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The Fungal Kingdom

 An estimated 3 to 4 Million different species
existing on Earth

e Astonishing intra- and inter-specific diversity

 Only 120 000 individual species described so far

2000

v
1800 B
w
1600 »

1400 4

1200

1000

| I\ J
1 1

Premolecular era Molecular era
400 (to 1990) (after 1990)

Number of species

600

200

0
1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015

Year
FIGURE 2 Numbers of newly introduced species names of fungi for each year from s
1975 to 2015. Note that the data for 2015 were incomplete when this work went to Hawksworth & LUCkmg- (2017)- DOI:

press. Based on data from the Index Fungorum database provided by P. M. Kirk. 10.1128/microbiolspec.FUNK-0052-2046
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e,

Sooty moulds |

V&
4

i
B
5

Giatgong, P. 1980. Host Index of Plant Diseases in Thailand.
Second Edition. Mycology Branch, Plant Pathology and
Microbiology Division, Department of Agriculture and
Cooperatives, Bangkok, Thailand -: 118.
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[ HIGH DIVERSITY OF SOOTY MOLDS ON HOST

XA
- ﬂ ’

VAlisSE Forest tree

Ornamental
plants

Weeds

Economic plants

UNIVERSITY, CHIANG RAI, THAILAND 8




" 1 THE EFFECT OF SOOTY MOLDS ON ECONOMIC CROPS

FAH LUANG U

Mango associated with
scale insect

Coffee and cherries
associated with feeding
by green scales

Banana associated with
white flies

Long-Kong associated
with scale insect

G RAI, THAILAND 9



" & MORE THAN ONE GENUS CAN EXIST ON ONE LEAF
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" 1 MORE THAN ONE SPECIES CAN EXIST ON A LEAF

4 species on
one leat

ERSITY, CHIANG RAI, THAILAND 18




Economic crops > ONE FUNGI on
and various plants one leat

Capnodium = sooty molds

" Lack. Lack imformation:
mmformation: ;
IDNA sequencing
Taxonomy
placement PHYLOGENY POORLY
UNDERSTOOD

ONLY ONE REPORT FROM THAILAND SINCE 1980

Produce antibiotics: tetramic acid,
methiosetin and epicorazin A.

12



® HISTORY OF SOOTY MOLDS

Chomnunti
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HERBARIUM HOUSES

MUSEUM

HATIONAL D'HISTOIRE NATURELLE

THE NEW YORK
BoOTANICAL GARDEN

USDA United Statas Departmant OF Agricultura
ﬁ Agricultural Research Service

ROYAL BOTANIC GARDENS

_ Harvard University

Herbaria
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® HERBARIUM SPECIMENS

Perisporiaces, Capnodies, Capnodium. 79
tigena Thum. mycelio tenuissimo griseo-fusco. In fructibus ) .

duris Citri Aurantii, Coimbra (Lusitania). R
Capnodium Persoonii Berk. et Desm, Berk. moulds refer, Fuma- 347 ’

b pe 11, fig. 6 (1849). Polycheeton Avellance Desm. — Setosum ;
theciis confertis, subramosis quandogue irregularibus; mycelio
honiliformi ; articulis smpe oblongis, uniseptatis.

\Hab. in foliis Coryli Avellanw in Gallia. — Sporidia im-
erfecte cognita.

‘uapnodium quercinum (Pers,) Berk. et Desm. Berk. Moulds refer- 34
Fumago, p. 11, 1849. — Polychalon quercinwm Pers. Val-
compactum crassum ; peritheciis fasciculatis ramosis, strato ex-
briori transverse secedente; mycelio parco, articulis vix constri-
is. Borma conidiophora Coniothecium quercinwm sistens: coni- %
is varie conglomeratis, septatisque, crassiuscule tunicatis, fuligi-

gis, loculis singulis angulosis 6-10 micr. diam., maculas minutas
bnfluentesque atras formantibus, — « Coniothecium phyllogenum

fesm. loculis conidiorum minoribus cellulisque apicalibus mox li-

i5, sphaeroideis, eseptatis, subhyalinis,~6-7 . diam,, differt,

d'hoe postremum spectare videtur Capnodium ilicinum Thuem.

orh, (in Quercu Ilice) ex Gracian. ] >

Hab. in pag. sup. foliorum Quercus pedunculata, Q. Ili- ';\t“'j‘\

8, Q. obtusilobz in Gallia, Lusitania, Ttalia, Austria, Amer. bor, AR oM . | P ;? .
Gappndium pelliculosum B. et Rav. North Am. Fungi n. 981. — 349 W“ ;ﬂ“m Im “ Im‘ﬂllﬂ
l0CaIs mycelil erectis apice trifidis, perithecio brevioribus; peri- ; ".‘/‘0'
leclis elongatis subconstrictis. “0

%=

JNGOS ESTRANGEIROS

Hab. in foliis Pruni Chickasse in Carol. inf. Amer, bor. —
yphe subinde apice trifide, Triposporéi ad instar. 5 306-307-308- (322)
Capnodium pomorum B. et C. North Amer. Fungi n. 983, — My- 50 506-Tr5_chomer{u'p}‘{'€& f—“‘_f“:sl")"x (Putt
lo obsoleto; peritheciis lavibus, variis ovato-lanceolatis vel obo- Deg. Vars pen ; ,5_5\‘;_,_) i

furc:atisve pedicellatis, stipite cylindrico, atro, (v O7-Microx§.;hium gciculiforme Bot.!
Hab. in pomis puirescentibus, Carol. inf.,, Amer, bor. 08~Podo um smoullsceum Bat.l I
Dets A&. Chaves Batiste

VUL Micromyphium : peritheciis subulatis; ascis ignotis. & Recife - Pernsmbuco .= RBrasil
| aml Brasi

) "::]dﬁlf'lll Taxi Sacc. et Roum. Michel. IL 322, ad int. — Hypo- 351 10.7.958
Ulos" 8 Ollleljulosull},- olivaceo-fuscum, hyphis cladosporioideis, :
g OUE, Sepffltls, conidia fusoidea 22 = 8, 1-3-septata gerentibus;
: ei:c“s .baclllaril{us, 500-600 ¢ 40, basi leniter incrassatis, fu-
s 4pice obtusiusculis, pallidioribus, ascis et ASCOSPOTiS . .+ . .+
B !0 pagina inforiore foliorum Taxi baceatz in horto
Y PUOpS Tarbes (Gallia), hieme 1870,

II MAE FAH LUANG UNIVERSITY, CHIANG RAI, THAILAND 19



® MORPHOLOGY OF FRESH SPECIMENS

Leptoxyphium cacuminum (holotype). A. Gregarious pycnidia on
host surface. B, D, G. Stalked pycnidia with wider base. E. Formation
of pycnidia from aggregated hyphae. C, F. Black stalked funnel cupulate
apex. H-L. Conidia, conidiogenous boundary With hyaline hyphae
surrounding the ostiole. Bars: B, D, E, G =200 pm, C—F = 50 pm,
H-L =20 pum.

Phragmocapnias siamensis (holotype). A. Black mycelium
covering the leaf surface. B. Pycnidia on host. C, D. Mycelial
network. E, F. Conical pycnidia and pycnidia wall. G. Conidia.
Bars: F = 100 ym, C-E = 50 pum, G = 20 pm. 20
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Abstract In this paper we revisit the Capnodiaceae
with notes on selected genera. Type specimens of the
ascomycetous genera Aithaloderma, Anopeltis, Callebaea,
Capnodaria, Echinothecium, Phragmocapnias and Scorias
were re-examined, described and illustrated. Leptoxyphium is
anamorphic Capnodiaceae and Polychaeton is a legitimate
and earlier name for Capnodium, but in order to maintain
nomenclatural stability we propose that the teleomorphic
name should be considered for the approved lists of names
currently in preparation for fungi. Notes are provided on the
ascomycetous genus Scoriadopsis. However, we were
unable to locate the type of this genus during the time frame
of this study. The ascomycetous genera Aithaloderma,

Ceramoclasteropsis, Hyaloscolecostroma and Triche =

are excluded from Capnodiaceae on the basis of
ascostromata and trans-septate hyaline ascospo:
should be accommodated in Chaetothyriaceae. Cc
is excluded as the ascomata are thyriothecia ¢
genus is placed in Micropeltidaceae. Echinothe
excluded as synonym of Sphaerellothecium and i |
ferred to Mycosphaerellaceae. The type speci |
Capnophaeum is lost and this should be consider
doubtful genus. The coelomycetous Microxipl/
polyphyletic, while the status of Fumiglobus, Polve
and Tripospermum is unclear. Fourteen new collec
sooty moulds made in Thailand were isolat

The first study seriously incorporating morphology and molecular data to understand
sooty moulds at the higher taxonomic levels and resulted in resolving the genera of
Capnodiaceae (Capnodiales)




{ Capnodiaceae ]

100/100

EPOHmOP>P"00Z2T>0

o
S
]
)

89/100

3
| =

Dothidea insculpta
Dothidea sambuci

CBS 189.58

DAOM 231303

86/100

Ant
Ant

78/

10100 [ Seorias

100/100

Leptoxyphium cacuminum 10-0086
7| Leptoxyphium cacuminum 10-0049
9/10| Leptoxyphium cacuminum 10-0059
Leptoxyphium fumago CBS 123.26
Microxyphium citri CBS 451.66

85/95

811
s Leptoxyphium kurandae CPC 17274

Leptoxyphium madagascariense CBS 124766
rock isolate CBS 118290
geCapnodium coartatum 10-0070

Capnodium coartatum 10-0069

Capnodium coffeae CBS 147.52
Conidioxyphium gardeniorum CPC 14327 B
solsMicroxyphium aciculiforme CBs 892.73
Capnodium coartatum 10-0066
bios) Phragmocapnias siamensis 10-0063
/o4l Phragmocapnias siamensis
Phragmocapnias siamensis
Phragmocapnias siamensis
Phragmocapnias siamensis
/42| L Phragmocapnias asiaticus 10-0062
Phragmocapnias betle 10-0050
Phragmocapnias betle 10-0053
L Polychaeton citri CBS 116435

=mrom|

10-0065
10-0061

t 10-0074

{4 10-0064 C

5/

Microxyphium theae CBS 202.30
Antennariella placitae CBS 124785
nest wall species 2 14243

nest wall species 2 14443

Capnodium salicinum CBS 131.34

spongiosa CBS 325.33

Scorias spongiosa 10-0084

Dissoconium aciculare CBS 204.89

Dissoconiaceae

Dissoconium commune CBS 110747
Schizothyrium pomi CBS 406.61 | Schizothyriaceae
Mycosphaerella punctiformis CBS 113265

&P Mycosphaerellaceae
Mycosphaerella graminicola CBS 292.38

L348

Cystocoleus ebeneus
CBS 113389

70/88 Hortaea acidophila
_|——Capnobotryella renispora CBS 215.90

71100 Teratosphaeria jonkershoekensis CBS 112224
Teratosphaeria fibrillosa CBS 121707

Terato-
sphaeriaceae

100/100
97/100

Devriesia strelitziicola CBS 122480
Cladosporium cladosporioides CBS 170.54

Davidiella tassiana CBS 399.80

Davi

Toxicocladosporium irritans CBS 185.58

Verrucocladosporium dirinae CBS 112794

Graphiopsis chlorocephala CPC 11969

Comminutispora agavaciensis CBS 619.95

100/100 Racodium rupestre 1423
[_— Racodium rupestre 1424

*The first study seriously

incorporating morphology
and molecular data to
understand sooty moulds at

the higher taxonomic
levels

* 46 new DNA

sequencing in GenBank
with five sequenced genes
used for species
identification

A RAXML maximum likelihood tree obtained from a
data set of 51 taxa including representatives of

Capnodiales, focused on Capnodiaceae, comparing two
genes (SSU, LSU r DNA).
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Phylogeny of Chaetothyriaceae in northern Thailand including three new speci
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City, Yunnan Province 650224, P.R. China

Abstract: In a recent study unusual taxa of epiphyl-
lous ascomycota belonging to Chaetothyriaceae
(Eurotiomycetes) were collected in northern Thai-
land. This family is poorly understood due to
morphological confusion and lack of phylogenetic
studies. This paper deals with three new species,
Ce hyrium thailandicum, Ch hyrium  brischo-
Jracola and Phaeosaccardinula ficus, which are fully
described and illustrated. A DNA sequence analyses of
LSU and ITS rDNA genes shows that the new species

INTRODUCTION

The Chaetothyriaceae are typical of capnodiace
Dothideomycetes because they form on the surface
leaves and resemble typical sooty molds (Batista
Ciferri 1962). Species of Chaetothyriaceae are mo
epiphytes, colonizing the surface of living lez
with mycelium appressed to the host cuticle with
penetrating host tissues (Batista and Ciferri 1¢
von Arx and Miller 1975). Ascomata are ¢
rounded by a thin pellicle of superficial myceli
forming black sooty mold-like areas on leaves that
easily detached from the cuticle (Batista and Cifi
1962). However the ecology of many species
Chaetothyriaceae is poorly studied and it is uncl
whether they are saprotrophic or biotrophic (E
1987). Members of Chaetothyriaceae often
confused with capnodiaceous sooty molds due
their similar morphology and habitat preferen:
however these fungi are never associated with ins
such as several Capnodiaceae (Hansford 1946). Sc
molds are a general taxonomic term for capnod
eous and/or chaetothyriaceous fungi; common g
era from both these groups often are found grow
together in sooty mold complexes in plant exud:
or the sugary honeydew secreted by insects,
example Aithaloderma (Leptoxyphium), Aureob
dium, Capnodium, Cladosporium, Microxyphii
Podoxyphivm, Scorias and Trichomerium ( Tripos
mum) (Thaung 2006).

Studies on Chaetothyriaceae were conduc
mainly by Hansford (1946), Batista and Cifi
(1962), von Arx and Muller (1975) and Hug
(1976), and few studies have been undertaken sir
Members of Chaetothyriaceae are primarily trop
species characterized by dark mycelium forming
a loose net of hyphae over the substrate, and t
produce ascomata beneath a mycelial pellicle with
without setae (Batista and Ciferri 1962, Hughes 1¢
Pereira et al. 2009). The family is poorly circt
scribed and most work comprised brief descripti
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® INTRODUCE A NEW FAMILY

* Trichomerium was placed in Capnodiaceae almost 100 years

Herbarium-type specimen and phylogeny show that they are not
belong to Capnodiaceae but alone in their own group in taxonomy
placement

New family Trichomeriaceae was introduced
(Chomnunti et. al. (2012)

Original for several research and
now the members are increased
including Rock-inhabiting fungi

% which was mysterious group before
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Trichomeriaceae, a new sooty mould family of Chaetothyriales

Putarak Chommusti - D. J. Bhat - E. B, Gareth Joses -
Eknchai Chukeatinote » Ali H. Bahkadi -
Kevin [i. Hyde

Reecivod: [T July 30120 Acoopicd: | Augast 2012
i Moo Roscarch Fousdation 2002

Ahstract Trichomerian is o gems of foliar epiphytes wish the
appemrance of soory moulds, mestly aocuming on the surface of
exudairs. Speries have moostromaia with seiae and develop on
a locmely imerwoven myvoelial mass of dark brows hyphae,
while asci have a bisnicaie appearance with hyaline ascospores.
Jnﬂnmij.we_de lﬁnd]eununfi"mm

Thichomerium is provided and we describe and illussrate
three mew species based on morphological snd molsculer
data. We propose that T foliicols is adopted as the
generic type of Trichomeriom becouse it has been Empos-
sibile to obiain the bolotype specimen of T oofleionly and
alse no molecular data exists in worldwide daabases for
this species or genwss.

Fungal Diversity

Fig 3 a-1 Trichomerium foliicola (holotype). a-¢ Ascostromata with ostiole and setae. d-f Vertical section through ascostromata. g Ascospores.
h Ostiolar canal. i Peridium. 1 Asci and ascospores. Bars: a—f=100 ym. k, 1=50 um, b, i=20 pm, g=10 pm

oty moulds -

100V I00

G100

NEW TO SCIENCE

m_ Conwsponum pxrfamnr CBS 885.95

atenatus CBS 650.76

Vonarxia vagans CBS 123533

Ci thyrium iolicum CBS 175.95

Ceramothyrium thailandicum MFLUCC10-0008
Exophiala jeanselmei CBS 507.90

Rhinocladiella atrovirens MUCL 9905

T

101 00

Exophiala nigra dH12296

Rhinocladiella fasciculate CBS 132.86

Fonsecaea pedrosoi CBS 271.37

Verenaea botryosa CBS 350.65

Exophiala castellanii CBS 158.58

Capronia mansonii CBS 101.67

Capronia munkii AFTOLID656

Capronia fungicola CBS 614.96

Capronia fungicola ATCC42523

Cladophialophora potulentorum CBS 112222

Cladophialophora australiensis CBS 112793
Cladophial ra minourae CBS 556.83

Cyphellophora laciniata AFTOLID1033

100V 100
Cyphellophora laciniata CBS 190.61

a7 Capnodiales sp. M=Campt

iales sp CN-Cre-Bo2-2
Capnodiales sp. CN=Cre-Bol-5
Capnodiales sp. CN-Cre-Bo3-1
Capnodiales sp. CN-Cre-Bol-6

sy Leptoxyphium fumago CBS 123.26
Micrexyphium citri CBS 451.66
Leptoxvphium madagascariense CBS 124766
Antennariella placitae CBS 124785
Microxyphium theae CBS 202.30
Polychaeton citri CBS 116435

Microxyphium aciculiforme CBS 892.73
Conidioxyphium gardeniorum CPC14327
Capnodium coffeae CBS 147.52
Fumagospora capnodioides CBS 131.34
Phaeococcomyces nigricans CBS 625.76

Knufia cryptophialidica DAOM216555

Phaeosaccardinula ficus MFLUCC10-0009

Herpotrichiellaceae
(D)

Capnodiales

(E)

Chaetothyriaceae

Trichomeriaceae

(C)

MAE FAH LUANG UNIVERSITY, CHIANG RAI, THAILAND
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Chomnunti et. al. (2014)
The Sooty moulds. Fungal Diversity

The sooty moulds

Putarak Chomnunti - Sinang Hongsanan - Begoiia Aguirre-Hudson -
Qing Tian - Derek Perfoh - Manpreet K. Dhami - Aisyah S. Alias -
Jianchu Xu - Xingzhong Liu - Marc Stadler - Kevin D. Hvde

Received: 4 October 2013 / Accepted: 31 December 2013 |
©) Mushroom Research Foundation 2014

Abstract Sooty moulds are a remarkable, but poorly under-  thus it is hard to confirm relationships between gener: ‘
stood group of fungi. They coat fruits and leaves superficially ~ sexual and asexual states. Future studies need to obtain si

Single spore
isolation technique:

Important basic technique for
fungal identification




46 new DNA
sequences

The first study
seriously
incorporating
morphology
and molecular
data

g

3

Fun J_JJ
0 DAIVE
andthew
relation with

insects and Impact to plant
host pathology and

agriculture
management

\

The higher
taxonomic
levels

New Family

58 Trichomeriaceae

specimens
covering 11

SPEcies NIVERSITY, CHIA
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’IMPACT OF RESEARCH : Citation and references for research

Total Publications by Year Sum of Times Cited by Year
14 o
13 - 500
12 — 450 —
11 400
10 <
s 350 —
8 300 —
£~ 250 —
24| 200
4 - 150 —
;: 100 -
1” 50 -
III;IT.lzllx..'lx III;]T.Isl.Ix O O O
Results found 41
Sum of the Times Cited 1767
Average Citations per Item 43.1
h-index 18
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Citations and hindex
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Abstract

Two species of Ceramothyrium were found on dead leaves in northern Thailand. They have mycelial pellicles covered the
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of a combined LSU and ITS dataset, one taxon is introduced as a new species, Ceramothyrium longivolcaniforme sp. nov.,
and one is identified as C. thailandicum. This new species is ch ized by an elongate, thick lial pellicle and muri-
form P with a il sheath, and is phylogenetically related to C. podocarpi.
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. TAKE HOME MESSAGE

Fungi are everywhere,
their vast Biodiversity

a rich resource waiting for us just to pick up
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