Introduction to fungi in dead wood

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

Havard Kauserud, University of Oslo
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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!

Rhynie Chert, Scotland

Aglaophyton

~400 mill years ago
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Jameset al. Nature

Wide variation
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Blastocladiomycota

Chytridiomycota

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
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Little differentiation

Yeasts




Different karyotypes and «genetic makeup»

Haploid and Haploid and Diploid and Multinuceated
monokaryotic dikaryotic monokaryotic and coenocytic

X

\ /

Homokaryotic Heterokaryotic
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Heterotrophic
organisms

N

~  Grows within the
_-~¢ substrate — absorb
' nutrients

YN “

Simple
organic
compounds




*Cellulose..

"B,

* Hemicellulose™

. Lig__ni_n _
¢ (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

Ry

? i ;
Fomes fomentarius Armillaria
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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

25.06.2019
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Fungal diversity

e Only ~100.000
described

e Betweenl1l.5and 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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Fruit bodies

Fruit bodies
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Total diversity

Sanger sequencing

¢ 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!

# DNA # DNA-sequence - Taxonomic

annotation

DNA refererence
120 130 ) sequence “brary

EAT AASTIIGELIITALL NCC

¢ 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

25.06.2019
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High throughput sequencing

* About 2005 — new DNA EoN
sequencing techinques emerges i
(second generation techniques) .
Fungal community analysis by high-throughput sequencing of

amplified markers

* 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’

a user's guide
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High throughput sequencing
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High throughput sequencing
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High throughput sequencing
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Basidiomycota
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Tremellales, Dacrymycetales,
Auriculariales

«Jelly fungi»
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Phallomycetidae
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Corticiales
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Gloephyllales
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Agaricales
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Major fungal groups growing
in waod ﬂ

Fruit body
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« Living on
sinking
NENGE

& must get
away!

: e
. ?‘,‘-‘31'.

-

Disperse
mainly by
spores
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Fruit body

VSN

(if compatible
mating types)

spore productiol
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Do small spores disperse further than large spores?

Veera Norros,'** Unar Rasnik,® Tareg Hussen, ™ Tuukka PetAud.? Timo Vesara,! axn Orso Ovaskaes'

! Metapopulation Research Group, Department of Biosciences, P.0. Bax 65, FI-00014, University of Helsinki, Helsinki, Finland
*Marine Research Centre, Finnish Environment Institute, P.O. Box 140, FI-00251, Helsinki, Finland
‘I)q-,unurm of Physics, P.Q. Box, FI-MK114, University of Helsinki, Helsinki, Finland
“The University of Jordan, Department of Physics, Amman 11942 Jordan

« Our results suggest that by evolutionary adjustment of spore size, release height and
timing of release, fungi and other organisms with microscopic spores can change the expected
distribution of dispersal locations markedly. »
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Ecology and Evolution went
g o=
Spore sensitivity to sunlight and freezing can restrict
dispersal in wood-decay fungi

Veera Norros', Elina Karhu', Jenni Nordén™*, Anssi V. Vihatalo® & Otso Ovaskainen'

‘Degartment of Bioscences, Metapopuaion Remarch Centre, University of Helseki, P.O. Box 65 FIO0014 Hesinki, Frland

*Marire Research Centre, Ffish Envronment Istitute, P.0. Box 140, FIOG251 Hetsnk, Finland

*Natural Hstory Museum, Unwersty of Osio, P.O. Box 1172 Blinder, NO-0318 Osio, Norway

“Secton for Genetics and Evolutionary Bology, Depirt ment of Biscenars, Unwersity of Oslo, P.O. Box 1066 Bindem, NO03 16 Osio, Norwary
*Department of Envronmental Scences, Uinwersty of Helurii, P.O. Box 65, FLOD014 Helsinii, Fnland

Initial germinabili

Log spore volume (um3)

(A)  Antrodia seriaks, ctrl (B) Anvodia sedalis. light (C) Antrodia serialis, freezing

Time (up to 50 hours)

Both treatments but especially sunlight mark-
edly reduced spore germinability in most species, and species with thin-walled
spores were particularly light sensitive. Extrapolating the species’ laboratory
responses to natural irradiance conditions, we predict that sunlight is a relevant
source of dispersal mortality at least at larger spatial scales. In addition, we
found a positive effect of spore size on spore germinability, suggesting a trade-
off between dispersal distance and establishment.

Fruit body
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production production of spore producing
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spores
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Fruit body

fruit body

Long-lived production

How does the

dikaryotization occur?
plasmogamy

(if compatible
mating types)

monokaryotic
hyphae
germinating

spores

—

production of spore producing
layer - the hymenium

(oo T ]
(o7 in basidia:
%j: karyogamy,
meiosis and
%:jj spore productiol

(active)
spore dispersal

@®
®e
haploid
(basidio)spores
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Serpula lacrymans

Clonal evolution and genome stability in
a 2500-year-old fungal individual

James B. Anderson', Johann N. Bruhn?, Dahlia Kasimer', Hao Wang**,
Nicolas Rodrigue® and Myron L. Smith?

«The humongous fungus»

. = -
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3
.
“n -
b ' wve
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fruit body

production production of spore producing

layer - the hymenium
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«Jelly fungi»

Corticoid

Agaricoid

Polyporoid

Corraloid

h
Small

Large

Short-lived Long-lived
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Major fungal groups growing

in wood
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Ascomycota

Pezizomycotina

Saccharomycotina

Taphrinomycotina

Orbiliomycetes
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Perithecia — an adaptation to dry habitats
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RESEARCH ARTICLE @»ms -
Molecular fungal community and its -
decomposition activity in sapwood and
heartwood of 13 temperate European tree
species

Sabrina Leonhardt ' Hoppe™**, Elisa Stengel®, Lisa Nolt®, Julia Moll o7,
Claus Bassier*, Andreas Dah’, Francois Buscot”*, Martin Hotrichtor . Harald Kellner"
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Fungal Ecology

Journal NomepEge: www. elsaviar com/locstaunecs

Fungi associated with decomposing deadwood in a natural beech- @rwm
dominated forest

Petr Baldrian *°, Petra Zrustova *, Vojtech Tlaskal *, Anna Davidova *, Vera Merhautova *,
Tomas Vrska
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ORIGINAL ARTICLE Combined approach
Combining high-throughput sequencing with fruit

body surveys reveals contrasting life-history

strategies in fungi

Otso Ovaskainen', Dmitry Schigel’, Heini Ali-Kovero', Petri Auvinen’, Lars Paulin®,
Bjorn Nordén™* and Jenni Nordén'**

Number of species

Figure 3 Patterns of mycelial (as detected from DNA) and fruit
body occurrence. (a) Shows the mean number of species detected
as DNA (continuous lines) or as fruit bodies (dashed lines), sither
for the tanget species community (black) or for all observed
species (grey). The error bars show +1 se

Figure 2 Species and geners of fungi identified from 454-sequencing data in 100 Norway spruce logs. The wheel shows the distribution
of those sequences thal were . or o the species level with at least 0% probability of correct
identification. The inner part of the wheel rpresents the geners and outer part the species. For the sake of readability, species names s
shown only for thoss cases, which yiolded at loast 4000 sequences. For e data on all species, ses Supplementary Information
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Pellopilus nigrolimitatus

a o b i
8 1
08 '
8 g2 = —-ee--- P mnng
£ 06 2 .
] 2 0
5 04 - H i '
a 21 H H >
02 .
-4 ' .
1 2 3 n 1 2 3 1
decay class decay class
¢ 10 d 1
2 s 2 :
= c
g o8 3, _ -
g o
0.6 g X .
> > “ .
§ 04 §
S SR
5 02 é
pplos & densiwedvice 4 " . , < -
0.001 oo ol 1 0.001 om ol 1
relative mycelial abundance relative mycelial abundance

Figure 5 As Figure 4, but for Phellinus nigrolimitatus. Nonsignificant regression models are shown as horizontal lines. For
corresponding figures for 28 other species, see Supplementary Information.

Succession of fungi during wood decay
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Succession of fungi during wood decay
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Functional Ecology

Funciional Ecology 217,
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Fungal endophytes as priority colonizers initiating
wood decomposition

Zewei Song', Peter G. Kennedy®, Feng J. Liew® and Jonathan S. Schilling™*
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ORIGINAL ARTICLE

Interactions between soil- and dead wood-inhabiting
fungal communities during the decay of Norway
spruce logs

try Schigel’, Katja T Rinne', Taina Pennanen
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variable in the underlying linear model was the JugALmluiunm-d number of operational taxonomic units (OTUs) identified for o
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Tho A Jowrsad B1Y) 1. 1964194 OPEN

ORIGINAL ARTICLE

Interactions between soil- and dead wood-inhabiting
fungal communities during the decay of Norway
spruce logs

*, Diitry Schigol’, Katja T Rinne’, Taina Pennanen

x University of
«. Norweghun

1. *Department of B
tre for Biodiversity Dynaink

Table 1 Fungal species found exclusively in soil, exclusively in dead wood, and in both substrate types

Unique to soil (793) Both in soil and wood [608) Unique to wood (589)
Piloderma sp. (OTU 00094) Piloderma sphaerosporum (OTU 00310) Fomitopsis pinicola (OTU 00001)
Russula sp. (OTU 00048) Heterobasidium parviporum (OTU 00003) Antrodia serialis (OTU 00004)

Russula vesca (OTU 00178) Tvlospora sp. (OTU 000035) Phellopilus nigrolimitatus (OTU 00006)
Tretomyces lutescens OTU 00211) Gymnomyces monosporaus (OTU 00011) Phellopilus nigrolimitatus (OTU 00022)
Amanita sp. (OTU 00174) Connopus acervatus (OTU 00017) Phellinus viticola (OTU 00014)
Pseudotomentella sp. (OTU 00189) Mortierella humilis (OTU 00009) Phellapilus nigrolimitatus (OTU 00019)
Cortinarius caperatus (OTU 00180) Auriculariales sp. (OTU 00029) Exidia sp. (OTU 00037)

Cortinarius rubellus (OTU 00088) Piloderma fallax (OTU 00024) Almch'e,lulos sp. (OTU 00033)
Rhodocollybia sp. (OTU 00128) Agaricales sp. (OTU 00010) Phellinis ferrugineovelutinus (OTU 00020)
Cortinarius traganus (OTU 00212) Russula decolorans (OTU 00025) Coniophara puteana (OTU 00007)

Trechisporales sp. (OTU 00308) Hyphodontia pallidula (OTU 00012) Basidioascus (OTU 00039)
Pseudotomentella humicola (OTU 00308)  Basidiodendron caesiocinereum (OTU 00012)  Pseudeurotiaceae sp. (OTU 00044)
Cortinarius sp. (OTU 00319) Avachytrium platense (OTU 00015) Sistotrema brinkmannii (OTU 00041)
Piloderma sphaerosporum (OTU 00310) Russula emetical (OTU 00038) Hyphoderma sp. (OTU 00055)
Mortierella sp. (OTU 00097) Aphanobasidium pseudotsugae (OTU 00013)  Stereum sanguinolentum (OTU 00026)

The 15 mast abundant species are listed, and the numbers in brackets indicate the total number of species found.
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Habitat models of wood-inhabiting fungi along a decay gradient of

Noarway spruce logs

Thina Rajaka *, Tero Tuomiv Taina Penna

Raisa Makipaa
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Succession of fungi during wood decay
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Figure 5 As Figure 4, but for Phellinus nigrolimitatus. Nonsig
corresponding figures for 28 other species, see Supplementary Information.
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General model for fungal sucession
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Biotic interactions in wood
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PROCEEDINGS B

rspb.royalsodetypublishing.org
and fungi

Michelle A. Jusino™, Daniel L. Lindner!, Mark T, Banik', Kevin R, Rose™!

Research Cpomurk and Jeffrey R Walters?
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Figure 1. NMDS ords of the of Basid fungi

found on RCWs and in RCW cavities, ROW cavity starts, and non-excavated
trees. The dots in the centre represent the means of the points on the
two NMDS axes, and the bars represent 1 se. from the mean. NMDS
stress = 0.0069, two dimensions.
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accessible 1o RCWs, and drilled starts inaccessible to RCWS. The dots in the
centre represent the means of the points on the two NMDS axes, and the
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RESEARCH ARTICLE

Natural decay process affects the abundance

and community structure of Bacteria and Archaea
in Picea abies logs

J. M. Rinta-Kanto', H. Sinkko?, T. Rajala®', W. A. Al-Soud’, S. J. Serensen?,
M. V. Tamminen* and S. Timonen*
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Bacteria in decomposing wood and their interactions
with wood-decay fungi

Sarah R. Johnston®', Lynne Boddy and Andrew J. Weightman

Cardiff School of Blosciences, Cardiff University, Museum Avenue, Cardiff, CF10 3AX, UK
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Functional Ecology E&
Accumulation rates and sources of external nitrogen in
decaying wood in a Norway spruce dominated forest

Katja T. Rinne*, Tiina Rajala’, Krista Peitoniemi, Janet Chen, Aino Smolander and
Raisa Makipaa
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Fig. 4. The annual levek of N, fixation of fallen spruce logs in
Lapinjiirvi. The results are shown separately for each decay class
and for two consecutive years The total per year is also indicated.
The dotted lines indicate the estimated N, fixation rate at the cli-
mate warming scenario RCP 4.3 (Ruosteenoja er al 2013).

Fig. 1. The N% (a) and & N () values of the 49 decayed wood
samples of Lapiofirvi. The results arc shown scparately for cach
ety class, and the averags of each clhs is indicaied (the five
tarper symbok)
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Many unknown biotic interactions
between fungi in wood

Fomitopsis pinicola

Pycnoporellus fulgens

Wi, 2010, pp
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Modeling species co-occurrence by multivariate logistic regression

generates new hypotheses on fungal interactions

0130 OvasKANIN

T Horous,' S anp Juma Sir

Viskinskauri 1, FIO0014 Hetuinki, P
1, P.O. Bax I8, FLOII0] Vanssa

S| .
.
atetelertsls
s17 [l .
T Tl ml=1
ol Tel-ml 1+
$5 S8 ST 513514 S17 520 521
Species

o o «m
sz =@ H ERE=EE=N-
S1 S2 S3 S4 S8 S7 S8 S9 SI0 S11 S1Z S16 516 518 519 522
Species
The estimated specics-
gonals correspond 1«
sumes that all substrat
ghe cormesponds 1o the me
among the

p-specics correlation coefficients on dead-wood

del M2(R) which accounts for th
e equal. Red refers to positive
eitimate for the absolute va

fum,
v

g inhabiting (A) spruce and (B) birch logs.
. e model MI(R)

recta

the colored

b of the comelation coeflicie are averages
y cases in which the posterior probability for a positive (pegative) correlation was at least 90
Species pairs that were never included in the same analyses are shown by empty circes

25.06.2019

64



nature

Diversity begets diversity in competition for space

Daniel S. Maynard™, Mark A. Bradford’, Daniel L. Lindner?, Linda T. A. van Diepen’, Serita D. Frey*,

Jessie A. Glaeser’ and Thomas W. Crowther'*

Schizophyllus commune (1)
Porodiaculis penchaka ()

Armitria tabescens (3)

Armiona paca (4)

Armioria snaping ()
Phiodaa ruf (6)
Hyshodostia Grustisa (1)
Merutus remmetona (8)
Phisbcous fondoata (9)
Hyphoderma setigeriam (10)
Lovtipons caribens (11)
Lontponss gitertsond (17
Lowtiponss condericals (13)
Loetporus Purcevensa (14)
Tyromyces chicmess. (15)

Lentins crinitus (18)
Regmicram meriiondle (19)

Phetiru robinior (22)
Kylobokss subpieatus (23)

Figure 1| The al o in the pairw a. The molecular trod including all species. b, The compatitive
network structure for 310f the 37 colonies (not shown are six Armillaria gallica colonies). Blue arrows point 1o the winner of each competition, and a lack
of an arrow indicates deadiock. Numbers in b correspond to species numbers in a, and letters denote different isolates within speces. Species are ranked
in order of competitive ability (so¢ Mathods), with the most dominant speckes (6a) at th ton, moving clockwiss towards the keast dominant species (3b)

Pie charts indicate the proportion of wins (blue), losses (red) and deadiocks (yellow) for each isolate.
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Outcomes of fungal interactions are determined by soil

invertebrate grazers
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