found in various tropical, subtropical, and temperate localities of the world.

Xylaria inthino-velutina SUT091 and SUT123 (Figure 53) examined
were very similar to Xylaria inthino-velutina (Mont.) Fr. (Dennis, 1957; Gonzalez and
Rogers, 1989; and Thienhirun, 1997), but they were slightly different in ascospore
size range, which were (7.5-)8.8-10(-12.5) x 3.8-4 um and 10-11.3 x 5-5.6 pum
respectively. This taxon is also closely related to X. culleniae except for ascospore
size of X. culleniae, which is smaller (7.5-8.8 x 3-3.8 um). Xylaria inthino-velutina

usually occurs on legume fruits.
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Figure 50. Xylaria beccari Lloyd. (SUT092); (a) and (b) stromatal forms (Bars = 1
and 2 mm respectively), (c) perithecia (Bar = 1 mm), (d) ascospores (Bar
=5 um), (e) apical apparatus (arrowed) (Bar = 1 um), (f) straight germ slit
spore length (Bar = 1 um), and (g) cultural characteristics on PDA

cultured at 25°C after 4 weeks (Bar = 1 cm).
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Figure 51. Xylaria brachiata Sacc. (SUT078); (a) and (b) stromatal forms (Bars = 1
cm and 0.5 mm respectively), (c) perithecia (Bar = 0.5 mm), (d)
ascospores (Bar = 10 pm), (e) straight germ slit spore length (arrowed)
(Bar = 5 um), (f) apical apparatus (arrowed) (Bar = 5 um), and (g) cultural

characteristics on PDA cultured at 25°C after 4 weeks (Bar = 1 cm).
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Figure 52. Xylaria cubensis (Mont.) Fr. (SUT089); (a) and (b) stromatal forms (Bars
=1 cm and 0.5 mm respectively), (c) perithecia (Bar = 0.5 mm), (d)
ascospores (Bar =5 um), (e) apical apparatus (arrowed) (Bar = 2 um), and

(F) cultural characteristics on PDA cultured at 25°C after 4 weeks (Bar = 1

cm).
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Figure 53. Xylaria inthino-velutina (Mont.) Fr. (SUT123); (a) and (b) stromatal
forms (Bars = 1 cm and 0.2 mm respectively), (c) perithecia (Bar = 0.2
mm), (d) ascospores (Bar = 10 um), (e) apical apparatus (arrowed) (Bar =
1 pm), (f) straight germ slit spore length (Bar = 2 um), (g) cultural
characteristics on PDA cultured at 25°C after 4 weeks (Bar = 1 cm), and

(h) exudates from anamorph (Bar = 0.1 mm).
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Xylaria cf. juruensis SUT035 (Figure 54), Xylaria cf. juruensis
SUTO088 (Figure 55), Xylaria cf. juruensis SUT140 (Figure 56), and Xylaria cf.
juruensis SUT170 (Figure 57) examined were similar to both X. juruensis P. Henn.
and X. multiplex (Kunze.) Fr. (Dennis, 1957 and 1961; Gonzalez and Rogers, 1989;
and Thienhirun, 1997). All of them differed slightly in stromatal form, apical
apparatus, and ascospore shape and size. Their ascospores were in the same size range
and they were between X. juruensis (9-11(-12) x (3.5-)4-4.5 um), and X. multiplex
(14.5-17(-18) x 5-5.5(-6.5) um).

Xylaria juruensis var. microspora SUT129, SUT138, and SUT139
(Figure 58) closely matched the species as described by Thienhirun (1997) except that
the stipes of the taxon examined were shorter and broader, and the ascospores were
smaller than the previous reported species.

Xylaria maitlandii SUT177 (Figure 59) was similar to X. maitlandii
(Dennis) D. Hawksw. as described by Gonzalez and Rogers (1989). This taxon was
different from material described by Dennis (as Xylosphaera) from Africa (1958)
which the fertile part had hair on.

Xylaria mellisii SUT074 and SUT192 (Figure 60) were similar to
Xylaria mellisii (Berk.) Cooke. as described by Van der Gucht (1995) from Papua
New Guinea.

Xylaria multiplex SUT028 (Figure 61) was similar to X. multiplex
(Kunze) Fr. as described by Dennis (1957; 1961), Gonzalez and Rogers (1989), and
Thienhirun (1997) except for the ascospore size range of 11.3-13.8(-15) x 3.8-5 um
cf. 9-10.5(-11) x 3.5-4 um (Dennis, 1957; 1961; Thienhirun, 1997; Gonzélez and

Rogers, 1989).
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Figure 54. Xylaria cf. juruensis (SUT035); (a) and (b) stromatal forms (Bars = 0.5
cm and 0.5 mm respectively), (c) perithecia (Bar = 0.5 mm), (d)
ascospores (Bar = 5 um), (e) straight germ slit spore length (Bar = 2 um),

and (f) apical apparatus (arrowed) (Bar = 2 um).
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Figure 55. Xylaria cf. juruensis (SUT088); (a) and (b) stromatal forms (Bars = 5 and
1 mm respectively), (c) acute apex (Bar = 1 mm), (d) perithecia (Bar = 0.5
mm), (e) ascospores (Bar = 5 um), (f) straight germ slit spore length (Bar
= 5 um), (g) apical apparatus (arrowed) (Bar = 1 um), and (h) cultural

characteristics on PDA cultured at 25°C after 4 weeks (Bar = 1 cm).
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Figure 56. Xylaria cf. juruensis (SUT140); (a) and (b) stromatal forms (Bars = 1 and
0.1 cm respectively), (c) stalk (Bar = 1 mm), (d) perithecia (Bar = 0.5
mm), (e) ascospores (Bar = 5 um), (f) apical apparatus (arrowed) (Bar = 1

um), and (g) straight germ slit spore length (Bar = 5 um).
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Figure 57. Xylaria cf. juruensis (SUT170); (a) and (b) stromatal forms (Bars = 1 cm
and 1 mm respectively), (c) stalk (Bar = 1 mm), (d) perithecia (Bar = 0.5

mm), (e) ascospores (Bar =5 um), and (f) apical apparatus (arrowed) (Bar

=1 um).
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Figure 58. Xylaria juruensis var. microspora (Thienhirun, 1997); (a), (b), (c), and (e)
stromatal forms of SUT129, SUT138, SUT139, and SUT129 respectively
(Bars =1, 1, 1, and 0.01 cm), d) perithecia (Bar = 0.5 mm), (f) straight
germ slit spore length (Bar = 2 um), and (g) ascospores with apical

apparatus (arrowed) (Bar = 10 um).
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Figure 59. Xylaria maitlandii (Dennis) D. Hawksw (SUT177); (a), (b) and (c)
stromatal forms (Bars = 0.5 cm, 2 mm, and 0.2 mm respectively), (d)
perithecia (Bar = 0.5 mm), (e) straight germ slit spore length (Bar = 2

pum), and (f) ascospores (Bar = 10 pm).
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Figure 60. Xylaria mellisii (Berk.) Cooke. (SUT192); (a) and (c) stromatal forms
(Bars = 0.2 cm and 0.4 mm respectively), (b) perithecia (Bar = 0.5 mm),
(d) ascospores (Bar = 15 pm), (e) straight germ slit spore length (Bar =5
um), and (f) cultural characteristics on PDA cultured at 25°C after 4

weeks (Bar = 1 cm).
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Figure 61. Xylaria cf. multiplex (SUT028); (a) and (c) stromatal forms (Bars = 0.5
cm and 0.5 mm respectively), (b) perithecia (Bar = 0.5 mm), (d)
ascospores (Bar = 10 um), (e) apical apparatus (arrowed) (Bar = 1 pum),
(F) straight germ slit spore length (arrowed) (Bar = 2 um), (g) cultural
characteristics on PDA at 25°C after 4 weeks (Bar = 1 cm), and (Q)

exudates from anamorph (arrowed) (Bar = 0.1 mm).
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Xylaria muscula SUT029 (Figure 62) appeared identical to the species
Xylaria muscula Lloyd. described by Dennis (1957).

Xylaria psidii SUT124, SUT125, and SUT126 (Figure 63) were very
close to the species Xylaria psidii J.D. Rogers & Hemmes. described by Rogers, Ju
and Hemmes (1992), and Thienhirun (1997).

Xylaria schweinitzii SUT201 (Figure 64) fitted very well with the
species Xylaria schweinitzii Berk. & M.A. Curtis as described by Rogers et al. (1988),
Gonzélez and Rogers (1989), and Thienhirun (1997), except that the ascospore size
differed from specimens reported by Thienhirun (1997) which were longer, 21-26.3 x
6.5-8 um cf. 18.8-21.3 x 6.3-7.5 um, than the present study.

Xylaria scruposa SUT117 (Figure 65) matched very closely the species
Xylaria scruposa (Fr.) Fr. as reported by Van der Gucht (1995) from Papua New
Guinea.

Xylaria species 2 (SUT127, SUT128, SUT130, SUT132, SUT134,
SUT155, SUT171, SUT195, SUT271 and SUT274) (Figure 66) examined was similar
to Xylaria species 2 described by Thienhirun (1997). The taxon Xylaria species 2 was
distinctive with its yellow-colored internal stromatal tissue and spiraling germ slit.
Both taxa were widely distributed in Thailand.

Xylaria sp. nov. (Figure 67) was a new species. Characteristics of this
taxon are as follows: stromata cylindrical, gregarious, with narrowly rounded fertile
apices, smooth stipe, which was longitudinally furrowed or wrinkled; external colour
dark brown to black, internal colour white; texture woody; surface rough, finely
reticulately cracked into small angular closely spaced scales so as to outline the

individual perithecia; perithecia immersed, sometimes vaguely evident in outline,
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subglobose, 0.3- 0.5 mm diameter; ostiole slightly papillate; apical apparatus quadrate
to rectangular, 1.5 um high x 1.5-2 um broad; ascospore light brown to brown to dark
brown, ellipsoid-equilateral with narrowly rounded ends, (7.5-)8.8-10 x (2.5-)3.8-5
um; germ slit straight full length.

Specimens examined: Thailand, Suranaree University of Technology,
Nakhon Ratchasima, 20 September 2003, Suwannasai, N. (Holotype SUT195),
SUTO006, SUTO012, SUT131, SUT133, SUT136, SUT141, SUT143 SUT172;
Ratchaburi Province, SUT027, SUT031, SUT033, SUTO034; Songkhla Province,
SUTO087, SUT093; Trad Province, SUT197, SUT198; Kanchanaburi Province,
SUT272, SUT273, and SUT275.

Colonies on PDA covering 9 cm Petri dish in two weeks at room
temperature, 23-28°C, at first white, velvety, zonate, becoming overlaid with a
grayish brown layer of felty mycelium darkening to brownish black and patchily
covered in areas with a thin white mycelial layer; stromata cylindrical, unbranched,
developing at periphery of zones, grayish black with whitish interiors.

Xylaria telfairii SUT206 (Figure 68) appeared identical the species
Xylaria telfairii (Berk.) Fr. as described by Dennis (1961), Rogers et al. (1987 and

1988), Callan and Rogers (1990), and Thienhirun (1997).
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Figure 62. Xylaria muscula Lloyd. (SUT029); (a) and (b) stromatal forms (Bars = 0.5

cm and 0.2 mm respectively), and (c) perithecia (Bar = 0.2 mm).
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Figure 63. Xylaria psidii J.D. Rogers & Hemmes. (SUT125); (a), (b) and (c)
stromatal forms (Bars = 0.5, 0.1, and 0.03 cm respectively), (d) ascospores
(Bar = 5 um), (e) straight germ slit spore length (arrowed) (Bar = 2 um),
(F) apical apparatus (arrowed) (Bar = 2um), (g) cultural characteristics on
PDA cultured at 25°C after 4 weeks (Bar = 1 cm), and (h) exudates from

anamorph (arrowed) (Bar = 0.5 mm).
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Figure 64. Xylaria schweinitzii Berk. & M.A. Curtis. (SUT201); (a) and (b) stromatal
forms (Bars = 1 cm and 3 mm respectively), (c) ascospores (Bar = 10
pm), and (d) straight to slightly spiraling germ slit (arrowed) (Bar = 2

pum).
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Figure 65. Xylaria scruposa (Fr.) Fr. (SUT117); (a) and (c) stromatal forms (Bars = 1
cm and 0.5 mm respectively), (b) perithecia (Bar = 0.5 pm), (d)
ascospores (Bar = 5 um), (e) apical apparatus (arrowed) (Bar = 2um), (f)
straight to slightly sigmoid germ slit slightly obliquely oriented to the long
axis of the spore (arrowed) (Bar = 1 um), and (g) cultural characteristics

on PDA cultured at 25°C after 4 weeks (Bar = 1 cm).
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Figure 66. Xylaria species 2 (SUT155); (a) and (c) stromatal forms (Bars = 1 cm and
0.5 mm respectively), (b) perithecia (Bar = 0.5 um), (d) ascospores (Bar =
10 pm), (e) slightly sigmoid germ slit (arrowed) (Bar = 1 um), and (f)
cultural characteristics on PDA cultured at 25°C for 2 weeks (Bar = 1

cm).
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Figure 67. Xylaria sp. nov.(SUT195); (a) and (c) stromatal forms (Bars = 0.5 cm and
0.3 mm respectively), (b) perithecia (Bar = 0.5 um), (d) ascospores (Bar =
10 um), (e) apical apparatus (Bar = 1 um), (f) straight germ slit spore
length (arrowed) (Bar = 2 pm), (g) cultural characteristics on PDA
cultured at 25°C for 2 weeks (Bar = 1 cm), and (h) exudates from

anamorph (Bar = 0.2 mm).



Figure 68. Xylaria telfairii (Berk.) Fr. (SUT206); (a) and (c) stromatal forms (Bars =
1 cm and 0.5 mm respectively), (b) perithecia (Bar = 0.5 pm), (d)
ascospores (Bar = 10 um), (e) straight germ slit (arrowed) (Bar = 1 pum),
and (f) cultural characteristics on PDA cultured at 25°C after 2 weeks

(Bar =1cm).
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Eight collections examined were found to be unidentified species. They
were placed into four groups according to their morphological characteristics. Firstly,
Xylaria taxonomic species 1 (SUTQ075) (Figure 69) which had ascospore sizes and
germ slit form similar to X. mellisii (Berk.) Cooke as recorded by Van der Gucht
(1995) but the stromatal form was different. This taxon was no peeling layer on the
external surface, and no apex. Secondly, Xylaria taxonomic species 2 (SUT203)
(Figure 70) had peeling layer on the external surface liked X. juruensis var.
microspora (Thienhirun, 1997) and X. multiplex (Kunze) Fr. (Dennis, 1961; Gonzélez
and Rogers, 1989; Thienhirun, 1997). Stipes were longer than those species and
ascospore size was different. Thirdly, Xylaria taxonomic species 3 (SUT204) (Figure
71) which was close to X. gracillima (Fr.) Fr. in stromatal structure as described by
Van der Gucht (1995). It was different in ascospore size and germ slit form, which
were 10-12(-13) x 4-5 um and straight germ slit less than spore length for X.
gracillima (Fr.) Fr. respectively. The specimen was unculturated. Lastly, Xylaria
taxonomic species 4 (Figure 72) had a stroma similar to X. allantoidea (Berk.) Fr. but
the ascospore size range was closer X. schweinitzii Berk. & M.A. Curtis as described
by Van der Gucht (1995).

Kretzschmaria species SUT101 and Nemania species SUT258 were
shown in Figures 73 and 74 respectively. Biscogniauxia capnodes SUT212 (Figure
75) fitted Biscogniauxia capnodes (Berk.) Y.-M. Ju & J.D. Rogers as reported by Ju
and Rogers (1998) whilst Biscogniauxia species (SUT290) sp. nov. was another new

species showed in Figure 76.
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Figure 69. Xylaria taxonomic species 1 (SUTO075); (a) and (c) stromatal forms (Bars
= 0.5 cm and 0.5 mm respectively), (b) perithecia (Bar = 0.3 um), (d)
ascospores (Bar = 12 pum), (e) straight to slightly sigmoid germ slit less
than spore length (arrowed) (Bar = 2 um), and (f) apical apparatus (Bar =

2 um).
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Figure 70. Xylaria taxonomic species 2 (SUT203); (a) and (c) stromatal forms (Bars
=1 cm and 0.5 mm respectively), (b) perithecia (Bar = 0.5 pum), (d)
ascospores (Bar = 10 um), and (e) cultural characteristics on PDA

cultured at 25°C after 4 weeks (Bar =1 cm).
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Figure 71. Xylaria taxonomic species 3 (SUT204); (a) and (b) stromatal forms (Bars
= 1 cm and 0.5 mm respectively), (c) straight germ slit spore length

(arrowed) (Bar = 2 um), and (d) ascospores (Bar = 8 pum).
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Figure 72. Xylaria taxonomic species 4 (SUT207); (a) and (c) stromatal forms (Bars
=1 cm and 0.5 mm respectively), (b) perithecia (Bar = 0.5 pum), (d)
ascospores (Bar = 10 um), and (e) sigmoid germ slit (arrowed) (Bar = 5

pm).
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Figure 73. Kretzschmaria species (SUT101); (a) and (c) stromatal forms (Bars = 1
cm and 0.2 mm respectively), (b) perithecia (Bar = 0.3 pum), and (d)
cultural characteristics on PDA cultured at 25°C after 4 weeks (Bar = 1

cm).
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Figure 74. Nemania species (SUT258); (a) and (b) stromatal forms (Bars = 1 cm and
0.5 cm respectively), (c) apical apparatus (Bar = 2 pm), and (d)

ascospores (Bar = 12 pm).
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Figure 75. Biscogniauxia capnodes (Berk.) Y.-M. Ju & J.D. Rogers (SUT212); (a)
stromatal forms (Bar = 1 cm), (b) ascospores (Bar = 0.5 um), (c) cultural
characteristics on PDA cultured at 25°C after 4 weeks (Bar = 1 cm), and

(d) straight germ slit spore length (arrowed) (Bar = 2 pm).
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Figure 76. Biscogniauxia sp. nov. (SUT290); (a) and (c) stromatal forms (Bars = 1
cm and 0.5 mm, respectively), (d) ascospores (Bar = 0.5 um), (e) straight
germ slit spore length (arrowed) (Bar = 2 um), apical apparatus (arrowed)
(Bar = 2 pm), and (g) cultural characteristics on PDA cultured at 25°C

after 4 weeks (Bar =1 cm).
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4.3 Chemotaxonomic study of the selected xylariaceous fungi

Since species of Xylaria have been reported as endophytes in several plants,
the pattern of their secondary metabolites is another possible way to identify species.
Therefore, Xylaria species which have been recorded as endophyte were selected to
study.

4.3.1 TLC analysis of secondary metabolites from agar plugs

Four isolates of X. anisopleura (ST2329), Xylaria species (ST2372), X.
cubensis (ST2326), and X. grammica (ST2348) were selected to study on their
secondary metabolite profiles. After growing culture on YES agar, the secondary
metabolites were extracted and analyzed by TLC method. There were no spots
observed under both visible light and UV light. This might be the result of low
concentration of secondary metabolites. This method might not be suitable for those
xylariaceous collections, although this technique was frequently used in several fungi
such as Penicillium, Chaetomium, Fusarium, Verticillium, and Metarhizium
(Filtenborg and Frisvad, 1980; Filtenborg, Frisvad, and Svendsen, 1983; Lund and

Frisvad, 1994).

4.3.2 TLC analysis of secondary metabolites from cultural broth
4.3.2.1 Secondary metabolite extraction from 100 mL of cultural
broth
Four isolates of Xylaria were examined for their secondary
metabolite profiles by extracting the metabolites from their cultural broths. Two
isolates of Xylaria endophytes obtained by Dr. Nuttaporn Ruchichakhon

(Ruchikachorn, 2005) were included. The TLC pattern of secondary metabolites of all
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isolates was not clear and they were similar (Figure 77), even though they were

different in their species identification by their morphological characteristics.

e

Figure 77. Secondary metabolite profiles of Xylaria isolates compared to those of
Xylaria endophytes extracted from 100-mL cultural broth and analyzed
by TLC method under visible light. UX5 = Xylaria hypoxylon
endophyte, UX3 = Xylaria apiculata endophyte, X1 = X. cubensis
ST2326, X2 = X. arbuscula var. microspora ST2372, X3 = X

anisopleura ST2329, and X4 = X. grammica ST2348.
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The patterns of secondary metabolites observed in this
analysis might be commonly found in Xylaria isolates. However, other different

secondary metabolites might be not observed because of their low concentrations.

4.3.2.2 Secondary metabolite extraction from 1 L of cultural broth

An isolate of Xylaria, X. cubensis ST2326, was selected to

culture in 1-L MA broth, then extracted for secondary metabolites and analyzed by

TLC. The secondary metabolite profile of X. cubensis ST2326 was compared to other

Xylaria endophytes. The profile exhibited clearly the different patterns of each isolate

(Figures 78 and 79). These profiles could be used to identify species especially

endophytes. The compound, which had R values around 0.44-0.46, was commonly

found in all isolates. Xylaria cubensis ST2326 consisted of two different bands which

were 0.44 and 0.64 Ry value. The profile of X. cubensis ST2326 was not similar to any
endophyte isolates.

Although this chemical technique could be used to classify

the xylariaceous endophytes, it was time-consuming. Also, it required several steps to

analyze and used a large volume of fungal culture for extraction.
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Solvent - Toluene : Ethyl Acetate : Acetic Acid (50:49:1)

Spray - Diazotised p-nitroaniline.

"

0

i‘!l' ' 0

PD3 UX3 PX1 UXs N24 D2 U1 19 21 X1

Figure 78. The pattern of secondary metabolites extracted from X. cubensis and
other fungal endophytes by TLC method. Lanes: PD3, Nodulisporium
sp. endophyte; UX3, X. apiculata endophyte; PX1, X. longipes
endophyte; UX5, X. hypoxylon endophyte; N24, Rosellinia arcuata
endophyte; UD2, Daldinia concentrica endophyte; U1, Hypoxylon rickii
endophyte; 19, X. apiculata endophyte; 21, X. mali endophyte; and X1,
X. cubensis ST2326. The number indicated the R value of each

compound.
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Figure 79. Schematic of secondary metabolites extracted from Xylaria cubensis and
other endophytes by TLC method. Lanes: PD3, Nodulisporium sp.
endophyte; UX3, X. apiculata endophyte; PX1, X. longipes endophyte;
UX5, X. hypoxylon endophyte; N24, Rosellinia arcuata endophyte;
UD2, Daldinia concentrica endophyte; U1, Hypoxylon rickii endophyte;
19, X. apiculata endophyte; 21, X. mali endophyte; and X1, X. cubensis

ST2326. The number indicated the R¢value of each compound.
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4.4 Nucleic acid studies of the selected xylariaceous fungi

Form the morphological and chemical taxonomic results of xylariaceous
specimens showed that approximately 30% of them could not be identified.
Therefore, the nucleic acid method of DNA sequencing was then applied to resolve
this problem. The results of DNA sequences exhibited clearly relationships between
xylariaceous species and could also be used to confirm the results indicating new
species.

4.4.1 Group I: Astrocystis and Rosellinia

The genera Astrocystis and Rosellinia are very similar in their
morphological characters. There are some disagreements over the status of both
genera. Ju and Rogers (1990 and 1995) and San Martin and Rogers (1994) mentioned
that Astrocystis was accommodated as Rosellinia-like fungi whereas Petrini and
Whalley (1996) suggested that both genera were different and should be separated
from each other. They were different in the stromata character of Astrocystis, which
spitted from the host surface, and anamorph form, which was Acanthodochium. The
nucleotide sequences of 18S ribosomal DNA and ITS1-5.8S-ITS2 regions were
analyzed to clarify the differentiation of both genera.

4.4.1.1 18S rDNA sequence analysis

Genomic DNA of A. mirabilis samples (SUT051 and
SUTO056) were extracted from mycelia and R. procera samples (SUT102, SUT109,
SUT113, and SUT114) were extracted from ascospores because they could not be
cultured. An isolate of Rosellinia sp. ST2310 obtained by Dr. Surang Thienhirun was
included. The quality and quantity of the DNA solution were measured and adjusted

to a suitable concentration for PCR amplification. It was found that no PCR product
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was obtained from NSI/NS8 primers, although several modified conditions were
performed. Therefore, two new primers, NS4 and SR8R (Table 18), were added to
resolve this problem. The amplification of 18S rDNA sequence was divided into two
steps by using two sets of primers. The NS1/NS4 primers were used to amplify the
fragment at position 20 to 1,131 of 18S rDNA. The SR8R/NS8 primers were used to
amplify the fragment at position 732 to 1,769 of 18S rDNA (Figure 8). The program
of amplification consisted of 1 cycle of 95°C for 5 min; 35 cycles of 95°C for 1 min,
53°C for 1.30 min, 72°C for 2 min; and the final cycle of 72°C for 10 min. The PCR
reactions were carried out in the automated thermal cycle (i-cycle, BioRad, U.S.A.).

The amplified 18S rDNA fragments are shown in Figure 80.

Table 18. Nucleotide sequences of NS4 and SR8R primers.

Name Sequence (5°-3") Target region® Reference
NS4 CTTCCGTCAATTCCTTTAAG SSU 1150-1131 White et al. 1990
SR8R  GAACCAGGACTTTTACCTT SSU 732-749 Vilgalys, www, 1999

* Saccharomyces cerevisiae numbering
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bp) M1 2 34 bp) M 56

Figure 80. Gel electrophoresis of partial 18S rDNA fragments. Lanes: M, DNA
marker (100 bp DNA ladder, Invitrogen); 1, 3, and 5, Astrocystis
mirabilis (SUTO051), A. mirabilis (SUT056) and Rosellinia sp. ST2310
using NS1 and NS4 primers respectively; 2, 4, and 6, Astrocystis
mirabilis (SUTO051), A. mirabilis (SUT056) and Rosellinia sp. ST2310

using SR8R and NS8 primers respectively.

For 18S rDNA amplification, only genomic DNA extraction
from mycelium could be achieved by both set of DNA primers. Although several
modified conditions were attempted, no PCR product was obtained from the genomic
DNA extraction from ascospores. This might be because of the low concentration of
genomic DNA extracted from ascospores, or the degradation of genomic DNA. The
size of amplified 18S rDNA fragments of A. mirabilis (SUT051 and SUT056) and
Rosellinia sp. (ST2310) from two primer sets were similar. They were approximately

1,000 bp obtained from the amplification by using NS1/NS4 primers and SR8R/NS8
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primers. The both amplified fragments were then combined to obtain the whole 18S

rDNA sequence. The length of the DNA sequences is summarized in Table 19.

Table 19. The length of 18S rDNA sequences of A. mirabilis SUT051, SUT056, and

Rosellinia sp. ST2310 obtained from DNA sequence analysis.

Species Location 1" fragment  GenBank 2" fragment GenBank  Total
/source (NS1/NS4 accession (NS4/NS8 accession (bp)
primers) number primers) number
(bp) (bp)

A. mirabilis  Ratchaburi 1012 DQ322075 1072 DQ322076 2056
(SUT056)  Province

A. mirabilis  Ratchaburi 1012 DQ322074 NO ND ND
(SUT051)  Province

Rosellinia sp. RFD* 1020 DQ322072 1202 DQ322073 2210
(ST2310)

* The culture was provided by Dr. Surang Thienhirun, The Royal Forest Department, Thailand.
NO = Not observed, ND = Not determined

Then, the whole 18S rDNA sequences of A. mirabilis
(SUT056) and Rosellinia sp. (ST2310) including R. necatrix (AB014044) from
GenBank database were aligned (Figure 81). The result indicated that there was
dissimilarity between the genera Astrocystis and Rosellinia. The percent similarity of
A. mirabilis (SUT056) to Rosellinia sp. (ST2310) and R. necatrix (AB014044) was
70.3% and 68.7% respectively (Table 2, Appendix C). Nevertheless, both genera were
closely related and showed highly conserved regions in the beginning of 1,000 bp of
18S rDNA sequences, whilst the middle region exhibited the highest variation (Figure
81). Therefore, the partial 18S rDNA sequences of A. mirabilis (SUT056) and
Rosellinia sp. (ST2310) including R. necatrix (AY083805) and A. cocoes
(AY083804) available from GenBank database, which were amplified by using
NS1/NS4 primers, were aligned (Figure 2, Appendix C). The result showed high

similarity between the genera Astrocystis and Rosellinia ranging from 97% to 98%
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similarity (Tablel, Appendix C) and it confirmed the highly conserved region of both

genera at the 5" end of 18S rDNA sequence (position of 20 bp to 1,131 bp; Figure 8).

hin} 20 30 40 50 a0
P T e T L TR L S
AB014044 1 CCGCGARACT GCGAATGGCT CATTAAATCA GTTATCGTTT ATTTGATAGT ACCTTACTAC A0
A.mirabilis 1 CGGCGARACT GCGAATGGCT CATTAAATCA GTTATTGTTT ATTTGATAGT ACCTTACTAC &0
R.sp.8T2301 1 CGGCGARACT GCGAATGGCT CATTAAATCA GTTATCGTTT ATTTGATTGT ACCTTACTAC &0
70 80 a0 100 110 1zo0
ABO014044 a1 TTGGATACCT GTGGTAATTC TAGAGCHNHT ACATGCTGAA ANATCCCGAC TCACGGAGGG 1z0

A.mirabilis &l ATGGATAACC GTGGTAATTC TAGAGCTAAT ACATGCT-AA ARATCCCGAC TCACGGAGGG 119
R.sp.S8T2301 A1 TTGGATAACC GTGGTAATTC TAGAGCTAAT ACATGCT-AA ARATCCCGAC TCACGGAGGG 119

130 140 150 160 170 1s0
T T T T T T o R
AB014044 121 ATGTIATTTAT TAGATTAAAA ACCAATGCCC CTCGGGGCTT TCIGGTGATT CATAATAACT 180

A.mirabilis 120 ATGTATTTAT TAGATTAAAAR ACCAATGCCC CTCGGGGCTIT TCIGGTGATT CATAATAACT 179
R.sp.8T2301 120 ATGTATTTAT TAGATTAAARA ACCAATGCCC CTCGGGGCTT TCIGGTGATT CATAATAACT 179

120 200 210 Zz0 230 240
AB014044 181 TCACGAATCG CACGGCCTTG CGCCGGCGAT GGTTCATTCA AATTTCTGCC CTATCAACTT 240
A.mirabilis 180 TCTCGAATCG CATGGCCTTG CGCCGGCGAT GGTTCATTCA AATTTCTGCC CTATCAACTT 239
R.sp.S8T2301 180 TCTCGARTCG CATGGCCTTG CGCCGGCGAT GGTTCATTCA AATTTCTGCC CTATCARCTT 239

250 260 270 2a0 290 je]ulu)
e T T e T |
ABO014044 241 TCGATGGCAG GGICTTGGCC TGCCATGGTT TCAACGGGTA ACGGAGGGTT AGGGCTCGAC 300
A.mirabilis 240 TCGATGGCAG GGTCTTGGCC TGCCATGGTT ACAACGGGTA ACGGAGGGTT AGGGCTCGRAC 209
R.sp.S8T2301 240 TCGATGGCRAG GGTICTTGGCC TGCCATGGTT ACAARCGGGTA ACGGAGGGTT AGGGCTCGRAC 209

310 320 330 340 350 360
P T P T e R |
AB014044 301 CCCOGGAGARG GAGCCTGAGA AACGGCTACT ACATCCAAGG AAGGCAGCAG GCGCGC T 360
A.mirabilis 300 CCCGGAGARG GAGCCTGAGA AACGGCTACT ACATTCARGG AAGGCAGCAG GCGCGCAAAT 359
R.sp.S8T2301 300 CCCGGAGAEG GAGCCTGAGA AACGGCTACT ACATCCARGG AARGGCAGCAG GCGCGCAAAT 359

37o j=1u} 390 400 410 420
P T e T L TR L S
AB014044 361l TACCCAATCC CGACACGGGG AGGTAGTGAC AATAAATACT GATACAGGGC TCTTTTGGGT 420

A.mirabilis 360 TACCCARTCC CGACACGGGG AGGTAGTGAC AATAARATACT GATACARGGGC TCTTTTGGGT 419
R.sp.S8T2301 360 TACCCARTCC CGACACGGGG AGGTAGTGAC AATARATACT GATACAGGGC TCTTTTGGGT 419

430 440 450 460 470 450
L T e L L I [ L N P
AB014044 421 CTTGTAATTG GAATGAGTAC AATTTAAATC CCTTAACGAG GAACAATTGG AGGGCAAGTC 480

A.mirabilis 420 CTTGTAATTG GAATGAGTAC AATTTAAAT- CCTTAACGAG GAACAATTGG AGGGCAAGTC 478
R.sp.S8T2301 420 CTTGTARTTG GAATGAGT-C AATTTAAATC CCTTAACGAG GAACAATTGG AGGGCARGTC 478

490 500 510 5zZ0 530 540
AB014044 481 TGGIGCCAGC AGCCGCGGTA ATTCCAGCTC CAATAGCGTA TATTAAAGTT GTTGCAGTTA 540
A.mirabilis 479 TGGIGCCAGC AGCCGCGGTA A-TTCAGCTT CAATAGCGTA TATTAAAGTT GGTGCAGTTA 537
R.sp.S8T2301 479 TGGIGCCAGC BAGCCGCGGTA ATTTCAGCTC CARATAGCGTA TATTARAGTT GGTGCAGGTA 538

550 560 570 580 590 a00
AB014044 541 AARAGCTCGT AGTTGARCCT TGGGCCTGGC TGGCCGGTCC GCCTCACCGC GTGCACTGGT a00
A.mirabilis 538 AAR-GCTCGT AGTTGARAACCT TGGGCCTGGC TGGCCGGTC- GCCTCRAACGC GTGCACTGGT 595
R.sp.S8T2301 539 AAR GCTCGT AGTTGRACCT TGGGCCT-GC TGGCCGGTCC GC-TCARRACGC GTGCACTGGT 595

ai0 az0 &30 640 as0 aal
ABO014044 601 TCGGCCGGGC CTTTCCCTCT GGGGAGCCCT ATGCCCTTCA CITGGGTGTAG TGGGGAACCA 660
A.mirabilis 595 TCGGCCGGGC CTTTCCCTTT GGGGAGCCCT ATGCCCTTCA CTGGGTGTAG TGGGGRAACCA 455
R.sp.8T2301 595 TCGGCCGGGC CTTTTCCTCT GGGGRGGCCT ATGCCCTTCA CTGGGTG--G TAGGGARCCA AL3

Figure 81. Sequence alignment of 18S rDNA Rosellinia sp. (ST2310), Rosellinia

necatrix (AB014044), and A. mirabilis (SUT056).
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&670 630 690 700 710 720
P T L T o e L T L I
661 GGACTTTTAC TGTGAAARAR TTAGAGTGTT C GCAGGC ATTTGCTCGA ATACATCAGC
656 GGACTTTTAC TGTGAAARAAR TTAGAGTGTT CAAAGCAGGC CTATGCTCGA ATACATCAGC
B54 GGACTTTTAC TGTGAAARAAR TTAGAGTGTT CAAAGCAGGC CTATGCTCGA ATACATCAGC
730 740 750 760 770 7E0
P T L T o e L T L I
721 ATGGAATAAT AGAATAGGAC GTGTGGTTCT ATTTTGTTGG TTTCTAGGAC CGCCGTAATG
716 ATGGAATAAT AGAATAGGAC GTGIGGTTCT ATTTTGTTGE TTTCTAGGAC CGCCGTAATG
714 ATGGAATAAT AGAATAGGAC GTGIGGTTCT ATTTTGTTGE TTTCTAGGAC CGCCGTAATG
7a0 aoo 810 820 830 940
e T e L I I,
781 ATTAATAGGG ACAGTCGGGG GCATCAGTAT TCAATTGTCA GAGGTG T TCTTGGATTT
776 ATTAATAGGG ACAGTCGGGG GCATCAGTAT TCAATTGTCA GAGGTGARAT TCTTGGATTT
774 ATTAATAGGG ACAGTCGGGG GCATCAGTAT TCAATTGTCA GAGGTGAAAT TCTTGGATTT
850 ge0 870 880 890 j=lulu)
T (O (N KR B IR I
541 ATTGAAGACT AARCTACTGCG ARAGCATTTG CCAAGGATGT TTTCATTAAT CAGGAACGAR
836 ATTGAAGACT AACTACTGCG ARAGCATTTG CCAAGGATGT TTTCATTAAT CAGGAACGAR
834 ATTGAAGACT AACTACTGCG AAAGCATTTG CCAAGGATGT TTTCATTAAT CAGGAACGAR
aio Qz0o 930 940 S50 960
P e o 1 e e T T L
901 AGITAGGGGA TCGAAGACGA TCAGATACCG TCGTAGTCTT AACCAT C TATGCCGACT
526 AGITAGGGGA TCGAAGACGA TCAGATACCG TCGTAGTCTT AACCATAARAC TATGCCGACT
894 AGTTAGGGGA TCGAAGACGA TCAGATACCG TCGTAGTCTT AACCATAAAC TATGCCGACT
Q70 Qa0 950 1000 1010 10z0
P T L T o e L T L I
961 ABAGGGATTGGA CAATGTTATT TTTTGACTTG TTCAGCACCT TACGAG T C GTTTTT
956 ABAGGGATCGGA CGATGTTATIT TTTTGACTCG TTCGGCACCT TACGAGAAAT CAARAGTC---
954 AGGGATCGGA CGATGTTATT TTTTGACTCG TTCGGCACCT TACGAGAARAT CAARAGTCTT-
1030 1040 1050 1060 1070 1080
P T L T o e L T L I
1021 GGGTTCTGGG GGGAGTATGG TCGCAAGGCT GAAACTTAAR GARATTGACG GAAGGGCACC
101=2 ———ATGCCC-—
101z -—--GCGGACG GG-GAGAAGG
1020 1100 1110 11z0 1130 1140
P T L T o e L T L I
1081 ACCAGGAGTT AARACGGACCG CCGCCGCRAGT CTCTGCTCCA G GCATAG -CCTGTAATG
1025 -CCTGGA-TG CTGCGCGCTA --GCCCTATT ATCA--CCTA G---CC--GT -CAAACARGG
1041 TCCAAGA--- —-ACAGGAT-- --TCAACAAT AGCAGGAAGA GGAGGCCTAG ACCCGGAGTT
1150 1180 1170 1180 1120 1z00
e T e L I I,
1140 GGITGGTGGT AAGCCCTCGA TATATGCTAG TCAGGTGGTA ATAATCTGCT GTATTAAATA
1074 GCICAGT--- —--—--CCTC--
1093 GANTAAGGC- -AHNGACACGA TATATAACA- CARGGCG-—-
1z10 1zz0 1230 1z40 1250 1260
T (O (N KR B IR I
1200 GTGAGGTTAT TCCTGGCGAC ATCCTC T TGCGGGGAAG CCCTACARCA AAAGCAATGA
1094 G————-———=- ————— GC--- G-C-T-——-—- —————— GCTG TC——————— G AAAGCA--—-—-—
1126 —————————- -CTTAGCCAT GTC-—---—— T GACAGAGAGA ————————— G GGAGCAGAG—
1z70 1280 1zg0 1300 1310 1320
T (O (N KR B IR I
12460 CTACTAAGCG CGCCTTGARAA ARAGAGCGCGT GGCGGAGCGT AACGGCTCCG GTACAGTARG
1113 CCACTA--C- —--TCAT---- ---AGCACTT CGC----CGC A--—-G-————-— —-—-——AGAGTG
1160 CTACAC--CG GACCAT---- --GAGCAARCT TGCGGAAGGT GA-—--—-—-—-— —--ACCATACG
(Continued).
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AACGTGATTG CCTGGGGTCA TCCGCAGCCA AGCTCCTTAT AGGGATATAT -GAGAGARGG
CA-G--ACTC ARCG--—-T-A ———GCTA-TA CGC-AC-——— - ———ACGTAT -GCC-——————
GAAG--GACA CTAAAGGTAA TAAGTCA-CT GGCTCA---—- -AGGGTAGGT CGAG--——-——-—-—

1390 1400 1410 1420 1430 1440
T o T T T L [ I
TTCAGAGACT TGACGGGGAT GGGTGAACTC GCAACCAGGT TCGCTTAAGA T GTCCAT
-TTGGCGA-- -G-CGAGA-- G-————-———— —-—-—BCCAT-- -CGC-AT-GA CA--G-GGA-
-—CGARAGA-- GGATGAGGA- - -———- ACCG GCCGAGTGGT ARCCATARAC TAT-GAATGC

1450 1480 1470 1430 1490 1500
A . T T T T T T F T B
TAAAGGCACG ARAGTGTCCT TTTAACAARCC CCCTATAACA GGGAGCCTGC GGCTTAATTT
-—ACAGTACG ----TGCGAA GTT---AAT- T-—--GAG-C TGAAGACTTC GGTAAGAT -
TAGAGATGCG AAGATCGITA GTTCITGACT C-———--—- GIG AGGAACGTAC GAGAAAAT--

1510 1520 1530 1540 1550 1560
e T L L T e e T [ e
GACTCAARCAC GGGGAARCTC ACCAGGTTAA CTGAACAGTT ACTGTCTGGG CCTGGAATAG

—————— GCAT AGAARTAGGT- AC--———-—— -——GGCAGCA ACCG--———- ——————————
————— ARAGT CTTTGGGCIC TT-—----—- —-GGGCGAGT A-TETCTG-— —————-——-—

1570 1580 1520 1600 1610 1620
e T e L I I,
TGATTTGTTT CGCTAGTGCT AGACACTTGT CTACGTGGGA ARGCTCCCGA TTCGGACGTA
—————————— -—-TA-CACT CGARCAGATG- ---—-—--—— ——————-——— ———GAACG-A
—————————— -—--ARGGCT -GAAARCATAR TGAAGCGACA TAAGECACGA CCRGAARGAG

1630 1640 1650 1660 1670 1680
T T e T e L L I T B,
GAGCGGTGGC CTCGCTACCG TTGTCTAGTG CACACCAGCT GGTACAGGGA ACGCTAACCC
CAGCCATGAT CA--CGACC- -TAGCTCATG -ACATCGGCT GGCGCA--——- ————————— T
GAGCCATGCT TA----ATTG GAATAGAGGG TGAACTAGCA GGITCCGGAR GAATGAGGGT

1620 1700 1710 1720 1730 1740
e T L L T e e T [ e
TACATTCGTA GGTATGCCAA TCCTGTGGCG AGCTCAGGTT GCGCTGAGCC GTTGCAACGC
AGGA--CGT- -GAA————— A CCCT-TCGAC AGTGCA--—— ————CGAATC GCTC--ATGA
AGACAATGTA -GAA----CG CCTTTTAG-- AATTGA--——— —-———— GGCGGE GGTCCAAGGC

1750 1760 1770 1780 1720 1300
T o T T T L [ I
GCGGHARAGC GGTGGGCTGC GTCTATTCGA CGTGGCTTAARA GGTACGTGCT AATCCTACGAR
GCAGCAATGC TRAGG-GC——-- —-————-— AGA CGTIG-CT--A --TCAG-GCT AAL——-—— GG
GGGCTAAAGT GGGGAGAARA- —-———--— ARG GTTGGCTTAA —----TGGACC CTT----—-— AR

1310 1320 1830 1840 1850 13860
T T e T e L L I T B,
GAAATCGTAG CCTTCTTGAC TAGGTCCGAA TGTCCTAATC AAGGAGGGCAR GGGCHCGGCT

TARR--———— -- - --BGTCTGGG T----T---C BRG-----GA GGGCCC--—-—
BRAATT-——— —————————— --—-TCCCGA CECCCC--—- —————————- ---ccc----

1570 1880 18580 1500 1910 1920
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TGTTTTACTG CRAGCCCGGC CCTGCGTGTT GGGGGGGGGG GGGGGGATAG ACGATGTGCC
————— CACCA GGAG-CGGAG CCTGCG-GTC --—------A AATTTGACTC AACACGGGGT
-——--CCGCCG TTGCCCCCTIC CCGCCTTATT - -————-————-— —--TTGACCCC AC-CCGGGAR

1930 1240 1950 1960 1370 1980
T o T T T L [ I
CGCCCCTCTG GRGAATGCAG ACACAATGAG GA-TTGACAG ATTGAGAGCT -CTTTCTTGAR
AACTCACCAG G-——--TCCAG ACACAATGAG GA-TTGACAG ATGGGGAGCC -CTTTTTTGAR
C-CTCCCCAG G-——--TCCCA GCCCCATTAG GATTTCCCAG ATTGACAGCC TCTTTCCTCA

(Continued).

202

1378
1177
1247

1438
1209
1295

1498
1252
1347

1558
1278
1378

1618
12989
1424

1678
1341
1480

1738
1381
1524

1798
1419
1567

1858
1445
1588

1218
14882
1631

187€
1543
168E



AB014044
A.mirabilis
R.sp.S5T2301

AB014044
A.mirabilis
R.sp.ST2301

AB014044
A.mirabilis
R.sp.8T2301

AB014044
A.mirabilis
R.sp.8T2301

AB014044
A.mirabilis
R.sp.85T2301

AB014044
A.mirabilis
R.sp.ST2301

AB014044
A.mirabilis
R.sp.S5T2301

AB014044
A.mirabilis
R.sp.ST2301

AB014044
A.mirabilis
R.sp.ST2301

AB014044
A.mirabilis
R.sp.8T2301

Figure 81.

1276
1543
1687

2030
1597
1743

2089
1655
1800

2140
1713
1855

2194
1772
1211

2246
1827
1870

=298
1884
2026

2345
1934
=086

2394
1986
2146

2445
2045
2203

1920 Zzooo 2010 2020 2030 2040
P T T T e T [ e
——TTATGTGG GT-GGTGGTG CATGGCCGTT CITA-GITGG TGGAGTGATT TGT-CTG--C
——TTTGGAGG GC-GGAG-GC CATGGCCGAC TTA--GTIGGG TGGAGAAATT TGT-CCTGCC
T-TTTTGTICC GCTGGTGGTG CCTCGCCCGT CTTACGITGC TCCATTGATT TGT-CTG--C

2050 060 2070 2080 2090 2100
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TTAATTGCGA TRACGARAACG- AGACATTTAC CIGCTAAATA GCCCGTATTG CTTTGGCAGT
TTAATTGCGA TARACCAACG- AGRAATTACC CGCCTAAAAR G-CCGTATGC TTTGGGCAGT
TTAATTCCGA TGCCGACCGAR AGACATTTAC CTGCTAAATA GCCCGTATTG CTTT-GCCA-

2110 z1z0 2130 2140 2150 2180
T T T T T T L I T B,
AC-GCTGGC- —-THCTTAG- -AGGGACTAT CCGCTTAAGC -GGGTGGAARAG TTGGA--TGC

TCCGCTCGCC —-TTCTTTAT TAGGCCCTCT CCGCTTACGC CGGGITGCAAG TTGGCATTGC
--CGCTCGCT GCTTCTTAG- -AGGGCCTCT CCGCCTTCAC CCGTTGCACC GT-TCGAT-C

2170 2180 2190 2200 2210 2220
T T T N A A I
AATARC--AG GTCT-GTGAT -GCCCTTAGA TGTTCTGGGC CGCACGCGC- TTACA-CTG
CACTACCAAG GTCTTGIGTT CGCCCTTAGA TGTTCTGGCC TGCACGCGCC GTTCCT-CTG
CACTACC-AG GTC-TGTGAT -GCCCTTAGA TGTTCTGGCC CGCACGCG-C GTTCCTACTG
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ACAGAG--AC AGCG--AGTA C-TTCCTTAG TAGAGATACT T---GGGTAA TCTTGT
CCA-AGCCGC AGCGGCAGTT C-TTCCTTAG TAGAGATACT T---GGGTARA TCTTGTTACA
ACAGAACGAC AGCGCAGGTC CTTTCCTTAG TAGAGATCCT TCGCGCGTAA TCTTGTTAC-
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CTCTGT---C GTGCTGGGG—- ATA-GAGCAT TGCAATTATT GCTCTTCAR- CG-AG-GAAT
CCTCTTGTCC GTGCTGGGGC ATACGAGCAT TGCAATTATT GCTCTTCAC- CG-AG-GAAT
CCTC-TGT-C GTGCT-GGGC ATAC-AGCAT TGCAATTATT GCTCITTCACA CGTAGCGCCT
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4.4.1.2 ITS sequence analysis
Two representatives of A. mirabilis (SUT051 and SUT056)
isolates and one Rosellinia sp. (ST2310) isolate were investigated. The sequences of
ITS1-5.8S-ITS2 were analyzed. The amplified ITS1-5.8S-ITS2 fragments of all

isolates were similar being approximately 500 bp as shown in Figure 82.

(bp) M L s

1000 _
900 —
700 —
500 —

Figure 82. Gel electrophoresis of ITS1-5.8S-ITS2 fragments of Astrocystis and
Rosellinia using ITSS and ITS4 primers. Lanes: M, DNA marker (100 bp
DNA ladder, Invitrogen); 1, Rosellinia sp. (ST2310); 2, A. mirabilis

(SUTO051); 3, A. mirabilis (SUT056).

After sequencing the ITS1-5.8S-ITS2 fragments, the
boundaries of the ITS1 and ITS2 regions were determined by comparison to published
sequences of the ITS region. The lengths of ITS1-5.8S-ITS2 sequences of A. mirabilis
and Rosellinia sp. ST2310 are summarized in Table 20. The alignment of ITS1-5.8S-

ITS2 sequences of A. mirabilis (SUT051 and SUT056) and Rosellinia sp. ST2310 was
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performed including five available ITS1-5.8S-ITS2 sequences from the GenBank
database; R. arcuata (AB017660), R. pepo (AB017659), R. quercina (AB017661),
and R. necatrix (AB017657 and AB017658). The ITS1 region exhibited the highest
variation whereas the 5.8S region was highly conserved and constant at 155 bp
(Figure 3C in AppendixC). The ITS2 region showed only minor variation. The
phylogenetic trees were then constructed using two methods of neighbour-joining
method by the PHYLIP program (Felsenstein, 1995), and the maximum parsimony
method by PAUP program (Swofford, 2000) as shown in Figure 83 and Appendix 1D

respectively.

Table 20. The length of ITS1-5.8S-ITS2 sequences of A. mirabilis and Rosellinia sp.

ST2310 obtained from DNA sequence analysis.

Species Location/Source ITS1 58S ITS2 Total GenBank
(bp) (bp) (bp) (bp) accession
number

A. mirabilis (SUT051) Ratchaburi Province ~ 172 155 156 483 DQ322078

A. mirabilis (SUT056)  Ratchaburi Province 172 155 156 483  DQ322076

Rosellinia sp. RFD* 178 155 160 493 DQ322077
(ST2310)

* The culture was provided by Dr. Surang Thienhirun, The Royal Forest Department, Thailand.
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Rosellinia sp. (8T2310)

R. arcuata (AB017660)
94 R pepo (AB017659)
‘ 76
R. necatrix (ABO17657)

R. quercina (AB017661)

R. necatrix (AB017658)

A. mirabilis (SUT056)

100 |
| A. mirabitis (SUT051)

D. eschscholzii (SUT039)

0.1

Figure 83. Phylogenetic tree of Astrocystis and Rosellinia based on ITS1-5.8S-1TS2
sequences constructed by using the neighbour-joining method. Daldinia
eschscholzii is the outgroup. Branch lengths are scaled in terms of
expected numbers of nucleotide substitution per site. Numbers on

branches are bootstrap values from 1,000 replication.

The phylogenetic trees obtained from two methods revealed
the same pattern. Rosellinia sp. ST2310 was grouped together with other species of
Rosellinia from GenBank database, R. arcuata (AB017660), R. pepo (AB017659), R.
quercina (AB017661), and R. necatrix (AB017657 and AB017658), while two
isolates of A. mirabilis (SUT051 and SUTO056) were separated with high 96%
bootstrap support. This result indicated the dissimilarity between both genera from a
genetic point of view.

In these molecular analyses, both 18S rDNA sequences and
ITS1-5.8S-ITS2 sequences demonstrated the dissimilarlity between Astrocystis and

Rosellinia, which was in agreement with the concepts of Petrini (1993, 2003), Lessae
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and Spooner (1994), and Whalley (1996) to separate Astrocystis from Rosellinia.

4.4.2 Group II: Camillea
Camillea tinctor is the common species of this genus found in
Thailand, and is also wide spread in the tropics and subtropics (San Martin, Gonzélez,
and Rogers, 1993; Whalley, 1996). The variation of ITS1-5.8S-ITS2 sequences within
these species, C. tinctor, C. selangorensis, and C. leprieurii provided by Dr. Margaret
A. Whalley, was investigated.
4.4.2.1 Genomic DNA extraction and ITS amplification
Genomic DNA was extracted from mycelia of two collections
of C. tinctor (SUT161 and SUT260), and also an isolate of reference strain C. tinctor
(ST2321) obtained by Dr. Surang Thienhirun was included. Two more collections of
C. tinctor (SUT099 and SUT211) were too old and no ascospore was available for
genomic DNA extraction. One specimen of C. selangorensis (KS15) obtained from
Dr. Margaret A. Whalley was used for DNA extraction from ascospores which had
been separated under a stereomicroscope and confirmed before the extraction. A
specimen of C. leprieurii could not be used for the extraction of genomic DNA
because the specimen was covered with other fungal mycelia making it difficult to
isolate the pure ascospores without the risk of subsequent DNA contamination.
Therefore, only C. tinctor and C. selangorensis were amplified for their ITS1-5.8S-
ITS2 regions by using ITS5 and ITS4 as forward and reverse primers respectively.

The results of amplified fragments are shown in Figure 84.
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Figure 84. Gel electrophoresis of ITS1-5.8S-ITS2 fragments of Camillea using
ITS5 and ITS4 primers. Lanes: M, DNA marker (100 bp DNA ladder,
Invitrogen); 1, Camillea tinctor (ST2321); 2, C. tinctor (SUT161); 3, C.

tinctor (SUT260); and 4, C. selangorensis (KS15).

The length of amplified ITSI1-5.8S-ITS2 fragments of C.
tinctor (SUT161, SUT260, and ST2321) and C. selangorensis (KS15) were similar in
size being approximately 500 bp. Since genomic DNA of C. selangorensis (KS15)
was extracted from ascospores, the amplified fragment was in low concentration. It
was because the only small amount of ascospores was used to extract after
observation and isolation under stereomicroscope to make sure they were no

contamination from other fungus spores.
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4.4.2.2 ITS1-5.8S-ITS2 sequence analysis
The amplified ITS1-5.8S-ITS2 fragments of three C. tinctor
isolates and one C. selangorensis (KS15) specimens were performed. The length of

ITS1-5.8S-ITS2 sequences is reported in Table 21.

Table 21. The length of ITS1-5.8S-ITS2 sequences of Camillea tinctor and C.

selangorensis obtained from DNA sequence analysis.

Species Location/Source ITS1 58S ITS2 Total GenBank

(bp) (Bbp) (Gbp) (bp) accession

number
C. tinctor (ST2321) RFD? 204 155 155 514 DQ322080
C. tinctor (SUT161)  Yasothorn Province 190 155 155 500  DQ322081
C. tinctor (SUT260) Trad Province 186 155 155 496  DQ322082
C. selangorensis Liverpool John 175 155 156 486  DQ322083
(KS15) Moores University”

* The culture was provided by Dr. Surang Thienhirun, The Royal Forest Department, Thailand.
® The specimen was provided by Dr. M.A. Whalley, Liverpool John Moores University, U.K., collected
from Malaysia.

After sequencing the ITS1-5.8S-ITS2 fragments, the
boundaries of the ITS1 and ITS2 regions were determined by comparison to published
sequences of the ITS regions. The ITS1-5.8S-ITS2 sequences of both species ranged
from 496 to 514 bp in length. The ITS1 region was high variable in length ranging
from 186 to 204 bp whilst the 5.8S region was quite constant at 155 bp. The length of
ITS2 region ranged from 155 to 159 bp. The ITS1-5.8S-ITS2 sequences of C. tinctor
(SUTI161, SUT260, and ST2321) and C. selangorensis (KS15), including DNA
sequences of C. tinctor (AJ390421) available from the GenBank database, were

aligned. The result revealed the high variation in ITS1 region as shown in Figure 85.
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The complete ITS1-5.8S-ITS2 sequence alignment is given in Appendix 4C. The

identity matrix is shown in the Table 22.

AJ390421
5T2321
S50T161
SO0T2e0
K515

AJ390421
5T2321
S50T1e1
SUT260
K515

AJ390421
5T2321
SO0T161
SUT260
K515

AJ390421
S5T2321
S0T161
SOUT260
K515

AJ390421
5T2321
50T161
S0T260
K515

Figure 85.
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sequence alignment of Camillea tinctor (AJ390421) from

GenBank, C. tinctor (ST2321), C. tinctor (SUT161), C. tinctor

(SUT260), and C. selangorensis (KS15) by using ClustalX and BioEdit

programs. Blocks indicate the short tandem repeat (STR) sequences.
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Table 22. The identity matrix of ITS1-5.8S-ITS2 sequence comparison of Camillea

tinctor and C. selangorensis.

Species C.tinctor  C.tinctor C.tinctor C.tinctor C. selangorensis
(AJ390421) (ST2321) (SUT161) (SUT260) (KS15)

C 22%32)4 2 1.000 0.909 0.890 0.881 0.700

C. t(i;‘%o;m 1.000 0.935 0.924 0.711

C. E?{CJ?;M) 1.000 0.986 0.745

C. Eis%géo) 1.000 0.744

C. ?Iilgr;g?rensw 1.000

Note: 1.000 means 100% identity.

The ITS1-5.8S-ITS2 sequence comparison of the C. tinctor
(SUT161, SUT260, and ST2321) isolates varied from 88.1% to 98.6% identity which
was a result of the insertion and/or deletion of DNA fragments in the ITS1 region.
Andersen and Torsten (1997) reported the presence of a DNA motif repeated in
tandem or short tandem repeats (STR) of ITS1 sequences, which caused an increased
rate of mutation in the ITS1 sequence of these fungi. When using STAR software
(Delgrange and Rivals, 2004), ITS1 sequences of different C. tinctor isolates
examined exhibited eleven nucleotides repeated in tandem from three to five times
(Figure 85). There were eight variation patterns of the STR motif found in the isolates
of C. tinctor and C. selangorensis as shown in Table 23. All of these modifications
were followed the basic motif 5" CTACCCTGTAG 3" as reported by Platas et al.

(2001).
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Table 23. Short tandem repeat motifs found in the isolates of Camillea tinctor and C.
selangorensis (KS15). The gray characters are mutation point changed

from the basic motif.

Zz
e

STR motif (5" to 3")

CTACCCTGTAG
CTACCCTGCAG
CTACCCGGTAG
CTACCCTACAG
TACCCTGGAG
TACCT AG
TACCC AG

ACCCTACAG

0N DNk~ W~

The mechanisms of evolution of repetitive sequences are
assumed to be shaped by both intra- or inter-strand recombinational effects such as
unequal crossing over, or other mechanisms involving failures in the replication of the
DNA such as slipped-strand mispairing (SSM) (Levinson and Gutman, 1987) or
replication slippage (Pinder et al., 1998). The SSM is a process in which
misalignment intermediates are formed during DNA synthesis or recombination, as a
result of the slippage of DNA strands in regions containing repeated nucleotides, or
repeated sequences. This phenomenon causes short deletions or insertions and
duplications (Levinson and Gutman, 1987). These might be the reason for genetic
variation among species of C. tinctor (SUT161, SUT260, and ST2321) which
presented the different numbers and patterns of STR motifs within the ITS1
sequences. Although ITS sequence analysis of C. tinctor (SUT161, SUT260, and
ST2321) varied from 88.1% to 98.6%, they were placed in the same species. In
addition, their morphological characteristics absolutely matched C. tinctor (Berk.)

Lassoe, J.D. Rogers & Whalley described by Lassee et al. (1989). Camillea
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selangorensis (KS15) also contained three repeated motifs in subsequently different
patterns. The phylogenetic trees of C. tinctor and C. selangorensis were constructed
based on ITS1-5.8S-ITS2 sequences using the neighbour-joining method by the
PHYLIP program (Felsenstein, 1995), and the maximum parsimony method by PAUP
program (Swofford, 2000) as shown in Figure 86 and Appendix 2D respectively. The
trees exhibited the separation of the two species, C. selangorensis and C. tinctor, from
each other with high bootstrap support. The three isolates of C. tinctor (SUT161,
SUT260, and ST2321) examined were grouped together with the two C. tinctor
sequences (AJ390421 and AJ390422) from the GenBank database although they

exhibited genetic variation within their ITS1 regions.

C. selangarensis (K315)

C. obularia (AJ390423)

C. tinctor (ST2321)
100

D). eschcholzii

-[ C. tinctor (SUT260)

C. #inctor (SUT161)

C. tinctor (AJ390421)

98 |
0.1 C. dinctor (AJ390421)

Figure 86. Phylogenetic tree of Camillea based on ITS1-5.8S-ITS2 sequences

constructed by using the neighbour-joining method. Daldinia
eschscholzii is the outgroup. Branch lengths are scaled in terms of
expected numbers of nucleotide substitution per site. Numbers on

branches are bootstrap values from 1,000 replications.
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4.4.3 Group III: Daldinia

Daldinia eschscholzii and D. concentrica have been classified into five
new species by Stadler et al. (2004) using anamorph characteristics and perispore
ornamentation by SEM but there were still some serious limitations for uncultured
specimens or failure of anamorph production in culture. The ITS1-5.8S-ITS2

sequence of Daldinia eschscholzii and D. concentrica were then investigated.
4.4.3.1 Genomic DNA extraction and I'TS1-5.8S-ITS2 amplification
Genomic DNA of seven representatives of D. eschscholzii
isolates were extracted from their mycelia. Two cultural isolates of D. concentrica
(L1 and L2) obtained from Prof. Anthony J.S. Whalley were also included. Initially,
the ITS1-5.8S-ITS2 amplification products most Daldinia isolates could not be
achieved. It might be because of some inhibitors in DNA extracts which had brown to
dark brown in colour corresponding to the fungus mycelia. Then, the DNA solutions
were diluted into 1:50, 1:100, 1:200, 1:500, and 1:1,000 (v/v) before amplification.
The fragments obtained, approximately 500 bp, were successfully amplified from

ITS1-5.8S-ITS2 regions as shown in Figure 87.

4.4.3.2 ITS1-5.8S-ITS2 sequence analysis
The amplified ITS1-5.8S-ITS2 fragments of D. eschscholzii
and D. concentrica were sequenced. The length of ITS1-5.8S-ITS2 sequences
obtained is concluded in Table 24. The length of ITS1-5.8S-ITS2 sequences of all D.
eschscholzii isolates was similar, ranging from 479 to 482 bp in size, whilst two
isolates of D. concentrica (L1 and L2) were 499 bp. The comparison of ITS1-5.8S-

ITS2 sequences revealed 95.4% to 99.7% identity within isolates of D. eschscholzii
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examined but there was 100% identity within the D. concentrica specimens (Table 4,

Appendix C).

{bp} M 12 3 4567 (bp} Mg 9

1000 __
700 —
500 —

1000 —
700 —

Figure 87. Gel electrophoresis of ITS1-5.8S-ITS2 fragments of Daldinia using ITSS
and ITS4 primers. Lanes: M, DNA marker (100 bp DNA ladder,
Invitrogen); 1, Daldinia eschscholzii (SUT038); 2, D. eschscholzii
(SUT039); 3, D. eschscholzii (SUT168); 4, D. eschscholzii (SUT169); 5,
D. eschscholzii (SUT178); 6, D. eschscholzii (SUT209); 7, D.
eschscholzii (SUT278); 8, D. concentrica (L1); and 9, D. concentrica

(L2).
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Table 24. The length of ITS1-5.8S-ITS2 sequences of Daldinia eschscholzii and D.

concentrica obtained from DNA sequence analysis.

Species Location/Source ITS1 5.8S 1ITS2 Total GenBank
(bp) (bp) (bp) (bp)  accession
number
D. eschschozii (SUT039)  Ratchaburi Province 164 155 162 481 DQ322084
D. eschschozii (SUT085)  Yasothorn Province 164 155 162 481 DQ322085
D. eschschozii (SUT168)  Yasothorn Province 164 155 163 482 DQ322086
D. eschschozii (SUT178)  Nakhon Ratchasima 164 155 163 482 DQ322087
Province
D. eschschozii (SUT209)  Trad Province 163 155 163 481 DQ322088
D. eschschozii (SUT278)  Kanchanaburi 163 155 159 477 DQ322089
Province
D. eschschozii (SUT322)  Chiang Rai Province 164 155 164 483 DQ322090
D. concentrica (L1) Liverpool John 173 155 171 499 DQ322091
Moores University*
D. concentica (L2) Liverpool John 173 155 171 499 DQ322092

Moores University™*

* The specimen was provided by Prof. Anthony J.S.

University, U.K.

Whalley, Liverpool John Moores

The phylogenetic trees of D. eschscholzii and D. concentrica

were constructed based on ITS1-5.8S-ITS2 sequences using the neighbour-joining

method by PHYLIP program (Felsenstein, 1995) and the maximum parsimony

method by PAUP program (Swofford, 2000) as shown in Figure 88 and Appendix 3D,

respectively. The ITS1-5.8S-ITS2 sequences of Daldinia species from GenBank

database were also included in the phylogenetic tree construction. The trees contained

three major clades.
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C. finctor (AJ390421)
D. grandis (AF176982) 7
Daldinia sp. (AY315403)
D. loculaia (AF176969)
D. loculata (AF176968)

82| |D. loculata (AF176967)

D, petrinia (AF176975)
D. petrinia (AF176974) I
D. petrinia (AF176973)

100

09 g D. vermicosa (AF163021)

D. fissa (AF176981)
Dealdinia sp. (AF163023)

D, concentrica (AF163021)
D. concenirica (AF176958)

100 | D. concenirica (AY616681)

D. concentrica (L1)

D. concentrica (L2) II
D. concenirica (AY616682)
D. concentrica (AGTS305)
. concentrica (AGTS3I06)
D). concentrica rAGTRI96 =
D. concenirica (AY616682)
D. eschschoizii (SUT0ES)
D. eschschoizii (SUT039)

D, eschschoizii (AGTS384)
D. eschscholzii (SUT209) I

D. eschschoizii (SUT178)
D. eschscholzii (SUT278)
D. eschscholzii (AY616684)

D, eschscholzii (SUT168)
D, eschycholzii (SUT322)

0.1

Figure 88. Phylogenetic tree of Daldinia species based on ITS1-5.8S-ITS2

sequences using the neighbour-joining method. Camillea tinctor is the
outgroup. Branch lengths are scaled in terms of expected numbers of

nucleotide substitution per site. Numbers on branches are bootstrap

values from 1,000 replication.
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Clade 1 consisted of D. grandis (AF176982), Daldinia sp.
(AY315403), D. loculata (AF176969, AF176968, AF176967), D. petrinia
(AF176975, AF176974, AF176973), D. vericosa (AF163022), D. fissa (AF176981),
Daldinia sp. (AF163023), and D. concentrica (AF163021). Clade II consisted of nine
D. concentrica (AF176958, AY616681, AY616682, AY616684, AGTS305,
AGTS306, AGTS396, L1, and L2). Clade III contained all the D. eschscholzii
examined except for only one sequence of D. concentrica (AY616682), which was
included. The sequences of D. eschscholzii examined were all grouped together in
clade III including D. eschscholzii (AGTS384 and AY616684) from the GenBank
database. This result confirmed that D. eschscholzii is a common species found in
Thailand. Although D. concentrica (AY616682) was placed in the same clade as D.
eschscholzii, it might be caused by genetic variation within the species or belonging to
different species because D. concentrica has been separated into different new species
as previously described by Stadler et al. (2004). In addition, another sequence of D.
concentrica (AF163021) was placed in clade I with high bootstrap support, and this
might be the same reasons as mentioned above. Most D. concentrica sequences from
database were placed in clade II and these included two specimens examined, D.

concentrica (L1 and L2).

4.4.4 Group IV: Hypoxylon
Since Hypoxylon is a large and complex genus with the high variation
in morphological characteristics, several species could not be identified. The nucleic

acid methodology was then applied to clarify species problem.
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4.4.4.1 Hypoxylon section Annulata

Thirty five collections belonging to nine species of
Hypoxylon sect. Annulata were investigated for their nucleic acid sequences. Twelve
isolates provided by Dr. Surang Thienhirun, and two specimens provided by Dr. Ju-
Ming Yu as reference strains were also included. Genomic DNA was extracted from
either cultural mycelia or ascospores depending on the culturable specimens. In case
of coloured DNA solution, it was diluted as previously described in section 4.4.3.1.
The length of amplified ITS1-5.8S-ITS2 fragments ranged from 500 to 1,000 bp as
shown in Figure 89. The amplified ITS1-5.8S-ITS2 fragments were sequenced. The
length of ITS1-5.8S-ITS2 sequences is listed in Table 25.

The ITS1-5.8S-ITS2 sequences of Hypoxylon sect. Annulata
examined varied in length from 525 to 906 bp. This high variation resulted found in
the ITS1 region, which ranged from 157 to 588 bp. The ITS2 sequences ranged from
154 to 170 bp whilst 5.8S sequences were highly constant at 155 bp. The extremely
long ITS1 regions (716 to 906 bp) were found in four collections of H. atroroseum
(SUTO009 and SUTO010), Hypoxylon sp. (ST2336), Hypoxylon taxonomic species 1
(SUT236, SUT242, SUT251, and SUT285), H. stygium (SUT058, SUT231, and
SUT243) and H. urceolatum (SUT098). The extremely long ITS1 sequences of H.
atroroseum (SUT009 and SUT010) and H. stygium (SUTO058, SUT231, and SUT243)
were similar to H. atroroseum (AJ390397) and H. stygium (AJ390409) respectively.
Both H. atroroseum (AJ390397) and H. stygium (AJ390409) were available from the
GenBank database as previously reported by Sanchez-Ballesteros et al. (2000).

Moreover, Hypoxylon sp. (ST2336), Hypoxylon taxonomic species 1 (SUT236,
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SUT242, SUT251, and SUT285), and H. urceolatum (SUT098), which had the long

ITS1 sequences, were found in this study.

bp) M1 2 345 6789 101112

900
800 —
700 —
600 —
500 —

Figure 89. Gel electrophoresis of ITS1-5.8S-ITS2 fragments of Hypoxylon sect.
Annulata using ITS5 and ITS4 primers. Lanes: M, DNA marker (100 bp
DNA ladder, Invitrogen); 1, Hypoxylon nitens (ST2313); 2, H. stygium;
3, H. purpureonitens (SUT001); 4, H. atroroseum (SUT009); 5, H.
purpureonitens (SUTO005); 6, H. atroroseum (SUTO010); 7, H. nitens
(SUTO081); 8, H. moriforme (SUT220); 9, H. nitens (244); 10, H. bovei
var. microspora (SUTO025); 11, H. cf. archeri (SUT103); and 12, H.

purpureonitens (SUT262).



221

Table 25. The length of ITS1-5.8S-ITS2 sequences of Hypoxylon sect. Annulata

obtained from DNA sequence analysis.

Species Location/Source ITS1 58S ITS2 Total GenBank
(bp) (bp) (bp) (bp) accession
number
H. cf. archeri (SUT103) Songkhla Province 209 155 161 525 DQ201121
H. cf. archeri (SUT105) Songkhla Province 209 155 161 525  DQ201122
H. cf. archeri (ST2333) RFD?® 209 155 161 525 DQ201123
H. cf. archeri (ST2527) RFD* 224 155 160 539  DQ201124
H. atroroseum Nakhon Ratchasima 506 155 164 825 DQ223733
(SUTO009) Province
H. atroroseum Nakhon Ratchasima 506 155 164 825 DQ223734
(SUTO010) Province
H. bovei var. Chaiyaphum Province 202 155 170 527  DQ322096
microspora (SUT025)
H. bovei var. The University of 226 155 167 548  DQ201127
microspora (Ju2) Taiwan®
H. bovei var. RFD* 226 155 167 548  DQ201129
microspora (ST2579)
H. bovei var. RFD* 225 155 167 547 DQ201128
microspora (ST2406)
H. leptascum var. RFD? 248 155 159 562 DQ322097
macrospora (ST2584)
H. moriforme (SUT220) Trad Province 230 155 165 550 DQ322129
H. nitens (Jul) The University of 158 155 166 479  DQ223750
Taiwan”
H. nitens (ST2313) RFD* 158 155 166 479  DQ223751
H. nitens (ST2332) RFD* 233 155 166 554  DQ322098
H. nitens (ST2436) RFD* 158 155 166 479  DQ322099
H. nitens (ST2473) RFD* 158 155 166 479  DQ223752
H. purpureonitens Nakhon Ratchasima 225 155 166 546  DQ322100
(SUTO001) Province
H. purpureonitens Nakhon Ratchasima 225 155 169 549  DQ223753
(SUTO004) Province
H. purpureonitens Nakhon Ratchasima 225 155 165 545 DQ322101
(SUTO005) Province
H. purpureonitens Yasothorn Province 225 155 169 549  DQ223754
(SUT167)
H. purpureonitens Trad Province 225 155 169 549  DQ223755
(SUT262)
H. purpureonitens RFD* 225 155 169 549  DQ223756
(ST2448)
H. purpureonitens RFD* 225 155 169 549  DQ223757
(ST24385)
H. stygium (SUT058) Ratchaburi Province 477 155 164 796  DQ223760
H. stygium (SUT231) Trad Province 588 155 163 906 DQ322102

* The culture was provided by Dr. Surang Thienhirun, The Royal Forest Department, Thailand.
® The specimen was provided by Dr. Ju-Ming Yu, The University of Taiwan, Taiwan.
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Species Location/Source ITS1 58S ITS2 Total GenBank
(bp) (bp) (bp) (bp) accession
number
H. stygium (SUT243) Trad Province 477 155 164 796  DQ223761
H. urceolatum (SUT098) Songkhla Province 398 155 163 716  DQ322103
Hypoxylon sp. (ST2336) RFD? 176 155 154 489  DQ322104
Hypoxylon taxonomic Nakhon Ratchasima 560 155 155 870  DQ322105
species 1 (SUTO081) Province
Hypoxylon taxonomic Trad Province 566 155 155 876  DQ322106
species 1 (SUT236)
Hypoxylon taxonomic Trad Province 566 155 155 876  DQ322107
species 1 (SUT242)
Hypoxylon taxonomic Trad Province 566 155 154 875  DQ322108
species 1 (SUT244)
Hypoxylon taxonomic Trad Province 566 155 155 876  DQ322109
species 1 (SUT251)
Hypoxylon taxonomic Kanchanaburi 566 155 154 875  DQ322110
species 1 (SUT285) Province

* The culture was provided by Dr. Surang Thienhirun, The Royal Forest Department, Thailand.
® The specimen was provided by Dr. Ju-Ming Yu, The University of Taiwan, Taiwan.

A) ITS1-5.8S-ITS2 sequence analysis

Since there was a high variation in size of ITS1-5.8S-

ITS2 region (476 bp to 906 bp), they could not be unambiguously aligned correctly.

For sequence alignment, Hypoxylon sect. Annulata could be divided into 2 groups

according to their ITS1-5.8S-ITS2 fragment sizes, which were 716 bp to 906 bp

(group I) and 476 bp to 566 bp (group II) respectively. The group I composed of H.

atroroseum, H. stygium, H. cf. stygium (SUT231), Hypoxylon taxonomic species 1,

and H. urceolatum (SUT098). After their sequences were aligned with reference

strains, H. stygium (AJ390409) and H. atroroseum (AJ390397), available from the

GenBank database, the phylogenetic trees were constructed using both the neighbour-

joining method (PHYLIP program; Felsenstein, 1995), and the maximum parsimony

(PAUP program; Swofford, 2000). Similar patterns of phylogenetic trees were
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obtained from the two analysis methods (Figure 90 and Appendix 4D). The trees
composed of two clades. Clade I consisted of H. atroroseum (SUT009, SUT010, and
AJ390397), H. stygium (SUTO058, SUT243, and AJ390409), H. cf. stygium (SUT231),
and H. urceolatum (SUTO098), whilst clade II consisted of only one species,
Hypoxylon taxonomic species 1 (SUT081, SUT242, SUT244, SUT251, and SUT285).

Two isolates of H. atroroseum (SUT009 and SUTO010)
and H. atroroseum (AJ390397) from the GenBank database were grouped together.
But the two isolates of H. stygium (SUT058 and SUT243) examined were in another
group with H. stygium (AJ390397) from the GenBank database. Hypoxylon
atroroseum and H. stygium appeared to be closely related as shown by their 94 %
identity.

The ITS1-5.8S-ITS2 sequence alignments of H.
atroroseum (SUT009, SUTO010, and AJ390397) and H. stygium (SUT058, SUT243,
and AJ390397) revealed the insertion and/or deletion sequences of 28 bp (5" ATCTG
CTCGAATAAAATTGCTTCAATAT 3") within the ITS1 region. This sequence
fragment might be useful for the designer of a probes or markers for species specific
detection. This molecular result was in agreement with their closely related
morphological characteristics except that the stromata of H. atroroseum often have
rosy surface tones and the conidiogenous structure of H. atroroseum is
Nodulisporium-like, whereas that of H. stygium is Periconiella-like (Ju and Rogers,
1996). However, H. atroroseum and H. stygium were separated from each other with

high 100% bootstrap support based on ITS1-5.8S-ITS2 sequence analysis.



224

C. Hnctor

H. urceclatum (SUT098) .

— H. cf. stygium (SUT231)

100

H. stygium (AJ390409)

100
H. stygium (SUT058)

H. stygium (SUT243)

H. atroroserm (AJ390397)

100
H. atroroseum (SUT009)

H. atrorosenm (SUT010) |

- Hypoxylon taxonomic species 1{SUT242)

100

Hypoxylon taxonomic species 1 (SUT251)

Hypoxylon taxonomic species 1 (SUT081)

L Hypoxylon taxonomic species 1 (SUT244)

Hypoxylon taxonomic species 1 (SUT258)

Figure 90. Phylogenetic tree of Hypoxylon sect. Annulata containing extremely long
ITS1 region (398 bp to 588 bp) based on ITS1-5.8S-ITS2 sequences
using the neighbour-joining method. Camillea tinctor is the outgroup.
Branch lengths are scaled in terms of expected numbers of nucleotide
substitution per site. Numbers on branches are bootstrap values from

1,000 replications.
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In addition H. cf. stygium (SUT231) contained the largest
ITS1 region, 588 bp, and was branched from H. stygium but still showed close
relationship to both taxa. Hypoxylon cf. stygium (SUT231) differed from H. stygium
in stromatal form. Hypoxylon cf. stygium (SUT231) had conspicuous perithecial
mounds and broad size of ostiolar disc (0.1-0.3 mm diameter). This might be genetic
variation within the species or it might indicate a distinct taxon.

Hypoxylon urceolatum (SUT098) was separately
branched from H. atroroseum (SUT009, SUTO010, and AJ390397), H. stygium
(SUTO058, SUT243, and AJ390397), and H. cf. stygium (SUT231). In addition,
Hypoxylon urceolatum has the distinctive characteristic of KOH-extractable pigment
in purplish (Ju and Rogers, 1996). However, all taxa in clade I had a convex
truncatum-type of ostiolar disc and small in the size of their ostiolar disc.

Clade II consisted of only one taxon, Hypoxylon
taxonomic species 1 (SUT081, SUT242, SUT244, SUT251, and SUT285), which had
a bovei-type of ostiolar disc. Although its morphological characteristics were close to
both H. nitens and H. bovei var. microspora, the size of ITS1-5.8S-ITS2 region was
absolutely different from those two taxa.

The group II (476 to 566 bp) composed of H. cf. archeri
(SUT103, SUTI105, ST2333, and ST2527), H. bovei var. microspora (SUT025,
ST2406, ST2579, and Ju2), H. leptascum var. macrosporum (ST2584), H. moriforme
(SUT220 and ST2332), H. nitens (ST2313, ST2436, ST2473, and Jul), and H.
purpureonitens (SUT001, SUT004, SUT005, SUTI167, SUT262, ST2448, and
ST2485). Sequence alignment of ITS1-5.8S-ITS2 was performed. The phylogenetic

trees were constructed by using both the neighbour-joining method (PHYLIP



226

program, Felsenstein, 1995), and the maximum parsimony method (PAUP program,
Swofford, 2000). Both methods also exhibited the similar phylogenetic tree except for
bootstrap valves. The trees were divided into three clades (Figure 91 and Appendix
5D).

Clade I consisted of Hypoxylon sp. (ST2336), which was
separated from other taxa. Clade II consisted of seven species, H. annulatum
(AJ390395), H. bovei var. microspora (SUT025, ST2406, ST2579, and Ju2), H.
cohaerens (AJ390406), H. leptascum var. macrosporum (ST2584), H. moriforme
(SUT220 and ST2332), H. nitens (ST2313, ST2436, ST2473, and Jul), and H.
purpureonitens (SUT001, SUT004, SUTO005, SUT167, SUT262, ST2448, and
ST2485), which were clearly separated from each other. These isolates of H. nitens
(ST2313, ST2436, and ST2473) were grouped together including a reference strain,
H. nitens (Jul). Hypoxylon bovei var. microspora (ST2406, ST2579, and SUTO025)
isolates were also clustered with a reference strain, H. bovei var. microspora (Ju2),
although some variation within the species appeared to represent a distinctive taxon.
Hypoxylon bovei var. microspora was placed close to H. moriforme (SUT220 and
ST2332), and they were similar in their morphological characteristics except for the
type and size of their ostiolar disc.

All of H. purpureonitens isolates (SUT001, SUTO004,
SUTO005, SUT167, SUT262, ST2448, and ST2485) were grouped together and
showed slightly variation among collections. Although the morphological
characteristics of H. purpureonitens and H. nitens are very similar except for having
purplish KOH-extractable pigments in H. purpureonitens (Ju and Rogers, 1996). They

were completely different in molecular data.
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Figure 91. Phylogenetic tree of Hypoxylon sect. Annulata based on ITS1-5.8S-1TS2
sequences using the neighbour-joining method. Camillea tinctor
(AJ394021) is the outgroup. Branch lengths are scaled in terms of
expected numbers of nucleotide substitution per site. Numbers on

branches are bootstrap values from 1,000 replications.
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Clade III contained only one species of H. cf. archari
(SUT103, SUT105, ST2333, and ST2527). The morphological features of this taxon
were similar to those of H. archeri Berk. and H. michelianum Ces. & De Not.
Ascospore dimensions, stromatal form, and coloration were indicative of H. archeri
but the distinctive white fringe surrounding the ostioles was reminiscent of H.

michelianum. This taxon remains unknown.

B) ITS2 sequence analysis

Although the length of the ITS1 region of Hypoxylon sect.
Annulata differed considerably (ranging from 157 to 588 bp), the length of ITS2
region was not so different (ranging from 147 to 170 bp). Therefore, ITS2 sequences
of all Hypoxylon sect. Annulata taxa were aligned together, and the phylogenetic trees
were constructed using both the neighbour-joining method (PHYLIP program,
Felsenstein, 1995), and the maximum parsimony method (PAUP program, Swofford,
2000). Both methods exhibited the same pattern of trees except for their bootstrap
valves. The trees contained three main clades (Figure 92 and Appendix 6D).

Clade I was a complex clade consisting of seven species,
H. nitens (ST2313, ST2436, ST2473, and Jul), H. atroroseum (SUT009, SUT010,
AJ390397), H. stygium (SUTO058, SUT243, and AJ390409), H. cf. stygium (SUT231),
H. leptascum var. microsporum (ST2548), H. urceolatum (SUT098) and Hypoxylon
taxonomic species 1 (SUTO081, SUT242, SUT244, SUT251, and SUT285). Four
specimens of H. nitens (ST2313, ST2436, ST2473, and Jul) were grouped together in
the same cluster, which was clearly separated from Hypoxylon taxonomic species 1

(SUTO81, SUT242, SUT244, SUT251, and SUT285).
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Figure 92. Phylogenetic tree of Hypoxylon sect. Annulata based on ITS2 sequences
using the neighbour-joining method. Camillea tinctor is the outgroup.
Branch lengths are scaled in terms of expected numbers of nucleotide

substitution per site. Numbers on branches are bootstrap values from

1,000 replications.



230

Hypoxylon atroroseum (SUT009, SUTO010, and
AJ390397), H. stygium (SUT058, SUT243, and AJ390409), and H. cf. stygium
(SUT231) exhibited a similar pattern on ITS1-5.8S-ITS2 sequence analysis (Figure
90) and ITS2 sequence analysis (Figure 92). Thus, this result confirmed the close
relationship among these taxa.

Hypoxylon leptascum var. microsporum (ST2548) and H.
urceolatum (SUT098) were grouped together in the same cluster. Their morphological
characters are also similar in convex truncatum-type of ostiolar disc, and overlap in
ascospore size, but they differ in their KOH-extractable pigments (Ju and Rogers,
1996). Hypoxylon leptascum var. microsporum (ST2548) was greenish olivaceous
whilst H. urceolatum (SUT098) was vinaceous purple or vinaceous grey.

Clade 1II consisted of six species including H. cohaerens
(AJ390406), H. bovei var. microspora (SUT025, ST2406, ST2579, and Ju2), H.
purpureonitens (SUT001, SUT004, SUT005, SUTI167, SUT262, ST2448, and
ST2485), Hypoxylon sp. (ST2336), H. annulatum (AJ390395), and H. moriforme
(SUT220 and ST2332). The pattern of phylogenetic trees in clade II was also similar
to the tree constructed from ITS1-5.8S-ITS2 sequence (Figure 91), which confirmed
the close relationships within this clade except that H. moriforme (ST2336) and H.
annulatum (AJ390395) placed as sister branch.

Hypoxylon sp. (ST2336) was placed in the same cluster as
H. annulatum (AJ390395), which indicated a close relationship for both species. The
morphological characters of Hypoxylon sp. (ST2336), which are usually has
glomerate stromata, can look quite like H. annulatum when the stromata are

hemispherical. The usually evident perithecial mounds and less massive stromata are
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useful in identifying H. moriforme. Moreover, H. annulatum is a Northern temperate
species, and is highly associated with Quercus (Ju and Rogers, 1996).

Clade III contained only H. cf. archari (SUT103,
SUT105, ST2333, and ST2527) isolates (Figure 91).

From molecular analysis of ITS1-5.8S-ITS2 sequences
and ITS2 sequence revealed the similarity of phylogenetic relationships based on both
methods of the neighbour-joining and maximum parsimony. The trees exhibited a
clear separation of the species complex within Hypoxylon sect. Annulata, and also
indicated the range of genetic variation within each species (Figures 90, 91 and 92).
Moreover, some taxa might prove to be the new taxa when further collections are

made and examined.

4.4.4.2 Hypoxylon section Hypoxylon
Forty four representatives of Hypoxylon collections belonging
to twenty one species were extracted for genomic DNA from either cultural mycelium
or ascospores depending on the specimens. The amplified ITS1-5.8S-ITS2 fragments
were approximately 500 to 600 bp (Figure 93). They were then sequenced. The sizes

of ITS1-5.8S-ITS2 fragments are listed in Table 26.
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Figure 93. Gel clectrophoresis of ITS1-5.8S-ITS2 fragments of Hypoxylon sect.
Hypoxylon using ITS5 and ITS4 primers. Lanes: M, DNA marker (100
bp DNA ladder, Invitrogen); 1, Hypoxylon investiens (SUT041); 2, H.
investiens (SUT063); 3, H. lenormandii (SUT046); 4, H. lenormandii
(SUT180); 5, H. hypomiltum (SUT166); 6, H. cf. perforatum (SUT294);
7, H. rubiginosum (SUT146); 8, H. kanchanapisekii sp. nov. (SUT066);

and 9, H. sublenormandii sp. nov. (SUT282).

Table 26. The length of ITS1-5.8S-ITS2 sequences of Hypoxylon sect. Hypoxylon

obtained from DNA sequence analysis.

Species Location/Source ITS1T 58S ITS2 Total GenBank

(bp) (bp) (bp) (bp) accession

number

H. anthochroum Trad Province 180 155 162 497  QD201125
(SUT233)

H. anthochroum Trad Province 180 155 162 497  QD201126
(SUT240)

H. brevisporum Trad Province 165 155 161 481 DQ322111
(SUT256)

H. duranii Trad Province 206 155 184 545  DQ322112
(SUT223)

H. cf. ferruginuem Ratchaburi Province 131 155 159 445  DQ322113
(SUT070)

H. cf. fendleri (SUT061) Ratchaburi Province 181 155 163 499  QD201130

* The culture was provided by Dr. Surang Thienhirun, The Royal Forest Department, Thailand.
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Species Location/Source ITS1 5.8S 1ITS2 Total GenBank
(bp) (bp) (bp) (bp) accession
number

H. cf. fendleri (SUT120) Petchaboon 185 155 161 501 QD201131
Province

H. cf. fendleri (SUT159) Yasothorn Province 183 155 164 502 QD201132

H. cf. fendleri (SUT162) Yasothorn Province 183 155 165 503  QD223735

H. cf. fendleri (SUT165) Yasothorn Province 182 155 163 500 QD223736

H.cf. fendleri (SUT280) Kanchanaburi 156 155 163 474  QD223737
Province

H. haematostroma Yasothorn Province 176 155 161 492  QD223738

(SUT164)

H. haematostroma Kanchanaburi 176 155 161 492  QD223739

(SUT292) Province

H. haematostroma Kanchanaburi 176 155 161 492  QD223740

(SUT293) Province

H. hypomiltum (SUT166)  Yasothorn Province 213 155 160 528 QD322114

H. investiens (SUT041) Ratchaburi Province 276 155 153 584 QD322115

H. investiens (SUT063) Ratchaburi Province 230 155 155 540 QD322116

H. kanchanapisekii Ratchaburi Province 209 155 162 526 QD223741

(SUTO066) sp. nov.

H. kanchanapisekii Ratchaburi Province 209 155 162 526  QD223742

(SUTO068) sp. nov.

H. kanchanapisekii Ratchaburi Province 209 155 162 526 QD223743

(SUTO069) sp. nov.

H. lenormandii (SUT016)  Burirum Province 188 155 160 503 QD223744

H. lenormandii (SUT046) Ratchaburi Province 208 155 165 528 DQ322117

H. lenormandii (SUT180) Nakhon Ratchasima 188 155 160 503 QD223745
Province

H. lenormandii (ST2324) RFD* 188 155 160 503  QD223746

H. monticulosum Ratchaburi Province 171 155 165 491 QD223747

(SUT042)

H. monticulosum Nakhon Ratchasima 171 155 165 491 QD223748

(SUT080) Province

H. monticulosum Songkhla Province 171 155 165 491 QD223749

(SUT116)

H. cf. perforatum Burirum Province 301 155 156 612 QD322118

(SUT020)

H. cf. perforatum Trad Province 206 155 186 547 QD322119

(SUT218)

H. cf. perforatum Kanchanaburi 209 155 161 525  QD322120

(SUT294) Province

H. rubiginosum (SUT215) Trad Province 178 155 164 497  QD223758

H. rubiginosum (SUT221) Trad Province 178 155 164 497  QD223759

H. subgilvum var. Songkhla Province 148 155 164 467 QD322121

microsporum (SUT104)

* The culture was provided by Dr. Surang Thienhirun, The Royal Forest Department, Thailand.



234

Table 26. (Continued).

Species Location/Source ITS1 5.8S ITS2 Total GenBank
(bp) (bp) (bp) (bp) accession
number
H. subgilvum var. Songkhla Province 149 155 153 457 QD322122
microsporum (SUT108)
H. sublenormandii sp. Trad Province 198 155 16l 514  QD223762
nov. (SUT250)
H. sublenormandii sp. Kanchanaburi 198 155 161 514  QD223763
nov. (SUT282) Province
H. suranareei (SUT183) Nakhon Ratchasima 199 155 162 516  QD223764
Sp. Nov. Province
H. trugodes(SUT146) Nakhon Ratchasima 182 155 168 505 QD322123
Province
H. trugodes (SUT148) Nakhon Ratchasima 181 155 152 488  QD322124
Province
H. trogodes (SUT187) Nakhon Ratchasima 181 155 158 494 QD322125
Province
Hypoxylon taxonomic Nakhon Ratchasima 130 155 166 451 QD322126
species 2 (SUTO082) Province

Hypoxylon taxonomic Yasothorn Province 173 155 160 488  QD322127
species 3 (SUT158)
Hypoxylon taxonomic Trad Province 131 155 158 444 QD322128
species 4 (SUT237)
* The culture was provided by Dr. Surang Thienhirun, The Royal Forest Department, Thailand.

The length of ITS1-5.8S-ITS2 sequences of Hypoxylon sect.
Hypoxylon ranged from 445 to 612 bp. The ITS1 sequences revealed the highest
variation ranging from 131 to 209 bp. The ITS2 sequences ranged from 152 to 184
bp, whilst 5.8S sequences were highly constant at 155 bp. The sequences of two
isolates, H. cf. ferrugineum (SUT017) and H. macrocapum (SUT045), could not be
achieved. This might be because of either the variation of ITS1-5.8S-ITS2 sequences
within the species or the direct sequencing of the amplified ITS1-5.8S-ITS2
fragments, which some fragments might contain a mutation and/or be GC rich.
Therefore, their sequences could not be clearly performed.

The ITS1-5.8S-ITS2 sequences of Hypoxylon sect.
Hypoxylon examined were aligned and their phylogenetic trees were constructed by

using the neighbour-joining method by the PHYLIP program (Felsenstein, 1995), and
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the maximum parsimony method by the PAUP program (Swofford, 2000) (Figure 94
and Appendix 7D). The ITS1-5.8S-ITS2 sequences of related Hypoxylon species from
the GenBank database, H. fendleri (AJ390400) and H. perforatum (AJ390407), were
also included. The phylogenetic trees show four main clades.

Clade I contained five species which were H. subgivum var.
microsporum (SUT108), H. trugodes (SUT148 and SUT187), Hypoxylon taxonomic
species 2 (SUT082), H. cf. ferruginium (SUT070 and SUT237), H. brevisporum
(SUT256). The stromatal surface colour of all species in this clade was mostly reddish
brown to brownish vinaceous, and the KOH-extractable pigment was of the orange
series. The phylogenetic tree showed that H. subgivum var. microsporum (SUT108)
was distinctive and separated from other species in the same clade. Moreover, its
ascospores were smaller than other species and it also had very orange pigment in
KOH extraction.

Two isolates of H. cf. ferrugineum (SUT070 and SUT237)
were grouped together and were placed as a sister branch of Hypoxylon taxonomic
species 2 (SUT082). They had the same stromatal colour and KOH-extractable colour
but they were different in ascospore size. The tree showed the closely relationship

between both species.
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Figure 94. Phylogenetic tree of Hypoxylon sect. Hypoxylon based on ITS1-5.8S-
ITS2 sequences using the neighbour-joining method. Camillea tinctor is
the outgroup. Branch lengths are scaled in terms of expected numbers of
nucleotide substitution per site. Numbers on branches are bootstrap

values from 1,000 replications.
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Clade II consisted of four species, H. monticulosum
(SUT042, SUT080, and SUT116), H. lenormandii (SUT016, SUT180, and ST2324),
H. sublenormandii sp. nov. (SUT046, SUT066, SUT068, and SUT069) and H. cf.
fendleri (SUT061, SUT120, SUT159, SUT162, SUT165, and SUT280).

Hypoxylon monticulosum found in this study could be divided
into two different types based on KOH-extractable pigments. Two representatives of
H. monticulosum isolates, SUT042 and SUTO080, were without apparent KOH-
extractable pigments as detailed by Ju & Rogers (1996) whereas H. monticulosum
SUT116 had a purple colored extract. This does however agree with Ju & Rogers
(1996) who state that “it is noteworthy that the purplish stromatal pigments dark livid
to dark vinaceous of H. monticulosum and H. submonticulosum are easily detected in
the young, rusty brown stromata but are hardly so in the mature, blackened stromata”.
The sequence alignment indicated 99% similarity and it was concluded that they
represented the same taxon regardless of extractable pigment in KOH.

Three isolates of H. lenormandii (ST2324, SUT016, and
SUT180) matched closely the description by Ju & Rogers (1996), and all collections
were found on dicotyledonous wood from different forest areas. They were clearly
separated from H. sublenormandii sp. nov. (SUT250 and SUT282), which occurred
on bamboo, with high 100% bootstrap support. They also differed in morphological
characters such as spore size, a more reddish brown stromatal surface color, and a
straight germ slit (Table 16) and on the basis of this and the sequence data a new
species was confirmed.

Initially, H. cf. fendleri (SUT061, SUTI59, SUTI62,

SUT165, and SUT280) collections had been identified as H. fendleri since their
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morphological characteristics matched to H. fendleri Berk. ex Cooke (Ju and Rogers
1996). However Ju and Rogers (1996) pointed out that H. fendleri and H. retpela Van
der Gucht & Van der Veken are very similar stating “These two fungi differ mainly in
the conspicuousness of their perispore ornamentation”. The ornamentation in H.
retpela is described as very conspicuous coil-like. However all the Thai collections
had similar coiling, which was not noticeably conspicuous. Thus the description for
H. fendleri (Ju & Rogers, 1996) was the nearest match. The phylogenetic result
showed that all the Thai isolates (SUT061, SUT159, SUT162, SUT165, and SUT280)
grouped together and were placed as a sister branch of H. fendleri (AJ390400) based
on the GenBank database sequence with high bootstrap support. The percentage
similarity of H. fendleri (AJ390400) to SUT061, SUT159, SUT162, SUT165, and
SUT280 isolates was 85%, 85%, 85%, 85%, and 80% respectively. They are therefore
quite different and as a result the Thai collections were recorded as H. cf. fendleri.
This might be the result of a wide range of H. fendleri descriptions (morphological) or
genetic variation within this taxon found in Thailand. More collections of specimens
around the world are required for a better understanding of species delimitation and
genetic variation within this taxon.

Clade III was a big clade and consisted of eleven species, H.
haematostroma (SUT164, SUT292, and SUT293), H. anthochroum (SUT233 and
SUT240), H. kanchanapisekii sp. nov. (SUT046, SUT066, SUT068, and SUT069), H.
rubiginosum (SUT215 and SUT221), H. investiens (SUT041 and SUT063), H.
perforatum (AJ390407), H. cf. perforatum (SUT020), H. cf. perforatum (SUT294), H.
suranareei sp. nov. (SUT182), H. hypomiltum (SUT166), Hypoxylon taxonomic

species 3 (SUT158). Three isolates of H. haematostroma (SUT164, SUT292, and
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SUT293) were separated from other taxa in the same clade because their distinctive
teleomorphic characteristics having red or orange red stromatal granules, constantly
long tubular perithecia, and large ascospores (Ju and Rogers, 1996).

Hypoxylon anthochroum, H. kanchanapisekii sp. nov.
(SUT046, SUT066, SUT068, and SUT069), H. rubiginosum (SUT215 and SUT221),
and H. investiens were separated clearly from each other with high bootstrap support.
Although H. anthochroum was considered to be a synonym of H. rubiginosum by
Miller (1961), they are different in colour of KOH-extractable pigments. Two isolates
of H. investiens (SUT041 and SUT063) exhibited genetic variation within the ITS1
region. These might be the appearance of insertion and/or deletion fragments of short
repeated nucleotide sequences.

Hypoxylon cf. perforatum (SUTO020), H. cf. perforatum
(SUT294), and H. perforatum (AJ390407) from GenBank database grouped in the
same branch and included H. suranareei sp. nov. (SUT182). Since H. perforatum
described by Ju and Rogers (1996) had a wide range of stromatal surface colour, dark
brick, grayish sepia, brown vinaceous, or umber, and also perispore ornamentation
varied from smooth to inconspicuous coil-like ornamentation. Two isolates of H. cf.
perforatum (SUT020) and H. cf. perforatum (SUT294) were different in stromatal
surface colour but they were similar in having a smooth perispore. Importantly, both
taxa are lacking white substance deposited around the ostioles which is usually found
in this species (Ju and Rogers, 1996). The ITS1-5.8S-ITS2 sequence alignment of H.
perforatum (AJ390407) showed 24% and 21% divergence to H. cf. perforatum
(SUT020) and H. cf. perforatum (SUT294) respectively, which might indicate

different taxa. However, further investigations of more collections are required.
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Clade 1V contained only one species, H. duranii (SUT223
and SUT218). The ascospore size of H. duranii was similar to H. anthochroum but it
differed in having conspicuous coil-like ornamentation of the perispore (Ju and
Rogers, 1996), and the molecular data also revealed the different between both
species very clearly.

The relationship between Hypoxylon sect. Annulata and
Hypoxylon sect. Hypoxylon was then analyzed. Representatives of each species from
both sections were aligned and the phylogenetic trees were constructed based on ITS2
sequences by using the neighbour-joining method by the PHYLIP program
(Felsenstein, 1995), and the maximum parsimony method by the PAUP program
(Swofford, 2000) as shown in Figure 95 and Appendix 8D, respectively. The species
of Hypoxylon sect. Annulata appeared as a paraphylectic group with Hypoxylon sect.
Hypoxylon although most of Hypoxylon sect. Annulata (H. cf. stygium (SUT231), H.
atroroseum (SUT009), H. stygium (SUTO058), Hypoxylon taxonomic species 1
(SUTO081 and SUT285), H. leptascum var. macrosporum (ST2584) and H. urceolatum
(SUT098)) were grouped together. The phylogenetic tree based on ITS2 sequence
analysis did not support the concept of the division of Hypoxylon into two sections.
The other nucleotide regions such as 28S rDNA or IGS may be more suitable

candidates.



241

C. tinclor

H. cf. perforafum (SUT294)

42"_7 H. hypomiltum (SUT166)
Hypoxylon taxonomic species 3 (SUT158)

H. of. perforatum (SUT020)

: H. suranareef sp. nov. (SUT182)

—— Hypoxyion taxonomic species 2 (SUT082)
H. cf. ferruginium (SUT070)

99
I: H. of. ferruginfum (SUT237)

40
49

H. subgivum var. microsporiti
(SUT108)

67

ol H. haematostroma (SUT164)
72 H. ienormandii (SUT016)
H. sublenormandii sp. nov. (SUT282)
H. duranii (SUT223)
4l H. purpureonifens (SUT001)
_| H. bovei var. microspora (Ju2)
1] 41 H. moriforme (SUT220)
— H. kanchanapisekii sp. nov. (SUT066)
Bl H. anthochrouwm (SUT233)

50 H. investiens (SUT063)
—mi H. rubiginosum (SUT221)

63 H. fendleri (SUT120)
H. cf. archeri (SUT103)
H. monticulosum (SUT116)
H. cf. stygium (SUT231)
99 — H. atroroseum (SUT009)
43 4 L H. stygium (SUT058)
99  Hypoxyplon taxonomic species 1 (SUTO081)
Hypoxylon taxonomic species 1 (SUT285)

f H. Iepfascunt Var, macrosporim (ST2584)
H. urceolatum (SUT098)
H. brevisporum (SUT256)

9
18 4|— H. nitens (Jal)
99 H. frugodes (SUT148)
E H. frugades (SUTIST)

23

93

0.1

Figure 95. Phylogenetic tree of Hypoxylon based on ITS2 sequences using the
neighbour-joining method. Camillea tinctor is the outgroup. Branch
lengths are scaled in terms of expected numbers of nucleotide
substitution per site. Numbers on branches are bootstrap values from

1,000 replications.
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4.4.5 Group V: Xylariaceous endophytes
Since members of Xylaria have been reported as common endophytes
in many plants and there are serious limitations in species identification because of
the lack of their teleomorph stage in culture, the Xylaria collections were selected to
investigate for their ITS1-5.8S-ITS2 ribosomal nucleotide sequence analysis.
4.4.5.1 Genomic DNA extraction and ITS region amplification
Forty representatives of Xylaria specimens were extracted for
genomic DNA including ten isolates of Xylaria obtained from Dr. Surang Thienhirun.
Three more isolates, Biscogniauxia sp. nov. (SUT290), Kretzschmaria sp. (ST2325),
and Nemania sp. (SUT258) were included. The amplified ITS1-5.8S-ITS2 fragments

were approximately 500 to 600 bp (Figure 96).

4.4.5.2 ITS1-5.8S-ITS2 sequence analysis
The amplified ITS1-5.8S-ITS2 fragments were sequenced

and the size of each specimen examined (Table 27).



Figure 96.

243

{bp) M1 2345678 91011 12

900 —
o —
500 —

100 —

Gel electrophoresis of ITS1-5.8S-ITS2 fragments of Xylaria using ITS5
and ITS4 primers. Lanes: M, DNA marker (100 base pair DNA ladder,
Invitrogen); 1, Xylaria sp. nov. (SUT012); 2, Xylaria sp. nov. (SUT014);
3, X. multiplex (SUT028); 4, X. badia (SUT032); 5, X. badia (SUT076);
6, X. mellisii (SUT074); 7, X. cf. juruensis (SUTO088); 8, X. ianthino-
velutina (SUT091); 9, X. ianthino-velutina (SUT123); 10, X. cubensis
(089); 11, Xylaria species 2 (SUT130); and 12, Xylaria species 2

(SUT195).
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Table 27. The length of ITS1-5.8S-ITS2 sequences of different species of Xylaria,

Kretzschmaria, Nemania, and Biscogniauxia found in this study.

Species Location/Source ITS1 5.8S ITS2 Total GenBank
(bp) (bp) (bp) (bp) accession
number

X. anisopleura (SUT196) Trad Province 465 155 155 775  DQ322130

X. anisopleura (SUT205)  Trad Province 141 155 155 451 DQ322131

X. anisopleura (ST2329) RFD* 465 155 155 775 DQ322132

X. cf. apiculata (SUT203)  Trad Province 181 155 159 495 DQ322133

X. arbuscula var. RFD* 182 155 162 499 DQ322134

microspora (ST2372)

X. badia (SUT032) Ratchaburi Province 181 155 158 494 DQ322135

X. badia (SUT076) Ratchaburi Province 179 155 160 494 DQ322136

X. badia (SUT142) Nakhon Ratchasima 181 155 159 495 DQ322137
Province

X. badia (ST2417) RFD* 181 155 160 496 DQ322138

X. beccari (SUT092) Songkhla Province 273 155 155 583  DQ322139

X. brachiata (SUT078) Ratchaburi Province 181 155 163 499  DQ322140

X. cubensis (SUT090) Songkhla Province 179 155 159 493 DQ322141

X. cubensis (ST2027) RFD* 171 155 165 491 DQ322142

X. cubensis (ST2326) RFD* 188 155 163 506 DQ322143

X. curta (ST2382) RFD* 209 155 162 526 DQ322144

X. grammica (ST2348) RFD* 180 155 159 494  DQ322145

X. grammica (ST2363) RFD* 180 155 155 490 DQ322146

X. ianthino-velutina Nakhon Ratchasima 177 155 156 488 DQ322147
(SUT123) Province

X. cf. juruensis (SUT088)  Songkhla Province 182 155 156 493 DQ322148

X. cf. juruensis (SUT140)  Nakhon Ratchasima 181 155 162 498 DQ322149
Province

X. juruensis var. Nakhon Ratchasima 179 155 159 493  DQ322150
microspora (SUT129)  Province

X. juruensis var. Nakhon Ratchasima 181 155 159 495 DQ322151
microspora (SUT138)  Province

X. juruensis var. Nakhon Ratchasima 182 155 159 496 DQ322152
microspora (SUT139)  Province

X. maitlandii (SUT177) Nakhon Ratchasima 181 155 159 495  DQ322153
Province

X. multiplex (SUT028) Ratchaburi Province 178 155 162 495 DQ322154

X. multiplex (ST2298) RFD* 178 155 161 494  DQ322155

X. mellisii (SUT074) Ratchaburi Province 155 155 167 477 DQ322156

X. mellisii (SUT192) Trad Province 184 155 161 500 DQ322157

X. psidii (SUT124) Nakhon Ratchasima 181 155 159 495  DQ322158

Province

* The culture was provided by Dr. Surang Thienhirun, The Royal Forest Department, Thailand.
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Species Location/Source ITS1 5.8S ITS2 Total GenBank
(bp) (bp) (bp) (bp) accession
number
X. psidii (SUT125) Nakhon Ratchasima 180 155 160 495 DQ322159
Province
X. schweinitzii (SUT201) Trad Province 151 155 156 462 DQ322160
X. schweinitzii (ST2349) RFD* 151 155 156 462 DQ322161
Xylaria species 2 Nakhon Ratchasima 174 155 158 487 DQ322162
(SUT127) Province
Xylaria species 2 Nakhon Ratchasima 174 155 157 486 DQ322163
(SUT130) Province
Xylaria species 2 Trad Province 174 155 157 486 DQ322164
(SUT195)
Xylaria sp. nov. (SUT027) Ratchaburi Province 178 155 149 482 DQ322165
Xylaria sp. nov. (SUT155)  Yasothorn Province 178 155 149 482  DQ322166
Xylaria sp. nov. (SUT198)  Trad Province 178 155 149 482 DQ322167
Xylaria sp. nov. (SUT200) Trad Province 178 155 149 482 DQ322168
Xylaria taxonomic species  Trad Province 176 155 155 486 DQ322169
1 (SUT207)
Kretzschmaria sp. RFD* 176 155 196 527 DQ322093
(ST2325)
Nemania sp. (SUT258) Trad Province 186 155 156 497 DQ32209%4
Biscogniauxia sp. nov. Kanchanaburi 215 155 148 518  DQ322095
Province

(SUT290)

* The culture was provided by Dr. Surang Thienhirun, The Royal Forest Department, Thailand.

When the amplified ITS1-5.8S-ITS2 fragments (451 to 775

bp) were sequenced, the highest variation was found in the ITS1 region ranging from

151 to 465 bp. But the 5.8S region was highly constant at 155 bp. The ITS2 region

ranging from 148 to 165 bp, was slightly different. Two isolates of X. anisopleura

(SUT196 and ST2329) exhibited extremely long ITS1 region, 465 bp, as found in

some species of Hypoxylon sect. Annulata, which was described in section 4.4.4.1,

whereas one isolate of X. anisopleura (SUT205) exhibited only 141 bp for its ITS1
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region. Therefore, the ITS1-5.8S-ITS2 sequences of three X. anisopleura isolates
were searched for repeated sequence motif by using STAR software (Delgrange and
Rivals, 2004) and no repeated sequences were observed. However, their
morphological characteristics were similar except for the stromatal form as shown in
the Figure 47. More collections of specimens were required for a better understanding
of genetic variation within this taxon.

The phylogenetic trees of Xylaria were constructed based on
ITS1-5.8S-ITS2 sequences using the neighbour-joining method by the PHYLIP
program (Felsenstein, 1995), and the maximum parsimony method by the PAUP
(Swofford, 2000). The ITS1-5.8S-ITS2 sequences of related Xylaria species from the
GenBank database were also included. The tree contained four major clades (Figure
97 and Appendix 9D). Clade I consisted only one taxon X. beccari (SUT092), which
was separated from other clades. Clade II contained twelve species X. curta (ST2382),
X. enteroteuca (AF163033), X. cornu-damae (AF163031), X. castorea (AF163030),
X. acuta (AF163026), X. longipes (AF163039), X. floriana (AF163034), X. ianthino-
velutina (SUT123), Xylaria taxonomic species 1 (SUT207), X. badia (SUT032,
SUTO076, SUT142, and ST2417), Xylaria sp. nov. (SUT027, SUT155, SUT198,
SUT200, and ST2298), and Xylaria species 2 (SUT127, SUT130, and SUT195). Each

species in this clade was separated clearly from each other.
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Figure 97. Phylogenetic tree of Xylaria based on ITS1-5.8S-ITS2 sequences using
the neighbour-joining method. Camillea tinctor is the outgroup. Branch
lengths are scaled in terms of expected numbers of nucleotide
substitution per site. Numbers on branches are bootstrap values from

1,000 replications.
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Clade III consisted of X. polymorpha (AF163042), X.
cubensis (AY787733, SUT090, ST2027, and ST2326). All species in this clade had
large stromata and hard tissue. Although three isolates of X. cubensis examined were
placed as sister branches to X. cubensis (AY787733) from the GenBank database they
showed high variation within the species. The ascospore size of X. cubensis
(SUT090), (6.3-)7.5-8.8 x 3.8-5 um, was smaller than X. cubensis (Mont.) Fr., 8-10.5
X 4-5 um, described by Rogers and Samuels (1987). It could be a different taxon, X.
cf. cubensis. This might also be the variation within species. In addition, X. cubensis
is found in various tropical, subtropical and temperate localities of the world. Thus, it
was possible that the X. cubensis isolates collected in Thailand might be different
from the temperate zone in genetic data.

Clade IV consisted of X. apiculata (AF163027), X. cf.
apiculata (SUT203), X. cf. maitandii (SUT177), X. bambusicola (SUT129, SUT138,
and SUT139), X. cf. juruensis (SUT088 and SUT140), X. arbuscula var. microspora
(SUT192 and ST2372), X. mali (AF163040), X. hypoxylon (AF163037), X. grammica
(ST2348 and ST2363), X. arbuscula (ST and ST), X. brachiata (SUT078), X. cf.
multiplex (SUT028), X. mellisii (SUT074), and X. psidii (SUT124 and SUTI125).
Three isolates of X. bambusicola examined were identical and very close to X. cf.
maitlandii (SUT177) and X. cf. apiculata (SUT203).

Moreover, the host preference of Xylaria seems to be off

limited taxonomic value in this analysis.
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4.4.6 Phylogenetic analysis of xylariaceous fungi based on ITS1-5.8S-

ITS2 sequences

The ITS1-5.8S-ITS2 sequence of each species of the Xylariaceae
examined was aligned and the phylogenetic trees were constructed by using the
neighbour-joining method by the PHYLIP program (Felsenstein, 1995), and the
maximum parsimony method by the PAUP (Swofford, 2000) (Figures 98 and
Appendix 10D). The tree constructed by the neighbour-joining was divided into three
clades.

The species representatives of genera Nemania, Astrocystis,
Kretzschmaria, Rosellinia were placed in Clade I, which demonstrated the close
relationship between those genera.

Three different species of Biscogniauxia (SUT290, AF201706, and
AJ390411) and C. tinctor isolates were grouped together (Figure 98 and Appendix
9D). The relationship of both genera reflected the nature of their bipartite stromata
which differentiated them from species of Hypoxylon sensu Miller (Miller, 1960) and
supported the current concept of Hypoxylon sensu Ju and Rogers (Ju and Rogers,
1996). Surprisingly, one species of C. selangorensis was placed to clade I. this might
be the result of the presence of short repeated sequences in ITS1 region as described
previously in section 4.4.2.2. However, more collections in C. selangorensis were
required to obtain more molecular data, which could be used to explain the reliable

relationship of this taxon.
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Figure 98. Phylogenetic tree of xylariaceous fungi based on ITS1-5.8S-ITS2
sequences using the neighbour-joining method. Diatrype disciformis is
the outgroup. Branch lengths are scaled in terms of expected numbers of
nucleotide substitution per site. Numbers on branches are bootstrap

values from 1,000 replications.
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Both species of D. concentrica and D. eschscholzii were in the same
group, and placed as a sister branch of the Hypoxylon group in clade 1. Daldinia and
Hypoxylon were close as previously indicated by Bull (1791) although Daldinia had
already been separated from Hypoxylon on the basis of alternating different stromatal
anatomy of ring zones (Ju, Rogers, and San Martin, 1997; Stadler et al., 2004).

Most species of Hypoxylon from both sections Annulata and
Hypoxylon were placed in clade II except for H. subgilvum var. microsporum
(SUT108) which was placed in clade III. This result exhibited the strong relationship
within this genus and the similar finding for most species in Xylaria. They were
mainly placed in clade I except for X. cubensis (SUT090) and X. mellisii (SUT074)
which were placed in clade II and III respectively.

Therefore, all of the ITS1-5.8S-ITS2 sequences results and their
relationships analyzed by using the phylogenetic trees proved to be valuable for
taxonomic investigation from a molecular point of view as well as for developing a
DNA sequence database. Additionally, this molecular data would be useful for the
designation of specific primers and for the development of specific probes for the

detection of species of certain Xylaria in environmental situations.



CHAPTER V

CONCLUSION AND FUTURE PERSPECTIVE

Species identification and classification of selected members of the
xylariaceous fungi based on their molecular data were studied for resolving
undescribed species relied on morphological and cultural characteristics. Three
hundreds and thirty eight xylariaceous specimens were collected from natural habitats
of 14 localities in different 11 provinces in Thailand. The specimens were identified
and classified into species level. The high numbers of collected specimens belonged
to genera Hypoxylon and Xylaria respectively. Both genera were also wide
distribution, and found to reveal high variation in their morphological characteristics
whereas the other xylariaceous genera were rarely represented especially Astrocystis.

Four xylariaceous isolates, X. anisopleura (ST2329), Xylaria sp. (ST2372), X.
cubensis (ST2326), and X. grammica (ST2348), were selected for the study of
secondary metabolite profiles using TLC comparing to xylariaceous endophytes. The
profiles of secondary metabolites extracted from 100 mL cultural broth (2% malt
extract broth containing 6% glucose) of the four isolates were similar, and did not
exhibit any differences among species. Therefore, an isolate, Xylaria cubensis
(ST2326), was cultured in 1-L cultural broth. Its secondary metabolites were extracted
and analyzed by TLC method then compared to nine isolates of xylariaceous
endophytes (Ruchikachorn, 2005). Each isolate had its different secondary metabolite

profile analyzed by R; values. Although this technique is very useful to classify the
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xylariaceous endophytes, it was time-consuming. Also, it needed high concentration
of metabolites obtained from large volume of fungal culture for extraction.

One hundred and sixty nine representatives of Xxylariaceous fungi were
investigated in their nucleotide sequences of 18S rDNA and/or the internal transcribed
spacer (ITS) 1 and 2 regions including 5.8S rDNA. These nucleotide sequences were
then compared to sequences from thirty eight reference specimens. It was found that
18S rDNA sequences of Astrocystis and Rosellinia which are very closely related
genera according to their morphological characteristics were approximately 2,056 and
2,210 bp respectively. Nucleotide sequence of A. mirabilis (SUT056) exhibited 70.3%
identity to Rosellinia sp. ST2310 and 68.7% identity to R. necatrix from GenBank
database accession number ABO014044. The results of ITS1-5.8S-ITS2 sequence
analysis showed approximately 515 and 493 bp of A. mirabilis (SUT051 and
SUTO056) and Rosellinia sp. ST2310 respectively. ITS sequence comparison among
both species ranged from 65.9% to 70.6% identity. However, molecular data of 18S
rDNA and ITS1-5.8S-1TS2 sequences demonstrated the dissimilarity between
Astrocystis and Rosellinia, which confirmed the opinion of Petrini (1993) and
Whalley (1996) and disagreed with Ju and Rogers (1990) who combined Astrocystis
with Rosellinia.

Camillea tinctor, which is the common species of Camillea found in Thailand
were studied and compared to C. selangorensis. Three isolates of C. tinctor (SUT161,
SUT260, and ST2321) and a reference specimen of C. selangorensis (KS15) were
investigated on 1TS1-5.8S-1TS2 sequences and their sizes ranged from 496 to 529 bp.
ITS sequence comparison revealed the high variation within 1TS1 region and it was

found that the nucleotide repeated in tandem from three to five times, which might
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caused by unequal crossing over or failures in the replication of the DNA. This result
agreed with the previous report of the tandem repeated sequence found in Xylariales
(Platas et al., 2001). The phylogenetic tree of Camillea exhibited the separation of C.
selangorensis and C. tinctor from each other but all C. tinctor examined were grouped
together with C. tinctor sequences from GenBank database accession numbers
AJ39041 and AJ39042 respectively.

Daldinia eschscholzii and D. concentrica were recently examined and five
new species recognised by Stadler et al. (2004) based on anamorph characteristics and
perispore ornamentation. In addition, some Daldinia collections could not be cultured
and this caused problems in identification. Therefore, ITS1-5.8S-1TS2 sequences of
seven D. eschscholzii representatives and two anamorphic isolates of D. concentrica
(L1 and L2) were investigated. The sizes ranging from 479 to 499 bp were found. ITS
sequence comparison and phylogenetic analysis of Daldinia examined including
twenty sequences of Daldinia available from GenBank database indicated that all
seven isolates of D. eschscholzii are the same species, which separated clearly from D.
concentrica (L1 and L2).

Seventy nine isolates of Hypoxylon species from both sect. Annulata and sect.
Hypoxylon were studied on 1TS1-5.8S-1TS2 sequences. The sizes of ITS sequences
varied from 445 to 906 bp. Most Hypoxylon sect. Annulata, H. stygium, H.
atroroseum, H. cf. stygium (SUT231), H. urceolatum, and Hypoxylon taxonomic
species 1, exhibited extremely long sequences in the ITS1 region. The whole ITS
sequence alignment revealed the greatest variation in 1TS1 region whereas 5.8S and
ITS2 regions were more conserved. The phylogenetic tree showed clearly

relationships of Hypoxylon species and could be used to solve the morphological



255

taxonomic problems.

Fifty nine isolates of Xylaria species and three isolates belonged to
Biscogniauxia sp. (SUT290), Kretzschmaria sp. (ST2325), and Nemania sp.
(SUT258), were investigated on I1TS1-5.8S-ITS2 sequences. The sizes of ITS
sequences ranged from 451 to 775 bp. Alignments of the Xylaria species sequences
exhibited the greatest variation in the ITS1 regions whilst the 5.8S sequences gave
approximately 99% similarity for all isolates tested. The phylogenetic tree showed
clear separation of each species.

Therefore, these molecular data showed clearly relationships within
xylariaceous species examined and also could be used to confirm results of the finding
of new species. From this study, the xylariaceous fungi were identified as belonging
to nine genera; Astrocystis, Biscogniauxia, Camillea, Daldinia, Hypoxylon,
Kretzschmaria, Nemania, Rosellinia and Xylaria, and were represented by fifty nine
species, including seven new species, Hypoxylon kanchanapisekii sp. nov., Hypoxylon
sublenormandii sp. nov., Hypoxylon suranareei sp. nov., Hypoxylon taxonomic
species 1 sp. nov., Xylaria species 2, Xylaria sp. nov., Biscogniauxia sp. nov.

The molecular data results from this study are valuable for the creation of
DNA sequence database of the xylariaceous fungi found in Thailand. These
nucleotide sequences can be used to design specific primers and DNA probes for
certain species especially xylariaceous endophytes, which are difficult to identify. In
addition, molecular data will be very useful for explaining the evolutionary and
genetic variation of xylariaceous fungi found in Thailand comparing to other fungi

form over the world.
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APPENDIX A

FUNGAL MEDIA AND REAGENTS

1. Reagents and medium used for morphological taxonomic study

1.1 Potato Dextrose Agar (PDA)

Potato 300.00 g
Dextrose 40.00 g
Agar 15.00 g

Potato slices were boiled in 1000-mL distilled water for 30 min and
filtrated. The potato solution was then mixed with dextrose and agar, and adjusted the
volume to 1,000 mL with distilled water. The medium was sterilized by autoclaving

for 10 minutes at 121°C, 15 Ib/square inches after preparation.

1.2 Melzer’s reagent

Chloral hydrate 100.00 g
Potassium iodine 5.00 g
lodine 5.00 g

The ingredients were dissolved and adjusted the volume to 100 mL with

distilled water. The reagent was stored in dark bottle at room temperature.
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1.3 10% KOH
Potassium hydroxide 10.00 g
The ingredient was dissolved and adjusted the volume to 100 mL with

distilled water.

2. Media used for chemical taxonomic study
The media were sterilized by autoclaving for 10 min at 121°C, 15 Ib/square
inches after preparation.

2.1 Yeast Extract Sucrose Agar (YES)

Yeast Extract 20.00 g
MgSO4.5H20 0.50 g
Agar 15.00 g

The ingredients were dissolved and adjusted the volume to 1,000 mL

with distilled water.

2.2 2% Malt Extract Broth containing 6% glucose
Malt Extract Broth 20.00 g
Glucose 60.00 g
The ingredients were dissolved and adjusted the volume to 1,000 mL

with distilled water.
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3 Chemicals and reagents used for nucleic acid study

3.1 Lysis buffer

Tris Base 6.06 g
EDTA (C1oH14N,05Naz.2H,0) 18.61 g
Sodium dodecylsulfate (SDS) 30.00 g
2-Mercaptoethanol 10.00 mL

The ingredients were dissolved and adjusted the volume to 1,000 mL
with deionized water. Then, the solution was sterilized by autoclaving for 10 min at

121°C, 15 Ib/square inches after preparation.

3.2 Tris-EDTA (TE) Buffer
Tris Base 1.21 g
EDTA (C10H14N20gNaz.2H,0) 0.37 g
The ingredients were dissolved and adjusted the volume to 1,000 mL
with deionized water. Then, the solution was sterilized by autoclaving for 10 min at

121°C, 15 Ib/square inches after preparation.

3.3 Sodium acetate (3.0 M)
Sodium acetate (CH3COONa) (Merck) 24.61 g
The chemical was dissolved in deionized water, adjusted to pH 5.2 with
glacial acetic acid, and adjusted the volume to 100 mL with deionized water. Then,
the solution was sterilized by autoclaving for 10 min at 121°C, 15 Ib/square inches

after preparation.
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3.4 RNAase (10 mg/mL)
RNAase 10.00 mg
The RNAase was dissolved in 10 mM Tris-HCI (pH 7.5), 15 mM NacCl

and stored at -20°C.

3.5 Tris-borate (TBE) buffer (5X)

Tris Base 54.00 g
Boric acid 27.50 g
EDTA (C10H14N208Na2.2H20) 0.37 g

The ingredients were dissolved and adjusted the volume to 1,000 mL

with deionized water.

3.6 Gel loading buffer (6X)
Bromophenol blue 25.00 g
The dye was dissolved and adjusted the volume to 10 mL with 40%

sucrose in water.

3.7 Ethidium bromide (10 mg/mL)
Ethidium bromide (Sigma) 1.00 g
The chemical was dissolved and adjusted the volume to 10 mL with

sterilized deionized water.



APPENDIX B

LOCATIONS AND DETAILS OF XYLARIACEOUS

COLLECTIONS

Locations of xylariaceous collections and details of their morphological

characteristics were given in Tables 1B and 2B respectively.

Table 1B. Locations and collecting dates of xylariaceous collections.

Code

Location

Date

SUTO001 - SUTO007
SUTO008 - SUTO012
SUTO013 - SUT021
SUT022 - SUT025
SUTO026 - SUT076
SUTO077 - SUT082
SUTO083 - SUT084
SUTO085 - SUT086
SUTO087 - SUT116
SUT117 - SUT122
SUT123 - SUT152

SUT153 - SUT169
SUT170 - SUT191

SUT192 - SUT268
SUT269 - SUT271
SUT272 - SUT323
SUT324 - SUT327
SUT328 - SUT334

SUT335 - SUT338

Phu Luang, Nakhon Ratchasima Province
Nong Rawieng, Nakhon Ratchasima Province
Burirum Province

Chaiyaphum Province

Ratchaburi Province

Nong Rawieng, Nakhon Ratchasima Province
Bangkok

Yasothon Province

Songkhla Province

Petchaboon Province

Suranaree University of Technology, Nakhon
Ratchasima Province

Yasothon Province

Suranaree University of Technology, Nakhon
Ratchasima Province

Trad Province

Chiang Rai Province

Kanchanaburi Province

Chiang Rai Province

Chiang Mai Province
Nakhon Ratchasima Province

28 July 2003

9 August 2003

24 August 2003

22 August 2003

28 August 2003

1 September 2003
5 September 2003
6 September 2003
8 September 2003
10 September 2003
20-25 September 2003

15 November 2003
17 November 2003

19 November 2003
10 December 2003
14 December 2003
25 January 2003
16 June 2002

20 July 2002
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Code Species Stromatal colour KOH extracted Ascospore size (um)
pigments
SUT001 H. purpureonitens Blackish with reddish brown Purple 8.8-10x2.5-5
SUT002 H. purpureonitens Blackish with reddish brown Purple 8.8-11.5x2.5-5
SUT003 H. purpureonitens Blackish with reddish brown Purple NF
SUT004 H. purpureonitens Blackish with reddish brown Purple 3.8-5x7.5-10
SUT005 H. purpureonitens Blackish with reddish brown Purple 3.8-5x7.5-10
SUT006 Xylaria sp. nov. Dark brown to black Colorless (7.5)8.8-10x3.8-5
SUT007 Xylaria sp. nov. Dark brown to black Colorless 8.8-10x3.8-5
SUT008 Hypoxylon taxonomic Black Greenish olivaceous NF
species 1 sp. nov.
SUT009 H. atroroseum Brown vinaceous or chestnut Greenish olivaceous 6.3-8.8x2.5-3.8
SUTO010 H. atroroseum Brown vinaceous or chestnut Greenish olivaceous 5-6.3x2.5
SUTO011 Xylaria sp. Brownish black Colorless NF
SUT012 Xylaria sp. nov. Dark brown to black Colorless (7.5)8.8-10x3.8-5
SUTO013 Daldinia eschscholzii Brown vinaceous Purple 11.3-13.8x5-6.3
SUT014 Xylaria sp. nov. Dark brown to black Colorless 8.8-10x3.8-5
SUT015 Hypoxylon taxonomic Black with shinny Greenish olivaceous NF
species 1 sp. nov.
SUTO016 H. lenormandii Grayish sepia Red 10-12.5x5
SUTO017 H. cf. ferrugineum Hazel Orange 12.5-15(17.5)x5-7.5
SUT018 H. lenormandii Grayish sepia Red 12.5-15x5-6.3
SUTO019 Eutypa sp. - - -
SUT020 H. cf. perforatum Grayish sepia Yellowish brown NF
SuUT021 H. monticulosum Brownish vinaceous to black Colorless (7.5)8.8-10x5-6.3
SUT022 H. lenormandii var. Blackish brown Red 5-7x2.5-3.8
microspora
SUT023 H. truncatum Blackish brown with white fringe Olivaceous 7.5-10x3.8-5
SUT024 H. stygium Blackish with reddish brown Greenish olivaceous 3.8-6.3x2.5-3.8
SUT025 H. bovei var. Black Greenish olivaceous 7.5-10x3.8-5
microspora
SUT026 X. badia Silvery brown Colorless 10-12x3.8
SUT027 Xylaria sp. nov. Dark brown to black Colorless 8.8-10x3.8-5
SUT028 X. cf. multiplex Blackish with light brown with Colorless 11.3-13.8x3.8-5
peeling layer
SUT029 X. muscula White with black ostioles Colorless NF
SUT030 Xylaria sp. nov. Black Colorless NF
SUTO031 Xylaria sp. nov. Dark brown to black Colorless 8.8-10x3.8-5
SUT032 X. badia Silvery brown Colorless 9.8-12x3.8-5
SUT033 Xylaria sp. nov. Dark brown to black Colorless (7.5)8.8-10x3.8-5
SUT034 Xylaria sp. nov. Dark brown to black Colorless 8.8-10x3.8-5
SUT035 X. cf. juruensis Blackish with light brown with Colorless (10)11.3-13.8x3.8-5
peeling layer
SUT036 X. ianthino-velutina Black Colorless (7.5)8.8-10x3.8
SUT037 D. eschscholzii Brown vinaceous Purple 10-12.5x5-6.3
SUT038 D. eschscholzii Brown vinaceous Purple 10-13.8x3.8-5
SUT039 D. eschscholzii Brown vinaceous Purple 11.3-12.5x5-6.3
SUT040 H. fendleri Brown vinaceous Orange (5)7.5-10x3.75
SUTO041 H. investiens Brown vinaceous Dull green 7.3-8.8x2.5-3.8
SUT042 H. monticulosum Brownish vinaceous to black Colorless 6.3-7.5x2.5-3
SUT043 H. monticulosum Brownish black Purple 6.3-7.5x2.5-3.8
SUT044 H. monticulosum Brownish black Purple 6.3-7.5x2.5-3.8
SUT045 H. anthochroum Brown vinaceous or chestnut Dull green 8.8-11.25x3.8-5
SUT046 H. sublenormandii sp. Reddish brown Reddish brown (8.8)12.5-15x5-6.3
nov.
suT047 A. mirabilis Black Colorless 10-13x5
SUT048 A. mirabilis Black Colorless 10-12.5x3.8-5
SUT049 A. mirabilis Black Colorless (8.8)9-12.5x3.8-5
SUT050 Not Xylariaceae - Colorless -
SUTO051 A. mirabilis Black Colorless (8.8)9-13.5x3.8-5
SUT052 Not Xylariaceae - Colorless -
SUT053 Not Xylariaceae - Colorless -
SUT054 A. mirabilis Black Colorless NF
SUTO055 A. mirabilis Black Colorless 10-13.8x5
SUTO056 A. mirabilis Black Colorless 11.2-13.8x5
SUT057 A. mirabilis Black Colorless 10-13.8x3.8-5
SUT058 H. stygium Blackish with reddish brown Greenish olivaceous 3.8-6.3x2.5-3.8

NF = Not found.
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SUT059 H. monticulosum Brownish vinaceous to black Purple 6.3-7.5x2.5
SUT060 H. monticulosum Brownish vinaceous to black Purple 7.5-8.8x2.5-3
SUTO061 H. cf. fendleri Brownish vinaceous Orange 10-12.5x3.8-5
SUT062 H. haematostroma Orange red or rust Orange red NF
SUT063 H. investiens Brownish vinaceous Dull green (5)7.5-8.8x(2.5)3.8-5
SUTO064 H. haematostroma Orange red or rust Orange red NF
SUT065 H. lenormandii Grayish sepia Red (8.8)10-12.5x3.8-5
SUT066 H. kanchanabhisakii sp.  Dull reddish brown Reddish brown (8.8)10-11.3x3.8-5
nov.
SUT067 H. kanchanabhisakii sp.  Dull reddish brown Reddish brown (7.5)10-11.3x3.8
nov.
SUTO068 H. kanchanabhisakii sp.  Dull reddish brown Reddish brown 10-11.3(13)x(2.5)
nov. 3.8-5
SUT069 H. kanchanabhisakii sp. ~ Dull reddish brown Reddish brown 10-11.3x3.8-5
nov.
SUT070 H. cf. ferrugineum Brown vinaceous Orange (5)16.5-17.5x6.6-7.5
SUTO071 H. kanchanabhisakii sp. ~ Dull reddish brown Reddish brown 10-11.3(12.5)x3.8-5
nov.
SUT072 H. kanchanabhisakii sp. ~ Dull reddish brown Reddish brown (12.5)11.3-10x3.8-5
nov.
SUTO073 H. monticulosum Brownish vinaceous to black Colorless 7.5-8.8x3.8
SUT074 X. mellisii Blackish with gray to brown outer Colorless NF
peeling layer
SUTO75 Xylaria taxonomic Dark brown to black Colorless 12.5-15(16.5)x5-6.3
species 1
SUT076 X. badia Silvery brown Colorless 9.8-12x3.8-5
SUTO077 X. psidii Black Colorless 8.8-3.8-5
SUT078 X. brachiata Brown outer peeling layer Colorless (8.8)10-
11.3(12.5)x3.8-5
SUTO079 H. cf. archeri Blackish brown Hazel 8.8-10x3.8-5
SUTO080 H. monticulosum Brownish vinaceous to black Colorless 7.5-8.8x3.8-5
SuUT081 Hypoxylon taxonomic Black with shinny Greenish olivaceous 7.5-10x3.8-5
species 1 sp. nov.
SUT082 Hypoxylon taxonomic Brown vinaceous Yellowish brown (8.8)11.3-
species 2 12.5(17.5)x5-7.5
SUT083 Xylaria sp. nov. Dark brown to black Colorless 7.5-8.8x3.8
SUT084 D. eschscholzii Brown vinaceous Purple 10-13.8 x5-7.5
SUT085 D. eschscholzii Brown vinaceous Purple 10-13.5x 3.8-6.3
SUTO086 D. eschscholzii Brown vinaceous Purple 9.5-14x3.8-6.3
SuUT087 Xylaria sp. nov. Dark brown to black Colorless 7.5-8.8(10)x3.8
SUT088 X. cf. juruensis Blackish with light brown with Colorless 12.5-15x3.8-5
peeling layer
SUT089 X. cubensis Bronze becoming dark with age Colorless 7.5-8.8x3.8
SUT090 X. cubensis Bronze becoming dark with age Colorless 7.5-8.8x3.8
SUT091 X. ianthino-velutina Black Colorless (7.5)8.8-
10(12.5)x3.8-5
SUT092 X. beccari Brownish black Colorless (5)6.3-7.5x2.5
SUT093 Xylaria sp. nov. Dark brown to black Colorless (7.5)8.8-10x3.8-5
SUT094 H. monticulosum Brownish vinaceous to black Purple 7.5-8.8x3.8
SUT095 H. subgilvum var. Dark brick Orange (5)6.5-8.8x2.5
microsporum
SUT096 B. capnodes Black Colorless NF
SUT097 B. capnodes Black Colorless 10-12.5(-13.8)x6.3-
75
SUT098 H. urceolatum Black Colorless 10-12.5x2.5-5
SUT099 C. tinctor Black Colorless NF
SUT100 H. purpureonitens Blackish with reddish brown Purple 7.5-10x2.5-5
SUT101 Kretzschmaria sp. Black Colorless 8.8-10x3.8-5
SUT102 R. procera Black Colorless (70)100-
135(162.5)x8.8-15
SUT103 H. cf. archeri Blackish brown Hazel 8.8-10x2.5-5
SUT104 H. subgilvum var. Dark brick Orange (3.8)5-7.5x2.5-3.8
microsporum
SUT105 H. cf. archeri Blackish brown Hazel 8.8-10x3.8-5
SUT106 H. monticulosum Brownish vinaceous to black Purple 6.3-7.5x3.8

NF = Not found.
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SUT107 H. cf. fendleri Brownish vinaceous Orange NF
SUT108 H. subgilvum var. Dark brick Orange (2.5)6.3-8.8x2.5-3
microsporum
SUT109 R. procera Black Colorless (77.5)90-117.5x10-
125
SUT110 Nemania sp. Black Colorless NF
SUT111 Nemania sp. Black Colorless NF
SUT112 H. cf. archeri Blackish brown Hazel 8-10x3.8-5
SUT113 R. procera Black Colorless (70)100-112.5x10-
12.5
SUT114 R. procera Black Colorless (65)95-125x10-15
SUT115 H. monticulosum Brownish vinaceous to black Purple 6.3-7.5x2.5-3.8
SUT116 H. monticulosum Brownish vinaceous to black Purple (6.3)7.5-
8.8(11.3)x3.8
SUT117 X. scrupora Yellowish brown to dark brown Colorless 17.5-
21.3(22.5)x(5)6.3-7.5
SUT118 Xylaria sp. nov. Dark brown to black Colorless 10-11.5x3.2-3.7
SUT119 X. anisopleura Dark brown to dull black Colorless 8.8-10x3.8-5
SUT120 H. cf. fendleri Brownish vinaceous Orange (8.8)10-12.5x3.8-5
SUT121 H. anthochroum Brown vinaceous or chestnut Olivaceous 10.8-13(14)x4-6
SUT122 Biscogniauxia sp. Black Colorless 9.2-11.9x5.4-6.7
SUT123 X. ianthino-velutina Black Colorless 7.5-8.8(10)x3.8-5
SUT124 X. psidii Black Colorless (7.5)8.8-10x3.8-5
SUT125 X. psidii Black Colorless (7.5)8.8-10x3.8-5
SUT126 X. psidii Black Colorless 7.5-8.8(10)x3.8-5
SUT127 Xylaria species 2 Dark brown to black Colorless (8.8)10-
11.3(12.5)x2.5-3.8
SUT128 Xylaria species 2 Dark brown to black Colorless 8.8-10x3.8-5
SUT129 X. juruensis var. Blackish with brown peeling outer Colorless (7.5)10-2.5x3.8
microspora layer
SUT130 Xylaria species 2 Dark brown to black Colorless 8.8-10x3.8-5
SUT131 Xylaria sp. nov. Dark brown to black Colorless 10-11.3(13.8)x3.2-
3.7
SUT132 Xylaria species 2 Dark brown to black Colorless 8.8-10x3.8-5
SUT133 Xylaria sp. nov. Dark brown to black Colorless 8.8-10x3.8-5
SUT134 Xylaria species 2 Dark brown to black Colorless 10-11.3x2.5-3.8
SUT135 Xylaria sp. (Immature) Dark brown to black Colorless NF
SUT136 Xylaria sp. nov. Dark brown to black Colorless (7.5)8.8-10x3.8-5
SUT137 X. juruensis var. Blackish with brown peeling outer Colorless (7.5)10-11.3x3.8-5
microspora layer
SUT138 X. juruensis var. Blackish with brown peeling outer Colorless 8.8-10x3.8-5
microspora layer
SUT139 X. juruensis var. Blackish with brown peeling outer Colorless 8.8-10x3.8-5
microspora layer
SUT140 X. cf. juruensis Blackish with brown peeling outer Colorless 12.5-13.8(15)x3.8-5
layer
SuUT141 Xylaria sp. nov. Dark brown to black Colorless (7.5)8.8-10x2.5-3.8
SUT142 X. badia Silvery brown Colorless (8.8)10-11.3x3.8
SUT143 Xylaria sp. nov. Dark brown to black Colorless 8.8-10x3.8-5
SUT144 H. lenormandii Grayish sepia Red 10-11.3x3.8-5
SUT145 H. cf. fendleri Brownish vinaceous Orange 8.8-11.3x3.8-5
SUT146 H. rubiginosum Brown vinaceous Yellowish brown 10-11.2x5-6.3
SUT147 H. lenormandii Grayish sepia Red 10-12.5x3.8-5
SUT148 H. rubiginosum Brown vinaceous Yellowish brown 10-11.3x3.8-5
SUT149 H. rubiginosum Brown vinaceous Yellowish brown 11.3-12.5x5-6.3
SUT150 H. sublenormandii sp. Reddish brown Orange 8.8-10x3.8
nov.
SUT151 H. lenormandii Grayish sepia Red 11.3-12.5x3.8-5
SUT152 H. cf. fendleri Brown Orange 8.8-10x3.8-5
SUT153 H. anthochroum Brown vinaceous or chestnut Dull green NF
SUT154 H. anthochroum Brown vinaceous or chestnut Dull green 10-12.5x3.8-5
SUT155 Xylaria sp. nov. Dark brown to black Colorless 7.5-8.8x2.5-3.8

NF = Not found.
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SUT156 B. capnodes Black Colorless 12.5-15(18.8)x6.3-
7.5
SUT157 H. rubiginosum Brown vinaceous Yellowish brown 10-11.3x3.8-5
SUT158 Hypoxylon taxonomic Dark brick to brown vinaceous Yellowish brown 10-11.3x3.8-5

species 2
SUT159 H. cf. fendleri

SUT160 H. purpureonitens
SUT161 C. tinctor

SUT162 H. cf. fendleri
SUT163 H. cf. fendleri
SUT164 H. haematostroma
SUT165 H. cf. fendleri
SUT166 H. hypomiltum
SUT167 H. purpureonitens
SUT168 D. eschscholzii
SUT169 D. eschscholzii
SUT170 X. cf. juruensis
SUT171 Xylaria species 2
SUT172 Xylaria sp. nov.
SUT173 Xylaria sp. nov.
SUT174 X. cf. apiculata
SUT175 X. brachiata
SUT176 X. cf. apiculata
SUT177 X. maitlandii
SUT178 D. eschscholzii
SUT179 H. monticulosum
SUT180 H. lenormandii
SUT181 H. lenormandii
SUT182 H. suranarii sp. nov.
SUT183 H. suranarii sp. nov.
SUT184 H. suranarii sp. nov.
SUT185 H. monticulosum
SUT186 H. cf. fendleri
SUT187 H. trugodes
SUT188 Hypoxylon taxonomic

species 1 sp. nov.

SUT189 H. monticulosum
SUT190 H. cf. fendleri
SUT191 H. cf. fendleri
SUT192 X. mellisii
SUT193 X. cubensis
SUT194 X. cubensis
SUT195 Xylaria species 2
SUT196 X. anisopleura
SUT197 Xylaria sp. nov.
SUT198 Xylaria sp. nov.
SUT199 X. cubensis
SUT200 Xylaria sp. nov.
SUT201 X. schweinitzii
SUT202 X. cubensis
SUT203 Xylaria taxonomic
species 2
SUT204 Xylaria taxonomic
species 3
SUT205 X. anisopleura
SUT206 X. telfairii
SUT207 Xylaria taxonomic

species 4

Brownish vinaceous

Blackish with reddish brown
Black

Brownish vinaceous
Brownish vinaceous

Orange red or rust

Brownish vinaceous
Blackish with brown peeling outer
layer

Blackish with reddish brown
Brown vinaceous

Brown vinaceous

Blackish with brown peeling outer
layer

Dark brown to black

Dark brown to black

Dark brown to black

Black

Brown outer peeling layer
Black

Blackish with brown peeling outer
layer

Brown vinaceous

Brownish vinaceous to black
Grayish sepia

Grayish sepia

Dark brown to black

Dark brown to black

Dark brown to black
Brownish vinaceous to black
Brownish vinaceous

Sepia

Black with shinny

Brownish vinaceous to black
Brownish vinaceous

Brownish vinaceous

Black

Bronze becoming dark with age
Bronze becoming dark with age
Dark brown to black

Dark brown to dull black

Dark brown to black

Dark brown to black

Bronze becoming dark with age
Dark brown to black

Brownish black to dull black
Bronze becoming dark with age
Black

Black

Dark brown to dull black

Pale yellow, clay-colored to orange
brown

Copper- to bronze-colored to
brown

Orange

Purple
Orange
Orange
Orange red
Orange
Yellowish brown

Purple

Purple

Purple
Colorless

Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless

Purple
Colorless
Red
Red
Yellowish orange
Yellowish orange
Yellowish orange
Purple
Orange
Yellow
Greenish olivaceous

Purple

Orange

Orange
Colorless
Colorless
Colorless
Colorless
Colorless

Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless

Colorless
Colorless
Colorless

Colorless

(8.8)10-11.3(15)x3.8-
5

10-11.3x3.8-5
15-17.5x6.3-7.5
8.8-10x3.8-5
10-12.5x3.8-5
15-16.3x6.3-7.5
10-12.5x3.8-5
7.5-2.5x3.8

(6.3)7.5-10x3.8
10-12.5x5-6.3
11.3-12.5x5-6.3
11.3-12.5x3.8-5

10-11.3x2.5-3.8
(6.3)7.5-8.8x3.8
7.5-10x3.8-5
7.5-8.8x3.8
10-12.5x3.8-5
8.8-10x3.8-5
8.8-10x3.8-5

10-12.5(15)x5-6.3
7.5-8.8(10)x2.5
10-12.5x3.8-5
10-12.5x3.8-5
12.5-13.8x5-6.3
12.5-13.8x5-6.3
(10)12.5-13.8x5-6.3
6.3-7.5(8.8)x2.5-3.8
10-11.3x5-6.3
10-11.3x5-6.3
7.5-8.8x2.5-3.8

7.5-8.8x2.5-3.8
6.3-7.5%2.5
15-16.3x6.3-7.5
12.5-15x3.8-5
7.5-8.8x3.8
7.5-8.8x3.8
10-11.3x2.5-3.8
(20)23.8-
25(27.5)x7.5-8.8
6.3-7.5(8.8)x3.8
(6.5)7.5-8.8(10)x3.8
(6.2)7.5-8.8x3.8
7.5-8.8x3.8
18.8-21.3x6.3-7.5
6.3-7.5x3.8
(7.5)8.8-10x3.8

6.3-7.5x2.5-3.8
(17.5)18.8-2.3x6.3-
75
17.5-20x5-6.3

21.3-25x8.8-10

NF = Not found.



Table 2B. (Continued).

292

Code Species Stromatal colour KOH extracted Ascospore size (um)
pigments
SUT208 X. anisopleura Dark brown to dull black Colorless 20-21.5x7.5-8
SUT209 D. eschscholzii Brown vinaceous Purple NF
SUT210 B. capnodes Black Colorless 11.3-12.5x6.3-7.5
SUT211 C. tinctor Black Colorless
SUT212 B. capnodes Black Colorless 10-12.5(13.8)x6.3-
75
SUT213 H. nitens Black with shinny Greenish olivaceous 7.5-9.5x3.8-5
SUT214 H. atroroseum Brown vinaceous or chestnut Greenish olivaceous 3.8-5x1.5-2.5
SUT215 H. rubiginosum Reddish brown Yellowish brown 8.8-10x3.8-5
SUT216 H. moriforme Black Greenish olivaceous 7.5-8.8x3.8-5
SuUT217 H. rubiginosum Reddish brown Yellowish brown (7.5)8.8-10x3.8-5
SUT218 H. cf. perforatum Brown vinaceous Yellowish brown 8.8-10(11.3)x3.8-5
SUT219 H. atroroseum Blackish brown Greenish olivaceous 5-6.3x2.5
SUT220 H. moriforme Black with shinny Greenish olivaceous 7.5-8.8x3.8
SuUT221 H. rubiginosum Reddish brown Yellowish brown 7.5-8.8(10)x3.8
SUT222 H. stygium Blackish with reddish brown Greenish olivaceous 5-6.3x2.5
SUT223 H. duranii Brown vinaceous or chestnut Reddish brown 8.8-10x3.8-5
SUT224 H. duranii Brown vinaceous or chestnut Reddish brown 8.8-10x3.8-5(6.3)
SUT225 H. monticulosum Brownish vinaceous to black Purple 6.3-7.5x2.5(3.8)
SUT226 H. stygium Blackish with reddish brown Greenish olivaceous 5-6.3x2.5
SuUT227 H. monticulosum Brownish vinaceous to black Colorless 6.3-7.5(8.8)x2.5-3.8
SUT228 H. monticulosum Brownish vinaceous to black Colorless NF
SUT229 H. stygium Blackish with reddish brown Greenish olivaceous 5-6.3x2.5
SUT230 H. stygium Blackish with reddish brown Greenish olivaceous 5-6.3x2.5
SUT231 H. stygium Blackish with reddish brown Greenish olivaceous 5-6.3x2.5-3
SUT232 H. monticulosum Brownish vinaceous to black Colorless 7.5-8.8x2.5-3.8
SUT233 H. anthochroum Brown vinaceous or chestnut Dull green 10-11.3x3.8-5
SUT234 H. subgilvum Hazel to dark brick Orange 8.8-10x3.8-5
SUT235 H. monticulosum Brownish vinaceous to black Colorless NF
SUT236 Hypoxylon taxonomic Black Greenish olivaceous 7.2-9.8x3.1-4.4
species 1 sp. nov.
SUT237 H. cf. ferrugineum Brown vinaceous to rusty brown Orange (12.5)13.4-17.8x5.3-
8.3
SUT238 Hypoxylon taxonomic Black with shinny Greenish olivaceous 7.9-9.1x3.2-4.1
species 1 sp. nov.
SUT239 H. duranii Brown vinaceous or chestnut Reddish brown 8.5-10.8x4-5.6
SUT240 H. anthochroum Brown vinaceous or chestnut Dull green 10.8-13(14)x4-6
SuUT241 Hypoxylon taxonomic Black with shinny Greenish olivaceous 7.5-8.9x2.8-4
species 1 sp. nov.
SUT242 H. bovei var. Black with shinny Greenish olivaceous 7.3-9x3.1-4
microspora
SUT243 H. stygium Blackish with reddish brown Greenish olivaceous 4.7-6.5x1.8-2.4
SUT244 Hypoxylon taxonomic Black with shinny Greenish olivaceous 7.6-9.1x2.8-4.2
species 1 sp. nov.
SUT245 H. stygium Blackish with reddish brown Greenish olivaceous 5.5-6.4x1.7-2.4
SUT246 Hypoxylon taxonomic Black with shinny Greenish olivaceous 7.3-8.7x3-4
species 1 sp. nov.
SuUT247 H. stygium Blackish with reddish brown Greenish olivaceous 4.6-5.9x1.8-2.6
SuUT248 H. duranii Brown vinaceous or chestnut Reddish brown (6.7)8.1-9.5x4.3-5
SUT249 H. stygium Blackish with reddish brown Greenish olivaceous 7.5-8.8x3.1-4.4
SUT250 H. sublenormandii sp. Reddish brown Reddish brown 8.9-11.3x3.4-4.7
nov.
SUT251 Hypoxylon taxonomic Black Greenish olivaceous 7-8.2x3.4-4
species 1 sp. nov.
SUT252 H. duranii Brown vinaceous or chestnut Reddish brown 8.5-10.4x4.5-5.5
SUT253 H. stygium Blackish with reddish brown Greenish olivaceous 4.8-5.9x1.8-2.2
SUT254 H. duranii Brown vinaceous or chestnut Reddish brown 8.2-9x(3.9)4.4-5.4
SUT255 Hypoxylon taxonomic Black with shinny Greenish olivaceous 6.6-8x3.4-4.6
species 1 sp. nov.
SUT256 H. brevisporum Brown vinaceous or chestnut Hazel 6.1-7.2x2.7-3.7
SUT257 H. stygium Blackish with reddish brown Greenish olivaceous 5.6-6.3x2.1-2.8
SUT258 Nemania sp. Black Colorless 8.9-11.7x4.7-6
SUT259 H. duranii Brown vinaceous or chestnut Reddish brown 9-10.5x4.6-5.5
SUT260 C. tinctor Black Colorless 13.3-18.4x5.5-7.3
SUT261 Nemania species Black Colorless 11.8-14.9x7.3-8.7

NF = Not found.
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SUT262 H. purpureonitens Blackish with reddish brown Purple 8.6-12.3x3.6-4.6
SUT263 H. anthochroum Brown vinaceous or chestnut Dull green 9.7-12.2x4-5.4
SUT264 H. monticulosum Brownish vinaceous to black Purple 5.8-7.2x2.4-4.1
SUT265 H. monticulosum Brownish vinaceous to black Purple 6.8-9x2.8-3.9
SUT266 H. monticulosum Brownish vinaceous to black Purple 6.9-8.5x3-3.6
SUT267 H. monticulosum Brownish vinaceous to black Purple NF
SUT268 D. eschscholzii Brown vinaceous Purple 10.8-13.2x5.8-6.6
SUT269 Xylaria sp. nov. Dark brown to black Colorless 8.9-10.3x3.9-5
SUT270 X. cubensis Bronze becoming dark with age Colorless 7.5-8.8x3.8-5
SUT271 X. cubensis Bronze becoming dark with age Colorless (6.3)7.5-8.8x3.8-5
SUT272 Xylaria sp. nov. Dark brown to black Colorless 7.5-9x4.1-4.9
SUT273 Xylaria sp. nov. Dark brown to black Colorless 7.1-9x3.6-4.8
SUT274 Xylaria species 2 Dark brown to black Colorless 9.5-12.1x3.4-4.5
SUT275 Xylaria sp. nov. Dark brown to black Colorless 7.6-8.8x4-5
SUT276 Xylaria taxonomic Dark brown to black Colorless 12.5-14.7x4.5-6.2
species 5
SUT277 X. cubensis Bronze becoming dark with age Colorless 7.5-9x3.8-5
SUT278 D. eschscholzii Brown vinaceous Purple 10-12.3x4.7-6.1
SUT279 H. cf. fendleri Brownish vinaceous Orange NF
SUT280 H. cf. fendleri Brownish vinaceous Orange 8.4-10.9x3.9-5
SuUT281 H. duranii Brown vinaceous or chestnut Reddish brown 9.7-11.7x4.5-5.5
SUT282 H. sublenormandii sp. Reddish brown Reddish brown 9-11.8x4.5-5.1
nov.
SUT283 H. lenormandii Grayish sepia Red 9.5-11.9x4.6-5.9
SUT284 H. duranii Brown vinaceous or chestnut Reddish brown 9-10.9x4-5.3
SUT285 Hypoxylon taxonomic Black with shinny Greenish olivaceous 6.1-9x2.3-4
species 1 sp. nov.
SUT286 H. monticulosum Brownish vinaceous to black Purple NF
SuUT287 H. monticulosum Brownish vinaceous to black Purple 6.8-8.4x3.3-4
SuUT288 H. nitens Black with shinny Greenish olivaceous 7.2-8.6x3.1-4.3
SUT289 H. monticulosum Brownish vinaceous to black Colorless NF
SUT290 Biscogniauxia sp. Black Colorless 9.2-11.9x5.4-6.7
SUT291 H. cf. fendleri Brownish vinaceous Orange 8.8-10x3.8-5
SUT292 H. haematostroma Orange red or rust Orange red 13-15.2x6.3-7.9
SUT293 H. haematostroma Orange red or rust Orange red 15.6-17.9x7.1-8.6
SUT294 H. rubiginosum Brown vinaceous Yellowish brown 8.8-11.3x5
SUT295 H. monticulosum Brownish vinaceous to black Purple 6.3-7.5x2.5-3.8
SUT296 H. rubiginosum Brown vinaceous Yellowish brown (8.8)10-11.3x5-6.3
SUT297 H. rubiginosum Brown vinaceous Yellowish brown 8.8-10x3.8-5
SUT298 H. nitens Black with shinny Greenish olivaceous 10-12.5x3.8-5
SUT299 H. nitens Black with shinny Greenish olivaceous 10-11.3(12.5)x3.8-
5(6.3)
SUT300 H. lenormandii Grayish sepia Red 8.8-10x2.5-3.8
SUT301 H. monticulosum Brownish black to black Colorless 6.3-7.5x3.8-5
SUT302 H. monticulosum Brownish black to black Colorless 6.3-7.5x3.8
SUT303 H. sublenormandii sp. Brownish black to black Reddish brown 8-10x3.8-5
nov.
SUT304 H. sublenormandii sp. Brownish black to black Reddish brown 8-10x3.8-5
nov.
SUT305 H. sublenormandii sp. Brownish black to black Reddish brown 8-10x3.8-5
nov.
SUT306 H. duranii Brown vinaceous or chestnut Reddish brown 9-10.9x4-5.3
SUT307 H. lenormandii Grayish sepia Red 8.8-10x2.5-3.8
SUT308 H. cf. fendleri Brownish vinaceous Orange 8.8-10x3.8-5
SUT309 X. badia Silvery brown Colorless 8.8-11.3x3.8-5
SUT310 X. badia Silvery brown Colorless 8.8-11.3x3.8-5
SUT311 H. sublenormandii sp. Reddish brown Reddish brown (10)11.3-13.8x5-7.5
nov.
SUT312 H. lenormandii Grayish sepia Red 11.3-12.5x3.8-5
SUT313 H. lenormandii Grayish sepia Red 8.8-11.3x3.8-5
SUT314 H. fendleri Brownish vinaceous Orange 8.8-12.5x5-6.3
SUT315 H. monticulosum Brownish vinaceous to black Purple 6.3-7.5x3.8-5
SUT316 H. nitens Black Greenish olivaceous 10-12.5x3.8-5(6.3)
SUT317 H. nitens Black Greenish olivaceous 10-12.5x3.8-5(6.3)
SUT318 H. purpureonitens Blackish with reddish brown Purple 8.8-12.5x3.8-5

NF = Not found.
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Code Species Stromatal colour KOH extracted Ascospore size (um)
pigments
SUT319 H. purpureonitens Blackish with reddish brown Purple 8.8-11.5x2.5-5
SUT320 H. rubiginosum Brown vinaceous Yellowish brown 8.8-10x3.8-5
SUT321 Xylaria sp. nov. Dark brown to black Colorless 8.9-10.5x3.8-5
SUT322 Xylaria sp. nov. Dark brown to black Colorless 8.9-10.5x3.8-5
SUT323 Xylaria species 2 Dark brown to black Colorless 10-11.3x2.5-3.8
SUT324 X. cubensis Bronze becoming dark with age Colorless 7.5-8.8x3.8
SUT325 H. monticulosum Brownish vinaceous to black Purple 6.9-8.5x3-3.6
SUT326 D. eschscholzii Brown vinaceous Purple 10-13.5x 3.8-6.3
SUT327 H. stygium Blackish with reddish brown Greenish olivaceous 7.5-8.8x3.1-4.4

NF = Not found.



APPENDIX C

NUCLEOTIDE SEQUENCE DATA

Nucleotide sequence results of 18S rDNA and ITS1-5.8S-1TS2 regions were

presented in dendrogram for example in Figure 1C using ITS5 primer.

Figure 1C. Sequence electrophenogram of I1TS1-5.8S-1TS2 region of Astrocystis

mirabilis (SUT051) using ITS5 primer.
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oooo!;chr cotakicech carhasicl ettt arbinict socrhicii irockiaiol Grockakiit TAGAbCTEAE 50

SUTO51 1

SUTO0S6 1 CT GCGAATGGCT CATTAARATCA GITATIGITT ATTTGATAGT ACCTTACTAC ATGGATAACC GIGGTAATIC TAGAGCTAAT 90
S5T2301 1 CGGCGAAACT GCGAATGGCT CATTAAATCA GITATCGTTT ATTTGATTGT ACCTTACTAC TTGGATAACC GTGGTAATTC TAGAGCTAAT 90
AY083804 1 CCGCGAAACT GCGAATGGCT CATTAARATCA GTTATCGTIT ATTTGATAGT ACCTTACTAC TTGGATACCC GTGGTAATTC TAGAGCTAAT 90
AY083805 1 CT GCGAATGGCT CATTAARATCA GITATCGTTT ATTTGATAGT ACCTTACTAC TTGGATACCT GIGGTAATTC TAGAGCTAAT 90

100 110 120 0 0 0 0

SUT051 91 ACATJ;CT Ai AAATJICCGAl TCACJ;GAGGi ATGTLTITA TAGA{TAAAi ACCAJLTGCCi C"CGJ;GGC"T' TCTG&;TGAT?’ CATAATAACi 179
SUT056 91 ACATGCT-A% AAATCCCGAC TCACGGAGGG ATGTATTTAT TAGATTAAZA ACCAATGCCC CTCGGGGCTT TCTGGTGATT CATAATAACT 179

5T2301 91 ACATGCT—A% ARATCCOGAC TCACGGAGGG ATGTATTTAT TAGATTAAZA ACCAATGCCC CTCGGGGCTT TCTGGTGATT CATAATAACT 179
AY083804 91 ACATGCT—GA& AAATCCOGAC TCACGGAGGG ATGTATTTAT TAGATTAAZA ACCAATGCCC CTCGGGGCTT TCTGGTGATT CATGATAACT 179
AY083805 91 ACATGCTGAA ARATCCCGAC TCACGGAGGG ATGTATTTAT TAGATTAAZA ACCAATGCCC CTCGGGGCTT TCTGGTGATT CATAATAACT 180

ouTost 160 TCtobkiTO: CHIGKETTE mami Gmémi mmoi crinbiact eskhoscad sk mgmi

SUT0S6 180 TCTOGAATCG CATGGCCTTG TTTCTGCC CTATCAACTT TCGATGGCAG GGTCTTGGCC TGUCA 269
S5T2301 180 TCTOGAATCG CATGGCCTTG CGCCGGCGAT GSTI'CATI'CA AATFI'CTGCC CTATCAACTT TCGATGGCAG GGTCTTGGCC TGCCA 269
AY083804 180 TCTOGAATCG CATGGCCTTG CGCOGGCGAT GGTTCATTCA AATTTCTGCC CTATCAACTT TCGATGGCAG GGTCTTGGCC TGOCATGGTT 269
AY083805 181 TCACGAATCG CACGGCCTTG CGOCOGGOGAT GGTTCATTCA AATTTCTGOC CTATCAACTT TCGATGGCAG GGTCTTGGCC TGOCATGGIT 270

SUT051 270 ACAAJZGGGTED ACGGLGGGI'T'U AGGGJ:TCGAiD CCCGJ;AGAAlD GAGCJZTGAGiD AACGJ;CTA ACATl'CAAéiD AAGGJ:AGCiiD GCGCJ;CAAiiD 359

SUT056 270 ACAACGGGTA ACGGAGGGTT AGGGCTOGAC CCOGGAGAAG GAGOCTGAGA AARCGGCTACT ACATTCAAGG AAGGCAGCAG GCGCGCAAAT 359
ST2301 270 ACAACGGGTA ACGGAGGGTT AGGGCTCGAC CCOGGAGAAG GAGUCTGAGA AACGGCTACT ACATCCAAGG AAGGCAGCAG GOGUOGCAXAT 359
AY083804 270 ACAACGGGTA ACGGAGGGTT AGGGCTOGAC CCCGGAGAAG GAGOCTGAGA AACGGCTACT ACATCCAAGG AAGGCAGCAG GCGCGCAAAT 359
AY083805 271 TCAACGGGTA ACGGAGGGTT AGGGCTCGAC CCOGGAGAAG GAGCCTGAGA AACGGCTACT ACATCCAAGG AAGGCAGCAG GCGOGCAAAT 3el

SUTO51 36l TACCJ:AATOL CGACLCGGGi AGGTLGTGAI AATALATACE' GATAJ:AGGGi TClTiTGGGi CT[G‘{'AKITi GAATJ;AGTAi AATF}AAA:‘—D 448

SUT0S6 360  TACCCAATCC CGACACGGGG AGGTAGTGAC AATAAATACT GATACAGGGC TCTTTTGGGT AATTG GAATGAGTAC AATTTAAAT- 448
S5T2301 360  TACCCAATCC CGACACGGGG AGGTAGTGAC AATAAATACT GATACAGGGC TCTTTTGGGT CT[GTAA'[TG GARATGAGT-C AATTTAAATC 448
AY083804 360 TACCCAATCC CGACACGGGG AGGTAGTGAC AATAAATACT GATACAGGGC TCTTTTGGGT CTTGTAATTG GAATGAGTAC AATTTAAATC 449
AY083805 251 TACCCAATCC CGACACGGGG AGGTAGTGAC AATAAATACT GATACAGGGC TCTTTTGGGT CTTGTAATIG GAATGAGTAC AATTTAAATC 450

SUTO051 449 CCT[LACGAiU GAACLA'ITOLD AGGGJ:AAG"iU TGGTJ;CCAGiDAGCCJ;CGGTiD Tl'JZAGC‘iDCAATLGCGTiDTAT[LAAUiDGGTGJ:AGITiD 537

SUT056 449  CCTTAACGAG GRACAATTGG AGGGCAA AGOOGCGGTA A-TTCAGCTT CAATAGOGTA TATTAAAGTT GGTGCAGTTA GL37
ST2301 443  CCTTAACGAG GAACARTTGG AGGGCAAGTC TGGTGCCAGC AGOCGOGGTA ATTTCAGCTC CAATAGCGTA TATTAAAGTT GGTGCAGGTA G538
AY083804 450 CCTTAACGAG GAACAATTGG AGGGCAAGTC TGGTGCCAGC AGOOGOGGTA ATTCOCAGCTC CAATAGOGTA TATTAAAGTT GTTGCAGTTA 539
AY083805 451 CCTTAACGAG GARACAATTGG AGGGCAAGTC TGGTGCCAGC AGOCGCGGTA ATTCCAGCTC CAATAGOGTA TATTAAAGTT GTTGCAGTTA G40

sumost 530 hik-beioer Aeribkicet Tesohoions m?”mmi mxmi memi cmzmi Mxmi

SOUT0S6 538 ARAGCTCGT AGTTGAACCT TGGGCCTGGC 625
5T2301 539 ARA GCTCGT AGTTGAACCT TGGGCCT-GC TGGCCGGTC CGC GTGCACTGGT TCGGCCGGGC C'l'l'l'l'CC'l'CT GGGGAGGCCT 625
AY083804 540 ARMMGCTOGT AGTTGAACCT TGGGCCTGGC TGGCOGGTCC GCCTCACCGC GTGCACTGGT TCGGCOCGGGC CTTTCCCTCT GGGGAGCCCT 629
AY083805 541 ARAAGCTOGT AGTTGAACCT TGGGCCTGGC TGGUCGGTCC GCCTCACCGC GIGCACTGGT TCGGCCGGGC CTTTCCCTCT GGGGAGCCCT 630

640 650 660 670 0 0 720
SUTO051 E26 ATGCJZCITCI CTGGJSTGTAi CCZ GGAC{T[TA TGI'GLAAAAE 'ITAGLGI'G"T' CAAAJ;CAGGE CTATJ;CI‘CGI ATACLTCA 7158
SUT056 626 ATGCCCTTCA CTGGGTGTAG TGGGGAACCA GGACTTITAC TGTGAAAARA TTAGAGTGIT CAAAGCAGGC CTATGCTCGA ATACATCAGC 715
ST2301 626 ATGOCCTTCA CTGGGIG—G TAGGGAACCA GGACTTTTAC TGTGAAAARL TTAGAGTGIT CAAAGCAGGC CTATGCTCGA ATACATCAGC 713
AY083804 £30 ATGOCCTTCA CTGGGTGTAG CGGGGAACCA GGACTTTITAC TGTGAAAAAL TTAGAGTGTT CAAAGCAGGC CTATGCTCGA ATACATCAGC 719

AY083805 631 ATGOCCTTCA CTGGGTGTAG TGGGGAACCA GGACTTTTAC TGTGAAAAARA TTAGAGTGTT CAAAGCAGGC ATTTGCTCGA ATACATCAGC 720

SUTO51 716 ATGGLATAAi‘ AGAAJrAGGAl GrGrJ;Grrc‘T‘ An‘rlm’mi Trrc'l‘AGGAl CGCOLTAATE ATrALTAGGi 'ACA'G’}CGGCE;EDGCAT&AGTEAiD 805

SOUT0S56 716  ATGGAATAAT AGAATAGGAC GIGTGGTTCT ATTTTGITGG TTTCTAGGAC CGUCGTAATG ATTAATAGGG ACAGTCGGGG GCATCAGTAT G605
5T2301 714 ATGGAATAAT AGAATAGGAC GTGTGGTTCT ATTTTGITGG TITCTAGGAC CGOCGTAATG ATTAATAGGG ACAGTCGGGG GCATCAGTAT G803
AY083804 720 ATGGAATAAT GGAATAGGAC GIGTGGTTCT ATTTTGITGG TTTCTAGGAC CGCOGTAATG ATTAATAGGG ACAGTCGGGG GCATCAGTAT 809
AY083805 721 ATGGAATAAT AGAATAGGAC GIGTGGTTCT ATTTTGITGG TTTCTAGGAC CGCOGTAATG ATTAATAGGG ACAGTCGGGG GCATCAGTAT 610

SUTO51 a06 TCAA'lTGTCi GAGG{'GA.AAi'UTCTI'JSGA'l'l'i'DA]TGLAGAC‘T’DAACTLCFGCiDAAAGJ:AmlDCCAAJSGATG‘T’DmCLT[ﬂincAGGLACGAiD 895

SUT056 406 TCAATTGTCA GAGGTGAAAT TCTTGGATTT ATTGAAGACT AACTACTGCG ARAGCATTTG CCAAGGATGT TTTCATTAAT CAGGAACGAA 895
ST2301 204 TCAATTGICA GAGGTGAAAT TCTTIGGATIT ATTGAAGACT AACTACTGCG ABAGCATTIG CCAAGGATGT TITCATTAAT CAGGAACGAA 893
AY083804 810 TCAATIGTCA GAGGTGAAAT TCTTGGATCT ATTGAAGACT AACTACTGOG AAAGCATTTIG CCAAGGATGT TTTCATTAAT CAGGAACGAA 899
AY083805 311 TCAATTGTCA GAGGTGAAAT TCTTGGATIT ATTGAAGACT AACTACTGCG ARAGCATTTG CCAAGGATGT TTTCATTAAT CAGGAACGAA 900

SUTO51 896 'A(':lTLGGG?GlDTC'GALGA(;iDTCAGLTACCi chrrLGra‘i‘ AACCLTAAAi TATG(I:CGAC’T' AGGGLTCGGI CGAT&TATT‘ Trrr&crci 985

SUT056 896 AGTTAGGGGA TCGAAGACGA TCAGATACCG TCGTAGTCTT AACCATAAAC TATGCCGACT AGGGATOGGA CGATGTTATT TTTIGACTCG 985
5T2301 894  AGTTAGGGGA TCGAAGACGA TCAGATACCG TCGTAGTCTT AACCATAAAC TATGCCGACT AGGGATCGGA CGATGITATT TTTTGACTCG 943
AY083804 900 AGITAGGGGA TCGAAGACGA TCAGATACCG TCGTAGICTT AACCATAAAC TATGCCGACT AGGGATCGGA CGATGITATT TITTIGACTCG 989
AY083805 901 AGTTAGGGGA TCGAAGACGA TCAGATACCG TCGTAGTCTT AACCATAAAC TATGCCGACT AGGGATTGGA CAATGTTATT TTTTGACTTG 990

1o0o0 1010

SUTO51 986 TTOGJ}CACC‘i' TAOGLGAAA'l' CAAAJSTC 1012

SUT056 986 TTOGGCACCT TACGAGAAAT CAAAGTC 101z
ST2301 984 TTOGGCACCT TACGAGAAAT CAAAGTC 1010
AY083804 990 TICGGCACCT TACGAGAAAT CAAMAGTC 1016
AY083805 991 TTCAGCACCT TACGAGAAAT CRAAGTT 1017

Figure 2C. Multiple sequence alignment of partial 18S rDNA using NS1 and NS4
primers of Astrocystis mirabilis (SUT051, SUT056) and Rosellinia sp.
(ST3201) examined compared to DNA sequences from GenBank
database, R. necatrix (AY083805) and A. cocoes (AY083804), by using

ClustalX and BioEdit program.
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AAGAGTTA— TA—ACTCC AAACCCATGT GAACATACCT AACGTTGOCT CGGOGGGTCG TAC——— ——C

TACCETGG;l TGGCETA DTGGA&TAGCiD AGiDGCCTLCCCTiDGAGTLGGCAlDCCCGEAGCGiDGCAAéCAGAiD

TACOCCTGGAG TGGCCTACCC TGGAGTAGCT ACCCTGTAGT GCCTACCCTG GAGTAGGCAC CCCGCAGOGC GCAACCAGAC

TACCCTGGAG TA—CCTACCC TGGAGTAGGT ACCCOGGAGT GGCTACCCTA ————— ——CAGOGC GCAACCAGAC
TAATTCAGAG GTAGITACCC TGGAGTAGCT ACCCTGGAGA AGGGAGGTGC T——— TAC CCCGCAGCAC CCAACAAGAC
TACOCCTGGAG TA-CTTACCC TGGAGTAGCT ACCCTG —CAGOGC GCAACCAGAC
TACOCCTGGAG TA—CTTACCC TGGAGTAGCT ACCCTG —CAGCGC GCAACCAGAC
TACCCTGTAG TGCCTTACCT GTAAGTGOCT ACCCGG ——TAG-GC ACGGGTAAGC

CTGCJ:AGAGLD ACCTJ:TGAAED Ain ACTGJSAACFED TGAA.LCTATi'D ATACLAACAiD Gﬂl&clin TCAAJIAACGlD

CTGOCAGAGG ACCTCTGAAC TCTTTTITAC ACTGGAACTC TGAAACTATT ATACAAACAA GTTAAAACTT TCAACAACGG
CTGOCGAAGG ACATCTAAAT TCTTTTCTAC CCTGGAACTC TGAAACTATT ATACAAATAA GITTAAAACTT TCAACAACGG
CTGTCAGAGG ACCTITAAAC TCTATTITAT AACGTATCTC TGAATCAACT ATACAAATAA GITTAAAACTT TCAACAACGG
CTGOCGAAGG ACACTTAAAT TCTTTTITAC COCGGAACTC TGAAACTATT ATATAAATAA GTTAAAACTT TCAACAACGG
CTGOCGAAGG ACACTTAAAT TCTTTTITAC COCGGAACTC TGAAACTATT ATATAAATAA GTTAAAACTT TCAACAACGG
COGOCGGOGC CCCATTAAAC TCTGTTTAAT ACTGGATATC TGAA-TTATA AC-TAAATAA GTTAAMACTT TCAACAACGG

ARCTToa Herobekteh Atihcich ChOOkMAATE Cokthitan TETCAATIOE AGAICAGE GAKTEATORD

ATCTCTTGGT TCTGGCATCG ATGAAGAACG CAGCGAAATG CGATAAGTAA TGTGAATTGC AGAATTCAGT GAATCATCGA
ATCTCTTGGT TCTGGCATCG ATGAAGAACG CAGCGAAATG CGATAAGTAA TGTGAATTGC AGAATTCAGT GAATCATCGA
ATCTCTTGGT TCTGGCATCG ATGAAGAACG CAGCGAAATG CGATAAGTAA TGTGAATTGC AGAATTCAGT GAATCATCGA
ATCTCTTGGT TCTGGCATCG ATGAAGAACG CAGCGAAATG CGATAAGTAA TGTGAATTGC AGAATTCAGT GAATCATCGA
ATCTCTTGGT TCTGGCATCG ATGAAGAACG CAGCGAAATG CGATAAGTAA TGTGAATTGC AGAATTCAGT GAATCATCGA
ATCTCTTGGT TCTGGCATCG ATGAAGAACG CAGCGAAATG CGATAAGTAA TGTGAATTGC AGAATTCAGT GAATCATCGA

350 30 370 31"' 390 400
ATCT+TGAA GCA CCTALCAGTi TTCT&TTA CATG&CTGTl CGAG&GTCAi TTCAL AAGC%CTATi
ATCTTTGAAC GCACATTGOG CCTAACAGTA TICTGTTAGG CATGCCTGTT CGAGCGTCAT TTCAACCCCC AAGCCCTATT
ATCTTTGAAC GCACATTGOG CCTAATAGTA TICTGTTAGG CATGCCTGTT CGAGCGTCAT TTCAACCCCC AAGCCCTATT
ATCTTTGAAC GCACATTGOG CCTAATAGTA TTCTGTTAGG CATGCCTGTT CGAGCGTCAT TTCAACCCCC AAGCCCTATT
ATCTTTGAAC GCACATTGOG CCTAATAGTA TICTGTTAGG CATGCCTGTT CGAGCGTCAT TTCAACCCCC AAGCCCTATT
ATCTTTGAAC GCACATTGOG CGTAATAGTA TICTGTTAGG CATGCCTGTT CGAGCGTCAT TTCAACCCCC AAGCCCTATT
ATCTTTGAAC GCACATTGOG CCCATTAGTA TICTAGTGGG CATGCCTGTT CGAGCGTCAT TTCAACCCTT AAGCCTTCTT

0 0 0 450 460 470 430
TGCT+GACGi TGGGLGTTTi CGGALACG—i AATT&CTCAI ATATLGTGGi GGAG&TAGG; CGTG&TCTAi GCGTLGTAAi
CGGAAAOG-T AATTOCTCAA ATATAGTGGC GGAGCTAGGT CGTGCTCTAA GOGTAGTAAT

TGCTTGACGT TGGGAGTTTA CGGAAAOG-T AATTCOCTCAA ATATAGTGGC GGAGCTAAGT CGTGCTCTAA GOGTAGTAAC
TGCTTGACGT TGGGAGTTTA CGGAAACG-T AATTCCTCAA ATATAGTGGC GGAGCTAGGT CGTGCTCTAA GOGTAGTAAC
TGCTTGACGT TGGGAGTTTA CGGAAACG-T AATTCCTCAA ATATAGTGGC GGAGTTAGGT CGTGCTCTAA GOGTAGTAAC
TGCTTGACGT TGGGAGTTTA CGGAAACG-T AATTCCTCAA ATATAGTGGC GGAGTTAGGT CGTGCTCTAA GOGTAGTAAC
TGCTTAGCGT TGGGGGCCTA CCGTAGOGGT AGCCCCTTAA AATTAGTGGC GGAGTCGGTT CACACTCTAG ACGTAGTAAA

TATA+TCTCi CTTC+GCAGiD AGGiDCTTG%CGTAiDAGCCETATAiD 529

TATATTCTCG CTTCTGCAGC CGGTCTAGGT CTTGOOGTAA AGOCCTATAT TTTTCT 529
TATATTATCG CTTCTGTAGC CGGTTTAGGT CCTGOOGTAA AACCTTATAT TTTTCT 514
TTAATTCTCG CTTCTGTAGC CGGCTAAGGT CCTGOOGTAA AACCCTATAT TTTTCT 529
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Figure 4C. The ITS1-5.8S-1TS2 sequence alignment of Camillea tinctor (AJ390421,

AJ390422), C. tinctor (ST2321), C. obularia (AJ390423), C. tinctor

(SUT161), C. tinctor (SUT260), and C. selangorensis (KS15) by using

ClustalX and BioEdit programs for phylogenetic tree construction

Figure 86. Arrows indicate the start and the stop of 5.8S rDNA

sequences.
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Figure 5C. The ITS1-5.8S-1TS2 sequence alignment of Daldinia eschscholzii (SUT209, SUT178, SUT278, SUT039, SUT168,

SUT322, SUT085, AY616684) and D. concentrica (L1 and L2) examined compared to DNA sequences from GenBank

database, D. concentrica (AY616682, AY616681, AY616683, AY176955, AY176958, AY17695854), D. grandis

(AF176982), D. loculata (AF176969, AF176968, AF176967), D. petrinia (AF176975, AF176974, AF176973), D. vericosa

(AF163022), D. fissa (AF176981), Daldinia sp. (AF163023, AY315403), by using ClustalX and BioEdit programs for

phylogenetic tree construction in Figure 88. Arrows indicate the start and the stop of 5.8S rDNA sequences.
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Figure 5C. (Continued).
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Figure 5C. (Continued).
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RGCGC--CGT TAAACTGITC CARARTACTT TGICCARCIC TACCCTATAG AACTARTCGT TCGRATCTICT TATCTCGRGG CITTICTTITT TGCCITGAGG CTGAGGCTTT TCCTTGCCIT GCCTTTCTTIC CAGITCARAT
ACCCCCCCAC ACCRCCCOTC GARCCTCTTT TTTCCAACTC TTCCTAGAAC AARCCCTTAT -CCAACGRAC TATTCCAATA RAARACCACTC CAARAARATA TCCAACARAAR TTATCCAACT ARCTATCCRA CARATTATCC
GGCGCCGAGT AGGRCCGCTC CRAACTT--- —--—--—=== =——o--=o—o ARGCACCTAG TGARCANCTA TCGAR--AAT CTGCTTTTGC TTTTTTTCTT TACGCTA---
GGCGCCGAGT AGGACCGCTC CRARCTT--- - ARAGCRCCTAG TGARCAACTA TCGAR--ART CTGCTTTTGC TTTTTTTCTT TACGCTA---
GGCGCCGAGT AGGACCGCTC CAAACTT==-= = RAGCACCTAG TGAACAACTA TCGAA=--AAT CTGCTTTTGC TTTTTTTCTT T -
GGCGCCGAGT AGGACCGCTC CAAACTT==-= = RAGCACTTAG TGAACAACTA TCGAA--AAT TTGCTTTTGC TTTTTTTCTT -
GGCGCCGAGT AGGACCGCTC CAARACTT=== = AAGCRCTTAG TGAARCAACTA TCGAA=--AAT TTGCTTTTGC TTTTTTTCTT -
GGCGCCGAGT AGGACCGCTC CARACIT--- - RAGCACTTAG TGARCARCTA TCGAR--AAT TTGCTTITGC TTITTTTCIT TACGCTA---
GLGEC--=CT TACNTIGEPG DEARGEAC: = ssussusscs ssssscesss soscoseses HessSsssos cesssseceu =oaas CGACCCAGGC CTCGG---CG TCGTCGAGAG GRCATTGCTIC CARTACT---
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Figure 6C. The ITS1-5.8S-1TS2 sequence alignment of Hypoxylon sect. Annulata, Hypoxylon cf. nitens (SUT242, SUT244, SUT251,

SUT081, SUT285), H. cf. stygium (SUT231), H. stygium (SUTO058, SUT243, AJ390409), H. atroroseum (SUTO009,

SUTO010, AJ390397), H. urceolatum (SUT098), by using ClustalX and BioEdit programs for phylogenetic tree construction

in Figure 90. Arrows indicate the start and the end of 5.8S rDNA sequences.
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SUT242 29% GTGTTTCCCG GT T TA TCT ATG TGT TG T ATA TAATTCCTTT TCTGTACTAA TACTGTTTTT
SUT244 29% GTCITTCCCG GTTGGAATTA TCTCTCGAAG TTTACGATGT TACGACCTTA TGARATGCCT TCGCGTGAAA TGCTACCCTG TACTACTTCT CGCTCGAATG TGTTTCCCGE TTGGAATTTT CGOTCGAATA TAATTCTTTT TCTGTACTAA TACTGTITIT
sUT251 2%% GTGTTTCCCG 6T T TGA TTGGAATTTT CGCTCGAATA TAATTCTTTT TCTGTACTAA TACTGTTITT
SuUToEL 29% GTCTTTCCOCG GTTGGAATTA TCTCTCGARG TTTACGACGT TACGACCTTA TGARATGCCT TCGCCTGAAA TGCTACCCTG TACTACTTCT CGCTCGAATG TGITTCCOGE TTGGAATTTT CGCTCGAATA TAATTCTTTT TCTGTACTAA TACTGTITIT
SUT285 29% GTGTTTCCCG GT TGA TCT TAATTCTTTT TCTGTACTAA TACTGTTTTT
SUT231 s CTATAATGAT TATGACTTAC TGCTGITCTT TCGCTCGAAG GICTTICCCG GTGGAATTGT ATTCTCGTAG TGCAATTTIIT ACCCCATAGG CGTTCGTGIT T---TAGGAG GCTGTAGTGT GITTTTATIIT
SUT0S8 274 TTGGAATTAT AR TCT T T CTAC
SUT243 274 TTGGAATTAT TGCTCGARAT RATARTTTCT TTACCCTGCA GICGITIGIT TTCRAGCTAC ARTAT--
RIIS040S 274 TAT TGC AATAATTTCT T T T AR \RA ATTGTTCAAR GCTCTGAGG-
SUTO003 274 TTGGAATTAT TGCTCGAAAT GATAATTTCC TTACCCTGTA GIC T c TG C AA AR TATIIGL--- ---- TCGARR ATTGITCAAA GCICTGAGG-
SUT010 274 GRATTAT T GATAATTTCC T T ATT
AJ3I0397 274 TTGGAATTAT TGCTCGRAAT GATAATTTCC TTACCCTGTA GTC T o TG I AR AR TATTTGC--- ===~ TOGARR ATTGTTCRAR GOTOTGAGG-
SUT0SE_H. urceolatum_ 214 CGAATTTAGT GGGTTTAAAA ----TTTGTG ATCGAATTTT GTTTTCAAA- TGATCG AATTTAGTGG GCTTARATC-
560 5710 580 sH80 ' Go00 610 &20 630 &40
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sUT242 459 CTA’ TTGCATCARA ACARATTTTT ACTT; A AAACTTTCAR ( T CT ™ GCATCGATGA AGAACGCAGC
SUT244 45% 6T GA ATT---TTTC T TTA AR ACAAATTTTT GTTAARAACA ACTTATATCA ARACTTTCAR
sUT251 459 GTTTCTGCTC CTTT ATT---TTTC GC T CTATTTTTTT AGAGTCTGAA TTGCATCAAAR ACAAATTTTT GTTAAAAACA ACTTATATCA AAACTTTCAA CAACGGATCT CTTGGTTCTG GCATCGATGA AGAACGCAGC
SUT0B1 453 GIT-CTGCTC GAAAGTCTTT CCCGGTTGGA ATT---TT-C GCTCGAGGTT CTATTTTTT- AGAGTCTGAA T-GCATCARA ACARATTTT- ca A
SUT285 45% GPTTCTGCTC CTTT | ATT---TTTC GCTC T CTATTTTTTT AGAGTCTGAA TTGCATCARA ACARATTTTT GTTARAAACA ACTTATATCA AAACTTTCAA CAACGGATCT CTTGGTTCTG GCATCGATGA RGAACGCAGC
sUT231 463 AARCGTGITT CCOGGTTGGR ATTARATCTC T A T-ARCCTTAR ACTTTTTTTG CATAARRACA AAT TTA CTTGGTTCTG GCATCGATGA AGAACGCAGC
EUTOSE 3p2 CCAC -CTATARACT ACGCTT-CTT AAT-ACCTTA ARACTTTCAR CARCCCATCT CTITCOTTCTC CCATCGATCA ACAACCCACC
SUT243 382 GAATGAATTC ATAAAATTGG CAARAGCCAC -CTATAAACT T ART AMRACTTTCAR
AJ390409 3g2 ACGCTT-CTT AAT-ACCTTA RAACTTTCAN CARCCCATCT CTTCCTTCTC CCATCCATCGA ACAACCCACC
SUTO00S 411 TT RAT-
SUTOLO 411 GSTCT CAC -CTATAAACT ACGGTT-TTT AAT-ACGTTA ARACTTTCAR CAACGGATCT CTTGGTTCTG GOATCGATGA AGAACGCAGS
AJIS0IST 411 ~CTATAARACT ACGGTT-TTT AAT-ACGTTA ARACTTTCAR G
SUTOSE_H.urceolatum_ 322 - AT ACTT---TTA ARACTTTCAA CARCGGRICT CITGGITCTG GCATCGATGA AGAACGCAGC
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SUT242 616 AAT T AT TTAGTATTCT AGTGGGCATG CCTATTCGAG
EVUT244 €18 GAAATCCCAT AACTAATCTC AATTCCACAA TTCACTGAAT CRTCGAATCT TTGAARCCGCAC ATTGCCCCCA TTACTATTCT ACTCCGCATC CCTATTCCAC COTCATTACA ACCC CCTCTTCCTT
SUT251 €16 GAAATGCGAT AAGTAATGTG T T TTAGTATTCT AGTGGGCATG CCTATTCGAG CGTCATTACA ACCCTTAAGC CCTGTTGCTT
SUTOBL €10 GAAATGCGAT AAGTAATGTG AATTGCAGAA TTCAGTGARAT CATCGRATCT TTGARCGCAC ATTGUGCCCA TTAGTATTCT AGTGGGCATG CCTATTCGAG CGTCATTACA ACCCTTAAGC CCTGITGCTIT AGCGITGGGA
SUT285 616 GAAATGCGAT G AAT TT AT TTAGTATTCT AGTGGGCATG CCTATTCGAG AGCGTTGGGA
sSUT231 £27 GARATGCGAT AAGTAATGTG AATTGCAGAA TTCAGTGRAT CATCGRATCT TTGARCGCAC ATTGOGCCCA TTAGTATTCT AGTGGGCATG CCTATTCGAG CGTCATAACA ACCCTTAAGEC CCOTGTAGCTT AGCGTTGGGA
SUT058 527 ART T TTAGTATTCT AGTGGGCATG CCTATTCGAG CGTCAT-ACA ACCCTTAAGC CTTGTAGCTT
SUT243 527 GARATGCGAT AAGTAATGTG AATTGCAGAR TTCAGTGRAT CATCGRATCT TTGARCGCAC ATTGOGCCCA TTAGTATTCT AGTGGGCATG CCTATTCGAG CGTCAT-ACA ACCC cT ATCTACCCCT -ACTGRGGG-
AJ390409 527 GAAATGCGAT AAGTAATGTG AATTGCAGAR TT TATTCGAG CA ACC CTT TT AGCGTTGGGA ATCTACCCCT CACTGAGGGG
SUT009 55 GAAATGCGAT AAGTAATGTG AAT AT AT AT TTAGTATTCT AGTGGGCATG CCTATTCGAG eT AGOGTTGGGA ATCTACCCCT CACTARGGGG
SUT010 555 GAAATGCGAT AAGTAATGTG AATGGCAGAA TTCAGTGAAT CATCGARATCT CC AT CCA TTT CCTATTCGAG CGTCATTATA ACCCTTAAGC CTTGTTGCTT AACCGTGGGA ATCTACCCCT CACTGAGGGG
AJI50387 556 GAAATGCGAT AAGTAATGTG AAT T T AT TTAGTATTCT AGTGGGCATG €T
EUTOSE_H.urceclatum 447 GAAATCCCAT AACTARTCCC AATTCCACAR TTCACTCAAT CATCCRATCT CAC AT cCC C TCT COTCATTACC ACCCTTAACC CTTCTCCTTT ACCCITCCCA ATCTCCCCIT ---TAGCCCC
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sUT242 772 TAGTTCOTTA ARRTTAGTGS CGGRGTTATA GOACTCTT-- AGOGTAGTAR TTTGOCTCGC TTOTGAGCTG -CTGTAGOTG COTGOCGT- ATA-CTTCTA GT 876
SUT244 772 TAGTTCCTCA AAATTAGTGG CGGRGTTATA —— ATA-CTTCTA GT 875
SUT251 772 TAGTTCCTCA AAATTAGTGG CGGAGTTATA GCACTCTT-- GC TTCTGAGCTG -CTGTAGCTG COTGOOGT-- ATA-CTTCTA GT 878
sUT081 766 TAGTTCCTCA AAATTAGTGG CGGAGTTATA GC TTCTGAGCTG - — ATA-CTTCTA GT &70
SUT285 772 TAGTTCCTCA ARATTAGTGG CGGAGTTATA cGe ATA-CTTCTA GT E75
SUT231 779 TAGCTCCTTA AATTTAGTGG CGGAGTTACA GCACCCCCTA AGCGTAGTAA ACTACCTCGC TTTCAGGGAG CCTGTAGCGG CCTGCCGTTA ARARAACCCCT ATAA-TTCTA GT £5%
SUTO58 684 TAGTTCCTTA AAT A T CTTGCCGT-- ARAACCCCCT ATAACTTATA GT 781
SUT243 €34 TAGCTTCCTTA AATT-ACTCC CGCCCT-ATA GCACACTCTA 2GC TTTCA == CTTCCCCT-- ARAACCCCCT ATAACTTATA CT 701
AJ3IS0409 €87 TAGTTCCTTA AATTTAGTGG CGGGGTTATA T CTTGCCGT-- ARAACCCCCT ATARCTTATA GT 796
SUT009 716 TAGTTCCTTA AARTGTAGIGG CGGGGTTATA GCCCACTCTA CGC IT == CTTGCCGT-- ARRACCCCTT ATAACTTATA GG 825
SUTO010 715 TAGTTCCTTA AATGTAGTGG CGGGGTTATA ™ CTTGCCGT-- ARAACCCCTT ATARCTTATA GG 524
AJ3I0337 716 TAGTTCCITA AATGTAGTGG CGGGGTTATA GCACACTCTA GC IT == CTTGCCGT-- ARAACCCCTT ATAACTTATA GT 825
SUT098_H.urceclatum €04 CAGTTCCTTA AATTCAGTGG CGGAGTTATA GC TCCTGGGGAG CCCT ATA-TTTCTA GT 714

Figure 6C. (Continued).
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Figure 7C.
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CCGAGTT-AA ACAARACTCC AAA-CCCTTT
CCGAGTT-ARA ACAARACTCC AAA-CCCTTT
ACGAGTT-AA ACAARACTCC AAA-CCCTTT
ACGAGTT-AA ACAARACTCC AAR-CCCTTT
AAGAGT--AT AACAARCTCCC AA--ACCCAT
CCGAGTT-AT CACAARCTCC- AAR--CCCITT
CTGAGTC--C CCCARAACTC CAA-CCCTTT
CTGAGT--AT CAAARACTTC CAARACCCTTT
CTGAGT--AT CAAARACTTC CAAACCCTTT
CTGAGTT-AT CAAARACTCC AARACCCTTT
CTGAGT--AT CAAARACTTC CARACCCTTT
CTGAGTT-AT CAARARRACTCC AARRACCCITT
CTGAGTT-AT CARARACTCC AARARACCCTTT
CTGAGTT-AT CAAARACTCC AARARACCCTTT
GCGAGTTCAT CAAARACTCC AAARACCCTTT
GCGAGTTCAT CAAARACTCC AAARACCCTITT
GCGAGTT-AC CAAARACTCC AARACCCTTT
GCGAGTTACC ACAGRACTCC AARACCCITT
CAGAGTTGIC GGARARAACTC CATACCCITT
GCGAGCTGTC GGAARATCTC CATACCCTTT
CTGAGAGTAA AACARAACTC CARACCCTTT
CTGAGTT-TC TAACARACTCC -AA-CCCTTT
CTGAGTT-TC TAACRACTCC CAR-CCCTTT
CTGAGTT-TT TAACRACTCC -AAR-CCCTTT
CTGAGTT-TC TAACRACTCC -AR-CCCITT

20

40
el
GTGAACCTTA
GTGAACCTTA
GIGAACCTTA
GTGAACCTTA
GTGAACATAC
GIGAACCTITA
GTGAACCT-A
GTGAACCT-A
GTGAACCT-A
GTGARCCT-RA
GTGAACCT-A
GIGAACCT-A
GTGAACCT-A
GTGAACCT-A
GTGAACCTTA
GIGAACCTTA
GTGAACCTTA
GTGAACCTITA
GTIGAACCTAC
GTGAACCTAC
GTGAACCTTA
GICGAACCTA
GTCGRACCTA
GTCGAATCTA
GICGAACCTA

50
R
CCAAAGTTGC
CCARAGTTGC
CCAAAGTTGC
CCARAGTTGC
CICATGTTGC
CCGTCGTTIC
CCACAGTTTC
CCGCCGTTGC
CCGCCGTTGC
CCGCCGTTGC
CCGCCGTTGC
CCGCCGTTGC
CCGCCGTTGC
CCGCCGTTGC
CCGCAGTTGC
CCGCAGTTGC
CCGCAGTTGC
CCGCAGTTGC
CIATCGTTGC
CTATCGTTGC
CCTTAGTTGC
CCACTGTTTC
CCACTGTTTC
CCACTGTTTC
CCACTGTTIC

60
.
CTCGGCGTGA
CTCGGCGTGA
CTCGGCGTGA
CTCGGCGTGA
CICGGCAGGC
CICGGCGCAC
CTCCGCGCAR
CTCGGCGCGC
CTCGGCGCGC
CTCGGCGCGC
CTCGGCGCGC
CICGGCGCGC
CTCGGCGCGC
CTCGGCGCGC
CTCGGCGTGC
CTCGGCGTGC
CTCGGCGTGC
CICGGCGAGT
CICGGCGCCC
CTCGGCGCCC
CTCGGCGTGC
CTCGGCGTAC
CTCGGCGTAC
CTCGGCGTAC
CICGGCGTAC

70
.
GCT-GCGG-T
GCT-GCGG-T
GCT-GCGG-T
GCT-GCGG-T

ACGCCCTAG-
GCT-GCGGCT
GCT-GCGGCT
GCT-GCGGCT
GCT-GCGGCT
GCT-GCGGCT
GCT-GCGGCT
GCT-GCGGCT
GCC-GCGGCC
GCC-GCGGCC
GCC-GCGGCC
GCT-GCGGCT
GCT-GCGGCT
GCTAGCGGCT

TGCCGCGGC-
TGCCGCGGL-
TGCCGCGGC-
TGCCGCGGC-

80
B I |
TACCCTGTAG
TACCCTGTAG
TACCCTGTAG
TACCCTGTAG

GACGTCCGGR AGRGCTGCTC
GACGTCCGRA AGAGCTGCTC

100
R -
CTGGAGGCGT
CTGGAGGCGT
CTGARAGCGT
CTGGRAGCGT
TCICGTAGGC
TGIGGGAGG-
CGCCGAGAGG
CAGARGGGCAR
CAGARGGGCAR
CAGARGGGCA
CAGARGGGCA
CAGRRGGGCAR
CAGARRGGGCG
CAGARGGGCAR
CAGGCCRACG
CAGGCCRACG
CAGCCCACCG

C--CCCTCCT
C--CCCTCCT

110
el
CTACCCTGTA
CTACCCTGTA
CTACCCTGTA
TTACCCTATA
CTTACCCTIGT
CTACCCTGTA
ACRATGCTCC
GCTGCCTGTG
GCTGCCTGTG
GCTGCCTGTG
GCTGCCTGTG
GCTIGCCTGTG
GCTGCCTGTG
GCTGCCTGTG
GCCCCCCGARR
GCCCCCCGAR
GCCCCCCGAR
-CCGCCCGTC
RAGGCCCTGG
ATGGCCCTGG
GCTACCCGGG

---------------------------------- CTCTGG

120
R PR
GGTG-----~-

RACACTTATA
AGGGCCGCTG
AGGGCCGCTG
RAGGGCCGCTG
ARAGGCCGCTG
AGGGCCGCTG
AGGGCCGCTG
AGGGCCGCTG
ACGGGGGCGG
ACGGGGGCGG
ACGGGGGCGE
AGGGCTIGCGG
RATTCCGGGG
A-TTCCGGGG
AGGACCGCTG

The 1TS1-5.8S-1TS2 sequence alignment of Hypoxylon sect. Annulata, Hypoxylon cf. archeri

130 110
R T

TTACCCTGGA
TTACCCTGGA
TTACCCTGGA
TTACCCTGGA
ATACCCGGGA
TTACCCTACA
ACTACCTAGG
CCTTCCGTCC
CCTTCCGTCC
CCTTCCGTCC
CCTTCCGTCC
CCTTCCGTCC
CCTTCCGTCC
CCTTCCGTCC
GTTACC-GGC
GTARCC-GGC
GITACC-GGC

TITTCT-TCC
TTTTCT-TCC
GITACCCTGT

150
R
GC-TACCTTG
GC-TACCTTG
GC-TACCCTIG
GC-TACCCTG

ACACAACCGA
AGGTACCGGC
AGGTACCGGC
AGGTACCGGC
AGGTACCGGC
AGGTACCGGC
AGGTACCGGC
AGGTACCGGC
AGGCCCC-G-
AGGCCCCCG-
AGGCCCCCG-
AGGCTCT-A-
GGGCTTTAG-
AGGCTTTAG-

304

(SUT103, SUT105, ST2333,

ST2527), Hypoxylon sp. ST2336, H. annulatum (AJ390395), H. leptascum var. microsporum (ST2584), H. purpureonitens

(SUTO001, SUTO004, SUTO005, SUT167, SUT262, ST2485, ST2448), H. bovei var. microspora (Ju2, ST2579, ST2406,

SUT025), H. moriforme (SUT220, ST2332), H. cohaerens (AJ390406), H. nitens (Jul, ST2436, ST2473, ST2313) by using

ClustalX and BioEdit programs for phylogenetic tree construction in Figure 91. Arrows indicate the start and the end of 5.8S

rDNA sequences.



sUT103
SUT105
572333
sT2527
5T2336
AJ390395
ST2584
suUT001
SUT004
ST2485
SUT005
suT262
sT2448
SUT167
Ju2
$T2579
$T2406
SUT025
suT220
$T2332
AJ390406
ST2436
572473
Jul
5T2313 H.n

SUT103
SUT105
sT2333
5T2527
5T2336
27390395
5T2584
SUT001
5UT004
ST2485
SUT005
SUT262
sT2448
SUT167
Ju2
5T2579
5T2406
SUT025
5UT220
sT2332
27390406
ST2436
5T2473
Jul
sT2313 H.n

126
1286
126
141
104
102
145
134
134
135
134
135
135
135
134
135
134
113
140
140
107
82

83

82

62

265
265
265
280
232
236
294
280
281
281
280
281
281
281
280
281
279
258
282
284
242
214
215
213
214
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B T
TARCCGGCTA
TRACCGGCTA
TARCCGGCTA
TAACCGGCTA
C---GGGCA-
CACCCTGCAG
TCGAGGCCTG
TAGCCGGCTG
TAGCCGGCTG
TAGCCGGCTG
TAGCCGGCTG
TAGCCGGCTG
TAGCCGGCTG
TAGCCGGCTG
-=-GCCGGCAA
-=GCCGGCAA
--GCCGGCARA
-=GCCGATCC
--CCGGCTAA
--CCGGCTAA
-GGCC
-—---CGCCGG
----CGCCGG
===--CGGCGG
-—---CGCCGG

310
R T
CGATARGTAR
CGATAAGTAA
CGATAAGTAA
CGATAAGTAA
CGATAAGTAA
CGATARGTAR
CGATAAGTAA
CGATAAGTAA
CGATAAGTAA
CGATAAGTAA
CGATAAGTAA
CGATAAGTAA
CGATAAGTAR
CGATAAGTAA
CGATAAGTAA
CGATAGGTAA
CGATAAGTAA
CGATARGTAR
CGATAAGTAA
CGATAAGTAA
CGATAAGTAA
CGATAAGTAA
CGATAAGTAA
CGATAAGTAA
CGATAAGTAR

170
leaan
ACGGCCC--G
ACGGCCC--G
ACGGCCC--G
ACGGCCC--G
-==CCCC-TG
CGGCGCC-——
CGGGCTTARAR
AACAGCCC-G
ARCAGCCC-G
AACAGCCC-G
AACAGCCC-G
AACAGCCC-G
AACAGCCC-G
ARCAGCCC-G
AACGGCCC-G
ARCGGCCC-G
ARCGGCCC-G
ACCAGCCC-G
AACAGCAC-G
AACAGCACTG
CACGGCCC-G
AGGGACCGTA
ARGGACCGTA
AAG-ACCGTA
ARGGACCGTA

320
cleennl
TGTGAATTGC
TGTGRATTGC
TGIGARATTGC
TGTGAATTGC
TGTGAATTGC
TGTGAATTGC
TGCGRATTGC
TGTGAATTGC
TGTGAATTGC
TGIGARATTGC
TGTIGAATTGC
TGTGAATTGC
TGTGAATTGC
TGTGRATTGC
TGIGARATTGC
TGTGAATTGC
TGTGAATTGC
TGTGAATTGC
TGCGRATTGC
TGCGAATTGC
TGTGAATTGC
TGIGRATTGC
TGTIGAATTGC
TGTGAATTGC
TGTGAATTGC

Figure 7C. (Continued).

180
e
CCGARGGA--
CCGARGGAR-~
CCGARGGR--
CCGARGGA--
CCGGCGGL-~
--GARAGGR-
TCTTRAGGGCT
CCGARGGAR--
CCGARGGR--
CCGARGGA--
CCGARGGR--
CCGARGGA--
CCGRAGGR-~-
CCGARGGR--
GCRARGGA-C
CCAARGGAR-C
CCAARGGR-C
TCAARGGA-C
CCAGAGGR-C
CCAGATGGAC
CCGARGGAR-~
CCAARCTC--
CCAARCTC--
CCARRCTC--
CCAARCTC--

330
cleeeal
AGAATTCAGT
AGAATTCAGT
AGRATTCAGT
AGAATTCAGT
AGAATTCAGT
AGAATTTAGT
AGAATTCAGT
AGARATTCAGT
AGAATTCAGT
AGRATTCAGT
AGAATTCAGT
AGAATTCAGT
AGRATTCAGT
AGAATTCAGT
AGRATTCAGT
AGAATTCAGT
AGAATTCAGT
AGAATTCAGT
AGAATTCAGT
AGARATTCAGT
AGAATTCAGT
AGRATTCAGT
AGAATTCAGT
AGAATTCAGT
AGRATTCAGT

190
e
---CCACTAR
-=-=CCRCTAA
—---CCACTAR
-=-=CCRCTAR
==-=-CCACGRA
—---CTACCAR
TCTCTAGCGA
CCGCTATAAR
CCGCTATAAR
CCGCTATARAR
CCGCTATAAR
CCGCTATAAR
CCGCTATARAR
CCGCTATAAR
CCGCRRACTA
CCGCARACTA
CCGCARACTA
CCGCTATCTA
CCACARACAR
CCACARACTA
-=-==CCACTG

340
deeed
GAATCATCGA
GARATCATCGA
GRATCATCGA
GAATCATCGA
GRATCATCGA
GAATCATCGA
GRATCATCGA
GRATCATCGA
GAATCATCGA
GRATCATCGA
GAATCATCGA
GRATCATCGA
GRATCATCGA
GARATCATCGA
GRATCATCGA
GAATCATCGA
GRATCATCGA
GAATCATCGA
GARATCATCGA
GRATCATCGA
GAATCATCGA
GRATCATCGA
GAATCATCGA
GRATCATCGA
GRATCATCGA

200

N I
ACTCTGTTTT
ACTCTGTTTT
ACTCTGTTTT
ACTCTGTTTT
ACTCTGTCTC
AACTCTTTT-
CCAGTAGGGT
ARCTCTCGCT
ARCTCTCGCT
AACTCTCGCT
AACTCTCGCT
AACTCTCGCT
ARCTCTCGCT
ARCTCTCGCT
AACTCTAAAT
AACTCTARAT
AACTCTARAT
AACTCTGAAT
A-CTCTAATT
G-CTCTAATT
AACTCTTGTT
-—-TTTTATT
---TTTTATT
===TTTTATT
-—-TTTTATT

350
Ll
ATCTTTGARAC
ATCTTTGAAC
ATCTTTGARAC
ATCTTTGAAC
ATCTTTGAAC
ATCTTTGARAC
ATCTTTGAAC
ATCTTTGAAC
ATCTTTGAAC
ATCTTTGARAC
ATCTTTGAAC
ATCTTTGAAC
ATCTTTGAAC
ATCTTTGAAC
ATCTTTGARAC
ATCTTGGAAC
ATCTTTGAAC
ATCTTTGARAC
ATCTTTGAAC
ATCTTTGATC
ATCTTTGAAC
ATCTTTGAAC
ATCTTTGAAC
ATCTTTGAAC
ATCTTTGAAC

210
leaanl
TACCCRAGTG
TACCCARGTG
TACCCRAGTG
TACCCARGTG
=ATC---GTT
-ATCCAAGTT
CTGRATGGCG
CCGGCGTGTA
CCGGCGTGTA
CCGGCGTGTA
CCGGCGTGTA
CCGGCGTGTA
CCGGCGTGTA
CCGGCGTGTA
T-ARCARCGG
T-ARCAACGG
T-ARCARACG-
T-GACTACG-
T-ARCGTCG-
T-ARCGTCG-
T-ATCACATT
TCTCCCCAGT
TCTCCCCAGT
TCTCCCCAGT
TCTCCCCAGT

360
cleennl
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG
GCACATTGCG

220
Sl
TATCTCTGAR
TATCTCTGAA
TATCTCTGAR
TATCTCTGRA
GAGTTCTGAR
-ACCTCGARC
TTAARCCTAA
TACCTTCTGA
TACCTTCTGAR
TACCTTCTGA
TACCTTCTGA
TACCTTCTGA
TACCTTCTGA
TACCTTCTGA
TACCTTCTGA
TACCTTCTGA
TACCTTCTGAR
TAACTTCTGA
TACCTTCTGA
TACCTTCTGA
GCATCTCTGA
ARAACTCATA
ARAACTCATA
AAAACTCATA
ARAATTCATA

370
cleeeal
CCCATTAGTA
CCCATTAGTA
CCCATTAGTA
CCCATTAGTA
CCCATTAGTA
CCCATTAGTA
CCCGCTAGTA
CCCACTAGTA
CCCACTAGTA
CCCACTAGTA
CCCACTAGTA
CCCACTAGTA
CCCACTAGTA
CCCACTAGTA
CCCACCAGTA
CCCACCAGTA
CCCACCAGTA
CCCACTAGTA
CCCGCCAGCR
CCCGCCAGCA
CCCATTAGTA
CCCATTAGTA
CCCATTAGTA
CCCATTAGTA
CCCATTAGTA
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e
TG--CTTCAA
TG--CTTCAA
TG--CTTCAR
TG--CTTCARAR
CC--CATAAC
AR--TTTACT
C-TGTITTAAR
A-TCTTCCAR
ATCCTTCCAR
A-TCTTCCARA
A-TCTTCCAR
A-TCTTCCAR
A-TCTTCCAR
A-TCTTCCAR
ARACTTCARA
ARACTTCAAR
ARACTTCAAR
ARRCTTCCAA
ARAATATCAR
ARRATATCAR
TTTARACTA-
TARAATTTAT
TARAATTTAT
TACAATTTAT
TARAATTTAT

380
deeed
TTCTAGTGGG
TTCTAGTGGG
TTCTAGTGGG
TTCTAGTGGG
TTCTAGTGGG
TTCTAGTGGG
TTCTGGCGGG
TTCTGGTGGG
TTCTGGTGGG
TTCTGGTGGG
TTCTGGTGGG
TTCTGGTGGG
TTCTGGTGGG
TTCTGGTGGG
TTCTGGTGGG
TTCTGGTGGG
TTCTGGTGGG
TTCTGGTGGG
TTCTGGCGGG
TTCTGGCGGG
TTCTAGTGGG
TTCTAGTGGG
TTCTAGTGGG
TTCTAGTGGG
TTCTAGTGGG
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CTA--AATAA
CTA--AATAA
CTA--AATAA
CTA--ARTAA
-TA--AATAA
ATAC-ARTA-
TTARRACARA
CTTATAATGA
CTTATAATGA
CTTATAARTGA
CTTATAATGA
CTTATAATGA
CTTATAATGA
CTTATAATGA
CTTTTARTGA
CTTTTAATGA
CTTTTAATGA
CTTGAARTAA
CTTTAATTA-
CTTTAATTA-
~-TTAAARTAR
TACAARATAA
TACAARATAA
TATAARATAR
TACAARRATARA

390
Ll
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTGTT
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATC
CATGCCTATC
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATT
CATGCCTATT
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GTTARAACTT
GTTRAAACTT
GTTARAACTT
GTTAAAACTT
GTTAAAACTT
GTTTAAACTT
TCARCAACTT
GTTAAAACTT
GTTAAAACTT
GTTRAAACTT
GTTAAAACTT
GTTARAACTT
GTTAAAACTT
GTTAARAACTT
GGTRAAACTT
GTTAAAACTT
GTTAAAACTT
GTTRAAACTT
-TTAAARACTT
-TTARAACTT
GTTRAAACTT
GTTAAAACTT
GTTARAACTT
GTTAAAACTT
GTTAARAACTT

4 410
NI £ O T

CGAGCGTCAT
CGAGCGTCAT
CGAGCGTICAT
CGAGCGTCAT
CGAGCGTCAT
CGAGCGTCAT
CGAGCGTCAT
CGAGCGTCAT
CGAGCGTCAT
CGAGCGTICAT
CGAGCGICAT
CGAGCGTCAT
CGAGCGTCAT
CGAGCGTCAT
CGAGCGTAAT
CGAGCGTAAT
CGAGCGTCAT
CGAGCGTCAT
CGAGCGTCAT
CGAGCGTCAT
CGAGCGTCAT
CGAGCGICAT
CGAGCGICAT
CGAGCGTCAT
CGAGCGTCAT

260
el
TCAACARCGG
TCAACAACGG
TCAACAACGG
TCAACAACGG
TCARCAACGG
TCAACAACGG
TCAACAACGG
TCARCAACGG
TCAACAACGG
TCAACAACGG
TCAACAACGG
TCAACARCGG
TCARCAACGG
TCAACAACGG
TCAACAACGG
TCARCAACGG
TCAACAACGG
TCAACAACGG
TCAACAACGG
TCAACARCGG
TCAACAACGG
TCAACAACGG
TCAACARCGG
TCARCAACGG
TCAACAACGG

TTCARCCCTT
TTCARCCCTT
TTCARCCCTT
TTCARCCCTT
TTCARCCCTT
TTCARCCCTT
TACARCCCTT
TTCARCCCTT
TTCARCCCTT
TTCARCCCTT
TTCARCCCTT
TTCARCCCTT
TTCARCCCTT
TTCARCCCTT
TTCARCCCTT
TTCARCCCTT
TTCARCCCTT
TTCGACCCTT
TACGACCCTT
TACGACCCTT
TTCGACCATT
TTCGACCCTT
TTCGACCCTT
TTCGACCCTT
TTCGACCCTT

270
e
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGC
ATCTCTTGGC
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT
ATCTCTTGGT

120
[
ARGCCCT-GT
ARGCCCT-GT
RAGCCCT-GT
ARGCCCT-GT
ARGCCCTCGT
ARGCCCT-GT
ARGCCCCTGT
AAGCCCCTGT
ARGCCCCTGT
RAGCCCCTGT
ARGCCCCTGT
ARGCCCCTGT
RAGCCCCTGT
ARGCCCCTGT
RAGCCCTTCG
ARGCCCTTCG
ARGCCCTTCG
ARGCCCTGCG
ARGCCCCCGG
AAGCCCCCGG
ARGCCCCTGT
RAGCCCCAGT
ARGCCCCAGT
AGGCCCCAGT
RAGCCCCAGT
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TCTGGCATCG
TCTGGCATCG
TCTGGCATCG
TCTGGCARTCG
TCTGGCATCG
TCTGGCATCG
TCTGGCRTCG
TCTGGCATCG
TCTGGCATCG
TCTGGCATCG
TCTGGCATCG
TCTGGCATCG
TCTGGCATCG
TCTGGCATCG
TCTGGCRTCG
TCTGGCATCG
TCTGGCATCG
TCTGGCATCG
TCTGGCATCG
TCTGGCATCG
TCTGGCATCG
TCTGGCATCG
TCTGGCATCG
TCTGGCATCG
TCTGGCATCG

430
Ll
AGCTTAGCGT
AGCTTAGCGT
AGCTTAGCGC
AGCTTAGCGC
TGCTTAGTGT
TGCTTAGCGT
CGCTTAGCGT
TGCTTAGCGT
TGCTTAGCGT
TGCTTAGCGT
TGCTTAGCGT
TGCTTAGCGT
TGCTTAGCGT
TGCTTAGCGT
-GCTTAGCGT
-GCTTAGCGT
-GCTTAGCGT
-GCTTAGCGT
-GCTTAGCGT
-GCTTAGCGT
AGCTTAGCGT
TGCTTAGCGT
TGCTTAGCGT
TGCTTAGCGT
TGCTTAGCGT

280
leaan
ATGAAGARCG
ATGAAGAACG
ATGAAGARCG
ATGAAGARRCG
ATGAAGRACG
ATGAAGARCG
ATGAAGARCG
ATGAAGAACG
ATGAAGARCG
ATGAAGAARCG
ATGAAGAACG
ATGAAGARCG
ATGAAGRACG
ATGAAGARCG
ATGAAGARCG
ATGAAGAACG
ATGAAGARCG
ATGAAGAARCG
ATGAAGAACG
ATGAAGARCG
ATGAAGAACG
ATGAAGAACG
ATGAAGARCG
ATGAAGRACG
ATGAAGARCG

440
cleennl
TGGGAGTCCG
TGGGAGTCCG
TGGGAGTICCG
TGGGAGTCCG
TGGGAGCCTA
TGGGAATCTG
TGGGAGTCTG
TGGGCGTCTG
TGGGCGTCTG
TGGGCGICTG
TGGGCGTCTG
TGGGCCTCTG
TGGGCGTCTG
TGGGCCTCTG
-GGGAGTCCG
TGGGAGTCCG
TGGGAGTCCG
TGGGAGTCCC
TGGGRATCCG
TGGGAATCCG
TGGGAGCCTA
TGGGAGICTG
TGGGAGTCTG
TGGGAGTCTG
TGGGAGTCTG

300
e
CAGCGAAATG
CAGCGAAATG
CAGCGAARATG
CAGCGRARATG
CAGCGAARTG
CAGCGAARATG
CAGCGARAATG
CAGCGARATG
CAGCGAARATG
CAGCGAAATG
CAGCGAAATG
CAGCGAAATG
CAGCGAARTG
CAGCGAARATG
CAGCGARAATG
CAGCGARATG
CAGCGAARATG
CAGCGAAATG
CAGCGAAATG
CAGCGAAATG
CAGCGAAATG
CAGCGAAATG
CAGCGAAATG
CAGCGAARTG
CAGCGAARATG

CTAGCC---T
CGGCTC----
CGCCGTGCCC
CGCCGTGCCC
CGCCGTGCCC
CGCCGTGCCC
CGCCGTGLCC
CGCCGTGCCC
CGCCGTGLCC
CGTCC---CC
CGTCC---CC
CGTCC---CC
CGCCCGCACC
CGTCT-TCAG
CGTCT-TCAG
CGTCCT--CG
CGGCCC---A
CGGCCC---A
CGGCCC---A
CGGCCC---A

264
264
264
279
231
235
293
279
280
280
279
280
280
280
279
280
278
257
281
283
241
213
214
212
213

408
408
408
422
374
381
439
429
430
430
429
430
430
430
424
426
424
408
429
431
389
360
361
359
360

305



306

460 470 480 490 500 510 520 530 540 550 560 570
B T e 1 T L [ [ [ e e ey [ R [P I I |
SUT103 409 TTTAGCGGCT CCTTARAGTT ATTGGCGGAG TTATAGCGTA CTCTAAGCGT AGTAATTT-T TA---TCTCG CTTCTGTAGT GGCCCTAAC- TGTTAGCCAT ARAACCCCTA TATTTTTCTA AT 525
SUT105 409 TTTAGCGGCT CCTTARAGTT ATTGGCGGAG TTATAGCGTA CTCTAAGCGT AGTAATTT-T TA---TCTCG CTTCTGTAGT GGCCCTAAC- TGTTAGCCAT ARAACCCCTA TATTTTTCTA AT 525
5T2333 409 TTTAGCGGTT CCTTARAGTT ATTGGCGGAG TTATAGCGTA CTCTAAGCGT AGTAATTT-T TA---TCTCG CTTCTGTAGT AGCCCTAAC- TGTTAGCCAT ARAACCCCTA TATTTTTCTA AT 525
5T2527 423 TTTAGCGGTIT CCTTARAGTT ATTGGCGGAG TTATAGCGTA CTCTAAGCGT AGTAATTT-T TA TCTCG CTTCTGTAGT AGCCCTAAC- TGTTAGCCAT ARAACCCCTA TATTTTTCTA AT 538%
5T2336 375 CACCGTAGCT CCCCARAGTC AGTGGCGGAG TCGGCTCACA CTCTAGACGT AGTAATT--T CT---CACCT CGCCTATAGT TGGACCGGT- CCCCTGCCGT ARAACGCCCA AGTICTTTARAR A- 488
RAJ390395 3682 CGGCGCAGIT CCTTARATTC ATTGGCGGAG CTGTGGCACA CTCTAGGCGT AGTAGTTTAA CA---CCTCG CCTCTAGAGT GGCCGCGGT- TACTGGCCGT ARAACCCCTA TATTTCTAGT -- 487
ST2584 440 AGGCCGAGTT CCTTARATT- AGTGGCGGAG T-ACAGCACA ACCTAAGCGT AGTAGGTITA- ----- CCTCG CTCCCGGGGA GICTGIGGCG CCTGCGTARR ARAAAACCCT AARACCTTCTA -- 551
sSUT001 430 TGGCGCAGIG CCCTARATCT ATCGGCGGAG CCGTAGCACA CTCTGAGCGT AGTAATT-AC AGTT-CCTCG CTCCTGCAGT GGCCGCGGC- GGCTGGC-GT TAA--CCCCT ACRACTTCTA GT 545
SUT004 431 TGGCGCAGIG CCCTARATCT ATCGGCGGAG CCGTAGCACA CTCTGAGCGT AGTAATT-AC AGTT-CCTCG CTCCTGCAGT GGCCGCGGC- GGCTGGCCGT TAAACCCCCT ACRACTTCTA GT 548
ST2485 431 TGGCGCAGTG CCCTARATCT ATCGGCGGAG CCGTAGCACA CTCTGAGCGT AGTAATT-AC AGTT-CCTCCG CTCCTGCAGT GGCCGCGGC- GGCTGGCCGT TAAACCCCCT ACARACTTCTA GT 549
SUT00S 430 TGGCGCAGTG CCCTARATCC ATCGGCGGAG CCGTAGCACA CTCTGAGCGT AGTAATT-AC AGTT-CCTCG CTCCTGCAGT G-CCGCGGC- GGCTTGGCGT --AACCCCCT ATA-CTTCTA GT 544
sUT262 431 TGGCGCAGTG CCCTARATCT ATCGGCGGAG CCGTAGCACA CTCTGAGCGT AGTAATT-AC AGTT-CCTCCG CTCCTGCAGT GGCCGCGGC- GGCTGGCCGT TAAACCCCCT ATAARCTTCTA GT 549
sST2448 431 TGGCGCAGTG CCCTARATC- ATCGGCGGAG CCG-AGCACA CTCTGAGCGT AGTAAT--AC AGT--CCTCG CTCCTGCAGT GGCCGCGGC- GGCT-GCCGT ---AACCCCT ATA-CTTCTA GT 540
SUT167 431 CGGCGCAGTG CCCTARATCC ATCGGCGGAG CCGTAGCACA CTCTGAGCGT AGTAATT-AC AGTT-CCTCG CTCCTGCAGT GGCCGCGGC- GGCT-GCCGT TAAA-CCCCT ATAACTTCTA GT 547
Ju2 424 -GGCGCGGT- CCCCRRAGTC ATTGGCGGCT TCGCAGCCCA CTCTGAGCGT AGTAATCRAAC TGGT-TCTCG CTCCTGCAGT GGCCGGCGG- AGCCCGCCGT ARAACCCCCC CTATAACTAA GT 542
ST2579 426 -GGCGCGGTT CCCCRRAGTC ATTGGCGGCT T-GCAGCCAR CTCTGAGCGT AGTAATCAAC TGTT-TCTCCG CTCCTGCAGT GGCCGGCGG- AGCC-GCCGT ARAACCCCCC CTATAACTAA GT 543
ST2406 425 CGGCGCGGTT CCCCRRAGTC ATTGGCGGCT TCGCAGCCCA CTCTGAGCGT AGTAATCAAC TGTT-TCTCG CTCCTGCAGT GGCCGCGGC- AGCCCGCCGT ARAACCCCCC CTATAACTTA GT 544
SUT025 407 GGGCGGGGTT CCTTARAGTC ATTGGCGGCG TCGCAGCCCA CTCTGAGCGT AGTAATCTAC TGTT-TCTCCG CTCCTGCAGT GGCCGCGGCT GGCTTGCCGT ARAACCCCCT ATATGTICTGA G- 526
sUT220 430 GGGCGCGGTIT CCCTARATTC ATCGGCGGCE CCGGGGCGTC TTCTGAGCGT AGTAATTTAT TA---TCTCG C-CCTGAAGC TAGCCCCGTA CGCCCGCCGT AARAACCCCCC AACTACCTTG T- 546
£T2332 432 GGGCGCGGTT CCCTARATTC ATCGGCGGCG CCGGGGCGTC TTCTGAGCGT AGTAATTTAT TA---TCTCG C-CCTGAAGC TAGCTCCGTA CGCCCGCCGT ARAACCCCCC AACTACCGTA CT 549
AJ390406 390 CGGCGCAGCT CCTCARAGTC AGTGGCGGAG TCGGGTCGTG CTCTGAGCGT AGTAGTTAAT A----TCTCG CTTCTGCGGT GCCCCCGGC- TGCCTGCCGT ARAACCCCCC CCTATACTTT CG 506
5T2436 361 GGCCGCAGTIT CCTCARAGTC AGTGGCGGAG TTGTAGCACA CTCTAAGCGT AGTAGTITTTC CATTGCCTCG CATGCAGAGC GGCCTCAGC- TGCCAGCCGT ARAGCCCTAT ACTTCTTAGT -- 478
5T2473 362 GGCCGCAGIT CCTCARAGTC AGTGGCGGAG TTGTAGCACA CTCTAAGCGT AGTAGTTTTC CATTGCCTCG CATGCAGAGC GGCCTCAGC- TGCCAGCCGT ARAGCCCTAT ACTTCTTAGT -- 480
Jul 360 GGCCGCAGTIT CCTCARAGTC AGTGGCGGAG TTGTAGCACA CTCTAAGCGT AGTAGTTTTC CATTGCCTCG C-TGCAGAGC GGCCTCAGC- TGCCAGCCGT ARAGCCCTAT ACTTICT-AGT -- 476

ST2313 E.n 361 GGCCGCAGIT CCTCARAGIC AGTGGCGGAG TTGTAGCACA CTCTAAGCGT AGTAGTTITC CATTGCCTICG C-TGCAGAGC GGCCTCAGC- TGCCAGCCGT AARAGCCCTAT ACTTCTTAGT -- 478

Figure 7C. (Continued).
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CTAATTTCAR ARGOCT -GGG

GTAATTTCAR COCTTAAGCC C-TTCGGCTT ACTRRGT
GTCATTTCAA COCTTAAGOC C-TTCGGCTT ACTTAGT
CTCATITCCR COCTTRAGCC C-TCCCECTT TCTGRG -
GTCATTTCAR CCCTTAAGCC CTGTA-GCTT TTTCTAA
GTCATTTCAA COCTTAAGOC CTGTA-GCTT TTTCTAA
GTCATTICAR COCTTRAGCC CTGTR-GCTT CCCCTATATT TTTCTAAR
GTCATTACAR COCTTAAGCC C-TGTTGCTT ARRATTRGTG GCGGAGTTAT AGCAC--TCT CAGCGTAGTA AT----- TTG CCTCGOTTCT GAGUTG -CTe TAGUTGCCTE COGT--AAAR CCOC-TATAC- TTCTAGT
GTCATTACAR CCCTTAAGCC T ARARATTRGTG TAT

GTCATTACAR COCTTARGOC C-TGTTGCTT ARRATTRGTG GCGGAGTTAT AGCAC--TCT CCC-TATAC- TTCTAGT
GTCATTACAR COCTTAAGCOC C-TCTTCCTT ARFATTRETG GCCCAGTTAT AGCAC--TCT COCCTATAC - TTCTAGT
GTCATTACAR COCTTAAGCC C-TGTTGCTT ARARATTAGTG TAT AT TG TCT GAGCTG-CTG TAGCTGCOCTG CCGT--AARR COCCTATAC- TTCTRGT
GTCATTATAR COCTTAAGCC T- T CCGT-ARARC CCCTTATARC TTATRAGG
CTCATTATAR COCTTARGCC T-TCTTCCTT ARATCTACTG COCT-AAARD COCTTATARD TTATRCS
GTCATTATAR COCTTAAGCC T-TGTTGCTT CCGT-AAAAC COCTTATAAC TTATAGT

T ARATT-RETG AL AC

GTCATTACRR COCTTARGOC T-TGTRGCTT RRATTTAGTG COGT-RARRC COCCTATARLT TTATRGT
GTCAT-ACAAR COCTTARAGCC T-TGTAGCTT ARATT-AGTG COGT-AAAARC COCCTATAAC TTATAGT
GTCATAACAR COCTTAAGCC T ARATTTRAGTG CCGTTAARRA COCCTATAR- TTCTAGT
GTCATTACAR COCTTRAGOC CCTGTCGCTT ARATT-RGTG CGTRARRAARR ACCCTAARCC TTCTR--
CTCATTACGR COCTTAAGCOC TTTCTCCTTT ARATTCAGTG GCLCAGCTTAT AGCACACCCT AAGCCTAGTA AC-----TTA CATCCCTCCT GOGCACTCTA TALCCCCOCTe COGCTTAAAAR COCCTATAT- TICTALGT
GTCATTTOGA CCCTTAAGCC T A TGT G GTTTCCATTG T CCGT---AAR GOCCTATACT TCTTAGT
GTCATTTOGA COCTTAAGCC T AR A GTTTCCATTG CCGT---ARR GOCCCTATACT TCTTAGT
GTCATTTCGA COCTTRAGCC CCAGTTGCTT RRAGTCAGTG GCGGAGTTGT RGCRACACTCT ARGCGTAGTA GTTTCCATTG CCTCGC-TGC AGRGCGGCCT CRGCTGOCAG COGT---ARR GOCCTATACT TCTTRGT
GTCATTTCGR COCTTAGGOC T TGT GTTTCCATTG CCTCGC-TGC AGAGCGGCCT CAGCUTGOCAG COGT---AAR GCCCTATACT TCT-RGT
GTCATTTOGA CCATTAAGCC T GTT=-=-=RATA TCT CTTTCGT
GTCATTTCAR COCTTRAGOC CTCGTTGCTT ARAGTCAGTG GCGGAGTCGG CTCACACTCT AGRCGTAGTA ATTT--CTCAR COTCGOCTAT AGT-TGGAC- OGGTCCCCTG COGT--ARRR OGOCCAAGTC TTTARRR
GTCATTICAR COCTTAAGOC CT-GTICCTT ARATTCATIC GCLCAGCTCT GECACACTCT AGCCUTAGTA CTTT--AMA COTCCOCTCT AGAGTCCCCE CCCTTACTCE COGT--AAAR COCCTATATT TCTAGT-
GTCATTTCAR COCTTAAGCC CCTGTTGCTT AGCG AT C=GTT-AR=-- COCCTACAARC TTCTRGT
GTCATTTCAA COCTTAAGOC T A AR ATT-ACAGTT CCGTT-AARC OCCOCTACARC TTCTAGT
CTCATITCAR COCTTAAGCC COTGTTCCTT A-GOGTTCCE COTCTCCCOC CTCOCOTCCC GCAGTCOCCOT ARATCTATCC GCCGACCCCT AGCACROTCT GAGCCTACTA ATT-ACACTT COTCCCOTOCT COACTGEOCE CGGOCCCTCE COGTT-AAAC COCOTRCAAC TTCTRGT
GTCATTTCAR COCTTAAGCC T A-GC ATT-ACAGTT CCGTT-AAAC COCCTATAAC TTCTAGT
GTCATTTCAR COCTTAAGOC CCTGTTGCTT A G AR ATT-ACAGTT COTCGCTCOT GOAGTG-COS OGGOGGOTTG GOGT---ARD CCCCTATA-C TTCTAGT
GTCATTTCAR COCTTRAGOC CCTGTTGOTT A-GOGTTGGG COGTCTGOGOC GTGOCCTGSGL GCAGTGCCCT RRATC-ATCOG GCOGGAGCCSG - RGCACACTCT GRGCGTAGTA AT--ACAGT- COTCGOTCCT GOAGTGGLCG CGGLOGGET-G COGT---ARC COCOC-TATA-C TTCTAGT
GTCATTTCAAR COCTTAAGCOC CCTGTTGCTT A-GOGTIGCGG CGTCTGCGOC GTGOCCCGGC GCAGTGCCOT ARATCCATCG GUGGAGCCGT AGCACACTCT GRGCGTAGTA ATT-ACAGTT CCTCGOTCCT GCAGTGGLCG CGGCGGCT-G¢ COGTT-AAR- CCOCCTATAAC TTCTAGT
GTCATTACGR COCTTAAGCC T GCGGTTCCCT AARATTCATCG TCT ATTT=--ATTA GR CCGT=AARRC COCCCARCTA CCTTGT-
GTCATTACGR CCOCTTRAGOC COCGE-GCOTT A-GOGTTGGG AATCCGCGTC TT-CAGGGGC GCGGTTCCCT ARATTCATCG GOGGOGCCGE GGCGTCTTCT GAGCGTAGTA ATTT--ARTTR TCTCGC-COT GARGCTAGCT COGTCGOCCG COGT-AARRC COCCCAACTR COGTRCOT

Figure 8C. The ITS2 sequence alignment of Hypoxylon sect. Annulata for phylogenetic tree construction in

ClustalX and BioEdit programs. Arrows indicate the start and the end of 5.8S rDNA sequences.
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CTGAGTTGAC
CTGAGTTGAC
CTGAGTTATC
CTGAGTTATC
CTGAGT----
CTGAGT----
CTGAGT-
CTGAGT----
ATGAGTT---
AAGAGTIT---
CTGAGTITCT-
CTGAGTITCT-
GCGAGTTCTC
CTGAGTTCT-
CTGAGTTCT-
CTGAGTTCT-
CCGAGTT-T-
CTGAGTTAT-
CTGAGTTATC
CTGAGTTATC
CTGAGTTATC
CAGAGTTATC
CAGAGTTATC
CAGAGTTATC
CAGAGTTATT
CAGAGTTATT
CAGAGTTATT
CAGAGTITATT
CAGAGTITATT
CAGAGTITATA
CAGAGTTACC
CAGAGTTACC
CAGAGTTACC
CTGAGTTACT
CAGAGTTACT
CAGAGTTACT
CAGAGTTAAT
CAGAGTTATT
CAGAGTTATT
CTGAGTTCTA
CTGAGTTATC
CTGAGTTATC
cagagttaat

TATAARARACT
T----ARACT
T----ARACT
-ATAARARACT
-ATARRRACT
-ATARRRACT
-ATARRRACT
-ATTAARACT
-ATTAAARACT
-ACAAARACT
-AC-AARACT
GAT-RARRACT
----ACACCT
---CACRACT
C---ARRACT
C---ARRACT
C---TARACT
C---TARACT
C---TARACT
C---TARACT
C---TARACT
----RARACT
--ATARRACT
C---CARACT
A---ARRACT
A---ARRACT
C--ARRRACT
(o} ARACT
C----RRACT

c--caaaact

30
R
CCCAA-CCCT
CCCRA-CCCT
CCARA-CCCT
CCARA-CCCT
CTARAACCCT
CTARAACCCT
CTARAACCCT
CTARAACCCT
CCARA-CCCT
CCARA-CCCT
CCCRA-CCCT
CCCRA-CCCT
CCGTAACCCT
CCAA--CCCT
CCCA--CCCT
CCCA--CCCT
CCCRAACCCC
CCAA--CCCT
CCCAA-CCCT
CCCRA-CCCT
CCCRA-CCCT
CCCRA-CCCT
CCCRA-CCCT
CCCRA-CCCT
CCARA-CCCT
CCARA-CCCT
CCARA-CCCT
CCARA-CCCT
CCARAACCCT
CCARA-CCCT
CCCAA-CCCT
CCCAA-CCCT
CCCAA-CCCT
CCCAA-CCCT
CCCAA-CCCT
CCCAA-CCCT
CCCAA-CCCT
CCCRAACCCT
CCCRAACCCT
CCCRA-CCCT
CCARAACCCT
CCARAACCCT
ccaaaaccct
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ATGTGAACCT
ATGTGARACCT
TTGTGARAC-T
TTGTGARAC-T
TTGTGRACCT
TTGTGAACCT
TTGTGAACCT
TTGTGAACCT
ATGIGAACCT
TTGTGAACCT
TTGTGAATCA
ATGIGAATCT
GIGCGARACCC
ATGTGAACT-
CTGTGAATA-
ATGTGAACA-
-TGTGAACA-
GIGTGARAC-T
TTGTGAAC-T
TTGTGAAC-T
TTGTGARAC-T
TTGTGRACCT
TTGTGRACCT
TTGTGAACCT
ATGTGRAC-T
ATGTGRAC-T
ATGIGAAC-T
ATGIGAAC-T
ATGIGAAC-T
ATGIGAACTT
TTGTGTACC-
TTGTGTACC-
TTGTGTACC-
ATGTGAAC-T
ATGTGAAC-T
TTGTGAACCT
TTGTGARACCA
TTGTGAACGT
TTGTGAACGT
TTGTGARACCC
TTGTGRACCT
TTGTGAACCT
atgtgaac-t
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TTTGTTCTCG
TTTGTTCTCG
TAC--CGTCG
TAC--CGTCG
TAC--CGCCG
TAC--CGCCG
TAC--CGCCG
TAC--CGCCG
TAC--CGTCG
TAC--CGTCG
TAC--CTATG
TAC--CACTG
TAC--CACTG
TAC--CACTG
TAC--TACAG
TAC--TACAG
TACCTATACG
TAC--TACTG
TAC--CACTG
TAC--CACTG
TAC--CACTG
TAC--CGCAG
TAC--CGCAG
TAC--CGCAG
TAC--CACTG
TAC--CACTG
TAC--CACTG
TAC--CACTG
TAC--CACTG
TAC--CACTG
TAC--TACCA
TAC--TACCA
TAC--TACCA
TAC--CATCG
TAC--CGTCG
TAC--CGTCG
TAT--CGTCG
TAC--TGTTG
TAC--TGTTG
TAC--TTCAG
TAC--CGTCG
TAC--CGTCG
tac--cgctg
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TTGCCTTGGC
TTGCCTCGGC
TTTCCTCGGC
TTTCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
GIGCCTCGGA
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTTGGC
TTGCCTTGGC
TTGCCTTGGC
GIGCCTTGGC
TTGCCTTGGC
TTGCCTTGGC
TTGCTTCGGC
TTGCTTCGGC
TTGCTTCGGC
TTTCTTCGGC
TTGCTTCGGC
TTGCCTCGGT
TTGCCTCGGG
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
TTGCCTCGGC
ttgectegge

70
el

ATGCGCCAGG
ATGCGCCAGG
GT--GTGCTG
GT--GTGCTG
GT--GCGCTG
GT--GCGCTG
GT--GCGCTG
GT--GCGCTG
GT--GAGCTA
GT--GAGCTA
GCC-GAGCAG
GCT-GAGCGG
GT--CG--CC

GC--TGTGCC
GR--
GG-
GG--ATCAGC

GA--GTTGTG
GA--GTTGTG
GA--GTTGTG
GC--GAGCCG
GC--GAGCCG
GC--GAGCCG
GT--G-TGCC
GT--G-TGCC
GT--G-TGCC
GT--G-TGCC
GT--G-TGCC
GT--G-TGCC
GG--GCTGCG

GG--GCTGCG
GGAAGGTGGT

GCT-GAGCGG
GT--GAGCTG
GT--GAGCTG
gt--g-tgee

GGGGC
GGGGC

80

|
GGCGT
GGCGT

CGGCTACCCC
CGGCTACCCC
CGGCTACCCT
CGGCTACCCT
CGGCTACCCT
CGGCTACCCT
CGGCTACCCT
CGGCTACCCT

CAGCTACCCG
CAGCTACCCG

GCTAC
GCTAC
GCTAC
GCTAC
GCTAC

GTGCGGTGGE

GAGCG

CCTGC
CCTGC
CCTGC
CCTGT
CCTGT

GCGG-

GAGCGAGGG-
GAGCGAGGG—

TAGCTACCCG
CGGCTACCCG
CGGCTACCCG

GGAGTTACCC TGTAGGCTAC

ARG-CTACCC

Figure 9C. The ITS1-5.8S-1TS2 multiple sequence alignment of Hypoxylon

GTAGTTACCC TG---GAGCT ACCCTATAG-
GTAGCTACCC TG---TAGC- ACCCTATAG-

TGGAG

tgtagetac

CCTGTAGATA

cagtaggtga

110

120

R I
GTACCCCGGG
GTACCCCGCG

CTACCCTGTA
CTACCCTGTA
CTACCCTGTA
CTACCCTGTA
CTACCCTGTA
CTACCCTGTA
TCTACCCTGT
CTACCCTGGA
-CTTGCG
-AGAGCA
-GCTACA

GCTACR
-GCCCCG
-GCTGTG
-CCTATA
-CCTATA
-CCTATA
--ACCCTGCA
-ACCCTGCA
--ACCCTGCA
CTACCCTGTA
CTACCCTGTA
CTACACTGTA

CTACACTGTA
CTACCCTGTA
CTACCCTGTA
CTACCCTGTA
CTACCCTGTA
CTACCCTGAA
CTACCCTGTA
CTACCCTGTA
CCACCCAGAG
CTACCC----
CTACCC----
GCTACCCTGG
CTACCCTGTA
CTACCCTGTA
ctaccctgta

308

130 140 150 160
N I . R el e e

ACCTAT----

GGTGCC- TACCCTGTAG

TACCCTGTAG

TACCCTGTAG
GGTGTC---- TACCCTGTAG
GTTACCCTAT TACCCTIGCAG CTACC-CTAT AGGTACCCIG
GT-—====== -ACCCTACAG CTACC-CTAT AGGTACCTTG
AGGGAGCTAC TACCCTGTAG ATATTACGAT GTCTACCCIG
GGGACCTACC TACCCTIG-—— —--====-=== —==-=-=-=--=---
GGAC--
GGCCC-

GCTACC----
GCTACC----
GCTACC----

CCTACCCTG!

GATAGC----
AGTAGC----
GGGAGC---~-
GGGAGC----
AGARATC---

sect. Hypoxylon for phylogenetic tree construction

Figure 94 by using ClustalX and BioEdit programs. Arrows indicate the start and the end of 5.8S rDNA sequences.
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sSuT223
suT218
SUT233
sSuUT240
SUT066
SUT068
SUTO0E9
SUT046
suT041
SUTO063
suT020
SUT294
SUT256
SUTi54
SUT070
suT237
sSuT108
SUT082
SUT080
SUT116
SUT042
SUT164
sUT293
suT292
SUT159
SUT162
SUT061
SUT280
SUT165
suTi20
SUTO16
SUT180
ST2324
SUT250
suT282
SUT166
SUTL158
suT148
SUT187
SUT182
SuT215
suT221

105
105
87

87

114
114
114
114
146
136
155
104

110

170

B

GGTAGGGGTC
GGCAGGGGTC
T=-=---AGCTA
T---=-RAGCTA
C----RGCTG
C-=---AGCTG
C----RGCTG
----AARGCTA
TAAGGAGCTA
----GAGCTA

180
A -
TTGGGCGCCC
TTGGGCGCCC
CCCTGTAGCT
CCCTGTAGCT
CCCTGTAGCC
CCCTGTAGCC
CCCTGTAGCC
CCCTGTAGCC
CCCTGTAGAC
CCCTGTAGAC
CCCTGGAGTT
CCCTGGAGTT
CCAGTGGGCC
CCGGTGGACC

-CTGTAGCTA
-CTGTAGCTA
-CTGTAGCTA
-CTGTAGCTG
-CTGTAGCTG
-CTGTAGCTG
CCGGGAGCTA
CCGGGAGCTA
CCGGGAGCTA
---GGAGCTA
CCGGGAGCTA
CCTGGAGCTA
-GTGGGCTTG
-GTGGGCTTG
-GTGGGCTTG
GGGCGGGCTG
GGGCGGGTTT
CCTGGAGCTA
CCTGGAGCTG
CCTGTAGCTA
CCTGTAGCTA
GGGGCGACCT

CGGGACGGCC
----GCARGCC
CCCGGGAACR
CCCGGGAACA
CCCGGGTACR
CCGCGTAGCA
CCGCGTAGCR
CCGCGTAGCR
CCCTGTAGTG
CCCTGTAGTG
CCCTGTAGTG
CCCTGTAGTG
CCCTGTAGTG
CCCTGTAGCA
CCTGGTAGCT
CCTGGTAGCT
CCTIGGTAGCT
CACGGTAGCT
CCTGGTAGCT
CCCTGAAAAT
C----ARACT
CCCT-GTAAC
CCCT-GTARC
ACCCTGTAGT
CCCTGTAGCC
CCCTGTAGCC

Figure 9C. (Continued).

1s0
B T
CGCCCGCATC
CGCCCGCACC
G-GCCCA-CG
G-GCCCA-CG
G-GACCA-CG
G-GACCA-CG
G-GACCA-CG
G-GACCA-CG
G-GCTTA-TG
G-GCTTA-TG
GCACTCA-CG
GCGCCTAACG
C-ATG-AACT

C-GCC-GGCE
C-GCC-GGCG
C-GCC-CGAG
C-GCC-GGCG
C-ATT-CCRA
C-ATT-CCAA
C-ATT-CCAA
C-GCA-CATG
C-GCA-CATG
C-GCA-CATG
C-GCA-TACG
C-GCA-TACG
C-GCA-TATG
C-GCA-TATG
C-GCA-TACG
C-GCA-CACG
C-GCGCGRAAG
C-GCGCGRAG
C-GCGCGRAG
T-GCCATAAG
T-GCGCTAAG
ACGCCCCCCE
ACGCCC---—
CCGTTGTAAG
CCGTTGTARG
TACACCTAAC
G--GTTCACG
G--GTTCACG

200
S
CGGCCTGCCG
CGGCCTGCCG
GC--CCGCCG
GC--CCGCCG
GC--CCGCCG
GC--CCGCCG
GC--CCGCCG
GC--CCGCCG
GC--CCGCCG
GC--CCGCCG
CT--CCGCCG
CT--CCGCTG
GG--ACTC--
AR--ACTC--
GA--CCAC--
GA--CCAC--
GA--CCCC-~
GA--CCAC--
GC--TCGC-~-
GC--TCGC--
GC--TCGC--
GC--CCGCCG
GC--CCGCCG
GC--CCGCCG
GC--CCGCCG
GC--CCGCCG
GC--CCGCCG
GC--C-GCCG
GC--CCGCCG
GC--CCGCCA
GC--CCGTCA
GC--CCGTNA
GC--CCGTCA
GC--CCGTCA
GC--CCGTCA
CCAGCCGCCG
CC---CGCCG
GCT-CCGCCG
GC--CCGCCG
GC--CCGCCG

210
B
GTGGACCAAC
GTGGACCARC
CAGGACCGCT
CAGGACCGCT
GAGGACTGCT
GAGGACTGCT
GAGGACTGCT
GAGGACTGCT
AAGGACCGCT
ARGGARCCGCT
ATGGACCAGT
GCGGACCACC
-TGTTTTA--
-TGTTATA--

-CAGAGGACC
-CAGAGGACC
-CAGAGGACC
GTGGACAG-C
GTGGACAG-C
GTGGACAG-C
AAGGACTRAAC
AAGGACTARC
AAGGACTAAC
AAGGACTAAC
AAGGACTA-C
AAGGACCA-C
GAGGACCA-T
GAGGACCA-T
GARGGACCA-T
GAGGACCA-T
GAGGACCA-T
AAGGACTACT
GAGGACCACT
GAGGACCACT
GAGGACCACT
GTGGACCACT
AAGGACAGCT
AAGGACAGCT

220
B T
CCARACTCTTG
CCAACTCTTG
AAACTCTTGT
ARAACTCTTGT
ARACTCTTGT
ARACTCTTGT
AARACTCTTGT
ARACTCTTGT
AAACTCTTGT
ARACTCTTGT
AAACTCT-GT
ARACTCT-GT
GCTGCTCACT
CCTACT---=
ARACTC-TGT
ARACTC-TGT
AARCTC-TGT

TACCAACTCT
TACCAACTCT
TACCAACTCT
TARACTCTT-
TARACTCTT-
TAAACTCTT-
TARACTCTTT
TARACTCTTT
TAAACTCTTT
TARACTCTTT
TARACTCTTT
TARACTCTTT
TARACTCTTG
TARACTCTTG
TARACTCTTG
TARACTCGTG
CARACTCATG
AAACTCTTGT
ARACTCTTGT
AARCTCTGGT
ARACTCTGGT
ARACTCTGTT
ARAACTCTTGT
ARACTCTTGT

230
e
CAAAT--CTT
CAAAT--ATT
TTTT--ACCA
TTTT--ACCA
TTTTTTACCA
TTTTTTACCA
TTTTTTACCA
TTTTT-ACCA
TTTT--ATTG
TTTT--ATTG
TTTTT-ATAG
TTTAC-A-AG
GCAGCCACTG
TTTGT--CCA
TTTAT--CCA
TTT----TAG

GTTTTATACT
GTTTTATACT
GTTTTATACT
GTATGTACAC
GTATGTACAC
GTATGTACAC
GICIT-ACTG
GTCTT-ACTG
GICTT-ACTG
GTCTT-ACTG
GICTT-ACTG
ATTTTTACTG
TTACCCTGTA
TTACCCTGTA
TTACCCTGTA
TTACCCTGTA
TTACCCTGTA
TT--T-ACTG
TT--TTACCA
TTATTTACTG
TTATTTACTG
TTTA--ACCA
TAATT-ACCA
TAATT-ACCA

240
N
GTGRAATTCT
GIGGRACTCT
CTGTATCTCT
CTGTATCTCT
CTGTATCTCT
CTGTATCTCT
CTGTATCTCT
CTGTATCTCT
CTGTTATTCT
CTGGTATTCT
=TGTATCTCT
-TGTATCTCT
-TGARATATCT
==GTATCTCT
CTGTATCTCT
CTGTATCTCT
TGGRACTTCT
CAGCATCTCT
GTATCTCT--
GTATCTCT--
GTATCTCT--
ARGTATGTCT
AAGTATGTCT
AAGTATGTCT
TG-RATATCT
TG-AATATCT
TG-AATATCT
TG-AATATCT
TG-AATATCT
TG-AATATCT
CGTCATATCT
CGTTATATCT
CTTARATATCT
CGTAA-ATCT
CGTACTATCT
-TGTCTCTCT
-TGTATTTCT
~TGTATCTCT
-TGTATCTCT
CTGTATCTCT
CTGTATCTCT
CTGTATCTCT

250
e
GRAA--TATA
GARA--TATA
GAAT--TGTT
GRAT--TGTT
GAAT--TCTT
GAAT--TCTT
GAAT--TCTT

GAAT--TCTT
GAGT--ATAT
GAACGGCCTT
GAAT--TTAT
GAATTGAGTA
GAATTTAATA
GAGTAARACA
GAAT--GATA
GAACTTTATG
GRAACTTTATA
ARCTTTATAA
GATT--GCTT
GATT--GCTT
GATT--GCTT
GRAT--GCTT
GAAT--GCTT
GAAT--GCTT
GRAT--GCTT
GAAT--GCTT
GAAT--GCTT
GAAT--GCTT
GAAT--GCTT
GRAT--GCTT
GAAT--ACTT
GAAT--ACTT
GAATA-ATGA
GAATG-CTTC
GRATG-CTTC
GRATG-CTTC
GAAATACTTA
GRAT--TGTC
GAAT--TGTC

AAATRARAATA
CAACTTAATA
CAACTTAATA
CAACTTAATA
CAACTTAATA
CAACTTAATA
CAACTTAATA
CAACTTAATA
CAACTTAATA
CAACTTAATA
CAACTTAATA
CAACTTAATA
AACARRRATT
AACTATARAT
AACTGAAATC
AACTGARATC
A--CGRARATA
AACT-AAATA
AACT-ARATA

AGTTAAARCT

280

B

TTCARCAACG
TTCAACARCG
TTCAACAACA
TTCARCAACG
TTCAACAACG
TTCARCAACG
TTCAACAACG
TTCAACAACG
TTCARCAACG
TTCAACARCG
TTCAACAACG
TTCAACAACG
TTCAACAACG
TTCARCAACG
TTCAACAACG
TTCAACAACG
TTCARCAACG
TTCAACARCG
TTCAACAACG
TTCAACAACG
TTCAACAACG
TTCAACAACG
TTCAACARCG
TTCAACAACG
TTCARCAACG
TTCAACAACG
TTCARCAACG
TTCAACAACG
TTCAACAACG
TTCAACAACG
TTCAACARCG
TTCAACAACG
TTCARCAACG
TTCAACAACG
TTCARCAACG
TTCAACAACG
TTCAACAACG
TTCARCAACG
TTCAACARCG
TTCAACAACG
TTCARCAACG
TTCAACAACG

290
A .
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG
GATCTCTTGG

300
B T
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC
TTCTGGCATC

310

S

GATGARAGARAC
GATGARGAAC
GATGAAGAAC
GATGARAGARAC
GATGARGAAC
GATGRAGAAC
GATGARGAAC
GATGARGAAC
GATGARAGARAC
GATGARGAAC
GATGAAGAAC
GATTARGAAC
GATGARGAAC
GATGRAGAAC
GATGARGAAC
GATGARGAAC
GATGARAGARAC
GATGARGAAC
GATGAAGAAC
GATGAAGAAC
GATGARGAAC
GATGAAGAAC
GATGARGAAC
GATGAAGAAC
GATGARAGARAC
GATGARGAAC
GATGRAGAAC
GATGAAGAAC
GATGARGAAC
GATGAAGAAC
GATGARGAAC
GATGAAGAAC
GATGARAGARAC
GATGARGAAC
GATGRAGAAC
GATGARGAAC
GATGARGAAC
GATGARAGARAC
GATGARGAAC
GATGAAGAAC
GATGARAGARAC
GATGARGAAC

320

B T

GCAGCGARAAT
GCAGCGAAAT
GCAGCGAAART
GCAGCGARAAT
GCAGCGAAART
GCAGCGAARAT
GCAGCGAAAT
GCAGCGAAART
GCAGCGARAAT
GCAGCGAAAT
GCAGCGAAART
GCAGCCAAAT
GCAGCGAAART
GCAGCGAARAT
GCAGCGAAAT
GCAGCGAAART
GCAGCAARAAT
GCAGCGAAAT
GCAGCGAAART
GCAGCGAAAT
GCAGCGAAART
GCAGCGAAAT
GCAGCGAAAT
GCAGCGAAART
GCAGCGARAAT
GCAGCGAAART
GCAGCGAARAT
GCAGCGAAAT
GCAGCGAAART
GCAGCGAAAT
GCAGCGAAAT
GCAGCGAAART
GCAGCGARAAT
GCAGCGAAART
GCAGCGAARAT
GCAGCGAAAT
GCAGCGAAART
GCAGCGARAAT
GCAGCGAAAT
GCAGCGAAART
GCAGCGARAAT
GCAGCGAAART

309



suT223
suT218
sUT233
SUT240
SUTQ66
SUTOE8
SUT069
SUT046
SUT041
SUT063
SuUT020
sUT294
SUT256
SUT154
SUT070
suT237
SUT108
SUT082
SUT080
SUT116
SUT042
SUT164
sUT293
suUT292
SUT159
SUT162
SUTO061
SuUT280
SUT165
SUT120
SUTO016
SUT180
ST2324
SUT250
suUT282
SUT166
SUT158
SUT148
suTig?
SUT182
SUT215
suT221
AJ390400

261
26l
235
235
264
264
264
263
295
285
307
253
219
182
186
186
204
185
22¢
227
225
231
231
231
237
237
236
210
237
238
243
243
243
245
253
265
228
236
236
253
233
233
268

330

R

GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATRAGTA
GCGATAAGTA
GCGATAAGTA
GCGATRAGTA
GCGATAAGTA
GCGATAAGCA
GCGATRAGTA
GCGATACGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATRAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATRAGTA
GCGATAAGTA
GCGATAAGTA
GCGATRAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATRAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATAAGTA
GCGATRAGTA
gcgataagta

340
el
ATGTGAATTG
ATGTGRATTG
ATGTGAATTG
ATGTGAATTG
ATGTGRATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGRATTG
ATGTGAATTG
ATGTGAATTG
ATGTGRATTG
ATGTGAATTG
ATGTGAATTG
ATGTGRATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGAATTG
ATGTGRATTG
ATGTGAATTG
ATGTGAATTG
ATGTGRATTG
atgtgaattyg

Figure 9C. (Continued).

350
Lol
CAGAATTCAG
CAGRATTCAG
CAGRAATTCAG
CAGAATTCAG
CAGRATTCAG
CAGAATTCAG
CAGAATTCAG
CAGRATTCAG
CAGAATTCAG
CAGAATTCAG
CAGRATTCAG
CAGAATTCAG
CAGAATTCAG
CAGARATTCAG
CAGRAATTCAG
CAGAATTCAG
CAGAATTCAG
CAGRAATTCAG
CAGRATTCAG
CAGRAATTCAG
CAGAATTCAG
CAGRATTCAG
CAGRAATTCAG
CAGAATTCAG
CAGRATTCAG
CAGAATTCAG
CAGAATTCAG
CAGRATTCAG
CAGAATTCAG
CAGAATTCAG
CAGARATTCAG
CAGAATTCAG
CAGAATTCAG
CAGARATTCAG
CAGRAATTCAG
CAGAATTCAG
CAGAATTCAG
CAGRAATTCAG
CAGRATTCAG
CAGRAATTCAG
CAGAATTCAG
CAGRATTCAG
cagaattcag

360
R
TGARATCATCG
TGAATCATCG
TGAATCATCG
TGAATCATCG
TGAATCATCG
TGRATCATCG
TGAATCATCG
TGRATCATCG
TGRATCATCG
TGAATCATCG
TGRATCATCG
TGRATCATCG
TGAACCATCG
TGRATCATCG
TGRATCATCG
TGAATCATCG
TGAATCATCG
TGRATCATCG
TGAATCATCG
TGAATCATCG
TGARATCATCG
TGAATCATCG
TGAATCATCG
TGAATCATCG
TGAATCATCG
TGRATCATCG
TGAATCATCG
TGRATCATCG
TGRATCATCG
TGAATCATCG
TGRATCATCG
TGRATCATCG
TGAATCATCG
TGRATCATCG
TGRATCATCG
TGAATCATCG
TGAATCATCG
TGRATCATCG
TGAATCATCG
TGAATCATCG
TGARATCATCG
TGAATCATCG
tgaatcateg

370
-
AATCTTTGAR
AARTCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAA
AATCTTTGAR
AATCTTTGAR
AATCTTTGAA
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AARTCTTTGAR
AATCTTTGAR
AATCTTTGAR
AARTCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAA
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
AARTCTTTGAR
AATCTTTGAR
AATCTTTGAR
AATCTTTGAR
aatctttgaa

380

R
CGCATATTGC
CGCATATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCATATTGC
CGCATATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCACATTGC
CGCATATTGC
CGCATATTGC
CGCACATTGC
CGCACATTGC
CGCATATTGC
CGCACATTGC
CGCACATTGC
cgcacattge

390
el
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCACTGGT
GCCCRCTGGT
GCCCARCTGGT
GCCCARCTGGT
GCCCATTAGT
GCCCATTAGT
GCCCAGTAGT
GCCCATTAGT
GCCCARCTAGC
GCCCARTTAGT
GCCCATTAGT
GCCCATTAGT
GCCCGGCAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCARTTAGT
GCCCATTAGT
GCCCATTAGT
GCCCARTTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
GCCCATTAGT
gcecattagt

400
cleenl
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCCAGTGG
ATTCCAGTGG
ATTCCAGTGG
ATTCCAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTACTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTGGCGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
ATTCTAGTGG
attctagtgy

410
e
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCRTGCCTAT
GCATGCCTAT
GCATGCCTGT
GCRTGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCRTGCCTAT
GCATGCCTAT
GCATGCCTAT
GCRTGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
GCATGCCTAT
gcatgectat

qzov 430 440 450 460 470
R IR % I L | e N - P
TCGAGCGTCA TTTCGACCCT TACGCTCTAG TAGCGTAGC- GTTGGGACTC TAGCCCTGCC
TCGAGCGTCA TTTCGAACCA TACGCTTTAG TAGCGTAAC- GTTGGGACTC TAGCCCTGCC
TCGAGCGTCA TTTCARACCCT TAAGCCT-TG TTGCTTA-GC GTTGGGAGTC TACGGCTT--
TCGAGCGTCA TTTCARACCCT TARGCCT-TG TTGCTTA-GC GTTGGGAGTC TACGGCTT--
TCGAGCGTCA TTTCAACCCT TAAGCCCCTG TTGCTTA-GC GTTGGGAGIC TACGTCTIT-A
TCGAGCGTCA TTTCRACCCT TARGCCCCTG TTGCTTA-GC GTTGGGAGTC TACGTCTT-A
TCGAGCGTCA TTTCARACCCT TARGCCCCTG TTGCTTA-GC GTTGGGAGTC TACGTCTT-A
TCGAGCGTCA TTTCRACCCT TAAGCCCCTG TTGCTTAAGC GTTGGGAGTC TACGTCTT-A
TCGAGCGTCA TTTCGACCCC TRRGCCCTTG TTGCTTA-GT GT ATC TAC---
TCGAGCGTGA TTTCGACCCC TAARGCCCCTG NTGCTTA-GC GTTGGGAATC TAC---
TCGAGCGTCA TTTCRACCCT TATGCCC-TG TAGCATA-GT GTTGGGGCTC TAC----C-G
TCGAGCGTCA TTTCRACCCT TARGCCC-TG TAGCTTA-GC GTTGGGACTC TACTCCTC-C
CCGAGCGTCA TTTCRACCCT AAGGCCCTTG CGGCTAACC- GTTGGAAGCC TGTGG--CTG
TCGAGCGTICA TTTCRACCCT TAAGCCCCTG TTGCTTAGT- GTTGGGAATC TGCG---TTA
TCGAGCGTCA TTTCRACCCT TACGCCCT-G TAGCGTAGT- GTTGGGAATC TACCT--
TCGAGCGTCA TTTCARACCCT TACGCCCT-G TAGCGTAGC- GTTGGGAATC

TCGAGCGTCA TTTCRACCCT CRAGCTC--- -AGCTTGGT- GTTGGGACTC
TCGAGCGTCA TTTCRACCCT TARARGCCCCTG TTGCTTAGC- GT ATC TACCTCCTTC
TCGAGCGTCA TTTCAACCCT TAAGCCTCAG TTGCTTAGC- GTTGGGACTC TACGACCTAT
TCGAGCGTCA TTTCARACCCT TAAGCCTCAG TTGCTTAGC- GTTGGGACTC TACGACCTAT
TCGAGCGTCA TTTCARACCCT TAARGCCTCAG TTGCTTAGC- GTTGGGACTC TACGACCTAT
TCGAGCGTCA TTTCAACCCT TAAGCCTCTG TCGCTTAGC- GTTGGGAGCC TACGTC----
TCGAGCGTCA TTTCARACCCT TAAGCCTCTG TCGCTTAGC- GTTGGGAGCC TACGTC
TCGAGCGTCA TTTCARACCCT TARGCCTCTG TCGCTTAGC- GTTGGGAGCC TACGTC----
TCGAGCGTCA TTTCAACCCT TAAGCCTT-G TTGCTTAGC- GTTGGGAATC AGCGTCTTCA
TCGAGCGTCA TTTCRACCCT TARRGCCTT-G TTGCTTAGC- GT ATC AGCGTCTTCA
TCGAGCGTCA TTTCARACCCT TARGCCTT-G TTGCTTAGC- GTTGGGAATC AGCGTCTTCA
TCGAGCGTCA TTTCRACCCT TAAGCCTT-G TTGCTTAGC- GTTGGGAATC AGCGTCTTCA
TCGAGCGTCA TTTCRACCCT TARRGCCTT-G TTGCTTAGC- GT ATC AGCGTCTTCA
TCGAGCGTCA TTTCARACCCT TAAGCCCC-G TTGCTTAGC- GTTGGGAATC AGCGTCTITCT
TCGAGCGTICA TTTCRACCCT TAAGCCTC-T CGGCTTAGC- GTTGGGACCC TGCGGCGT-A
TCGAGCGTCA TTTCRACCCT TARGCCCT-T CGGCTTAGC- GTTGGGACCC TGCGGCGT-A
TCGAGCGTCA TTTCRACCCT TARGCCCT-G CGGCTTAGC- GTTGGGACCC TGCGGCGT-G
TCGAGCGTICA TTTCRACCCT TAAGCACT-G TAGCTTAGCC GTTGGGAATC TACGGCTT-A
TCGAGCGTCA TTTCRACCCT TARGCCCT-G TAGCTTAGC- GTTGGGAATC TACGGCTT-A
TCGAGCGTCA TTTCARACCCT TAARGCCCTAT CTGCTTAGC- GTTGGGAGTIC TGC-GCC---
TCGAGCGTCA TTTCRACCCT TAAGC-CTTG TTGCTTAGT- GTTGGGAGTC TACCGCC
TCGAGCGTCA TTTCRACCCT TARGCCCCTG TTGCTTAAC- GTTGGGAGCC TACGTCTG--
TCGAGCGTCA TTTCAACCCT TAAGCCCCTG TTGCTTAGC- GTTGGGAGTIC TACGTCTG--
TCGAGCGTCA TTTCARACCCT TAAGC-CCTG TTGCTTAGT- GTTAGGAGCC TCTTTCTTCA
TCGAGCGTCA TTTCRACCCT TAARGCCAGTG CTGCTTAGT- GTTGGGAGCA TACCCTCCCC
TCGAGCGTCA TTT-AACCCT TAAGCCAGIG CTGCTTAGT- GTTGGGAGCA TACCCTCCCC
tecgagegtea tttcaaceet taagecectg tegettage- gttgggaate tacg----tt
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Figure 9C. (Continued).
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SUT032_ 1 CAGAGTT--C TATTACTCCC AAARCCCATGT GCA-CATACC GTACGTTGCC CCTGCCGEGCG GOCCC---TG ARAATTCTGT TTC-TTACTG GATCTCTGRA 1é
SUT142 1 CAGAGTT--C TATAACTCCC ARACCCATGT GCA-CATACC GTACGTTGCC CGTAGCGCCC TACACCCGGT AGG--GCCTG CCCGGTGGAC GCCGACRAAG CCTGCCGGOG GCOCCC---TG AAARTTCTGT TTC-TTACTG GATCTCTGAA 1€
sSUT076 1 CAGAGTIT--C -AT-ACTCCC AAACCCATGT GCA-CATACC GTACGTTGCC CGTAGCGCCC TACACCOGGT AGG--GCCTG CCCGGTGGAC GOCGACAAAG CCTGCUGGCG GOCCC---TG AAAATTCTGT TTC-TTACTG GATCICTGAA 15
572417 1 -c GCA-CATACC A GCCTG AG CCTGCOGGCG GCOCC---TG AARATTCTGT TTO-TTACTG GATCTCTGAA 16
suTanT 1 AAGACTT--C TATARCTCCC ARACCCATCT CAR-CATACC TTACCTTCCC TCGCCACCTC TA--CCOTGT ACC--ACCTA CCCCOTAGAC GCCCCTAM-C CTTGCCCCGCC CCCCA---CC AAA-CTCTCT TTA-CTATTC AAT-TCTGAA 13
AF163033 1 ol e et peanany TTACGTTGCC k TG A-ATTCTGAR 14
AF163026 1 BMAGRGTTCTA TRACTCCCTA ARACCCATGT GRA-CATACC TTACGTTGCC TOC CTACC-CTGT N CACCTA CCC GO TTAGT-ATTG A-ATTCTGAA 15
AF162030 1 GAA-CATACC T CTAl CTGT AGG-A-CCTA TTATT-TTTG A-ATTCTGAA 13
AF163039 1 AAGAGTTCTA TAA--CTCCC AAACCCATGT GAA-CATACC TTACATTGCC CTACC-CTGT AGG-A-CCTA CCCGGTAGAC GCOGGGTA-AG TTAGT-ATTG A-ATTCTGAA 15!
AF163031 1 RAGACTTATT ATAARCTCCC ARRCCCATCT CAR-CATACC - TTACC-CTCT AAC-CTCCTA CCCCOTACCC CCCCCTA-AC TTAGT-ATTC TTATTCTCAA 18/
AF163034 1 AAGAGTTCTA TAA--CTCCC AAACCCATGT GAA-CATACC TTACGTTGCC CTi ARG T CT GCATTCTGAR 15
sUT123 1 AAGAGT-GTA TA---CTCCC ARACCCATGT GRA-CATACC TTACGTTGCOC CTACA-CTTT AGG-GOGCTA CCCGGTGGAC GCGGGCA-AG TTAGC-ATTG T-ACTCTGAA 15!
5T2027 1 CTGAGTTATC CAARACTCCC AACCCTTTGT GAACT-TACC A-CTGTTGCC CTACC-CTGT --—--. AGCTA CCCGGG-AAC ACATTCCARG TTT-ATACTG TATCTCTGAA Ll
ST2326 1 CTAAATT-CC CARAAC-CTT AATGGTTAAA GCTTTATCCC CTACC-CGEE G AGCTA CTT-ACTGTG AATATOTGAA 16
EUTOR0 1 CTGACTTATC TARA-CTCCA ARCCCTTCCOT GAACT-TACC G-TCCTTTCC CTACC-CCCT ----- GCCTA CCCTCTATHNT G-GCCMACCC TTA-CCACTC TATCTCTGAA 15
AY787733 1 TAA GT T=ACGTTGCC T TITT-TTAGTG ATTATCTGAG 16
suT201 1 RAGAGTITAT TAR--CTCCC ARACCCATGT GRACA-TACC ATACGTITGCC TCGGCAGGCT ACAT-----= =-==-==-os sssooe-oos CIGCT-C--- TA CGRT TTA-TTTTIG ART-TICTGAG 13
5T2345 1 TAA: TCCC 'GT GAACA-TACC ATACGTTGCC CTGCT-T TA T GTGTAACCAG TTA-TTTTTG AAT-TCTGAG
SUT203 1 AAGAGTTATT A-CAACTOCC ARACCCATGT GAACCTTACC ATT CA -~GCTTACCC TGTGAGAC-C CTACC-CTGT AGG-GCCTCA COTGGTAGTT GOGGGTA-AT CCTGOOGGTG GTCTA-C-CA AACT--CTGT TT--ACTATG TTATTCTGAA
suT177 1 AAGRGTITATT A-CAACTCCC AAACCCATCT GAACCTTACC c T ~GCA =-GCITACCC TCIGAGAT-C CTACC-CTCT ACG-CGCCTCA CCOTGLOTAGTT GCOLLTA-AT CCTGCCCLTC CICTA-C-CA AACT--CTCT TT--ACTATC TTATICTGAA
SUT138 1 RAGAGTTATT A-CARCTCCC AAACCCATGT GAACCTTACC ATTTGTTGCC - T AT CCTGCCGGTG GICTA-T-CA AACT TGT TT T
SUT139 1 AAGRGTTATT A-CARCTCCC ARACCCATGT GRACCTTACC ATTTIGITGCC TCGGCAGGTC -GCRA----- -- GCTTACCC TGIGCGAC-C CTACC-CIGT AGG-GCCTCA CCTGGTAGIT GOGGGTA-AT CCTGCCGGTG GICTA-C-CA AACT--CTGT TT--ACTATG TTAITCTIGAA
suUT125 1 AAGRGIT--T A-CAACTCCC AAACCCATGT GAACCTTACC AIT GCA --GCTTACCC TGTGCGAC-C CTACC-CTGT AGG-GCCTCA CCTGGTAGIT GCGGGTA-AT CCTGCCGGTG GTCTA-T-CA AACT--CTGT TT--ACTATG TTATTCTGAA
sT2372 1 -TT - TA AACT--CTGT TT--ACTATG TTATTCTGAA
sUT192 1 AAGAGTTAAR AACAACTCCT ARACCCATOT GAAACCTACC c oo TCGCA ==ACTTACCC TGACGLGA-C CTACC-CTICT ACCTACCTITA CCOCGLTAGTT GUCLLCATAA CCTCCCCLTC CICTA-C-TA AACT--CTCT TT--ACTATC TCATICTGARA
suUT0BE 1 AAGAGTTATA =-=-CAARCTCCT A A =TTTGTTGCC T TA T GCAGGTTCAR CCTGCCGCTG GTCTA-C-CA AACT--CTGT TTT-ACCATG TTATTCTGAA
SUT140 1 RAGAGITATR --CARCTCCT ARACCCATGT GRA-CCTACC C TCH CC TGCA --GCTTRCCC TGTGAGCC-C CTACC-CIGT AGGGACCTTA CCCGGTAGIT GCGGATACAR CCTIGCCGGIG GICTA-C-TR AACT--CTIGT TT--ACTATG TTATICIGAA
AF163027 1 AAGAGTTATT A-CAACTCCC AAACCCATGT GARA-CATACC T TGCA: CTA CTIGT TA T GICTA-C-TC AACT--CTGT TT--ATTATG TTATTCTGAA
ST2348 1 -AT GAA-CTTACC TTCTGTTGCC TCGGCAGGTC -GCG------ --ACCTACCC TGTGAGGC-C TTACC-CTGT AGG-GCCCTA CTTGGTAGTC GOGGGTA-CG CCTGCCGGTG GCCCA-T-GA AACT--CTGT TTATTCT-TG TTATTCTGAA
S5T2363 1 AAGAGT--AT TACARCTCCC AAACCCATGT GRA-CTTACC TTCTGTTGCC TGTGAGGC-C CTACC-CTGT AGG-GCCCTA CCTGGTAGTIC GCGGGTA-CG CCTGCCGGTG GCCCA-T-GA AACT--CTGT TTATTCT-TG TTATTCTGAA
AF163037 1 AAGAGTIT-AT TACARCTCCC AAARCCCATGT GAA-CTTACC TTC T CTi C CCTGCCGGTG GCCCA-T-GA AACT--CTGT TTATTCA-TG TCATTCTGAA
AF163040 1 RAGAGTT-TT GATAACTCCC ARACCCATGT GAA-CTTACC TICIGTIGLC TGTG-GCA-C CTACC-CTGT AGG-ACCCGA CCTGGTGGIC GOGGTICA-TG AACTTICTGT GTATTCTATG TTATICIGAG
suUT078 1 AR GAA-CTTACC TTCTGTTGCC AGG-GCCCTR CGCGGTGCGT GCGGGCAGT- AAA-TTCTGT TTG-ACTACG TTATTCTGAA
SUT028 1 AC-RACTCC- ARRCCCATGT GAR-CTN-CC TTCTGTTGCC TGTGAGGC-C CTACCACTGT AGG-GCCCTR CGCGGTGCGT GCGGGCAGC- AAR-TTCTGT TTG-ACTACG TTATTCTGAR
suUT124 1 AC-ARACTCC- AAACCCATGT GAA-CTTACC GTACGTTGCC CGTAACAC-C CTACCACG-T AGG-GGCCTA CTCGGTGGCC GCGGACTAAG AACTCTGTCA GTG-ATTGTG TCTTCTGAAC
SUT125 1 AC=RACTCC- AARCCCATGT GAA-CTTACC GTACGTTGCC T AACTCTGTCA GTG-ATTGTG TCTTCTGAAC
SUTO74 1 AC-AACTCCC ARRCCCATGT GRA-CATACC TACTGTTGCT CCTCGIGT-G COCCGGAT-C AGG-CGCCCE CCTAG-GRAC TTGRACT--- MATCTTICTGR GIA-GIT--- —===-=====
suT027 1 TAT. A T TTAS TGT AG AACT--CTGT TTAATTACTG GATATCTGAA
SUT198 1 TATAACTCCC AAARCCCATGT GAA-CATACC TAACGTTGCC TGTAGTGCAC TTACC--TGT AAG-TGCCTA CCCGGTAGGC ACGGGTA-AG AACT--CTGT TTAATTACTG GRTATCTGAA
SUT1ES 1 TATAACTCCC AAACCCATGT GARA-CATACC TAACGTTGCC TGTAGTGCAC TTACC--TGT AAG-TGCCTA CCCGGTAGGC ACGGGTA-AG CCCGCCGGCG CCCCA--TTR AACT--CTGT TTAATTACTG GATATCTGRA
SUT200 1 TARCGTTGCC AG CCOGCCGGCG CCCCA--TTA AACT--CTGT TTAATTACTG GATATCTGAA
ET2298 1 TATRACTCCC ARRCCCATCT CRAA-CATACC TAACCTTCCC TCTACTCCAC TTACC--TCT AAGC-TCCCTA CCCCCTACCC ACCOCTA-AC CCCCCCCCCC CCOCCA--TTA AACT--CTCT TTARTTACTC GATATCTCAA
sUT127 1 CTATACTCCC AR TGT CCGGATA--G CCTGCCGACG GCOCCC--TCA AACT--CTGT TTAAT-AGTG AATCTCTGAA
SUT195 1 CTATACTCCC ARACCCATGT GAA-CATACC GTATGTTGCC TGTGGTGCCC TACCC--TGT A GCCTR CC CCGGATA--G CCTGCCGACG GCCCC--TCA AACT--CTGT TTAAT-AGTG AATCTCTGAR
SUT130 1 CTATACTCCC AAACCCATGT GAA-CATACC GTATGTTGCC TGTGGTGTCC TACCC--TGT AAG--GCCTA CCTGGTAGAT CCGGATA--G CCTGCCGACG GCCCC--TCA AACT--CTGT TTAAT-AATG AATCTCTGAA
AF1E3042 1 TATAACTCOC AARCCCATGT GAA-CATACC CTACG-CTGT AAG--GCTTA TCGGGAAGAT GCACTAA-AG CCTGOCGGCG GCCCA--TTA AACT--CTGT TTA-TTTTTG AATT-CTGAG
£T2382 1 AAGACTT--C TATCACTCCC ARACCCATCT GAR-CATACC CTACCTTCCC TCGCCCCCTC TACCCTCTAC CRCCCTACCC TCTAACAC-C CTACC-CTGT RCGAGACCTA CCCCOCACAC CHCGCTA-AC CCTCCCCOCC CCCCA-CCCA AACT--CTCT TITCCCARTG TARTTCTCAA
BUTOS2 1 CCTACTTCGT ey G AT BT AG GCCCA TT AACARCTCTGT TTA-GCGTTG TGTTTCTGAG

Figure 10C. The ITS1-5.8S-1TS2 sequence alignment of Xylaria specimens for phylogenetic construction in Figure 97 by using ClustalX

and BioEdit programs. Arrows indicate the start and the end of 5.8S rDNA sequences.
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Figure 10C. (Continued).
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T CT T ATTGCGCCCA TTAGTATTCT AGTGGGCATG CCTGTTCGAG
C TG GC AGRACGCAGT GRAATGCGAT RAGTAATGTG A TTC Ci TTGAACGCAC ATTGCGCCCA TTAGTATTCT AGTGGGCATG CCTGTTCGRG
CAACGGATCT CTTGGTICTCG GCATCGATGA AGAACGCAGT AAT TTC i CT TTGAACGCAC ATTGCGCCCA TTAGTATTCT AGTGGGCATG CCOTGTTCGAG
CA AAT A TTGAACGCAC ATTGCGOCCA
CAACGGATCT CTTGGTTCTG GCATCGATGA AGAACGCAGE GAAATGCGAT IC ca TTGAACGCAC ATTGCGOCCA CTAGTATTICT AGTGGGCATG CCTGTTCGAG
CAACGGATCT CITGGTTICTG AATTGCAGAR TTCAGTGAAT CAT-GAATCT TT G CCTGTTCGAG
CAACGGATCT CTTGGTTCTG GCATCGAT-A AGRACGCAGC GRAATGCGAT ARGTAATGTG A A TTC AT Ci TTGAACGCAC ATTGCGCCCA T CCTGTTCGAG
T r T T TCT
AAT T ATTGCGCCCR
CAACGGATCT CTTGGTTCTG GCATCGATGA AGAMCGCAGC GAAATGCGAT e o TTGAACGCAC ATTGCGCCCA TTAGTATICT AGTGGGCATG CCTGTTCGAG
CAACGGATCT CTTGGTITCTG AAT TT ATTGCGCCCA TTAGTATTCT AGTGGGCATG CCTGITCGAG
CAACGGATCT CTTGGTTCTG GCATCGATGA AGARCGCAGT GAT AAT I L o TTGAACGCAC ATTGCGOCCA TTAGTATTCT AGTGGGCATG COTGTTCGAG
TG AAT T CATCGRATCT TTGGACGCAC ATTGCGCCCA
(a2} AR ARGTAATGTG AAT A T ATTGCGCOCCA
CAAL cca AGAACGCAGC GAT e ca TTGAACGCAC ATTGCGOCCA TTAGTATTICT AGTGGGCATG CCTATICGAG
CAACGGATCT CTTGGTTCTG ARGTAATGTG AAT T ATTIGCGCCCA TT
CAACGGATCT CTTGGITCTG GCATCGATGR AGARCGCAGE GAT ca TTGRAACGCAC ATTGCGCCCA TTAGTATTCT AGIGGGCATG CCTGITCGAG
[~ AAT T T ATTGCGCCCA
CA AAGTAATGTG A AT T ATTGCGCCCA
=t T oL AGARRCCCACT i TIC TTGAACGCAC ATTCGCCCCCA TTACTATICT ACTCLLCATG CCTOCITCGAG
CRACGGATCT CTTGGTTCTG A T T ATTGCGCCCA TTAATATTCT AGTGGGCATG CCTGTTCGAG
CRACGGATCT CTTGGITCIG GCATCGATGR AGARCGCAGE GAT ART TIC [~ TTGRAACGCAC ATTGCGCCCA TTAGTATTCT AGTGGGCATG CCTGITCGAG
AAT T 'CT TT ATTGCGCCCA TTI
CAACGGATCT CITGOTTCTC CCATCGATGA AGAACGCALCT GAT TIC f= TTGAACGCAC ATTCCCCCCA TTACTATICT ACTCLCCATC CCTCITCGAG
TG GA GAAATGCGAT AAGTAATGTG A TT T ATTGCGCCCA CCT
CRACGGATCT CTTGGITCIG GCATCGATGR AGRACGCAGE GAT A IC o TTGAACGCAC ATTGCGOCCA TTAGTATICT AGTGGGCATG CCTGITCGAG
c T r T TCT
AAT T ATTGCGCCCR
CRACGGATCT CTTGGTTCTG GCATCGATGA AGRACGCAGT GAT TTC C TTGAACGCAC ATTGCGCCCA TTAGTATTCT AGTGGGCATG COTGTTCGRAG
GhR AMRGTRATGTG MRATTGCAGAA TTCAGIGAAT CATCGAATCT TTGAACGCAC ATTGCGCCCA TTAGTATTCT AGTGGGCATG CCTGTTCGAG
CAACGGATCT CTTGGTTCIG GCATCGATGA AGARCGCAGE GAT TIC c TTGAACGCAC ATTGCGCCCA TTAGTATICT AGIGGGCATG CCTGITCGAG
TG AAT T CATCGRATCT TTGAACGCAC ATTGCGCCCA
CAACGGATCT CTTGGTTCTG GCATCGATGA AGRRCGCAGC GRAATGCGAT AAGTAATGTG AAT A TTC AT C TTGRACGCAC ATTGCGCCCA T ATG CCTGTTCGAG
CAACGGATCT CTTGGTTCTG GCATCGATGA AGAACGCAGC GAT TTC Ci TTGAACGCAC ATTGCGCCCA T ATG CCTGTTCGAG
ARGTAATGTG A T ATTGCGCCCA TTAGTATTCT AGTGGGCATG CCTGITCGAG
CAACGGATCT CTTGGITCTG GCATCGATGR AGARCGCAGC GAT = ca TTGRAACGCAC ATTGCGCCCG CCAGTATTCT GGCGGGCATG CCTGICTGAG
AAT T T
CAACGGATCT CTTGGTTCTG GCATCGATGA AGARCGCAGC GAAATGCGAT ARGTAATGTG A TTC AT C TTGRACGCAC ATTGCGCCCA TTAGTATTCT AGTGGGCATG CCTGTTCGAG
CRACGGATCT CTTGGTTICTG GCATCGATGA AGRACGCAGC GAT AAT TTC C C TTGAACGCAC ATTGCGCCCA TTAGTATTCT AGTGGGCATG CCTGITCGARG
CRACGGATCT CTTGGTTCTG GTG A AT AT T ATTGCGCCCA TTAGTATTCT AGTGGGCATG CCTGTTCGAG
CAACGGATCT CTTGGTTCTG GCATCGATGA AGAACGCAGC GAT oI o TTGAACGCAC ATTGCGOCCA TTAGTATTICT AGTGGGCATG CCOTGTTCGAG
AAT A AT CT T ATTGCGCCCA TTI
CA TG GCX AGRACGCAGT GAT A TTC AT Ci TTGAACGCAC ATTGCGCCOCA T ATG CCTGTTCGAG
CAACGGATCT CTITGGTTCTG GCATCGATGA AGARCGCAGC GAT AAT TTC C TTGAACGCAC ATTGCGCCCA TTAGTATTCT AGTGGGCATG CCTGITCGAG
AN A A T
CAACGGATCT CTTGGTTCTG GCATCGATGR AGAACGCAGC GAAATGCGAT A TrC o TTGAACGCAC ATTGCGOCCA TTAGTATTICT AGTGGGCATG CCTGTTCGAG
[~ ARGTAATGTG A AT T
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SUT032 Mba 341 ACCCTTAAGC CC-CTGTTGE AR GT -G TAMA--TTCT GCOGTARAAC CCCCCTATAT
sUT142 341 ACCCTTAAGC CC-CTGTTGC c or GGCGGAGTCG GT-TCTCACT CTAGACGTAG TAAA--TTCT ATCTCGC-TA TCAGTAGGA- CGCCTCCCTC GCCGTARAAC CCCCCTATAT
SUTOTE 338 ce: AR GT TARA--TTCT GOCGTARAAC COCCCTATAT
572417 341 ACCCTTAAGC CC-CTGTTGC TTAGCGTTGG - GTCACA T o1 G GT- ACT TARA--TTCT ATCTCGCCTA IC GCCG CCCCCTATAT
sUT207 338 eT T ----GTCATA -GTAGCTTCT CARA-GTAGT GO TAGA--TGCT AAC CCCG-TA-AT
AF163033 320 ACCCTTAAGC CT-CTGTTIGC TTAGCGTTGG GAGCCTACA- --GCACCTG- -—-TAGCTCCT CAAAGTTAGT GT TA-A--TTTT T CCC-TA--TT
AF163026 318 ACCOTTARGE CT- T GAGCCTACG- --GTATA-G- --TAGCTCCT CRRAGTTAGT GGCAGAGTCG GT-TCACRCT CTAGACGTAG TAGA--TTTT ATTTCGOCTA TT G CCCCTARRTT
AF163020 315 ACCCTTAAGC CT-CTGTIGC TTAGTGTTAG CARAGTTAGC GGCGGAGTCG GT-TCACACT CT TA-A--TTTT CCCCAA--TT
AF163039 335 ACCOTTAAGE CC- T GAGCCTACG- --GTAATAG- --TAGCTCCT GARRGTTAGT GGOGGAGTCG GT-TCACACT CTAGACGTAG TAGA--TTTT ATCTCGOCTA TC i ARD C T
AF163031 340 ACCCTTAAGC CT-TTGTTGC ~-TAGCTCCT TAARGTTAGT GGCGGAGTTA GTATCACACT CTAGACGTAG TA-A--ATTT T T GCCATARAAC CCCCTAA-TT
AF163034 335 ACCCTTAAGC CC-TTGTTGC GCTAGCTCOT CRRAACCAGT GGOGGAGTCG GT-TCACACT CTAGACGTAG TARA--TCTC ATCTCGOCTA TTAGTTGGA- COGGTCOOCT GCOGTARAAC COCCTAT-TC
sUT123 336 ACCCTTAAGC CC-CTGTTGE ~~TAGCTCCT CAAAGTTAGT GT TAAT--TCTT TA CCGGTCCCCT GCOGTTAAAC CCCCAA--TT
572027 331 ACCCTTAAGC CT-CAGTCGC : T TAR GG TAGCCCACT- OT) TA-ATTCTCT CTCGCTTCTT TA GC CCONCTATTT
5T2326 348 ACCCTTAAGC CT-T-GTTGC CGCTGTTCCT TAAATTTAGT TA-AATCTTT CTCGTTTCIG G TA T
SUT0S0 338 ACCCTTAAGC CT-T-GTTGC TTAGCGTTGG CGTAGCTCOT GRRAGTTAGT GGOGGAGTTA GGGTACACT- CTCAGCGTAG TA-ACACT-T CTCGCTCGTG T-GGTGGOC- CTGGOTGOTG GCCGTTARAC CCCCATACCT
AY787733 347 o6 T TGG CARAAGCATT GGCG-AGTCG CGGTG-ACC- CCAAGCGTAG TA-ATTCT-T CTCGCTTAGG o CCCCCTATTT
sSUT201 311 ACCCTTAAGC CT-TTGTTGC TTAGCGTTGG CRA G GTTCACACT- CTAGACGTAG TACATTTTAT CTCGTCTGTG COT GCOGTRAAAR- CCCCTARTTT
5T2349 311 ACCCTTAAGC CT-TTGTTGC T TARRATTAGT - TACATTTTAT - - T
SUT203 341 ACCCTTARGC CC-CTGITGC TTAGCGTTGG CARAGTITAGT GGCGGAGTICG GITTCACACT CTAGACGTAG TAAT--TTIT ATCIC-GOCT ATAGATGAGC CGGTCCCC-T GCOGTARAAC CCCCT-AATT
EUT177 341 ACCCTTAAGC CC-CTGTTGE TTAGCGTTGG AGT GTTTCACACT CT. TTTT ATCTC n CGGTCCCC-T GCOGTARRAC COCCT-AATT
SUT138 341 ACCCTITAAGC CC-CIGITGC TTAGCGTIGG CARAGTTAGT GGC GIT CACT TART--TITT ATCIC-GCCT = cC-T CCCCT-RATT
SUT139 342 RAGT T CARAGTTAGT GTT TAAT--TTTT AC T
SUT129 312 ACCCTITAAGC CC-CTGITGC TTAGCGITGG CARRGTTAGT GIT CACT TART--TITT ATCTIC-GCOCT ATAGATGRGC CGATCCCC-T GCCOGTRAARC CCCCT-AARTT
sT2372 342 ACCCTTAAGC CC--TGTTGC TTAGCGTTGG TARAGTTAGT GIT cT TT T T
sUT1is2 344 ACCCTTAAGC CC--TGITGC TTAGCGITGG CCTC CCT TARAGTTAGT GGC GIT CACT CTI TAAAR--TITT ATNTC-GOCT = T-T CCCCT-ARTT
SUT088 341 T AGATACCCTC TGTAGCTCCC -RAAGITAGT GGCGGAGTCG GTTTCACACT TTTT T

SUT140 341 ACCCITAAGC CC-CTGITGC TTAGCGTITGG GAGCCTAC-- AGATACTCTIC TGTAGITCCT TARAGITAGT GGCGGAGICG GITTCACRCT CTAGACGTAG TARA--TTTIT ATATC-GOCT ATAGATGARGC CGGTCCCCGT GOCGTAAARC CCCC--RATA
AF163027 343 TGC T TC CAAAGTTAGT GIT TA TT CCCCT-AATT
5T2340 340 ACCCTTAAGC CC-CTGITGC TTAGCGITGG GAGCCTAC-- --- -AGCCTIC TGTAGCTCCC CAARGTTAGT GGCGGAGTCG GITT-ACACT CTAGACGTAG TARA--TTTT ATCICAGICT & T-C CCCCC-RATT
ST2363 339 T GAGCCTAC-= === AGCCTTC TGTAGCTCCC CARAGTTAGT GGCGGRGTCG GTTT-ACACT T GG-CCCT-C T
AF163037 340 ACCCTITAARC CC-CTGGTGC TTAATGITGG GAGCCTAC-- --- -AGACTIC TGTAGCTTCC CAARGTTAGT GGCAGAGICG GITT-GCACT CTAGRCGTAG TART--TTCT ATCTIC-GTCT GCAGITAGGC CGGTCCCT-C GOCGTRAAAC CCCCCTRATC
AF163040 341 ACCCTTAAGC CC-CTGTCGE TTAGIGTTGG TGTAGCTCCE [ N ATAGTTAAGC T-T

SUTOTE 341 ACCCTTAAGC CC-CTGTTGE CT-TCATACT CTACGCCTAC TAAA-TCICT ATCTC-CTCT ATCCGATCCC- CTGCCCCCTC CCCOCTAAAAC CCCCCTAATC
suUTO28 338 C [== TAATC
EUT124 340 ACCCTTAMCC CC-C CACT CAC TARACTCTTT ATCTC-GTCT ACGOT-CTCC CCCCTCCCTT GOCCTAAAAC CCCC-CRATT
suT125 240 AGC cr Pl TAAACTCTTT T
SUTOT4 315 ACCC cc-¢ CAGCCCCCG- ----ACCGAC CCCCCCCCCC TARATCTACT GCCCCACCCC TCCTCCCCTC CCCTGCCAAC TAG---TGAT ATTCC-CCAT CCCRCACCCA CCAG-CCCCT GCCCTTRAAC CCCC--RACT
sUT027 337 AGC CT T GGT TARAATTAGT TATT ATC T T
EUT198 337 RCCCTTAACC CTTCTCITGC TTACCCITCC c- c CCT TARAATTACT CCCCCACTCC CT--CACACT CTACAOCTAC TATT ATCTCCCCTA T-AGTTGCAC CGCTCC---T GCCGTAAA-- --CCTA--TT
SUT155 337 T TGG TARRATTAGT TATT T T
SUT200 337 ACCCTTAACC CTTCTCITCC TTACCCTTCC c- CCT TAAAATTACT GCCGCACTCC CT--CACACT CTAGACCTAC TAR---TATT ATCTCGOCTA T-ACTTGCAC CCCTCC---T GCCOCTAAA-- --CCTAA-TT
sT2258 337 T TARRATTAGT GGCGGAGTCG GT-TCACACT CTAGACGTAG TARA--TATT T T -CCCTAATTT
sUT127 334 ACCCTTAACC CT-CTCTITCC T ==-CTTC--T ACTACCTCCT CARARTTACT CGC GT-TCACACT O TAAT--GTTT ATCTCGCCTA c =l -t T
SUT135 3 CT: T ===GTTC-~-T AGTAGCTCCT CARAATTAGT GT CT TART--GTTT T T
5UT130 334 AcCe CT-C T GITC--T AGTAGCTCCT CARAATTAGT GGCGGAGTCG GT-TCACACT CTAGACGTAG TAAT--ATCT ATCTCGCCTA TC =i ] ~C T
AF1E3042 344 e T -— T CARA GT- CTAGAC---~ - e mmmeee eemcesase smeeeedecs cedemccses cemcccaeee
5T2382 352 ACCC CT-C T GCAC T T G G GCTCNCAGCT CTAGACGTAG TAAT--TCTT TTCTCGCCTG Lels CCCCCCTATT
sUT092 351 ACCCTTAAGC CC-TTGTTGC T - CGT TAAATTTAGT GGCGGAACCG GT-CCGOCTT CTAGACGTAG TAAT-TCTIT AT cA L ]

Figure 10C. (Continued).
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73 GGR CTCACTGCAG = RATI TIGGTTCIGSG
71 STACC AR ACTCTTITIAT T TAR-~--~~ AR CTCATAACAA TITATTATAR
Si TCGCOOGGOGE AL AC TG~TCCACTG TATCICTGAR C
55 AC TA T TTGGTTCTIGS AR
60 GC A TA b2
59 --GCGAGCR- C GG ACCH AC-TCTGTTT CAG AATA-GTTAR ARCTTICAAC ARCGGATCTC TIGGTTCTGG C
78 G ACTTG A ACICTTGTTIT TA---TTTTG A A AR
75 -GGACGGCCC A TTGGTTCTGG
109 AT-TCTTTIT RRL TIGGTTCIGG
105 --CAGOGCGC ARCCA--GAC A-- AT-TCTTTTT ATTATA--TA AATAAGTTAA AACTTTCAAC AACGGATCTC TTGGTTCTGG A AR
123 --CAGCGCGC ARCCA--GAC i AT-TCTTTIC T--AC pae] AC T ATTATA--CA AATAAGTTAA AACTTTCAAC
137 ceoacceooe C Ace CTC CAACTCTGAR ARC ARC C
93 GC e AC: --AATTACTG GATATCTGAA T-------- T ATAACT---A AATAAGTTAA AACTTTCAAC AACGGATCTC TTGGTTCTGG AR
138 CGCGOOGCEE CAMCA--GGC pre v AC-TCTGTTT T T T ATTATA--CA AATAAGTTAA AACTTTCAAC AACGGATCTC TTGGTTCIGG
138 wee GGC (== Ac T--ACACCTG TATCICTGRAG AR C -
133 TGCAGCACGC AMCCA--GGC A - AC T--ARA cG TC: A ACTATA--CA TAR A
AC-TCTGTT~ -~ T - TAR CTC TTGGTTCICS AR
~GLTACITGC GLCTA--ATC CTGCCGLTCL TCTA-TCA-- A AC-TCTGIT- --T-ACTAIC T ThA ARC ARG TICGTTCICE «
~GGTAGTTGS GGGCAT-ARC CTGOCSGTGE TCTA-CTA-- -———-—=== —==—o—mmeo] A AC-TOTGTT- --T-ACTATG ™ TTGGTTCTCS A
=GGTAGITGC AGGTTTCAARC o T TA =AT ARCTTTCAAC RACGGATCTC TTGGTTCTIGS CATCGATGAR GAACGCAGCG AAATGCGATA
-GGTACGTCGE CLOTAC--GC CTCCCGGTOC COCA-TGA-- A AC-TCTCTT- T AATA-CTTAR AACTITCAAC AACGCATCTC TTGLTICICE C -
~-GGTGCGTGE GGGCA--GCC CTGCCGGCGG CCCG-TGR-- A AT-TCTGIT- T - AATAGTTAAR A
AT-TCTGTT- TTATICTGAR T========= =ACATAACAR AATAGTTAAA AACTTTCAAC ARCGGATCTC TTGGTTCTGG AR
-GGTGCECCGC COACTA-AGT i A A G-TGATTGIC T T
140 -GRGAGATGC GGTGC--CAC ¢ AL c AR AT R e A RAL AL TIGGTTCIGS CA
153 GC ACCATGARAT TA AAT] TAR AC TIGGTTCTGG CATCGATGAR GAACGCAGCG RAATGCGATA
29 - v AT A--ATA--TT < A
175 TGGTAGAOGE GGGTA--AGC CTGOOGGTGS COCATTARC- AL TGT T A-TACRACGR AATARTTAAR RACTTTCRAC [t R wr
125 TAA T AATAGTTAAR A-CTTTCAAC AACGGATCTC TTGGTTCIGG
57 -GGTACCCAC GCCTA--AGC AC A T TAR
95 ~GGTAGATCC GGATR---GC 0GG COC AC-TCTGTTT A--ATAG-TG AATCTCTGAA C- AR RALC RAL TTGGTTCTGS
9% -GGTGGACGC GGGCA-- AC G c AATA-GTTAA AACTTTCAAC AACGGATCTC TTGGTTCTGG A
o4 ACC TA AA-TACTGTT GAATTCTARA ATCATAACTA AATTAGTTAA AACTTTCAAC ARCGGATCTC TTIGGTTCTIGG
94 -GECGGLCGT =======. ACC TCOCCGGOGT CTOGCTIGGTG GGGCCGGOCC CIGGACGGAG GOGTCCGOCT TG AR~ GRATTCTARR R AACTTTCAAC ARCGGATCTC TTGGTTCIGG CA
a4 Gon cOnAC GAR AC AR~ TRR TTEGTTCTEE
99 GGR ‘GAA AC-TCTGTTT AA-TICTG-- AG CTA TAR AACTTTCAAC ARCGGATCTC TTGGTTCIGG
% C CGG CCOCC AC-TCTGTTT RAL AR RAC GG
81 -GTAACCGG- ---- A AC ===ATTTTTG AA-TTCTG-- -------= AG GTTATA-TAAR TTGGTTCTIGG
56 -GGTAGACGC GGGTA- GRA Al ITG AA-TTCTG RA AAT] TAR ARCGGATCTC TTGGTTCIGG CATCGATGAR GAACGCAGCG AAATGCGATA
48 -COTCGACGD COACAA-RGT C GG COC AATTCTGTET C---TTACTG CR- ARC AR TPCCPTCTCE ¢
93 T T TGITTTT--- T AATAAGTTAR AR
93 T T TGITTTT--- 7T~ AATAAGTTAA AARCTTTCRAC AACAGATCTC TTGGTTCIGG
120} COCTGTAGOD GGACCACCGE C Ac CTG TATCTCTGAA T AnT AR ARC C
143 GGCTTATGGC T T TGITT-TT-~ T AATAAGTTAM A AA
81 T Tom T TAA TIGGTTCICG
132 CGGCCGGC-A A---RAACGGT C AC T A A= CGG TAL AR ARL CAT -
13% TAGCCGGCTA A---RACAGC A A--ACGTCG- AR ATTAT--TAR A
131 CGGCTRGCCG GC AT T T TAA TIGGTTCIGS
123 CGCCCCGCA-- ===-| COCGEC CTCCCGLTLE ACC---AACC © A ACICTTG-CA A--ATATTCT GGACICTGAR AT----=--= ATA-ARAATA AR AAC ARAC '
123 TECGGEE ACC---AACC C- Fiss A ACTCTTG-CA A AT ATA-AAAATA A A
AAC TCTATCTGAA AATAAGTTAA ARCTTTCAAC RAACGGATCTC TTGGTTCIGG
T ATCTTACCC- ----TGTACG TATAICTGAA TAR AAL ARG
cT € TTGTTT--T- ACTG-TG TCTCTCTGAA ATTC-GTTAR AACTTTCAAC ARCGGATCTC TTGGTTCIGS C A oG
T TIGTTT=--TT AATA=-GTTAR AACTTTCAAC e
T TCITTIT TA- A
T € TGTTTT--TA ---ACCACTG TATCTCTGAA AT-------= ACTTAALG-RA TAR ARL TTGGTTCTGG A "G
TGGTTTATIT CITCRACT=-A AACTTTCAAC
T C TGCTTIATIT ---ACTG-TC % TIGGTTCICE
96 CATTOCAR-=~ ===m==== GC TCGCCAGAGG RCCTACCA-- ACCTGTTTTA T-AL TG TATCTCTGAA CT AN TAR RAL :
120 CCTTGTARCC GGCTAACGGT A-= ACCTGTTTIT A % AATAAGTTAA AACTTTCAAC AACGGATCTC TTGGTTCTIGG A AR
56 i ACICTTTAIT T AAT 6 - AATRAGTTAA AACTTTCAAC
8% -GGTAGGCGC GCTCCA-AGE C AC AC-TCTGITT COG ARTCICTGAR TG----==-= ~CTTCAACTT RAL ARC TIGGTTCIGG C
8% -GGTAGGCGC GCTCCA-AGC P Py AC T--AATACCG % T AGTAAGTTAA AC
B: v AC-TCTGTTA T fac) ARCGGATCTC TTGGTTCIGG
82 C AL OG TATCTCTIGRA TG---=-=-== =CTTCAACTT RAL C -
52 A i A o G TAA A
50 -GCGTAGCAC GCACAT-GGC ACTCTTGTAT G- T G- -CT TIGGTTCICE
131 CGACAAGCCAR CCATCGACLE C o GCGACCAGTA GGGTCTGATG GO TAC RAL RACL TTCLTTCTCS ¢ C

Figure 11C. (Continued).
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SUT256 223 AT T T CACTAAG--C CC-TGCGGCT AACCGTTGGA AGCCTGIGGC NAGHGGCGGE
Jui 216 AT e T TGAACGCACA TTGCGOCCAT TAGTATICTRA GIGGGCATGC CTATTCGAGEC GTCATTTCGR COCTTAGGCC CC-AGITGCT TAGOGTTGGG AGICTGOGGC CAGTGGCGGR
SUTO0TO 182 AT T T GTCATTTCAR CCCTTACGCC C-=-TGTAGCG TAGIGTTGGG
sUT237 192 AT TC T TGAACGCACA TTGCGCCCAT GTCATTTCAR CCCTTACGCC C--TCTAGCC TAGCCTTCLG GATTGLCGGA
SUT1S4 198 AT T T TAGTATTCTA GTCATTTCAA CCCTTAAGCC CC-TGITGCT TAGIGTTGGG GAT
suTog2 151 AT T T GTCATTTCAA CCCTTAAGCC CC-TGITGCT TAGCGTTGGG GAT
sUTOT4 214 AT TC T A TTGCGCCOGC C GTCATTTCAR CCOCTCATGOC CC-TAGGGOG TGGIGTTGGG GATCGGOCAR AGCCCGUGAG GG OO
SUT108 207 RGTAATGTGA AT T TGA T GTCATTTCAAR CCCTCAAGCT C=====RAGCT TGGIGTTGGG GAT
SUTLEL 251 AT TC T TGAACGCACA TTCGCGCCTAR GTCATTTCAA CCCCCAAGCC CT-ATTTGCT TGACGTTOLG ACTTTACGGA AAC----=== ===-== @TAAT TCCTICAAATA TACTGLCGGA
SUT260 207 AT T TGA T GTCATTTCAAR CCCCCAAGCC CT-ATTTGCT TGACGTTGGG AGTTTACGGR
sT23z1 265 AT T TTGC AR TAGTATTCTG GTCATTTCAA CCCCCAAGCC CT-ATTTGCT TGACGTTGGG AGTTTACGGA TCCTCAAATA TAGTGGCGGA
AJII0421 280 AT L T TGRACGCACA TTGCGCCTAR C T GTCATTTCAR CCCCCARGCC CT-ATITGCT TGACGTTGGG AGITTACGGR -- T T
Ks15 235 AT T T CTGTTCGAGC GTCATTTCAR CCCTTARGCC TTCTGITGCT TAGCGTTGGG
ATI0411 282 AT TC T TGAACGCACA T A GTCATTTCAR CCCCCAAGOC CT-ATITGOT TGACGTTGLG AGTTTACGGA GAC------- —===- GTAAT TCCTCARATA TAGTGGOGGA
SUTZ290 280 AT T T cT TGACGTTGGG AGCT-ACGGA GAC GTAAC
AF201706 274 AGT AT T T TG GTCATTTCAA CCCCCAAGCG CT-ACTTGCT TGACGTTGGG AATTTACAGC TGCT------ —--—-- GTAAT TCCTCAAATT TAGTGGCGGA
sUT203 242 AT b nd T TGRAACGCACA TTGCGCCCAT GTCATTTCAR CCCTTAARGEC CC-TGITGCT TAGCGTTGGG AC cer TC
SUT1ZS 240 AT T T GTCATTTCAA CCCTTAAGCC CC-TGITGCT TAGCGTTGGG
SUTL92 244 T TCARCCOACA TTCCCCCCAT cec - CCTCTGTAGT TCCTTAARGT TAGTGGCGGR
SUT088 242 AT T T GTCATTTCAA CCCTTAAGCC CC-TGTTGCT TAGCGTTGGG TAC TCC-CAAAGT
5T2348 240 AT T T GTCATTTCAA CCCTTAAGCC CC-TGITGCT TAGCGTTGGG GC CcT
SUT0T8 240 AT e T TGRACGCACA TTGCGCCCAT TAGTATTCTA GTGGGCATGC CTGTTCGAGC GTCATTTCAR CCCTTAAGCC CC-TGTTGOT TAGCGTTGGG AGCCTACA-- -Gl------- CCGCTGTAGE TCCCCAAAGR TAGTGGCGGR
SUT028 237 AT T T GTCATTTCAA CCCTTARGCC CC-TGITGCT TAGCGTTGGG
SUT124 241 T A TTGOGCCCAT CCCTTARGCC [~ TC!
AJ3I90437 289 AT T T T GTCATTTCAAR CCCTTAAGCC TC-TGITGCT TAGIGTTGGG ATTCT
AJ3I0434 301 AT T T GTCATTTCAR COCTTAAGCC TT-TGITGCT TAGICTITCCS
572325 237 AT e T TGRACGCACA TTGCGCCCAT GTCATTTCAR CCCTTARGEC TC-TGITGCT TAGCGTTGGG AGCCTACAGT ~RCCTGTAGE TCCTCAAAGT TAGTGGCGGR
SUT052 318 AGTAATGTGA AT T TGA T GTCATTTCAA CCCTTARGCC CT-TGITGCT TAGCGTTGGG
ST2382 289 L Jul TGRACGCACA TTGOGCOCAT oo - ==ACCGTAGC TCCTCARAGT CAGTGLOGGA
ST2310 230 AT T TGA T GTCATTTCAA CCCTTAAGCC TTCTGITGCT TAGCGTTGGG A AT
suTiz? 235 AT T T GTCATTTICAA COCTTAAGCC TC-TGITGCT TAGIGTTCCS
suTi23 237 AT T T GTCATTTCAR CCCTTAAGCC CC-TGTTGCT TAGCGTTGGSG
SUT051 265 AT T T CTGTTCGAGC GTCATTTCAA CCCTTARGCC CT--GCTGCT TAGTIGTTGGG
SUTOSE 265 e TCAACCOACA RTCCGCCCAR GTCA oo cT AGCCTACGG-
AYS541610 229 AT T T GTCATTTCAR CCCTCAAGCC TC--GTTGCT TGGIGTTGGG
sUT288 247 AT T T GTCATTTCAA CCOCTTAAGCC CC-TCITGCT TAGCGTTGLG ACCCTACGGC TCCCCAAAGT TAGTGGCCTC
A 4 AT T T GTCATTTCAR CCCTTAAGCC CC-TGTTGCT TAGCGTTAGG
sUT201 AT T T T TAGTATICTA GTCATTTCAA CCCTTAAGCC TT-TGITGCT TAGCGTTGGG AGCCTACGGT TCCTCAARMAAT CAGTGGCGGA
sUr207 237 e TGAACGOACA TTGCGOCCAC coo T
SUT032 242 AT T T GTCATTTCAA CCCTTAAGCC CC-TGTTGCT TA-CGTTGGG CaC AG
sUTOS0 228 AT T T GTCATTTCAA COCTTAAGCC T-TGIT-GCT TAGCCTTCCS T
sUT233 239 AT T T GTCATTTCAA CCCTTAAGCC T-TGIT-GCT TAGCGTTGGG T
SUTOEE 268 AT T T TGGTATTCCA GTCATTTCAA CCCTTAAGCC CCTGIT-GCT TAGCGTTGGG ITA TCC
SUT063 269 AT e T A TTGOGCCCAT GTGATTTCGA COCCTAAGCC CCTGNT-GCT TAGCGTTGEG TC
sUT221 238 ~AR ACTGCT-GOT TAGTGTTGGE AGCATACCOT COO0-——————
Ju2 280 AT T T GTAATTTCAR COCTTAAGCC CTTCC--GCT < CCCC-AAAGT CATTGGLGGC
suUT220 284 AT T T GTCATTACGA CCCTTAAGCC CCCGG--GCT TAGCGTTGGSG TT-CA
SUT001 282 AT T T GTCATTTCAA CCCTTARGEC CCTGIT-GCT TAGCGTTGGG
SUTZ18 264 AT e T TGAACGCATA TTGCGCCCAT GTCATTTCGA ACCATACGCC TTTAGTAGCG TAACGTTGEG ACTCTTAGCC T c
SUTZ2Z3 264 AT T T GTCATTTCGA CCCTTACGCC TCTAGTAGCG TAGCGTTGGG
SUTOlE 248 AT T T GTCATTICAA CCOCTTAAGCC TCTCG--GCOT TAGCCTTCCS GTAC
suUT282 258 AT T T GTCATTTCAR CCCTTAAGCC CTGTA--GCT TAGCGTTGGG TTAC
SUTLE6 272 AT T T TAGTATTCTA CTATTCGAGC GTCATTTCAAR CCCTTARGCA CCTATCTGCT TAGCGTTGGG G T
SUTL58 232 AT T T TGRACGCATA TTGCGCCCAT GTCATTTCAR CCCTTARG-- CCTTGITGCT TAGIGTTGEG AGICTACC-- TCCTRRARGG TAGTGGOGGT
SUTZ54 2mn AT T GTCATTTCAR CCCTT: == CCCTGTAGCT TAGCGTTGGG i
SUTLE2 280 AT TG T TGAACGCATA TTGOGCCCAT GTCATTTCAA CCCTTAAG-- CCCTCITGLT TAGICTTAGG ACCCTCCITT TCCCTAAAGR TAGTG-CACT
SUT148 240 AT T T GTCATTTCAR CCCTTAAGC- COCTGTTGCT TAACGTTGGG ~AGTG-CGGA
sUTie? 242 AT T T TAGTATTICTA GTCATTTCAA CCCTTAAGC- CCCTGITGCT TAGCGTTGGG AGICTACG-- TCCTCAAAGT TAGTGGCGGA
SUTL16 230 AT T T TGAACGCACA TTGCGCCCAT GTCATTTCAR CCCTTARGCC TC-AGITGCT TAGCGTTGEG ACTCTACGAC TC
SUT103 268 AT T T TAGTATTICTA CTATTCGAGC GTCATTTCAR CCCTTAAGCC =-C-TGTAGCT TAGCGTTGGG TCC TAT
SUTi20 244 AT TC T TGAACGCACA TTCGCGCCCAT GITCATTTCAR CCOCTTAAGCC -C-COITGLT TACCCTTOLG AATCACCCTC
AF616682 234 AT T T GTCATTTCAA CCCTTAAGCC TT-AGTTGCT TAGCGTTGGG T- GAT
AF616681 234 AT T T TAGTATTCTA GTCATTTCAA CCCTTARGCC TT-AGITGCT TAGCGTTGGG T TCC
SUT168D 225 AT TC T A TTGOGCCCAT GICATTTCAR COCTTAAGCC CC-TGITGOT TAGCGTTGGG TC C

225 AT T T GTCATTTCAR CCCTTAAGCC CC-TGITGCT TAACGTTGGG c
AYELEEE4 225 AT TG T A TTGCOGCCCAT GTCATTTCAA CCCTTAAGCC CCO-TGITGLT TAGCCTTOLG TCCAG G-CCTALT TC '
SUT164 237 AT T T TAGTATTCTA GTCATTTCAA CCCTTAAGCC TC-TGTCGCT TAGCGTTGGG TAC
ST2584 301 AT T T TG GTCATTACAR CCCTTAAGCC CC-TGTCGCT TAGCGTTGGG AGICTGCGGC TCA- T

Figure 11C. (Continued).
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SUT256 389 GT CCCCTTCAGS THN AR 169
Jul 387 GITGTAGC-A CGT; ~TATACTTCT AGT- a74
SUTOTO 358 GTTAGCAC-A TRACTCTAGGC [==rt CACTARACCC CCTATACTTC 445
sUT237 358 GTTH A TA CCAT-
SUT154 367 A AT
sSUT082 165 GITAGAGC-A TACTCTAGGC GTAGTAA-CA TACC---TCT
SUTOT74 393 CCT TATT---CCG
suT108 370 RBG TACA: T
SUT161 418 CTTAGCTCGT G-CTOTAAGC A oF
SUT260 414 GTTAGGTCGT G-CTCTAAGC GTAGTAACTA TATT----CT C AGC GGTCCT--GC T
5T2321 432 GCTAAGICGT G-CTCTAAGE TATT AT T AGCCGGITTA GGICCT--GC CGTAARACCT --TATATTTT
AJAS0421 447 GOTACCTCCT G-CTOTARGC [ AGE [ coC
K515 106 -A TCCCCT--GC C-TAATTTTC
ATI50411 45 GGC! CCTATATTTT
SUT290 44% GCTAGCICGT G-CTCTAAGC CECTTCTG-T AGCCGGCTAR @C COLARRACCC C-TATZATTTT
AF201706 142 A AGC GC CGTAAAACCC C-TAAATTAT
SUT203 411 CC=TAATTTT
sUTi29 40% GICGCITTCA CACTCTAGAC GTAGTAAT-T TT-TA-TCIC -GCCTATA-- = CC CC-TARTTTT
SUT182 415 GTCGSTTTCR CACTOTAGAC GTAGTAAA-T TT-TA-TNTC -GOCTATA-- [: CC CC-TAATTTC
SUTOBE 413 GTCGGTITCA T TT~ =GATGAGCCC
ST2340 109 A T TT-TA-TCT CC-CARTTTT
SUTO0T8 40% GTCAGTITC-R TACTCTAGGS GTAGTARA-T CTCTA-TCTC -GTCTATG-- -GATGCOGCTG CGTARRRCCC CCCTARTCTT
suUT0Z28 406 GTCAGTNC-A TACTCTAGGC GTAGTARA-T CC=TAATCTT
sUT124 408 GICGGTTACA TTTA-TCT CC-CARTTT 450
RATIBOE3T 4£1 GICGGITCAC A-CTCTAGGC GTAGTARAGA TTTTA-TTCT CGC e AC CCOCCTATTT 550
AJ3IF0E3I4 74 A TTTT CT CGCC--TA-C ATTTTA- 560
S5T2325 - AGTTGACC-- AT 423
suT082 CGCCTACR-- AGTCGTACCG =l A S66
ST2382 IGT T §18
5T2310 410 GTCGGTITCAC A TTAT 2 4 ATC Ak 453
sUT137 403 CTCCGITCAC A-CTCTAGAC OF CLOCTATC-- =l oo 488
SUT123 403 TTAT----CT 483
SUT051 431 GTCGGTACGC A-CTCTAGAC GTAGTAATTA TC-T--ATCT 512
SUTO0S6 428 GTCCG-ACGE A-CT-TAARC GAAG-AATTA TC-A--AT-- CGCCTCGA-- == - 501
AYS41610 193 A TT-T--CTCT TT TTAGTG- 480
SUT258 414 GTCGG-TCAC T ™ 154
AT3IO043E 411 GCCGCTITCGC A-CTCCAGAC GTACTAGCIT TTAC--ACCT CGCCTOTA-- GCGCGLLCCG CGTAARACAC CCCAATTTTT ATAGGT- 500
suUT201 s A TT-T--ATCT CGTCTGIG-- AGTTGGGCTG CGTAARACCC CTAATTTTT- ------- 15%
sUT207 404 A=CTTCAGGC GT CGCTTGTG-~ T 483
sUT032 410 A CTCCCT-C0C TT 450
SUT0S0 407 GITAGGGT-RA CACTOTCAGE CGCTCGTGT - ~GCTGLTGGE ¢ £CC CC: T TTAGT-- 491
SUTZ233 409 GTTAGGGT=-A CACTCTCAGT TCT =GCTGCTGGS T 152
SUTO0GE 439 -} T TT CTAGT-- 524
SUT063 453 GTTAGGST-R CACTCOCAGD CGE - GGGGGCCOTG -GOTGOTG-C CGTTARRACE COTATATOTT TTAGT-- 53d
suTz221 410 GTTAGGGT-A e 482
Ju2 445 TTCGCAGC-C CACTCTGAGC GTAGTAA-TC CGCTCCTGC- GC CCCCTA-TAA CTAAGT- 538
sSUT220 56 GCCGGGEGC-G TCTTCTGAGS GTAGTAR-TT CGCCCTGAR- GOTAGCCCCG TACGOCC-GC CGTARRACCC CCCAAC-TAC CTTGT-- 543
SUTO01 45¢ GCCGTAGC-A CACTCTGAGC GTAGTAA-TT ~GCGGOT-GG TACAAC-T-T CTAGT-- 542
suT218 433 GGC GACAAC-CTA ACAGTTG 532
sUT223 438 COTGGGGEOCG TACCOTAAGE GTAGTARACT CGCTCTGGOT GGTACCOCTA GGCTTCTAGD CGTARRACTG -ACAAC-CTA GOAGTTG 530
SUTO16 118 A i CCCTAT-TTT TTAAT-- 502
suT2e2 423 GITGGTGC-A T GC CGTI 513
sUT1E6 44 CITACG-T-A CACTCGTAGC AACGTCTAGE C 526
SUT158 401 GTCAGGGC-A CACTCGTAGC GTAGTAATIT GCAACCT-GC q8é
SUT294 440 GTTAGGN- T TTTCT CGETTCTGO- GC 525
SUT1B2 431 GITCGGEET-A CACTCGTAGC GTAGTAATTT C----TATCT CGOTTCTCC- AGDGGOOCGA ATTATTC-GC CUTARRACCT 515
SUT148 10% GT € A----CTATT CGT-ACTG-- AGTAGT-CTA ACTTT-A-GC Cf 186
SUT187 410 AGT TT e 483
SUT11E 404 GITATAGC-A CACTCTAACT ™ TCT Cok CITGCT-AGC C AT CCC TATT TTAAT-- 48%
SuT103 13€ GT TTA----TCT &7 ACTGTT-AGC TTT CTAAT-- 523
SUT120 415 GTTATAGC-A T TTT
AFGlE682 412 A AQT GCCGCT-TCC COT-ARACCC CT-------= —==-=-~
AF616681 412 GTTAGGGC-R TACTCTAAGEC GTAGTAATAT CGCTTCTGT- AGTTGTCCTG GOGGLT-TGE CGTTARRLCE CT-----=== ==ss-==
SUT168D 3%7 GTCGGAGC-G TACTCTCAGC GTAGTAATAC TG TT
SUT0RED 35 GICG-AGC-G @ GCGG-T-TGC COTAAA-CCC CTATATCTTT
AYG16684 31%& GTCGGAGC-G TRCTCTCAGEC GTAGTAATAC GCGGCT-TGC cee oT 470
SUT164 A GCAGCC-TGC ThA GT 152
ST2584 AC T T OPh-—— 553

Figure 11C. (Continued).
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Table 1C. The identity matrix of partial 18S rDNA sequences using NS1 and NS4
primers of Astrocystis mirabilis (SUT051, SUTO056), Rosellinia sp.
(ST2301), R. necatrix (AY083805), and A. cocoes (AY083804) calculated

by the BioEdit program.

Species A. mirabilis A. mirabilis A. cocoes Rosellinia sp. R. necatrix
(SUT051) (SUTO056) (AY083804) (ST2301) (AY083805)

(Aé L'}‘Ti:)%bli)"s 1.000 1.000 0.982 0.981 0.974

(Aé LTTiB%tg)"S 1.000 0.982 0.981 0.974

?A\C(%Cgs?goq 1.000 0.977 0.970

E%Songglonll;:\ sp. 1.000 0.983

(AV083505) i

Note: 1.000 means 100% identity.

Table 2C. The identity matrix of 18S rDNA ranging from NS1 and NS8 primers of
Astrocystis mirabilis (SUT056), Rosellinia sp. (ST2301), and R. necatrix

(AB014044) calculated by the BioEdit program.

Species A. mirabilis Rosellinia sp. R. necatrix
(SUTO056) (ST2301) (AB014044)

A. mirabilis (SUT056) 1.000 0.703 0.687

Rosellinia sp. (ST2301) 1.000 0.673

R. necatrix (AB014044) 1.000

Note: 1.000 means 100% identity.



320

Table 3C. The identity matrix of ITS1-5.8S-1TS2 sequences of Astrocystis mirabilis (SUT056, SUT051), Rosellinia sp. ST2301, R.
arcuata (AB017660), R. pepo (AB017659), R. quercina (AB017661), and R. necatrix (AB017657 and ABO017658)

calculated by the BioEdit program.

Species AB017660 AB017657 AB017658 AB017659 AB017661 ST2301 SUTO051 SUT056
ABO017660 1.000 1.000 0.997 0.824 0.851 0.837 0.689 0.689
ABO017657 1.000 0.997 0.824 0.851 0.837 0.689 0.689
AB017658 1.000 0.826 0.853 0.839 0.691 0.691
ABO017659 1.000 0.772 0.764 0.659 0.659
AB017661 1.000 0.840 0.706 0.706
ST2301 1.000 0.699 0.699
SUTO051 1.000 1.000
SUTO056 1.000

Note: 1.000 means 100% identity.

Table 4C. The identity matrix of 1TS1-5.8S-1TS2 sequences of Camillea tinctor (AJ390421, AJ390422), C. tinctor (ST2321), C.

obularia (AJ390423), C. tinctor (SUT161), C. tinctor (SUT260), and C. selangorensis (KS15) calculated by the BioEdit

program.

Species AJ390421 AJ390422 ST2321 AJ390423 SUT161 SUT260 KS15
AJ390421 1.000 0.998 0.909 0.867 0.892 0.879 0.716
AJ390422 1.000 0.911 0.869 0.894 0.880 0.718

ST2321 1.000 0.858 0.937 0.920 0.730
AJ390423 1.000 0.863 0.856 0.709
SUT161 1.000 0.978 0.770
SUT260 1.000 0.766
KS15 1.000

Note: 1.000 means 100% identity.



APPENDIX D

PHYLOGENETIC TREE CONSTRUCTIONS

R. arcuata (AB017660)
R. necatrix (ABO17657)
R. necatrix (AB017658)

100

100

R. pepo (AB017659)
R. gquercina (AB017661)
Rosellinia sp. (8T2301)
100 A. mirabilis (SUT051)

Figure 1D. Phylogenetic tree

L A, mirabitis (SUT056)

of Rosellinia and Astrocystis constructed by the

maximum parsimony method using PAUP* program based on ITS1-

5.8S-1TS2 sequences. Tree length = 246; Consistent index (CI) = 0.8984;

Homoplasy index

(HI) = 0.1016; Retention index (RI) = 0.8663.

Numbers of the branches indicate the bootstrap values resulting from

100 bootstrap replications.
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C. tinctor (AJ390421)
C. tinctar (AJ390422)

C. tinctor (8§T2321)
g2 o C. tinctor (SUT161)
100 _L C. tinctor (SUT260)

85

-

73 I— C. abularia (AJ300423)
C. selangorensis (KS15)

Figure 2D. Phylogenetic tree of Camillea constructed by the maximum parsimony
method using PAUP* program based on ITS1-5.8S-ITS2 sequences.
Tree length = 181; Consistent index (Cl) = 0.9337; Homoplasy index
(HI) = 0.0663; Retention index (RI) = 0.7600. Numbers of the branches

indicate the bootstrap values resulting from 100 bootstrap replications.



_ D). eschscholzii (SUT209)
L D). eschischolzii (SUT178)
| D). eschschelzii (SUT278)
D, eschschelgi (SUT039)
D, eschscholzii (SUTO8S)
L D eschischalzii (AJ616684)
L D). eschschelzii (SUT168)
D. eschschalzii (SUT3212)
1 D. concentrica (AY6160682)
- D). concentrica (AYG16681)
| D. concentrica (AYG1682)

L D). concentrica (AYG616683)
L D). concentrica (AF170955)
L D). concentrica (AF176958)
% | D. concentrica (AF176954)
L D). concenfrica (L1)

100 L D). cancentrica (L2)
og L D). concentrica (AF176957)

D. loculata (AF176969)
. loculata (AF176968)
D, laculata (AF176967)

100 T Daldinia sp. (AY315403)
D. grandis (AF176982)
D. vermicosa (AF163022)
93 90 Daldinia sp. (AF163023)
D, cancentrica (AF103021)
Lf[D. concenfrica (AF176981)

iia D. perrinia (AF176975)
— D. petrinia (AF176974)
D). petrinia (AF176973)

Figure 3D. Phylogenetic tree of Daldinia constructed by the maximum parsimony
method using PAUP* program based on ITS1-5.8S-ITS2 sequences.
Tree length = 200; Consistent index (Cl) = 0.8400; Homoplasy index
(HI) = 0.1600; Retention index (RI) = 0.9489. Numbers of the branches

indicate the bootstrap values resulting from 100 bootstrap replications.



_ Hypoxylen taxonomic species 1 (SUT242)
Hypoxylon taxonomic species 1 (SUT244)

Hypoxylon taxonomic species 1 (SUT285)
Hypoxylon taxonomic species 1 (SUT251)

Hypoxylan taxonomic species 1 (SUTO81)
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H. of. styginm (SUT231)

100

H. stygium (SUTO058)
100 H. stvginm (SUT243)
H. styginm (AJ300400)

100 H. atroresexm (SUT009)

H. airorosenm (SUTO10)
100 L H. atrerosenm (AJ300307)
H. urceorarum (SUT00S)

Figure 4D. Phylogenetic tree of Hypoxylon sect. Annulata constructed by the

maximum parsimony method using PAUP* program based ITS1-5.8S-

ITS2 sequences. Tree length = 613; Consistent index (CI) = 0.9396;

Homoplasy index (HI) = 0.0604; Retention index (RI)

0.9693.

Numbers of the branches indicate the bootstrap values resulting from

100 bootstrap replications.
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_ H. of. archeri (SUT103)
L i of. arckers (SUT10Z)
H. of. archeri (ST2333)
_[ H. of. archeri (8T2527)
Hypoxylon sp. (8T2336)
H. leptascum var, macrosparum (8T2584)
& H. nitens (ST2436)
100 | H nitens (ST2473)
H. nitens (Jul)
H. mitens (ST2313)
H. purpureonitens (SUTO01)
H. purpurconitens (SUT0D4)
H purpureonitens (ST2485)
100 H. purpureonitens (SUT2621)
H purpureonitens (ST2448)
H. purpureonitens (SUTODS)
g1 H. purpurecnitens (SUT167)

100

H. bovei var. micresporg (Ju2)
52 100 [I: H. havei var. micrespone (ST2579)
H. bovei var. microspore (8T2400)
61 100 H. mariforme (SUT220)
5| —— & mariforme (ST2332)
H. bovei var. micrespore (SUTD2S)

H. cohaerens (AJ300406)
L A annulatum (AJ300305)

Figure 5D. Phylogenetic tree of Hypoxylon sect. Annulata constructed by the
maximum parsimony method using PAUP* program based on ITS1-
5.8S-1TS2 sequences. Tree length = 867; Consistent index (CI) = 0.6586;
Homoplasy index (HI) = 0.3414; Retention index (RI) = 0.8087.
Numbers of the branches indicate the bootstrap values resulting from

100 bootstrap replications.
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— K. bovei var. micrespore (Jul)
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Figure 6D. Phylogenetic tree of Hypoxylon sect. Annulata constructed by the

maximum parsimony method using PAUP* program based on ITS2
sequences. Tree length = 330; Consistent index (Cl) = 0.6242;
Homoplasy index (HI) = 0.3758; Retention index (RI) = 0.8545.
Numbers of the branches indicate the bootstrap values resulting from

100 bootstrap replications.
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Figure 7D. Phylogenetic tree of Hypoxylon sect. Hypoxylon constructed by the

maximum parsimony method using PAUP* program based on ITS1-

5.85-ITS2 sequences. Tree length = 1437; Consistent index (Cl) =

0.4878; Homoplasy index (HI) = 0.5122; Retention index (RI) = 0.7126.

Numbers of the branches indicate the bootstrap values resulting from

100 bootstrap replications.
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Figure 8D. Phylogenetic tree of Hypoxylon constructed by the maximum parsimony
method using PAUP* program based on ITS2 sequences. Hypoxylon
sect. Hypoxylon is black whilst sect. Annulata is blue. Tree length = 798;
Consistent index (Cl) = 0.3797; Homoplasy index (HI) = 0.6203;
Retention index (RI) = 0.4620. Numbers of the branches indicate the

bootstrap values resulting from 100 bootstrap replications.
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Figure 9D. Phylogenetic tree of Xylaria constructed by the maximum parsimony

method using PAUP* program based on ITS2 sequences. Tree length =

1230; Consistent index (CI) = 0.4886; Homoplasy index (HI) = 0.5114;

Retention index (RI) = 0.6921. Numbers of the branches indicate the

bootstrap values resulting from 100 bootstrap replications.
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Figure 10D. Phylogenetic tree of xylariaceous fungi constructed by the maximum
parsimony method using PAUP* program based on ITS2 sequences.
Tree length = 3244; Consistent index (CI) = 0.3203; Homoplasy index
(HI) = 0.6797; Retention index (RI) = 0.5708. Numbers of the
branches indicate the bootstrap values resulting from 100 bootstrap

replications.
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Figure 10D. (Continued).
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Variation of Hypoxylon spp. in Thailand .
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Objective

To identify and classify: Hvpaxylon species using conventional taxonomic methodology:
Methods

Hypoxylon, Xylariaceae {Ascomycota) specimens, were collected from forest areas as
recording by Thienhirun {1). The samples were identified and classified using their macroscopic
and microscopic characteristics of teleomorph stage (1,2 and 3). The stromatal and peritheciai
structurcs were characterized in size, shape, texture and colour. The colour pigments were
extracted using 10% KOH. Asci and ascospores were mounted in Melzer's reagent 1o detect bluc
apical rings from amyloid iodine reaction. Cultural features on potato dextrose agar (PDA) were
performed. Fungal mycelia were collected for genomic DNA investigations in our future study
Results

Form morphological taxonomy. six species ol Hypoxylon: Hypoxylon stygium, Hypoxylon
nitens, Hypoxylon moriforme. Hypoxylon purpurconitens, Hypoxylon stygium var. annulatum and
Hypoxylon bovei var. microspora were very closely related. Their extracted pigments were green.
except H. purpureonitens was purple. The stromata, perithecia and disks were also vary in sizes
and shapes. They were different from previously reported by Rogers (2). When cultured, they
did not form stromatal structure (teleomorph stage) which commonly found in nature. Therefore.
other techniques particularly molecular biology techniques (4), for example could help to clarify
these problems.

Conclusion

Six Hypoxylon specics were found to be difficult to identify and classify using morphological
and culture characteristics, which are frequently used by several investigators. The absence of
teleomorphs in their cultures increased the limitation of the conventional method. Nucleic acid
techniques will be of our interest for further problem clarification.

Keywords: Hypoxylon, Xylariaceae, taxonomy, culiure, teleomorph stage
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Abstract

Hypoxylon, an Ascomycetes fungus, is one of the large genera of the family Xylariaceae, which plays a
major role in wood decomposition in ecosystems, and some are weak plant pathogens. The taxonomy
study of Hypoxylon species is principally relied on their morphological characteristics of stroma,
perithecia, ascospore, germ slit, apical apparatus, and the chemical reaction of stroma with 10% KOH.
The high variation of morphological characters among Hypoxylon species especially in closely related
species is always encountered, which resulted in the taxonomic problems. In this study, the molecular
biology technique was applied to obtain data of DNA sequences of internal transcribed spacer (ITS)
regions 1 and 2 including 5.8S ribosomal RNA gene. Approximately 500 to 900 base pairs of the ITS
sequences were achieved. These sequences could be used for aiding the clear-cut identification and
classification of Hypoxylon species. The molecular data are also valuable for the explanation of
relationships and evolution of the fungus.

AdAR: Xylariaceae, Hypoxylon, ITS, DNA sequences
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TunnsiRNs R e g TS regions 28913831 Hypoxylon wummmmLmnmqnuﬂﬂlum&
500 D4 900 ALua (iﬂw 2) deldfemasuinale nfuazmauduiug dlandnsutoralelnailinds
LA H AT N AN (Alignment) wummmw,l,ﬂimmmlumu ITS1 Imelanny H. stygium waz H.
atroroseum (ﬂlw 3) «mmnwmwm\‘iﬁmgﬁuinmﬂmnumn Lmeum’mmwmmﬂummaiﬂhmﬂmmu ITS1
(ﬁ'd*n 3) @21 H. mtens H. bovei var. microspora Waz H. moriforme mmnmm”maﬁmﬁmwmummnu
UazildauFetN e INUANY WUG H. nitens TIuATEIAY ITST Uszanny 564 AlLg wqusdl H. bovei
var. microspora Waz H. moriforme H2uALIzHINd 207 WAL 181 AMHATAL ‘;‘qw\mmmumﬂﬂ‘ﬂfaimmw
wansnai M ldanaunsowen Hypoxylon L.wmwﬁumfaﬂﬂmnﬂu"i,m@mwmL.f%u (‘rﬂw 4) TnavANANR NS
Wugnssnlugiuee Phylogenetic tree (?ﬂw 5) WA 3o Hypoxylon mquamwmlﬁmmimmmv@ﬂ
mLLuﬂ‘ﬁuﬂim"ﬂu Hypoxylon sp. SUT103, Hypoxylon sp. ST2345 WA Hypoxylon sp. ST2406 WG
ZQWNW?D?VULL?JﬂL“]j@ﬁ‘ﬁfﬁldﬂ@ﬁﬁﬂ'ﬂﬂﬂ&’]@ﬁﬂﬂﬂhﬂmﬁ Hypoxyion afinan anatisndannsAunuidesaialusily
Hypoxy.'on RiflulE TnadnFuiinnalalndiliannnsinenafeiansnantinnldeanuin Primers uaz/sise
Probes A97WAZ m@vn@meﬂnummfﬂ‘dqﬂ’Lum&ﬁﬂmmmmmum mLﬂum'amwmmmeﬂ%ﬁmw
mmﬁuwummmqmmmmqmmmnﬂu@nmﬁ
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(a) (a) () ()
gﬂﬁ 1 Faed19anes Stroma (MNAwane 40 1) wam%mmqa Hypoxylon W Section Annulata (n)
Hypoxylon stygium, (1) H. atroroseum, (R) H. nitens, (3) H. bovei var. microspora, () H.
purpureonitens, (8) H. urceolatum, () Hypoxylon sp. SUT103, (%) Hypoxylon sp. SUT251

M1 2 3 4 567 & 8 1011 12
base pair

JUN 2 wan@mann PCR ludlures ITS1-5.85-ITS2 19913057 Hypoxylon Section Annulata Flemsamdag
matialaaannsWida (Agarose 1.5%)

484 1: M, Molecular weight marker (100 base pairs DNA Ladder, Promaga); 1, 5 uaz 8,
Hypoxylon purpureonitens; 2 Wax 4, H. atrorcseum ; 3, H. bovef var. microspora; 6, 7 Waz 9, H.
nitens; 10 WAz 12, Hypoxylon sp. SUT103; 11, H. moriforme
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10 20 30 45 50 60 70 80 90

SUTEO9R . atroroseus CATTACTGAGT -ATCARAARCT CCARCCCTTTGIGARCCTACCTATGI TLCCTCCGECETACCECTOTAGCCTACCCOCAGGECTCCCTC BY
SUTGHEH. stygium. s¢ CATTACTGAGTTATCARAARCTCCAACCCTT TGTGAACCTACCTATGTTTCCTCCEECET TCCECT TTACCCTACCCACAGGECTCCCCT 20

100 110 140 130 140 150 150 170 1o

SUTCOSH . a b roroseun TTAGCECGHTTITGUIGECGAGETGLOTCAGTGCTACCTATCOTTUGGEGTACGET TAGTGOAGTCARGGTGCCEACCRAGGUCTCGGEG 179
SUT0S8H. sLygium, 8¢ ARGGGUEGGTTCIGUIGEEGAGG TGO CTGAGTCCTACCTATCCI TCEGGGTACGETTAGTGLAGTEANGGTGCTGACCRAGGLCTURGCE 180

130 200 270 230 230 210 230 280 276

SUTOQ9H. atroroseun GLGCCGAGTAGGACCGCTCCARACTTAMGCACTTACTGCATCCARCCCCOCETTEARCRACTATCOPARAT TTCCTTT TCCTTTTTTICT 262
SUTOSSH. styylum. s¢ GCGCCEAGTAGSACCECTCCARACTTAMICACCTACTCCATCCARCCLCGOETTEARCAACTATCGAARRTCYGCT TTTGCTTTTTTICT 270

| 280 250 300 3l 320 330 340 350 ¥ 360

SUTHOSH. at roroseur TTACGCIARBACETCT UG CLG I GORATT AT TOC OO ABATGATART T OO TACOC TG TAGTCE T TTCT TP TCARGOTACARTATA 355
SUTG5BH, styqing. se TFACGCTARMACGTCTTTOCC- GETGEAAT T AT TGO TCAARATARTART T TCT T TACCCTGUAGTOGTTTGT TTTCARGCTAC  ~ -~ 351

3%o 3é0+ 180 1do alo 430 430 alo 130

SUTHD9H. at roroseus POTGCTOGANTAARNTTECTTCARTATTTCC TCOAPARTTCTTCAARGCTCTTCAGGGGT CTEARTGARTTCATAAANATTGGUARR-CGT 448
SUTDSBH. SLYQRMR. S€ «—m— - ————es —m e e ARTATCTGC TCOARAAT T CITCARAGCTCT ~CRECGUT CTUART GARTTCATAARA-TTCOUARBAGC 419

360 1o 480 aba 560 510

SUTO009H. atroroseun CACCTATABACTACEGT - ITAGCSCETGATCARAOCARGEI T ITARAR- COBARTACGTTA
SUTOREH. atygiom. 56 CACCTATRRACTACCGTTCTTAGGGGETGAT CARACCARGGT TTTARAARCCARATACGTTAN

i
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77 3 medhuwanndiuinmnzantessduiionalaingludou ITS1 184118 Hypoxylon atroroseum
o X \ o w a i e 4
nu H. stygium (Qnm‘u,mmmwmmmumwfﬁiﬂl‘wﬁmaﬂu) FINUAMNIMEAY (homology) 90 %
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An improved method for the rapid dereplication of impure chemical ITS
sequence heterogenecity of Xylaria species and some other Xylariaceous
genera

N. Suwannasai’, S. Rodteng’, S. Thienhirun® and A.J.S. Whalley’

'School of Microbiology, Institute of Sciences, Suranaree University of Technology, Nakhon Ratchasima
30000, Thailand

*Forest Management and Forest Products Research Office, Royal Forest Department, Chatuchak. Bangkok
10900, Thailand

School of Biomolecular Sciences, Liverpool John Moores University, Liverpool, L3 3AF, UK

Xylaria was the first described genus of the family Xylariaceae and it is a large and
relatively well-known fungus group in most countries in the world. There are also other
well-known genera such as Biscogniauxia, Camillea, Daldinia, and Hypoxylon. They occur
on wood, leaves, seeds, dung, and soil or in a few cases are associated with insects. Some
species are weak phytopathogens and many Xylaria species have been reported as
endophytes living inside healthy plant tissue without apparent damage to the host
Recently, endophytes have been widely investigated because of their ability to produce
new or interesting secondary metabolites some of which have proved to be bioactive. The
conventional taxenomic studies of Xylaria have been based on morphological and cultural
characteristics but have in some cases included their metabolite profiles. The major
problems concern the high morphological variation among Xylaria species depending on
stages of development and localities of collection, and the lack of teleomorph stage in the
cultere. Therefore, the molecular taxonomic study was undertaken overcome these
problems. Nucleotide sequences of ITS1, 5.85, and ITS2 rDNA of 48 Xylaria isolates as
well as some other Xylariaceous genera obtained from different collection locations were
analyzed. Alignments of the Xylaria species sequences exhibited the greatest variation in
the ITS regions. The 5.8S sequence gave approximately 99% similarity for all isolates
tested but 1TS sequence comparison results supported a monophyletic group in this genus,
which is separated from the genera Biscogniauxia, Camillea, Daldinia, and Hypoxylon.
The sequences proved to be valuable for the taxonomic investigation of fungi such as
Xvlaria with their high morphological variation. In addition, a database of this molecular
data would be useful for the designation of specific primers and for the development of
species specific probes for the detection of Xylaria in environmental situations.
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Poster Presentation

Perispore Ornamentations for the Indication of
Hypoxylon Species

Nuttika Suwannasai', Sureelak Rodtong', Surang Thienhirun?,
Anthony JS Whalley®

School of Microbiology, Institute of Science, Suranaree University of Technology, Nakhon
Ratchasima 30000, Thailand

e prest Management and Forest Products Research Office, Royal Forest Department,
Chatuchak, Bangkok 10900, Thailand

35chool of Biomalecular Sciences, Liverpool John Moores University, Liverpool L3 3AF, UK

The perispore ornamentation observed by using scanning electron microscope (SEM)
has been recently used to indicate new or complex species in the fungal taxonomy.
Some species of Hypoxylon have been reported concerning the significance of this
characteristic in species indication but many of them have no record. In this study,
three complex species of Hypoxylon fendleri, H. retpela, and H. cf. lenormandii
collected in Thailand, have been investigated in their morphological characteristics
both macroscopic and microscopic methods including perispore ormamentations by
SEM. Hypoxylon fendleri and H. retpela are very closely related species. Their SEM
micrographs of perispores resulted the same conspicuousness of the coil-like
ornamentation which was different from Ju and Rogers (1996) who stated that A.
fendleri and H. retpela differ mainly in the conspicucusness of the ornamentation on
the perispore. However DNA sequencing results indicated 14 % divergence among
both species. In case A, cf. lenormandii SUT065 occurring on bamboo has strange
coil-like ornamentation which was different from H. lenormandii occurring on wood
that have inconspicuous coil-like ornamentation. This result was supporied by DNA
sequencing data to separate H. cf. lenormandii 10 be a new variety.
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1. Ju Y-M, Rogers ID. A Revision of the Genus Hypoxylon. Myeologia Memoir No. 20. AP'S Press
1996,

2. Rogers ID, Candoussau F. Hypoxylon gillesii, a new species with ornamented ascospores from
Madagascar. Mycotaxon 1982, 15: 507-514.
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Daldinic concentrica. 1n: Aspects of Tropical Myeology (Edirted by Isaac S, Frankland JC,
Watling R, Whalley AJS) Cambridge, Cambridge University Press 1993, 309-310.
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{Xylariaceae, Ascomycetes) from Papua New Guinea. Mycotaxon 1992, 44; 275-299.

5, Whalley MA, Whalley AJS, Jones EBG. Camiliea selangorensis sp. nov. from Malaysia. Sydowiu
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Figure [. The fungus genus Hypoxylon. SEM micrographs of col-like perispore
ornamentation of &, of. lenormandii (8), H. retpela (b). and H, fendleri
5{:), germ slit of M. of Tenormandii (arrow) (4, and ostiole of 7. ef.
onormandii (arrow) (¢). Light microscope micrographs of IF retpela
ascus containing eight ascospores (£, stromaial forms of H. fendieri
(). F. retpela {h). and . o lenormandii (). Bars equal 1 pm fora, b,

oot erand |mm for g bk
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wushfamsnudasalinlwilungu Xylaraceae Turlszindlne

TREND IN THE FINDING OF NEW XYLARIACEOUS FUNGAL SPECIES IN THAILAND
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Relationships within Hypoxylon species based on morphological and
molecular data
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1School of Micrabiology, Institute of Sciences, Suranarec University of Techunology. Nakhon Ratchasima,
Thailand 30000,

*Forest Management and Forest Products Research Office, Royal Forest Departiment, Chatachak, Bangkok,
Thailand 10900.

3School of Biomolecular Sciences, Liverpoo! John Moores University, Liverpool, L3 3AF, UK.

Hypoxylon is one of the largest and best known genera of the family Xylariaceae. It has
been reported to comprise of at Jeast 130 species and found in most countries but is
especially well represented in the tropics and subtropics. Although Hypoxylon species are
primarily wood-decay fungi, that play an important role in the natural functions of
ecosystems, many species are weak plant pathogens of angiosperms. Some Hypoxylon
species seem to be highly host specific but others appear to exhibit wide host ranges. In
this stody, relationships between Hypoxylon species are revealed based on their
morphological and molecular characteristics. One hundred and eighty six Hypoxvlon
specimens were collected from several forest areas in Thailand and these were then
subjected to taxonomic investigation based on their morphological and cultural features
and nucleic acid sequences. It was found that there can be considerable variation in
morphological characters and furthermore some specimens could not be cultured. This
resulted in some identification problems. However, different relationships between the
Hypoxylon species were achieved following sequence analysis of ITS1-5.85-ITS2 rDNA
regions. The molecular results showed clearly the relationships of the Frypoxylon species
studied and could be used to solve the morphological taxosomic problems. The ITS]
region indicated the highest variation among Hypoxylon species whereas 5.8S and ITS2
regions were more conserved. These molecular data could be applied for distinguishing
morphological similar Hypoxylon species which had otherwise proved difficult to separate.
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Nucleotide Sequence Data for the Clarification of Species
Complex in Xylariaceous Fungi
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Scheol of Biomelecular Sciences, Liverpool Johin Moores University, Liverpool 13 34F. LK.

Introduction
Because xylariaceous fungi are high variation in morphological characteristics, an attempt o
pse the molecular techniques to assist was performed.

Objective
To clarify the species complex in xylariaceous Fungi using intermal transcribed spacer region
sequences of tRNA gene.

Methods

Two hundreds and {ifty one xylariaceous isolates were collected from different forest areas in
Thailand and identified to specics level based on morphological methods {2), Then, their ascospores
were isolated and cultured on potate dextrose agar for DNA extraction (1). The internal transcribed
spacer regions (ITS) including 5.88 ribosomal nucleotide sequences was amplified and sequenced.
ITS sequences were aligned by ClustalX and manually edited by BioEdit program. The phylogenetic
frees were constructed using neighbour joining (NIY and maximum parsimony (MP) methods by
PHYLIP and PAUP software packages respectively.

Resuils

Nine genera of Xylariaceue, Astrocvstis, Biscogniauxia. Camillea, Daldinia. Hypoxyvlon,
Kretzsehmaria, Nemania, Rosellinia. and \laria, were recorded from the whele lot of specimens
collected, and identified to fifty species. Hypoxylon and Xvlaria were the common genera, and
showed high variation in their morphological characters resulting in the difficulty in identification.
Their amplification sizes of ITS fragments ranged from 500-900 base pairs, which contained 1TS1,
182 and $.85 rDNA regions. Most Hypoxyion section Annvlata indicated the extremely long
~sequences in the TSI region, which were the tandem repeat sequences. These repeated sequences
conld be gencrated by slipped-strand mispairing or replication stippage. The whole ITS sequence
aligmnents revealed the greatest varistion in ITS1 regions, which was suitable 1o design specific
primers and/or probes for these particular strains. The phylogenetic tree showed clearly the
relationships of complex species. In this study, at least two new species and one new variety of
Hepoxylon were recorded.

Conclusion

The nucleotide sequence data based on ITS scquences were proved to be useful for the
charification of species complex in xylariaceous taxonomic investigation. These results are also very
useful to create the DNA sequence database of the xytariaceous fungi found in Thailand.

Keywords: Xylariaceac. Nucleotide sequence, Phylogeny, ITS
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