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Species DNA Barcode

Barcoding

DNA barcoding - identifikadcia druhov na zaklade analyzy
kratkych Usekov sekvencii (ca 800-1200 bp)

cielom je identifikovat nezndme vzorky celych organizmov
alebo ich Casti

je potrebné stanovit hranice druhov v barcode

termin zavedeny Hebert et al. (2003): standardized species
idenftification as well as assingment of the unidentified
sequences to higher taxonomic ranks (orders, phyla...)

pravidld Barcode
o Vysokd medzidruhova variabilita v porovnani s nizkou vnutrodruhovou (barcode
gap)
o ohranicenie vysoko konzervativnymi Usekmi vhodnymi na dizajn efektivnych
primerov

o dizka barcode regidonu umozniuje PCR amplifikdciu a sekvendciu bez odchylok
o cielovy barcode region ma vysoku uspesnost PCR amplifikGcie



Barcoding

plasmid geny (e.g. rbcL, matK and non coding
region of trnH-psbAa tiez ribosomal nuclear
DNA (internal transcribed spacer nrITS)

mitochondrial cytochrome ¢ oxidase 1 gene (“CO1”)

ribosomal nuclear DNA (internal transcribed
spacer nrITS)




DNA barcoding vs DNA
metabarcoding

...................................................




Metabarcoding

Taberlet et al. (2012): zaviedol termin DNA
metabarcoding na pomenovanie identifikdcie Sirokého

spekira druhov pomocou high-throughput sequencing
(NGS) vzoriek environmentdlne] DNA (eDNA)

povodne bola identifikacia Sirokého spekira
mikroorganizmov mikrobidlnych komunit (microbiome)
z environmentdlnej DNA oznacend terminom
metagenomic

v sucasnosti sU fieto terminy rozliSované

o Metabarcoding: $tUdium vybranych regiénov v eDNA za pouzitia amplicon
sekvendcie, studie zamerané na diverzitu organizmov

o Metagenomics: studium celého gendmu alebo jeho velkych ¢asti v eDNA za
pouzitia "shotgun" sekvendcie, stUdie zamerané na funként diverzitu
mikrobidlnych spolocenstiev



[llumina sekvenovanie,

priklad

hitps://www.illumina.com/science/technology/nexi-
generation-sequencing/beginners.html

illumina Q. Search lllumina.com

NGS FOR BEGINNERS v Overview  Workflow Steps  Tutorials  Cost of NGS  Glossary

How NGS Works 'orkflo Tutorials & Traini

How NGS Works
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amplikokove i
sekvenovanie ¢

Soil Sample 1
DNA isolation DNA isolation DNA isolation
\ I PCR amplification \ | PCR amplification \ | PCR amplification
Target region Targetregion Target region
» (\ €« \ (—\
p Multiplex amplicons Multiplex amplicons Multiplex amplicons
7~ Wet Lab

DNA Extraction PCR amplification
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Figure 1: DNA metabarcoding methodology.

Citation: Pavan-Kumar A, Gireesh-Babu P, Lakra WS. DNA Metabarcoding: A New Approach for Rapid Biodiversity Assessment. J Cell Sci Molecul
Biol. 2015:2(1): 111




porovnanie sekvenacnych platform

Comparison of three leading commercial sequencers.

Company Platforms Sequencing chemistry Read length/Output Advantages Disadvantages
Roche 454 FLX Titanium Pyrosequencing 700-1000bp/0.7Gb Long read length Expensive
454 FLX+ 600 bp/450Mb
lllumina GAllx Sequencing by synthesis 2 x 50bp/30Gb Highest throughput Short reads, large
structural variations
HiSeq 1000 2 x 100bp/35Gb Low sequencing cost
HiSeq 1500 2 % 100 bp/60Gb High capacity of multiplexing
HiSeq 2000 2 x 100bp/150-200Gb
HiSeq 2500 2% 150bp/150-180Gb
HiSeq 3000 2 x 150bp/650-750Gb
HiSeq 4000 2 % 150bp/13000-1500Gb
HiSegX ten 2 x 150bp[1.6-1.8Tb
NovaSeq5000 2 % 150 bp/2000Gb
NovaSeq6000 2 x 150bp/6000Gb
Life Technologies SOLID 4 Sequencing by ligation 35-50bp/120Gb Highest accuracy Expensive, longer run
time
SOLID 5500 35-75bp/15Gb
SOLID 5500xI 75bp/160Gb
SOLiD 5500W 2 x 50bp/160Gb
SOLID 5500xIW 2 x 50bp[320Gb

Pillai, S.; Gopalan, V.; Lam, AK. (2017) Review of sequencing platforms and their applications in phaeochromocytoma and paragangliomas. Critical Reviews in o
Oncology/Hematology 116: 58-67.



Summarising:

Developments in High Throughput Sequencing

Roche 454: 10000 J: |
GS Junior, Hiseq Hiseq X d:
GS FLX 1000 2000/2501") / Hiseq2500 A8 J_'_
4
07 _~Nextseq 500 ﬁ
. 100 -
[llumina: -
kvl s 0] g
i 3 9 '
HiSeq series, @ Q j/ a
MiSeq, i " SOLID Miseq ﬁ /
NextSeq 5 -
i, WE = -
& GA Il
Thermo fg PacBio RS
Fisher - ® o0l gz
lon Torrent:
PGM, 0.001
Proton t:l
0.0001 - " ,_
‘Sanger’
0.00001 Lex Nederbragt (2014) http://dx.doi.org/10.6084/m9.figshare.100940
10 100 1000 10000

Read length (log scale)



porovnanie sekvenacnych postupov

Technology Advantages Limitations

o Long reads (~700 bp)

: . o Low throughput
Sanger sequencing o High accuracy ¥
o Short reads (~100-500 bp)
Second-generation o High throughput o Amplification biases
sequencing generally occur

o Long reads (average length can reach ~14 kb)
o High throughput

o No amplification needed o High error rate
Third-generation o Can detect and differentiate between o Biased towards
sequencing base modifications long fragments

e Potential for miniaturization of the
technology (nanopore sequencing)

LeBlanc, V.G. & Marra, M.A. (2015) Next-Generation Sequencing Approaches in Cancer: Where Have They Brought Us and Where Will They Take Us?
Cancers 7(3): 1925-1958.



bionformaticka
analyza

Major bioinformatic steps

Software packages

Aligning of forward and reverse reads

|

Assigning of reads to the samples
based on tags.

Removal of MID/tags and primer
sequences (Demultiplexing).

Excluding  sequences  containing
ambiguous  nucleotides,  homo-
polymers / shorter than 10bp length /
with lower occurrence.

H

¢ |lluminapairedend
¢ Geneious

* ngsfilter (OBITools)

S « splitlibraries (QIIME)

Removal of identical sequence reads
and creation of one copy of unique
sequence (Dereplication).

N

* obigrep (OBITools)
* PyroNoise (QIIME)

Removal of chimeric sequences that

* obiuniq (OBITools)
» USEARCH (QIIME)

could result from PCR artefacts and < * obigrep(OBITools)
also rare occurring  sequences * UCHIME (QIIME]
(Singletons).

Removal of sequences that have low * Obigrep,

threshold similarity against high
quality aligned sequence dataset.

S

* obiclean(OBITools)
* Pyronoise (QIIME)

Clustering of sequences at an identity
threshold of 97%
abundant sequence of each cluster.

with most [«—

* obiuniq (OBITools)
* USEARCH (QIIME)

Taxon identification by comparing the
sequences of sample against
reference database

ecotag (OBITools) /
DNACLUST (QIIME) /CROP
/Statistical Assignment
Package (SAP)




.. , i bioinformatic
pipeline

*(fastq-join)

Quality filtering/Sequence
trimming/Removing of ambiguous bases EE

Grouping sequences by BARCODE motives

Labeling sequences by sample names

| AMPLICON DATA PROCESSING TUTORIAL
(fungal amplicons example)

SEED v2.0

http://www.biomed.cas.czimbu/lbwrf/seed/

fungal ITS extraction
*(ITsx)

Clustering sequences to OTUs and
removing chimeric sequences
*(Usearch-UPARSE)

Getting of the representative
Construction PP  Llabeling sequencesby LN sequences from the clusters
of OTU table cluster (OTU) names (consensus/most abundant)

*(MAFFT, TR .
(MAFFT Tomas Vétrovsky

! vetrovsky@biomed.cas.cz
D e Laboratory of Environmental Microbiology
Estimation of K™ PROCESSING OF THE Identification of OTUs . . .
diversity indices RESULTS p— *(BLAST) Institute of Microbiology of the Academy
of Sciences of the Czech Republic ®

*task is covered by external tool



barcoding databaza vseobecna

Barcode of Life Data System

SYSTEMS

TAXONOMY

Kingdoms of Life Being Barcoded

SEARCH TAXONOMY

10,631,932 /7,888,383 308,054

Specimen Records Specimens with Barcodes Species with Barcodes

Animals: Plants:

¢ Acanthocephala [1686] * Bryophyta [21614]

+ Acoelomorpha [22] ¢ Chlorophyta [14099]

¢ Annelida [88727] o Lycopodiophyta [1202]

o Arthropoda [8663164] * Magnoliophyta [360961]

* Brachiopoda [283] * Pinophyta [7022]

* Bryozoa [3647] o Pteridophyta [11059]

¢ Chaetognatha [1469] * Rhodophyta [53552]



specializovana barcoding databaza
pre rozsievky: Diat.barcode

CARRTEL 2
INRAZ ==

Presen tation Culture search How to order Culture media Barcoding database Photos

A Home Barcoding database

| Diat.barcode: a curated barcoding database

A curated barcoding library




barcode huby: UNITE database

Run Analysis ~ Search Pages  Resources  Statistics  Notes and News ~ Workbench

unrt

community

Current version: 8.2; Last updated: 2020-01-15 (read more)
Number of ITS sequences (UNITE+INSD): 2 480 043; Number of UNITE fungal Species Hypotheses with DOIs at 1.5% threshold: 102 100 (more statistics)

Threshold 15% v Include All SH-s v Reset i)

» Dikarya (87,449) SH graph: Fungi
» Unidentified (9,044)
» Mucoromyceta (4,388) Apichomyceta 0%
» Chytridiomyceta (624) _ Olpidiomyceta 0%
Basidiobolomyceta 0% —
» Rozellomyceta (316) Slastocladiomyceta 0% ——
» Zoopagomyceta (157) égggﬁg;ﬂ;ﬁgaogﬁ /
» Blastocladiomyceta (50) mgf:::“;gf 41/:/° /
» Basidiobolomyceta (33) Unidentified 9% ~

» Olpidiomyceta (23)
» GS01 (informal name, see Tedersoo et al., 2017) (10)
» Aphelidiomyceta (8)

\ Dikarya 86%



enBank vseobecna databaza
sekvencii pouzivana ako
barcode

:'S NCBI  Resources ¥ HowTo @ miroslav.cabon@gmail.com My NCBI Sign Qut

GenBank Nuckotide |  search

GenBank ¥ | Submit ¥ Genomes ¥ | WGS ¥ | Metagenomes ¥ TPA ¥ | TSA ¥ INSDC ¥ | Other ¥

Data regarding the 2019-nCoV (Wuhan coronavirus) outbreak sequences can be found in GenBank/SRA, the NCBI Virus resource, and a

specialized BLAST page that searches Betacoronavirus sequences. GenBank Resources

GenBank Home
GenBank Overview Submission Types
Submission Tools
Search GenBank

What is GenBank?

GenBank @ s the NIH genetic sequence database, an annotated collection of all publicly available DNA sequences (Nucleic Acids
Research, 2013 Jan:41(D1).D36-42). GenBank is part of the nternational Nucleotide Sequence Database Collaboration, which comprises Update GenBank Records
the DNA DataBank of Japan (DDBJ), the European Nucleotide Archive (ENA), and GenBank at NCBI. These three organizations exchange

data on a daily basis.

A GenBank release occurs every two months and is available from the fip site. The release notes for the current version of GenBank
provide detailed information about the release and nofifications of upcoming changes to GenBank. Release notes for previous GenBank
releases are also available. GenBank growth statistics for both the traditional GenBank divisions and the WGS division are available from
each release. GenBank growth statistics for both the traditional GenBank divisions and the WGS division are available from each release.

An annotated sample GenBank record for a Saccharomyces cerevisiae gene demonstrates many of the features of the GenBank flat file
format.




vyhody metabarcoding

« jednoduchad identifikcia skrytych (cryptic) druhov qj v
zmesnych vzorkach environmentdalnej DNA

 |dentifikdcia je moznd qj v stadidch zivotnych cyklov kde
nie sU dostupné diagnostické znaky
* Toussaint et al. 2019

[ C s0lon solon-group | Continental Asia

C. solon hannibal-group [ Wallacea

C. solon solon-group

C. solon echo-group

= solon hannibal-group
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W Charaxes solon cerynthus / solon / sulphureus
B Charaxes solon breviculus / echo / obscurus / setsuroi / sumatranus
B Charaxes solon brevis / catulus / hannibal / iliona / mangolianus
B Charaxes solon / lampedo / orch i

/ shohgun / tindong C. solon lampedo-group




mozne vyuzitie v ochrane prirody

« dentifikacia of CITES druhov

« Cooperetal 2019

H i 10% 8 Orchids
Identification of 4
CITES-listed Tarantulas ™ 90%
Aphonopelma, Brachypelma and Sericopelma species ¥ Plants (excluding
80% orchids)
70% B |nvertebrates
60%
¥ Amphibians
50%
" Fish
40%
30% Reptiles
20% ‘ I
l ] ¥ Birds
10% v
SEMARNAT = _ B Mammals
Bl e e, o &, 0% T —

s & 7:55C §% Appendix | Appendix I




mozne vyuzitie v ochrane prirody
detekcia invdznych druhov

Biol Invasions (2015) 17:905-922
823 DOI 10.1007/510530-015-0854-y

MOLECULAR TOOLS

Detection of invasive freshwater fish in British Columbia

lakes, using eDNA metabarcoding Q
Davon Callander, Matthias Herborg, Cathryn Abbott oy DNA (meta)barcoding of biological invasions: a powerful
Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo B.C. to Ol to EIll Ci d ate l nva Si on p rocesses an d help

managing aliens

mmer Fall Fall . —_
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g Gn- Aen- Q z3%a o Oncorhynchus clarkii
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Figure 4. Proportion of metabarcoding sequence reads per taxon in eDNA samples analyzed.
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mozne vyuzitie v ochrane prirody

rekonstrukcie potravinovych retazcov

zdroj eDNA: obsah zaludka
koralov

DOI: 10.1111/2041-210X.13206

RESEARCH ARTICLE

Reconstructing hyperdiverse food webs: Gut content
metabarcoding as a tool to disentangle trophic interactions on

coral reefs

Jordan M. Casey*?*@ | Christopher P.Meyer® | Fabien Morat™? | SimonJ. Brandl*® |

Serge Planes™? | Valeriano Parravicini'?

Methads in Ecology and Evolution E Etj‘;"t‘ﬂgrlﬂ
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mozne vyuzitie v ochrane prirody

rekonstrukcie potravinovych retazcov F g

demosponge
cnidarians

cestode o

zdroj eDNA: obsah zaludka e
morskych ryb —
Metabarcoding dietary analysis of coral N E”‘”‘”‘“
Peer | dwelling predatory fish demonstrates the R
eer. minor contribution of coral mutualists to = s 2
their highly partitioned, generalist diet E

ﬂ

Matthieu Leray'**, Christopher P. Meyer® and Suzanne C. Mills'*
1'USR 3278 CRIOBE CNRS-EPHE-UPVD, CBETM de 'Université de Perpignan,

carids

Submitted 7 April 2015
Accepted 2 June 2015
Published 25 June 2015

Perpignan Cedex, France

? Laboratoire d’Excellence “CORAIL”

! Department of Invertebrate Zoology, National Museum of Natural History,
Smithsonian Institution, Washington, D.C., USA
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mozneé vyuzitie v ochrane

rekonstrukcie potravinovych

refazcov

zdroj eDNA: vykaly

DNA metabarcoding illuminates dietary niche
partitioning by African large herbivores

Tyler R. Kartzinel®", Patricia A. Chen?, Tyler C. Coverdale®, David L. Erickson®, W. John Kress®, Maria L. Kuzmina®,
Daniel I. Rubenstein®<, Wei Wang®, and Robert M. Pringle®<"

Department of Ecology and Evolutionary Biology, Princeton University, Princeton, NJ 08544; "Department of Botany, Smithsonian Institution, Washington,
DC 20013; “Mpala Research Centre, Nanyuki, Kenya; and 9 ewis Sigler Institute, Princeton University, Princeton, NJ 08544

WWw.pnas.org/cgi/doir10.1073/pnas. 1503283112 PNAS | June 30,2015 | vol. 112 | no.26 | 8019-8024
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mozne vyuzitie v

ochrane prirody

&

Applications

eDNA Metabarcoding

& N N
- ‘L/h p
i 2
Y J
Plant- Invasive
Ancient Diet
Pollinator Species
‘ Ecosystems Interactions Analysls Detection

Pollution
Response

Air Quality
Monitoring

Global Ecology and Conservation 17 (2019) e00547

Contents lists available at ScienceDirect

Global Ecology and Conservation

ELSEVIER

journal homepage: http://www.elsevier.com/locate/gecco

Review Paper

Past, present, and future perspectives of environmental DNA
(eDNA) metabarcoding: A systematic review in methods,
monitoring, and applications of global eDNA

Krista M. Ruppert ", Richard J. Kline > **, Md Saydur Rahman *®***

# School of Earth, Environmental, and Marine Sciences, University of Texas Rio Grande Valley, Brownsville, TX, 78520, USA
® Department of Biology, University of Texas Rio Grande Valley, Brownsville, TX, 78520, UISA

Science of the Total Environment 637-638 (2018) 1295-1310

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Review
The future of biotic indices in the ecogenomic era: Integrating (e)DNA 'ml?
metabarcoding in biological assessment of aquatic ecosystems -

Jan Pawlowski **, Mary Kelly-Quinn ", Florian Altermatt ©, Laure Apothéloz-Perret-Gentil *, Pedro Beja 9,
Angela Boggero ¢, Angel Borja ', Agnés Bouchez £, Tristan Cordier *, Isabelle Domaizon & Maria Joao Feio ",
Ana Filipa Filipe %, Riccardo Fornaroli’, Wolfram Graf?, Jelger Herder ¥, Berry van der Hoorn ', J. Iwan Jones ™,
Marketa Sagova-Mareckova ", Christian Moritz °, Jose Barquin ®, Jeremy J. Piggott % Maurizio Pinna ",

Frederic Rimet &, Buki Rinkevich *, Carla Sousa-Santos ', Valeria Specchia®, Rosa Trobajo ¥, Valentin Vasselon ¢,
Simon Vitecek ¥, Jonas Zimmerman *, Alexander Weigand *Y, Florian Leese *, Maria Kahlert *

Water Research

Implementation options for DNA-based
identification into ecological status assessment
under the European Water Framework Directive



problemy a vyzvy metabarcoding

« neumoznuje ziskat data o pohlavi, veku, zdravotnom
stave jedincov v studovanych spolocenstvach

« DNA v niektorych typoch environmentdalnych vzoriek
(napr. vyvzky a exkrementy)degraduje

« pouzitim vseobecnych primerov, DNA sa moze
amplifikovat DNA réznych skupin organizmov
dominantne Ci okrajovo (disproporcne)

e nemoznad alebo zlozitd kvantifikdcia DNA



Plant-pathogenic fungi

huby v
ekosysteme
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kriticke kroky v priprave stadii

zalozenych na HTS sekvenovani hub

sampling a priprava vzoriek

niektoré huby (napriklad enkapsulované
kvasinky) st zvlast bohaté na polysacharidy a
priprava vzoriek moze vyZadovat Specialne
postupy (Huang et al. 2018)

optimalizacia pripravy vzoriek pre urcité
substraty akymi s poda, rastlinné pletiva,
alebo voda je casto potrebna (Nilsson et al.
2018)

Rooy
65

jes

O‘a"e
Proportion of OTUs

o o N © o

Detect in more than

1% one havitet

. Detect in only one
habitat

Liu & Howell 2021



priprava vzoriek podnych hub

stratfifikacia pody a s tym suvisiaca zmena spolocenstvo
hub a jeho funkcie

L H
pH 37:00 38201
dry mass % 730:14 460:65 *
organic matter % 945105 235:46
c % 516:03 141244 b
N % 1031008 0621022 ** _ = oiherfungi
N i mpe12 20aty -~  0F] M
C:H molar 077002 1002006 ** 90% 1 [ o
PLFA bacteria nmol g* 4366+1061 2053:488 ** 80% - B | 7 herRasdiomycota
PLFA fungi nmol g 1800+323 267+71 ™ * Tremellales
fungi / bacteria (PLFA) 0304008 0134003 ** 70% 1 e
ergosteral ngg’ 0.500 £ 0.257 0.020 0012 *** 602 1 | Russulales
fDNA bacleria 10°xcopy/ngDNA 184433 113410 ™ » Contarelales
fONA fungi 10°xcopy/ngDNA  195+44 34407 ** S0% | [~ = Agaricales
fungi / bacteria (ONA) 111:027 030006 * 40% | | other Ascomyoola
rRANA baceria 10°xcopy /ng cONA 584236  38:18 « Saccharom
ITS fungi 10°xcopy/ng cONA 061:0.80 01412006 ** 30% 1 | Lecanorales
B-glucosidase pmolmin'g'DM 2654104 110466 20% ] - ) w
a-glucosidase umolmin'g'DM 82414 10s07 » Heloliales
celbiohydrozse  molmin'g'DM 63222 24222 10% :. e .:_ " Copnociakes
p-xylosidase pmolmin'g'DM  67:18  81:19 0% . — = Bolryosphaeriales
N-acetylglucosaminidase pmolmin'g'DM 114454 49456 * L-ONA L-ANA H-DNA H-ANA
arylsulfatase umol min 'g‘:DM 06+01  13+06 *

phosphomonoesterase  pmolmin ‘g DM 11442247 003+224 *

* Significant differences among soil horizons (one-way ANOVA followed by Tukey
post-hoc test, * P<0.05, ** P<0.01, *** P< 0.001). (




priprava vzorie

sezonnost a rozne substraty

Relative Abundance (%)

100

5
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Genus

[ Avrecbasidium

[ cladosporium

. Epicoceum

[ Viorterella

| Cryptococcus

[ Debaryomyces
‘Saccharomyces

[l Vycosphacrella

B Lophiostoma

W Ateraria

B penciium
Others

Grape

Sail Root Leaf Flower

Relative Abundance (%)

100

Root

Flowering Fruitset  Veraison  Harvest

Genus
Aureobasidium
Cryptococcus
Cladosporium
Mycosphaerella
Lophiostoma
Epicoccum
Debaryomyces
Ramularia
Alternaria
Didymella
Vishniacozyma
Saccharomyces
Penicillium
Fusarium

k pddnych hub

601 Soil

40

Relative Abundance (%)

20

Flow'ering Fruit'set Verai'son Harv'esl

Liu & Howell 2021

Genus
Mortierella
Trichoglossum
Epicoccum
Podospora
Humicela
Ilyonectria
Rhizophlyclis
Archasorhizomyces
Clavaria
Exophiala
Penicilium
Pyrenochaetopsis
Alternaria
Chaetomium
Solicoccozyma
Alricularia
Fusarium
Sarocladium
Cladosporium
Gibberelia



priprava vzoriek podnych hub

skladovanie vzoriek

B) Plants

FZ-80C
(Control)

PCO 2 14.37% of total variation
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Clasen et al. 2020



priprava vzoriek podnych hub
vyber primerov a barcode sekvencii

pre viaceré skupiny ekologicky dolezitych
hub ako st patogény rastlin a endofyty, ITS SSU
region neposkytuje dostatok informadcii na 1

1
odlisenie druhov (Vu et al. 2018) 1 |\‘

studie vodnych hub a arbuskularnych
mykoriz preto pouzivaju casto small
subunit (SSU) (18S) a large subunit (LSU)
(28S) nuclear rRNA gény

Redecker

"‘

m Glomeraceae I1(ruger IT52

] Clamldeoglomeraceae

m Archaeosporales
m Diversisporaceae \
m Paraglomeraceae ;
m Acaulosporaceae
° Kohout et al. 2014




alternativne barcode regiony

Slavomir Adaméik, Brian P. Looney, Miroslav Kolarik, Marisol Sanchez-Garcia, Katarina Adaméikova, Miroslav Cabori, Gareth W. Griffith

Agaricales

Tricholomatine ae P

Russulales

[

—_]

Agaricineae
Marasmineae
Lyophyllaceae
Entolomataceae
Tricholomataceae
Hygrophorineae
Pluteineae
Clavariaceae

Amylocorticiales

|Boletales

Atheliales

Hymenochaetales
Stereaceae
Peniophoraceae
Russulaceae
Auriscalpiaceae
Albatrellaceae
Bondarzewiaceae
Hericiaceae
Polyporales
Thelephorales
Corticiales

1Gloeophyllales

Trechisporales

Phallomycetidae
Auriculariales

Cantharellales
Sebacinales
Dacrymycetales



alternativne barcode regiony

R .05 TDNA

R L5U (DN

. RR N

Full length of ITS region

I d
Fragement length between 3031 bp to 3061 bp

Large subunit-LSU ‘R_EIV ‘

D2 D3 . D4 D9
\\\
N
N

/

D2-D3 region

238

RPB2-3bF

fRPB2-5F RPBZ2-6F

735

e -
RPB2-T7F

fRPB2-7F

5

2 fRPB2-5R

0.5 kb

: 8 O §

T00 KK
) 3

RPB2-7R RPB2-11bR L o
fRPB2-7R RPB2-11aR

.J

fRPB2-11aR

RPB2-6R




testovanie alternativnych barcoding regionov

D1-D2-rpb2-ITS2
= 99% 99% 99% 97%

Russula sp 2

R. tengii

{ R. carpatica l
{
[}

R .dryadicola

—{ [R. Sp. sequestrate

Russula sp. 1

R. straminea

R. globispora

B —|— R. distorta

—f R. abbottabadii
—| R. nympharum

R. maculata

= D. cuneifolium

{ D. cf. cuneifolium

Dermoloma EU sp. 2

Dermoloma EU sp. 1

~[ Dermoloma EU sp. 3

D. alexandri

D. atrocinereum

_L[ D. bellerianum

| | D. magicum

Dermoloma NA sp. 1
Dermoloma NA sp. 2
Dermoloma NA sp. 3
D. pusillum

D. cf. phaeopodium

D. cf. pseudocuneifolium

D. phaeopodium

D. pseudocuneifolium

D1-D2-rpb2-ITS2
99% 99% 99% 97%

‘ H. phaeoxanthus

H. cf. phaeoxanthus 1
H. cf. phaeoxanthus 2
EI H. cf. micaceus

|

Ll H. micaceus

|

H. variabilipes

Hodophilus sp.

H. hymenocephalus

H. foetens

H. tenuicystidiatus

H. atropunctus

. H. smithii

{
H. subfoetens
H. pallidus
{ H. paupertinus
_1 H. hesleri

C. schulzeri

Y C. deceptiva

_1|| C. atrovelutina

D1-D2-rpb2-ITS2
99% 99% 99% 97%
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Slovak oligotrophic grasslands L

Miroslav Cabon™*, Dobromil Galvanek”, Andrew P. Dcthcridgeh,

Gareth W. Griffith”, Silvia Marakova®, Slavomir Adaméik®
mulcovanie: moze sposobit sezonne
obohatenie zivinami sposobené rozkladom
rastlinnej biomasy saprofytickymi organizimami
hypotéza: kompetitivne a antagonisticke
inferakcie podnych mikroorganizmov a zmeny v
dostupnych zivindch pravdepodobne meni
Strukturu spolocenstiev podnych hub v
travinnych biotopoch
ciele: zistit zmeny v mikrobidlnych
spolocenstvach hub v Slovenskych
oligotrofnych tfravnnych biotopoch spdsobené
dlhodobou (osem rokov) aplikdciou Siestich

e rO6znych manazmentovych postupov
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dizajn studie

experiment zalozeny v roku 2009 ap
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Miroslav Cabon™*, Dobromil Galvanek®, Andrew P. Detheridge”,
Gareth W. Griffith®, Silvia Marakova®, Slavomir Adaméik®

ikAciou Siestich

manazmentovych postupov v styroch opakovaniach

2m

Fence
)
GR1 MUGRH1 MUSP1 MUAU1 NM1 MOGR1 '
[ ]
Y,
%
MUGR?2 MOGRZ MUAU2 NM2 MUSP2 GR2
)
[ ]
MOGR3J GR3 NM3 MUSP3 MUAU3 MUGR3 c%
o
GR4 MUGR4 MUSP4 MUAU4 NM4 MOGRA4 g

GR: pasenie (pozifivna kontrola

MOGR: fradicné kosenie kosou
kombinované s pasenim (seno
odstranené)

MUAU: mulCovanie v jeseni
(prvd polovica septembral)

MUSP: mulCovanie v jari (druhd
polovica juna az prva polovica
jula)

MUGR: pasenie kombinované s
jesennym mulcovanim

NM: bez zadsahu (negatfivna
kontrola)

wowrw elsevier com/locate/base



pozorovane

parametre a data

pdda: organicky uhlik(Cox), humus, obsah N a

P, pb6da odobratd 7. novembra 2016

rastlinné spoloCenstva: geobotanicke zdapisy

zaznamenané v maji az juni 2018

huby: odobranych 5 pddnych vzoriek pre
metabarcoding 12 oktdbra 2017 a 3 mdja 2018,
sekvenovaneé lllumina MiSeq, ITS2 rDNA za

pouzitia primerov ITS3F, ITS4R

CHEGD huby: identifikované pomocou
referencnych databdz Clavariaceae (Birkebak
et al. 2016), Hygrophoraceae (Ainsworth,
Cannon & Dentinger 2013, Wang et al. 2018),

L1 | |
GfO Basic and
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Mulching has negative impact on fungal and plant diversity in )
Slovak oligotrophic grasslands K

Miroslav Cabon™*, Dobromil Galvinek®, Andrew P. Detheridge”,
Gareth W. Griffith®, Silvia Marakova®, Slavomir Adaméik®

Entolomataceae (Morozova, Noordeloos & Vilo g

2014), Geoglossaceae (Fedosova et al. 2017) @
Tricholomataceae (Sanchez-Garcia et al. 2021)
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P aram etre Slovak oligotrophic grasslands ot

Miroslav Cabon™*, Dobromil Galvanek”, Andrew P. Dctheridgcb,
Gareth W. Griffith®, Silvia Marikova®, Slavomir Adaméik®

Cox [g/kg] Humus [g/kg]N [g/kg] P [mg/kg]

GR GR1 27,44 47,3 2,97 2,31
GR GR2 32,18 55,47 3,10 2,53
GR GR3 25,2 43,45 2,90 2,80
GR GR4 28,55 49,22 2,82 2,40
GR (average) 28,3425 48,86 2,94752,51 ab
MOGR MOGR1 21,58 37,2 2,67 2,54
iba obsah fosforu ukazal MOGR MOGR2 27,71 47,78 2,64 2,45
gigniﬂkg Nntné rozdie|y MOGR MOGR3 29,67 51,15 3,08 3,79
medzi manazmentami MOGR MOGR4 36,92 63,65 3,42 3,18
MOCGR (average) 28,97 49,945 2,95252,99 b
MUAU MUAUI 31,06 53,55 2,92 3,27
MUAU MUAU2 33,29 57,4 3,24 2,62
MUAU MUAUS3 32,46 55,96 3,22 2,78

[ MUAU MUAU4 36,64 63,17 3,21 3,76



priklad OTU hub

Phylum Class Order Family Genus Unite species hypothesis

Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Cuphophyllus Cuphophyllus_flavipes:SH1529299.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Cuphophyllus Cuphophyllus_pratensis:SH1617081.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Gliophorus Gliophorus_psittacinus:SH1216658.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Gliophorus Gliophorus_psittacinus:5SH1237013.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_cantharellus:SH1618542.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_ceracea:SH1515769.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_chlorophana:SH1546991.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_citrinovirens:SH1617597.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_coccinea:SH1646814.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_glutinipes:SH1216597.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_insipida:SH1574548.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_mucronella:SH1574546.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_nitrata:SH1509921.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_nitrata:SH1521974.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_ovina:SH1557676.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_phaeococcinea:SH1646811.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_punicea:SH1552042.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_russocoriacea:SH1617010.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_sp:SH1522050.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe Hygrocybe_sp:SH1618541.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Hygrocybe OTU 227

Basidiomycota Agaricomycetes Agaricales Hygrophoraceae unclassified_Hygrophoraceae Hygrophoraceae_sp:SH1148058.08FU
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae X OTU 395

Basidiomycota Agaricomycetes Agaricales Inocybaceae Inocybe Inocybe_calospora:SH1524172.08FU
Basidiomycota Agaricomycetes Agaricales Inocybaceae Inocybe Inocybe_mixtilis:SH1604103.08FU
Basidiomycota Agaricomycetes Agaricales Inocybaceae Inocybe Inocybe_sp:SH1562204.08FU

Basic and
Applied Ecology

warw.elsevier com/locate/base
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Mulching has negative impact on fungal and plant diversity in

Slovak oligotrophic grasslands b

Miroslav Cabon™*, Dobromil Galvanek”, Andrew P. Dctheridgch,

Gareth W. Griffith®, Silvia Marikova®, Slavomir Adaméik®
Ecology Count  Cumulative Total Mean Median Max Min GR1_AU GR1_SP GR2_AU
CHEGD 43 62,34% 1,30% 0,11% 19,30% 0,00% 0,95% 2,97% 0,10%
CHEGD 6 0,61% 0,01% 0,00% 0,46% 0,00% 0,00% 0,00% 0,00%
CHEGD 6 1,29% 0,03% 0,00% 0,79% 0,00% 0,00% 0,00% 0,00%
CHEGD 47 66,19% 1,38% 0,15% 18,01% 0,00% 0,47% 0,09% 0,15%
CHEGD 19 1,85% 0,04% 0,00% 0,49% 0,00% 0,03% 0,02% 0,00%
CHEGD 13 5,85% 0,12% 0,00% 4,11% 0,00% 0,00% 0,34% 1,01%
CHEGD 48 286,09% 5,96% 1,19% 50,91% 0,08% 29,17% 48,72% 1,11%
CHEGD 24 16,86% 0,35% 0,01% 9,22% 0,00% 0,00% 0,00% 0,05%
CHEGD 44 182,75% 3,81% 0,36% 52,03% 0,00% 0,18% 3,27% 0,00%
CHEGD 11 1,94% 0,04% 0,00% 1,00% 0,00% 0,00% 0,01% 0,00%
CHEGD 25 10,91% 0,23% 0,01% 8,98% 0,00% 0,00% 0,28% 0,00%
CHEGD 3 0,19% 0,00% 0,00% 0,17% 0,00% 0,00% 0,01% 0,00%
CHEGD 4 0,22% 0,00% 0,00% 0,13% 0,00% 0,00% 0,00% 0,06%
CHEGD 48 518,65% 10,81% 3,18% 65,29% 0,12% 3,50% 1,51% 1,96%
CHEGD 22 93,59% 1,95% 0,00% 48,98% 0,00% 0,00% 0,00% 0,00%
CHEGD 21 18,53% 0,39% 0,00% 14,84% 0,00% 0,00% 0,10% 0,00%
CHEGD 45 258,01% 5,38% 0,37% 55,43% 0,00% 0,00% 0,41% 0,00%
CHEGD 9 0,83% 0,02% 0,00% 0,36% 0,00% 0,00% 0,00% 0,00%
CHEGD 12 2,60% 0,05% 0,00% 1,59% 0,00% 0,00% 0,00% 0,00%
CHEGD 3 0,09% 0,00% 0,00% 0,03% 0,00% 0,00% 0,00% 0,03%
CHEGD 32 7,26% 0,15% 0,03% 3,35% 0,00% 0,06% 0,08% 0,07%

9 0,53% 0,01% 0,00% 0,13% 0,00% 0,00% 0,02% 0,00%
15 2,70% 0,06% 0,00% 1,69% 0,00% 0,30% 0,15% 0,05%

ECM 6 0,96% 0,02% 0,00% 0,86% 0,00% 0,00% 0,02% 0,03%
ECM 35 23,82% 0,50% 0,04% 9,39% 0,00% 0,93% 1,18% 0,00%
ECM 1 0,52% 0,01% 0,00% 0,52% 0,00% 0,00% 0,00% 0,00%
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Miroslav Cabon™*, Dobromil Galvanek”, Andrew P. Dcthcridgch,
Gareth W. Griffith®, Silvia Marikova®, Slavomir Adaméik®

Tax_ID GR1 GR2 GR3 GR4 MOGR1 MOGR2 MOGR3 MOGR4 MUAU1 MUAU2 MUAU3 MUAU4 MUGRI1
Acetosa pratensis 0,5 0,5 0,5 0,5 0,5 0,5 0,5 2 0,5 1
Acetosella vulgaris 0,5 0,5 0,5 0,5
Agrimonia eupatoria 1 0,5
Agrostis capillaris 0,5 2 1 0,5 1 1 1 10 2 1 20 3 1
Achillea millefolium 7 1 4 8 3 1 10 3 4 1 5 8
Ajuga genevensis
Ajuga reptans
Alchemilla sp. 0,5 1 0,5 1 1 2 7 2 0,5 2 2 2 1
Antennaria dioica
Anthoxanthum
odoratum 0,5 1 0,5 1 15 1 3 6 0,5 1 1 1 1
Avenula praeusta 5 5
Avenula pubescens 0,5 3
Betula pendula 1 0,5 0,5
Betula_pendula_E2
Brachypodium
pinnatum 1 0,5 1 20 1 2
Briza media 1 2 2 0,5 15 2 2 2 1 5 3
Campanula patula 0,5 0,5 0,5 1 1
Campanula
persicifolia
Carex caryophyllea 2 1 1 2 0,5 2 0,5 0,5 1 0,5 1
Carex montana
Carex pallescens 5 0,5 1 0,5 1 0,5 0,5 0,5 0,5 1 7
Carex panicea 5 1 8 0,5 1 1 2 0,5 2 1 2 1
Carex pilulifera 10 7 20 15 2 3 10 6 5 10 1
Carlina acaulis 4
Carlina vulgaris 0,5 0,5 0,5

Carpinus betulus 0,5
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priemerne 21148 huby -VYSlEdOk

wpairended" amplikbnov

hdbamplicons ok W wuer e w

celkovol1191 hubovych T g

I\/\OTUS family [%] 947(24) 940(18) 948(31) 951(12) 957(29) 951(1.9) 94.8(2.3)
amily [%
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amplikdonov genus [%]
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3.88 3.49
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VS e’rky manazmen ty ( 353- Average fungal 353.1 23 %1 W3  AOLS STBT(6SY)
40 2) MOTU richness (47.2) (83.9) (56.5) (54.6) t68) (74.5)




klasifikacia hub

viac ako 80%
amplikdnov
Basidiomycota a
Ascomycota

tieto dve skupiny
takmer rovnako
zastupené v GR and
MOGR

Relative abundance
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100% 1
90%1
80%1
70%1 B Unclassified_Fungi
M Rozellomycota
60% 1 B Mucoromycota
B Mortierellomycota
50% B Monoblepharomycota
B Glomeromycota
40% I Entorrhizomycota
B Chytridiomycota
30%- I Basidiomycota
W Ascomycota
20%+
10%
0%

GR MOGR MUAU MUGR MUSP
Treatment




ekologicke funkcne

skupiny (guilds)

najviac pocetnou (abundant)
funk&nou skupinou su CHEGD
huby, zastupené od 28.8%
(NM) do 54.1% (MUAU)

NM mal najvyssiu relativnu
abundanciu ektomykoriznych
(MR EM 8.7%), parazitickych
(PARA 1.1%) and
saprofytickych (SAP 7.4%) hub
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List of recognized OTUs Frequency of occurence

o GR MOGR MUAU MUGR MUSP NM
c I ava r' a C e a e Geoglossum atropurpureum

L
: Geoglossum sp1
N B 4 Geoglossum sp2
\ Geoglossaceae
Hemileucoglossum sp1

Trichoglossum sp1
Trichoglossum sp2
Microglossum olivaceum
Microglossum sp1
Camarophyllopsis schulzeri
Clavaria falcata
2 Clavaria flavipes
Clavaria fragilis
Clavaria fumosa
Clavaria sp1
Clavariaceae sp2
Clavariaceae sp3
Clavariaceae sp4
Clavariaceae sp5
Clavariaceae sp6
Clavariaceae sp7
Clavulinopsis helvola
.\ Clavulinopsis sp1
Clavulinopsis luteoalba
Clavulinopsis sp2

#» Clavulinopsis sp3
) w Clavulinopsis sp4
Ramariopsis sp1
* Ramariopsis sp2
Entoloma ameides
Entolomataceae sp1
Entoloma sp1
§ Entoloma exile
Entoloma formosum
N Entoloma glaucobasis
. Entoloma griseocyaneum
Entoloma chalybeum
Entoloma infula
Entoloma madidum
Entoloma mougeotii
% Entoloma ochreoprunuloides
Entoloma prunuloides
Hygrophoraceae sp1
" Gliophorus psittacinus
Gliophorus sp
Hygrocybe cantharellus
Hygrocybe ceracea
B Hygrocybe citrinovirens
Hygrocybe coccinea
Hygrocybe conica
Hygrocybe chlorophana
Hygrocybe insipida
Hygrocybe nitrata
Hygrocybe ovina
Hygrocybe nigrescens
Hygrocybe phaeococcinea
Hygrocybe punicea
Hygrocybe sp1
Hygrocybe sp2
Hygrocybe sp3
Hygrocybe sp4
Hygrophoraceae sp2
Hygrophoraceae sp3
Dermoloma sp1
Dermoloma sp2
Pseudobaeospora pyrifera
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121 MOTUs CHEGD huby
51 Clavariaceae

23 Hygrophoraceae

30 Entolomataceae

10 Geoglossaceae,

4 Leotiaceae

3 Tricholomataceae

Clavariaceae vzdy s
Nnajvacsou species richness,
nasledované
Hygrophoraceae alebo
Enfolomataceae

najvacsiu relative
(sequence) abundance
mali Hygrophoraceae, od
24.6% (NM) do 42.4% (MUSP)
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CHEGD huby statistika

GR MOGR MUAU MUGR MUSP NM Average
all plots
Clavariaceae 18.3/6.7 22.8/7.8 215/6.1 215/7.3 15/3.1 17.8/2.8 19.5/5.7
Hygrophoraceae 14.5/25.7 12.5/28.7 11.8/40.5 11.3/30.6 13.8/42.4 11.8/24.6 12.6/32.2
Entolomataceae 12.3b/2.4 14b/2.4 11.3ab/0.7  12.8b/1.2 11ab/0.5 6.82/0.5 11.3/1.3
Geoglossaceae 4.8ab/3.7 3.5a/2.8 5ab/2.0 3.3a/2.6 6.30b/2.5 4.3ab/1.4 4.5/2.5
Tricholomataceae | 1.8/0.5 103 1.5/0.6 1.3/0.3 2/0.1 1.8/0.2 1503
Leotiacae 2.8a/5.9 2.3ab/0.8 3.25a/5.3 3a/1.8 2.3ab/0.7 1.30/0.1 2.512.4
Shannon Index | 274(0.23)  264(0.35) 2.11(0.19) 253(0.16) 1.78(0.09) 215(0.12) 233(0.19)
Inverse Simpson | 8.39 (159)  7.17(0.87) 4.63(054) 7.0(0.36) 2.94(029) 4.32(0.45) 5.74(0.68)
Index
Average CHEGD | 54.25 56 (8.8) 54.25 53(4.18)  50.25 4325(15) 51.88
MOTU richness (2.79) (7.56) (3.49) (6.73)
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Neohygrocybe nitrata
priemernd relativna
abundancia na manazment §
10.81% 4y

%

Hygrocybe chlorophonc:
5 96% S\ '
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Geoglossaceae =
Geoglossum
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CHEGD porovnanie

so vsetkymi hubami

NM a MUSP s ngjnizSou
CHEGD richness

relativny pomer vsetkych
hub a CHEGD richness bol
najvyssi v NM a MUSP

GR maju najvyssi pomer
CHEGD hub v pomere ku
kompletne] hubovej

diverzite

NI

CHEGD species richness

NM=70,

MUSP
=72

GR=90

MUGR=90

CHEGD Shannon index

GR=2.74
NM=2.15 MOGR
=2.64
'1A1U7S; MUAU
o =2.11

MUGR=2 53

CHEGD Inverse Simpson index

GR=8.39
NM=4.32 MOGR
=7.17
'Y'ZU:Z MUAL
- =4.63

MUGR=7



CHEGD species
richness

« ziadna CHEGD MOTU sa
nevyskytovala na vsetkych 24
vyskumnych plochdch

« 40 MOTU zaznamenanych na
aspon jednej ploche kazdéeho
manazmentu

« desat CHEGD MOTU
zaznamenané iba z jedného
manazmentu a devdaf z nich
iba z jedingj lokality
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CHEGD relativna ﬁ

abundancia ~

MOTU count

NM

oc
(O]

MUGR
MUAU
MUSP

MOGR

2 -1 o 1
Categories of relative
abundance

Hierarchické zhlukovanie

zalozené na abundancii

amplikénov hub

« manazmenty su
zoskupené do troch skupin
na zaklade
manazmentovych stylov,
(mulCovanie, pasenie @
No management)

ulinopsis
Ramariopsis of. flavescens
sp2

infula
Cuphophyilus pratensis
Entoloma s
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Miroslav Cabon™*, Dobromil Galvanek®, Andrew P. Detheridge”, Entoioma sooaie "

Clavaria atrofusca
Clavaria sp4

Gareth W. Griffith”, Silvia Marakova®, Slavomir Adaméik®



GO _ Basic and
£ S ik Applied Ecology
i n at 1 4 ra S tl i n I S[-'IF.R Basic and Applied Ecology 52 (2021) 24— 37 woarwr elsevier.com/locate/haae
y Mulching has negative impact on fungal and plant diversity in ]
Slovak oligotrophic grasslands =t
Miroslav Cabon™*, Dobromil Galvanek”, Andrew P. Dctheridgch,
Gareth W. Griffith®, Silvia Marikova®, Slavomir Adaméik®
celkovo 97 druhov
druhova bohatost na
manazment od 61 do
/6 druhov
(total 1191 hubovych
MOTUS) GR MOGR MUAU MUGR MUSP NM Average
all plots
Shannon Index 3.13b 3.25b 3.15b 3.32b 3.16h 2.37a 3.06 (0.36)
MEM (0.17) (0.09) (0.22) (0.15) (0.16) (0.23)
Inverse Simpson 14.21ab 15.62ab 12.50ab 15.40ab 14.74b 5.31a 11.21
Index (3.81) (2.39) (5.48) (4.11) (4.05) (2.11) (5.25)
Average plant 50.8b(L5) 50b(45)  45ab(32) 5Sdab(24) 45b(67)  358a(25) 46.8(7)

species richness




' CHEGD vs. cievnaté

rastliny

« cievnaté rastlina qj
CHEGD huby ukazuju
vyssiu druhovu diverzitu
pre pasenie (pozitivna
kontrolq)

« obe skupiny nizsiu pre NM
manazment (negativna
kontrolq)

Plants species richness Plants Shannon index Plants Inverse Simpson index
GR=74 GR=3.13 GR=14.21
NM=2.37 \MOGR w531/ , MOGH
) £3.25 [/ 1=15.62
B > 2 “ |
¥ = |\ | \ /|
< ':A3Uf:\ < > /MUAU _nﬁs;z\ " /MUAU
-~ o /=315 TN /=125

MUGR=3 39 MUGR=15 4



korelacné analyzy

PERMANOVA pdrové
porovnhanie
manazmentov zalozené
na prezencii MOTU
CHEDG hub na
jednotlivych plochdch

PCA analyza odhalila
podobnu strukturu
spolocenstiev CHEGD
hub NM a MUSP

PCA cievnatych rastlin
ukdzala izolovanu poziciu
NM

W3
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ndhradou za fradicné
manazmentove postupy

vSetky manazmentové postupy
vratane mulcovania a NM prispeli
nejakymi unikatnymi CHEGD MOTU
jednotkami

kombindcia vsetkych tychto
manazmentovych postupov v jedne;
oblasti by prispela k zvyseniu
celkovej diverzity CHEGD hub
CHEGD huby sa ukdazali byt vhodnou
skupinou na pochopenie
manazmentovych vplyvov v
ochrane prirody




=y otrom a krajina - STRAKA (APVV 20-257)
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radial circle diameter: 7.25-10.75-14.25-17.75-25
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