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The biomass distribution on Earth

¥inon M. Bar-On®, Rob Phillips®™*, and Ron Milo™'

PNAS June 19, 2018 115 (25) 6506-6511; published ahead of print May 21, 2018
https://doi.org/10.1073/pnas.1711842115
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Biomass in a forest soil satchen 1970)

_#.-_.
_ Biomass
Organisms dry weight
(kg/ha)

Actinobacteria 0.2

Other bacteria 7

Fungi 454

Protozoa 1

Nematodes 2

Arthropods 33




bioaereosol
PM10 (1-10 p m)

pollen

(Mackay 1998)

spore weight per year
= 500.000 blue




(Mycobiota)



MAC RO MYC ETES (Macrofungi)

Informal but operational group of Fungi forming
reproductive structures (Sporomata, sporophores, sporocarps.
fruitbodies...) that are visible to the naked eye (> 1 mm)

(Arnolds 1981)

Phyla Ascomycota, Basidiomycota and Mucoromycota (Endogonales)



Macromycetes: different shapes of sporomata  Epigeous sporomata













Hypogeous sporomata
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Mycoparasitic




Entomoparasitic




Carnivorous (predaceous) macromycetes

Hohenbuehelia spp.

Nematoctonus leiosporus
hourglass trap

Pleurotus spp.
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Amanita spp. Russula sp.

Cortinarius spp.

#..-b ."I &
b
) !










La Wood Wide Web

Las plantas no pueden huir. Por eso han desarrollado a o largo
de millones de ahos complejas estrategias para intercamblar
informaciones, Por ejemple, en el caso de un pefigra inminente,
les drboles y las plantas se comunican entre otras mediante
mensajes aromatices gaseesos, que lanzan al aire al ser alacadas
par anomigos que 8o las quiaren comer, Los rboles de diversas
aapetics pucden camunicarse a largas distancine por debajoe 3 .
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Roots are a mosaic of
ectomycorrhizal species
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: Macromycetes as mutualistic
symbionts of the Macrotermitinae
(fungus-growing termites)



tomyces spp

i

Term




Macromycetes as mutualistic
symbionts of the leaf-cutting
ants (tribe Attini)
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.:i-:i;?Ecological role:

Bioindicators






Macromycetes as sensitive indicators of
habitat qualities

Pine forest Oak forest

Fungi Guilds Fungi Guilds

¥

Litter Litter

Saprotrophs = Mycorrhizal Saprotrophs > Mycorrhizal

Mycorrhizal > Saprotrophs Mycorrhizal > Saprotrophs
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HOW DOES AN OLD-GROWTH FOREST LOOK LIKE?

Anciet forests whiore ng -'uﬂglng takis place present seme distinctive features
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Old-growth forests (foreste vergini, vetuste, primarie...)
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Where to look for basidiomata of Phellinidium pouzarii
(Fungi, Hymenochaetaceaes), a rare European polypore
of montane old-growth forests with fir (Abres)?

Jan Holec", Yladimir Kunca®, Peir Yampola?, Mirostay Beran®



Mova Hedwigia Vol 100 (2015) Issue 1-2, 189204 Artichk
published online Sepember 15, 2014, published in print February 2015

Chromosera cyanophylla (Basidiomycota, Agaricales) -
a rare fungus of Central European old-growth forests and
its habitat preferences in Europe

Jan Halec”, Martin Krfiz!, Miroslav Beran® and Miroslav Kolarik?



Myuokogecn Progress (28990 16301- 14 I{—'l-
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Tricholomopsis badinensis sp. nov. and T, sulphureoides—two
rare fungl of European old-growth forests

Jan Holec " - Viadimir Kunca” - Misoalay Kolafhik®



Pycnoporellus fulgens




Semi-natural pastures and grasslands are threatened
environments throughout Europe:

‘using of manure and artificial fertilizers

sintroduction of tree species

‘rarefaction of ruminant grazing animals

-deposition of atmospheric pollutants as nitrogen compounds
*plowing

Hygrocybe and Cuphophyllus saprotrophic species (waxcaps) were
used by mycologists from northern Europe as biondicators of the quality
of the pastures.









Cuphophyllus pratensis
v

Photo by M. Floriani




Cuphophyllus lacmus




Hygrocybe chlorophana




Hygrocybe punicea




Hygrocybe coccinea
. v

Photo by P. Ceccon




THE GENUS HYGROCYERE

Boertmann (1995)

number of grasslands
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Fig, 12, 238 grasslands localities in Denmark classified by the recorded number of Hygrocybe species.






Table 1—The site classificatlon systemm of Rald (1985), as adapted by Vesterholt e al. {1999).

Conseration ialue Hygrocybe spp in one isit Total no. of Hygrocybe spp
Internancnally 1mportant 154+ (% 224
Mationally impertane 11-14 1721
F.egionally important f—110 =16
Locally imporcant 35 4—5

Of no importance 1-2 1-3




Ectomycorrhizal macromycetes as indicators of
air pollution (NH,, NO, e SO,)

Exrvlegiad Appbranisar b, 3801 pp. 19043
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ECTOMYCOREHIZAL FUNGAL ABOVEGROUND COMMUNITY CHANGE
OVER AN ATMOSPHERIC NITROGEN DEPOSITION GRADIENT
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In studies by northern mycologists, with the increase in the concentration of
atmospheric pollutants in certain geographical areas, local extinction of species or a
strong reduction in the production of their sporomata and/or ectomycorrhizae has been

observed.

Cantharellus, Craterellus, Hygrophorus partim, Bankera,
Cortinarius, Thelephora, Hydnellum, Sarcodon, Phellodon
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Macromycetes hypercaptating radionuclides, heavy
metalsandlor atmosphrlc pollutants
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The mysterious underworld
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Above and below-ground structures

Basidiomata and ascomata are ephemeral structures
with a scarcely predictable appearance

They are the epiphenomenon, the manifestation of
hypogeous structures
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Canadian Journal of Botany 1995

Community structure of ectomycorrhizal fungi
in a Pinus muricata forest: above- and
below-ground views

M. Gardes and T.D. Bruns

Absiract: We examined the species diversity of an ectomycorrhizal community in natural stands of bishop pine (Pinus
muricata D. Don) to determine the correspondence between above- and below-ground views of species composition,
spatial frequency, and abundance. We addressed this question by simultaneously sampling fruit bodies and ectomycorrhizae
over a 4-year period. By using molecular methods based on polymerase chain reaction, we were able to identify the
fungal symbionts directly from mycorrhizae in nearly all of the mycorrhizal morphotypes we found. Most species were
either rare or low in abundance. Among the common specics we observed three patterns: (1) some species, such as
Russula rerampelina s.1. and Amanirta francheri were well represented both above- and below-ground; (i) some common
fruiting species such as Suillus pungens were rare components belowground; (iif) some species that were common as
mycorrhizae were represented poorly or unrepresented in the aboveground fruiting record. The latter was the case for
Russula amoenolens, thelephoroid types (i.e., Tomentella sublilacina and thelephoroid-2), and a boletoid type. These
results show that (i) the pattern of resource allocation to production of fruit bodies versus ectomycorrhizae varied among
species, and (i) the correspondence between above- and below-ground is imprecise at best at the community level.
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Tomentelloid and
sebacinoid fungi

They produce very
thin and pellicular
basidiomata that

| casily go unnoticed




Fungal biodiversity investigation

"alpha taxonomy"

How can the species be
identified?

Traditional (morphological era)




Advantages in using a classification approach
based on morphology

Flt is pragmatic and didactic (e.g. convenient for teaching %
educational purpose) -

" It is universally known

‘¥~ Easy to use (very expensive equipment is not required)
‘¥” Both "scientists" and "amateurs" can use it

¥ Unique approach available for the fossil specimens

“F” |t can be applied to both sexual and asexual organisms |

‘¥~ Most of the literature is still based on this concept

" Morphology can be a good indication of genetic
divergence, a good taxonomic marker and give indications on
the evolutionary history of organisms.



Faults

‘@’ Subjectivity \

¥~ Unable to distinguish between sibling taxa (=
taxa that are morphologically similar but
reproductively isolated)

‘¥~ Unable to distinguish between cryptic taxa (=

taxa that are morphologically similar but
genetically distinct

¥~ Sexual dimorphism (= the two sexes of the
same species exhibit different characteristics
beyond the differences in their sexual organs and
Polymorphism (= different life forms in the same
life cycle) could be a problem if not recognized

‘¥~ Subject to the phenomenon of evolutionary
convergence




Molecular era
DNA sequencing

DNA sequencing is the process of determining the nucleic acid
sequence — the order of nucleotides in DNA.

DNA structure

Nucleotide Bases

Phosphate

3 e

- Frederick Sanger 1977
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Hebert PDN, Cywinska A, Ball SL, DeWaard JR, 2003. Biological identifications through DNA barcodes.
Proceedings of the Royal Society of London B, 270: 313-321.

Il DNA barcoding is a rapid method for species identification

cytochrome c oxidase sub. 1: cox1

matK e rbcL




Hebert PDN, Cywinska A, Ball SL, DeWaard JR, 2003. Biological identifications through DNA barcodes.
Proceedings of the Royal Society of London B, 270: 313-321.

Il DNA barcoding is a rapid method for species identification

Amplification of small piece

. : . Inocybe geophylla P.
of genome (marker) using
=) DNA extraction ™) universal primers (COL, rbal, - Sanger sequencing =) .

XD, matK, ITS etc.) 1 DNA sequence
b

ATTCCGGATTCCAAGGTTCCAA

Amplificztion of small piece

of gename (marker) using i Inocybe geophylla F.
m DMNA extraction universal primers (COI, ol W) Sanger seguencing ey Kumm.
ﬂ"’ maalk, 1TS5 eflc ) 1 DNA sequence
e

ATTCCRGATTCCAAGG TTCCAA




DNA BARCODING

Amplification of small piece
=) DNA extraction mmmp Of genome (marker) using mms) Sanger sequencing ™

universal primers (COlI, rbcl,
X matK, ITS etc.) 1 DNA sequence

Inocybe geophylla P.
Kumm.

ATTCCGGATTCCAAGGTTCCAA

Amplification of small piece NGS (Next- .
: Comparison to
of genome (marker) usin ;
==  DNA extraction ‘unn?ersal primers (C())I rbc? - Generat_lon - reference database
matK, ITS etc.) sequencing) e
5 7
xk}r x-}'} 10 -10 DNA sequences
k’.}; : X
o . .':-} ATTCCGGATTCCAAGGTTCCAA
x&“ e XD,
. e AAGGTTCCAAATTCCAAGGTTC
X2y,
o TTCCAAGGTTCCAAAAGGTTCC

GATTCCAAGGTTCCAAAAGGTT
Metabarcoding is a rapid method of
biodiversitv assessment that combines two CCGGTTCCAAATTCCAAGGTTC
technologies: DNA based identification and
high-throughput DNA sequencing.

TTCCAAATTCCAAGGTTCAAGG

TAGGTTCCAAATTCCAAGGTTC
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The molecular approach reveals a new dimension of fungal (and microbial) diversity

5%

5%




Faults

* Metabarcoding is very powerful technique which,
however, amplifies also the DNA of dead, inactive fungal
structures and of single spores and conidia.

* The technique allows to obtain only short portions of the
molecular markers (e.g. I'TS1, I'TS2) which are often not

sufficient for an identification at the species level.

* Online public reference databases are not complete






F@ Increase of
temperature

Soil organic matter
decomposition
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M-fertilization &
deposition




Fa Management of F'@ introduction of Loss of
forests & land use invasive species biodiversity




Sciance of the Total Braronment BOD (202 1) 149582

Contents lists svaiablo at ScienceDirect

Science of the Total Environment

journal homepage: www . glsavier.com/locate/scitoienv

Localized reshaping of the fungal community in response to a forest )
fungal pathogen reveals resilience of Mediterranean mycobiota =

Francesco Venice?, Alfredo Vizzini *, Arcangela Frascella®, Giovanni Emiliani®, Roberto Danti <,
Gianni Della Rocca ®, Antonietta Mello™*
* Iemrimnie Jor Sustainably Pl Preoaren | PSP-55 Turin—Nanonal $eeach Comnal ((NE | Viele Mamiolf 25, 10125 Turn, ok

* [epormmerst of Life Soimoe and System Bolsgy. Unversiny of Turm, Viak: Mamioll 25, 10025 Tienis, Mok
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Favolaschia calocera

Invasive species







What is the best approach to
study the taxonomic biodiversity
of the macromycetes?

The holistic and multifactorial approach
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Morphological and molecular
identification of the sporomata
collected over several years of
investigations

Sporomata-based historical
background (previous information,
local checklists, personal data)

4 |

Data to be included for characterization of the FUNGA of a circumscribed area

1

1

Multi-marker (ribosomal and

Morphological and molecular extraribosomal genes)
analysis of ectomycorrhizal metabarcoding approach to
morphotypes study fungal biodiversity in soil

and stump samples
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