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The importance of yeasts is underscored by our often daily consump-
tion of bread and fermented beverages. Recent advances in biotech-
nology have increased our reliance on yeasts for pharmaceuticals and
for bulk biochemicals such as citric acid. Furthermore, clinically imp-
ortant yeasts are commonplace, especially as numbers of immuno-
suppressed patients increase, and biologists are continuing to
discover the importance of yeasts in the ecosystem and their applica-
tion in the biocontrol of plant pests. All of these areas of science and
technology have a common need: the rapid and accurate identifica-
tion of yeasts. The goal of this book is to provide that information.
This book, the fifth edition of The Yeasts, a Taxonomic Study,
represents a continuation of the monographic series begun by
J- Lodder and N.J.W. Kreger-van Rij (1st edn, 1952), J. Lodder (2nd
edn, 1970), NJ.W. Kreger-van Rij (3rd edn, 1984) and C.P. Kurtzman
and J.W. Fell (4th edn, 1998). In the fourth edition (1998), 100 genera
and over 700 species were described. In the present edition, there
are 149 genera and nearly 1500 species. The application of gene
sequence analysis is largely responsible for the increase in the num-
ber of taxa presented in this edition. In 1998 and in 2000, diagnostic
gene sequences were published for essentially all known yeasts. This
advance allowed rapid, accurate species identification for the first
time, and the method has been widely adopted by the yeast com-
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munity to catalogue new species. Sequence analysis has also demon-
strated that genera were often polyphyletic, and from such analyses
many genera are now phylogenetically circumscribed. There is still
much to do to understand phylogenetic relationships among species
and genera, but a good start has been made.

In this edition, a large array of fermentation and growth tests is
reported for each species. These tests can be used for species identifica-
tion, but as this is now commonly done from gene sequences, their
major value is to provide information for the selection of biotechnolog-
ically important species, to understand how metabolism affects species
ecology and for the selective isolation of taxa. Many of the species are
illustrated by photographs or line drawings because it is important to
know the species morphology and the method of growth.

This edition includes chapters on the importance of yeasts and
the current methods used for their identification and classification.
We hope readers will find these chapters useful, and that they will
provide a starting point for more extensive studies with a fascinating
group of fungi that we know as the yeasts.

Cletus P. Kurtzman
Jack W. Fell
Teun Boekhout
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1. INTRODUCTORY CHAPTERS

With the widespread use of gene sequences for yeast identification,
the number of known species has doubled since publication of the
fourth edition of this book in 1998. As a result, the book has grown
from one to three volumes. As in previous editions, the book begins
with introductory chapters that discuss the definition of yeasts, their
importance and the means for their characterization and classifica-
tion. Thus in Volume 1, Part I discusses the current definition of
yeasts, their classification and the rules for their nomenclature.
Part Il focuses on yeasts that are human and plant pathogens, those
that cause food and beverage spoilage, species used for biocontrol of
plant pests, their applications in biotechnology, and an overview of
yeast ecology. Part Il provides chapters on phenotypic characteriza-
tion, chemotaxonomy, ultrastructure and molecular biological char-
acters that are used to identify yeasts and to develop a phylogenetic
framework for their classification. Volume 2 is devoted to the asco-
mycetous yeasts, and Volume 3 includes the basidiomycetous yeasts,
along with the genus Prototheca.

The format of this edition differs from previous editions in the
placement of the all-species key, summary table of species character-
istics, glossary, and indexes to taxa and literature references in
Volume 1 with the introductory chapters, rather than at the back of
the book as was done previously. Because we now have three
volumes, we reasoned that it would be more convenient, while look-
ing for taxa and their references or keying species, to have these sec-
tions in a separate volume from the species descriptions, thus
avoiding the need to flip between the front to back of a single vol-
ume while looking for the information. We hope that readers will
find this format to be a convenient choice for a multi-volume taxo-
nomic work.

2. DESCRIPTIONS OF GENERA AND SPECIES

Genera are arranged alphabetically within four groups: teleomorphic
ascomycetes, anamorphic ascomycetes, teleomorphic basidiomycetes
and anamorphic basidiomycetes. The introductory chapters for both
ascomycetes and basidiomycetes include discussions of genera and
their phylogenetic placement. These discussions also note relation-
ships between teleomorphic and anamorphic genera. Each chapter
begins with a narrative description of the genus, a phylogenetic
tree that depicts species relationships within the genus, and a key to
species based on growth characteristics, which is followed by a
table that includes the key characters. Each species description
begins with a designation of the anamorph or teleomorph,
where known, followed by a listing of synonyms. The characteriza-
tion proceeds to morphological and physiological descriptions.
Representative species for each genus are illustrated by either draw-
ings or photographs, which include a scale bar and growth condi-
tions. Noteworthy information for the species is given in sections
entitled Systematics, Ecology, Biotechnology, Agriculture and food,
and Clinical importance.

@se of this Book

Abbreviations used throughout the text are standard. For mol%
G+C of nuclear DNA, the method for determination is included and
abbreviated as follows: Ty, thermal melt; BD, buoyant density; HPLC,
high-pressure liquid chromatography.

The following symbols are used for the fermentation and assimi-
lation reactions given with species descriptions:

+ positive
I latent (rapid development of a positive
reaction after a lag period)

+/1 positive or latent

s positive but slow

w weak

ws weak and slow

+/w positive or weak

w/— weak or negative

Iw latent but weak (rapid development of
a weak reaction after a lag period)

—/l negative or latent

v variable

- negative

n no data

3. YEAST-LIKE TAXA

Some microbial taxa that could be mistaken as yeasts are briefly dis-
cussed. For example, species of the dimorphic euascomycete genus
Aureobasidium are commonly isolated, and often appear white to
light pink in color and yeast-like on isolation plates. Consequently,
Aureobasidium pullulans is included in the all-species key. Similarly,
the achlorophyllic algal genus Prototheca is often misidentified as a
yeast, and for this reason a chapter on the genus is included.

4. SPECIES SUMMARY TABLE AND KEY TO
ALL TAXA

A summary table of fermentation and assimilation reactions and cer-
tain key biochemical characteristics is placed near the end of Volume
1. Taxa are listed alphabetically, first by genus and then by species.
A key using the physiological data in the table includes all species of
ascomycetes, basidiomycetes and the genus Prototheca for which
data are available. The following abbreviated symbols are used in the
table and for the key:

+,5, 1, +/1, +/w, w, ws, Iw

<

v, w/—, =/l
no data or not applicable

o |

xxi



5. GLOSSARY

A glossary has been provided that includes morphological, genetic
and molecular biological terms.

6. INDEXES TO TAXA

There are two indexes to taxa. The first lists genera followed by
assigned species and their synonyms. Validly accepted combinations

Use of this Book

are in bold type. The second index alphabetically lists all species and
variety names followed by all genera to which the species and varie-
ties were assigned. Validly accepted genera are in bold type.

7. REFERENCES

The references for all chapters have been consolidated into a single
list. This saved sufficient space to allow inclusion of titles which
would have been omitted if each chapter had a reference list.
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