The current study In mushroom
taxonomy and Thai truffles
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The group of living organisms

- Tree of life: evolution and phylogenetic

- 3 domains
1. Achaea: prokaryote
2. Bacteria: prokaryote
3. Eukarya: eukaryote

< ARCHAEA
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The forgotten
Kingdom

BACTERIA
DOMAIN

What should we know In
the Kingdom fungi?

EUKARYA
DOMAIN




What are the fungi?

- Amember in the Eukarya domain:
Kingdom separated from plants and animals

- Study of fungi is known as “mycology”

Macrofungi or mushrooms

Microfungi 1
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Estimation of total fungal numbers
on the earth

- Hypothesis: the estimation of based on
ratios of known fungi to plant species

-In 1991, 1.5 million fungal species were
estimated by Hawksworth (1991)

Fungi to plantratioof 6 : 1

- In 2005 to present , 3.5 to 5.1 million

fungal species were estimated by O’Brien
et al. (2005)

Fungi to plant ratio of 10.6: 1



- Fungi have been calculated in 5% of all
recovered organisms on the earth
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Chordates

. Plants

Molluscs
Crustaceans
. '‘Protozoa’

. Insects
'Algae’

. Arachnids

. Nematodes

Bl Viruses
Bacteria

. Others



Known fungal species

- The 10 Dictionary of Fungi reported

97,330 fungal species

Animals (outgroup)
(1293 642 species)

Chytridiomycota

(706 species)

Monoblepharidiomycota

(26 species)

Neocallimastigomycota

(20 species)

Blastocladiomycota

(179 species}

Microsporida

(1300 species) _
Muceralas

Zygomycotal Morterillales

(327 species) Endogonales
Kickuellales

Zygomycota 2 Harpellales

(744 species) Agellariales
Zoopagales

Entomophthorales

(277 species) —

Glomeromycota
(169 species)
Ascomycota

(64 163 species)

Basidiomycota
(31 515 species)
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Several fungal type

- Dividing from their role in ecosystem

1. Saprobic: growning on dead organic matter

2. SYymbI0SIS: growing in association with other
organisms

- Mycorrhizal fungi
- Endophytic fungi
- Insect associated fungi

3. Pathogenic and parasite: growing on
living organisms



Mushrooms (macrofunqi)

- The above- and below-ground fruiting
bodies of fungl, which contain the
organisms’ reproductive spores

- Edible or poisonous
mushrooms

- Variety of morphology Bk
- gill, pore, puffball, cup, [
coral or stinkhorn




Mushroom taxonomy:current status

e Classical taxonomy (Before 1990)
- Morphology
- Physiology

- Biochemistry and chemotaxonomy

The classification schemes relied heavily on
MACROSCOPIC FEATURES of the fruiting

bodies (However, fruiting bodies show variation in form,
l depending on environmental conditions)

The led to a greater reliance on
MICROSCOPIC FEATURES (spores, basidia, ect.)




* Molecular taxonomy (after 1990)

- Polymerase chain reaction (PCR)

1-3 genes: Large subunit (LSU)

Small subunit (SSU)
Internal transcribed spacer (ITS)

- DNA sequencing & phylogenetic analysis

e Currently taxonomy
- More than one collection
- Macro- and micromorphology
- Some genus need chemotaxonomy

- Molecular phylogeny
More than 3 genes (multi loci): LSU, ITS, SSU,
beta-tubulin (TUB), actin (Act), ect.



Case studies:

e Xylaria
Xylaria karyophthora: a new seed-inhabiting
fungus of Greenheart from Guyana

- Macro & micromorpholgy

Stilbohypoxylon elaeicola isolate 94082615 GQB844827.GQ438754

- Phylogenyof multi loci:
ITS, RPB2, Act genes

Stilbohypoxylon elaeicola voucher YMJ 1 GQB44826;EF025601

Xylaria juruensis isolate 92042501 GQ844825,GQ438753
; Xylaria lanthinovelutina isolate 553 GQB44828,GQ438755

la culleniae isolate 189 GQB844829,GQ438756
e Xyl $p. 8 HMH-2010h GQB844824.G0Q438752

Xylaria curta isolate 92092022 GQB44830,GQ438757

Xylaria curta voucher 494 GQB44831,GQ449233

Xylaria karyophthoravoucher DRH058" KY564216;KY564218

Xylaria apoda isolate 90080804 GQ844823,GQ438751

Husbands et al. (2018)



e Amanita
Study of three interesting Amanita species from
Thailand: Morphology, multiple-gene phylogeny

and toxin analysis
- Macro & micromorpholgy

- Phylogeny of multi loci:
ITS, TUB & RPB2 genes

- Amanitin and phalloidin productions

Thongbai et al. (2017)



e | actifluus

A multi-gene phylogeny of Lactifluus
Basidiomycota, Russulales)translated into a

new infrageneric classification of the genus

Farmar, traditional classification:

- Macro & micromorpholgy

- Phylogeny of multi loci:
ITS, LSU RPB2 & PBR1 genes
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e Chlorophyllum

A multi-gene phylogeny of Chlorophyllum
Agaricaceae, Basidiomycota): new species,

new combination and infrageneric classification

- Macro & micromorpholgy lﬁw

- Phylogeny of multi loci : e v
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e Astraeus

A new representative of star-shaped fungi:
Astraeus sirindhorniae sp.nov.from Thailand

oo Astraeus
oz girindhorniae

- Macro & micromorpholgy Oy R
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e Agaricus

Three new species of Agaricus section Minores

from China

Macro & micromorpholgy

Phylogeny of multi loci: .@_ |
ITS, LSU & TEF genes L:
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e Boletes

One hundred noteworthy boletes from China

. 46 new species, 26 new combinations

- Macro & micromorpholgy

- Phylogeny of multi locit:
LSU, RBP1, RBP2 & TEF genes
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Conclusion
The current mushroom taxonomy need:

1. Detail of macro-and micro-morphological
descriptions : more than one collection

2. Phylogenetic analysis: multi loci

3. Others additional approaches:

ecology, chemotaxonomy,
key to species, ect.




The current study of Thali truffle

Under the permission from Department of National
Parks, Wildlife and Plant Conservation , Thailand

2014-2016

This study was supported by:

 Thailand Research Fund (TRF) for
the Research Team Association

 National Science and Technology
Development Agency

« Chiang Mai University
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Doi Suthep-Pui National Park,
Chiang Mai Province

Collection periods under the permission
Identification by morphology & phylogeny



Current known truffles in /§
Thailand P

1. Tuber thaillandicum sp. nov.

« March, 2017 This species geto
a common name from Her ©
Royal Highness Princess
Maha Chakri Sirindhorn

“Thep-Su-Chon”

 “The lowest latitude truffle”
and “tropical truffle”
by mycologists

e The first truffle in Thailand
and southern Asia

Ascomata ] Mycological Progress 2015, 14:83



P

. . 10101 JF419265 Tuber walkeri
h yI (0] g enetic an al yS IS 0,94 JF419261 Tuber walkeri

S%/1.0 HM485365 Tuber lauryi
HM485389 Tuber shearii
200,93 H“_'L.L)I AJ557543 Tuber foetidum
00/1.0 AJ557544 Tuber foetidum
210 JQTT1192 Tuber pseudomaganatum

93/1.0 — FM205644 Tuber maculatum

100/1.0) HM485403 Tuber castilloi
g97/0.89] ' HM485404 Tuber castilloi
0 ‘I}:;[.ll'.]"ﬂ HM485405 Tuber guevarai
] : JF419251 Tuber guevarai
100/1 -'“‘*I\_[ HM485411 Tuber mexiusanum
HM485414 Tuber ma't_ﬂfmrmwise
KP196328 Tuber thailandicum®
KP196329 Tuber thailandicum® A
o0 of KP196330 Tuber thailandicum®
KP196331 Tuber thailandicum®
L0 KP196332 Tuber thailandicum®
52/1.0[ KF744062 Tuber pseudosphaerosporum
L KF744063 Tuber pseudosphaerosporum
93/1.0 100/1.0r FIB098T0 Tuber gibbosum
FIB09868 Tiher gibbosum
FIRB09856 Tuber bellisporum
FIRO9860 Tuber castellanoi
100080
FIRO9RS9 Tuber casiellanoi
|m|'u.wl FI809882 Tuber aregonense
FIR09881 Tuber aregonense
FQU25646 Tuber magnatum
GU979030 Tuber magnatum
10

A maximum likelihood trees (LSU+ITS genes)

Maculatum clade

Gibbosum clade



2. Tuber lannaense sp. nov.

* The second truffle In
Thailand and southern Asia

 The third truffle in Thailand
and southern Asia

* New recode for Asia

L8 Mycotaxon 2017, 132:635-642



Phylogenetic analysis

82/0.97[

54/0.89

98/0.90|
98/1.0--{

63/0.98]
83/0.97-

DQ486032 Tuber huidongense
DQA486031 Tuber huidongense

- F1797878 Tuber huidongense

GU979035 Tuber huidongense
FJ797882 Tuber huidongense
FJ797881 Tuber huidongense
FI797883 Tuber huidongense
KT785730 Tuber lannaense t

100/1.0~
71/1.0 KT785731 Tuber lannaense ’
KT785732 Tuber lannaense

96/0.77 F1859900 Tuber furfuraceum 3

©

97/1.0 GU979034 Tuber furfuraceum <

FI176920 Tuber furfuraceum g

g97/1.07 GU979036 Tuber liaotongense ;:5

71/0.86) GU979037 Tuber liaotongense
100/1.0 FI797879 Tuber umbilicatum
" 89/1.0|! FI797880 Tuber umbilicatum
87/1.0-
> GU979031 Tuber umbilicatum

85/0.85 GU979033 Tuber taiyuanense

100/1.0]

+ JX087961 Tuber magnatum

L AF325174 Tuber magnatum
0.1

EF362477 Tuber rufum

FJ809888 Tuber rufum
FM205604 Tuber rufum
AY918957 Tuber quercicola
AY918956 Tuber candidum
AF132506 Tuber candidum
DQ329370 Tuber pseudoexcavatum
AY514310 Tuber pseudoexcavatum

100/1.o|'

DQ329368 Tuber pseudoexcavatum

s6/0.6a7 JF261384 Tuber borchii

100/1.0} AJ557541 Tuber borchii
FM205642 Tuber puberulum
IN392266 Tuber oligospermum
IN392259 Tuber oligospermum
100/1.0 F1809870 Tuber gibbosum
F1809868 Tuber gibbosum
F1809882 Tuber oregonense
FI809881 Tuber oregonense

80/0.81 Puberulum clade

100/1.0

59/0.82

Gibbosum clade

98/1.0

72/0&

70/0.93

4100/1'0’ KC330228 Tuber excavatum
KI524534 Tuber excavatum

FM205644 Tuber maculatum
AJ5278140 Tuber maculatum
KJ524540 Tuber maculatum

KP276184 Tuber pseudomagnatum
1Q771192 Tuber pseudomagnatum

FM205687 Tuber excavatum

Maculatum clade

Excavatum clade

KY427074 Tuber magnatum
FM205512 Tuber magnatum

100/1.0{ EU807975 Tuber magnatum
Magnatum clade

100/1.0

100/1.0|! JN392210 Tuber gennadii
HM485361 Tuber gennadii

JQ925646 Tuber magnatum

KY427076 Tuber magnatum

KY427075 Tuber magnatum
83/0.73| IN392211 Tuber gennadii

Gennadii clade

— HM485331 Choiromyces meandriformis

== HM485333 Choiromyces alveolatus
b &

A maximum likelihood trees (LSU+ITS genes)
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New method for truffle hunting

‘Previous hunting ‘ Our study‘

Investigation of truffle’s
diversity by eDNA with

specific primers or next
generation sequencing

We got the species
specific primers of
T. thailandicum and
T. lannaense




Possibility for Thai truffle farm development

Truffle mycorrhizal synthesis and cultivation

- the compatibility of ectomycorrhization
between truffle and plant species




“Thank you for your kind attention”

“Keep natural habitat for.the microbial
community and mankind’s utilization”

“No forest, No life”




