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Introduction to fungi in dead wood

Håvard Kauserud, University of Oslo

Diversity, life-cycles, life-history traits and more..

Fungi - phylogenetic

placement
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• Originated approximately
1.5 billion years ago

• One of the oldest eukaryotic
lineages

• Established in terrestrial
habitats together with the
plants ~470 mill years ago

• Fungi have always posed a 
strong selection pressure on
plants!

Aglaophyton
~400 mill years ago

Rhynie Chert, Scotland
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Fungal tree

of life

Wide variation

in phenotypes, 

life histories, 

life cycles, 

ecology…
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James et al. Nature

Wide variation

in phenotypes, 

life histories, 

life cycles, 

ecology…



25.06.2019

5

Chytridiomycota

Blastocladiomycota

Microsporidia Cryptomycota (Rozellamycota)

• Some of the basal 

groups are single-

celled, 

flagellated, and 

does not form 

hyphae and 

mycelia

• These groups are

not widespread

in wood

Fungal groups

common in 

wood
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Hyphal growth

Hyphae, with

or without septa
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Mycelium

Little differentiation

Yeasts
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Hyphal growth

Hyphae, with

or without septa

Different karyotypes and «genetic makeup»

Homokaryotic Heterokaryotic

Haploid and 

monokaryotic

Haploid and 

dikaryotic
Diploid and 

monokaryotic

Multinuceated

and coenocytic
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Heterotrophic 

organisms

Grows within the
substrate – absorb
nutrients

Enzymes

Simple 
organic 
compounds
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• Cellulose

• Hemicellulose

• Lignin

• (Pectin ++)

White-rot fungi
• Decompose both the lignin + cellulose/ 

hemicellulose  white colour

• Fungi one of few organismal groups able
to decompose lignin using e.g. laccases + 
peroxidases

Fomes fomentarius Armillaria



25.06.2019

11

Brown-rot fungi

• Decompose cellulose + hemi-
cellulose  brown colour

• Important in boreal forests

Fomitopsis pinicola

Wood decay fungi are essential for nutrient and 
C cycling

• Much carbon is bound in dead plant litter – wood decay fungi
are among the main decomposers

• Important player in the global carbon budget: Far more carbon
would have accumulated if not wood decay fungi were around
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Fungal diversity

• Only ~100.000 
described

• Between 1.5 and 7 
million species have 
been estimated

• But, basically we have 
no clue..

• .. but if more or less all 
plants and animals
harbour specific fungi, 
the diversity could be 
immense!

How can we assess fungal diversity in wood?
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DNAculturing

Fruit bodies

DNAculturing

Fruit bodies
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DNA Fruit

bodies

culturing

Total diversity

• During the 1990’s PCR and Sanger sequencing was established in fungal
ecology

• Possible to extract DNA from substrates, PCR amplify, DNA sequence and 
obtain knowledge about which fungi that occur in environmental samples

• Depends on comparison to known sequences!

• The environmental sequencing studies typically included only a few
hundred Sanger sequences in maximum

• By this, could still only get at glimps into the extant fungal diversity/ecology

DNA DNA-sequence

DNA refererence 

sequence  library

Taxonomic 

annotation

Sanger sequencing
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• About 2005 – new DNA 
sequencing techinques emerges
(second generation techniques)

• Now possible to generate
>100.000 sequences in a single 
study

• Enables both a qualitative and, 
to some degree, quantitative
assessment. Possible to 
investigate fungal ecology on ’a 
larger scale’

High throughput sequencing

High throughput sequencing
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High throughput sequencing

High throughput sequencing
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High throughput sequencing

High throughput sequencing
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High throughput sequencing

Major fungal groups growing

in wood
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Basidiomycota

Basidiomycota
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Tremellales, Dacrymycetales, 

Auriculariales

Tremella

Dacrymyces Calocera

Auriculariales

Basidiodendron

«Jelly fungi» 

Cantharellales and Trechisporales

Tulasnella Botryobasidium

Trechispora

Many «corticoids»
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Phallomycetidae

Geastrum

Lentharia

Hymenochaetales

Phellinus

Inonotus

HymenochaeteSchizopora

Inonotus
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Corticiales

Punctularia

Vuilleminia

Corticium

• The old Corticiaceae –

extremely polyphyletic

• Collapsed when using

DNA based phylogeny

• Fruit body form says

little about phylogenetic

placement in the fungal

kingdom!!
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Gloephyllales

Gloeophyllum

Neolentinus («Train wrecker») 

Polyporales

Crustomyces

Ganoderma

MeruliusTeraneae

Fomitopsis
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Russulales

Stereum

Peniophora

HericiumAuriscalpium Heterobasidion

Heterobasidion

Butt rot
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Agaricales

Pleurotus

Chondrostereum

Schizophyllum

Hypholoma

Mycena

Thelephorales and Atheliales

Hypochnella

Amaurodon
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Boletales

Tapinella

Coniophora Serpula

Serpula lacrymans
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haploid
(basidio)spores

(active) 
spore dispersal

germinating
spores

clamps

fruit body
production

Fruit body

dikaryotic
hyphae

plasmogamy
(if compatible 
mating types)

monokaryotic
hyphae

in basidia:
karyogamy, 
meiosis and 
spore production

production of spore producing 
layer - the hymenium
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Living on

sinking 

island -

must get

away!

Disperse 
mainly by 
spores
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haploid
(basidio)spores

(active) 
spore dispersal

germinating
spores

clamps

fruit body
production

Fruit body

dikaryotic
hyphae

plasmogamy
(if compatible 
mating types)

monokaryotic
hyphae

in basidia:
karyogamy, 
meiosis and 
spore production

production of spore producing 
layer - the hymenium
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~20,000 spore traps!!!!

«

»
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Time (up to 50 hours)

haploid
(basidio)spores

(active) 
spore dispersal

germinating
spores

clamps

fruit body
production

Fruit body

dikaryotic
hyphae

plasmogamy
(if compatible 
mating types)

monokaryotic
hyphae

in basidia:
karyogamy, 
meiosis and 
spore production

production of spore producing 
layer - the hymenium

How long-

lived?
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haploid
(basidio)spores

(active) 
spore dispersal

germinating
spores

clamps

fruit body
production

Fruit body

dikaryotic
hyphae

plasmogamy
(if compatible 
mating types)

monokaryotic
hyphae

in basidia:
karyogamy, 
meiosis and 
spore production

production of spore producing 
layer - the hymeniumLong-lived

How does the

dikaryotization occur?



25.06.2019

33

Serpula lacrymans

rhizomorph

«The humongous fungus»
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Living on

sinking 

island -

must get

away!

haploid
(basidio)spores

(active) 
spore dispersal

germinating
spores

clamps

fruit body
production

Fruit body

dikaryotic
hyphae

plasmogamy
(if compatible 
mating types)

monokaryotic
hyphae

in basidia:
karyogamy, 
meiosis and 
spore production

production of spore producing 
layer - the hymenium
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«Jelly fungi»

Agaricoid

Polyporoid

Corticoid

Corraloid

Long-livedShort-lived

Large

Small



25.06.2019

36

Major fungal groups growing

in wood

Ascomycota

Taphrinomycotina

Pezizomycotina

Saccharomycotina
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Ascomycota

Taphrinomycotina

Pezizomycotina

Saccharomycotina

Orbiliomycetes

Orbilia
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Pezizales
Sarcoscypha

Scutellinia

Gyromitra

Dothideomycetes
Dothidea

Pleospora
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Helotiales Chlorociboria

Bisporella

Ascocoryne

Xylariales
Xylaria

Hypoxylon

Daldinia

Anthostoma
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Hypocreales
Hypocrea

Hypocreopsis

Diaporthales
Diaporthe
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Sordariales
Neurospora
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Xylaria
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Long-livedShort-lived

Large

Small

peritheciaapothecia

drywet

peritheciaapothecia
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Perithecia – an adaptation to dry habitats

Major fungal groups growing

in wood

Current

knowledge

to large

extent based

on fruit

bodies..
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• 13 temperate tree species

• DNA based assessment after ~6 

years decay

heartwood

sapwood

AscocoryneFomes Fomitopsis Hypholoma

Some very

important

players
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*

*

*
*

*

*

Combined approach
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Pellopilus nigrolimitatus

Succession of fungi during wood decay
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Succession of fungi during wood decay

Primary colonizers Main wood decayers Late stage decayers

Cylindrobasidion evolvens

Stereum sanguinolentum

Trichaptum

abietinum
Fomitopsis pinicola Pellopilus nigrolimitatus

Piptoporus betulinus
Ganoderma applanatumFomes fomentarius
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Succession of fungi during wood decay

Primary colonizers Main wood decayers Late stage decayers

Cylindrobasidion evolvens

Stereum sanguinolentum

Trichaptum

abietinum
Fomitopsis pinicola Pellopilus nigrolimitatus

Piptoporus betulinus
Ganoderma applanatumFomes fomentarius

Pellopilus nigrolimitatus
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Not only wood decay fungi!
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General model for fungal sucession

- Endophytes / parasites

- Wood decayers – brown rot

- Wood decayers – white rot

- Ectomycorrhizal fungi

- Ascomycetes

- Basidiomycetes

Biotic interactions in wood
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Biotic interactions in wood

- Mutualism

- Commensalism

- Parasitism
- Specific

- General

- Single trophic level

- Multi-trophic
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Biotic interactions in wood

Fungi

Host plant

Insects

Vertebrates

Nematodes and 

other invertebrates

Bacteria & 

Archaea

Various protists 

(amoebozoa, etc.)

Biotic interactions in wood

Fungi

Host plant

Insects

Vertebrates

Nematodes and 

other invertebrates

Bacteria & 

Archaea

Various protists 

(amoebozoa, etc.)
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Biotic interactions in wood

Fungi

Host plant

Insects

Vertebrates

Nematodes and 

other invertebrates

Bacteria & 

Archaea

Various protists 

(amoebozoa, etc.)

Biotic interactions in wood

Fungi
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Insects

Vertebrates
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Various protists 
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Biotic interactions in wood

Fungi

Host plant

Insects

Vertebrates

Nematodes and 

other invertebrates

Bacteria & 

Archaea

Various protists 

(amoebozoa, etc.)
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Biotic interactions in wood

Fungi

Host plant

Insects

Vertebrates

Nematodes and 

other invertebrates

Bacteria & 

Archaea

Various protists 

(amoebozoa, etc.)

Pleurotus

Biotic interactions in wood

Fungi

Host plant

Insects

Vertebrates

Nematodes and 

other invertebrates

Bacteria & 

Archaea

Various protists 

(amoebozoa, etc.)
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Biotic interactions in wood

Fungi

Host plant

Insects

Vertebrates

Nematodes and 

other invertebrates

Bacteria & 

Archaea

Various protists 

(amoebozoa, etc.)
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Biotic interactions in wood

Fungi

Host plant

Insects

Vertebrates

Nematodes and 

other invertebrates

Bacteria & 

Archaea

Various protists 

(amoebozoa, etc.)
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Fomitopsis pinicola Pycnoporellus fulgens

Many unknown biotic interactions

between fungi in wood
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