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Mycology is a highly diverse research field, 
and has numerous applications in agriculture, 
medicine and industry. Thrown into this mix 
are Biological Resource Centres such as the 
CBS-KNAW Fungal Biodiversity Centre, whose 
motto is To Collect, Study and Preserve, with 
the aim to globally advance mycology as science. 
In this report we hope to show you why this is 
essential, and how it improves quality of life, and 
can ensure global stability in human and plant 
health. To this end we will provide a brief update 
on the current status of the CBS-KNAW Culture 
Collections, and share some exciting findings 
from our various research programmes.

No Culture, no Fungus, no Future – In the 
past year we have had exciting interaction with 
researchers all over the globe, participating 
in numerous projects such as the Quarantine 
Barcode of Life (QBOL; FP7),  and the Indoor 
Microbial Barcode of Life (IMBOL; Sloan 
foundation). Of critical importance to all these 
projects are the living cultures that represent 
these species, as these are the benchmarks 
used to determine their intraspecific variation, 
behaviour, substrate utilisation, and host range. 
Without a collection of well-identified strains, 
these projects would not be feasible. As you 
will see in this report, many of these fungi play 
important roles in our society as plant pathogens 
of important staple food crops, or are of clinical 
importance, having either positive or negative 
repercussions for our health, or have major 
industrial applications that could lead to novel 
products or processes. As we move towards the 
end of 2010, designated as the official year of 
Biodiversity by the United Nations, one can 
clearly see the value of preserving biodiversity, 
including our fungal biodiversity. 

Although mycologists were among the first to 
employ DNA-based methods in their research, 

the fungal community still remains divided on 
the choice of designated regions of the genome 
to be used for species recognition (widely 
termed DNA Barcoding). One of the most 
essential steps towards upgrading to an industrial 
network, is to reach consensus on how this is 
to be approached, and to secure international 
buy-in on the chosen platform and approach. 
Current attempts by the Consortium for the 
Barcode of Life, and the Fungal Working Group 
to compile a DNA Barcoding paper supporting 
specific genomic region(s) for kingdom Fungi, 
will hopefully soon be completed. This will 
ensure that the DNA Barcode Library of Life can 
also be populated with species of Fungi. At the 
CBS-KNAW we are also starting an ambitious 
plan to generate DNA Barcodes of the entire 
living collection. Similar activities have also 
been initiated at the Netherlands Centre for 
Biodiversity in Leiden, whose collection contains 
a huge fungarium of dried specimens. Currently 
we know approximately 100–120,000 species of 
fungi, while the estimated number ranges from 
1.5M to 9.9M. Clearly, the Fungi represent 
one of the most megadiverse, underexplored 
kingdoms on earth! For the past 10 years we have 
only managed to describe 1250 species per year 
(on average), of which approximately only 20% 
ever get deposited in genetic resource centres. 
Essentially, it means that close to 80% of the 
global systematic mycological activity remains 
incomplete. As we approach an industrial 
network, culture or DNA approaches will have 
to be accepted as the norm. Fungi already play 
major roles in industry, and are also responsible 
for huge losses in food production, and represent 
serious threats to human and animal health. 
Knowing the full potential and understanding 
the associated risk of fungi is only possible if 
we are able to detect and accurately identify the 
species in nature. The kingdom Fungi represents 
one of the biggest assets on earth. At CBS-
KNAW we aspire to make this asset available 
for research, striving to improve quality of life. 
If you feel inspired enough to contribute to 
this venture, ensure that the CBS-KNAW is the 
destination for your next sabbatical, or will be 
incorporated into your PhD research plans: let’s 
build this industrial network together!

Prof. dr Pedro W. Crous
Director: CBS-KNAW

mycology: from cottage industry to industrial network



The CBS-KNAW has both a service and research 
task.  Most service aspects are covered by the 
Collection, chiefly by the acquisition of new 
strains of fungi, bacteria and patent deposits, 
and again making these resources available 
for research purposes to the international 
community.  Although numbers fluctuate from 
year to year, we annually get up to 3,000 new 
strains to place into the collection while up to 
10,000 get dispatched for research purposes 
(nationally and internationally).  Other service 
tasks include the routine identification of fungal 
isolates by the CBS Service Unit, projects done 
for industry, the publication of our books (CBS 
Biodiversity Series, CBS Laboratory Manual 
Series) and journals (Studies in Mycology, 
Persoonia), as well as the numerous databases 
maintained for the international community, 
namely MycoBank, strain databases, specific 
fungal databases, and websites, which together 
generate more than 10,000 downloads or page 
views per day.

The past two years have again seen CBS being 
highly successful in the competitive European 
research arena, and as such we are now actively 
involved in several major EU, national and 
regional grants (FES: Plant Health, Making 
the Tree of Life Work; STW: How mushrooms 
feed on sugars; NWO: Biofuel production, 
in collaboration with CAS; Eurotransbio: 
CandIDazol project; NUFFIC, etc.). With most 
of the 6th framework projects drawing to a close 
in 2010 (e.g. European Distributed Institute of 
Taxonomy), we are already well positioned in 
several major 7th Framework Programmes (e.g. 
QBOL, i4Life, NEMO, FunTech, EMbaRC, 
Cornucopia), to ensure that fungal biodiversity 
and the collection remain at the forefront of new 
developments and initiatives. 

Additional information about the programmes 
and their projects can be found on the CBS 
website, www.cbs.knaw.nl/research.

The CBS remains active in DNA Barcoding, and 
also coordinates the European Consortium for the 
Barcode of Life (www.ECBOL.org; ECBOL), it 
is an affiliated partner of the Consortium for the 
Barcode of Life (www.barcodeoflife.org; CBOL), 
hosts the European node of the International 
Barcode of Life campaign (www.dnabarcoding.
org; IBOL), and is also active partner of the 
Netherlands Barcode of Life campaign (www.
dnabarcoding.nl; NBOL). In addition, CBS as 
a partner within NL-BIF forms a component of 
the Global Biodiversity Information Network 
(GBIF). 

The scientific output of the CBS-KNAW has been 
relatively stable, with 80–100 ISI rated papers and 
2–5 books published per year over the past 5 year 
period. The institute has an active national and 
international research network, and the majority 
of the papers are published in international 
collaboration. Of the 80 plus papers published 
per year, 23–25 % are in journals with an impact 
factor above 3, and 1–4 papers above 10, which is 
considerable, considering that the average of the 
field “mycology” is 1.5 (JCR 2009).

The following three papers have been cited more 
than 20 times during the 2008–2009 period 
following publication:

Alves A, Crous PW, Correia A, et al. (2008). 
Morphological and molecular data reveal 
cryptic speciation in Lasiodiplodia theobro-
mae. Fungal Diversity 28: 1–13.

Bovers M, Hagen F, Kuramae EE, et al. (2008). 
Six monophyletic lineages identified within 
Cryptococcus neoformans and Cryptococcus 
gattii by multi-locus sequence typing. Fungal 
Genetics an Biology 45: 400–421.

Snelders E, Lee HAL van der, Kuijpers J, et al. 
(2008). Emergence of Azole Resistance in 
Aspergillus fumigatus and Spread of a Single 
Resistance Mechanism. PLOS Medicine 5: 
1629–1637.

cBs-knaw and its mycological foci

ISI papers in CBS database # IF > 3* # IF > 10

2008 82 papers 18 1

4 books
13 book chapters and proceedings

2009 88 papers 19 3
5 books
2 book chapters and proceedings

* Average impact factor of the field “mycology” = 1.5 (JCR 2009).

Scientific output



EVOLUTIONARY PHYTOPATHOLOGY

“Food security is global security”

Producing food sufficient in quality and quantity remains paramount for sustaining 
quality of life. Inadvertent introductions of phytopathogenic fungi have had dire 
consequences to nature and to cultivated crops on various continents in the past. The 

economic impact of such introductions can be 
seen in yield loss and in increased input costs 
for cultivation and disease control, as well as 
in social impact. To combat these diseases on 
an international scale, it is important to clarify 
whether the same species and genotypes occur 
in various countries, since each different species 
and genotype can be expected to have different 
patterns of attack, as well as different responses 
to fungicides and to climatological conditions. 

highlights

Taxon-specific PCR markers have now 
been developed that can be used to 
identify varieties of Phoma exigua in 
plant quarantine inspections.  Aveskamp 
et al. (2009). Molecular Plant Pathology 10: 
403–414.

High levels of gene flow among samples of Cercospora 
beticola from Europe demonstrated a single panmictic 
European population. This study confirms C. beticola 
to be a genetically highly diverse species, supporting 
the assumption that some populations are reproducing 
sexually. Groenewald et al. (2008). Plant Pathology 57: 25–
32.

Based on a comprehensive 5 gene phylogeny (nucSSU, 
nucLSU rDNA, TEF1, RPB1 and RPB2), an ancestral 
reconstruction of basic nutritional modes supports 
numerous transitions from saprobic life histories to 
plant associated and 
lichenised modes, 
and a transition from 
terrestrial to aquatic 
habitats. Schoch et 
al. (2009). Studies in 
Mycology 64: 1–220.

Saprobes, etc.

Plant 
Associates
Lichenised 
fungi

Terrestrial

Fresh water

Marine

Prof. dr Pedro Crous



FUNGAL PHYSIOLOGY

“Physiology determines an organisms biotope”

Understanding fungal biodiversity requires a detailed knowledge of the ability of 
the different species to use naturally available carbon sources. Most natural carbon 
sources are polymers that need to be degraded before they can be used as food by 

fungi. By comparing the polymer degrading 
machinery (enzymes) of different fungi using 
growth profiling, we can understand its role 
in its biotope and also the biotope limitations 
of the species. In addition, the differences in 
this machinery are leads for new or improved 
industrial applications of fungi.  For instance, 
bio-fuel production depends strongly on fungal 
enzymes for the hydrolysis of the plant biomass. 
Based on fungal comparisons novel enzymes 
have been discovered that improve bio-fuel 
production.

Research in this newly established group addresses 
all aspects of fungal biology related to fungal 
physiology: production of extracellular enzymes, 
metabolic pathways and regulators controlling the 
fungal response to the substrates present in the 
environment. 

We aim to identify and characterise regulators  for 
polysaccharide degradation of the rice-pathogen 
Magnaporthe grisea.  

Modelling of LadA, L-arabitol dehydrogenase A, (A, C) 
and XdhA, xylitol dehydrogenase A,  (B, D) of Aspergillus 
niger on human SDH, sorbitol dehydrogenase, identified 
two residues in LadA (M70 and Y318), that may explain 
the absence of activity on D-sorbitol. Rutten et al. (2009). 
BMC Microbiology 9: 166.

Dr Ronald de Vries



APPLIED AND INDUSTRIAL MYCOLOGY

“Fungal spores are often resilient survival vehicles”

F ungi represent important organisms in food and in indoor environments. They are associated with 
food spoilage and mycotoxin formation, leading to significant food losses. Furthermore, fungi 
occur in indoor environments causing disfigurement of the surfaces and being health hazards 

due to the formation of allergenic substances. The 
number of fungal species that spoil a specific food 
product is surprisingly low and accurate knowledge 
of the taxonomy is highly important for detection, 
prevention and resistance problems. One of the 
main themes of our research is the taxonomic 
clarification of the different groups of these fungi; 
many of them belong to the genera Aspergillus and 
Penicillium. Interestingly, these fungal genera are also 
heavily used in biotechnology for the production of 
enzymes, antibiotics and other products. Research on 
the cell biology of spore resilience and germination 
is a second focal point in our group that links 
fundamental scientific research to applied themes.

Prof. dr dr h c Rob Samson

highlights

Azole resistance has emerged in Aspergillus 
fumigatus and might be more prevalent than currently 
acknowledged. Snelders et al. (2008). PLoS Medicine 
5(11): e219. 

The fluorescence intensity of the cap increased as the formation of the germ 
tube proceeded. This indicates an important role of ergosterol in polarized 
growth. The effect of natamycin on germinating conidia of Penicillium 
discolor was tested and compared with other polyene antibiotics namely, 
filipin and nystatin.  Leeuwen 
R van et al. (2009). Journal of 
Applied Microbiology 106 (6): 
1908–1918.

This is the first record of freshly isolated Aspergillus niger 
strains producing fumonisins and the first report on the natural 
occurrence of the toxin in coffee. Noonim et al. (2009). Food 
Additives and Contaminants 26: 94–100.

K 
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highlights

Exophiala dermatitidis, an agent of fatal 
disseminated infections in humans, had an 
original natural niche in association with fruit-
eating flying foxes and birds in the tropical 
rain forest. Sudhadham et al. (2008). The 
neurotropic black yeast Exophiala dermatitidis 
has a possible origin in the tropical rain forest. 
Studies in Mycology 61: 145–155.

Scedosporium prolificans, a species hardly showing any variability at the molecular level, is 
particularly virulent in immunocompromised patients, and very difficult to treat because of low degrees 
of antifungal susceptibility. Bouchara et al. (eds) (2009). Pseudallescheria and Scedosporium: emerging 
opportunists. Medical Mycology 48: 341–444 (special issue).

There seem to be no major soil 
biological constraints to the use 
of Dipterocarps in enrichment 
planting, since the fungi 
available in soil form effective 
ectomycorrhiza. M.H.L. Tata (2008). 
Mycorrhizae on dipterocarps in rubber 
agroforests (RAF) in Sumatra. PhD 
Thesis, University of Utrecht.

ECOLOGY OF CLINICAL FUNGI

“The human body is an extreme environment for fungi”

The human body is one of the world’s most extreme environments for fungal growth. In contrast 
to what is frequently claimed, even patients with severe immune disorders are not infected by 
just any fungus. Only a very small fraction of the fungal kingdom is recurrently involved in 

human and animal mycoses. Among these are many 
species of melanised fungi of the orders Microascales and 
Chaetothyriales. These are also emerging in our homes, 
where they colonise bathrooms, dishwashers or wooden 
fences treated by toxic creosote for protection against 
other microorganisms. Obviously these fungi must have 
quite exceptional properties. The two arms of their “dual 
ecology” – opportunism and creosote assimilation – are 
likely to be connected somehow. Human creation of new 
environments has provided new niches for adaptation of 
these fungi. We are not only changing our climate, but 
we also seem to redirect evolution unpredictably.

Prof. dr Sybren de Hoog



Quality control by DNA sequencing
To improve the validation standard, all 
strains of the Collection will be submitted 
for DNA sequence analysis. A project 
funded by the KNAW to generate DNA 
barcodes - primarily ITS and LSU  
sequences - for all 8,000 ex-type strains 
started in 2006. This work is expected to 
be finished in 2010. Genomic DNA extracts 
of the ex-type strains are preserved in the 
CBS DNA-bank. Starting from November 
2009, all newly accessioned strains are 
also sequenced. Scientific and other data 
related to the strains are constantly added 
to the databases. The public collection, 
together with the working collections, 
represent more than 90,000 strains.

International collaboration
In February 2009, CBS and 11 other microbial Biological Resource Centres (BRCs) started the European 
Consortium of Microbial Resource Centres (EMbaRC), a project funded under the Seventh Framework 
Programme of the EU. CBS is also partner in the GBRCN demonstration project, an OECD initiative now 
funded by the German Government, which is an important step towards establishing a sustainable global 
network for BRCs. 

Databases
MycoBank, the on-line registration system 
for new fungal taxonomic names and now 
under the auspices of the International 
Mycological Association (IMA), is curated 
by Collection staff. MycoBank has been well 
accepted by the mycological community, 
and during 2009 the database had  52,825 
unique visitors, 9 million hits, (25,000/day), 
and over 6,500 page views/day. 

COLLECTION

“Living genomes represent the key”

In CBS 57,000 strains of filamentous fungi and 8,000 yeasts are preserved in the public collection, 
representing almost 15,000 species. In the period 2008–2009 more than 4,400 new strains were 
deposited, while 10,800 were distributed to scientists in 50 countries world-wide. The CBS 

Bacterial Collection (NCCB) contains 
another 10,000 strains, including a unique 
Plasmid and Phage Collection. Since 
November 2007, the collection activities 
of acquisition, preservation, storage, and 
supply of microorganisms and provision of 
related information have been ISO 9001 
certificated and in November 2008 this 
certificate was upgraded to ISO 9001:2008. 
The service and research programmes of the 
Collection were evaluated as “ excellent” by 
an international Peer evaluation panel in 
2008.

Dr Joost Stalpers



BIOINFORMATICS

“No bioinformatics ? No future !”

The evolution of science implies the use of new techniques that are either replacing older 
ones or are used to complement them. Among other technologies, large sequencing projects 
and new generation sequencing are producing huge amounts of complex data. The retrieval, 

management and analysis of all relevant data 
objects are major challenges. A new research 
and service-oriented group on bioinformatics 
has recently been established at CBS. A number 
of major projects have already been undertaken 
like the development of the BioloMICS software 
that is used to manage, analyse and publish data 
produced by the collection and research groups. 
MycoBank is another major initiative that helps 
the mycological community to keep track of all 
new fungal novelties and associated data. The 
group is also associated with several European and 
International projects related to DNA Barcoding. 

Dr Vincent Robert

highlights

Mammalian endothermy 
and homeothermy are 
potent non-specific 
defenses against most fungi 
that could have provided 
a strong evolutionary 
survival advantage against 
fungal diseases. Robert & 
Casadevall (2009). Journal 
of Infectious Diseases 200: 
1623–1626.

Since the Bioinformatics 
group was initiated at 
CBS two years ago, much 
attention has been devoted 
towards establishing online 
databases to facilitate 
polyphasic identification 
of various fungal species 
of medical, agricultural or 
industrial importance. Most 
of these databases can be 
viewed online on the CBS 
website. 

Frequency histogram of thermal growth tolerance for 4802 fungal strains 
(bars). Lines connect percentages for 49 mammalian (blue) and 12 bird (red) 
species core temperatures. Obtained from McNab [4]. McNab BK (1970). 
Body weight and the energetics of temperature regulation. Journal of Experi-
mental Biology 53: 329–48.



YEAST AND BASIDIOMYCETE RESEARCH

“Cryptococcus annually causes one million new infections”

Only a limited number of fungal species cause human and animal diseases. Our research 
progamme focuses on Cryptococcus neoformans and C. gattii, and Malassezia spp. The main aim 
is to understand the taxonomic entities, genotypes and epidemiology as well as their role in 

disease. Cryptococcus species cause over 625.000 casualties 
and an estimate of one million new infections annually, 
mainly in hiv-infected human beings. Importantly,  
C. gattii is involved in an aggressive and expanding 
outbreak that affects mainly immunocompetent people. 
Malassezia yeasts are commensal skin inhabitants that can 
cause various skin diseases. Furthermore, in collaboration 
with Utrecht University we studied the septal pore complex, 
which is an unique organelle present in the cells of higher 
basidiomycetes. We hypothesize that this structure is 
involved in maintaining cellular homeostasis, but it seems 
to be involved in fruitbody formation also. 

highlights

One of the five C. gattii 
genotypes is involved in 
an expanding outbreak 
on Vancouver Island and 
mainland British Colombia 
(Canada), the Pacific 
Northwest of USA, but 
also in Northern Brazil 
and Western Australia. 
Furthermore the fungus 
seems to also be an 
emerging problem in 
Mediterranean Europe. Ma et al. (2009). Proceedings of the National Academy of Sciences of the United 
States of America 106: 12980–12985.

SPC14 and SPC33 may 
be universal proteins for 
perforate Septal Pore 
Caps as homologous 
sequences occur in 
genomes of fungi that are 
related to Schizophyllum 
commune. Van Driel et al. 
(2008). Eukaryotic Cell 7: 
1865–1873.

 

Dr Teun Boekhout



FINANCES and STAFF

“CBS invests in innovative research projects”

Income

CBS-KNAW has a total  income of 5.1 million 
euros. Approximately 63 % of this amount is KNAW 
funding. Subsidies obtained from the KNAW 
strategic-funds are used for initiating innovative 
research projects.

The external income of approximately 1.9 million 
euros  is generated mainly from research projects and 
regular activities, such as book sales, training courses, 
identification/sales of fungi and bacteria. 

exPendITUres

The biggest expenditure of the CBS-KNAW 
consist of salaries, namely 71 %. Non-personnel 
costs are costs of materials and depreciation 
of durable equipment. Three-quarters of all 
expenditures can be indicated as direct research costs.  
Indirect costs are for management and for the 
collective support division of the CBS-KNAW and 
the Hubrecht Institute (HI).

sTAFF

The CBS had 59 employees on January 1st, 2010, 
with an equivalent of 54.3 fulltime staff (fte). The 
collective support division CBS/HI employs 28 
people with a fulltime equivalent of 27.1, with 
approximately 8.9 fte effectively working for the 
CBS. The staff consists of 24 researchers and 35 
analytical/technical support staff. A considerable 
part of the support staff is involved in the applied 
research division and preservation and digitalisation 
of the collection. Approximately 20 persons, guest 
researchers, researchers with an official appointment 
other than the CBS and students have been working 
at the CBS. 54 % of the employees are female, and 
46 % are male. 
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Finances and Staff

Income
The Centraalbureau voor Schimmelcultures, 
Fungal Biodiversity Centre (CBS-KNAW) has a 
total  income of 5.1 million euros (fig. 1) . 
Approximately 63% of this amount is KNAW 
funding. The subsidy of KNAW strategic-funds 
are used for initiating innovative research 
projects.

Fig. 1

The external income (fig. 2)  -1.9 million euros- 
is profit mainly from research projects and 
regular activities, such as bookselling, training 
and courses, identification/sales of fungi and 
bacteria. The "Odo van Vloten" Foundation 
finances 1 Ph.D. research project.

Fig. 2

Expenditures
The total costs of the CBS-KNAW consist 
mainly of salaries, 71%. Non-personnel costs 
are costs of materials and depreciation of 
durable equipment. Fig. 3
Three-quarters of expenditures (fig. 3)  can be 
indicated as direct research costs. Indirect 
costs are for management and for the 
collective supporting division of the CBS-KNAW 
and the Hubrecht Instituut (HI).

Staff
The CBS had 59 employees on January 1st, 
2010, with an equivalent of 54.3 fulltime staff 
(fte). The staff consist of 24 researchers and 
35 analitical/technical support staff. A 
considerable part of the support staff is 
involved in the applied research division and 
preservation and digitalisation of the collection. 
Approximately 20 persons, guest researchers, 
researchers with an official appointment other 
than the CBS and students have been working 
at the CBS. 54% of the employees is female, 
and 46% is male (Fig. 4) . On average feminin 
employees are working 4 days and male 
employees 5 days a week.
The collective support division CBS/HI employs 
28 people with a fulltime equivalent of 27.1, 
with approximately 8.9 fte effectively working 
for the CBS.

Fig. 4
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