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It may be presumptuous to assume that all fungi 
could produce novel products, but we have during 
the past year discovered several novel species that 

have proven to be extremely interesting to industry, be 
it due to their novel metabolites, metabolic activity, 
ecology or mode of action.  In truth we simply do 
not know what most fungi do, produce, or metabolise. 
There does seem to be growing international consensus 
however, that there are millions of species of fungi, 
and that we have barely scraped the tip of the iceberg 
in our efforts to discover, collect and preserve them. 
Of immediate concern is the fact that our planet 
is losing biodiversity at a rate that far outstrips our 
current rate of species description, which is around 
1250 species per year. What not many realise, is that if 
we lose one plant or insect species, we by default also 

lose their potentially important associated microflora.  
Contrary to what was previously assumed, namely 4–6 
fungal species per plant, we now know that based on 
new DNA technologies this number is probably out 
by an order of magnitude. That insects also harbour 
their own unique yeast biodiversity in their intestines 
or transport fungal spores on their exoskeleton, 
underlines the point that if any living biodiversity 
is lost, we by default also lose fungal biodiversity. 
To address this difficult problem we need to firstly 
encourage industry to be more involved in species 
discovery and preservation, and secondly, revisit the 
manner in which we describe and recognise species. 
If, as we suspect, there are millions of fungal species, 
the majority of which are probably unculturable and 
invisible to the naked eye, then it seriously questions 
the feasibility to continue using the present Linnean 
system to communicate about them. Currently we only 
know of approximately 100–120,000 formally described 
species of fungi, of which only around 20 % are also 
confirmed from molecular data, or have been deposited 
in genetic resource centres. Essentially, it means that close 
to 80 % of the global systematic mycological activity 
remains incomplete, which also heralds a big challenge 
for the future. 

Given the obvious relevance of fungi, one wonders 
why the fungi are so poorly known? Although they are 
intrinsically interwoven with the fabric of our everyday 
life, the majority of them are minute, and invisible to 
the naked eye. Thrown into this mystery of fungal 
discovery and novelty are the Biological Resource 
Centres such as the CBS-KNAW Fungal Biodiversity 

Centre (“CBS”), whose motto is “To Collect, Study 
and Preserve”, with the aim to globally advance 
mycology as science. In this report we shall reveal to 
you why preserving the kingdom Fungi is essential, 
how fungi improve quality of life, and that they have a 
major role to play in the global economy. Many species 
of fungi are very significant plant pathogens of important 
staple food crops, or are clinically important, having 
either positive or negative repercussions for our health, 
or have major industrial applications that could lead 
to novel products or processes. To help us understand 
these processes, it is essential to have access to a well-
curated collection of accurately identified isolates. With 
financial support from industry, various national and 
international research programmes, including the Royal 
Dutch Academy of Arts and Sciences (“KNAW”), the 
CBS is well en-route to becoming the first BRC that will 
have its entire living collection completely barcoded by 
2015. These DNA barcodes and the associated databases 
also play a vital role in enhancing quality of life, e.g. the 
Indoor Microbial Barcode of Life (Sloan foundation), 
and stimulating economic growth through trade, e.g. 
the Quarantine Barcode of Life (QBOL, Q-Bank, 
Q-Collect).

Over the past few years the CBS Spring Symposia held 
at the KNAW in Amsterdam have significantly influenced 
the course of mycology.  Although mycologists were 
among the first to employ DNA-based methods in their 
research, the fungal community remained divided on the 
choice of designated regions of the genome to be used 
for species recognition (widely termed DNA Barcoding). 
In a meeting organised by the CBS, the Consortium for 
the Barcode of Life, and the Fungal Working Group, 
consensus was finally reached on designating the Internal 
Transcribed Spacer Region of the nrDNA (ITS) as 
official barcode region for kingdom Fungi. A second 
meeting held at the KNAW, namely “One Fungus = One 
Name” led to the “Amsterdam Declaration on Fungal 
Nomenclature”, which provided a major stimulus to 
influence the International Botanical Congress to vote 
in favour of deleting Article 59, and move to a system 
where each fungus will have only one name, as found 
elsewhere in biology. These meetings were followed by 
several debates, which again set the stage for the “Genera 
and Genomes” meeting to be held in April 2014, when 
mycologists will merge pleomorphic sexual and asexual 
genera in an attempt to reach consensus as to which 
generic names to use for the fungi. 

The future of mycology is linked to DNA data 
integrated in intelligent database networks, which will 
allow mycologists to communicate to other biologists 
about the role of fungi in the ecosystem. Fungi occur 
everywhere, and influence every facet of life.  They 
have a dark side, being pathogens, or producing nasty 
mycotoxins in food and feed, but their positive side 
holds great promise and opportunity for the future. At 
CBS we aspire to make this incredible asset available 
for your research, striving to improve quality of life. 

If you are passionate about your research, and 
interested in fungal applications in industry, be it 
agriculture, health or industrial mycology, then ensure 
that you contact us: think big, think fungi!

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

Fungal collections = noVel PRoDucts?



The CBS-KNAW Fungal Biodiversity Centre 
was originally established to host the world’s 
fungal biodiversity in a living collection. As 

such our major aim is to make this collection as widely 
available for research purposes as possible. Unlocking 
the collection for research also implies that the collection 
data should be made available on different levels, 
namely information related to the fungi themselves, but 
also metadata, genomic and other information related 
to the respective fungal species. Because the CBS has 
always been closely linked to industry and service, 
researchers have to divide their time between service 
and research tasks.  As a result, there are numerous 
connections between the institute, industry as well as 
governmental institutions. One of the most important 
tasks of the Collection is the acquisition of new strains 
of fungi, bacteria and patent deposits, and making 
these resources available for research purposes to the 
international community and/or to safeguard these 
deposits for the future.  Annually the CBS acquires 
around 3,000 new strains for the collection, while up to 
7,000 get dispatched for research purposes (nationally 
and internationally).  The CBS also has a Service Unit 
that specifically deals with routine identification of 
fungal isolates, and does projects for industry upon 
request. Furthermore, the CBS publishes two book 
series (CBS Biodiversity Series, CBS Laboratory Manual 
Series) and three journals (Studies in Mycology, Persoonia 
and IMA Fungus). In recent years a lot of attention has 
been devoted to maintaining numerous databases for 
the international community, namely MycoBank (for 
the International Mycological Association), as well as 
strain databases, specific fungal databases, and websites, 
which together generate more than 25,000 downloads 
or page views per day.

Research staff at the CBS have also been highly 
successful in the competitive international and 
European research arena, and presently we are actively 
involved in several major EU, national and regional 
grants (FES: Making the Tree of Life Work; STW: 
How mushrooms feed on sugars; NWO: Biofuel 
production, in collaboration with CAS; Eurotransbio: 
CandIDazol project; SLOAN: indoor fungi; NUFFIC, 
KNAW/Chinese Academy: Bye-TOL project funded 
by KNAW and NSFC; barcoding medical fungi, one 
VENI- and VICI-grant, respectively; two NWO-
JSTP grants with China; STW: heat resistance of 
food spoilage fungi, indoor fungi and humidity 
dynamics, and biofilms for wood protection; Zon/
MW: Bioprospecting for novel antibiotics, NGI: 
Zenith project on Fungal Diversity with respect to 
carbon utilisation, etc.). We also participate in several 

major 7th Framework Programmes (e.g. Q-Collect, 
i4Life, NEMO, FunTech, EMbaRC, Cornucopia, 
NGI: Zenith project on Fungal Diversity with respect 
to carbon utilisation, NH&MRC: DNA Barcoding), 
ensuring that the institute and its collection remains 
well positioned for exciting new developments and 
research initiatives. The CBS has always been actively 
involved in numerous projects with diverse industries. 
The CBS Service Unit provides advice on fungal 
identification in relation to moulds in the indoor 
environment, new plant and human diseases, food 
spoilage by a range of fungal organisms, as well as 
fungal problems in factories and production lines. In 
2009 the CBS established two new research groups, 
namely Bioinformatics, and Fungal Physiology. In 
future we will focus more on the beneficial aspects of 
fungi, such as novel enzyme production, antibiotics, 
and novel applications of fungi in industry. 

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

The CBS has been actively involved with DNA 
Barcoding since its onset, and it remains a major 
tool for quality management within the collection. 
In this regard the CBS, which is an affiliated partner 
of the Consortium for the Barcode of Life (www.
barcodeoflife.org), has been actively involved at 
European (European Consortium for the Barcode 
of Life; www.ECBOL.org), and international level 
(International Barcode of Life campaign; www.
dnabarcoding.org). We also coordinate the European 
mirror of the Barcode of Life Database (www.eubold.
org) together with the Naturalis Biodiversity Centre in 
Leiden, which represents an exciting new development 
to link species names to their DNA data, ecology and 
other biodiversity on the planet. The CBS is also a 
partner within NL-BIF that forms a component of 
the Global Biodiversity Information Network (GBIF), 
which also provides fungal data to the Encyclopaedia 
of Life and the Catalogue of Life. 

Since the last progress report (2010–2011), the 
CBS has witnessed a remarked increase in research 
output as a result of new policy and research 
infrastructure. The institute has an active national and 
international research network, and the majority of the 
papers are published in international collaboration. Of 
the papers published during 2012–2013, 49% are in a 
journal with an impact factor above 3 (38 % in 2010–
2011), and 2–10 papers above impact factor 10 (1–4 
in 2010–2011), which is considerable, considering 
that the average of the field “mycology” is 2 (JCR 
2012).

MYcological seRVice anD ReseaRcH collaBoRation

ISI papers in CBS database # IF > 3* # IF > 10
2012 130 papers 62 10

0 books
3 book chapters and proceedings

2013 130 papers 65 2
2 books
9 book chapters and proceedings

* Average impact factor of the field “mycology” = 2 (JCR 2012).

Scientific output



HigHligHts

The genus Colletotrichum includes a number of plant 
pathogens of major importance, causing anthracnose 
diseases of a wide variety of woody and herbaceous plants. 
Fruit production is especially affected, both high-value crops 
in temperate markets such as strawberry, mango, citrus and 
avocado, and staple crops such as banana. Damm et al. 
(2012). Studies in Mycology 73: 1–213.

The genera Alternaria, Cercospora, Phoma, Pseudocercospora 
and Septoria are linked to devastating diseases of staple food 
crops globally, several of them also representing important 
quarantine organisms. Furthermore, from these studies we 
concluded that the application of European and American names 
to Asian and African plant pathogens, and vice versa, was often 
incorrect. Crous et al. (2013). Studies in Mycology 75: 1–406.

The Botryosphaeriales contain numerous plant pathogenic fungi 
of quarantine and economic importance, e.g. Phyllosticta spp. 
associated with Citrus Black Spot disease. Keys to the genera 
and species are provided, along 
with definitive DNA barcodes 
to enable rapid identification of 
all species known from culture. 
Phillips et al. (2013). Studies in 
Mycology 76: 1–167.

EVOLUTIONARY PHYTOPATHOLOGY

“Fungal pathogens of food and fibre crops result in annual losses of 
billions of dollars”

B y 2050 the global population will rise to an estimated 9.7 billion from the current level of 7.1 
billion. Global demand for food, feed and fibre will double, while global climate change may 
mean that certain crops will have to be replaced in specific climate zones. Most importantly, 

new diseases will emerge, many caused by fungi 
that are now better suited to attack these host 
plants, while the causal organisms of established 
diseases will again overcome their fungicide 
sensitivity. Knowing which pathogens are 
present, and how these pathogens interact with 
one another, can improve crop yield by enabling 
targeted preventative measures. Global trade 
of produce is one way to circumvent this 
problem, but simultaneously creates problems 
with the introduction of alien pathogens. Early 
detection and accurate identification of such 
pathogens on imported produce is therefore 
essential to ensure food security. 

Prof. dr Pedro Crous



HigHligHts

Correlation of genome data to physiology provided 
insights into the abilities of several fungi, such as 
the correlation of the onset of the lignin degradation 
mechanism of white rot basidiomycetes with the end 
of the accumulation of organic carbon in nature, but 
also in the difference in lignin degrading mechanism 
of these fungi and the physiology of several plant 
pathogenic fungi. Floudas et al. (2012). Science 
336: 1715–1719, Fernandez-Fueyo et al. (2012). 
Proceedings of the National Academy of the Unites 
States of America 109: 5458–5463, Susuki et al. 
(2012) BMC Genomics 13: 444, Olson et al. (2012). 
New Phytologist 194: 1001–1013, de Wit et al. (2012). 
PLoS Genetics (2012). 8: e1003088.

By analysing the function of the xylanolytic regulator in Magnaporthe 
oryzae, Sylvia Klaubauf and Evy Battaglia demonstrated that the 
function of this regulator differs significantly from its homologs in other 
fungi, which exemplifies diversity of fungi at the level of the functioning of 
homologous proteins. Battaglia et al. (2013). Fungal Genetics & Biology 
57: 76–84.  

In collaboration with several partners, and as a continuation on the genome 
project, Aleksandrina Patyshakuliyeva showed that carbon metabolism in 

fruiting bodies of the common 
button mushroom Agaricus 
bisporus is focused on hexoses, 
while a more varied metabolism 
is active in the vegetative 
mycelium of this fungus during 
commercial growth in compost. Morin et al. (2012). Proceedings of the 
National Academy of the Unites States of America 109: 17501–17506. 

FUNGAL PHYSIOLOGY

“Understanding fungal physiology and applications thereof in the 
biobased economy”

W ithin the Fungal Physiology group we aim to unravel the molecular mechanisms that affect 
physiology on natural substrates (extracellular enzymes, regulatory systems, metabolism) using 
a limited number of model species (Aspergillus niger, Aspergillus nidulans, Trichoderma reesei, 

Podospora anserina, Dichomitus squalens, Myceliophthora thermophila, 
Myceliophthora heterotallica). These insights are subsequently used to 
perform comparative studies on a larger group of species covering the 
Ascomycota, Basidiomycota and Zygomycota. Comparative genomics, 
transcriptomics and proteomics have become valuable tools in our studies 
alongside more traditional methods in molecular biology, genetics and 
biochemistry.

Part of our research focuses on fundamental questions of fungal 
biology while other projects are more closely linked to industrial 
applications, such as improving enzyme production, enzyme discovery 
using a combination of comparative genomics and growth profiling, 
or improving mushroom production. In the latter projects we work in 
close collaboration with industry. In 2012 Joost van den Brink obtained 
a VENI grant and in 2013 Ronald de Vries received a VICI grant.

Dr Ronald de Vries



APPLIED AND INDUSTRIAL MYCOLOGY

“Fungi in our daily life”

A spergillus, Penicillium and Paecilomyces contain species that are associated with many aspects of 
daily live. Some species are notorious food spoilers that can produce mycotoxins. Other fungi are 
pathogenic to man or may cause allergic reactions. These fungi also can grow indoor on building 

materials after water damage or in bathrooms. Conversely, 
they are industrial work horses used in food fermentation and 
producers of many metabolites that are potentially useful. 
Some members of the Trichocomaceae form ascospores that are 
arguably the most resilient eukaryotic cells reported to date. 
Only recently the taxonomic relationships have been elucidated 
and surprisingly, two large clades that were thought to be very 
related, Penicillium and Talaromyces are separated from each 
other by Aspergillus and Paecilomyces. These insights are very 
relevant in the light of the novel single nomenclature which 
will be used by researchers over the world. In our group we 
do research on all aspects discussed above (food fermentation, 
spoilage, stress resistance, indoor growth and novel metabolites) 
on a fundamental and applied level. 

Prof. dr dr h c Rob Samson

HigHligHts

Aspergillus and Penicillium
 
A unique issue of Studies in Mycology with five studies on the 
aspects of development of the important industrial fungus 
Aspergillus niger was published in cooperation with the Department 
of Molecular Microbiology of Utrecht University. The topics included 
conidial germination, colony formation and cytoplasmic streaming, 
microcolonies and pigmentation. Polyphasic taxonomic studies 
reclassified the black koji moulds, which are used in fermentations 
in South East Asia, as Aspergillus luchuensis and in another 
study the classical penicillin-producing strain is re-identified as 
Penicillium rubens. In view of the single naming of fungi, lists 
with the proposed nomenclature of Penicillium, Talaromyces and 
Aspergillus were prepared. 

Bioactive compounds

In cooperation with biochemists of the University of Utrecht a new 
mode of action for the antifungal compound natamycin was found. 
Binding of natamycin to the fungal membrane compound ergosterol 
results in an inhibition of transport of nutrients and other molecules into 
the cell. For instance glucose and amino acid uptake were reversibly 
inhibited after the addition of natamycin to yeast cells. The expression 
of numerous genes for transport proteins was highly increased upon 
natamycin addition.

Hong et al. (2013). PLoS One 8: e63769. doi:10.1371/journal.
pone.0063769.

Dijksterhuis & Wösten (eds) (2013). Studies in Mycology 74: 1–85. 

Welscher et al. (2012). Proceedings of the National Academy of Sciences of the Unites States of America 109: 
11156–11159.



HigHligHts

Early detection is key to control infections by human pathogens and 
mycotoxigenic fungi. We work on multiplex detection systems based on 
genomics and proteomics with external partners like Plant Research 
International and industry. Davari et al. (2013). World Mycotoxin Journal 
6: 137–150.

Recent epidemics of sporotrichosis in Brazil and China vary considerably 
in ecology and routes of infection: feline-human transmission versus 
infection via plant material. Rodrigues et al. (2013). PloS Neglected Tropical 
Diseases DOI:10.1371/journal.pntd.0002281; Zhou et al. (2013). Fungal 
Diversity DOI:10.1007/s13225-013-0220-2.

Immunity status and life style determine risk on infections by black yeast species in both warm- and coldblooded 
animals. Seyedmousavi et al. (2013). Clinical Microbiology Reviews 26: 19–35.

Eumycetoma agents are related to 
coprophilic fungi. Dung of domestic 
animals more likely represent a 
source of infection than long-time 
suspect thorny plants. De Hoog et 
al. (2013). PloS Neglected Tropical 
Diseases 7: e2229.

ECOLOGY OF CLINICAL FUNGI

“Early detection is the key to control infections”

T he process of adaptation of a fungus to the human body for survival and growth is still a mystery, 
but multiple factors are probably transformed into virulence factors during host invasion. 
Melanin normally protects an organism from solar irradiation, but once inside the human 

body the compound may suppress appropriate cytokine formation by 
macrophages. Temperature tolerance, meristematic growth such as in the 
muriform cell, and the ability to grow under lower oxygen availability are 
other examples of virulence factors. Such traits are also observed when 
we analyse fungi form extreme environments. However only a small 
fraction of all known fungi possess the right mixture of virulence factors 
to cause human infection. Of the numerous black meristematic fungi, 
only Chaetothyriales are able to cause severe infection. The ecology of 
pathogenic fungi is important for the epidemiology, spread and possible 
prevention of the infection. We recently showed that all eumycetoma 
agents in Madurella are related to coprophilic fungi, which possibly 
makes dung of domestic animals an adjuvant in infection. In contrast 
Sporothrix species prove to differ considerably in habitats choice, vectors 
of dispersal, and routes of infection.

Prof. dr Sybren de Hoog



HigHligHts

Quality management and sequence-based authentication 

The CBS Collection has been ISO 9001:2008 certified since 2007. In 2013 it again 
obtained a new certificate for an additional three-year period. The scope of this 
certificate includes accession, preservation, storage and supply of micro-organisms 
(public deposits, safe deposits and patent deposits) and related information. The 
Collection is producing DNA barcodes (ITS and LSU nrDNA) of all holdings using 
a high throughput sequencing pipeline financed by the Dutch Ministry of Education, Culture and Science. The 
validated sequences are used for quality control purposes, and for selection of strains for various activities 
including applied genomics. Once the barcode sequences are released in the CBS databases and other open-
access databases, they will also be available to the scientific community as reference sequences for fungal 
identification. The MALDI-TOF system has recently been tested with great success as an additional quick and 
reliable quality control check for a subset of strains in the yeast collection. This is done in collaboration with the 
Yeast and Basidiomycete Research Group.

MIRRI to prepare for the entry into force of the Nagoya Protocol 

The Collection is partner in the EU funded project Microbial Resource 
Research Infrastructure (MIRRI). After its acceptance on the European 
Strategy Forum on Research Infrastructures (ESFRI) road-map, MIRRI 
obtained EU-funding for a three-year ‘Preparatory Phase’ to start 
up activities. MIRRI aims to build one pan-European infrastructure 
for microbial collections and to establish links across the distributed 
microbiological resource centre community, its users, policy makers and 
potential funders. Gerard Verkley leads Workpackage 9, which focuses 
on the preparation of a legal operational framework for collections and 

biosecurity. The Nagoya Protocol on Access and Benefit Sharing (CBD) is expected to enter into force soon. 
As the legal instrument for the CBD, it will greatly impact on day-to-day service operations and research in 
collections, and the community is preparing itself to meet the challenges and comply. 

Databases

MycoBank, the online registration system for new fungal taxonomic names under the auspices of the 
International Mycological Association (IMA), is curated by Collection staff. MycoBank is accessed round the 
clock and has a truly global user community. Currently it has 475,000 fungal names on record. In the period 
April–November 2013 the database had 249,588 unique visitors and on average 11,138 page views per day. 

COLLECTION

“Microbial genetic resources in safe and capable hands”

F ounded  in 1904, the CBS Collection of fungi  is the largest public service collection of living 
fungi in the world. By the end of 2013, 66,000 strains of filamentous fungi and 9,500 yeasts 
strains were preserved. CBS also maintains the NCCB Collection of bacteria, plasmids and 

phages, holding another 10,000 strains.  In 
the period 2012–2013, CBS accepted 5,000 
new cultures and it supplied 10,000 strains 
to scientists in 65 countries. CBS is an 
International Depository Authority under 
the Budapest Treaty and to date preserves 
over 1,400 patent strains and safe deposits. 
The online strain catalogue provides access to 
information on publically available cultures, 
associated data as well as tools to identify 
fungi and yeasts by sequence BLAST and 
phenotypic analyses, facilitating the selection 
of genetic resources of interest by users in 
bioscience, education, and industry.

Dr Gerard Verkley



BIOINFORMATICS

“Next Generation Sequencing Methods”

DNA sequences are key elements for both identification and classification of living organisms. 
Mainly for historical reasons, a limited number of genes have been used with variable 
discriminatory power on fungi. From a mathematical point of view, any DNA segment, at any 

location, even outside of coding regions could be used as long 
as PCR primers could be designed to amplify them across 
the fungal kingdom. Recently our group has been analysing a 
large number of genomes representing all major fungal clades 
in order to find the best informative regions that would be 
good candidates for DNA barcoding. New algorithms have 
been developed and interesting in silico results have been 
published in several journals. In vivo testing has been initiated 
using the in silico discoveries on a large and diverse set of 
species. Results obtained from several partnering laboratories 
are extremely promising and are likely to provide tools for 
rapid and easy identification and classification of fungi. This 
represents a number of interesting opportunities for mycology 
in health, agriculture and biodiversity. 

Dr Vincent Robert

HigHligHts

The quest for a general and reliable fungal 
DNA barcode. Robert et al. (2011). The Open 
Applied Informatics Journal 5: 55–71.

The internal transcribed spacer as a universal 
DNA barcode marker for Fungi. Schoch et al. 
(2012). Proceedings of the National Academy 
of Sciences of the United States of America 
109: 6241–6246.

Filling gaps in biodiversity knowledge for macrofungi: 
contributions and assessment of an herbarium collection DNA 
barcode sequencing project. Osmundson et al. (2013). PLoS 
ONE 8: e62419. doi:10.1371/journal.pone.0062419.

Next Generation Sequencing methods 

The next major challenge is to handle very large datasets 
produced by Next Generation Sequencing methods. Our 
group is working on the creation of reference databases 
(for the Internal Transcribed Spacer locus mainly) and 
algorithms that will allow fast and reliable identifications 
of large metagenomics datasets. We largely contributed 
to the key paper on fungal barcoding by creating the 
fungal barcoding database and associated website (www.
fungalbarcoding.org) and analysing data used in the 
paper. 

Laboratory information management system (LIMS) handling all 
DNA barcoding sequences produced with the NCB project.

	  

EUBOLD	  website	   (www.eubold.org),	   the	  most	   complete	  website	   for	   sequence	  based	   identification	  of	   fungi	   and	  other	   groups	  of	  
microbes.	  	  EUBOLD website (www.eubold.org), the most 
complete website for sequence based identifica-
tion of fungi and other groups of microbes.

	  
 



YEAST RESEARCH

“The foundation of a new classification of the entire yeast domains”

Yeast biodiversity embraces many beneficial and detrimental aspects to mankind. This ranges from 
traditional and modern fermentations, production of highly valuable compounds, biofuels, roles in 
biocontrol and bioremediation, as well as being among the most important pathogens and spoilage 

organisms. The naming of yeast has implications for many parts of 
society. Three important developments, namely the increased use of 
refined multigene and phylogenomic analyses, the application of the 
one fungus = one name principle, and the unprecedented discovery 
rate of taxonomic novelties, urged a reinvestigation of the taxonomy 
of both asco- and basidiomycetous yeasts. This is undertaken in 
a collaborative project between CBS Yeast and Basidiomycete 
Research and the Systematic Mycology and Lichenology Laboratory, 
Institution of Microbiology, Chinese Academy of Sciences, Beijing 
[projects KNAW 10CDP019 and NSFC 31010103902]. Initial 
results on the phylogeny of basidiomycetous yeasts yielded highly 
resolved phylogenetic trees, including the discovery of two novel 
classes in the smut lineage. The results of these projects will lay the 
foundation for a new classification of the entire yeast domains. 

Dr Teun Boekhout

HigHligHts

Emerging yeast pathogen in Europe, Canada and USA escaped from the Amazon forest 

Outbreaks caused by the pathogenic yeast Cryptococcus gattii 
that is able to infect immunocompetent people and animals 
were traced to native Amazon forests in Northern Brazil. Two 
nearby outbreaks, one in British Colombia, Canada, and the 
other in Pacific Northwest of USA are genetically different and 
had different genealogical histories. It is tempting to speculate 
that the Amazonian populations are kept under control via 
complex biotic interactions that do not occur in the temperate 
outbreak regions. Furthermore, our research demonstrated 
that the pathogen is on the rise in Mediterranean Europe and 
that it may remain hidden in the human body for decades 
before causing disease. Hagen et al. (2012). PLoS ONE 
8: e71148. doi:10.1371/journal.pone.0071148. [blog http://
latinamericanscience.org/2013/08/human-fungal-outbreaks-
traced-to-brazil-rainforest/]; Hagen et al. (2012). Emerging 
Infectious Diseases 18: 1618–16124. 

Yarrowia lipolytica: Benefit to industry

Many so-called non-conventional yeasts may be highly beneficial to 
mankind. The lipid accumulating Yarrowia lipolytica, named after a 
former CBS curator, is such a highly promising species. The species 
grows on a variety of hydrophobic substrates and can accumulate 
lipids intracellularly up to 40 % of its cell dry weight. The species 
is deployed in multiple industrial applications, e.g. as a high-quality 
protein source for livestock feeding, as a biotechnological production 
host for organic acids (e.g., citric acid) or hydrophobic substances 
such as polyunsaturated fatty acids (PUFAs) or carotenoids, as a 
heterologous production host for pharmaceutical and industrial 
proteins and enzymes, for the mass production of biofuels and for 
bioremediation purposes. 
 
Groenewald et al. (2012). Critical Reviews in Microbiology 14: doi:1
0.3109/1040841X.2013.770386.

Aida Vasco [PhD] studying mushrooms in the 
Colombian Amazon.

Two secondary school pupils interested in 
beer yeasts.



STAFF

The CBS had 71 employees on 
December 31, 2012, with an 
equivalent of 63,2 fulltime staff (fte): 
both researchers and support staff 
(analytical/technical/administrative). 
A considerable part of the support 
staff is involved in the applied 
research division and preservation 
and digitalisation of the collection. 
Approximately 47 students and guest 
researchers (researchers with an official appointment other than the CBS) have been working at the CBS in 
2012 for > 1 month. 

In total, 62 % of the employees are female, and 38 % are male. On average female employees are working four 
days, while male employees work  five days a week.

The collective support division CBS/HI employs 32 people with a fulltime equivalent of 29.8 fte, with 
approximately 10 fte effectively working for the CBS.

“62 % of the employees are female, and 38 % are male”

Income

The CBS-KNAW Fungal Biodiversity Centre has a 
total income of 6,72 million Euros. Approximately 
46 % of this amount is funded by the KNAW. The 
subsidy of KNAW strategic funds is used for initiating 
innovative research projects.

The external income - 3,66 million Euros - is 
generated mainly from (applied) research projects 
and regular activities, such as book sales, training and 
courses, identification/sales of fungi and bacteria. The 
“Odo van Vloten” Foundation finances one Postdoc 
research project.

expenDITureS

The total expenditure of the CBS consists mainly 
of salaries (67 %). Non-personnel costs are costs of 
materials and depreciation of durable equipment.

Three-quarters of expenditures can be indicated 
as direct research costs. Indirect costs are for 
management and for the collective support division 
of the CBS and the Hubrecht Institute (HI).

income 2012 (× €1000) %
KNAW strategic funding 15 0.2%
KNAW personnel funding 2197 32.7%
external income 3665 54.5%
KNAW material funding 846 12.6%

external income (× €1000) %
publications 119 3%
courses 69 2%
identification 102 3%
cultures 327 9%
deposition 20 1%
projects 2633 72%
others 395 11%

expenditures 2012 (× €1000) %
indirect costs 1580 24%
research costs 5127 76%

Staff	  divided	  by	  gender
Male	  employees 27
Female	  employees 44
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