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• Fungal diversity – a description
• Their impact on ecology
• How do we study them? Some case studies.

Lecture objective



Recommended text

https://www.kew.org/state-of-the-worlds-fungi

*****

https://www.kew.org/state-of-the-worlds-fungi


National Geographic - Kingdom Of The Forest - Fungi
https://www.youtube.com/watch?v=zb4y40kFhL4

Fungi matter
https://youtu.be/H9KLf-URS1g

The Wonderful Wolrd Of Fungi Documentary 2018
https://www.youtube.comv=H9KLf-URS1g

Video references

https://www.youtube.com/watch?v=zb4y40kFhL4
https://youtu.be/H9KLf-URS1g
https://www.youtube.comv=h9klf-urs1g/


Lecture outline

General descriptions of fungi
The ”good”
The “bad”
Methods of studying fungi
Fungal genomics
Case studies



General descriptions of fungi



https://www.etymonline.com/word/fungus

“The concept of a ‘‘fungus’’ has developed over many years, and the historic 
definition of fungi as nonphotosynthetic plants has been shown to be both too 
simplistic and phylogenetically inaccurate"

Bridge et al (2005) Advances in Botanical Research

https://www.etymonline.com/word/fungus


Fungi are eukaryotes



General Characteristics of Fungi

• Cell wall present, composed of cellulose and/or chitin. 
• Food storage - generally in the form of lipids and glycogen. 
• Eukaryotes - true nucleus and other organelles present. 
• Most fungi require water and oxygen (no obligate anaerobes). 
• Fungi grow in almost every habitat imaginable, as long as there is some type of 

organic matter present and the environment is not too extreme. 
• Diverse group, number of described species is ~70,000 (estimated 5.1 million 

species total).

Blackwell 2011



Fungal systematics – introduction
• Phyla within the fungi are defined primarily on the basis of life cycles, mode of reproduction, and cell wall and
septum structure.

• One important feature of the fungi is that many have life cycles that consist of two or more stages. These are
primarily differentiated by the mode of reproduction and may be asexual, where growth and reproduction is by
mitosis, or sexual, where reproduction involves meiosis.

• A fungus either producing asexual diaspores or no spores at all is termed anamorphic or imperfect, and the
sexual state when present is termed the teleomorph or the perfect state. The mode of sexual reproduction
is a major characteristic for assigning individual fungi to phyla, and a fungus that is known only from its
vegetative state cannot be easily placed in a phylum using traditional morphological analysis. Historically such
fungi were placed in an additional phylum, the “Deuteromycota.” This placement, however, suggests a
phylogenetic relationship between vegetative fungi that has been demonstrated to be incorrect.

• When anamorph and teleomorph forms both exist and occur separately, there are generally dual names,
with one name being used for the anamorph and a different name being used for the teleomorph. In
some cases, the morphology of the anamorph can be very basic, and so apparently similar anamorphic forms
may produce different and sometimes unrelated teleomorphs. This occurs commonly in the Ascomycetes, and
examples of common anamorphic genera with more than one genus of teleomorph include Phoma, Aspergillus,
and Paecilomyces.

Bridge et al (2005) Advances in Botanical Research



Fungal systematics – a history
• Traditional Fungal Systematics Relying on Morphological or Other Phenotypic Characters (1729–1864)
• Fungal Systematics Using Physiological and Biochemical Characters (1865–1989)
• Fungal Phylogeny Based on One or a Few Genes (1990–2005)
• Fungal Phylogenomic Analysis (2006–Present)

Zhang et al (2017) Fungal Phylogenetics and Phylogenomics



Fungi phylogeny

The earliest fungi are thought to have
evolved around 1 billion years ago and to
have been simple, single-celled organisms
living in water and reproducing using
motile asexual spores (zoospores)
propelled by a posterior whip-like structure
called the flagellum

The evolution of the two fungal groups 
that contain species capable of forming 
highly complex spore-bearing structures 
(i.e. Ascomycota and Basidiomycota) is 
considered to have occurred around 600–
700 Mya. Together they contain the vast 
majority of known fungal species 
diversity – c. 90,000 species in 
Ascomycota and c. 50,000 species in 
Basidiomycota



Relative proportion of fungal taxa with released 
genomes among published taxa
at the class or higher levels

• Despite advances in 
phylogenomics, many 
fungal groups are still 
woefully undersampled

• A final note of caution 
needs to be made about 
horizontal gene transfer 
(HGT), the bane of 
multigene phylogenetics

Zhang et al (2017) Fungal Phylogenetics and Phylogenomics



Fungi structure
Body form 

unicellular filamentous (tube-like 
strands called hypha (singular) or 
hyphae (plural) 

mycelium = aggregate of hyphae 

sclerotium = hardened mass of 
mycelium that generally serves as an 
overwintering stage. 
multicellular, such as mycelial cords, 
rhizomorphs, and fruit bodies 
(mushrooms) 

��



Fungi are heterotrophs (‘other food’)
• i.e., acquire nutrients by absorption

• Three main types:
• Saprophytes or saprobes - absorb nutrients from dead organic 

material
• Parasitic fungi - absorb nutrients from cells of living hosts; some are 

pathogenic
• Mutualistic fungi - absorb nutrients from a host, but reciprocate to 

benefit the host

Credit: UWA 2005



Hyphal growth

Lew et al., (2011)
is of the order of 5–10 μ m in diameter, and their immediate effect on the environment is 
restricted to a few micrometers on each side of these hyphae



Hyphae modifications



Spores ��
• Spores can arise both from sex (harsh 

condition?) or asexual (favourable
condition?) phases

• Purpose of Spores 
• Allows the fungus to move to new 

food source. 
• Resistant stage - allows fungus to 

survive periods of adversity.
• Means of introducing new genetic 

combinations into a population
• Formed:

• Directly on hyphae
• Inside sporangia
• Fruiting bodies 



Hyphal growth from spore

mycelium

germinating spore



Spore dispersal

Peay et al (2016) Nature Reviews Microbiology

• Primary agent of dispersal in fungi
• Effective dispersal crucial process for most 

fungi
• transcontinental dispersal of fungal spores 

seems to occur relatively rarely and often 
seems to be the result of human activity



Fungi are everywhere

Photo credit: ���





Rifle acceleration = 9,395G
Shotgun acceleration = 9,313G
Pilobolus acceleration = 20000G!!!!!



Division Ascomycota ����
: sac fungi produce sexual spores in saclike asci

Sexual Reproduction – asci (sing. = ascus)

Asexual reproduction is common

Cup fungi, morels, truffles

Important plant parasites & saprobes

Yeast - Saccharomyces
Decomposers, pathogens, and found in 
most lichens

A cluster of asci with spores inside



Basidiomycota – “club fungi”

• Sexual Reproduction – basidia
• Asexual reprod – not so 

common
• Long-lived dikaryotic mycelia
• Rusts & smuts –plant parasites
• Mushrooms, polypores, puffballs, 

boletes, bird’s nest fungi 
• Enzymes decompose wood, 

leaves, and other organic 
materials

• Decomposers, pathogens, and 
some form mycorrhizal
associations with plants

• Named after transient 
diploid stage: basidium

• Important decomposers of 
wood / plant material

• Include:
• Mycorrhiza-forming 

mutualists
• Mushroom-forming fungi
• Plant parasites e.g. rusts 

and smuts
• Characterised by dikaryotic

mycelium that reproduces 
sexually via basidiocarps



Phylogeny of basidiomycetes ����
Sc

As

Tm

Cn

���

	�

Um
Riley et al., PNAS (2014) 

Cc

Mycena kentingensis

Phellinus noxius



Mycorrhizae ��

• “Fungus roots”
• Mutualism between:

• Fungus (nutrient & water uptake for plant)
• Plant (carbohydrate for fungus)

• Several kinds
• Zygomycota – hyphae invade root cells
• Ascomycota & Basidiomycota – hyphae 

invade root but don’t penetrate cells

• Extremely important ecological role 
of fungi!

Russula
mushroom 
mycorrhizas on 
Western 
Hemlock root



Main types of Mycorrhizae and their plant partners



Lichens ��
• “Mutualism” between

• Fungus – structure
• Alga or cyanobacterium –

provides food
• Three main types of lichens: 

• Crustose lichens form flat crusty 
plates.

• Foliose lichens are leafy in 
appearance, although lobed or 
branched structures are not true 
leaves. 

• Fruticose lichens are even more 
finely branched and may hang down 
like beards from branches or grow 
up from the ground like tiny shrubs.  



Yeasts ���

• Single celled fungi
• Adapted to liquids

• Plant saps
• Water films
• Moist animal tissues

Candida
Saccharomyces



Molds��
• Rapidly growth ; mostly asexual spores
• May develop into a sexual fungus, producing zygosporangia, 

ascocarps or basidiocarps
• Many human importances

• Food spoilage
• Food products (cheese flavour)
• Antibiotics (Penicillium) etc.

Noble Rot - Botrytis



Fungal life cycle



Generalized Life Cycle of a Fungus



Life cycle of an ascomycete

ASEXUAL

SEXUAL

MITOSIS



Life cycle of a mushroom-forming basidiomycete



Life cycle of a mushroom-forming basidiomycete

Haploid basidiospores grow into short-lived haploid mycelia: under certain 
conditions, plasmogamy occurs
Resulting dikaryotic mycelium grows forming mycorrhiza or mushrooms 
(basidiocarps)
Mushroom cap supports and protects gills: karyogamy in the terminal, 
dikaryotic cells lining the gills produces diploid basidia
Resulting basidium immediately undergoes meiosis producing four haploid 
basidiospores
Asexual reproduction less common than in ascomycetes



Fungal life style



Fungi as Symbionts (Mutualism)



Fungi as Parasites & Pathogens



Fungal diversity in different environments

Nilsson et al (2018) Nature Reviews Microbiology



Ecological impacts of fungi

• Beneficial Effects of Fungi
• Many organisms depend on/utilise fungi
• Decomposition - nutrient and carbon recycling. 
• Biosynthetic factories. Can be used to produce drugs, antibiotics, alcohol, acids, food (e.g., 

fermented products, mushrooms). 
• Traffic network for microorganisms and host
• Model organisms for biochemical and genetic studies.

• (Host) Harmful Effects of Fungi
• Destruction of food, lumber, paper, and cloth. 
• Animal and human diseases, including allergies. 
• Toxins produced by poisonous mushrooms and within food (e.g., grain, cheese, etc.). 
• Plant diseases. 



https://www.youtube.com/watch?v=AnsYh6511Ic

https://www.youtube.com/watch?v=AnsYh6511Ic


Cattle lungworm Dictyocaulus viviparus

Actively utilize Pilobulus to disperse

#Pilobolus and Lungworm Larvae
https://www.youtube.com/watch?v=4LrWjnYyc28

https://www.youtube.com/watch?v=4LrWjnYyc28


Biogeography and emerging views of fungal diversity

Peay et al (2016) Nature Reviews Microbiology



The evolution of new species or genetic diversity in fungi is 
often associated with dispersal or migration into new 
habitats

Peay et al (2016) Nature Reviews Microbiology



How fungi are engaged in ecosystem processes

Fungi in Ecosystem Processes (2nd Edition) CRC Press 



The good









PLANT–FUNGAL MUTUALISMS

1. Endophytes
can be beneficial to plant 
growth, especially in harsh 
environments

2. Mycorrhizas.
key benefits to terrestrial 
ecosystems, including: (i) 
enhanced nutrient uptake, 
(ii) soil structure; and (iii) 
carbon sequestration, 



The bad



Andersen et al., Am Nat (2009)

Ophiocordyceps unilateralis





Fungi can even consume nematodes (��)

https://vimeo.com/125211921

https://vimeo.com/125211921


Fisher et al (2013) Nature



Plant pathogens

Mareike Möller & Eva H. Stukenbrock (2017) Nature Microbiology Review



Plant pathogens

Mareike Möller & Eva H. Stukenbrock (2017) Nature Microbiology Review



Corn smut Ustilago

Nutritional Requirements of the Edible Gall-producing Fungus Ustilago esculenta
������ https://blackwalnut.npust.edu.tw/archives/325221

Photo by David Cohen/flickr/CC BY 2.0

Zizania latifolia infected by 
Ustilago esculenta

https://blackwalnut.npust.edu.tw/archives/325221


Fisher et al (2013) Nature

Animal pathogens



Fisher et al (2013) Nature

Worldwide reporting trends in fungal Emerging Infectious Diseases 
(EIDs)



Fisher et al (2018) Science



Fisher et al (2018) Science

Fungal species with reported antifungal resistance, by country



Fisher et al (2018) Science

Evolutionary drivers of antifungal resistance



How do we study all these?



Model organisms

https://www.yourgenome.org/facts/what-are-model-organisms

• Easy to maintain and breed in a laboratory setting.
• Many model organisms can breed in large numbers.
• Some have a very short generation time, which is the 

time between being born and being able to reproduce, 
so several generations can be followed at once

• Mutants allow scientists to study certain characteristics 
or diseases. 

• Easy and cheap genetic manipulation
• Some model organisms have orthologs to humans.
• Model organisms can be used to create highly detailed 

genetic maps.
• Or they may occupy a pivotal position in the 

evolutionary tree

https://www.yourgenome.org/facts/what-are-model-organisms


Research in model yeast Saccharomyces cerevisiae 

• Biotechnology
• Fermentation
• Synthetic biology
• High-throughput / Systematic
• Light sensing 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3213361/pdf/695.pdf

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3213361/pdf/695.pdf


Research in other model fungi

Perez-Nadales et al (2014) Fungal Genetics and Biology

• All have genome sequence 
available

• Most are animal/plant pathogens
• So much emphasis put on study 

of virulence



Fungal genomes



Importance of genomics in fungi - Phylogeny

The accelerating pace of fungal genome sequencing by a 
number of large-scale sequencing projects paved the way 
for assembling larger and taxon-specific datasets that
clarified some of the puzzling fungal relationships.

• sister relationship between the Leotiomycetes and 
Sordariomycetes

• resolved the position of the Xylonomycetes, a small 
class of leaf endophytes,as a sister group to the 
Lecanoromycetes and Eurotiomycetes.

Resolving ancient divergences poses significant 
challenges even for phylogenomic datasets. For example, 
the definition of the fungal kingdom and the placement of 
the Microsporidia as fungi or nonfungal eukaryotes have 
been debated. (to be discussed in the next lecture)

Nagy and Szollosi (2017) Fungal Phylogenetics and Phylogenomics



Importance of genomics in fungi - Comparative

• Comparative genomics analysis of S. cerevisiae and 
closely related species has contributed to our 
understanding of how new species emerge and has 
shed light on the various mechanisms that contribute 
to reproductive isolation.

• Genomic analysis of Saccharomyces yeasts has provided 
a better understanding of the mechanisms underlying 
large-scale genomic changes, such as polyploidy, and 
their consequences for genome evolution and cell 
physiology.

• Genomic approaches are increasingly contributing to our 
understanding of how budding yeasts adapt to natural 
environments by identifying the genes that are involved in 
adaptation within natural substrates.

Marsit et al (2017) Nature Genetics Review
Dujon and Louis (2017) Genetics



Importance of genomics in fungi - Comparative (example)

Shen et al (2018) Cell

Highlights
•332 genomes, including 220 newly 
sequenced, covering ∼1/3 of known budding 
yeasts

•Genome-scale inference of robust 
phylogeny and time tree of budding yeast 
subphylum

•Reconstruction of 45 metabolic traits infers 
complex budding yeast common ancestor

•Reductive evolution of traits and genes is a 
major mode of evolutionary diversification



Importance of genomics in fungi - Comparative (example2)

Rokas et al (2018) Nature Reviews Microbiology

• Fungi contain a remarkable diversity of 

both primary and secondary metabolic 

pathways involved in ecologically 

specialized or accessory functions. 

• Genes in these pathways are 

frequently physically linked on fungal 

chromosomes, forming metabolic gene 

clusters (MGCs).

• Improved knowledge of the 

evolutionary life cycle of MGCs will 

advance our understanding of the 

ecology of specialized metabolism and 

of the interplay between the lifestyle of 

an organism and genome architecture.



Importance of genomics in fungi – plant pathogens

• The genomes of fungal plant pathogens can vary in size and 
composition, even between closely related species. Differences in 
the content of transposable elements cause variation in genome 
architecture.

• Variation in genome architecture results from differences in 
population genetic factors, including effective population size and 
the strength of genetic drift.

• During periods of low effective population size, non-adaptive 
mutations, such as transposable elements, can invade genomes 
and shape their architecture.

• Transposable elements contribute to the establishment and 
maintenance of rapidly evolving genome compartments that can 
comprise virulence genes. High mutation rates in these 
compartments support the evolution of new virulence phenotypes.

Mareike Möller & Eva H. Stukenbrock (2017) Nature Microbiology Review



Importance of genomics in fungi – plant pathogens
• The genomes of fungal plant pathogens can vary in size and 

composition, even between closely related species. Differences in 
the content of transposable elements cause variation in genome 
architecture..

Mareike Möller & Eva H. Stukenbrock (2017) Nature Microbiology Review



Importance of genomics in fungi – plant pathogens
• The genomes of fungal plant pathogens can vary in size and 

composition, even between closely related species. Differences in 
the content of transposable elements cause variation in genome 
architecture..

Mareike Möller & Eva H. Stukenbrock (2017) Nature Microbiology Review



Importance of genomics in fungi - Population

• Population genomics and comparative 
genomics of Saccharomyces yeasts have 
revealed that hybridization occurred 
frequently throughout, and has had 
substantial effects on, yeast evolution. 
Hybridization could itself be a mechanism 
of adaptation and speciation.

• Genomic analysis of yeast strains 
associated with humans has revealed the 
history of yeast domestication and the 
mechanisms that have contributed to its 
adaptation to anthropogenic environments.

Marsit et al (2017) Nature Genetics Review



Importance of genomics in fungi - Community

The accelerating pace of fungal genome sequencing by a 
number of large-scale sequencing projects paved the way 
for assembling larger and taxon-specific datasets that
clarified some of the puzzling fungal relationships.

• sister relationship between the Leotiomycetes and 
Sordariomycetes

• resolved the position of the Xylonomycetes, a small 
class of leaf endophytes,as a sister group to the 
Lecanoromycetes and Eurotiomycetes.

Resolving ancient divergences poses significant 
challenges even for phylogenomic datasets. For example, 
the definition of the fungal kingdom and the placement of 
the Microsporidia as fungi or nonfungal eukaryotes have 
been debated. (to be discussed in the next lecture)

Marsit et al (2017) Nature Genetics Review



Main steps in a fungal metabarcoding project

Nilsson et al (2018) Nature Reviews Microbiology



Case studies: Origin of Saccharomyces cerevisiae

80



S. cerevisiae arguably one of the most domesticated 
species for its fermentation product

81
https://www.singerinstruments.com/resource/what-is-yeast/

https://www.singerinstruments.com/resource/what-is-yeast/
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https://www.youtube.com/watch?time_continue=2&v=ypenv68qt5s

https://www.youtube.com/watch?time_continue=2&v=ypenv68qt5s
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2µ plasmid ORFs, mitochondrial genome, ribosomal DNA and repeti-
tive elements such as Ty and Y′.

In parallel, 971 strains were phenotyped in different conditions 
that affect various physiological and cellular responses (Methods and 
Supplementary Table 2). In total, we analysed 34,956 phenotypic meas-
urements that covered 36 traits, providing a comprehensive analysis of 
their inheritance patterns. Most of the traits vary continuously across 
the population in a manner consistent with their genetic complexity 
(Supplementary Fig. 5). However, some traits—such as resistance to 
copper sulfate (CuSO4) or anisomycin18—follow a bimodal distribution 
model, and therefore a Mendelian inheritance pattern. Estimates of the 
narrow-sense heritability, h2, from genome-wide SNPs genotyped19 
show a substantial amount of variance explained across all the traits, 
with a mean of 0.69, which suggests the feasibility of performing GWAS 
(Supplementary Fig. 6).

Population structure supports out-of-China origin
The phylogenetic tree of the 1,011 strains shows well-defined clades, 
loose clusters and isolated branches (Fig. 1). Most of the strains  
(813 in total) fall into 26 clades, and another 150 strains belong to 

three groups of poorly related strains (Supplementary Information 
note 1). Our data revealed a complex pattern of genetic differentiation 
with distinct lineages that correlate with geography, environmental 
niche and the degree of human association, as has previously been 
reported8,9,11,12,20. Domesticated and wild clades largely fall into two 
well-delineated sides of the tree, and are separated by a large group 
of mosaic strains. The main exceptions are the wild Mediterranean 
oak strains, which group with the domesticated clades, and the sake 
strains, which group with wild clades. However, the Mediterranean 
oak lineage groups together with the other wild lineages on the basis 
of ORF-content strain clustering (Supplementary Fig. 7).

We used ADMIXTURE21 to investigate ancestry in the genomes of 
individual strains. Mosaic strains are characterized by admixture from 
two or more lineages derived by outbreeding3,4 and frequently mani-
fest as isolated branches in the phylogenetic tree. We identified three 
groups of mosaic strains that are mostly associated with human-related 
environments (Fig. 1). Population structure analysis revealed different 
sources of ancestry and degrees of mosaicism, consistent with multiple 
hybridization events (Supplementary Fig. 8). These findings under-
score the role of human-driven admixture in shaping the population 
structure of S. cerevisiae.

The recent discovery of highly diverged wild Chinese lineages  
suggests that East Asia may represent the geographic origin of  
S. cerevisiae22. The Taiwanese wild lineage represents the most diver-
gent population that has yet been described (average of 1.1% sequence 
divergence to non-Taiwanese strains). This lineage also contains an 
extremely divergent 2µ plasmid that shares only 80% of identity with 
known plasmid variants (Supplementary Fig. 9 and Supplementary 
Information note 2). We used a subset of highly contiguous de novo 
assemblies that sample the main S. cerevisiae lineages and closely 
related Saccharomyces species23,24 to generate a rooted phylogenetic 
tree (Fig. 2). The outgroup species branched off near the Taiwanese 
and Chinese lineages, which strongly supports a Chinese origin for  
S. cerevisiae. This scenario is also consistent with the isolation of closely 
related Saccharomyces species such as S. mikatae and S. arboricola25,26, 
which are restricted to East Asia, and the broad genetic diversity of the 
Japanese S. kudriavzevii populations27. Together, these observations 
suggest an Asian origin for the whole Saccharomyces species complex. 
We then tested the number of out-of-China events by investigating the 
relationship of non-Chinese strains to the genetic structure of Chinese 
strains. We performed a principal component analysis on SNPs that 
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Fig. 1 | Neighbour-joining tree built using the biallelic SNPs. We 
identified 26 clades (numbered clockwise from 1 to 26) and three mosaic 
groups (M1–M3). The pie charts represent the ecological origins of the 
clade: domesticated (red), wild (green) and human (cyan). The colour 
of the clade name indicates its assignment: domesticated (red) and wild 
(green). The top left inset represents a magnification of the wine/European 
clade with four major subclades highlighted.
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Fig. 2 | Chinese origin of S. cerevisiae. Maximum-likelihood rooted 
tree of the Saccharomyces complex, based on the alignment of 2,018 
concatenated conserved genes. Heat maps display the distance from the 
last common ancestor of S. cerevisiae (Sc)–S. paradoxus (Sp) (white–blue), 
and the number of introgressed S. paradoxus ORFs (white–red). The map 
shows the geographical origins of the strains.

N A T U R E | www.nature.com/nature
© 2018 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

“The Taiwanese wild lineage represents the
most divergent population that has yet
been described (average of 1.1% sequence
divergence to non-Taiwanese strains).”
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Case studies: fungi in Taiwan



Taiwan has 9% of world’s described fungal species

TaiBNET



A

B

A

B



Expedition



Expedition





















Case study : Phellinus noxius 



Phellinus noxius causing brown root rot in 200 + tree 
species

Ann et al., (2002)



Phellinus noxius ��� causing brown root rot in trees

http://www.epochtimes.com/b5/11/3/7/n3190234.htm

Grows in optimum temperature of 28C – an emerging issue due to climate change

Norio et al., (2014, 2015)



Disease foci in forests caused by Phellinus

Norio et al., (2015)

Ogasawana island, Japan Mortality centers in mountain hemlock forest at 1700 m 
elevation in the central Oregon Cascades. 
Scale bar = 200m

Hansen 2000



Phellinus noxius distribution in the world



Transition from wood decayer to root pathogen to 
trunk pathogen

Root pathogen
Wood decayer

Trunk pathogen

S. paradoxaP. sulphrascens

F. mediterranea P. pini

P. noxius



1,3-beta-glucan synthase is highly expanded in P. noxius

Schematic overview of fungal cell wall composition

1,3-beta-glucan synthase 
is responsible for the 
formation of beta-glucan 
components in fungal cell 
wall

P. noxius has 14 copies, 
compared to an average of 
1.8 copies across fungi



Taiwan

Japan

Ryukyu islands

��

��

��

���

�
�

National Taiwan University

�	��

���

Tracy Lee

First phase: sequencing of 40+ isolates around Japan and Taiwan 
collected during 1999-2014







High diversity in P. noxius

Human: 1 SNP every 1.3kb 
Yeast: 1 SNP every 0.6-1.2kb

Drosophila: 1 SNP every 0.5kb 
Phellinus: 1 SNP every 26-95bp

Tajima’s D test if DNA is evolved under a neutral 
scenario (mean = 0 )

A negative Tajima's D signifies an excess of low 
frequency polymorphisms relative to expectation, 
indicating population size expansion (e.g., after a 
bottleneck or a selective sweep) and/or purifying selection



Tajima’s D statistics reveals Taiwan/Ryukyu population 
undergoing expansion

Taiwan / Ryukyu Ogasawara



Population differentiated loci involved in fungal cell wall 
organization and plant cell wall degradation



Test: RNA between different parts of infection

Tree 1

Tree 2



RNAseq of in planta samples during P. noxius infection

CAZymes



RNA between different parts of infection

Highly expressed:
Tyrosinase – key enzyme in production of melanin
Many Hydrolases – plant cell wall degrading enzyme
Dehydrogenase

Highly expressed:
Ligninase – catalyze the breakdown of lignin, a biopolymer 
commonly found in the cell walls of plants
P450– xenobiotic detoxification released from plant defense
Aspartic protease: important in the formation and germination 
of spores, in pathogenesis and in post-translational regulation 

Highly expressed in bothstages:
Glycan synthetase: fungal cell wall production 



Brownness (melanin) associated with pathogenicity is 
different amongst isolates

Tracy Lee



Case study: Collect Mycena in Taiwan 

Mycena interrupta Mycena adonis

Mycena luceptipes Mycena leaiana

Mycena adonis

Huei mien Ke



Of the 43 species that display bioluminescence, 9 are 
present in Taiwan

Mycena luxaeterna Mycena kentingensis

Mycena chlorophos



#A glowing underground network of fungi - Attenborough's Life That Glows: Preview - BBC Two
https://www.youtube.com/watch?v=33-3UCTRZWM

https://www.youtube.com/watch?v=33-3UCTRZWM


Four genes cluster constitute the Luciferin biosynthesis pathway 
involved in  fungal bioluminescence

Kotlobay et al (2018) PNAS



Two mode of evolution across Mycena genomes121

Yuching Liu
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Gene denseGene sparse

• Various types of unknown repeat contribute to the expansion of genome
• Gene sparse region contain tandem duplication of various gene families
• Suggesting accumulation of repeats seems to break the synteny (regulatory) of genome 

allow gene families to expand

Repeat sparseRepeat dense
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Questions and knowledge gaps



More references
#Some nice papers
https://www.nature.com/subjects/fungi

# Fungal Phylogenetics and Phylogenomics
https://www.sciencedirect.com/bookseries/advances-in-genetics/vol/100/suppl/C

# The Impact of Molecular Data in Fungal Systematics
https://www.sciencedirect.com/science/article/pii/S0065229605420029

# Genome Diversity and Evolution in the Budding Yeasts (Saccharomycotina)
http://www.genetics.org/content/206/2/717

# Evolutionary biology through the lens of budding yeast comparative genomics
https://www.nature.com/articles/nrg.2017.49

# Dimensions of biodiversity in the Earth mycobiome
https://www.nature.com/articles/nrmicro.2016.59

# Evolution and genome architecture in fungal plant pathogens
https://www.nature.com/articles/nrmicro.2017.76

https://www.nature.com/subjects/fungi
https://www.sciencedirect.com/bookseries/advances-in-genetics/vol/100/suppl/C
https://www.sciencedirect.com/science/article/pii/S0065229605420029
http://www.genetics.org/content/206/2/717
https://www.nature.com/articles/nrg.2017.49
https://www.nature.com/articles/nrmicro.2016.59
https://www.nature.com/articles/nrmicro.2017.76

