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Frontispiece: A thousand mushrooms crowd to a keyhole ... . They
lift frail heads in gravity and good faith ... .They are begging us,
you see, in their wordless way ... .To do something, to speak on
their behalf. Or at least not to close the door again. (Lines from
Derek Mahon's poem ‘A Disused Shed in Co. Wexford'. Source:
New Collected Poems (The Gallery Press, 2011): https://www
.poetryfoundation.org/poems/92154/a-disused-shed-in-co-
wexford). Psathyrella multipedata (crowded brittlestem)
photographed by David Moore in the RHS Garden Harlow Carr,
Harrogate, Yorkshire.

www.cambridge.org

© in this web service Cambridge University Press



www.cambridge.org/9781108745680
www.cambridge.org

Cambridge University Press

978-1-108-74568-0 — 21st Century Guidebook to Fungi
David Moore , Geoffrey D. Robson , Anthony P. J. Trinci
Frontmatter

More Information

// =~ 21st Century
Guidebook to Fungi

Second Edition

David Moore
University of Manchester

Geoffrey D. Robson

University of Manchester

Anthony P. J. Trinci

University of Manchester

SH CAMBRIDGE

S'15 UNIVERSITY PRESS

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781108745680
www.cambridge.org

Cambridge University Press

978-1-108-74568-0 — 21st Century Guidebook to Fungi
David Moore , Geoffrey D. Robson , Anthony P. J. Trinci
Frontmatter

More Information

CAMBRIDGE

UNIVERSITY PRESS

University Printing House, Cambridge CB2 8BS, United Kingdom

One Liberty Plaza, 20th Floor, New York, NY 10006, USA

477 Williamstown Road, Port Melbourne, VIC 3207, Australia

314-321, 3rd Floor, Plot 3, Splendor Forum, Jasola District Centre, New Delhi — 110025, India
79 Anson Road, #06-04/06, Singapore 079906

Cambridge University Press is part of the University of Cambridge.

It furthers the University's mission by disseminating knowledge in the pursuit of
education, learning, and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9781108745680
DOI: 10.1017/9781108776387

© David Moore, Geoffrey D. Robson and Anthony P. J. Trinci 2020

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press.

First published 2011
Second edition 2020

Printed in Singapore by Markono Print Media Pte Ltd
A catalogue record for this publication is available from the British Library.
ISBN 978-1-108-74568-0 Paperback

Cambridge University Press has no responsibility for the persistence or accuracy of
URLs for external or third-party internet websites referred to in this publication
and does not guarantee that any content on such websites is, or will remain,
accurate or appropriate.

© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781108745680
www.cambridge.org

Cambridge University Press

978-1-108-74568-0 — 21st Century Guidebook to Fungi
David Moore , Geoffrey D. Robson , Anthony P. J. Trinci
Frontmatter

More Information

CONTENTS

Preface to the Second Edition page ix

1 Twenty-First Century Fungal Communities 1

1.1 What and Where Are Fungi? 1

1.2 Soil, the Essential Terrestrial Habitat 2

1.3 How Much Soil Is There and Where Is It? 3

1.4 The Nature of Soil and Who Made It 3

1.5 Soil Biota Are Extremely Varied and Numerous

1.6 Microbial Diversity in Soil 5

1.7 Microbial Diversity in General 6

1.8 Geomycology 7

1.9 The Origins of Agriculture and Our Dependence
on Fungi 11

1.10 References 12

2 Evolutionary Origins 15

2.1 Life, the Universe and Everything 15
2.2 Planet Earth: Your Habitat 16

2.3 The Goldilocks Planet 17

2.4 The Tree of Life Has Three Domains 18
2.5 The Kingdom Fungi 24

2.6 The Opisthokonts 26

2.7  Fossil Fungi 26

2.8  The Fungal Phylogeny 29

2.9 References 34

3 Natural Classification of Fungi 38

3.1 The Members of the Kingdom 38
3.2 The Chytrids 39

3.3 Neocallimastigomycota 41

3.4  Blastocladiomycota 42

3.5 The Traditional Zygomycetes 45
3.6 Glomeromycotina 50

3.7 Ascomycota 51

3.8 Basidiomycota 57

3.9  The Species Concept in Fungi 68
3.10 The Untrue Fungi 70

3.11 Ecosystem Mycology 72

3.12 References 74

4 Hyphal Cell Biology and Growth on Solid
Substrates 79

4.1 Mycelium: The Hyphal Mode of Growth 79
4.2 Spore Germination and Dormancy 80

4.3
4.4
4.5
4.6

4.7
4.8
4.9
4.10
4.1
4.12
4.13

4.14

5.1
5.2
5.3
5.4

5.5

5.6
5.7
5.8
5.9
5.10
5.1
5.12
5.13
5.14
5.15

5.16
5.17
5.18

6.1
6.2
6.3
6.4

The Fungal Lifestyle: Colony Formation 80
Mycelium Growth Kinetics 81

Colony Growth to Maturity 84
Morphological Differentiation of Fungal
Colonies 84

Duplication Cycle in Moulds 85
Regulation of Nuclear Migration 86
Growth Kinetics 86

Autotropic Reactions 90

Hyphal Branching 91

Septation 92

Ecological Advantage of Mycelial Growth in
Colonising Solid Substrates 93
References 94

Fungal Cell Biology 97

Mechanisms of Mycelial Growth 97

The Fungus As a Model Eukaryote 97

The Essentials of Cell Structure 99
Subcellular Components of Eukaryotic Cells:
The Nucleus 101

The Nucleolus and Nuclear Import and
Export 104

Mitotic Nuclear Division 105

Meiotic Nuclear Division 107

Translation of mMRNA and Protein Sorting 108
The Endomembrane Systems 110
Cytoskeletal Systems 113

Molecular Motors 115

Plasma Membrane and Signalling Pathways 120
Fungal Cell Wall 122

Cell Biology of the Hyphal Apex 124
Hyphal Fusions and Mycelial
Interconnections 127

Cytokinesis and Septation 130
Yeast-Mycelial Dimorphism 135
References 136

Fungal Genetics: From Gene Segregation
to Gene Editing 143

Basic Fungal Genetics 143

Establishing Fungal Genetic Structure 144
Introns 146

Alternative Splicing 148

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9781108745680
www.cambridge.org

Cambridge University Press
978-1-108-74568-0 — 21st Century Guidebook to Fungi
David Moore , Geoffrey D. Robson , Anthony P. J. Trinci

Frontmatter

More Information

vi ) Contents

6.5
6.6
6.7
6.8
6.9
6.10
6.11

7.1
7.2

7.3
7.4
7.5
7.6
7.7
7.8
7.9

8.1

8.2
8.3
8.4
8.5
8.6
8.7

8.8
8.9

8.10

9.1
9.2
9.3
9.4
9.5
9.6
9.7

Transposons 148
Ploidy and Genomic Variation 149
Sequencing Fungal Genomes 150

153
Fungal Genomes and Their Comparison

Annotating the Genome
158
Manipulating Genomes: Gene Editing 159
References 165

Structure and Synthesis of Fungal Cell

Walls 171

The Fungal Wall As a Working Organelle 171
Fundamentals of Wall Structure and

Function 172

Fundamentals of Wall Architecture 175
The Chitin Component 175

The Glucan Component 177

The Glycoprotein Component 178
Wall Synthesis and Remodelling 180

On the Far Side
187

184
References

From the Haploid to the Functional Diploid:
Homokaryons, Heterokaryons, Dikaryons
and Compatibility 192

Compatibility and the Individualistic
192
Formation of Heterokaryons

Mycelium
194
Breakdown of a Heterokaryon 195
The Dikaryon 196
Vegetative Compatibility 197

Biology of Incompatibility Systems 200
Gene Segregation During the Mitotic Division
Cycle 201

Parasexual Cycle 204

Cytoplasmic Segregations: Mitochondria, Plasmids,

Viruses and Prions 205

References 208
Sexual Reproduction: The Basis of Diversity
and Taxonomy 211

The Process of Sexual Reproduction 211
Mating in Budding Yeast 214

Mating Type Switching in Budding Yeast 215
Mating Types of Neurospora 218

Mating Types in Basidiomycota 220

Biology of Mating Type Factors 226

References 226

10

10.1
10.2
10.3
10.4
10.5
10.6
10.7

10.8

10.9

1

11.
11.
11.

11.
11.
11.

11.
11.
11.
.10
11

11
11

11
11

11

12

12
A3

14

12.1
12.2
12.3

12.4
12.5

12.
12.
12.
12.

6
7
8
9.

Continuing the Diversity Theme: Cell and Tissue

Differentiation 229

What Is Diversity? 229
Mycelial Differentiation
232

Aspergillus Conidiophores

230
Making Spores
235

Conidiation in Neurospora crassa 237
Conidiomata 238

Linear Structures: Strands, Cords, Rhizomorphs
and Stipes 240

Globose Structures: Sclerotia, Stromata,

Ascomata and Basidiomata 242

References 245

249

Contributions of Fungi to Ecosystems

Fungi in Ecosystems

249
Breakdown of Polysaccharide: Cellulose 250
Breakdown of Polysaccharide:
Hemicellulose 252
Breakdown of Polysaccharide: Pectins 252
Breakdown of Polysaccharide: Chitin 253
Breakdown of Polysaccharide: Starch and
Glycogen 253
Lignin Degradation 255
258

259
Phosphatases and Sulfatases 260

Digestion of Protein

Lipases and Esterases

The Flow of Nutrients: Transport and
260
Primary (Intermediary) Metabolism 263

Translocation

Secondary Metabolites, Including Commercial

Products Like Statins and Strobilurins 268
References 275

Exploiting Fungi for Food 279

Fungi As Food 279

Fungi in Food Webs 279

Wild Harvests: Commercial Mushroom
Picking 284

Cells and Mycelium As Human Food 286
Fermented Foods 287

Industrial Cultivation Methods 287
Gardening Insects and Fungi 291

Development of a Fungal Sporophore 291
References 291

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9781108745680
www.cambridge.org

Cambridge University Press
978-1-108-74568-0 — 21st Century Guidebook to Fungi
David Moore , Geoffrey D. Robson , Anthony P. J. Trinci

Frontmatter

More Information

13

13.1
13.2

13.3

13.4

13.5

13.6

13.7

13.8
13.9

13.10
13.11

13.12
13.13

13.14

13.15
13.16

13.17

14

14.1
14.2
14.3
14.4

14.5
14.6

14.7

14.8
14.9
14.10
14.11
14.12

295
Development and Morphogenesis 295

Development and Morphogenesis

The Formal Terminology of Developmental
Biology 296

The Observational and Experimental Basis of
Fungal Developmental Biology 298

Ten Ways to Make a Mushroom 299
Competence and Regional Patterning 301
The Coprinopsis Mushroom: Making
Hymenia 303

Coprinopsis and Volvariella Making Gills (Not
306
310

Forgetting How Polypores Make Tubes)
The Coprinopsis Mushroom: Making Stems
Coordination of Cell Inflation Throughout the
Maturing Mushroom 312

314

Metabolic Regulation in Relation to

Mushroom Mechanics

Morphogenesis 314

Developmental Commitment 317
Comparisons with Other Tissues and Other
Organisms 319

Genetic Approaches to Study Development:
Through the Classic to Genomic Systems
320

Senescence and Death 330

Analysis

Basic Principles of Fungal Developmental
Biology 331
References 332

Ecosystem Mycology: Saprotrophs, and
Mutualisms Between Plants and Fungi 341

Ecosystem Mycology 341

Fungi As Recyclers and Saprotrophs 346
Make the Earth Move 347

Fungal Toxins: Food Contamination and
Deterioration (Including Mention of Statins and
Strobilurins) 348

Decay of Structural Timber in Dwellings 350
Using Fungi to Remediate Toxic and Recalcitrant
Wastes 352

Release of Chlorohydrocarbons into the
Atmosphere by Wood-Decay Fungi 354
Introduction to Mycorrhizas 355

Types of Mycorrhiza 356

Arbuscular (AM) Endomycorrhizas 357
Ericoid Endomycorrhizas 359

Arbutoid Endomycorrhizas 360

14.13
14.14
14.15
14.16
14.17

14.18
14.19
14.20
14.21

15

15.1
15.2
15.3
15.4
15.5

15.6
15.7

16
16.1

16.2

16.3

16.4
16.5

16.6
16.7

16.8

16.9
16.10

16.11
16.12
16.13

16.14
16.15

Contents

Monotropoid Endomycorrhizas 360
Orchidaceous Endomycorrhizas 361
363

Ectendomycorrhizas 367

Ectomycorrhizas

The Effects of Mycorrhizas, Their Commercial
Applications and the Impact of Environmental
and Climate Changes 367
Introduction to Lichens 373
Introduction to Endophytes
Epiphytes 378

References 378

376

Fungi As Symbionts and Predators
of Animals 388

Fungal Cooperative Ventures
Ant Agriculture 389
Termite Gardeners of Africa 393
Agriculture in Beetles 395

388

Anaerobic Fungi and the Rise of the
Ruminants 396
Nematode-Trapping Fungi
402

400
References

Fungi As Pathogens of Plants 408

Fungal Diseases and Loss of World Agricultural
Production 408

A Few Examples of Headline Crop

Diseases 411

The Rice Blast Fungus Magnaporthe oryzae
(Ascomycota) 412

Armillaria (Basidiomycota) 412

Pathogens that Produce Haustoria (Ascomycota
and Basidiomycota) 413

Cercospora (Ascomycota) 413

Ophiostoma (Ceratocystis) novo-ulmi
(Ascomycota) 414

Black Stem Rust (Puccinia graminis F. Sp. tritici)
Threatens Global Wheat Harvest 415

Plant Disease Basics: The Disease Triangle 416
Necrotrophic and Biotrophic Pathogens of
Plants 417

The Effects of Pathogens on Their Hosts 418
How Pathogens Attack Plants 420

Host Penetration Through Stomatal

Openings 421

Direct Penetration of the Host Cell Wall 423

Enzymatic Penetration of the Host 423

vii

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9781108745680
www.cambridge.org

Cambridge University Press
978-1-108-74568-0 — 21st Century Guidebook to Fungi
David Moore , Geoffrey D. Robson , Anthony P. J. Trinci

Frontmatter

More Information

viii ) Contents

16.16 Preformed and Induced Defence Mechanisms in 19 Whole Organism Biotechnology 492
Plants 426 19.1  Fungal Fermentations in Submerged Liquid
16.17 Genetic Variation in Pathogens and Their Hosts: Cultures 492
Coevolution of Disease Systems 427 19.2  Culturing Fungi 493
16.18  References 429 19.3  Oxygen Demand and Supply 496
19.4  Fermenter Engineering 497
17 Fungi As Pathogens of Animals, Including 19.5  Fungal Growth in Liquid Cultures 499
Humans 435 19.6  Fermenter Growth Kinetics 501
17.1  Pathogens of Insects 435 19.7° Growth Yield 503
17.2 Microsporidia 436 19.8  Stationary Phase 503
17.3  Trichomycetes 438 19.9  Growth As Pellets 505
174 Laboulbeniales 439 19.10 Beyond the Batch Culture 507
175  Entomogenous Fungi 440 19.11 Chemostats and Turbidostats 507
17.6  Biological Control of Arthropod Pests 443 19.12 Uses of‘Submerged Fermentations 510
17.7  Cutaneous Chytridiomycosis: An Emerging 19.13 A!cc')hohc.: Fermentatlons 312
Infectious Disease of Amphibians 445 19.14 C'trl_C.ATQd Biotechnology 513 )
178 Aspergillosis Disease of Coral 446 19.15 Penicillin and Oth.er Pharr‘n.ace.utlcals 514 ‘
179 Snake Fungal Disease 447 19.16 Enzymes for Fabrlf: Conditioning and Processing,
17.10 White-Nose Syndrome of Bats 447 and EOOd Processing 529 )
17.11 Mycoses: The Fungus Diseases of Humans 448 1917 Steroids ano‘l Use of Fungi to Make Chemical
17.12  Clinical Groupings for Human Fungal Transformations 522 . L
Infections 450 19.18 The Quorn® Fermentation and Evolution in
17.13 Fungi Within the Home and Their Effects on Fermen'fers 522
Health: Allergens and Toxins 455 19.19 Productlo'n of spores and Ot.her I.nocula 528
. . 19.20 Natural Digestive Fermentations in
17.14 Comparison of Animal and Plant Pathogens 459 Herbivores 529
::;12 ;/Ie):czcr)z::zltlzzzd Fungicolous Fungi 461 19.21 Solid-State Fermentations 529
' 19.22 Digestion of Lignocellulosic Residues 532
19.23 Bread: The Other Side of the Alcoholic
18 Killing Fungi: Antifungals and Fungicides 473 Fermentation Equation 534
18.1  Agents that Target Fungi 473 19.24 Cheese and Salami Manufacture 535
18.2  Antifungal Agents that Target the Fungal 19.25 Soy Sauce, Tempeh and Other Food
Membrane 474 Products 539
18.3  Antifungal Agents that Target the Fungal 19.26  Fungi As Cell Factories 540
Wall 481 19.27 References 543
18.4  Agricultural Mycocides for the Twenty-First
Century: Strobilurins 482 Appendices 551
18.5  Control of Fungal Diseases for the Twenty-First Appendix 1 Outline Classification of Fungi 551
Century: Integrated Pest Management and Appendix 2 Mycelial and Hyphal Differentiation 567
Combinatorial Therapy 486
18.6  References 489 Index 579

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9781108745680
www.cambridge.org

Cambridge University Press

978-1-108-74568-0 — 21st Century Guidebook to Fungi
David Moore , Geoffrey D. Robson , Anthony P. J. Trinci
Frontmatter

More Information

PREFACE TO THE SECOND EDITION

Ten years ago, when we first set out to write this book, we aimed
to provide a broad understanding of the biology of fungi and
the biological systems to which fungi contribute. We hoped the
book that would emerge would provide an all-round view of
fungal biology, with a scope ranging over ecology, evolution,
diversity, cell biology, genetics, biochemistry, molecular biol-
ogy, biotechnology, genomics and bioinformatics. We were very
pleased, and proud, of the book that was published in 2011.
That satisfaction was increased enormously when the book was
acclaimed around the world by our peers. Reviewers and pur-
chasers alike were appreciative of the broad scope of our text;
their reviews included the phrases: “The 21st Century Guidebook
to Fungi is a game changer ... ’; ‘Moore, Robson and Trinci have
now made fungi accessible to everyone’; ‘All you ever wanted
to know about fungi: at last: a university level book on fungi to
sit next to the classics of cell biology and biochemistry’; “This
remarkably comprehensive volume will be useful to every scien-
tist and educator’.

As well as liking the content, our reviewers also approved of
the way the book was organised and written. They commented:
‘This is an innovative text, both in its presentation and its organ-
isation’; “The authors’ clear, comprehensible and accurate writ-
ing style is just perfect for a textbook’; ‘written in a delightful
prose, integrating concepts and interdisciplinary knowledge’;
‘very user friendly ... making this an outstanding resource’.
Overall, the consensus was that the 21st Century Guidebook to
Fungi was: ‘a valuable contribution to modernising fungal sci-
ence education’; ‘the best comprehensive mycology text avail-
able’. Finally, we were particularly pleased with the Journal of
the American Library Association’s review, which started: ‘The
content and quality of this book is simply breathtaking!’

But, you will have noticed that time passes, even breathtaking
books age and go out of print; and that’s what happened to the
21st Century Guidebook to Fungi. The third printing went out
of print in early 2017. In many respects, authors regard their
books in much the same way as they view their children, and
we couldn't allow our literary offspring to wither and die on the
publisher’s vine. In the belief that it remains essential to main-
tain the availability of a textbook of such user-perceived value,
we decided to produce this thoroughly updated second edition
of the 21st Century Guidebook to Fungi. As the original text was
so well received, this second edition is not a major reorganisa-
tion. We have taken the opportunity to rearrange a few parts of
the text, but the key difference is a thorough section-by-section
update from mycology of the first decade to represent mycology
of the second decade of the twenty-first century and beyond.

All sections have been revised, but several sections deserved
more extensive treatment. This applied particularly to the

variety of applications of fungal genome analyses developed in
the past 10 years: genomics, proteomics, transcriptomics, metab-
olomics, metagenomics and several other areas of integrative
biology, including but not limited to bioinformatics and compu-
tational biology, though we have tried to remain succinct even
with these. There were also a few of our own recent publica-
tions that warranted proper inclusion; including the mycolog-
ical alternative interpretation of eukaryote evolution from the
book Fungal Biology in the Origin and Emergence of Life (Moore,
2013), and some aspects from two other books: The Algorithmic
Fungus (Moore & Meskauskas, 2017) and Fungiflex: The Untold
Story (Moore & Novak Frazer, 2017).

One intended omission from the second edition is the compact
disc (CD) that was included with the first edition. Although this
was widely appreciated as a valuable accessory at the time, we
believe that a CD format is no longer appropriate, simply because
CD players are so rarely encountered today. Instead, with the
second edition, we are expanding the online representation of
the 21st Century Guidebook to Fungi.

In writing the second edition, we have continued our inten-
tion to show Kingdom Fungi as a biological system with its own
intrinsic interest rather than as a diverse group of individually
fascinating, but still separate, organisms. In addition, we have
maintained our model of a tourist guide to a holiday destination.
Tourist guides do not attempt a comprehensive depiction of a
location, but they bring attention to a broad range of places you
might visit, describe enough for you to decide if you are inter-
ested, and tell you how to get there. We called this a Guidebook
because we have always been aware of the impossibility of writ-
ing a comprehensive, monographic treatment of an entire king-
dom, so each section of your Guidebook to Fungi directs you to
an interesting aspect of fungal biology and, perhaps unusually
for a textbook, provides references to external resources that
will provide more information; and there are more references in
the second edition.

These references include internet URLs or DOI URLs. The
acronym DOI stands for Digital Object Identifier, which uniquely
identifies where an electronic document (or another electronic
object) can be found on the internet and remains fixed. Other
information about a document may change over time, including
where to find it, but its DOI will not change and will always
direct you to the original electronic document. To access one of
these references, enter the DOI URL into your browser and you
will be taken to the document on the website of the original pub-
lisher. Almost always you will have free access to the abstract or
summary of the article, and an increasing number of publishers
provide free access to the full text. But even for those that do not
provide free access, if your institution maintains a subscription
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to the products of that publisher you may be able to download
the complete text of the article. Save the downloaded document
to your hard disk to build your own reprint collection.

We want to restate our sincere thanks to our families for their
help and understanding while we produced this text, and all
those students of ours who have made constructive comments
on this Guidebook as it developed over the years. We also thank
Dr Dominic Lewis, our Commissioning Editor, and the rest
of the Cambridge University Press staff and contractors (espe-
cially Charlie Howell in Cambridge, and Rajeswari Azayecoche
at Integra Software Services) for all their efforts on our behalf
in achieving the publication of this book. We extend our appre-
ciation to those anonymous reviewers of the first draft, and
Professor David L. Hawksworth CBE for his comments on the
proof, all of whose suggestions have so improved the final text.

Special thanks go to Professor Paul S. Dyer, School of Life
Sciences, University of Nottingham, who was so insistent that
we do something about the 2Ist Century Guidebook to Fungi
going out of print that we were driven to write this second edi-
tion. We also restate our gratitude to the many other friends
and colleagues who supplied illustrations used in this book:
Professor M. Catherine Aime, Louisiana State University;
Dr G. W. Beakes, Newcastle University; Professor Meredith
Blackwell, Louisiana State University; Dr Manfred Binder,
Clark University; Professor C. Kevin Boyce, University of
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.com; Geoffrey Kibby, Field Mycology; Dr Cletus P. Kurtzman,
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Agri-Food Canada; Dr Marc-André Lachance, Western
Ontario University; Professor Karl-Henrik Larsson, Géteborg
University; Dr Heino Lepp, Australian National Botanical
Gardens; Dr Peter M. Letcher, University of Alabama;
Professor Xingzhong Liu, Chinese Academy of Sciences,
Beijing; Dr Mark Loftus, Sylvan Inc, PA, USA; Dr Joyce E.
Longcore, University of Maine; Dr P. Brandon Matheny,
University of Tennessee; Dr Audrius Meskauskas, Switzerland;
Professor Steven L. Miller, University of Wyoming; Dr
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Telescope Science Institute; Dr Stephen F. Nelsen, University
of Wisconsin—Madison; Professor Birgit Nordbring-Hertz,
Lund University; Dr Lily Novak Frazer, University Hospital
of South Manchester; Dr Ingo Nuss, Mintraching-Sengkofen,
Germany; Dr Kerry O’Donnell, USDA/ARS Peoria; Dr Fritz
Oehl, ART Zirich; Dr Lise Ovreas, University of Bergen;
Mary Parrish, Smithsonian Institution; Dr Jens H. Petersen,
University of Aarhus; Professor Nick D. Read, Institute of Cell
Biology, University of Edinburgh; Professor Dirk Redecker,
INRA/Université de Bourgogne; Professor Karl Ritz, Cranfield
University; Dr Carmen Sanchez, Universidad Auténoma de
Tlaxcala México; Professor Marc-André Selosse, Université
Montpellier II; Dr Sabrina Setaro, Wake Forest University;
Dr Karen Snetselaar, Mycologia, Saint Joseph’s University,
Philadelphia; Malcolm Storey, http://www.bioimages.org.uk;
Professor Junta Sugiyama, TechnoSuruga Co. Ltd, Tokyo; Dr
Sung-Oui Suh, American Type Culture Collection; Mr John
L. Taylor, Manchester; Professor Vigdis Torsvik, University
of Bergen; Professor John Webster, University of Exeter; Dr
Alexander Weir, SUNY—ESF, New York; Professor Merlin
M. White, Boise State University; Alex Wild Photography,
Illinois; Ence Yang, Chinese Academy of Sciences, Beijing.

We must end this Preface on an unwelcome sad note. As
the text of this second edition was reaching completion, our
kind and gentle friend, greatly valued colleague and co-au-
thor, Geoffrey David Robson, died suddenly on 15 May 2018.
This volume is dedicated to his memory as a mycologist of
distinction.

David Moore and Tony Trinci
Stockport, Cheshire
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