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Mycological Research News®

Mycological Research News features: Checks and balances in endophyte-host interactions; In this issue;
TrichoBLAST: a multilocus database for Trichoderma and Hypocrea identifications; and Forthcoming international
mycological meetings.

This part starts with a major review of the nature of endophytic associations involving fungi, and includes
eight other research papers. These describe a new genus associated with ambrosia beetles, characterise Scutellospora
reticulata, analyse a chaperone homologue gene in Paracoccidiodes brasiliensis, examine growth responses of soil
chytrids, revise the hyphomycete genus Piricauda, assess the status and relationships of Agaricus mushrooms in sect.
Duploannulati, report decreasing effectiveness of prochloraz-manganese to control Verticillium fungicola over time,
and examine the mineral contents (including metal ions) in Amanita fruit bodies.

The following new scientific names are introduced: Dryadomyces gen. nov.; D. amasae, and Piricauda
vulcanensis spp. nov.; Acrodictys caribensis (syn. P. caribensis) comb. nov.

CHECKS AND BALANCES IN ENDOPHYTE-HOST INTERACTIONS
The term 'endophtye’ encompasses a very broad and largely uncharacterized diversity of
microbe-plant interactions. Do fungal endophytes represent a unique fungal lifestyle, or a
heterogeneous assemblage of different fungal life history traits? Mutualistic interactions
are frequently emphasized as being a feature of associations between endophytic fungi
and their hosts, particularly for the balansiaceous endophytes of grasses, while the
numerous inconspicuous fungal infections of plants that have weakly antagonistic
(pathogenic) or neutral interactions usually receive less attention. In this issue, Schulz &
Boyle (pp. 661-686) provide a comprehensive review of the diversity and biology of
fungi involved in asymptomatic colonisation of plants, with particular emphasis on
physiological interactions between endophytes and their hosts. They propose a
conceptual model for endophyte-host interactions in which symptomless occupation of
plant tissues involves a balance between fungal aggression and host defence. This
balance is dynamic and can be altered by changes in physiological condition of either
host or fungus, affecting potential outcomes. In reviewing the diversity of symptomless
fungal colonists of plants, Schulz & Boyle cite examples of fungal endophytes illustrating
a range of life history traits and comprising a continuum of interactions from mutualism
to antagonism. Fungal endophytes also display a range of host specificity from
nonselective to highly host specific. Schulz & Boyle consider the continuum of
interactions and variability in outcomes to be both a consequence of and a selective force
in fungal speciation.
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IN THIS ISSUE

In addition to the major review on endophyte biology highlighted above, eight research
papers are included in this issue. The first two combine ultrastructural and molecular
techniques; one describing a new conidial genus and species of ophiostomatoid fungi
from ambrosia beetles in Tawian (pp. 687-696), and the other characterising the AM-
fungus Scutellospora reticulata (with detailed comparative data on cell wall structure)
(pp. 697-706).

The DNA encoding chaperone protein homologue in the medically important
Paracoccidioides brasiliensis has been sequenced and compared phylogenetically with
that of other fungi (pp. 707-716). This is a highly conserved gene and is in a group where
protein formation is inducible under stress conditions. Studies on the effects of
temperature on the growth of chytrids cultured from a range of Australian soils indicate
that soil temperature may be a limiting factor in their distribution (pp. 717-722).

Further systematic papers include a revision of the hyphomycete genus Piricauda
in which eight species are accepted, one being described as new (pp. 723-728), and
studies on several endemic and rare Agaricus species (pp. 729-741). This last study, using
ITS sequence data, supported the recognition of several rather local species and
contributed to a re-appraisal of the sectional classification. A survey of the sensitivity of
Verticillium fungicola, causal agent of dry bubble disease in Agaricus bisporus, to
prochloraz-manganese showed that the effectiveness of the fungicide decreased over
seven years (pp. 742-746); mushroom growers cannot therefore rely on this compound
for long-term control of the disease in their farms. Mushroom fruit bodies can concentrate
elements from the soil; here the minerals in fruit bodies of eight Amanita species from
different parts of Hungary are compared and reveal that the contents of chromium, nickel
and vanadium are the most variable (pp. 747-751).

TrichoBLAST: A MULTILOCUS DATABASE FOR TRICHODERMA AND
HYPOCREA IDENTIFICATIONS

The genus Hypocrea (anamorph Trichoderma) is of major importance as producers of
industrial enzymes, biocontrol agents against phytopathogenic fungi, and as opportunistic
pathogens of immunocompromised humans (Druzhinina & Kubicek 2005). Yet because
of the significant homoplasy of morphological and even phenetic characters, species
identification now chiefly relies on DNA sequence data, although the value of the
morphology-based interactive key developed by Samuels and co-workers® should not be
underestimated for those skilled in the study of such characters. When using sequence
data, the most reliable results can be obtained either by using a DNA barcode
(Druzhinina et al., unpubl.) or from a phylogenetic analysis of several unlinked DNA
fragments with known level of intra- and interspecific variability (phylogenetic markers).
However, since both of these methods are laborious, the most common approach for
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molecular identification is that by local alignment comparison, i.e. by submitting a query
sequence to a sequence repository as reference, to which it becomes aligned and from
which the best matches are extracted, most popularly using BLAST (Altschul et al.
1997). Unfortunately, the results from large public databases like GenBank, can be
erroneous as: (1) such databases are riddled with misidentified sequences (~40 % for
Hypocrea/Trichoderma in GenBank; Kopchinskiy, Kubicek & Druzhinina, unpubl.); and
(2) not all public databases contain the full range of sequences of species in a genus.
Consequently, it is often difficult to assess the result of BLAST when only partial or
incomplete sequences are retrieved; this is of critical importance, as authors often make
identifications based on the best BLAST match (lowest E-value), regardless of alignment
scores.

In order to eliminate the later two difficulties with respect to
Hypocrea/Trichoderma, we have developed TrichoBLAST: a publicly available database
supported by sequence diagnosis and the similarity search tools, which covers all 88
genetically characterized species of the genus and contains almost complete sets of five
of the most frequently used phylogenetic markers: ITS 1 and 2; two introns
(tefl_int4(large), tef1_int5-short) and one exon tefl _exon6(large) of the gene encoding
translation elongation factor 1-alpha; and a portion of the exon between the 5" and 7"
eukaryotic conserved amino acid motives (Liu et al. 1999) of subunit 2 of the RNA
polymerase gene (rpb2_exon). TrichoBLAST, located on the website of the ICTF
(IUBS/TUMS International Commission on the Taxonomy of Fungi)'s International
Subcommission on Trichoderma and Hypocrea (ISTH; www.isth.info).

As there is as yet no consistency amongst the Trichoderma community as to
which primers to use for amplifying and sequencing large loci like tefl for identification
or phylogeny, there is a considerable variation in the length and fragment area of
sequences deposited in public databases under the same gene name. Consequently, the
accuracy of a similarity search can be seriously corrupted: for example, if sequences of
tefl containing both the short, highly variable intron and also a long portion of the
conserved exon will be submitted to BLAST, the 'best hit" will be calculated from the
high score for exon-exon alignment while the intron-intron similarity will be neglected.
In practice it can be exemplified by the submission of the whole tefl sequence of H.
jecorina (GenBank Z23012) to either NCBI or TrichoBLAST both containing several
records of 4™ and 5™ tef1 introns of this species but none of the largest 6™ exon. For
reasons explained above, the genetically distant H. melanomagna or H. lutea, for which
large exons are deposited, will appear as the 'best hit'. To eliminate this obstacle we have
enforced TrichoBLAST by TrichoMARK, a script specifically written for the detection
and retrieval of phylogenetic markers in query sequences, and for the subsequent
individual submission of them to the similarity search. The first version of TrichoMARK
is able to diagnose ITS1 and 2 sequences of Hypocrea/Trichoderma based on genus-
specific oligonucleotide sequences both on 5’ and 3’ ends of the marker (Druzhinina et
al., unpubl.) and retrieves the exact area of the ITS1 and 2 phylogenetic marker with no
flanking scraps. Further, in the case of the highly diagnostic tefl introns, TrichoMARK
searches for conserved and genus specific areas framing the two introns, retrieves each
intron individually for the similarity search, and also provides the results with a
comparison of the actual and theoretically expected length of the detected phylogenetic
marker. Finally, for the two other loci (tefl and rpb2 exons, respectively), the program



scans for specific oligonucleotide stretches in each gene to retrieve a fragment from the
query sequence which absolutely matches that of the corresponding phylogenetic marker
in TrichoBLAST. This approach, i.e. performing the similarity search for each
phylogenetic marker individually and using a predefined area of the query sequence,
significantly increases the accuracy of the method.

After this first step, the user can then automatically transmit its sequence to the
similarity search, a core component of TrichoBLAST based on a local stand-alone
BLAST server originally developed by NCBI. The result will be presented in the standard
way by a combination of a graphical overview and a list of most similar sequences.
However, since BLAST alignment scores represent a measure of similarity, but similarity
does not represent a sound measure of relatedness (de Queiroz 1992), users should take
the following factors into account when interpreting the results: (1) which phylogenetic
marker was used; and (2) whether TrichoBLAST contains the respective sequences for all
known species. As to the first point, our experience with more than 1000 vouchered ITS1
and 2 sequences representing all genetically characterized Hypocrea/Trichoderma species
shows that ITS1 and 2 is very diagnostic and unique (Druzhinina et al., unpubl.). Therefore,
TrichoBLAST contains members of every ITS1 and 2 haplotype known from
Hypocrea/Trichoderma today, implying that species identification is possible where there is
an exact match with a sequence from the database, with the exception of five cases where
two or three species share identical ITS1 and 2 haplotypes (viz. T. tomentosum/T. cerinum;
T. longipile/T. crassum; T. koningii/T. ovalisporum/T. muroiana; H. lutea/H.
melanomagna; T. longibrachiatum/H. orientalis/H. cerebriformis; Druzhinina et al.,
unpubl.; all these exceptions are indicated in TrichoBLAST results). Cases where the ITS1
and 2 sequences do not exactly match any record in the database but differ by one or a few
nucleotides are indicative of either an as yet unknown allele of a known species, or could
represent a new species. To confirm the species identification in such a case, a similarity
search in TrichoBLAST using other phylogenetic markers and(or) the multiloci phylogenetic
analysis will be necessary. On the other hand, for the two tefl introns, sequence identities
are rare due to the high level of intraspecific variability known for these markers
(Druzhinina et al. 2004, Chaverri et al.,2003). We have therefore carefully checked whether
the species with the lowest E-value and highest bit score would resemble the correct
identification, and were able to prove this in all.

A special case is the extremely high level of intraspecific genetic variability
expressed by all known phylogenetic markers for H. lixii/T. harzianum s. lat. It is likely
that based on the multiloci analysis by Chaverri et al. (2003) and our own study
(Druzhinina et al., unpubl.) that H. lixii/T. harzianum should perhaps be divided into
several phylogenetic species. TrichoBLAST consequently considers the complexity of H.
lixii/T. harzianum by covering the wide range of its intraspecific variability with 21
records for ITS1 and 2, and 21 and 26 records for 4™ and 5™ tef1 introns, respectively.

A difficult situation arises in the case of high similarity scores with either tefl or
rpb2 exons. These two markers provide a very low level of interspecific resolution for
Hypocrea/Trichoderma (Chaverri & Samuels, 2004), and are essentially useless for species
differentiation. However, as they show reliable grouping on the clade level, we recommend
using these two phylogenetic markers mainly as supportive data to identifications made on
the basis of tefl introns (preferably the tefl_int4™-large) and ITS1 and 2. Also,
TrichoBLAST currently contains only a few sequences of tefl and rpb2 exons from species



of sect. Longibrachiatum, thus making these markers inappropriate for BLAST
identification in this group.

Under the above caveats, matches of lesser extent are indicative of relatedness at
best; however, hypotheses of relationships should not be inferred directly from similarity
indices, but use phylogenetic inference methods. To this end, we have developed a third
module of TrichoBLAST, i.e. a publicly available Multiloci Database of Phylogenetic
Markers (MDPM), a relational database built on a MySQL platform running on a
Mandrake Linux Apache httpd server. It is accessed through a web interface system
written in PHP scripting languages. This database serves as a reference database for the
similarity search and contains only records exactly corresponding to five selected
phylogenetic markers, which we trimmed after the manual retrieval and alignment of
published sequences. In many cases, for example for tefl, two or even all three fragments
were extracted from the single GenBank record. MDPM allows three major ways to sort
the (currently more than 600) sequences according to: (1) the phylogenetic position of the
query species (spec_key field; Druzhinina et al., unpubl.); (2) the alphabetic order of
species names; and (3) phylogenetic markers (locus field). Moreover it allows the
retrieval of any custom set of sequences in FASTA file format for phylogenetic analysis.
A search option by any keyword is included to speed up the access to sequences from
known strains, species, or GenBank accession numbers.

TrichoBLAST and its associated tools complements existing local databases of
vouchered sequences for the identification of selected groups of fungi such as
ectomycorrhizas (UNITE; http://unite.zbi.ee) or Fusarium spp. (FUSARIUM-ID v. 1.0;
Geiser et al., 2004). However, these examples are based on sequences from a single
locus only, and also are not easily retrievable as a set ready for the subsequent
phylogenetic analysis. TrichoBLAST has the advantage of using multiple loci, enabling
the detection of the correct fragment within the user's sequence for the similarity search
(BLAST), and also provides direct access to sequences and their annotation. Finally, we
note that TrichoBLAST will be continuously updated by the inclusion of sequences
from more species and(or) loci and(or) haplotypes as they become available.
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FORTHCOMING INTERNATIONAL MYCOLOGICAL MEETINGS

This is an annual summary® of forthcoming international meetings entirely or partly

concerned with fungi.

Sixth International Conference on Cryptococcus and Cryptococcosis. 24-28 June
2005. Boston Marriott Long Wharf Hotel, Boston, MA, USA. Contact: Stuart M.
Levitz (e-mail:iccc@bu.edu; www.bu.edu/cme/iccc.html).

XVII International Botanical Congress. 17-23 July 2005. [Nomenclature Section 12-16
July 2005.] Austria Center, Vienna, Austria. Contact: Josef Greimler, Secretary-
General XVII IBC 2005, Institute of Botany, University of Vienna, Rennweg 14,
A-1030 Vienna, Austria (tel.: +43 1 4277 54123; fax: +34 1 4277 9541, e-mail:
office@ibc2005.ac.at; www.ibc2005.ac.at).

IUMS 2005: Microbes in a Changing World. [Joint meeting of the three divisions of
IUMS, incorporating the XI International Congress of Mycology.] 23-28 July
2005. Moscone Convention Center, San Francisco, CA, USA. Contact: IUMS
2005, c/o ITS, 108 Wilmot Road, Suite 400, P. O. Box 825, Deerfield, IL 60015-
0825, USA (tel.: +1 847 940 2155; fax: +1 847 940 2386; www.iums2005.0rg).

Fifth Latin American Mycological Congress (V CLAM). 1-5 Aug. 2005. Hotel
Nacional de Brasilia, Brasilia, Brazil. Contact: José Carmine Dianese (e-mail:
alm@unb.br; www.alm.org.br/site/).

22nd International Conference on Yeast Genetics and Molecular Biology. 7-12 Aug.
2005. INCHEBA, a. s. Viedenska cesta 3-7, 85101 Bratislava 5, Slovakia.
Contact: Jordan Kolarov, Department of Biochemistry, Comenius University,
Mlinska Dolina CH-1, 84215 Bratislava, Slovakia (tel/: +421 2 6029 6539; fax:
+421 2 6029 6452; e-mail: kolarov@yeast2005.0rg; www.yeast2005.0rg).

13th International Biodeterioration and Biodegradation Symposium (IBBS-13). 4-9
Sept. 2005. Hotel Melia Castilla, Madrid. Contact: Diego A. Moreno (e-mail:
moreno@materials.upm.es; www.ibbs-13.0rg).

Exploitation of Fungi. [British Mycological Society Annual Scientific Meeting.] Hulme
Hall, University of Manchester, Manchester, UK. Contact: John Peberdy, BMS
Meetings, UNIEIlab, 6 William Lee Buildings, Nottingham Science and
Technology Park, University Boulevard, Nottingham NG7 2RQ, UK (tel.: +44 [0]
115 846 6193; fax: +44 [0] 115 943 6349; e-mail: bmsmeetings@tiscali.co.uk;
www.britmycolsoc.org.).

Trends in Mycology. 23 Sept. 2005. Universidade de Minho, Braga, Portugal. Contact:
Nelson Lima, Micoteca da Universidade do Minho, Centro de Engenharia
Biologica, Campus de Gualtar, 4710-057 Braga, Portugal (tel.: +351 253604403,;
fax: +351 25368986; e-mail: micoteca@deb.uminho.pt;
www.micoteca.deb.uminho.pt).

International Medicinal Mushroom Conference. 12-17 Oct. 2005. Port Townsend,
Washington State, USA. Contact: Paul Stamets & Dusty Yao, Fungi Perfecti, P.
O. Box 7634, Olympia, WA 98507, USA (tel.: +800 780 9126; fax: +360 426
9377; www.fungi.com/conference).

® The last was included in Mycological Research News, Mycological Research 108 (8): 852 (August
2004).



4th International Workshop on Edible Mycorrhizal Mushrooms. 29 Nov. - 2 Dec.
2005. Universidad de Murcia, Murcia, Spain. Contact: Mario Honrubia, IW-
EMM 4, Laboratorio de Micologia-Micorrizas, Area de Botanica, Departamento
de Biologia Vegetal, Facultad de Biologia, Campus de Espinardo, Universidad de
Murcia, ES-30100 Murcia, Spain (tel.: +34 968 364982; fax: +34 968 363963; w-
mail: info@iwemm-4.com; www.iwemm4.com).

New Bottles for Old Wine: Fruit Body Types, Phylogeny and Classification. [British
Mycological Society and The Natural History Museum, joint meeting.] 3 Dec.
2005. Flett Lecture Theatre, The Natural History Museum, Cromwell Road,
London SW7 5BD, UK. Contact: Scott LeGreca, Curator of Lichens, Department
of Botany, The Natural History Museum, Cromwell Road, London SW7 5BD,
UK (tel.: +44 2079 425250; e-mail: scol@nhm.ac.uk; www.britmycolsoc.org.).

2nd FEMS Congress of European Mycologists. 4-6 July 2006. IFEMA Centro de
Convenciones, Parque ferial Juan Carlos I, Feria de Madrid, Madrid, Spain.
Contact: Nathalie Saez, SIASA Congresos S. A., Pseo de la Habana 134, ES-
28036 Madrid, Spain (tel.: +34 91 457 4891, fax: +34 91 458 1088; e-mail:
nsaez@siasa.es; www.fems-microbiology.org/congress).

8th International Mycological Congress (IMC8). 21-26 Aug. 2006. Cairns Convention
Centre, Cairns, QD, Australia. Contact: IMC8, SAPMEA Conventions, 68
Greenhill Road, Wayville, SA 5034, Australia (tel: +61 8 82746060; fax: +61 8
82746000; e-mail: imc8@sapmea.asn.au; www.sapmea.asn.au/imc8).
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Book Reviews!

BIODETERIORATION
Introduction to Biodeterioration. By Dennis Allsopp, Kenneth Seal & Christine
Gaylarde. 2004. 2nd edn. Cambridge University Press, Cambridge, UK. Pp. xii +
237. ISBN 0 521 82135 (hardback), 0 521 52887 9 (paperback). Price: £ 45
(hardback), £ 19.99 (paperback).
The first edition of this book was published in 1986 (Allsopp & Seal 1986) and soon
became the standard introduction to the subject widely used on courses. This new edition
is almost twice as long as the first, and follows the same structure, with the chapters:
Introduction; Natural materials; Biodeterioration of refined and processed materials; Built
environment, structures, systems, and transportation; Investigative biodeterioration; and
The control of biodeterioration. Each chapter has a substantial and updated bibliography,
with many references from 2003. The two original authors were hands-on
biodeterioration consultants who started their careers at the original Biodeterioration
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Centre at the University of Aston under the guidance of the late Howard Eggins. Now,
Christine Gaylarde, who is based at the Federal University of Rio Grande do Sul in
Brazil, strengthens the tropical aspects throughout as well as including well-illustrated
results from her specialty, the kerosene fungus in aviation fuel. Food- and post-harvest
losses are still treated cursilory, however, and | wonder if it might have been better to
omit food-related aspects and add 'of materials' to the title? The main strength of the book
is damage caused by organisms to manufactured products and buildings.

A few minor things irritate, for example not giving the generic names of all
organisms in tables (e.g. 'P. putida' on p. 82), the 'higher' plants on the cover which are
only a few centimetres tall, and 'lichens' under a subheading 'plants'! Further, some of the
classic photographs taken from the 1986 edition have not reproduced well, but
fortunately most newly added ones are first-rate.

This new edition will ensure that this book continues to be basic introduction to
the subject worldwide.

Allsopp, D. & Seal, K. J. (1986) Introduction to Biodeterioration. Edward Arnold, London.




