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Diversity of Fungi

Lower ranks Higher ranks

@ subpecies @ Families

@ Species @ Orders

@ Genera 0 Classes
Divisions

Total number of major ranks described between 1689 and April 2017

1.5 - 5.1 Million estimated number of species worldwide

Source: MycoBank database
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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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Fungi ?‘(\-\mall Animalia
, B D (cukaryotic,
Euk&r yota: o Py '\—‘/:’j ) multicellular)
1| - Fungi
: (eukaryotic,
multicellular)
Plantae
(eukaryotic,
Protista multicellular)
(eukaryotic,
uni- or multicellular)
Archaebacteria
(prokaryotic,
Eubacteria unicellular)
(prokaryotic,
unicellular)

Prokaryota

Universal
https://en.wikipedia.org/wiki/Kingdom_(biology)#/media/File:Tree_of_Living_Organisms_2.png ancestor
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Types of growth habits

* Filamentous — hyphal growth; multi-cellular; ascomycetes,

* basidiomycetes and zygomycetes

’ ‘r’ i bf.':.m'\
e 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.

soTecy
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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
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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

ﬂ\'

S £
< WHITEFLY
T LIFE CYCLE

a
2 Eggs
-

*The perfect and imperfect
3

insect

*The perfect and imperfect
fungus
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Perithecia
P~ Asexual cycle =S Sexual cycle
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o7
Conidia

Germination of conidia Somatic hypha
<

Germination of ascospores Asci and
Ascospores

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

1) SSU rDNA 2) LSU rDNA
ITS1 ITS 2

3) Elongation factor-1 alpha (EF-1a)

4) RNA polymerase Il largest subunit (RPB1)

11HNEl N | T

200 bp

5) RNA polymerase Il second largest subunit (RPB2)

10 NN. 10N § Bl

200 bp

6) Beta-tubulin (tub2)
100 bp

7) Whole genome sequencing
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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

e 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
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Higher level classification of Kingdom

Fungi
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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
LUCKING, Thorsten LUMBSCH, Francois 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 KOLJALG, 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



Entomopathogenic Fungi: Clavicipitaceae
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Ophiocordyceps sinensis

dong chong xia cao
‘winter-worr, surnrner-grass’

CORDYCEPS
SINENSIS
CAPSULES

DIETARY SUPPLEMENT (R
k2 Vegetarion Copesles Son /S

PAUL STAmMETS

© Can Stock Photo - csp8360078
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Cordyceps sp. BCC 1788

From Khao Soi Dao Wildlife Sanctuary, Chantaburi

L-NMeTyr
HO L-Phe
: ‘\J
\\NH Me HN
L-lle NMeGly
N —Me
o) NH Me
\\“ 9,
L-Leu
L Pro

D-NMePhe

Cordyheptapeptide A

1C5 (M)

P. falciparum 5.35
cytotoxicity (Vero cell lines) >50

Rukachaisirikul V., J. Nat. Prod., 2006

Cordyceps sp. BCC 1681

From Khao Soi Dao Wildlife Sanctuary, Chantaburi

o
OH

HO

IC., = 50% inhibitory concentration

Cordytropolone

IC;, (LM)
12.2
>50

Seephonkai P., J. Anti Biot., 2001



Aschersonia sp. BCC 8401

from Khao Yai National Park

Ascherxanthone A

P. falciparum K1

Cytotoxicity (IC,, ng/mL)

Vi KB BC-1 NCI-H178
(ICSO' Hg/m L) g§e|r|0§ gells cells cells
Ascherxanthone 0.20 0.8 1.7 1.7 0.16
Artemisinin 0.0011 >20 >20 >20 >20

M. Isaka, J. Nat. Prod. (2005)



Article Article

Five Unprecedented Secondary Metabolites Akanthopyrones A-D, a-Pyrones Bearing
from the Spider Parasitic Fungus a 4-O-Methyl-B-D-glucopyranose Moiety
Akanthomyces novoguineensis from the Spider-Associated Ascomycete

Akanthomyces novoguineensis

Soleiman E. Helaly 2%, Wilawan Kuephadungphan 13+, Souwalak Phongpaichit 34,

Janet Jennifer Luangsa-ard °, Vatcharin Rukachaisirikul #” and Marc Stadler ** Wilawan Kuephadungphan 2%, Soleiman E. Helaly 13, Charuwan Daengrot ¢,
Souwalak Phongpaichit 2%, Janet Jennifer Luangsa-ard ¢, Vatcharin Rukachaisirikul 7
and Marc Stadler **
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Figure 1. Structures of Compounds 1-5. Figure 1. Structures of akanthopyrones A-D (1-4)

Molecules 2017, 22, 1202;

doi:10.3390/molecules22071202
Molecules 2017, 22, 991; doi:10.3390/molecules22060991
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Isariotins G-] from cultures of the Lepidoptera pathogenic fungus Isaria tenuipes

Taridaporn Bunyapaiboonsri, Seangaroon Yoiprommarat, Urarat Srisanoh, Wilunda Choowong,
Kanoksri Tasanathai, Nigel L. Hywel-Jones, |. Jennifer Luangsa-ard, Masahiko Isaka™

National Center for Genetic Engineering and Biotechnology (BIOTEC), 113 Thailand Sdence Park, Phaholyothin Road, Kiong Luang, Pothumthani 12120, Theiland
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Phylogeny of the Hypocreales

Hypocreaceae

Nectriaceae

Bionectriaceae

Niessliaceae

Stachybotrys

—— Clavicipitaceae 1 (Cordyceps, Hypocrella)

Clavicipitaceae 2 (Cordyceps, Torrubiella)

Clavicipitaceae 3 (Cordyceps, Torrubiella)

*SHIFT IN NUTRITIONAL MODE
FROM PLANT BASED NUTRITION

TO ANIMAL/FUNGUS BASED
NUTRITION

HOST RANGE

ANIMAL
FUNGUS



Clavicipitaceae 1 - Clavicipitaceae s.s.

Shimizuomyces paradoxa

Shimizuomyces paradoxa —
Aschersonia badia
Hypocrella schizostachyi Hypocrella on scale insects

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. hov. J12118
Metarhizium flavoviride
Metarhizium anisopliae
Cordyceps taii

Cordyceps cf taii KS50

Cordyceps
Metarhizium, Pochonia, Paecilomyces




Clavicipitaceae 2 - “Cordyceps” clade

Vertic

illium incurvum

Hypocrea lutea

Aphysiostroma stercorarium
Sphaerostibella berkeleyana
Hypomyces polyporinus

Hypocreaceae

Simplicillium lamellicola

Torrubiella wallacei

Simplicillium obclavatum
Simplicillium lanosoniveum
Simplicillium lanosoniveum

Torrubiella ratticaudata

Lecanicillium antillanum
Engyodontium aranearum

Lecanicillium aranearum

HOST RANGE
PLANT
ANIMAL
FUNGUS

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 takaomontana
Cordyceps bifusispora
Cordyceps bifusispora

Microhilum oncoperae

Cordyceps kyusyuensis

Cordyceps militaris

Verticllium sp

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




Clavicipitaceae 3 - “Ophiocordyceps clade”




Evolution of host affiliation

* individual species have narrow host range

* closely related species are not necessarily on
closely related hosts

* host jumping is common
e 4-5 onto fungi
e 1-2 onto plants
* 1-2 onto animals

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



“Cordyceps” clade Niche specialization?

«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 Pl 1%
stromata pallid to green to brightly colored & BT

“Ophiocordyceps” clade

attack hosts buried in soil or decaying
wood

sexcept species that attack adults

4 estromata 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-a (tef1), the largest and the second largest

subunits of RNA polymerase Il (rpb1 and rpb2), B-tubulin (tub), and
mitochondrial ATP6 (atp6).

Synapomorphy of entomopathogenic fungi:

- Filiform ascospores

&
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Recognizing new families

* Clavicipitaceae

* Cordycipitaceae
* Ophiocordycipitaceae

All MP, ML, and Bayesian analyses of the five-gene 162-taxon

data set recognized three well supported clades of
clavicipitaceous fungi
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Simplicillium lamellicola
Simplicillium lanosoniveum
Simplicillium lanosoniveum
Verticillium incurvum
Hypocrea lutea

Nectria cit

Nectriaceae

Hymenostilbe aurantiaca

Clavicipitaceae 3
Ophiocordycipitaceae

Clavicipitaceae 1
Clavicipitaceae sensu stricto

Clavicipitaceae 2
Cordycipitaceae

P 7 Hypocreaceae
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Entomopathogenic fungi: recognizing new genera

Meaarhizium

S0

Clavicipitaceae

N

VL0

95

noyEI

ARSEF 530
ARSEF 257
ARSEF 5713

AFTOLD 137
[SER L

Clencariex: bex mores

N —

SSU, LSU, tef, rpb1, rpb2

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

Mycol Progree (AN7) 164 19351
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Luangsa-ard et al. 2017
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Metarhizium Sorokin 1879

Type species: Metarhizium anisopliae (Metsch.) Sorokin

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.

Parasitic on insect or saprobic in soil

Metarhizium anisopliae

Sz o

-—

iy ’

O o Y. .
Metarhizium cf. flavoviride M. cylind’r‘b,spor ae

I

s
e l-'i,"
e
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M. rileyi



Recognizing new species in Metarhizium

Our findings:
e

Mycol Progress (2017) 16:369-391
DOI10.1007/511557-017-1277-1

W
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Clavicipitaceous entomopathogens: new species in Metarhizium
and a new genus Nigelia

ORIGINAL ARTICLE
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85/100/92

Metarhizium

CBS 258.90
ARSEF 5714
ARSEF 6238
KS50

0SC 110996

ARSEF 1015

ARSEF 1914
TNS FI8553
TNS FI8554

100/100/99,

94/100/100~4

69/-/100

90/100/95

97:100/100

CBS 257.90
ARSEF 7929
BCC53581
BCC53582
ARSEF 7488

ARSEF 324
ARSEF 7486
ARSEF 2596

94/10

CBS 218.56

ARSEF 4124
NHI11618
NHJ11597
1001 myo0896
ARSEF 2037
BCC19020
BCC19021
BCC78198
B 9.
97100/100~4 B((.:&"‘?q;;
65/100/6 BCC30940
RCEF 3632
TNS 16371
ARSEF 6927
NBRC 33258
BCC17093
BCC17091
BCC47950
BCC47979
ARSEF 2082
ARSEF 429
ARSEF 577
IndGH96
CBS 806.71
NBRC 8560
NS F16380
TNMF10184

Core Metarhizium

66/100/-

BCC1376
BCC14290
BCC44287
CBS 18227
CBS 239.32
CBS 399.59

EFCC 1452
EFCC 1523
EFCC 2131
EFCC 2135
CBS 891.72

CBS 145.70 Met. /
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Metarhizium guizhouense
Metacordyceps taii
Metacordyceps sp
Metarhizium majus
Metarhizium indigotica
Metarhizium anisopliae
Metarhizium brunneum
Metarhizium robertsii
Metarhizium pingshaense
Metarhizium kalasinense s
Metarhizium lepidiotae
Metarhizium acridum
Metarhizium globosum

Metarhizium flavoviride

Metarhizium frigicum

Metarhizium blattodeae
Metarhizium minus

Metarhizium chaiyaphumense ~ sfe
Metarhizium takense e

Metarhizium cylindrosporae

Metarhizium viridulum
Metarhizium owariense

Metarhizium samlanense *
Metarhizium prachinense *
Metarhizium album

Metarhizium reniforme s

Metarhizium rileyi
Metacordyceps pseudoatrovirens
Metacordyceps atrovirens
Metarhizium viride
Metacordyceps kusanagiense
Metarhizium khaoyaiense
Metarhizium marquandii
Metarhizium carneum

Metarhizium liangshanense
Metarhizium yongmunense

Metapochonia gonioides

CBS 464.88

CBS 504.66
q CBS 101244

Pochonia

Metapochonia rubescens
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New Species in Metarhizium

Metarhizium chaiyaphumense
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in Metarhizium

New Species

Metarhizium takense
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New Species in Metarhizium

Metarhizium kalasinense
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New Species in Metarhizium

Metarhizium prachinense
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New Species in Metarhizium

Metarhizium samlanense




Zombie Ant Ophiocordyceps unilateralis

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




MOLECULAR ECOLOGY

Molecular Ecdogy (2012) 21, 3022-3031 doi: 101111 /11 365- 29040 M2 0T

Molecular phylogenies reveal host-specific divergence
of Ophiocordyceps unilateralis sensu lato following its
host ants

N. KOBMOO, 5. MONGKOLSAMRIT, K. TASANATHAL D. THANAKITPIPATTANA
and . J. LUANGSA-ARD
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a member of NSTDA

Marine Fungi

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

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

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

- 26 Chytridiomycota Ty

- 3 Zygomycota ** 188 spp. rp

- 1 Blastocladiomycota for Thailand
- 43 asexual morphs e

- 213 marine yeasts

\ [
/. Kand/K 1979
) ~'

)
y

Slide courtesy of Dr. Jariya Sakayaroj
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1. Saprobes / Decomposer on dead organic materials
. (esp. woody substrata) **

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

. . Dellquescmgasci
s facilitate liberation
we A ."“

Slide courtesy of Dr. Jariya Sakayaroj
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Appendaged ascospores sioTeC!

Slide courtesy of Dr. Jariya Sakayaroj



1 0f 18MPTs generated
from the combined LSU
and RPAZ sequences.

Tree length = 6942
steps, CI = D444,
RI = 0611

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

Halosphaeriaceae

1og0keanomyces cucullatus AY490 787

=5 [lpariconia prolifica AYOS08G1

Thalespora siamensis DQ237877

5 ||y Asmsacculs hatemgurtulata AY227 136
Ascosacculus aguatica AYZ27136

Aniptodera chesapeakensis U463[EJJD‘WUEJG
Nats mornata AFS39471
Aariptodens lignatiis AY227115

Remispora crispa Ascomata22 1 -
+ Remispora crispa Ascomatazo 2

Remispora crispa NN3

| Remispora crispa Ascomatazz 4
Ocostaspora apllongissima LP53 1]
- Deostaspora apilongissima LP31 2
Morakotiella salina AYB64849_RPB2
Morakotiella salina AYB64843_RPB2
Remispora wrispa PP415_RPB2

Naufragella spinibarbata PPGBB6

barbata 1575

Carbosphaerella leptosphaeri
Remispora maritima LP64_RPB2
Remisporamaritima DenishCulture

emispora longyearbyenensis LP e
Remispora stellata DEJO9

des PP

Tirispera unicaudata AY1S0225
Phasonectriels ligricalasy 150224 4
Lignincola lasvis 146890_DOQB36B86
Haiosphaeria appsndiculsta LHGEAS
oqlp Natartispora retorquenaa 227128
_ Natartispor lotica AF305673
Neptunells longrostris APS533472_DO360633
Nokea urmiumi U46a6e
Arenariomyces trifurcatus LMHEBES
Haiyanga salina L|
Halosphaeriopsis mediosstigera U687
lera longispora 15370
weullosporella mangrovel AY150219
micola slamensis DO237875
eudolignincola siamensis DQ237873
Anternospora quadricomuta AYD90690
73—Halosamheia unicellularis AFIS6676
Halosarpheia fibrosa AF396E72
L Halosarpheia trulifera AF39E875 o
Lignincola tropica AFSIS474
94| Magrisphasra stevemossago AV2Z7135
Magrisphaera spartinas Av1S0221
Corolospora puichela AF491774 -
Corollospora filformis AF491256
Carollospora quinauesepta AFA91262

v
z

Corolbspors angusta AF431254

Corallospora maitima AF4G1250_DO36BE32

e0spora mmata AFSI126/

Wereiospara cristata AFIG1268 v

a intricata
g7 Dceanitis ulll(audatl.ll! AVlSIJZZZ
93 Dceanitis cincinnatulum AY150222
a4 Dceanitis s(utl(ﬂla I:UllB;ﬁY
Oceanitis viscidul
Ophiodsira et mﬁm4
Haligena elaterophora AVE64845_RPB2

= Ll duaoh s MBS, L e e
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amember of NSTDA

e Diversity & speciation of the

Halosphaeriaceae is prolific

Pithoasous nidccla AF4D0E73
FIthosaris mermedius AFAIET2
Microisscus siguiaris AF400662
Scapularopss brevicaulls AB297479
lScopuianiopsts brevicaulis AFO27578

r—-----

Microascales Kertia FppoCrepida AF 27631
62]} Kermia D!ncubn(h; AF275532
LI Frizrcarpus genott AF275 MICIOasCacaas

Peedallsthers oyl AFOZ7674
Pseudslieschena fusoidea AFIR7573

73 jPetiells setifera L4BI21_DO36
L_iu cudalescheria afrcans EF 15
PthOEsas BXETISAR T E 6

Scedosporum sp AFOZTE7T
Petriells gutulata AFET6ES

i tectons AFCE6E0
100 Petriella musispara AFDR7E63
Seecosporhm proliicars AFCZTSED

Microascales incertae sedis
Chadetaudedaceas

Ceratocystis fimbnata AF221000 _D368641

100 - Acartheritschiza smertinerds AY696359
hitschiis qrevilei AY 346204
‘”—‘—L:'ga morforis AYEIS2EL_AVFBOLSL CORONOPHORALES
Chatasphasela SO Av346274_AY 780172
Melznnspora zzmias L17405_DOIGA6IE
Hyporyces pobpornus AFS4T7T_DOI6E6 36
34 Nectna cnnabanna AF 199237 _DO368637 HYPOCREALES
s schweiritai U4 7335_D36B635
———Dddn emnmncammmasmﬁ 50 changes
Kylar1a Pypeion L4764 1_DO36 KYLARIALES

I
I
I
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Slide courtesy of Dr. Jariya Sakayaroj



Classification of environmental sequences

—

-DUncultured fungus clone unisequences#3 7-3808_2763 ITS2 P5

LHUncultured fungus clone MOTU_2635_GVUGYSERM|S6R4 185 rRNA gene, PS, TS
OUncultured fungus clone MOTU_3006_CVUGYSBO4JIHT 185 rRMA gene

4':‘ DUncultured fungus clone MOTLU_1BEE_CVUGVSBOAITL) 185 rANA gene
Uncultured fungus clone MDTUJEQE_G&KCWTDEHHlH 185 rRMA gene, P5ITS

OUncultured fungus clens MOTU_2930_GORCYVYYYOE0T201 185 rRMNA gene, PS5, ITS
'—Gw-ﬂ murrhardtense strain CE59100 185 rRMNA gene

noultured fungus clone MOTL_141_COKCWYYDROSFYL 185 rRMA gene, P5, ITS

O Uncultured Tremellales clone LTSP_EUEA_P4LOE 185 rRMNA gene, P5,ITS

—l L O Uncultured fungus clone MOTU_B01_GOK

Q) Uncultured basidiomycete ITS
OUncultured fungus clone unisequenced65-3036_0654 TS2, PS

Furigi 3 beaves
’TDUn:dmd fungus clone unisequence
noultured Tremellales clone LTSP_ELEA

{J_"IlTrh:lmpuumhuqn LM559 185 rRMA gene
neultured fungus clone unisequences $65-3574_00447, IT52, P4
ncultured fungus clone MOTL_4349_GORCYYYYDEGRTWA 185 rRMNA gene, PS5, ITS2
neultured fungus clone unisequences#69- 3466_2373 IT52, P45

OUncultured fungues clane MOTU_43

O Uncultured fungus clone FEENOBODZHINES 185 rRNA gene
Uncultured fungus chone LTSP_EUKA_PSHO4 185 rRNA gene, 185-25/285 rRNA gense
Uncultured fungus chone MOTU_1776_CVUGBSBO4IFDLX 185 rRNA gene, PS5

Uncultured fungus clone MOTL_#043_GVUGESBD4JKSM2 185 rRNA Ellznl.- s, EI'LS‘IL“‘.“ —
———————Dncultur gus clone 2412

ﬁ'Unl:ultun:d Agaricomycoting clone 6_g19% 185 rlNA gene
Uncultured fungus clone MOTU_3797_GORECYYYYDEHBZ1X 185 rRNA gene, PS, ITS2
QOUncultured Rhodotorula ITS1, 585 rRMNA, IT52 and partial 285 rRMNA, clone MMIBIFAST_K1

O'Uncultured Tremellabes clone 5_020 185 fMA, ITS1, 585 rRMA gene, [TS1
Uncultured fungus clone L_CK_090130_12 ?'_'I.l’l._p|afl:;‘lgll.b-1 185 rRMA gene, 5, [TS1

Uncultured fungus clone OTL_1445_10WSC[XVOTHXDTO 185 rBNA gene
Uncultured fungus clone MOTU_3163_0YUGYSEIM 1ZKOF 185 rRMNA gene, F5.ITS1

Uncultured fungus clome MOTU_533_GCOKCVYYYORGUZIALES (RMA gene, PS5, ITS1

Uncultured fungus clone U_CM_090130_240_B_plate1a12 b1 185 rRNA gene, P5ITS1
Uncultured fungus clone OTU_403_CWSCIXVDOTIONSA 185 rRMA gene

Uncultured fungus dlone singleton_70-3063_3 201 185 rfRNA gene, F5, ITS
gi|22497358|gb|F|761130.1] uncultured fungus clene singleton_T0-3063_2201 185 rRNA gene

Figure ? | Unnamed diversity. A demonstration of the problem posed
by unnamed fungi that are known only from environmental DNA
sequences. When a new environmental sequence (the bottome=most opera=
tional taxonomic unit, gi|2 2497 358; blue box) was used in a BLAST search
of the GenBank database and the result displayed using the BLAST

distance tree tool, only two of the 35 most closely related sequences were
from cultured organisms (green boxes), and anly one was named
(Fibulobasidium murrhardtense). Without names, the information content
of this tree leaves much to be desired. ITS, internal transcribed spacer;
PS, partial sequence.
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Beauvericin-
production
i n CO rdyceps : isaria amoenerosea CBS 107.73

. Isaria cateniobliqua CBS 153.83
sensu St rl Cto - Isaria fumosorosea CBS 337.52
_Llsaria tenuipes CBS 997.73
Isaria tenuipes ARSEF 5135
._Llsaria tenuipes NHJ 10576 BCC 2678
Isaria tenuipes NHJ 6073
Isaria tenuipes ARSEF 2488
Isaria tenuipes JLE6
Isaria tenuipes NHJ 10482 BCC 2648
== |saria 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
w—|saria cateniannulata CBS 152.83
Cordyceps cf. takaomontana NHJ 5273
_Lr Isaria sp NHJ 13913
Isaria tenuipes NHJ 5732
———— |saria amoenerosea NHJ 8013 BCC 2634
F Beauveria amorpha NHJ 5410
Beauveria bassiana NHJ 10559
Beauveria sp. NHJ10369
'L 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

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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Thank you for your attention!
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