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Alexander Fleming
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Source: MycoBank database

Total number of major ranks described between 1689 and April 2017

Diversity of Fungi

1.5 – 5.1 Million estimated number of species worldwide
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Texas A&M University

What is a fungus?
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• Fungi are non-motile (they don’t move) heterotrophs 
(they get food and energy from other organisms).

• The defining characteristic of fungi is their mode of 
getting food: “extracellular digestion and absorption”.  
They secrete digestive enzymes into the environment, 
then absorb the nutrients released by those enzymes.

• Most fungi are decomposers: they live on decaying 
organisms.  

• Some fungi are parasites: they extract food from living 
organisms.
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Other Fungal Characteristics

• Fungi are haploid for most of their life cycle, becoming diploid only for the 
purpose of meiosis.

• Fungi are non-vascular: they have no internal pipes to distribute nutrients

• Fungi have a cell wall, like plants do, but it is composed of chitin, the same 
material that covers insects. 

• Fungi reproduce by means of spores, which can be sexual (the products of
meiosis) or asexual (the products of mitosis).  Each group of fungi has a 
unique set of spores.  Asexual reproduction is more common than sexual.

• Classically, the fungi were classified into the yeasts (which are unicellular) and 
the molds (which have a mat of fibers called hyphae as the main body of the 
organism).

• Recent DNA-based studies show that fungi are more similar to animals than to 
plants.
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https://en.wikipedia.org/wiki/Kingdom_(biology)#/media/File:Tree_of_Living_Organisms_2.png
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Types of growth habits

• Filamentous – hyphal growth; multi-cellular; ascomycetes, 

• basidiomycetes and zygomycetes

• Unicellular cells - budding yeasts (Saccharomycetales) and Archiascomycetes 
(Schizosaccharomyces pombe)

There is some overlap between these two groups; because some fungi are 
dimorphic or even pleiomorphic, switching between different growth forms 
depending on environmental conditions or the stage of their life cycle. 
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Anamorphs and teleomorphs

The importance of connecting

life stages in fungi
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HOLOMORPH

• The whole fungus in all its morphs 
and life-cycle phases

../../Desktop/spifin1a/shares$/Share-All/imc8treejune30.ppt


HOLOMORPH

i.e. all manifestations of a genotype:

in a fungus this frequently means one or more 
anamorphs plus a teleomorph. 
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ANAMORPH
The asexual form or morph characterized 

by the presence or absence of conidia
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TELEOMORPH

The sexual (perfect) form or morph 
characterized by the presence of an 

ascoma (fruiting body) in the 
Ascomycota
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A question of life-cycles

•The perfect and imperfect 
insect

•The perfect and imperfect 
fungus
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Life cycle of an insect-pathogenic fungus
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One Fungus = One Name

1F = 1N
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Phylogenetic analysis of molecular sequence data

100 bp

1) SSU rDNA

3) Elongation factor-1 alpha (EF-1)

5.8S

200 bp

100 bp

2) LSU rDNA

4) RNA polymerase II largest subunit (RPB1)

200 bp

5) RNA polymerase II second largest subunit (RPB2)

200 bp
6) Beta-tubulin (tub2)

7) Whole genome sequencing

ITS 1 ITS 2
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Advantages of sequence data:

- no plasticity in the data unlike morphological 
characters

- High number of potential characters to be used for 
comparison

- use of molecular data for modeling patterns of 
nucleotide substitution

- Phylogenetic trees (estimates of evolutionary 
history) allows biologists to make predictions

- Phylogeny is also an integral part of interpreting 
any co-evolutionary relationships such as host and 
parasite

- Use of ‘molecular clocks’ to predict both past and 
future molecular divergence in genes



Disadvantages

• difficulties of inferring positional homology

• incongruence between organismal and gene 
genealogies

• low likelihood of recovering the correct phylogeny 
given certain patterns in the timing of speciation 
events



Fungal Barcoding genes



Higher level classification of Kingdom 
Fungi

David Hibbett



31 January 2007

A Higher-Level Phylogenetic Classification of the Fungi
David S. HIBBETT, Manfred BINDER, Joseph F. BISCHOFF, Meredith BLACKWELL, Paul F. 
CANNON, Ove ERIKSSON, Sabine HUHNDORF, Timothy JAMES, Paul M. KIRK, Robert 
LÜCKING, Thorsten LUMBSCH, François LUTZON, P. Brandon MATHENY, David J. 
MCLAUGHLIN, Martha J. POWELL, Scott REDHEAD, Conrad L. SCHOCH, Joseph W. 
SPATAFORA, Joost A. STALPERS, Rytas VILGALYS, M. Catherine AIME, André APTROOT, 
Robert BAUER, Dominik BEGEROW, Gerald L. BENNY, Lisa A. CASTLEBURY, Pedro W. 
CROUS, Yu-Cheng DAI, Walter GAMS, David M. GEISER, Gareth W. GRIFFITH, David L. 
HAWKSWORTH, Valerie HOFSTETTER, Kentaro HOSAKA, Richard A. HUMBER, Kevin 
HYDE, Urmas KÕLJALG, Cletus P. KURTZMAN, Karl-Henrik LARSSON, Robert LICHTWARDT, 
Joyce LONGCORE, Andrew MILLER, Jean-Marc MONCALVO, Sharon MOZLEY 
STANDRIDGE, Franz OBERWINKLER, Erast PARMASTO, Jack D. ROGERS, Leif RYVARDEN, 
José Paulo SAMPAIO, Arthur SCHUESSLER, Junta SUGIYAMA, John W. TAYLOR, R. Greg 
THORN, Leif TIBELL, Wendy A. UNTEREINER, Christopher WALKER, Zheng WANG, Alex 
WEIR, Michael WEISS, Merlin WHITE, Katarina WINKA, Yi-Jian YAO, Ning ZHANG



Cordyceps militaris – type species of Cordyceps

Entomopathogenic Fungi: Clavicipitaceae



Ophiocordyceps sinensis

dong chong xia cao

‘winter-worm, summer-grass’

http://www.google.com/imgres?imgurl=http://www.nepaliproducts.com/herbal/cordyceps_sinensis.jpg&imgrefurl=http://www.nepaliproducts.com/herbal/cordyceps_sinensis.php&h=196&w=250&sz=12&tbnid=F6emdlafgyplZM:&tbnh=87&tbnw=111&prev=/search?q%3DCordyceps%2Bsinensis%26tbm%3Disch%26tbo%3Du&zoom=1&q=Cordyceps+sinensis&usg=__gc15DF9AdermX4Cu8MUFEzQehPg=&sa=X&ei=83rkTa_fFITKrAeimrChBg&ved=0CDwQ9QEwAg
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Cordyceps sp. BCC 1788
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P. falciparum 5.35 12.2 
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From Khao Soi Dao Wildlife Sanctuary, Chantaburi



Aschersonia sp. BCC 8401
from Khao Yai National Park
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M. Isaka, J. Nat. Prod. (2005)

BCC 8401



Molecules 2017, 22, 991; doi:10.3390/molecules22060991

Molecules 2017, 22, 1202; 
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Clavicipitaceae 1 (Cordyceps, Hypocrella)

Clavicipitaceae 2 (Cordyceps, Torrubiella)

Clavicipitaceae 3 (Cordyceps, Torrubiella)

Hypocreaceae

Nectriaceae

Bionectriaceae

Stachybotrys

Niessliaceae

Phylogeny of the Hypocreales

HOST RANGE

PLANT

ANIMAL

FUNGUS

*SHIFT IN NUTRITIONAL MODE

FROM PLANT BASED NUTRITION

TO ANIMAL/FUNGUS BASED 

NUTRITION

*



Clavicipitaceae 1 - Clavicipitaceae s.s.

Shimizuomyces paradoxa
Shimizuomyces paradoxa

Aschersonia badia
Hypocrella schizostachyi

Aschersonia placenta

Hypocrella sp.
Epichloe typhina

Claviceps paspali
Claviceps fusiformis

Claviceps purpurea
Claviceps purpurea

Verticillium epiphytum

Verticillium epiphytum
Myriogenospora atramentosa

Balansia pilulaeformis

Balansia epichloe
Balansia henningsiana

Pochonia bulbillosa
Pochonia gonioides

Tolypocladium parasiticum
Pochonia suchlasporium

Paecilomyces marquandii
Paecilomyces carneus

Paecilomyces carneus
Rotiferophthora angustispora

Cordyceps chlamydosporia

Pochonia chlamydosporia
Cordyceps liangshanensis

Cordyceps liangshanensis

Cordyceps yungmunensis sp. nov.

Cordyceps yungmunensis sp. nov.
Nomuraea rileyi

Metarhizium album

Cordyceps sp. nov. J12118
Metarhizium flavoviride

Metarhizium anisopliae

Cordyceps taii
Cordyceps cf taii KS50

Cordyceps
Metarhizium, Pochonia, Paecilomyces

on Smilax seeds

Hypocrella on scale insects



Verticillium incurvum
Hypocrea lutea

Aphysiostroma stercorarium
Sphaerostibella berkeleyana

Hypomyces polyporinus
Simplicillium lamellicola
Simplicillium obclavatum

Simplicillium lanosoniveum

Simplicillium lanosoniveum
Torrubiella wallacei

Torrubiella ratticaudata
Lecanicillium antillanum

Engyodontium aranearum
Lecanicillium aranearum

Cordyceps cardinalis
Cordyceps cardinalis

Lecanicillium psalliotae
Lecanicillium fusisporum

Lecanicillium psalliotae
Lecanicillium psalliotae

Isaria farinosus
Isaria farinosus
Cordyceps tuberculata

Torrubiella confragosa

Lecanicillium attenuatum
Cordyceps scarabaeicola

Cordyceps staphylinidicola
Cordyceps cf. takaomontana

Isaria farinosus
Cordyceps ochraceostromata
Isaria tenuipes
Cordyceps sp.

Cordyceps bifusispora
Cordyceps bifusispora

Microhilum oncoperae
Cordyceps kyusyuensis

Cordyceps militaris

Verticllium sp.

Cordyceps takaomontana

Cordyceps ninchukispora Taiwan
Cordyceps ninchukispora Taiwan

Mariannaea pruinosa China
Cordyceps ninchukispora Thailand
Cordyceps ninchukispora Thailand
Cordyceps ninchukispora Korea

Cordyceps ninchukispora Korea

Hypocreaceae

Clavicipitaceae 2  - “Cordyceps” clade

HOST RANGE

PLANT

ANIMAL

FUNGUS





Evolution of host affiliation

• individual species have narrow host range

• closely related species are not necessarily on 
closely related hosts

• host jumping is common
• 4-5 onto fungi

• 1-2 onto plants

• 1-2 onto animals

• 3 clades of Clavicipitaceae seem to display some 
level of niche specialization



Niche specialization?“Cordyceps” clade

•attacks host in leaf litter, moss

•usually not deeply buried in soil or wood

•stromata brightly colored, fleshy

Clavicipitaceae clade

•often attack hosts directly associated 

with plants

•stromata pallid to green to brightly colored

“Ophiocordyceps” clade

•attack hosts buried in soil or decaying  

wood

•except species that attack adults

•stromata darkly pigmented, often with 

sterile apex



To refine the classification of Cordyceps and the Clavicipitaceae, 
the phylogenetic relationships of 162 taxa were estimated based 
on analyses consisting of five to seven loci, including the nuclear 
ribosomal small and large subunits (nrSSU and nrLSU), the 
elongation factor 1-α (tef1), the largest and the second largest 
subunits of RNA polymerase ІІ (rpb1 and rpb2), β-tubulin (tub), and 
mitochondrial ATP6 (atp6).

Synapomorphy of entomopathogenic fungi:

- Filiform ascospores



All MP, ML, and Bayesian analyses of the five-gene 162-taxon 
data set recognized three well supported clades of 
clavicipitaceous fungi

• Clavicipitaceae
• Cordycipitaceae
• Ophiocordycipitaceae

Recognizing new families
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Glomerella cingulata
Verticillium dahliae

Bionectria ochroleuca
Hydropisphaera peziza

Hydropisphaera erubescens
Roumeguieriella rufula

Cordyceps gunnii

Haptocillium balanoides
Haptocillium sinense

Cordyceps ophioglossoides
Cordyceps capitata

Cordyceps fracta
Cordyceps japonica

Cordyceps sphecocephala
Cordyceps nutans

Cordyceps irangienesis
Hymenostilbe aurantiaca

Cordyceps aphodii
Cordyceps brunneapunctata

Cordyceps unilateralis
Cordyceps agriota

Cordyceps stylophora

Cordyceps cf. acicularis
Cordyceps heteropoda

Cordyceps melolonthae
Cordyceps ravenelli

Cordyceps variabilis
Ashersonia badia

Hypocrella sp.
Ashersonia placenta

Hypocrella schzostachyi

Epichloe typhina
Claviceps paspali

Claviceps fusiformis
Claviceps purpurea

Verticillium epiphytum
Myriogenospora atramentosa

Balansia henningsiana
Balansia pilulaeformis

Pochonia gonioides
Metarhizium album

Metarhizium flavoviride
Cordyceps taii
Metarhizium anisopliae

Cordyceps chlamydosporia
Rotiferophthora angustispora

Torrubiella ratticaudata
Lecanicillium antillanum

Engyodontium aranearum
Cordyceps cardinalis

Paecilomyces tenuipes

Cordyceps tuberculata
Torrubiella confragosa

Cordyceps scarabaeicola

Paecilomyces farinosus

Cordyceps militaris
Cordyceps pruinosa

Simplicillium lamellicola

Simplicillium lanosoniveum
Simplicillium lanosoniveum

Verticillium incurvum
Hypocrea lutea

Sphaerostilbella berkeleyana

Hyphomyces polyporinus
Pseudonectria rousseliana

Nectria cinnabarina

Viridispora diparietispora

Cosmospora coccinea

Ophionectria trichospora
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Phyllachorales

Bionectriaceae

Nectriaceae

Hypocreaceae

Clavicipitaceae 2
Cordycipitaceae

Clavicipitaceae 1
Clavicipitaceae  sensu stricto

Clavicipitaceae 3
Ophiocordycipitaceae

Hypocreales
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100

100
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Shift in 
nutritional 
mode
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Entomopathogenic fungi: recognizing new genera

SSU, LSU, tef, rpb1, rpb2 Nigelia

Luangsa-ard et al. 2017
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Entomopathogenic fungi: recognizing new genera

LSU, tef, rpb1

Helicocollum

Luangsa-ard et al. 2017
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Metarhizium Sorokin 1879

Metarhizium cf. flavoviride

Metarhizium anisopliae

Conidiophores aggregate, mostly mononematous, sometimes synematous
when parasitic on arthropods in soil; conidiogenous cells phialidic, cylindical
to clavate, producing conidia in long basipetal chains; conidia on celled, 
hyaline or slightly pale greenish, smooth, ovoid to cylindrical, aggregate in 
prismatic columns.

Type species: Metarhizium anisopliae (Metsch.) Sorokin

Parasitic on insect or saprobic in soil

Metarhizium cf. flavoviride M. cylindrosporae M. rileyi

M. cylindrosporae



Our findings:

*

*
*

*
*
*

Recognizing new species in Metarhizium



New Species in Metarhizium

B

DB

A B E F
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Metarhizium chaiyaphumense



New Species in Metarhizium

Metarhizium takense

L

P

A C D

E F G H I

J K L

A B



A C DB

J K L

M N O

Metarhizium kalasinense

New Species in Metarhizium



New Species in Metarhizium

Metarhizium prachinense



New Species in Metarhizium

Metarhizium samlanense

A

D

C E

E

D F

G J

B

H I



O. unilateralis is characterized

by lateral ascomatal cushion 

developing on the stroma 

growing from the back of the 

ants’ heads (Tulasne & Tulasne,
1865).

All another specimens suiting 

this description and found on

formicine ants are identified as
O. unilateralis !

Distribution: 

South and North America, Japan, 
South-East Asia 

Zombie Ant Ophiocordyceps unilateralis





Obligate marine fungi = fungi that grow & sporulate
in marine / estuarine habitats

Marine Fungi

• Early phase of marine mycology: Sutherland (1915)- seaweed fungi

Jones, et al. 2015 listed 1,112 spp. (in 472 genera):
- 805 Ascomycota **
- 21 Basidiomycota 

- 26 Chytridiomycota 
- 3 Zygomycota 

- 1 Blastocladiomycota 
- 43 asexual morphs 
- 213 marine yeasts

** 188 spp. reported 
for Thailand.

K and K 1979

Slide courtesy of Dr. Jariya Sakayaroj



Habitats and substrata

Ecological functions:

1. Saprobes / Decomposer on dead organic materials 
(esp. woody substrata) **

2. Parasites on plants, algae, sponges and animals

3. Symbionts in lichenoid associations with algae

Slide courtesy of Dr. Jariya Sakayaroj



Marine Fungal 
Lineages

Slide courtesy of Dr. Jariya Sakayaroj
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Halosphaeriaceae: a largest family of marine ascomycetes with 166 species in 63 genera

Deliquescing asci,
facilitate liberation

Slide courtesy of Dr. Jariya Sakayaroj
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Appendaged ascospores

Slide courtesy of Dr. Jariya Sakayaroj



• Diversity & speciation of the 
Halosphaeriaceae is prolific

To elucidate taxonomy, 
classification and phylogeny 
of selected fungi using 
multiple gene analysis 
approach

Slide courtesy of Dr. Jariya Sakayaroj



Classification of environmental sequences
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isaria amoenerosea CBS 107.73

Isaria cateniobliqua CBS 153.83

Isaria fumosorosea CBS 337.52

Isaria tenuipes CBS 997.73
Isaria tenuipes ARSEF 5135

Isaria tenuipes NHJ 10576 BCC 2678

Isaria tenuipes NHJ 6073

Isaria tenuipes ARSEF 2488

Isaria tenuipes JLE6
Isaria tenuipes NHJ 10482 BCC 2648

Isaria tenuipes NHJ 10857 BCC 2918
Isaria tenuipes NHJ 10460 BCC 2685

Isaria japonica RN 379
Isaria japonica RN 378

Isaria tenuipes NHJ 6033

Cordyceps cf. takaomontana NHJ 5946

Isaria tenuipes NHJ 10501 BCC 2672

Isaria tenuipes NHJ 2015 BCC 1864
Isaria japonica RN 483

Cordyces sp. NHJ 12911.01
Cordyces sp. 01 NHJ 12851

Cordyceps cf. takaomontana NHJ 12039
Isaria tenuipes NHJ 2737

Isaria cateniannulata CBS 152.83

Cordyceps cf. takaomontana NHJ 5273
Isaria sp NHJ 13913

Isaria tenuipes NHJ 5732

Isaria amoenerosea NHJ 8013 BCC 2634

Beauveria amorpha NHJ 5410
Beauveria bassiana NHJ 10559

Beauveria sp. NHJ10369

Beauveria on ant NHJ 11927
Beauveria bassiana NHJ 13037

Paecilomyces lilacinus NHJ 2386 BCC 2012
Paecilomyces lilacinus NHJ 13274

Nomuraea atypicola NHJ 7494
Paecilomyces cinnamomeus CBS 398.86

Paecilomyces carneus CBS 399.59
5 changes

Beauvericin-

production 

in Cordyceps

sensu stricto

Luangsa-ard, J.J., Berkaew, P., Ridkaew, R., Hywel-Jones, N.L. and Isaka. M. 2009. A Beauvericin Hotspot 

in the genus Isaria. Mycological Research 113: 1389-1395.
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Summary

Molecular phylogenetics helps us understand about 
the evolutionary relationships of organisms by 
recognizing monophyletic clades

Phylogenetic relationships gives us insight about host 
and parasite interactions

Knowing these relationships allow scientists to make 
biological predictions
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Insect fungi working group



Thank you for your attention!  

Shanghai Entomological Museum



Mycological Discoveries for a Better World

July 16-21, 2018
Puerto Rico Convention Center

www.imc11.com

http://www.imc11.com/

