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21st Century Guidebook to Fungi, SECOND EDITION
by David Moore, Geoffrey D. Robson and Anthony P. ]. Trinci

revised 2020 edition

Now updated to 2020 online ahead of publication
A COMPLETE update and revision of this comprehensive text book of general fungal biology
In the form you are using this 'ebook’ at the moment it is arranged as a website
Each page has its own navigation and search tools.

Treat yourself
PDF files of the Chapters in

21st Century Guidebook to Fungi Online
are available at only $5 each

[You can get the complete 2020 version for only $30]
CLICK HERE to view the order page

Choose a page to visit from the blue hyperlinks in the complete Table of Contents below

http://www.davidmoore.org.uk/21st_Century Guidebook to Fungi PLATINUM/
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Clark
Biology

Clark
University

the hibbett lab

at Clark University

aur lab studies evolutionary biology and ecology of Fungi, principally Basidiomycota (mushroom-forming fungi
and relatives), Much of our work is focused on molecular systematics and the uses of phylogenetic trees for
studying the evolution of morphological and ecological characters,

Other projects involve molecular ecology, evolution of lignin-degrading enzymes, and phyloinformatics.,

Follow the links on this page to learn more about our current research projects, outreach efforts, and
opportunities for graduate study.,

Julie Schaefer

Resources

Poly PEET

Project

taxonomy and evolution of the
Polyporales {Basidiomycota, Fungi)

AFTOL Classification
Project

an ordinal-level
classification of Fungi

mor automated
phylogenetic taxonomy

automated phylogenetic taxonomy of
Fungi

Clark Fungal Database

search DNA

& specimen records

Lab Protocols

includes primer information
Undergrad courses

& research

with syllabi

Prospective grad

students

wanted: talented graduate students
Teaching the Fungal

Tree of Life

for K-12 teachers and students

Qutreach activities

programs for high school students &
biology teachers



rrancois Lutzoni's

Frangois Lutzoni's page

Lab Members

Visitors

Group Photos

News Release

Publications & Data Sets

Downloadable Programs

Primers

Ascomycota Phylogenies

Peltigera Project

Teloschistales Project

AFToL
Assemhling the Fungal Tree of
Life

EnDoBiodiversity.org

win Br odo

Lichen Collection

Latest News

August 2012
Welcome, Edgar Medina, new Ph.D. Student

June 2012

Tami McDonald is the recipient of the 2012 Harold Sanford
Perry Prize!

April 2012

Welcome, Ko-Hsuan Chen, new Ph.D. Student

November 2011
Congratulations, Dr. Tami McDonald!

November 2011
Congratulations, Kathryn Picard, for successiully passing
her prelim exam

November 2011
Welcome, Emily Lefevre, New Postdoctoral Research
Associate

October 2011
Welcome, Gelr Hestmark, Visiting Researcher

September 2011
Welcome, Nicolas Magain, Visiting Researcher

= Ahoutthis picture

Lichenology group at Dubke University during Fall 2011, From left to right,
back roww: Frangois Lutzoni, Emilie Lefewre, Olaf bueller & Martin
Ramirez. Middle Rown: Kathleen Miglia, Eimy Rivas Plata, baolly
hichdullen, Kohsuan Chen, Micolas Magain & Chicita Culberzon. Front
row: Jolanta kiiadlikoweska, Tami blcDonald, Ryoke Qono & Kathnen
Picard.

Mot pictured: Ester Gawa & Daniele Armaleo.

Useful links

Assembling the Fungal Tree of Life (AFTal)
Cyanasite

Dieep Hypha

Duke Lichen Herbarium

Dke University - Biology Department
EnDoBiodivesityorg

Index to American Baotanical Literature
International Association for Lichenalogy
Lichen determination keys

Links to Lichens and Lichenologists
hycological Society of America (MSA)
hlyconet

Mational Center for Biotechnology Information
Mational Science Foundation

Marth American Lichen Checklist

Morth American Lichens and Bryophytes: Sensitive Indicators of
Enviranmental Guality and Change
Phwlogeny Software Prodrams

Recent Literature on Lichens

Sharnoff's phaotas of lichens

Systematic Botany and hycology Fungal Databases
Tree of Life web project (ToL)

World Data Centre for Microorganisms

WA Virual Likrary - Mycological Resources

ssembling the Fungal Tree of Life

about

KReSsoUunRces
data

linkok




the Bruns lab

321 Koshland Hall

Department of Plant and Microbial Biology

University of California at Berkeley

For an overview of the research currently being
conducted in the Bruns Lab click here,
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Mhu Mauyen
&bdul Razag
Liza Rosenthal
Tim 5zara

Elze Wellinga

Former Post Docs
and Grad Students

® 8 & & 8 & 0 0 8 BB B BB BB B RS RS RS e E e RN

Anthony Amend
Jacqueline Baar
Gery Baura

thartin Bidartondo
Enrico Bonello
Francisco Camacho
ken Cullings
tatten Garbelotto
tonigue Gardes
Roberta Garibay Orijel
Paul Grogan

Lisa Grubisha
Tasha Teutsch Hausmann
Mils Higherg

Tom Harton

Micale Hynson
Antonio lzzo

Peter Kennedy
Jennifer Kergkes
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Jozephine Agbowo
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Kristi Bischel
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Primrose Boynton
Danielle Bricker
Sophie Burda-wWilkin
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Judy Chung
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tushrooms

tycorrhizal Fungi Part |
thycorrhizal Fungi Part 11

Rust Fungi

Post Fire Fungi from Point Reyves

Useful Items
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L

L
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Primer Sequences
Prifner aps:
O Primer Map
O 185 Primer tap
O 28% Primer Map
O TS Prirmer tap
O Mitochondrial Large Primer tap
Sequence Alignment Files:
O Amylopogon Paup file
atpe+mtLSU.aln Paup file atps all_fungi. aln Paup file
Cronartiurm ITS Paup file
Glomales 5,85 Paup file
tLE6 database:the ML5E database used in the Bruns [1998] et. al. paper [152 taxa)
#LE6 databaseian updated version (159 taxa) [January 1998]
tAL5E database:updated by Tom Horton (175 taxa) (Movember 2000)
nuclear ribosomal 5.85 RMA gene sequence database
Suillus ITS Paup file used in Kretzer (1996) et. al. paper.text only version of the file
Gautieria ITS Paup file used in Bidartondo & Bruns [2002) paper.
O Tricholama ITS Paup file used in Bidartondo & Bruns (2002) paper.
Farnous Mycologists
Fungal Environmental and Informatics Metwark
tushroom Cards
O readme file [pdf]
O taushroom cards [pdf]
O duszhroom cards {no lichens) [pdf]
© tushroom cards [xls]
tycarrhizal Reading Group
Point Reyes MycoBlite
Point Reyes tyooBlitz fungal collections and photos
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Druh jako zakladni jednotka diverzity

« Biologicka diverzita netvori kontinuum, ale je organizovana do
diskrétnich skupin

C. arundinacea
{ = O microcephakl)

C. humidiphila

[[f; C. spartinae

C. pumpures
“rye ergot”




Druh jako zakladni jednotka diverzity

« The morphological species concept...

« The biological species concept. Species is defined as an interbreeding
population that is somehow reproductively isolated from other populations. Not
working in asexual fungi (?)

« Ecological and physiological species concepts. Differentiates species by their
ecological niche and the constraints on their evolution that determine their
maintenance and reproduction in that niche. Often in pathogens.

« Evolutionary/phylogenetic species concept. Envisages a species as being a
monophyletic group of organisms sharing molecular characters that derive from a
common ancestor.

« Consolidated Species Concept (CSC). Species are distinguished based on a
polyphasic approach, combining morphological, ecological and phylogenetic
species concepts

Quaedvlieg W, Binder M, Groenewald JZ, Summerell BA, Carnegie AJ, Burgess TI, Crous PW. Introducing the Consolidated
Species Concept to resolve species in the Teratosphaeriaceae. Persoonia. 2014



* Proc€ jsou druhy?

1) druhy jsou vysledek adaptace k

rdznym ekologickym nikam ]
y gicey C. arunclinacea

2) druhy jsou dusledkem reprodukénich ( = L nucrocephak)

bariér
(biologickych i nebiologickych).

C. humidiphila

C. spartinae

C. pupures
“rye ergot”



species as a result of the adaptation to existing niches
individuals sharing the same ecological, physiological,
phenotypic and genetic traits

Darwin's finches

&

Emad
Ins@Clivarous
tre finch

Grasping

Crushing

baaks
ire8 finch e
I* Parrof-like
https://www.wikipedia.org/






species as a results of the reproductive barriers

ancestral population Period of isolation and species meet again...
geographic barrier
—_— +
MAT1-1 | apn2 |—ﬂ—| sla2 |
MAT1-1-1
X
o +
mAT1-2 [apnz_ ——TB— sz |
MAT1-2-1

mating disruption

https://www.wikipedia.org/



Allopatricka speciece nasledovana migraci do arealu puvodniho druhu

» moznost kfizeni s puvodnim druhem, se kterym nebyla nastolena reprodukéni
bariéra — vznik novych patogenu

Proceedings of the 4 international Workshop on Genefics of Host-Parasite interactions in Foresiry

Levelof  Leval of

Gaographuecalty Miche
. niche reproducknee

isolates] §pacias confact conint solation ; - )
. | =
Species A | S
I H
2
AVAVAVAL- 8
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o
E
=
=
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& - o
= e ll"ﬂ'l'-,h'ﬂ.l:. g
=species B ]-[ §.

Episodic event

Intreduction of

species B

Figure 2—Geneatical and environmental constraints on emergence of species hybrids in fungal
pathogens. Adapted from Brasier (1985).



Molekularné taxonomické metody

» klasifikuji organismy na podkladé studia jejich genomu (DNA, RNA) a jeho
translacnich produktu (proteiny)

 nepatfi sem metody vyuzivajici jiné molekuly (tzv. chemical taxonomy)

CLinicaL MICROBIOLOGY REVIEWS, July 1999, p. 454-500 Vol. 12, No. 3
0893-8512/99/504.00+0
Copyright © 1999, American Society for Microbiology. All Rights Reserved.

CHEMICAL

Developments in Fungal Taxonomy FUNGAL
JOSEP GUARRO,* JOSEPA GENE, anp ALBERTO M. STCHIGEL TAXONOMY

Unitat de Microbiologia, Departament de Ciéncies Médigues Basiques, Facultat de Medicina i
Ciencies de la Salut, Universitat Rovira i Virgili, 43201 Reus, Spain
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Velka fenotypova plasticita hub

* zpétné posuzovani kvality fenotypovych znakii

Mutanti jednoho monosporického kmene G. lavendula



Biochemické markery - chemotaxonomie

Nejcastejsi metody
« sekundarni metabolity
* Proteinove profily (MALDI...)

Pouziti
« pridatné markery v taxonomii
- identifikace vyznamnych hub (aplikovana mikrobiologie)

 cenna data, ale problematicka interpretace (fenoplasticita)



Biochemické markery — sek. metabolity

FRISVAD at al. 2007: The use of secondary metabolite profiling in chemotaxonomy of filamentous fungi. — Mycol. Res.

« latky které nejsou nezbytné pro zivot
 dulezité markery u rady skupin (liSejniky, Asperqillus, Penicillium,
Fusarium, Xylaria, Daldinia, Hypoxylon, tvrdohouby obecné)

* navic ziskame informaci o chemickém slozeni organismu (toxiny atd.)
« moznost zpracovat staré herbarové polozky

| Postup |

extrakce rozpoustédlem (MetOH, Aceton, EtylAcetat, EtOH)

4

Chromatograficka separace (TLC, HPLC, UPLC, pfipadné plynova
chromatografie u tékavych latek)

!

Detekce latek (dle polohy a zbarveni na TLC, dle hmoty, UV spekter,
NMR, krystalu)



Biochemické markery — sek. metabolity

Ehrlichav test u Penicillium a Aspergillus
- detekekce indolu pfimo na agarové plotné

*na agar (Ci otisk kolonie na filtraCnim papiru) se kapne Ehrlichova Cinidlo
(dimethylaminobenzaldehyd, ethanol, HCI)

spozitivni reakce je modre zbarveni

Fig. 8. Ehrlich colour reaction of some Aspergilius species in section Nigri. (A) blue in A. costaricaensis, (B) purple ring in A. heteromorphus, (C) purple ring in A. homomorphus,
(D) yellow-green in A. niger, (E) purple-red at sclerotial area of A. sclerotioniger and (F) no reaction in A. vadensis.



Biochemické markery — sek. metabolity

Table |. Secondary products isolated and characterized from taxa of Pseud hellaria. (Results d —_ = e o S— -
as % dry weight).
e - - - e — ”
nitida meyenii  Exanth divulsa  berb B
Stictic acid 1 0.02 0.26 0.08 ]
Norstictic acid 2 0.08 i L
Hyposalazinic acid 3 0.08 H ¥ H
Hypostictic acid 4 0.05 s 2 o " i W B
Constictic acid 5 0.04 o = = = = =
Cryptostictic acid § 0.06 s 5 1 - =
Tenuiorin 7 010 0.18 0.67 1.92 : u = = I T
Calycin 8 0.04 .
Pulvinic dilactone 9 0.69 TR TR R e e = 1 i "
Pulvinic acid 10 0.04 o 1
Zeorin 11 0.03 023 0.41 1 |
7p-acetoxy-22-hydroxyhopane 12 0.07 0.45 0.74 4.08 Figure 1 - -
Leucotylin 13 0.03 Thin layer chromatogram of organic extracts of Cladia aggregata (Sw.) Nyl. Captions: [
Ergosterol peroxide 14 013 0.06 0.03 0.31 UNS — standard usnic acid; BAR — standard barbatic acid; ET - ether extract, CHLO
chloroform extract; AC — acetone extract; PUR BAR - purified barbatic acid. Numbers

means the spots’ RY values

TLC sekundarnich metabolitd lisejnikt (acetonovy extrakt)

Minutes
——-~ Sample Name 521A Vial 1 Injection 1 Ghannel 2487 Channel 1 Date Acquired 11/15/06 11:57:11 AM

7.00
6.00 - B
2
5.00 5§ g
g% ¢ 3
4.00 g2z o s
2 =5 5 |
3.00 J fl s 3
I| E
2,00 | £ g |
i | RIEEE
1.00 - 'i' ﬂ ‘ .-,-"3
|"""
0.00 Q%.%u 6%‘ T -
L L L B L R L R L

200 4.00 ﬁ.m um mno 1200 1400 1600 18.00 2000 22.00 24.00
Minutes

Fig 3 - Hplc traces (220 nm) of crude extracts prepared from liquid cultures of Rhytidhysteron rufulum from Costa Rica. The
occurrence of the peaks is indicated in the corresponding chromatograms (A) sample 521A-clade I, (B) sample 512A-clade II,
(C) sample 525A-clade III, and (D) sample 510A-clade IV.



« Casto neni jisté, ze jde o sek. metabolity, protoZze muize jit i o latky s neznamou funkci,
Ci latky neidentifikované ...adekvatni je termin natural compounds, natural products

A. dauci ; A. porri : A. solani A tomatophila
FL N& NEN
Erposterol
Alternanol >
- - -
- -
Tentoxin
Unknown

Carrot Onion 7 Leek Potato Tomato

TLC po sprejovani H,SO,/MeOH a pozorovana pfi 366 nm (UV). Pfevzato z Frisvad
et al. (2008)



Table 2. Extrolites produced by species assigned to Aspergillus section Fumigati.

Species

Extrolites produced

Aspergillus brevipes

Aspergillus duricaulis

Aspergillus fumigatiaffinis

Aspergillus fumigatus

Aspergillus fumisynnematus
Aspergillus lentulus
Aspergillus novafumigatus
Aspergillus turcosus
Aspergillus unilateralis

Aspergillus viridinutans

Neosartorya assulata
Neosartorya aurata
Neosartorya aureola
Neosartorya australensis
Neosartorya coreana

Neosartorya denticulata

roquefortine C, meleagrin-like

pseurotin A, fumagillin, asperpentyn, duricaulic acid and asperdurin, phthalides, chromanols, cyclopaldic acid, 3-O-methyleyclopolic acid

auranthine, cycloechinuline, fumigaclavines, helvolic acid, neosartorin, palitantin, pyripyropenes A, E, O & 5, tryptoquivaline,
tryptoquivalone

fumagillin, fumitoxins, fumigaclavines A &C, fumitremorgins, gliotoxin, trypacidin, pseurotins, helvolic acid, pyripyropens, methyl-sulochrin,
verruculogen, fumiquinazolines

neosartorin, pyripyropens, fumimycin

cyclopiazonic acid, pyripyropenes A, E & O, terrein, auranthine, neosartorin

aszonalenin, cycloechinuling, fiscalins, helvolic acid, neosartorin, palitantin, terrein, territrem B
kotanins and several unique but not yet elucidated secondary metabolites

mycophenolic acid, other unique secondary metabolites

viriditoxin, 13-0-methylviriditin, phomaligin A, variotin, vinditin, wasabidienone BO, B1, viriditin, 4-acetyl-6 8-dihydroxy-5-methyl-2-
benzopyran-1-1 A

indole alkaloids and apolar metabolites

helvolic acid, yellow unidentified compounds

fumagillin, tryptoquivaline, tryptoquivalone, pseurctin A and viriditoxin (FRR 2269 also produces helvolic acid)
wortmannin-like, aszonalenin-like

aszonalening

gliotoxin, viriditoxin



Biochemické markery — MALDI-TOF profil

*\/ytvoreni proteinového profilu (fingerprintu), ktery je porovnan s databazi

* levna a rychla metoda, Siroce pouzivana v klinické a primyslové mikrobiologii

* ke stanoveni molekulovych hmotnosti se pouziva metoda hmotnostni spektrometrie
pouzivajici ionizace laserem za pritomnosti matrice (MALDI, matrix assisted laser

desorption/ionization) v kombinaci s detektorem doby letu (TOF, time-of-flight)

v wvs o

[%] [%]
38 o (c) (d)
100 2o &8 =
75 ek i > @ A. niger MZ-3 75 E. nidulans CCF3379 *
50 504] g
5 2] 25 3
g 1o 2 100
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5 25 2 25§ -
& 00 T 00— e ——
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50 ! ' :
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 MALDI Biotyper firmy Bruker

Different species of the genus Aspergillus

A. sydowi
A. versicolor

| 'k |
A \
A O

MALDI Biotyper spectra overlay of

various species of Aspergillus.

Typical MALDI Biotyper mass spectra

o

i

Reference (broth cultivation)
Aspergillus flavus

oinbenaMn i A i

MALDI Biotyper
Workflow

Select a Colony

| Smear a Thin-Layer onto
a MALDI Target Plate

Unknown
Microorganism

Add MALDI Matrix
Identified

Species

MALDI Biotyper

Data Interpretation Generate MALDI-TOF

b )

o
o ‘

Sample (direct harvesting)

= Tedo0

Profile Spectrum

Top spectrum is achieved after liquid cultivation of Asgergillus flavus and the
bottom spectrum is achieved by direct harvesting of Asgergillus flavus from
agar. Note from the image that the “front mycelium” is both clearly visible

and can be easily harvested.



127 species entries

Absidia coerulea
Acramonium strictumt
Afternaria alternata
Arthrinium phagosparmum

Arthrographis_kalraglanal#
(Eremomycas_langeroniijtelsoll

Aspergilius candidus
Aspergillus clavatus
Aspergillus fiavus
Aspergillus fumigatus
Aspergilius glaucus
Aspargillus niger

Aspergillus nomius

Aspergilius ochracous
Aspargillus oryzas
Aspergillus parasiticus
Aspeargillus sclerotiorum
Aspargillus sydowi
Aspargillus tamari
Aspargillus terraus
Aspargilius unguis
Aspergillus ustus
Aspergillus versicolor

Aspergillus_amstelodamifanal
Eurofium_amstelodamiftelec]

Aspargilius_nidulans{anal
Emericalla_nidulansftalsol
Auvreohasidium pullulans
Beauvena bassiana
Botrytis cinerea
Chaetomium funicola

Chaatomium globosum

Chrysosporium keratinophilum
Cladosporium cladosporicides
Cladosporium herbarum

Cladosporium sp
Cunninghamealla slegans
Curvulana clavata

Curvulana lunata
Curvulana pallascens

Curvulana vemucuiosa
Epicoccurm nigrunt
Epidermophyton floccosum
Fennallia flavipes

Fusarium aquasductuum

Fusarium cerealis

Fusarium chlamydasporum

Fusarium culmorum
Fusarium dimarum
Fusarium eguiseti
Fusanum incamaium
Fusanium manilifarme
Fusarium oxysporim
Fusanium prolifaratum
Fusanum solani
Fusanum tabacinum
Fusanium verticillioides

GEOMYCSs PENnorum

Goosmithia argillaceas
Lecythophora hoffrmannii
Lichtheimiz corymbifera
Microsporum cookie

Microsporum equinuwm

Microsporum fulvum

Microsporum gypseum

Microsporum persicolor

Microsporum praecox

Monilinia [axa
Mucor circinalfoidss
Mucor ramosissimus

Paecilomyces farinosus
Paacilomyces lilacinus

Pascilomyces manquandi
Pascilomyces variofii
Panicillium brevicompacturm
Panicillivm chrysogenum
Panicillium citrecnigrum
Psnicillium citrinum
Panicillium commung
Penicillivm condophilum
Panicilliuvm crustasum
Penicillivm daleas
Panicillium disrckxii
Panicillivm aligitatum
Panicillium discolor
Panicillivm expansum
Panicillium funiculosurm
Panicillivm glabrom
Penicillium italicum
Panicilliurm lanosum
Penicillium ofsomnii
Panicillivm pseudostromaticum
Penicillivm roguefort
Penicillivm rugulosum

Panicillivm sp

Penicillivm striatisporun
Fenicillium turbatum

Penicillium verucosum

Phagpacremonium sp
Phialamanium sp
Fhialophora bubakii
Phoma glomerata

Phoma herbarum

Fhoma sorghinag
Rhizamucor pusilius
Rhizapus microsporas
Rhizopus oryzae
Rhizopus stolonifar

Scedasparium prolificans

Scedosponum_apiospermumfana)l

Pseudallsscheria_boydiiftalsol
Schizophyilum communeg
Scopulaniopsis acremonium
Scopulaniopsis brovicaulis
Scopulaniopsis brumptii
Scytalidium lignicola
Sporothrix schenckii
Syncaphalastrum racemosum
Thanatephorus cucLmerns
Trichodarma koningii

Trichoderma longibrachiatum

Trichophytan aborsum

Trichophyton equinum

Trichophytan interdigitals
Trichophyton rubrum
Trichophyton tonsurans
Trichophyton viclaceum

Trichophyton_mentagrophytes_
var_arinaceifanal
Arthrodarma_benhamiasiteloo]

Trichurus sp



Biochemické metody - starsi

vaw s

» spektrum polysacharidu ve sténé (vodo-rozpustné, extrahovatelné v
alkaliich)

» spektrum mastnych kyselin v membranach (prevzato z bakterii, kde
je vétsi diverzita téchto latek a tedy lepSi rozliSeni druhu). Pomérné
fenoplastické. Spektrum je druhoveé specifické. Stale se pouzivaji pro
odliseni bakterialni vs houbove biomasy. Analyza pomoci plynove
chromatografie.

« variability ubichinonu (koenzym Q) — prfenasece elektront v dychacim
retézci se specificky liSi v usporadani isoprenovych jednotek na
chinonovém jadre (hlavné taxonomie vyssSiho radu)

« variabilita proteinu (analyza izozymui=izoenzymii) proteiny o stejné
funkci muzou mit mnoho forem s rozdilnou strukturou (tj. mobilitou na
elektroforetickém gelu). Hlavné na populacné geneticke studie.



Molekularne taxonomické metody

* Molekularni, neboli geneticky znak (marker) - usek DNA (Ci
jeho translacniho produktu), pouzivany pro zjisténi genetické
pribuznosti porovnavanych organismu - napr. sekvence
urciteho genu, proteinu, délka PCR fragmentu...

e alternativni markery — jiny marker muze ukazat jiné
vysledky, nutnost overovat a brat vse s rezervou

« kvalita vysledku dle poctu sledovanych markeru, lokusu -
uni X multilokusové metody



Vyuziti

vhodna volba markeru a metody

» identifikace (...jedinec, druh, rod)

vymezeni druhu, zejména téch kryptickych (=sibling species,
microspecies), které se neliSi morfologicky

. spojeni anamorfy s teleomorfou

e studium evoluce dané skupiny (fylogeneticke vztahy)

e studium diverzity (nekultivovatalné houby)

« populacni genetika (zjiSténi pfibuznosti populaci, fylogeografie, sledovani
migrace, odliSeni jedince)

 zpusob rozmnozovani (klonalita x pohlavni kfizeni)

e studium evoluce velikosti a komplexity genomu pri speciaci



Povaha mol. tax. znaku

 kvantita - omezena jen financné

» diskrétni povaha

* selekéni neutralnost — nepodléha selekénimu tlaku — ten se muze ménit
* studium skutecného polymorfismu — u fenoplastickych hub dulezité

* polarni znaky — moznost odliSit puvodni stav znaku

* znaky jsou nevazane — jedna evolucni udalost neovlivni jiné znaky

« omezeno riziko konvergence (homoplazie) (neplati u hypervariabilnich
useku)



H

Stavba genomu hub
mt DNA, jaderna DNA, plazmidova DNA

mt DNA

uniparentalné i biparentalné dedicna

« non-Mendelian inheritance, cytoplasmic inheritance

* U nékterych chytridii chybi (anaerobni)

o 27-174 kbp

« 30-40 genu (tj. malo)

» transpozony

* Dulezité markery: mt rDNA (LSU, SSU), cytochrom oxidaza subunit | (COI,
COX1)

DNA plazmidova

mitochondrialni i cytoplazmatické plazmidy

* mohou se vmezerit do nc i mtDNA (to se pouziva pfi genet. transformaci)

* linearni i cirkularni

* mohou pfechazet anastomézami, mohou nést dulezitou gen. informaci (rDNA u
O. ulmi, toxiny, rezistence)

» nékteré jsou virového puvodu
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Timeline | A history of yeast mitochondrial DNA

Richard Aftrmann

proposes that Yeast miDMNA Blactron microscopy Rare circular Yaast mtDNA

mitochondria Suppressivenass of detected in density of miDNA of several molecules undergoaes First comprenensive
evolved from some petite yeast gradients of call vartebrates reveals reported in extensive compilation of mitochondrial
ingested bacteria™. mutants coserveds. axiracts®, circular molecules®e. yeast miDMA™M, recombination®®. genetic map®.

1971 1974 1975 1977

in hypersuppressive
petitesi™=E,

of yeast mitcchondrial
genome publishad®.

Cytoplasmic inhertance Mitochondrial DINA Tetrahymena and Mitochondrizlly Yeast mitochondrial DAP staining Cellular architectura of
is shown; discovary of (MtDNA) seenin Faramecium shown 1o coded mutants DMA replicates introduced for yeast; yeast mitochondrial
rho factor inyeast (by electron micrographs have linear miDNA'™. identified; genetic throughout the cell shows miDNA system revealed by
Boris Ephrussij22, of chick cells?. mapping starts?, cyclat, nucleoidss. serial sectionsss,
» petite mutanti u pivovarskeé kvasinky
» senescencni syndrom — porucha v mtDNA (COX gen)
Putative replication . . , ;s 7
origns (ors) ientied | [ Gomplete sequence * pouze fermentace, nikoliv dychani

1980-
1984

Pulsed-field gel
electrophoresis
establishes that yeast
mitDNA I linear in vivo'e,

Nature Reviews Genetics 3, 475-481



Stavba genomu hub - jaderna DNA

* maly genom s vysokou genovou densitou: 37-61 genu na 100 kbp

» velikost nejcastéji mezi 20-40 Mbp (0.01-0.1 pg v jedné bunce)

« cca 250 houbovych anotovanych genomu (2014), 1250 genomovych
projektd (2016)

Mohanta and Bae Biological Procedures Online (2015) 17:83 Page 7 of 9

Table 2 Average genome size, and average number of coding genes and exons present in the different phyla/sub-phyla of
the Kingdom Fungi

Fungal division Average Genome Size (Mb) Average No. Of Genes Average No. Of Exons

= 5

Ascamycota 369 1112945 258
Basidiarmycota 4645 1543151 5.28
Oomycota F4 35 2417333 223

S

Mucaramycating IBTTT 13306.85 425




Fungal genome size

Genome size is an important biodiversity character the study of which has both practical
and theoretical uses in biology.

Variation in fungal genome sizes ranges:

Parasitological findings
from the brain abscess.
Ditrich O et al. J. Clin. Microbiol.

from 2.5 Mb in Encephalitozoon cuniculi
2011;49:2769-2771

AN/

to 3050 Mb in Neottiella sp. | ia\ g1 highly polyploid genera of ascomycetes (Kullman 2008)

MLy

Estimation of fungal genome size by
flow cytometry

Bellis Kullman

Department of Mycology
Institute of Agricultural and Environmental Sciences,
|| III| Estonian University of Life Sciences



Entomophthora muscae — 3.5 Gbp

Foto. T. Veselska



Frequency

140 -

120

100 -+
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60

40

20

Fungal Genome Size Database. Kullman et al., 2005
http://www.zbi.ee/fungal-genomesize

The genome size of over 1800 fungi is measured with different methods.
Tavares et al. 2014. Front Plant Sci. 5: 422

ca 90% of available values remain between 10 Mb and 60 Mb
0.01 pg —0.06 pg
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Estimation of fungal genome size by
flow cytometry

Bellis Kullman

Department of Mycology
Institute of Agricultural and Environmental Sciences,
1., Estonian University of Life Sciences



Flow Cytometry (FC or FCM)

Ungated

Flow Cytometry (cyto=cell) (metry=measurement)
Measurements performed _
On individual cells LA A

In a ||C]U|d stream. http://www.flowcytometri.dk/literature/Leslie-FCBasic.pdf
The first fluorescence-based flow cytometer was developed in 1968 by Wolfgang

Gohde from the University of Munster, and was commercialized one year later by
Partec in Germany.

It soon became an essential method in medicine, veterinary science, food
microbiology and water analysis.

However, it has remained unknown and unused in mycology.

C value — velikost haploidniho (1n) genomu csmstonof g gerome i b
CV - coefficient of variation - udava chybovost méfeni (u hub az 10%)

Bellis Kullman




IECHNICAL NOTE

Cytometry o

Application of Flow Cytometry for Genome
Size Determination in Geosmithia Fungi:
A Comparison of Methods

Tereza Veselskd,* Jan Svoboda,” Zaneta Riizickovd,” Miroslav Kolaiik'”

1.5K
Jrod
500 "
rcv 7.7
E
1] 1 2 3 4 L]
'I!IlJ IB‘ 105 10 0 o o 10 10
Pl-A PEA

Figure 3. Pl staining of standards. A: A. niger NRRL350, (B) A. niger CBS513.88, (C) A. aculeatus CBS172.66, (D) A. fumigatus Af293, (E) S.
cerevisiae BY4743ax, (F) A. fumigatus CEA10 (our method), (G) FCM histogram of Pl-stained S. cerevisiae BY4743ax, (H) FCM histogram of
Pl-stained A. fumigatus CEA10 (our method). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

Cytometry Part A ¢ 85A: 854—-861, 2014 859



C value paradox

13 (2015) 8392

available at www.sciencedirect.com

ScienceDirect

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

Application of flow cytometry for exploring the
evolution of Geosmithia fungi living in association
with bark beetles: the role of conidial DNA content

CrossMark

Tereza VESELSKA®™®, Miroslav KOLARIK®>*

“Department of Botany, Faculty of Science, Charles University, Benatska 2, 128 01, Czech Republic
Binstitute of Microbiology of the ASCR, v.u.i., Videriskd 1083, 142 20 Praha 4, Czech Republic
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Fig 4 — Conidial DNA content and volume regression. (A) All species are plotted (R* = 0.80, p < 0.0001), (B) all species except
G. eupagioceri are plotted (R? = 0.76, p < 0.0001). Cross — ambrosia species, diamond — specialists, circle — generalists,

square — auxiliary ambrosia species, triangle — pathogen.



FUNGAL ECOLOGY 1 (2008) 19-213

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

available at www.sciencedirect.com
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“e.? ScienceDirect

Relationship between basidiospore size, shape and life
history characteristics: a comparison of polypores

Hdvard KAUSERUD®*, Jonathan E. COLMAN?, Leif RYVARDEN*

“Microbial Evolution Research Group, Department of Biology, University of Oslo, P.O. Box 1066 Blindern, N-0316 Oslo, Norway
®Department of Ecology and Natural Resource Management, Norwegian University of Life Sciences, P.O. Box 5003, N-1432 As, Norway

ARTICLE INFO
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Published online 13 February 2008
Corresponding editor: Lynne Boddy

Keywords:

Basidiospore

Dispersal

Life history characteristics
Offspring size

Polypores

ABSTRACT

Although spore dispersal is the predominant mode of spread in fungi, the functional
ecology of offspring (spore) size and shape has received little attention. We investigated
the relationship between spore size (volume) and shape and various life history parameters
among 303 European polypore species. In an analysis of variance, basidiocarp size,
nutritional mode (parasitic vs. saprotrophic) and host (conifer vs. deciduous) accounted

for a significant part of the variation in spore size. Species producing large basidiocarps/

also produce large spores, parasites produce larger spores than saprotrophs, and species
colonizing deciduous trees generally produce larger spores than those colonizing conifers.
There was a correlation between spore size and shape, with larger spores being more
spherical. The most important factors accounting for variation in spore shape were rot
type (white rot vs. brown rot) and nutritional mode, with white rot species and parasites
having more spherical spores compared to brown rotters and saprotrophs.

© 2008 Elsevier Ltd and The British Mycological Society. All rights reserved.



Number of publications in Web of Science (from All Databases)

* Searched for ,flow cytometry” and fungi — ca 460 (of these, ,,genomessize” 17)
* Searched for ,flow cytometry” and plant— ca 6 000

* Searched for ,flow cytometry“ and animal — ca 65 000

Estimation of fungal genome size by
flow cytometry

Bellis Kullman

Department of Mycology
Institute of Agricultural and Environmental Sciences,
., Estonian University of Life Sciences




Alternatively you can submit C-value data.

Estimation Methods:

W W W

GS = Complete genome Sequencing K

PFGE = Pulsed Field Gel Electrophoresis

CHEF = Contour clamped Homogeneous Electric Field gel electrophoresis

FC = Flow Cytometry (Flow Microfluorometry, Flow Microfluorimetry, Fluorescence- K

Activated Cell Sorting, a cytophotometry technique). Technigue using an instrument o k f I .
system for making, processing, and displaying one or more measurements on individual -mer requency ana ySIS Z
cells or nuclei obtained from a suspension. Cells are usually stained with one or more WGS dat

fluorescent dyes specific to cell components of interest, e.g., DNA, and fluorescence of

each cell is measured as it rapidly transverses the excitation beam (laser or mercury arc ° WGS pro mé‘fenl’ 1 _n genomu

lamp). Fluorescence provides a quantitative measure of various biochemical and

biophysical properties of the cell, as well as a basis for cell sorting. Other measurable P FC pro Zmé‘r‘en I' pIOIdle
optical parameters include light absorption and light scattering, the latter being

applicable to the measurement of cell size, shape, density, granularity, and stain uptake

(a cytophotometry technigue).

» PI-FC = Flow Cytometry, stained with Propidium Iodide
» DAPI-FC = Flow Cytometry, stained with DAPI
» PC = Photometric Cytometry (classical cytophotometry technigue, microscope with a

photometer)

» Fe-PC = microspectrophotometry, stained with Feulgen, measuring light absorption
» FI-PC = microfluorometry (cytofluorometry), stained with Fluorochrome, measuring the

light intensities

IC = Image Cytometry (a cytophotometry technique, an image analysis system which K
grabs images from the microscope via a digital camera, and calculates intensity or optical
density from the grey values of pixels in the nucleus (see Hardie et al., 2002).

Fe-IC = Image Cytometry, stained with Feulgen, measuring light absorption (also called
optical density, OD)

» FI-IC = Image Cytometry, stained with Fluorochrome, measuring the light intensities

» NS = Not Specified

Cell types:

>
>
>
>
>
>
>

Estimation of fungal genome size by
flow cytometry

FB = Fruit Body
PC = Pure Culture
S = Spores Bellis Kullman
C = Conidia

N = intact Nuclei
V = Various

NS = Not Specified

Department of Mycology
Institute of Agricultural and Environmental Sciences,

Standards and C-value for standards in Mb: ., Estonian University of Life Sciences
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Fungal Genomics Program

Exploration of fungal diversity

e

[ifl Genomic Encyclopedia
of Fungi

| Plant Feedstock Health
[ Mycorthizal Symbiosis

=] Plant Pathogenicit
|| Biocontral

= Biorefinery

| Lignocellulose Degradation

[ Sugar Fermentation
[ Industrial Organisms
[E Fungal Diversity

% 1000 Fungal Genomes
project

Announcements

e March 26-28, 2013

JGI User Meeting, YWalnut Creek,
CA, USA

& March 12-17, 2013

Fungal Genetics Meeting in
Asilomar, Pacific Grove, CA, USA
e January 12416, 2013

Plant and Anirnal Genomics
Meeting, San Diego, CA, USA

Recent Genome Releases

* Movember 15, 2012

Aspergiius zonatus vi. 0

* Movember 12, 2012

Aspergilius glawcus vi.0

* Movember 4, 2012

Hebeloma culindrosporum b7 vl 0
* Movember 2, 2012

Dicymella exigua CBS 18355 w10
* Movember 2, 2012

Trichoderma longibrachiatum ATCC 186458 vi1.0
* PMovermnber 2, 2012

Trichoderma cittinovitide vI.0

* Oictober 10, 2012

Aspargiius tubingensis wI1.0

& October 10, 2012

Aspergiius wenbi w0

e Clctober &5, 2012

Faxifiua pbicunduius Vedd 2H70 v1.0

e October 4, 2012
Amanita muscanz Koide wi.0

* October 4, 2012

Zaarmidiu cellare ATCG 36957 wi.0

® October 4, 2012

Apiospora montagned NRRE 25634 vi .0
* September 25, 2012

Fomitopsis pinicala FP-58527 551 v3.0
* September 14, 2012

Hyposdan sp. Gl-44 v1.0

* Septermber 14, 2012
Daldinia eschacholzil ECT2 1.0

* September 14, 2012
Rypoxylon sp, GOZ7-5 v1.0

* September 14, 2012
Hypoxon sp. EG38 w0

* August 31,2012

Armanita thiersil Skayd041 v1.0

® August 24, 2012
Tulasnells calospors ALT5340 wi.0

Z o
ngi:

Fungal Genomics Program

projekt 1000+ genomu


http://genome.jgi.doe.gov/programs/fungi/genome-releases.jsf

Published online 1 December 2013

Nucleic Acids Research, 2014, Vol. 42, Database issue

D699-D704
doi:10.1093 nar/gkt1183

MycoCosm portal: gearing up for 1000

fungal genomes

Igor V. Grigoriev*, Roman Nikitin, Sajeet Haridas, Alan Kuo, Robin Ohm, Robert Otillar,
Robert Riley, Asaf Salamov, Xueling Zhao, Frank Korzeniewski, Tatyana Smirnova,
Henrik Nordberg, Inna Dubchak and Igor Shabalov

US Department of Energy Joint Genome Institute, 2800 Mitchell Drive, Walnut Creek, CA 94598, USA

Received October 9, 2013; Revised October 31, 2013; Accepted November 1, 2013

ABSTRACT

MycoCosm is a fungal genomics portal (http://jgi.
doe.gov/fungi), developed by the US Department
of Energy Joint Genome Institute to support integra-
tion, analysis and dissemination of fungal genome
sequences and other ‘omics’ data by providing
interactive web-based tools. MycoCosm also
promotes and facilitates user community participa-
tion through the nomination of new species of fungi
for sequencing, and the annotation and analysis of
resulting data. By efficiently filling gaps in the
Fungal Tree of Life, MycoCosm will help address
important problems associated with energy and

the environment, taking advantage of growing
fiinaal ocanamire racalirrac

The first JGI fungal portal was created for the white
rot fungus Phanerochaete chrysosporium in 2004 (2). To
cnable comparative genome analysis within the same ana-
Iytical framework, in 2008 JGI integrated data from six
genomes of Dothideomycete plant pathogens (three
sequenced by JGI and three others provided by the
Dothidcomycetes Genome Consortium). This served as a
prototype for MycoCosm, the first official version of
which was released in March 2010 in response to a call
for a pan-fungal genomic resource from the community of
fungal biologists brought together by the Burroughs
Wellcome Fund (Alexandria, VA). By 2011, MycoCosm
included over 100 fungal genomes (3), and continues to
grow. Here we provide an update on the latest develop-
ments of MycoCosm, which includes flexible tools for the
analysis of exponentially growing genomics and other

o 1. I & a4t
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Figure 1. Growth of annotated genomes in MycoCosm. The genomes

sequenced by JGI are shown 1n blue and those sequenced by others are
shown 1n red.
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Stavba genomu hub - jaderna DNA

« velmi variabilni genom, fada specifickych genu — zejména u patogenu a
symbiontu (74% rozdil N. crassa vs. Magnaporthe grisea = savci vs. ryby)
 srovnavaci genomika (Saccharomyces bayanus, S. mitake a S.
paradoxus, Asperqillus spp., Penicillium spp.)

- velmi mala syntenie (shoda v umisténi jednotlivych genu). U rodu
Aspergillus je syntenie 68%

- 8-14% druhové specifickych genu v ramci rodu.
* Laccaria bicolor — pouze 70% genu ma protéjSek jinde
« geny samostatné, daleko méné v klastrech (vazaneé geny) - dulezité sek.

metabolity (PKS), geny pro patogenezi



Stavba genomu hub - jaderna DNA

» 3—22 chromozomu (Schizosaccharomyces pombe — Ustilago hordei,
Batrachochytrium dendrobatidis)

-velmi malé (detekce PFGE)

 vnitrodruhova variabilita v dalce a po¢tu chromozému (chromozémové
zlomy, nehomologni prekrizeni, chybna segregace v meioze) — vetsi u
nepohlavnich hub

* nadbytecné chromosomy (minichromosomy, B-chromosomy
dispensable ch., supernumerary ch.), variabilni mezi jedinci jednoho
druhu, obsahuiji repetice i unikatni sekvence, mohou byt dulezité v

patogenezi



*velka schopnost adaptace diky chromozomalnim porucham (in vitro pokusy s Candida

albicans, S. cerevisiae atd.)

---:J-‘i#'."ﬂ'- _# e Tl F-'-- i =

P 1L 2 3 4 5 &7 89 1011 12
7 (v e AL B e R Al L |

A1 2 3 45M6 7 8 9
Chromosome instability in industrial strains of Saccharomyces cerevisiae batch cultivated
under laboratory conditions. Genet. Mol. Res. 6 (4): 1072-1084 (2007)



Stavba genomu hub - jaderna DNA

Priklad patogenni houby Mycosphaerella graminicola a Fusarium spp.

« Variabilita v po€tu i struktufe chromosomu (CNP, chromosome number
polymorphism) v ramci populace

» 8 z 21 chromozdmu postradatelné (dispensable) chromosomy (nemaji vliv
na zivotaschopnost organismu) s velkym mnozstvim repetitivhich sekvenci a
s geny, které se pravdepodobne uplatnuji pri kolonizaci hostitele.

« Genom Fusarium oxysporum ma o 4 chromosomy vice nez jeho blizce
pribuzné druhy F. graminearum a F. verticillioides. Tyto chromosomy,
nazyvaneé liniové specificka (LS) genomova oblast (lineage specific genome
region), zabiraji ¥4 jeho genomu a jsou opét bohaté na repetitivni sekvence a
geny potrebné pro interakci s hostitelem

» Postradatelné a LS chromozomy jsou zodpovédné za rychlou adaptacni
schopnost techto hub



Stavba genomu hub - jaderna DNA

» Useky kodujici (proteiny, specificke RNA, regulacni mista)

- podléhaji selekCnimu tlaku

- uchova se jenom pozitivhi nebo neutralni mutace

- konzervativni

- singlecopy vs. multicopy (jednotlivé kopie se nemusi shodovat)

* nekodujici (introny, mezerniky, repetitivni DNA)

- selekéne neutralni

- kazda mutace je uchovana

- mené konzervativni

- pozice intronu a exonu je konzervativni - moznost pouziti
univerzalnich. primeru



Stavba genomu hub - jaderna DNA
» velmi kondenzovany genom typicky malym zastoupenim nekddujicich
oblasti
« velmi variabilni velikost a po€et genu a intrond napfic taxonomickymi i
ekologickymi skupinami.

- Ustilago maydis (1n=20.5 Mb, 6784 genu)

- Puccinia graminis (17 773 genu)

- Fusarium graminearum (11 640 genu)

- Blumeria graminis (5854 genu)
*\Velmi variabilni pocet intronu

- Ustilago maydis — 0.46 intront na gen (prumeér)

- Coprinopsis cinerea — 4.7 intronl na gen

- Phanerochaete chrysosporium — 2.6 intrond na gen



Stavba genomu hub - jaderna DNA

 repetitivni DNA — asco a basidiomycota typicky 5-30% celého
genomu

- mikrosatelity (2-10 bp, = SSR - single sequence repeats)
- sefazeny tandemové v jednom lokusu (150 bp)
- velmi variabilni poCet, Casto nasobné rozdily
- velmi variabilni useky mezi jednotlivymi lokusy
- vhodné pro populacni studie
- 0,08-0,67 % celkové DNA (u Clovéka 3 %, u rostlin daleko vice)
- typicky G-C &i A-T bohaté
- minisatelity (15- 30 bp) (napf. M13 fag)
- transpozény (3% z celého genomu S. cerrevisiae, 17% genomu M. graminicola, 0.02% u

Pseudozyma spp., 30% u Serpula lacrymans or Puccinia graminis, 50% genomu savcu, 80%
genomu rostlin)



Stavba genomu hub - transpozony

« Class | retrotransposons: copy-paste (prepis do RNA a nasledna
| oz T W

reverzni transkripce) T

 Class Il transposons: cut-paste

v ramci rep-DNA tvofi nejvetsi ¢at (70% repetitivnino genomu M.

graminicola)

‘velky evolu€ni vyznam, zdroj variability chromozémové délky -

* umistény zejména v telomefre a subtelomere
- hlavni repetice (TTAGGG)n, jako u prim. obratlovci
- telomere repeat associated genes T cent
- klastry genu pro interakce s hostitelem, toxiny
- urychlena evoluce

Subtelomera

- zasadni vyznam v adaptaci na imunitni systém hostitele [N <




Table 1

Genomes of filamentous plant pathogens discussed in this paper

Species Host Genome size (Mbp) Repeat content (%) Reference

Oomycetes
Albugo candida Crucifers 45 17 [59°7]
Hyaloperonospora arabidopsidis Arabidopsis 100 43 [22]
Phytophthora infestans Potato, tomato 240 74 [23]
Phytophthora ramorum Broad range 65 28 [4]
Phytophthora sojae Soybean 95 39 [4]

Fungi
Aciculosporium take Bamboo 60 57 [24,28]
Blumeria graminis . sp. hordei Barley 120 64 [14]
Claviceps fusiformis Pearl millet 52 48 [24,28]
Fusarium graminearum Wheat, barley 36 44 [19]
Fusarium oxysporum Broad range 60 28 [19]
L eptosphaeria maculans Crucifers 45 66 [15,16%]
Magnaporthe oryzae Rice 40 52 [3]
Melampsora larici-populina Poplar 101 45 [38]
Melampsora lini Flax 220 45 @
Melanopsichium pennsylvanicum Smartweed 20 3 [49°%]
Puccinia striiformis f. sp. tritici Wheat 110 49 [40]
Zymoseptoria tritici Wheat 3240 18 [27]

ELSEVIER
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* rychle mutujici €asti genomu jsou AT bohaté

Location in TE-rich regions

GC-isochore GC-isochore
% 05 _r\{\y\/v"’mw\wm,lhﬂ' «GC: 44 h JJJ\
E 0.4
{_}? | ﬁuwﬂw M
5 0.34
/ AT-isochore
20% of the genes of TE-rich areas
are putative effector genes
. T cionceDirect Plant Biology
Current Opinion in Plant Biology 2015, 26:51-56 zif:jfnatin-based control of effector gene expression in

CrossMark

. . . e e . . plant-associated fungi _
This review comes from a themed issue on Biotic interactions Jessica L Soyer”?, Thierry Rouxel' and Isabelle Fudal’ @



Existuji tfri znamé obrany proti transposabilnim elementim.

Vegetative/Meiotic Silencing jsou zalozeny na post-transkripCnim utiSeni
genu (PTGS,post-trancriptional gene silencing)

RIP (repeat induced point mutation) je znam jen u hub a je zalozen na

indukovanych mutacich a methylaci. Funguje jen v pohlavni fazi.
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Dualni fenomén: sektorovani u Fusarium, Penicillium, Geosmithia ...

Geosmithia pallida



Primarni zdroj variability - mutace

» frekvence se lisi dle pozice v genomu

= dfive studovano na urovni funkénich gen, frekvence 10> - 10~/
/gen (napr. na jeden milion déleni pripada na jeden gen jedna
mutace)

* noveji pomoci celogenomickych dat

= indely, celochromozomalni zmény, duplikace genomu (kvasinky),
variace v pocCtu kopii (zejména mikrosatelity)

» velka schopnost mutovat je umocnena haploidni povahou vetsiny
hub

skolonie Penicillium 3.5 cm - cca 400 milidnu konidii

= uchovavani v metabolicky aktivnim stavu



Precise estimates of mutation rate and spectrum
In yeast

Yuan O. Zhu®®', Mark L. Siegal, David W. Hall%, and Dmitri A. Petrov®'

145 diploidnich jedinclt (mezi kazdym jedincem cca 2000 déleni). Frekvence mutaci
u haploidu jsou vysSi cca o fad

867 substitu¢nich zmén, = 5x 10-1% na jednu pozici a generaci

26 indels pod 50 bp (silné pfevazuje delece nad inzerci) = 5x 10-12 na jednu pozici
a generaci, vice Casté v nekodujici oblasti, Casto vedle mikrosatelitl
three copy number variants

Mikrosatelity. 1000 lokusu typu 5-10 repetic, 280 lokusu 11-20 repetic, 7 lokusu
30-46 repetic, mikrosatelitovych lokusul v kategorii 4-14 bp. Frekvence mutaci 107 -
10-° dle délky repetice

31 zmén v poctu chromozomii (29 x duplikace, 2x ztrata) = 9.7 x 10-> mutaci na
jednu generaci. Mutanti se ztratou chromozomu neméli schopnost sporulovat. Cim
mensi chromozom, tim vétsi Sance ho ztratit.

frekvence dominantnich letalnich mutaci 2 x 10-° na jeden diploidni genom a
generaci
9272-9277 | PNAS | July8, 2008 | vol. 105 | no.27 E2310-E2318 | PNAS | Published online May 20, 2014
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Precise estimates of mutation rate and spectrum
In yeast

Yuan O. Zhu®*", Mark L. Siegal, David W. Hall%, and Dmitri A. Petrov®"’

2Department of Genetics, Stanford University, Stanford, CA 94305-5120; ®Department of Biology, Stanford University, Stanford, CA 94305-5020; ‘Ce
Genomics and Systems Biology, Department of Biology, New York University, New York, NY 10003; and YDepartment of Genetics, University of Ge
Athens, GA 30602-7223

Edited by Michael Lynch, Indiana University, Bloomington, IN, and approved April 17, 2014 (received for review December 12, 2013)

Mutation is the ultimate source of genetic variation. The most
direct and unbiased method of studying spontaneous mutations is
via mutation accumulation (MA) lines. Until recently, MA experi-
ments were limited by the cost of sequencing and thus provided
us with small numbers of mutational events and therefore
imprecise estimates of rates and patterns of mutation. We used
whole-genome sequencing to identify nearly 1,000 spontaneous
mutation events accumulated over ~311,000 generations in 145
diploid MA lines of the budding yeast Saccharomyces cerevisiae.
MA experiments are usually assumed to have negligible levels of
selection, but even mild selection will remove strongly deleterious
events. We take advantage of such patterns of selection and show
that mutation classes such as indels and aneuploidies (especially
monosomies) are proportionately much more likely to contribute
mutations of large effect. We also provide conservative estimates
of indel, aneuploidy, environment-dependent dominant lethal,
and recessive lethal mutation rates. To our knowledge, for the first
time in yeast MA data, we identified a sufficiently large number of
single-nucleotide mutations to measure context-dependent muta-
tion rates and were able to (i) confirm strong AT bias of mutation
in yeast driven by high rate of mutations from C/G to T/A and (ii)
detect a higher rate of mutation at C/G nucleotides in two specific
contexts consistent with cytosine methylation in S. cerevisiae.
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(reticulate evolution). Branch lengths are not proportional to genetic distances. Full references are available in electronic sup-
rlementar: material, tables 51 and 572



Zasady prace — vedet s ¢im pracuji !







Vstupni material — prirodni material

 Cerstvy — mladé plodnice, material nekontaminovany okolim (trama z
vnitrku plodnice), kultura

» fixovany - 90% EtOH, zmrazeny (idealni), kvalitne suseny (cca 10 let,
pak problematické), ruzné fixaze (nejCastéji hexadecyltrimethylammonium

bromid = CTAB, TRIZOL, skladovany pfi pokojové teploté)

« smésny material (vice druhu hub)




Vstupni material — Cista kultura

 monosporické izolaty
» cast na dalsi kultivace cast na DNA













Zakladni techniky- izolace DNA

-Garbage in, garbage out — zakladem je kvalitni a éisty material. Cim mladsi kultura
(1-2 d) tim méné polysacharidu a sek. metabolita.

‘rozdrceni bunécnych stén — u hub problém (polysacharidy, polyfenoly)

- drceni v tekutém dusiku, balotino, sklenény pisek, proteinkynaza A (proteaza),
glukanazy, chitinazy, lyticase (zymolase, bakterialni enzymy s proteasovou i
endoglukanazovou aktivitou)

 extrakcni pufr — detergenty narusi b.s. a zejména membrany, inaktivace enzymu
(denaturace). Detergenty: SDS (dodecylsulfat sodny), guanidinium hydrochlorid,
sarcosyl, NP-40 (Triton X100)

» oddéleni z nadmolekularnich struktur (odstranéni proteinu a polysacharidu)
- fenol-chloroform (jeho zbytky inhybuji PCR)
- CTAB (cetrimethyl ammoniumbromid) — vysrazi polysacharidy
- PVP (polyvinylpyrrolidon), aceton
- sorbenty vazajici DNA (viz dale)

» odstranéni RNA (RNAaza)

* DNA je rozpustna v polarnich rozpoustédlech — zlstava ve vodné fazi

* DNA se srazi pomoci alkoholt (isopropanol, ethanol, PEG polyethylenglykol) —
srazenina oddélena centrifugaci. Nutno vyvazat vodu. NejCastéji octan (sodny, amonny)



Zakladni techniky- izolace DNA

» sedimentacni metody — s vysrazenou DNA se usadi i zbytek necistot.
Vytézky jsou velké

» metody s vyuzitim sorbentu DNA (sklo, kiemelina, silikagel,
iontoménice). Vytézky mensi, DNA CistéjSi

- silikagel (SiO,), nejCastéjsi soucast komercnich souprav. Silikagel v
kolonce vaze DNA v mife ovlivnéné iontovou silou prostredi. Pro zvyseni
iontové sily roztoku se pouziva guanidine hydrogen sulfat (drive jodid
sodny). Opakovanym promyvanim guanidine hydrogen sulfatem se DNA
zbavi necCistot. DNA se vymyje roztokem o malé iontove sile (voda, TRIS
pufr). Kolonku Ize recyklovat vymytim 0.1M HCI a vodou.

*‘RESIN (pryskyrice) - k vazani a naslednému uvolnovani
pozadovaného materialu vyuzivaji iontové vymeny (iontomeénice). Napf.
DEAE (diethylaminoethyl) v kitu od firmy Qiagen. Dale Chelex 100. K
separaci DNA se pouzije kolonka, ktera navaze resin+DNA. Velke
vytézky a velka Cistota. Nékdy pouzivano na Cisténi jiz hotove DNA.
Vhodné na odstranéni PCR inhibitord.




Zakladni techniky- izolace DNA

* izolace pomoci magetickych castic. DrazsSi metoda, ale je schopna
izolovat Cistou DNA z velmi komplexnich substratt (pada).

* 5 nm az 100 pm kulicky (maghemit y-Fe,O5, magnetit Fe;O,, Au)

* povrch ¢astic je dale modifikovan (SiO,), aby mohl vazat DNA

* moznost kombinovat se hybridizacni DNA sondou \i ’,H
J_/'

* kulicky s navazanou DNA oddélime magnetem.

Sample Jash Buffer Elution Buffer Pure OMA
H-PLIA T

Magnetic Beads/ Oiscard
Lysis Buffer Einding Buffer . Supernatant =
| a il u )
[ | {=m [ .
jadro DNA sonda
' ? -, .:'fl
+ 4 C é ] -’ obalova cilova
struktura molekula

Obr.7: Schéma magnetické Castice
http://is.muni.cz/th/211424/prif b/IZOLACE_DNA_- VYTEZNOST_A_KVALITA.doc



Zakladni techniky- izolace DNA

* rozdilné dle typu vstupniho materialu (izolace z pudy, dfeva...)

* vytézek sedimentacni metody cca 50 pg, z kolonek cca 0,5 ug.

« velmi rychlé metody zaloZené na rozdrceni a vareni v pufru (DNA

prezije vareni, mikroviny) Ci drceni a rychlé extrakce v NaOH, Chelex 100

atd. Vétsinou nejde dlouhodobé uchovavat.

* moznost izolace z jedné spory (Glomeromycota)

« archivni DNA Ize izolovat, ale zalezi na zpusobu oSetfovani polozek
(formaldehyd degraduje DNA)

* idealni uchovavani biomasy je mrazeni. Pfipadné usmrceni EtOH a
suseni. Uchovavani DNA se déje v -20 °C ¢i -80 °C. Dalsi moznost je
CTAB, TRIZOL roztok (+ fada dalSich komercnich roztoku).



Zakladni techniky — elektroforéza DNA

* nositelem el. naboje u DNA jsou zaporné nabité fosfatove skupiny

 pohyblivost DNA je nepfimo umérna logaritmu jejich velikosti (nikoliv
sekvenci)

* nosic: - agaroza (DNA fragmenty o velikosti cca 200 bp - 50 kb),
DNA vizualizovana ethidium bromidem

- polyakrilamid (PAGE, velikost 10-1000 bp)
DNA vizualizovana autoradiogramem, fluorescentné



Zakladni techniky — elektroforéza DNA

* PFGE (Pulse Field Gel Electrophoresis), pro fragmenty > 50 kbp, slouzi
pri karyotypovani

problém: fragmenty o stejné hmotnosti nemusi mit stejnou sekvenci
- DGGE (Denaturing Gradient Gel Elektroporesis), TGGE...
 kapilarni elektroforéza (indikace provadi fotometricky v UV oblasti
spektra) e =

123456789210 12 3456789I10NTC

ABI 3100 capillary systems
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Zakladni techniky — zjisténi koncentrace a
kvallty DNA

Porovnanim svitivosti se standardem

Genomic DNA total nucleic acid RMNA

M1 2 3 4 5M678 910M111213 14175



Zakladni techniky — zjistéeni koncentrace a

kvality DNA

» spektrofotometricky. Firma Nanodrop. 0.5 pl - 2.0 ul vzorku.

« Meéri koncentraci DNA, RNA (A260) a bilkovin (A280) a Cistotu vzorku

(pomé&r 260/280)

Solvents,
Salt. DMNA, RNA absorbance pii 260 nm

i Protein *
. \ . Protein
\ y \
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Zakladni techniky — zjistéeni koncentrace a

kvality DNA

« pomér 260/280: 1.8 u Cisté DNA
« pomeér 260/230: druhofady udaj, 2-2,2 u Cisté DNA
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Casty zdroj nedistot je octan (acetate)
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Zakladni techniky — zjistéeni koncentrace a
kvallty DNA

Nanodrop méfi absorbance DNA + Sum (RNA, fenol a dalSi latky s
absorbanci pfi 260nm). Pfi nizkych koncentracich (pod 5ng/ul) neni
presny.

« PicoGreen (pfipadné konkurencéni Qubit): méfi se fluorescence

obarvené DNA. Méfi pouze DNA (fluorometrem) i o nizkych
koncentracich (10 pg/upl -100 ng/ul)

Table 3. Comparison of PicoGreen and NanoDrop quantitation

measurements in DNA samples greater than 20 ng/ul in concen- Table 4. Comparison of PicoGreen and NanoDrop gquantita-
tration. tion measurements for DNA samples less than 10 ng/ul in
PicoGreen NanoDrop NanoDrop concentration.
Sample | Average (ng/ul) | Average (ng/ul)|  Average
A260/280
1 8.4 390 16 PicoGreen NanoDrop
2 37.0 412 17 Average (ng/pl) Average (ng/ul)
3 356 34.5 1.6 037 377
4 118.1 103.0 1.8
5 1024 90.0 16 1.31 2.70
B ars 356 17 419 7 83
T 239 237 16 —
B 356 37.2 16 0.74 5.10
9 44 1 441 1.6 1.39 567
10 3r9 384 16 2 AT 5 g7
11 335 334 16
12 40.1 414 16 0.61 4.33
13 371 39.5 1.6 215 £.30
14 46.2 459 1.7
15 372 40.2 1.6 3.7 7.40
16 283 293 1.6
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Zakladni techniky — z
kvality DNA

« Kapilarni elektroforeza

« Kvantita i délka fragmentu m
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Zakladni techniky- dekontaminace DNA

 velmi odolna molekula, problemy s malymi retézci o nizké koncentraci
* povrchy: y-zareni, ohen, SAVO, UVA (10 min, velmi blizko k zafivce)

Table 1. Elimination of surface contamination.

Air shower Water Detergent DMA away® uv CoPA solution Bleach
% deg 0 50,3 709 623 9556 995 99,4
5D 455 345 8.9 16,9 58 05 1.2

 roztoky: UVA zareni, y-zareni, DNAaza, hl-dsDNase (heat-labile
double strand specific) na Cisténi roztoku primeru

* autoklav spolehlivé ucinny az po 120 minutach

 alkoholy srazi DNA, ¢imz se muze stat vice odolnéjsi

OPEN (J ACCESS Freely svailable online “ PLOS One

An Efficient Multistrategy DNA Decontamination
Procedure of PCR Reagents for Hypersensitive PCR
Applications

Sophie Champlot®, Camille Berthelot™?, Mélanie Pruvost™®, E. Andrew Bennett, Thierry Grange,
Eva-Maria Geigl*
.



Zakladni techniky — PCR

PCR (Polymerase chain reaction, polymerazova retézova reakce)
* replikace DNA in vitro, slouzi k namnozeni useku, ktery je ohraniCen primery
« primer: oCko, oligonukleotid ktery je potfeba k iniciaci replikace

* reakCni smes obsahuje:
- volné nukleotidy (dATP, dGTP, dCTP, dTTP)

- DNA-polymerazu a jeji katalyzator Mg2+
- primery
- templatova DNA

- PCR aditiva (BSA, DMSO, betain... omezeni vzniku
sek. struktur rDNA, vlivu G-C% bohaté DNA)



Princip PCR

denaturace
94 °C
pFipojeni primerd *
annealing 35-65 °C
— jeden
e primery > CyklUS
syntéza novych l
fetézcu dNTP Tag-polymeraza
65-75°C
e
A AR //
denaturace ¢
94 °C
< I
— >
pfipojeni primert 1
syntéza fetézcl :
denaturace :
opakovano v 30-50 cyklech v

e T e

Ze dvou fetézcu ziskame po 30 cyklech teoreticky celkem 230 = 107 milion0 kopii



Zakladni techniky — PCR

 annealing — teplota zaru€uje specificitu nasednuti primeru
35-55°C - nespecifické nasednuti
55-65°C - specifické (komplementarni) nasednuti
* u kazdé PCR metody je nutna optimalizace reakce

 koncentrace Mg,,
« koncentrace DNA
* teplota annealingu (gradient PCR, touchdown PCR)

 rychlost RAMP (rychlost zmén teplot, nejdulezitéjsi je ta z
denaturace na annealing)

* typ polymerazy

* PCR aditiva

* PCR fail save kit (rizné kombinace enzymu, aditiv...)

* nested PCR (PCR produkt z 1. PCR se pouzije jako templat v
druné PCR, kde se pouziji vnitfni primery).



Vliv teploty annelingu, poctu cykld, koncentrace primeru a
templatové DNA na pfikladu ISSR fingerprintu

Influence of anneling temperature (°C)

Number of ¢ycles Primer concentration (pmol/reac.)

1§ 22 24 26 27 28 3 33 36 40 1 20 50 70 100 120 150 200 500
- P DR o i i e i S

Genomic DNA concentration (ng/reac.)

0.5 ] ) 10 11 12 13 14 18 2% 40 80 100 150

Beits BBl 58§ &

ﬁ Plant Molecular Biology Reporter 19: 209-215, 2001
© 2001 International Society for Plani Molecular Biology. Printed in Canada




Zakladni techniky — restrikcni enzymy

« Stépi nemetylovanou DNA v mistech specifickych sekvenci

 palyndromaticke, 4 az 7 nukleotidove

Restrikcni misto EcoRlI

GAATTC
CTTAAG

G AATTC
CTTAA G




Mol. Tax. metody - RFLP

RFLP (Restriction Fragment Length Polymorphism)

 polymorfismus délky restrikCnich fragmentu

* RFLP-PCR: stépeni PCR produktu (mtDNA, rDNA, R-tubulin) pomoci restr.
Enzyma

* RFLP detekuje rozdily v sekvenci PCR produktu, ale oproti sekvenovani
poskytuje jen malé mnozstvi znaku, z tohoto divodu je v sou¢asné dobé

pouzivana hlavné k rutinni detekci patogent o znamé sekvenci

| Elektroforetogram restrikénich
fragmentu, oblast ITS-rDNA. Stépeno
Mspl. Phytophtora spp.




Mol. Tax. metody - RFLP

 pouziva se k odliSeni izolatu u arbuskularnich hub (Glomus intraradices)

 mtLSU je zde velmi variabilni, odliSuje jedince

Intra A Intra2a Intra20 Intra24 Intra B Intra B

N wi ol

— = = — S R = —

e b - o B - -=

= Rk R - - M= =

s Ban n” ams D . - " -

e et - Rues s SVaw - - -
L J - -

FN678790 FN377580* FN678791 FN377579** FN377586** FN678789 PCR product*

diagram diagram diagram

Fig. 1 RFLP banding patterns of haplotypes A and B (Intra A and

Intra B) of the mtLSU in comparison with the respective patterns of

Intra2a, Intra20, and Intra24. PCR products were amplified using the
primer pair RNL-29/RNL-30 and digested using the restriction
enzymes Dralll, Bsall, and Hindlll and loaded in the same order
per sample onto the gels. DNA ladder in the left-most lane of each gel
(bp): 250, 500, 750, 1,000, 1,500, 2,000, 2,500, 3,000, 3,500, 4,000,

5,000, 6,000, 8000, and 10,000. The size standard in the left-most
lane of the diagrams produced in silico (bp): 250, 500, 750, 1,000,
1,500, 2,000, 2.500, 3.000, and 4.000. Accession numbers of the
respective clones are shown below the patterns. 7riangle, original
digested PCR product from which the clone FN678789 was derived.
Single asterisk, from Borstler et al. (2008); double asterisk, from
Borstler et al. (2010)

Mycorrhiza (2012) 22:69-80
DOI 10.1007/s00572-011-0375-1



specificka PCR - rychla identifikace

» Specifické primery navrzené pro jednotlivé druhy (€i populace) vyuzivany
rutinné ve fytopatologii a Iékarstvi, kde pracujme s environmentalni DNA.

* cileno na rDNA, b-tubulin, rizné genomické useky

* Nutnost kfizovych zkouSek kdy se primery testuji na smési riznych druhl hub
« kvantitativni PCR* umozniuje zméfit mnozstvi PCR produktt — kvantifikace

infekce, kolonizace...

MF 1371TS 4 MM 137/ITS 4 MUS 781/TS 4
1 2 3 4 5 6 78 9 10 11 12

M. musicola (2,6,10

M. musae (3,7,11)

Mycosphaerella fijensis (pozice na gelu 1,5,9),



The Neofabraea pathogen complex

530

Table 2. Neofabraeca primer sets and their respective species-specific ragment sizes.

Neofabraea
species

Upper primer

Fragment

Lower primer size (bp)

N.alha

[ malicorticis
. perennans
N. populi
N.sp. nov.

Neofab-UpTub-100
MNeofab-UpTub-100
Neolfab-UpTub-100
Neofab-UpTub-100
Neolab-UpTub-100

358
178
300
397
236

Neo alba-loTub-439
Meo mal-loTub-262
MNeo per-loTub-382
MNeo_pop-loTub-475
MNeo spnov-loTub-319
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Fig. 6. Amplification of each of the five species of Neofabraca
using a combination of the primers Neofab-upTub-100 with
Neo_alba-loTub-439, Neo_mal-loTub-262, Neo_per-loTub-
382, Neo_pop-loTub-475 and Neo_spnov-loTub-319 in a
single reaction mixture. The universal fungal primers UN-
UP185-42 and UN-LO28S-22 used as internal positive con-
trols amplified an approximately 600 bp fragment.
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Fig. 7. PCR of Neofabraca DNA isolates 167 (N. alba), 105
(N. malicorticis). 152 (N. perennans), and 107 (Neofabraea sp.
nov.) extracted from infected apple fruits (Lanes 3, 5. 7and 9.
respectively). Each isolate was amplified using the primer
combination designed to be specific for that species. Lanes 2,
4, 6 and 8 represent pure culture total DNA (TDNA) of N.
atba, N. malicorticis, N. perennans, and Neofabraea sp. nov.,
respectively, amplified with the appropriate species-specific
primer set. Universal fungal primers UN-UP18S-42 and UN-
LO28S-22 were used in each reaction as internal positive
controls, generating an approximately 600 bp band for all
isolates.

Amplikon ziskany pomoci univerzalnich houbovych primeru
pro kontrolu pfitomnosti houbové DNA

Mycol. Res. 107 (5): 528-536 (May 2003). @ The British Mycological Society

DOI: 10.1017/80953756203007810  Printed in the United Kingdom.

Species specific identification of the Neofabraca
pathogen complex associated with pome fruits using
PCR and multiplex DNA amplification

Tara D. (].-\R[EPY'“"‘, C. Andr¢ LE\'ES()['EZ, Sharon N. de JONG? and James E. RAHE!

Y Depariment of Biological Sciences, Simon Fraser University, Burnaby, British Columbia V5A 156, Canada.

2 Eastern Cereal and Qilseed Research Centre, Research Branch, Agriculture and Agri-Food Canada, 960 Carling Avenue,
Ottawa, Ontario KiA 0C6, Canada.

E-mail: Gariepy T@agr.ge.ca



Mol. Tax. metody —PCR fingerprinting

 skupina multilokusovych metod zalozenych na PCR

* Fingerprit (fingerprint, banding pattern)
,otisk prstu”, unikatni kombinace
alel (prouzku) charakterizujici dany vzorek

* jednotlivé metody se liSi typem primeru, a teplotou annealingu
*pouzivaji se na ,typovani“ izolatu morfologicky Spatné odliSitelnych hub

Lze rozdélit na dvé skupiny

* High-stringency PCR site-specific polymorphisms

 Low-stringency PCR neboli MAAP (Multiple Arbitrary Amplicon Profiling)



Mol. Tax. metody —PCR fingerprinting

ISSR-PCR (Inter single sequence repeat PCR)

* jako primer pouzita sekvence SSR
* Namnozi se useky SSR a oblasti oddélujici SSR

» diky moznému preskakovani primert béhem PCR se mUzZou hamnozit
nespecifické prouzky — silné pozadi

* feseni je v ukotveni primeru na konec SSR. Verze zvana anchored-ISSR

* primer (AG)g GT, nebo smés - degenerovaneé primery (AG)8 GT, (AG)8 TG,
(AG)8 AG

* 16-18 bp dlouhy primer

 annealing 45-65 °C

* metoda dobre reprodukovatelna a snadna



Rozlozeni mikrosatelitu (AT) v jednotlivych lokusech a zobrazeni mozného
polymorfismu v poCtu repetic a délce vmezerenych sekvenci. Dvojice zakotvenych
primeru naznacuje usek zmnozeny pfi PCR

primer
Lokus 4 (AT),GT—— =
AA 1T GT GT
< ——1TG(AT),
Lokus 3 (AT), GT —>
AT GT GG AT
(AT)q —  (AT)y —  (AT)s —  (AT)s
<= TG(AT),
Lokus 2
(AT), GT—> (AT), GT——— )
AA GT GT A
(AT)s —  (AT), — (AT), — (AT)s
<—TG(AT), < ————TG(AT),
Lokus 1
(AT), GT —>
AA TA GT S GT
(AT) —  (AT), = (AT), — (AT),

<——TG(AT),




ISSR. Ukazka fingerprintu jedinct klouzku sliéného (Suillus grevillei) - metoda
je schopna odlisit jednotlivé klony
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Mol. Tax. metody —PCR fingerprinting

High-stringency PCR

« UP-PCR (universaly primed PCR) univerzalné nasedajici PCR

« primery 18-20 bp, univerzalni motivy ve variabilnich usecich genomu (puvodné
u bakterii)

» annealing 52-56 °C (dle primeru)
* rychla ,ramp” faze, 4°C/s (rychlost zmeény teploty, zvySuje specificitu)

International Commission for the Taxonomy of Fungi (ICTF)
International Union of Microbiological Sacieties (IUMS, Mycolagy Division)

International Subcommission on
Trichoderma and Hypocrea Taxonomy

|H-:-rrn3 | |P\tu:.ut | |I"-'1ernt-er-_= | |r-1 n | |IE:TH Library | ||"-"|E=Etir||;]5 | |Lir|I-::-_: | ||:::|:|r|ta|::t | |H.3I|:| |

Methods of molecular identifications and lab. protocols

Below are methods of molecular identifications and lab. protocels for the selected method type

» Following categories are available for the method:

UP-PCR
Method: » UP-PCR protocol
Method: » table of UP-PCR primers

RAPD-PCR primers and protocols
Mo methods were posted so far

PCR primers and protocols
Method: » Preferred primers for sequencing the 5@ end of the translation elongation factor-1a gene (eEF1al)
Method: » PCR protocols for amplification of Trichoderma phylogenetic markers

Method: » ciPCR primers (metagenomics)




« Pomeérné reprodukovatelné

» Oblibené na typovani do druhu
 Uroven druht a nizsi

« Odliseni izolata

TABLE 2. Primers used in this study M1234 5678 910 il 12 13 14 M
L
Primer Primer Sequence
type
up 32 5" TAAGGGCGGTGCCAGT-3'
AS4 5 -TGTGGGCGCTCGACAC-3'
AS15 5'-GGCTAAGCGGTCGTTAC-3'
AS15inv 5-CATTGCTGGCGAATCGG-3'
AA2M2  5-CTGCGACCCAGAGCGG-3'
Fok1“ 5'-GGATGACCCACCTCCTAC-3’
L21] 5-GGATCCGAGGGTGGCGGTTCT-3' 805 bp

339 bp

—

FIG. 1. UP-PCR banding profiles for C. rosea strains generated with the
AS15inv-AA2ZM2 UP primer combination. Lanes 1 to 14, strains GR3, IK726,
GR6, GR10, GR12, GR11, GR9, GRS, GR4, GRS, GR1, GR13, GR7, and GR2,
respectively. Lanes M, molecular size markers (A phage DNA digested with PstI).
Arrows shows the marker of interest for strain GRS.

APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Nov. 2000, p. 4758-4763



Mol. Tax. metody —PCR fingerprinting

Low-stringency PCR: ap-PCR (arbitrary primed) — nahodné primery

‘RAPD (Random Amplified Polymorphic DNA) polymorfismus nahodné
zmnozenych fragmetnu — bézné nazyvano jako ,Rapid” — rychly

, primer 1_
3e——5

I—’I3
primer 1

 Nizka teplota annealingu v pocatecnich cyklech (35 °C) zpusobuje, Ze pouzité
primery nemusi prisednout zcela komplementarne

* jeden primer
 primery nesmysiné a kratké 8-12 bp
Pfidava se MgCl, ktery zvySuje aktivitu polymerazy (nutna optimalizace)

*Pfi nizkém annealinqu a kratkych primerech, primery nasedaji nehomologné
‘vznikne hodné PCR fragmentu




* Velky vybér primert

« primery se liSi taxonomickou citlivosti

* Primery pro zvyraznéni rozdili mezi druhy

T % * Primery pro studium vnitrodruhové variability

iy

LEiL

I 11m

. pee. VIIE X
aics “™  Tabule IV Ulfizka RAPD fingerprinei zistupci rodu Geosmithia 1. Skupiny I-IIT

a P. paifidum, primer 10F. 2. Zastapci skupin -0 primer OPA20. 3. Vybran zastapei
skupin rodu Geosmithiz, primer 10EL 4. Vybran zasupol skupin rodw Gwasmithia, primer 3F.



Mol. Tax. metody —PCR fingerprinting

rep-PCR (repetition PCR)

» metody pouzivajici primer odpovidajici nejake repetitivni sekvenci
« annealing 40-55°C

- M13-PCR fingerprinting - primery M13 a M13core — odvozeny od ubikvitniho
faga M13 (jde vlastné o minisatelit)

Nidulantes Eumiagy

standard kmeny A. sydowii standardy

kmeny A. fumigatus

standard A. sydowii

Obr. 3.1 Piiklad fingerprintu riskaného po amplifikace s primerem M13 u zastupet sekee Nidulantes. Jako Obr. 3.1 Priklad fingerprintu ziskaneho po amplifikace s primerem M13 u zastupen sekee Fumigadi. .

standardy byly vybrany dfive osekvenované druhy ze stejné sekee. standardy byly vybrany diive osekvenovans druby ze stejné sekce.

Prevzata z Hubka 2011



Mol. Tax. metody —PCR fingerprinting

rep-PCR (repetition PCR)

* ERIC-PCR (Enterobacterial repetitive consensus), primery komplementarni ke
konzervativnim rep. oblastem, poprvé znamym u enterobakerii

primery ERIC1R a ERIC2

 annealing 50-58 °C

m46° C 68°Cn

* Pouze pfi specifickém annealingu jsou
amplifikovany vyhradné ERIC sekvence

Fig.1 ERIC-PCR performed on Escherichia coli JM101 using a

gradient of annealing temperatures. Electrophoresis was on a 2%

agarose gel stained with ethidinum bromide. Primer annealing

temperatures were varied in 2°C increments from 48°C to

68°C (right hand side of gel). Tracks (m) and (n) are 100 base ) ) ] ] ) o

pair ladders {AMRAD Pharmacia) and negative control, respectively © 1997 The Society for Applied Bacteriology, Lefters in Applied Microbiology 25, 17-21



Mol. Tax. metody —PCR fingerprinting

RAPD, rep-PCR, UP-PCR, ISSR, ...
Vyhody a vyuziti

* nahodné primery Ci primery nasedajici na univerzalni motivy

- témér zadna tax. specificita primert (,jeden primer na vSechny houby*)

- velké mnozstvi znaku, velmi snadna a levna metoda
» Omezena reprodukovatelnost. PCR fingerprint se |iSi dle kvality DNA, typu DNA
polymerazy, PCR cykleru. Tj. samotny fingerprint nelze reprodukovat mezi
laboratofemi (proto nema publikace obrazku fingerprintt velky smysl). Ale genetické
vzdalenosti jim zjiSténé jsou reprodukovatelné.

» Pouzitelné na urovni druhu a nizSi (blizce pfibuzné druhy, populace)



Mol. Tax. metody —PCR fingerprinting

RAPD, rep-PCR, UP-PCR, ISSR, ...
Vyhody a vyuziti

*u porovnavani vzdalenéjSich taxonu je problém s nepravou homologii prouzki
(komigrace)

» studuje pouze dominantni alely (tj. zachytime jen produkt komplementrani k
primerdm, kdezto absence PCR produktu muze byt zptusobena fadou rtznych
mutaci, takZe nejde vyhodnotit ,nulova alela®)

» dfive se pouzivalo pro vyhodnoceni genetickych vzdalenosti a konstrukci
kladogramu

 vhodna pfi ..typovani“ -redukce identickych klont ¢i druhtli hub

(dereplikace)
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Puccinia Uromyces
magnusiana | dactylidis U. poae P. perplexans i

Rep-PCR s primerem M13 core (pfevzato z Hejna 2008)

R =t 1 =
U. poae
- . U poae | Uromyces |pycci Uromyces | Puccinia
S dactylidis | magnubiana dactylidis magnusiana

RAPD s primerem 8F (5 vzorku vlevo) a 10R

* Hladani vhodné fingerpritov metody
* Optimalizace primera
* Moznost kombinace riznych metod




Obr. 7

PCR fingerprinty s primerem MI13-core, ¢ast 2/2. A: N. alba (CPPF 467). K: C. kienholzii
(CBS 126461). P: N. perennans (CPPF 468), M: N. malicorticis (CBS 102863). 4-81: KP4—
KP81. N. alba, m N. perennans, m N. malicorticis,  C. kienholzii, m KP4.

Rep-PCR s primerem M13 core hub rodu Neofabraea (prevzato z PeSicova 2013)

Neofabraea perennans

AP 11 KP 15 KP 56 KP57



Ovéreni identity sbirkovych kmenu

Potom —
192499 MEA

————

Metody PCR- fingerprintingu (RAPD, rep-PCR)



Mol. Tax. metody —mikrosatelity

High-stringency PCR site-specific polymorphisms

* vysoka teplota annealingu, 55-65 °C zarucuje specifické nasednuti
* patfi sem zejména metody analyzy mikrosateliti (SSR)

* SSR se liSi ve slozeni a pocCtu repetic (10-50). Tyto repetice se nachazi
v genomu ve vétsim poctu lokusu (8-17 u Aspergillus fumigatus) a v ramci
jednoho lokusu v radé alel

Mononucleotide SSR (A)11
AAAAAAAAAAA
Dinucleotide SSR (GT)6
GTGTGTGTGTGT
Trinucleotide SSR (CTG)4
CTGCTGCTGCTG
Tetranucleotide SSR (ACTC)4
ACTCACTCACTCACTC



* pfi ultracentrifugaci fragmetované DNA v gradientu CsCl dojde k separaci dle vznasivosti
» sateletni frakce maji odliSné slozeni bazi, typické pro repetitivni useky

* na chromozomu c¢asto v telomere

uniform gradient

centrifugation satellite bands

h I I

main band

pN A 4

http://home.cc.umanitoba.ca/~frist/ PLNT3140/114/114.html



Mol. Tax. metody —mikrosatelity

« velmi variabilni i mezi jedinci - zakladni nastroj populacni genetiky

variabilita vznika diky , replication slippage“ a ,,Unequal crossing-over during

meiosis*
(a)

Mormal replication

(b)

Eaclkward slippage

nsertion
mutantion

CTCTCTCTCTCTCTCTCT A

!

CTCTCTCTCTCTCTCTCT B

J

CTCTCTCTCTCTCT A
CTCTCTCTCTCTCTCTCTCTCT B

Mormal

(c)

Forward slippage

Celetion
mutation

Mormal




Mol. Tax. metody —mikrosatelity

Pomymorfismus v mikro a minisatelitech je nazyvan VNTR (variable number of tandem repeats)
* nejCastéji se pouziva PCR pomoci specifickych primerd navrzenych z ohrani€ujicich
sekvenci

*nutnost znat sekvence ohraniCujici SSR (flanking seq.)

 ty muzou byt druhové specifické, ale mohou fungovat i na odliSné druhy i rody

» z genomickych sekvenci (Ize pouzit i transkriptom)

» sekvenovanim ISSR fragmentu atp.

CHROMOSOME

CHROMOSOME FIBER

DNA DOUBLE HELIX

Flanking Microsatellite Flanking
Sequence Sequence (T Tﬂ)s Sequence



saffuady @

» kazdy lokus je jeden znak

* hledame SSR s polymorfnimi lokusy (SSR se studuji vZdy u vice izolatl)

Table 1 Characterization of sxieen microsatellite loci in Geosmdthia morbida

Lawcus® Primer sequence (5°-37) R ozt T, Adlelic ¢las M.
Aze range (hpd

iS00 FTAGACGAATAACAGOGCAAGAA (TCh iy il 21-254 5
ROCOGETACOGTATGAAGGTATT

G005 FOGOGTCOCTTATGAATATCTTG (CAs, . (AT, . A T g il 39-257 3
ROCCTAGCAGATTTGE AGAGTTT

GR017 F:AAMTTTCOCTCTTCGIC TTOC (CTT) e TCTH{TOCTC Ty, (GTOCT ) il 216240 7
RGTATGOCGTCTATGE AAGTC AG

GR27 F:ACCATTGGC ATTTGACTCTTCT (AT, il 20236 5
R ACC ATOACGACACATATCTTGH

GRNA6 FOTAGGLOAAAAATOOETC AGCATC (AT, il 125-135 4
R:TOGACATCTAGATCADGGAATG

GR0a7 FOGTTTGCCATC TGCATTACA AMA (CACOCAY,. {CTODCA) . (C Aol CCADGT ) e {CA A AC ACATA ), il 213-262 B
R:TOCGTCTTATTCTTGGTGTGTG

G FTTTGGC TTICTCCTCTTGTTAGE (CAs. . T A L1 11] 181-182 &
R:GGAATOOCGTOATADGAAATAA

[ b FTCCATTTCTOOCAOC TCTAC AC {CT s L1 174229 1
R:TTTCTTCACGCAGAAAGGTAGT

G054 FLOOCTTCTC AADGGTATGTTCTC (O CAMAC b . (AT mol AT 11 145-183 1
R:GTTAGCGTGCTTTGATOCTTGT

GR057 FAOTGCGGTETGOTOTATAGA AAA (TG [OG TG LOG{ TG O6 TG 06 il 180195 1]
R AGAC ATACGAC ADGTGOAAGAD

GRS FLCGAATOCTGATCTTGTCTTTCC (TGO ATTORICTOTTG W TTG CTGGTG s TTG ) ¢ [ 218-245 K
RCTGGACC AATAAGG TGO TGET

iS008 FTCGOGCTTACCTATTCTTCTTC (OGCAROGC ACANIC Ale ol 216260 5
R:CAGCTCTOGTAGTGC GTTTATG

GSNTH FLAACTCOCCTCCAGTACACAAC [CAT{CAC)] L ATICACY, &l 148-173 4
R:AGGTTGAC GATAGADDGATGAD

GEADDST FTACCAACCTTGAGTTTGTGTOG (0GA) L1 11] 195204 c!
R:GTCAGCATATGTGTGOGTOC TGT

GEADDSE FATAACGOOGTAGAGATGC AAAT (G, L1 11] 19620 4
RAOOGTATGC ACCTOCTCTCTATC

GEANTT FLOCATCATTGCTGACT AGGA AT A (TGTH ik 223-235 4

R:XCTOCOCAAMDC AACTADGACTAC

T, annealing temperaune; allebe class size range (bpl N, nuimber of alleles
? GenBank accession number: GE004-GS00TE: INSB0IS-THNIB047, GEADDS 1 -GS AMRT: INGIT430-Na27441

W] VAR WNTE A SEID )
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» Detekce fragmentaéni analyzou (kapilarni elfo) nebo na polyakryamidovych

gelech

* klasicka ¢i kapilarova Elfo

* mozné problémy s odecitanim prouzku

« stutter bands - liSi se od sousedniho, majoritniho, o nékolik malo bp

» vznik pomoci slippage, a poly-A aktivité polymerazy



Mol. Tax. metody —mikrosatelity

« odliseni jedince — jedinec definovan napr. jako kmen s unikatnim setem
mikrosatelitovych alel

« diky specifickym primerum Ize pouzit na pfirodnim materialu, kde je
smeés vice druht hub

» snadna, reprodukovatelna, mnoho variabilnich alel

- stale zaklad vetsiny populacné genetickych studii



Mol. tax. metody —AFLP Trocha historie -
mimo zkousku
AFLP (Amplified Fragment Length Polymorphism)

*Tato metoda je zaloZena na selektivni amplifikaci restrikEnich fragmenta
ziskanych $tépenim pomoci dvou rtznych restrikénich enzymu

» Metoda multilokusova

 dobra reprodukovatelnost

e Znacné narocna optimalizace

* pouziti na urovni druhu a nizSi

* s jeji pomoci bylo u¢inéno mnoho zasadnich objevu

* v souCasné dobé se témeér nepouziva a je nahrazena studiem SNP...



1) Sté&peni RE pomoci dvou RE (jedna je v nadbytku)

2) Navazani adaptért DNA-ligazou

3) Preselektivni amplifikace — primery pfesahuji do
fragmentu

4) selektivni amplifikace — primery komplemetarni s
predeslymi a opét presahuji do fragmentu

6) Vysledkem je zmnoZzeni fragmentu, u kterych je okrajova
sekvence komplementarni k selektivnim primerdm

7) Jeden z primert znacen. Vizualizace pomoci PAGE ¢i
kapilarové elfo (sekvenator). Vysledné jsou tedy vidét jen
fragmenty které jsou Stipany jen jednim enzymem (na
jedné strané)

§ —— GAATTC TTAA 3
3 —— CTTAAG AATT 5
+£caR |
Msel
AATTC T
G AAT
+FeoR | adapter
‘ TTAAs: Mse| adapter
EeoR | adapter
Mse | adapter
\ J
primer +1 5’ A
AATTCN NTTA )
TTAAGN NAAT |
C 5
preselective
amplification with
EcoR | primer +A
Mse | primer +C
rimer +3 5 AAC
P B AATTCA GTTA [
R TTAAGT CAAT (]
MC—F5’
selective
amplification
with primers +3
BN AATTCAAC TTGTTA T
HEEER TTAAGTTG AACAAT |

——) Mse| adapter sequences
B coR | adapter sequences

Sequencing Gel



AFLP ukazka polyakrlamldoveho gelu
i— i e e
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High-resolution DNA melt-curve analysis (HRM)

* jedna z ,post-PCR" metod

«Zalozeno na krivce tani (melt curve) dsDNA v PCR produktu

* roztok DNA se postupné ohfiva (0.1°C za 2s) a méfi se ubytek dsDNA

* DNA je znacCena fluorescencni barvickou, ktera se vaze pouze na dsDNA
*Méreni intenzity fluorescence se deje v PCR cykleru

» kfivka tani je dana sekvenci DNA a je tedy druhové specificka

« velmi levné a ,high-throughput*

» funguje i se smésnou DNA

* idealni na uréovani taxonu, kde pfichazi v uvahu jen omezené mnozstvi druh



FIG. 1 Flu--r-‘ scent in sifu hybndization IFI""IHIFJ‘III rllJllFﬂr |Ill"r||'|"|'|rrl|I.JLllit"rll| solates of endophytic fungi harboring endohyphal bactena.

anel A (is ; Dothideomycetes) shows orophore : : sitee of intemal structure in hyphal cells. Panel B {isolate 9143;

Sordario s the TAMBA fluo phore 1rlth the D-"u.PI-.nuntr. rstain | blue), highlighting the fungal nuclear and mitochondrial DNA in
addition to bacteria (yellow/green). Scale bar, 10 pm (A) or 25 pm (B).

« Zvolené primery nasadaji i na bakterialni DNA, nutno brat v potaz

Diverse Bacteria Inhabit Living Hyphae of Phylogenetically
Diverse Fungal Endophytes”y
Michele T. Hoffman and A. Elizabeth Arnold*

f140




Rhizopus microsporus
- parazit ryze

Burkholderia rhizoxinica

Rhizoxin




Normalised fluocrescence (%)

High-resolution DNA melt-curve analysis (HRM)
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D
L
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MOLECULAR ECOLOGY

RESOURCES

Molecular Ecology Resources (2013} 13, 908-4917

Fig. 1 Methodological validation show-
ing accurate discrimination of mixed
DNA samples using (a) aligned HRM
curves and (b) derivative HRM curves.
Separate pure DNA isolates of Sporothrix
mflata and Grosmannia huntii compared
with a single mixed DNA sample. The
dF /dt represents the change in fluores-
cence per unit time as temperature was
increased by 0.1 "Cevery 2 s.

dot 10,1111 /17535-40995.12143

High-resolution DNA melt-curve analysis for cost-effective
mass screening of pairwise species interactions

JTAMES K. MCCARTHY *t RAPHAEL K. DIDHAM ,*{§ ECKEHARD G. BROCKERHOFF,+ KATHERINE

ACVAN BYSTERVELDT® and ARVIND VARSANI*q**
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Fig. 2 Three examples where HREM anal-
vsis was used o screen individual beetles
for externally vectored pathogenic fungal
spores using both aligned (a, ¢ and e) and
derivative (b, d and 1 HEM curves.
Arrows on the derivative HEM indicate
peaks matched between the standard pro-
files of known fungal species and the
sample vector-load of unknown spores on
beetles. Representative samples depicted
here were (a-b) one Hylastes ater from Nel-
son that tested positive as a vector for
Sporothrix mflata and a second unknown
fungal species not included in the known
standards; (c-d) one Hylurgus ligniperda
from Canterbury that tested positive as a
vector for Opliostoma nigrocarpum as well
as for an unknown fungal species; and (e

) one H. ligniperda from Canterbury that
tested positive as a vector for Opliiostona
galeiforme as well as for an unknown fun-
gal species. Note that ‘unknown’ peaks
could be discriminated and further iso-
lated and identified as described, if neces-



Studium SNP...

*Single nucleotide polymorphism, ,snip"

» sledujeme jednotlivé mutace u velkého poctu lokusu

* genotyping

* data pouzitelna zejmeéna v populacni genetice, kde nahrazuji mikrosatelity
» studovano pomoci NGS metod

*Napf.. restriction site-associated DNA sequencing (RAD-Seq)

Rapid SNP Discovery and Genetic Mapping Using
Sequenced RAD Markers

Nathan A. Baird'®, Paul D. Etter'”, Tressa S. Atwood”, Mark C. Currey>, Anthony L. Shiver', Zachary A.
Lewis', Eric U. Selker', William A. Cresko?, Eric A. Johnson'*

1 Institute of Molecular Biology, University of Oregon, Eugene, Oregon, United States of America, 2 Floragenex, Eugene, Oregon, United States of America, 3 The Center
for Ecology and Evolutionary Biology, University of Oregon, Eugene, Oregon, United States of America

Abstract

Single nucleotide polymorphism (SNP) discovery and genotyping are essential to genetic mapping. There remains a need
for a simple, inexpensive platform that allows high-density SNP discovery and genotyping in large populations. Here we
describe the sequencing of restriction-site associated DNA (RAD) tags, which identified more than 13,000 SNPs, and mapped
three traits in two model organisms, using less than half the capacity of one lllumina sequencing run. We demonstrated that
different marker densities can be attained by choice of restriction enzyme. Furthermore, we developed a barcoding system
for sample multiplexing and fine mapped the genetic basis of lateral plate armor loss in threespine stickleback by
identifying recombinant breakpoints in F; individuals. Barcoding also facilitated mapping of a second trait, a reduction of
pelvic structure, by in silico re-sorting of individuals. To further demonstrate the ease of the RAD sequencing approach we
identified polymorphic markers and mapped an induced mutation in Neurospora crassa. Sequencing of RAD markers is an
integrated platform for SNP discovery and genotyping. This approach should be widely applicable to genetic mapping in a
variety of organisms.

Citation: Baird NA, Etter PD, Atwood T5, Currey MC, Shiver AL, et al. (2008) Rapid SNP Discovery and Genetic Mapping Using Sequenced RAD Markers. PLoS
OME 3(10): e3376. doi:10.1371/journal. pone.0003376




Mol. Tax. metody — sekvence DNA

Co sekvenovat?

 vybrano nékolik desitek regionu (nejcastéji genu)

* dalSi geny (i anonymni) Ize ziskat z genomickych sekvenci (moznost vybrat geny
rovhomeérne rozlozené v genomu)

* tyto geny se musi nachazet u vSech porovnavanych organismu

* jejich translacni produkty nesmi béhem evoluce meénit svoji funkci (aby
nepodléhaly zménénému selekénimu tlaku)

« multivopy” (desitky az stovky kopii) (nebezpeci paralognich genu z jinych lokusu)
o low copy“ (desitky) &i ,singlecopy” geny (v vétSina proteinu)

* pocCty kopii (i lokusu) jednotlivych genu se lisi mezi druhy (napf. ITS, TEF-10a)
 problémy s amplifikaci u rznych druhd hub (absence univerzalnich primer)

« znamy ruzné variabilni geny — pouziti dle taxonomické urovné



Mol. Tax. metody — sekvence DNA

rDNA — multi copy gen

» rDNA sa vyskytuje v genomu repetitivné, 7,7-24 kb, (185 kopii rDNA u
Neurospora crassa, 45 u Asperqillus nidulans), v jednom (Sach. cer.) €i dvou
klastrech (Schi. pomp.) Variabilni poCet kopii mezi kmeny Kluyveromyces lactis —
kmeny s malym pocCtem rostou pomalu.

*sklada se jak z konzervativnich, tak z variabilnich podjednotek, coz umoznuje
pouziti na rtznych taxonomickych urovnich

* nejmensi podjednotka 5S (délka cca 120 bp) je u hub vétSinou lokalizovana mimo
rDNA (az na nékteré bazidiomycety), v souCasné dobé se nepouziva

» konzervativni podjednotky — exony:
*5,8S (cca 160 bp)
*16S-18S (SSU rDNA - small subunit, cca1800 bp)

«25S-28S (LSU rDNA - large subunit, cca 3400 bp )



Termin LSU oznacuje jak celou 60S (ij. 28S, 5.8S, 5S rDNA) tak jen 28S rDNA
Zatimco SSU se vztahuje jen na 18S rDNA

Mammalian
ribosome (80S) 28S rBNA (4,718 nt)

(4.2 x 10° daltons) +
5.8S rRNA (160 nt)

— 3

5S rRNA (120 nt)
+

18S rBNA (1,874 nt)
— 4
33 proteins

nt = nucleotides

408 subunit

2010 Pearson Education, Inc.



Mol. Tax. metody — sekvence DNA

ITS5m ITs3 _...les__
> >

5 : 3
BSE 185 | irs-1 58S [1s-2 26S NTS ET

\
<= < |
ITS2 ITS4 | \

\

\

\

;

Vyuziti rDNA

TRANSCRIPTION |

REPEAT UNIT

A A
Y

16S-18S (SSU rDNA) - porovnavani na urovni radu a vyssi

25S-28S (LSU rDNA)

konzervativni gen, obsahuje i tzv. divergentni domény, kodujici oblasti RNA
(napf. smycky) které nemaji takovy dopad na funkCnost molekul

zejmeéna jeji domeéna D2, slouzi k fylogenetickym analyzam na urovnich nizSich
radu. SedimentacCni konstanta 25 i 26S milné udavana u kvasinek a
basidiomycetld. Spravnéji jen jako 28S.

5,8S - uroven radu a nizsi, studovana spolu s ITS

* Nefunkéni, neprepisované sekvence oddélujici jednotlivé kopie
IGS (intergenetic spacer) — velmi variabilni, pouziti v pop. genetice
NTS (nontranscribed spacer)

mt rDNA — mtSSU, LSU rDNA velmi variabilni. mtLSU rDNA k odliSeni jedincu
Glomus intraradices — sledovani efektivity inokulace



Mol. Tax. metody — sekvence DNA

Univerzalni houbové primery

» Diky konzervativnim Usekum lze najit mista pro primery spolec¢na pro vSechny
houby

* Existuji i specifické primery pro rizné houbové skupiny

» Specifické primery navrzené pro jednotlivé druhy (Ci populace) vyuzivany v
diagnostice

NNNNNNN NUCLEAR SMALL SUBUNIT RDNA SiE 5.85 RONA Lsu
SU7 sLe1
NSSUS7] S
NSl_“; NSSUIOBBR, | N
—_— NS5 —DI NNNNN
NSSU131 sReR,  NSSUST) —
spig oS, '5;1];& NS3 RER ) - sﬁ;'; o NS: N BMaCR, 51 ms3
g 51 R7R 98, BMBEER — 3 R
517 LN s szl sz, SRG) 5.85R LROR
NSSU131R ey SR4 SRS . SRE ITS1 cgs (TSI s
— S NS18 SRT. s ey L8 e s — e
NSTR — — — 4 — — L —
NSSUB34 NS4 nszz Ms24 Pk
LA NSSU1088 . fzg_ li“
— TS5 548
http://aftol.biology.duke.edu/
p://artol.niology.auke.eau/pu
MUCLEAR LARGE SUBUNIT RDNA 55 RONA SSU . .
o b/disclaimer
Lic24R Far7
LRTR ™ NS1
M SUACETEY JADETP. RER 146 LIC2387R *
UCISR.  GuALkTE, gu ETP,  (LRSR,  LRER, LCT4G0R UC2187R ETR, Lcosson LRZOR e SRR
R 1 d RI7R R7 RER — R10R Rz, LRISR, ssRNAR NS17
LROR LRZR LR3R L LR7R LRSI LRI 0O » LR12l LY »
LR1S Llfa L3RS LRG LR7_ LIC1569 LRE LRG LRID LRI4 LRIT L2 LR13 PEELEQ NSTR
PN e . i C2028 (1400 LIC2197 Lic2927 NSSUTITR
gL — LIC2044 (1412) — —
RITT —
¢ 1


http://aftol.biology.duke.edu/pub/disclaimer

patrné nejaktualnéjsi prehled univerzalnich i specifickych houbovych rDNA
primeru je na Unite https://unite.ut.ee/

» Primery specifické na urcité skupiny (napfr. basidiomycota)

« Sekvenacni vs PCR amplifikaCni primery

* Amplifikacni primery nemusi byt vhodné na sekvenovani

NS7 ITS86L
SSUMAFITSOmun I TS5*ITS100 g fITST CTB6* ITS and LSU
a N o —_— —_—
ITSOI-T ITS3 [am. ITS300
SSUmCE [TSIF ITSI S8AIL21F [TS3-8eb LROR LE402F  LR3R+*
- L L — — — — —
1751 ITS2 D1 D2 | D4 |
_-— _— PP — - p —
ITS2 [TS4+* ITS4-B TLR21 LR31*LR3-Tom LR5* LR6&6 LR7Y
ITS200 it o TTSA-TUDET e sl TWI13 L P <
P ITS4-Russ [TS4-Sord [LA-W LF402 LRJE As LB-YLR5-8Seb nLSU1221r
fITSTR  ITS4-Clay ITS4-Tul2 3w NLRSASE IRS-Cor e
100 bp ITS4-Sch  ITS4-Tom e e LR3-End LSUmBr LR6-Pez
— LROB ITS4-Cg LIF340* }_Lﬁ_;'klnlln < _
*routine sequencing primer e NL6Bmun LR5-Fung LB-Z
recommended primer ITS4-Tul LR21-Ath LRS-Pez
poorly perfoming primer LR21-Cer LSUmAr
NS31 FF1100 SSuU
—_——
NS1+* EF4 AML1 SSUS15F 1* NS3 lungs  SSURITF 17700 NS5 II'390 NS7
—_— — — » - N . N a — —_—
V4 V7
— P PR _— — _— -
NS2 Euk742R AMI1  SSUII96R+* S5U1391R SSUI536R FR1 NS8+*
Pra— PPEE I B NS24
100 bp NS20 AML1 NS4 NSao m

*routine sequencing primer
recommended primer
poorly perfoming primer


https://unite.ut.ee/

NejCastéji se studuje D1-D2 doména, kvalitnéjsi studie D1-D5
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Mol. Tax. metody — sekvence DNA

ITS5m ITS3
> >

5
ISE 18S irs-1 58S rs-2|  26S
|

<+ <+
ITS2 ITS4
TRANSCRIPTION

| A

|

|

|

-
rD NA < REPEAT UNIT )_I

* Funk¢ni podjednotky oddéluji mezerniky - spacery
ITS 1 alTS 2 (internal transcribed spacer)
ETS (external transcribed spacer)

ITS1 + 5,85 + ITS2 nazyvan ITS region €i oblast (nejCastéji 450-550 bp,
vyjmecéné 250-1000 bp)

* ITS 1,2 nejsou zcela nefunkcni, kratké oblasti pro vystfizeni podjednotek
podléhaji selekci

* ITS region je nejstudovanéjSi marker — dulezity nastroj na urCeni neznamé houby
(spolu s LSU u basidiomycetu)



Vnitrodruhova variabilita se lisi dle skupiny hub

% SD
Weighted intraspecific /TS variability in the kingdom Fungi 2.51% [4.57]
Weighted intraspecific /TS variability for the five conceptual
phyla of the kingdom
Ascomycota (2509 species) 1.96% [3.73]
Basidiomycota (1582 species) 3.33% [5.62]
Chytridiomycota (11 species) 5.63% [10.49]
Glomeromycota (23 species) 7.46% [4.14]
Zygomycota (60 species) 3.24% [6.12]

C 1-2% .. .
: e Pouzito 4200 druhu hub

« 172000 sekvenci v GenBank (56%
uréeno do druhu, 15500 druht)

5-10%

10-25%

Intraspecific /TS Variability in the Kingdom Fungi as
Expressed in the International Sequence Databases
and Its Implications for Molecular Species Identification

25 - 100 %

R. Henrik Nilsson', Erik Kristiansson?, Martin Ryberg', Nils Hallenberg'
and Karl-Henrik Larsson

Figure 1. The proportion of fungal species in this study having intraspecific variabilities in the ranges depicted of (A) the ITS1 region,
(B) the ITS2 region, and (C) the ITS1, 5.8S, and ITS2 regions combined.



Vnitrodruhova variabilita se lisi dle skupiny hub

 fada druhu Ascomycota nejde odliSit pomoci ITS rDNA

» Aspergillus (napf. A. niger), Penicillium (podrod Penicillium), Phoma,
Trichoderma, Cladosporium....

» naopak u Basidiomycota ITS rDNA odliSuje druhy spolehlivé (?)

Geosmithia sp. 8, phleom feeding bark beetles

ITS-LSU rDNA | 0%

RPB2 0.1 %
B-tubulin 1.5%
TEF1a 1.5%
IGS rDNA 0.6%

G. microcorthyli
ambrosia fungus




Nuclear ribosomal internal transcribed spacer (ITS)
region as a universal DNA barcode marker for Fungi

Conrad L. Schoch®', Keith A. Seifert”™’, Sabine Huhndorf®, Vincent Robert?, John L. Spouge?, C. André Levesque®,
Wen Chen®, and Fungal Barcoding Consortium®?2

*National Center for Biotechnology Information, National Library of Medicine, National Institutes of Health, Bethesda, MD 20892; ®Biodiversity (Mycology
and Microbiology), Agriculture and Agri-Food Canada, Ottawa, ON, Canada K1A 0Cg; “Department of Botany, The Field Museum, Chicago, IL 60605; and
“Centraalbureau voor Schimmelcultures Fungal Biodiversity Centre (CBS-KNAW), 3508 AD, Utrecht, The Netherlands

Edited* by Daniel H. Janzen, University of Pennsylvania, Philadelphia, PA, and approved February 24, 2012 (received for review October 18, 2011}

« Cytochrom c oxidaza 1 (univerzalni barcode), LSU rDNA, SSU rDNA, RPB1
(rybozomalni polymeraza), MCM7 (minichromosome maintenance protein)

 ITS rDNA
— nejvetSi rozdil mezi vnitro a mezidruhovou variabilitou (barcode gap)

— Univerzalni PCR primery — velky uspéSnost PCR

available online at www.studiesinmycology.org Stupies In Mycoloay 92: 135-154 (2019).

@ Large-scale generation and analysis of filamentous fungal DNA
#  harcodes boosts coverage for kingdom fungi and reveals thresholds
At for fungal species and higher taxon delimitation

D. Vu", M. Groenewald’, M. de Vries', T. Gehrmann', B. Stielow’, U. Eberhardt?, A. Al-Hatmi', J.Z. Groenewald’, G. Cardinali’,
J. Houbraken', T. Boekhout'*, PW. Crous"**®, V. Robert’, and G.J.M. Verkley"

"Westerdijk Fungal Biodiversity Institute, Uppsalalaan 8, 3584 CT Utrecht, The Netherlands; *Staatliches Museum f. Naturkunde Stuttgart, Abt Botanik, Rosenstein 1,
D-70191 Stuttgart, Germany; *University of Perugia, Dept. of Pharmaceutical Sciences, Via Borgo 20 Giugno 74, | 06121 Perugia, Italy; *Institute for Biodiversity and
Ecosystem Dynamics, University of Amsterdam, The Nethedands, “Wageningen University and Research Centre (WUR), Laboratory of Phytopathology,
Droevendaalsesteeg 1, 6708 PB Wageningen, The Netherlands; SDepan‘mem of Genetics, Biochemistry and Microbiology, Forestry and Agricultural Biotechnology
Institute (FABI), University of Preforia, Pretoria 0028, South Africa



Intraspecies variation
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Fig. 3. Barcode gap analyses using distance histograms for each marker. Histograms display intraspecific variation in light gray and interspecific variation in
dark gray. Inserts si\nmarize distance data.

Schoch et al. PNAS | April 17,2012 | wvol. 109 | no. 16 | 6243

Interspecies variation



Vyuziti sekundarni struktury rRNA

* slozeno ze smycek (loops) a stonku (stems)
» modelovano hlavné u ITS2 (univerzalni 4 stems)
» compensatory base changes (CBC) — zmény nenarusujici stonek

/
'
A JP. Search for... one or multiple [ GI | Acc | Taxon + L4 search
54 Internal Tranacribed Spacer 2
L Ribosomal RNA Database

Dataset Tools
iz = E[ #
Import pool deta Blest  Annatele  Predict
=] @ & H
Store pool dela | Model  Molit  Movie
Create dataset c G C C G
add own data from database G C C G C
=)/ Eukaryota
0] Alvelata (1619) A U —p G U —— G C
H [ Amoshozos (23)
@ (5] Cryptophyta (32) C G C G C G
[ environmental samples (207)
H [ FungiMetazoa group (132977) A U A U A U
# [ Haptophyceae (6) I H H H
Qv http://its2.bioapps.biozentru G c G c G c
@ 2R 22 m.uni-wuerzburg.de/

@ ] Rhodophyta (8)
@ ] stramenoplles (4571
@ ] Viridiplantas (73573)

Fig. 2 Model of compensatory mutations.

CBCAnalyzer - Inferring phylogenies based
on compensatory base changes (CBCs)

: Matthias Wolf, Joachim Friedrich, Benjamin Ruderisch, Thomas
Fig. 1: Secondary structre of the infernal franscribed Dandekar, and Toblas Mdller
spacer 2 (ITSZ) with faiing pards of the 285 and 5.85 rRENA.
This annofation ool searches for the end of the 585 and

start Of the 285 Indicated by arrows (a and b respectively).

Department of Bioinformatics, Biocenter, University of Wirzburg,
Germany

These patts are known fo Rybridize during fbogenssis
vefore ITS2 cleavage. pleleEl Cownload | Installation | Quickstart | Contact




* jedinci jednoho druhu by se nemély liSit v CBC
- pritomnost CBC je naznakem biologické izolace druhu (93% z 1300 druh)

* nicméné nepfitomnost CBS neni informativni (muze jit o druhy i nemusi)

« samotné mapovani pfitomnosti riznych CBC mezi druhy lze pouzit pfi fylogenezi

Distinguishing species

TOBIAS MULLER," NICOLE PHILIPPI,' THOMAS DANDEKAR, JORG SCHULTZ, and MATTHIAS WOLF

Department of Bicinformatics, Biocenter, University of Wirzburg, Am Hubland, D-97074 Worzburg, Germany

ABSTRACT

Given two organisms, how can one distinguish whether they belong to the same species or not? This might be straightiorward
for two divergent organisms, but can be extremely difficult and laborious for closely related ones. A molecular marker giving a
clear distinction would therefore be of immense benefit. The internal transcribed spacer 2 (ITS2) has been widely used for low-
level phylogenetic analyses. Case studies revealed that a compensatory base change (CBC) in the helix Il or helix 111 1TS2
secondary structure between two organisms correlated with sexual incompatibility. We analyzed more than 1300 closely
related species to test whether this correlation is generally applicable. In 93%, where a CBC was found between organisms
classified within the same genus, they belong to different species. Thus, a CBC in an ITS2 sequence-structure alignment is a
sufficient condition to distinguish even closely related species.

ENA (2007), 13:1469-1472, Published by Cold Spring Harbor Laboratory Press. Copyright © 2007 RNA Society.



Pocet rDNA kopii u hub (45-200 repetic)

Cochliobolus heterostrophus 90

Cochliobolus heterostrophus 130

Melampsora sp. 200

Colletotrichum acutatum 20

Mucor miehei 100

Phaffia rhodozyma 60 (na 3 chromozomech)

Candida spp., 10-100 (cca), na 1-2 chromozomech

Kluyveromyces,

Schizosaccharomyces,

Torulaspora

Aspergillus fumigatus 38 — 91 (dle pouzitého kmenu)

Kluyveromyces lactis 10

Neurospora crassa 185



Mol. Tax. metody — sekvence DNA

* u vSech multicopy genti mozny polymorfismus v ramci jednoho jadra— jak u
diploidu tak haploidu

« homogenita v sekvencich v ramci genomu udrzovana pomoci concerted evolution
a genové konverze pomoci homologni rekombinace— znamo u ITS rDNA

* U hub dokazano u Aspergillus nidulans

* Moznost sekvenovat jednotlivé kopie (klonovani, masivni paralelni sekvenovani)

Ganley ARD. Kobayashi T. 2007. Highly efficient concerted
evolution in the ribosomal DNA repeats: total tDNA repeat

variation revealed by whole-genome shotgun sequence data.

Gen Res. 17:184—-191.



Intragenomic Variation of Fungal Ribosomal Genes Is Higher than Previously

Thought

Uwe K. Simon™ and Michael Weif3t

*Lehrstuhl fiir Pharmazeutische Biologie, Universitit Wirzburg, Wiirzburg
Mykologie, Universitat Tubingen, Tibingen, Germany

Table 2

Percentage of Polymorphisms (7 = numbers of polymorphic
sites in relation to fragment length) in the Nuclear Ribosomal
DNA (complete SSU, complete ITS1-5.85-ITS2, DI-D3
region of LSU) of Davidiella tassiana, Mycosphaerella
punctiformis, Phoma exigua var. exigua, and Teratosphaeria
microspora

P. exigua M. T. D. Aspergillus

var. exigua  punctiformis  microspora tassiana  nidulans
SSu 29 2.6 2.0 3.7 n.d.
ITS 2.2 3.6 2.2 3.0 n.d.
LSU 3.0 2.8 1.7 3.6 1.7

n.d., not determined.

Mol Bipl. Evol. 25(11):2251-2254. 2008

., Germany: and TLehrstuhl Spezielle Botanik und

Table 1

Origin of Fungal Material and NCBI GenBank Accession
Numbers of Majority Rule Consensus Sequences Obtained in
an Earlier Study (Simon UK, Groenewald J, Crous P,
unpublished)

CBS Accession GenBank Accession
Species Number Number
Davidiella
tassiana (C) CBS 72379 EU167558
Mycosphaerella
punctiformis (C) CBS 113265 EUL67569
Phoma exigua
var. exigiua (P) CBS 118.94 EU167567
Teratosphaeria
microspora (C) CBS 101951 EU167572

C, Capnodiales; P, Pleosporales.

* nalezené sekvence z jenoho kmene odpovidaji sekvencim z vice kmenu z

GenBank



TapLE [, Mumber of ITS sequence variants obtained from 1399 clones derived from 19 isolates of six Laetiporus species and two isolates of Walifiporia dilatohypiha

Percentage of clones within a given percent similarity
of the consensus”

Clade designation MNumber of Mumber of O8-110% similar 05-08% similar <2 O5% similar
Species from Banik et al. 2010 Isolate clones sequenced sequence variants® 0 CONSEnsus L0 CONSEnsus L0 COMNSETSUS
.. cincinnatus Clade K DA-3T 96 33 86.50% (83) 19 (1) 12.45% (12)
.. cincinnatus Clade K D A-37ss-1¢ 24 15 7% (18) 4% (1) 218 (A)
.. cincinnatus Clade K DA-3 Ts5-2¢ 23 7 05.7% (22) 0% 4.5% (1)
.. cincinnatus Clade K D A-3 T55-5¢ 24 11 7% (18) 9% 958, (6)
L. cincinnatus Clade K DA-3 Tss-4¢ 23 4 1009 (23) 0% 0%
L. cincinnatus Clade K MAS-1 86 33 T9.1% (G8) 12.8% (11) 8.1% (7
I.. cincinnatus Clade K MO 935 30 H9.5% (83) 2.4% (2) H.65% (8)
.. cincinnatus Clade K I1-51 ! 23 O5.7% (90 0% 1.5% (4)
L. conifericola Clade B NV-2 92 11 1009 (92) 0% 0
L. conifericola Clade B TRA 2 1 1009 (2) 0% 04
L. milbertsonii Clade F TIV-2000-101 87 25 1005 (87) 0% 0%
I. gﬁf»’rtmnﬁ Clade F CA-7 G 22 1005 (94) 0% 05
.. huroniensis Clade Al MI-A 29 3 1005 (29) 0% 0%
L. sp. nov. Clade | GDL-1 a5 7 1009 (95) 0% 0%
L. sp. nov. Clade | PRGR2] 91 2h O7.8% (89) 0% 22% (2)
L. sulphureus Clade E CT-1 62 18 1005 (62) 0% 0%
L. sulphareus Clade E MAMA-2 495 o9 1009 (95) 0% 0
L. sulphureus Clade E DA-11 92 18 1009 (92 0% 0%
L. sulphureus Clade E MAS-2 108 32 1009 (108) 0% 0%
W. dilatohypha CS5-63 45 11 1009 (45) 0% 0%
W dilatohypha FP72162 1 149 089 (43) 2% (1) 0%

VIO TOODATAL

*Number of variants based on 1009% sequence similarity.
" Percentage is given first, followed by the raw number of sequences in parentheses.
“Single-spore isolate derived from the fruiting body of DA-37.

Mycologia, 103(4), 2011, pp. 731-740. DOL: 10.3852/10-331
© 2011 by The Mycological Socicty of America, Lawrence, KS 66044-8897

Intragenomic variation in the ITS rDNA region obscures
phylogenetic relationships and inflates estimates of
operational taxonomic units in genus Laetiporus

Daniel L. Lindner! spacer region, intragenomic variation, molecular
Mark T. Banik drive, sulfur shelf’
US Forest Service, Northern. Research Station, Center for
Forest Mycology Research, One Gifford Pinchot Drive,

Madison, Wisconsin 53726 INTRODUCTION
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Fig. 2 Infragenomic polymorphism between the ITS regions of the
identified and aligned nrDNA copies of different Xylariales species (a
Hypoxylon lienhwacheense MFLUCC 14-1231, b Hypomontagnella
monticulosa MUCL 54604, ¢ Pyrenopolyporus hunteri MUCL 49339,
d Xvilaria lypoxylon CBS 122620). The shown region spans the partial

Rozlozeni mutaci neni rovhomeérné

Intragenomic polymorphisms in the ITS region of high-quality

H. monticulosa

g0 8
'

teri

1,100

F. hun

1,0

X. hypoxylon

18SrDNA, ITS1, 5.8S rDNA, ITS2, and partial 28S rDNA. The fragment
sizes are indicated by numbers. Identical regions are shown in black, and
variable areas are highlighted in dark or light gray. Gaps are depicted in
white
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genomes of the Hypoxylaceae (Xylariales, Ascomycota)
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Table 1
— ex holotype strain.

Details ofthe genome sequences generated for the selected Xylariales. O/l Oxford nanopore/lllumina, PB — PacBio. ET - ex epitype strain; HT

Organism Strain Reference Genome size/ #of ITS Maximum %
sequencing copies  deviation homology
method” (#ofbp)  divergence

Annulohypoxylon truncatum CBS 140778 Kuhnert et al. 2017 38,511,861 O/1 3 3 99.5

E

D.:ffd:r}ia concenirica CBS 113277 Stadler et al. 2014b 37.605.921 O/1 3 1 99 8

Entonaema liguescens*® ATCC 46302 Triebel etal. 2005; Rogers 1982 39,197,785 O/1 4 4 99.3

Hypomontagnella monticulosa ~ MUCL 54604 Lambert et al. 2019 42,889,121 O/1 4 64 87

Hypomontagnella spongiphila  CLL-205 Leman-Loubiere et al. 2017 42,173,915 O/1 5 3 99.8

(spnow nded *)
Hypoxylon fragiforme (ET) MUCL 51264 Wendt et al. 2018 38,198,373 PB 19 4 99.4
Hypoxylon lienhwacheense MFLUCC Siret al. 2016; Siretal. 2019 35,785,595 O/1 4 23 97.7
14-1231

Hypoxylon pulicicidum (HT) ATCC 74245 Bills et al. 2012 43,543,700 O/1 4 16 97.4

Hypoxylon rickii (ET) MUCL 53309 Kuhnert et al. 2014 41,846,710 O/1 4 23 95.8

Jackrogersella multiformis (ET) CBS 119016 Wendt et al. 2018 38,501,162 O/1 3 1 99.8

Pyrenopolyporus hunteri (ET)  MUCL 49339 Wendt et al. 2018 40,356,773 O/1 5 40 96.5

Xvlaria hypoxylon (ET) CBS 122620 Stadler et al. 2014a 54,341,593 13 19 96.9

* authenticity of the strain is unclear (for detailed discussion about this issue see submitted follow-up work by Wibberg et al. 2020) ; ** originally
reported as Hypoxylon monticulosum from a marine environment by Leman-Loubiére et al. 2017); # either sequenced with Pacbio (PB) or with Oxford
Nanopore/lIllumina (O/1) as indicated.

Intragenomic polymorphisms in the ITS region of high-quality

genomes of the Hypoxylaceae (Xylariales, Ascomycota)
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Eric Kuhnert?®
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parology
N /
Coenen > T

Genova duplikace ~_GENEA @ Vznik paralogli
Ancestralni gen -

 nasledkem genové duplikace vznikaji paralogy, funkce kopii mize (ale nemusi)
divergovat. Kopie muzou mit riznou mutacéni rychlost (a ta se liSi i viamci rodu)

* riizné kopie ITS rDNA v genomu jsou paralogy

« ortholog vznika speciaci. Otrhologni jsou napriklad Tub2 geny (beta tubulin) u
ruznych druhu




RNA pseudogeny: odhaleni

Methylation-related substitutions: pseudogeny jsou GC
chudé

C—=>T G—=>A
velka mutacni rychlost, nahodné rozlozena
- velka divergence (dlouhée vetve ve fyl. stromech)
- destabilizace sekundarni struktury
- neobvykle velka variabilita v délce sekvence




RNA pseudogeny: odhaleni

TABLE 1

Sequence Characteristics, Thermodynamic Parameters, and Structural Motifs of the
ITS Region in Eight Species of Quercus

ITS-1 ITS-2
FPyrimidine
AG (37°C)  Paired conserved AG(37°C)  Four-helix pairing at
Length G+ C  (kcal/mol) region (bp) Length G + C  (kcallmol)  structure helix II
Sect. Lobatae
Q). nithra L. 213 G6.67 —107.4 Y (21) 211 T0.62 —100.0 Y Y
226 53.98 —-63.8 N (21) @ —-41.9 N
Sect. Quercus @ - @
Q. robur L. 221 G5.61 —105.8 Y (21) 209 66.51 —-92.7 Y Y
200 G65.50 —89.5 N (16) 162 67.90 —-75.9 N Y
Q). virginiana MilL 222 G66.22 —110.4 Y (21) 210 68.10 -97.2 Y Y
199 63.32 -77.6 N (19) 157 6G6.88 —-51.0 N N
). acutissima Carruth. 221 G7.42 —-112.2 Y (21) 205 66.83 —104.5 Y Y
227 55.95 —68.4 N (21) 132 49.24 —384 Y N
. cerris L. 220 G6.82 —108.1 Y (21) 209 67.46 —-943 Y Y
199 G63.52 -79.8 N (16) 160 66.25 —61.6 N N
Q. suber L. 214 G5.89 -91.0 Y (21) 210 G8.57 —100.7 Y Y
183 51.91 —-533 N (21) 139 50.36 —35.5 N N
(). coccifera L. 222 G6.22 —106.6 Y (21) 212 GH.87 —106.6 Y Y
205 53.90 —849 Y (1B) 167 68.26 —-733 N Y
Q. flex L. 221 G4.71 —95.4 Y (21) 214 67.29 —97.4 Y Y
217 G5.44 —96.6 N (16) 169 G8.64 —80.2 N Y

Note. For each species the first row refers to the data of Manos et al. (1999) and the second to Samuel et al. (1998).



TABLE 1

Comparisons of class I and II alleles

Substitution
PCR ITS stability (AG)” Relative rate tests’ Methyvlation-induced substitution’ freq”
No.of  DMSO/ ITS] + 2 ITS1 + 2 ((C—=T+G—A) Difference Liun Sites  5.85
Alleles non-DMSO  (377) (72°) ITS 5.85 (%) (mC —C) v ITS ws ITS
Gossypium
Class | 16 0/16 —154 —29 20 3.9 - —*

: : 299 (63)  0.00 (0) » = 0,001 ;
Class 11 6 0/6 _93 ol 45 = —n

Nicotiana

Casll 8 om  _iss  a¢ MO0 TGN L pmoes g, T
Tripsacum

E:::: i] 2 j’f:: ::?: :_:: 2.83 (100) 0.56 (0) lul: P < 0.001 _,:f': B :i
Winteraceae

E::: il ; :::; :ij"l?] :2" 1.42 (0)  8.62 (0) |; e D I:; . :*
Zea

E:::: :[ h;} 1;: ::f_: :;:] 2.18 (64)  4.61 (31) ii P < 0.001 _IIT : :*

“Free energy (AG) is reported in keal/mol.

" Average relative substitution rate ratios of class I and II alleles from same species. Percentage values in parentheses refer to
the frequency of significant comparisons (P < 0.05).

“ The relative substitution frequencies of C = T and G — A substitutions (corrected for base content as in Li ¢f al. 1984); Pof
a G-test of heterogeneity between the class Il alleles’ and the class 1 alleles™ relative substitution frequencies; and difference
between the average number of C = T at standard methylation sites (CpG and CpNpG) and the average number of C =+ T at
nonmethylation sites.

“ + or — indicates whether there were more or less substitutions at the conserved ITS sites (Liv and ScHarpr. 1994) or 5.88
region than the rest of the ITS region. *Comparison was significant at P < 0.05.



Table2  Summary of the length and the secondary structure free energy of H. monticulosa MUCL 54604 deviated ITS copy with other stramn from this

study
Taxon 5.85 rDNA length (bp) ITS GC content (%) 5.88 secondary structure energy (kcal/mol)
H. monticulosa MUCL 54604 deviating I'TS 172 39.9 —43.6
H. monticulosa MUCL 54604 main ITS 158 43.1 -44.6
other strams from this study (main ITS copy) 158 43.1-53.1 (avg. 49.4) —46.9
Mycological Progress (2020) 19:235-245 é‘
https://doi.org/10.1007/511557-019-01552-9 DGIM
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Pouziti protein kédujicich genu

- nutna znalost pozice intronu _ _ _ _
« pomoci alignmentu s pribuznymi taxony, ¢i anotovanymi sekvenci (Blast)

B il i I R R
CO0375GFAROBA gheocogacocagtegegtge
C04d f1GFAROBA Jhocagacoocgtocacotgt
C0098/1-401 gtoecagatocgaaaacgtgt
CO04Z43FAROBA JCocagatoccaaatogtgt
CO0Z ASGFAROEA Joocagatoctgtaacgtge
Cc0122/1-401 goocagacoccoctaaaacttge
©0118/1-404 geoocagatoctacaacttge
CO0Z81GFAROBA JCCCcagacccaacaacttge
CO0SZ8GFAROBA JCcocaactgyagetgaatgt
C0517GFAROBA Joocoyacgatgocacttgh
CO0435GFAROBA Jhooccgatococgtgacttge
CO0Z023FAROEA Jtoctgacoctaaageotge
CO04E5GFARORBA ghectgacoctgacacgtge
CO0Z593FAROBA Joococtgacoooacoacotge
C0415FAROBA Jhococggtgatgocacatgt

CO0Z43EE3WToY goecgyacoscgtgacttgtggtaagttt
C0391GFAROBA Jetoyacoooccactggttgtggtaagttt

cO0021/1-400 geococcaacaacgtagettgh
CO0Z83EFAROBA JCeoctagoaacacagettgt
CO01A4GFAROEA Jooccaacaacgtagettgt
CO3B0GFAROBA Jocctagoaacacagottgh
C04 68 3FAROBA JCooocaacaacgtagettgt
c0108,/1-401 gooccaacaacgtagettgh
c0031/1-400 gt gagteocgggooogtght
©c0080/1-401 gt ~gagtocgggooogtgt
CO0052/1-399 gcogocgacaataagagttge
C0082/1-400 geogocgacagoaagagttgt
CO1lEIGE3IWTCY Jogocgacagoaagagttgt
CO04033FAROEA Coooogacgataaaacttgt
CcO0030/1-400 ghtocggacgacaagacttgo
CO0S0AGFAROBA JCooocgacaacaagacttgh

TABLE 2. Cellobiohydrolase (cbhl) gene fragments recovered from sporocarp DMNAs of six fungal species ar

intron

A

{

Q- --------a-a-- -

tocaccaactgtgaat
gocaagaattgtgoct
tocacaaactgegaat
tocacasactgogtat
gotacaaattgegaat
gocaccaatbgtgaat
goaacgaactgtgtat
goaacgaactgtgtat
googocaactgtgoat
gocaagaactgtitttt
goagoaaactgeggot
gotaccasatgeggat

gqotcagaactgetoct

\tctaagaactgtgcat

gocgagaactgogttt

cottttoagagaattttgtttttggattttatttttoteotgygotaatgggtottacag ctaccaactgtgatt
cocttttaagagaattt

ggatttatttttotetggetaatggatettacsag ctaccaactgtgact
CO047Z2E3FAROBA JCocgaacoocgagtettgtgytaagtttaaagatttoottttaagaatttgtttttggattttatttttotetggetaatyggtettacag ctactaactgtgact

ctocaasactgogoct
gotcasaactgegoct
gotoasaactgegoct
gotcasaactgegoct
gotoasaactgegtet
gotcasaactgogoct

S
tgat
tgat
agadc
cgac
agadc
tgat
tgat
tgat
tgat
ggat
gyat
tgac
togac
tgac
ggag
qoas
gga<
ggac
cgat
cgat
zgat
cgat
cgat
cgat

attgoctgotctaatatooag
attacctgototactatocag

gocacgaactgtgact
goagogaactgtgoct
goagqogaactgtgoct
goagogaattgtgoct
gotgogaactgogoct
goagogaactgtgtet

best BLAST P matches of

\mcn

Length of
Species (putative gene) amplicon  [pocerion Lengthis) \ Splice site(s) BLAST P match (% identity)
(bp) position(s) {bp) N 5 7

Clitocybe nuda cbhI570 570 418 58 GTAAGC CAG ~ Agaricus bisporus cellobiohydrolase,
CAAD0422 (82.4)

Clitocybe nuda cbhI580 580 418 68 GTGAGT TAG Volvarella volvacea cbi:I-IT, AATHA007
(81.2)

Clitocybe nuda cbhI571 571 418 59 GTAAGT CAG Volvariella volvacea cbld-II, AAT64007
(76.5)

Clitocybe gibba cbhi5e2 562 418 49 GTGAGA CAG Volvariella volvacea cblbI-II, AAT64007
(81.2)

Clitocybe gibba cbhiSo4 564 418 51 GTCAGC TAG Volvariella volvacea cblbI-II, AAT64007
(81.2)

Clitocvbe gibba cbhiS66 566 418 53 GTCAGT TAG Volvariella volvacea cbbi-I. AAT64006

cgaa
tgaa
togaa
agaa
cgaa
tgac

oo - o-oo -

- ----xz

L ggaga ttacygy
ggt tgega ctatogg
ggt gotga ttacggg
ggt gotga ttatgoo
ggt goaga- ctatggg
ggt googa chtacggg
EEE gtgga-ctacygy
gga gtgga ctacygy
ggt gocga ctatggy
gga gocaa chtactgy
gotggtgatgagggoas ttacagy
go goaga ctactogg
ggt googa trtattgo
oo goaca-atacgte
qogo goaacs tThtatgge
goa gqooto- ctatgac
gga goote ctatgec
gga goocto ctatgec
gga goaag <ctatgag
gga goaga ctacgag
goa goaag ctatgag
gga goaga ctacgag
gga goaag-ctacgag
gga goaga ctacgag
999 gtty q=
qog gttgttgoaacge
ggt gotga ctacage
== E= gotga ctacage
oo googa ctacage
== g= gotga ctacage
qgog gotga ctacage
goa gotga- ctacage



Protein kodujici geny

*single- low copy genes: - 3-tubulin
- jaderny elongacni faktor 1a (EF-1a, TEF-1a)
- podjednotky RNA polymerazy Il (RPB1, RPB2)
- kalmodulin
- glyceraldehyd-3-fosfat dehydrogenaza
- aktin
- cyklophilin
- MAT faktory (MAT1, 2)...
- McM7, Tsr1
* Obsahuji jak konzervativni exony tak variabilni introny
« Exony mohou byt zna€né variabilni diky tichym mutacim (silent
mutations — mutace, které nemaji vliv na AMK sekvenci)

 Moznost translace a pouziti AMK sekvence
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Figure 1. Genes most commonly used in fungal multigene phylogenies. Data were compiled from 196 multigene phylogenies published

between 1996 and 2009 retrieved in ISI Thompson Reuters using the following keywords: “fungi” OR “fungal” AND “multigene” or “multilocus” AND

“phylogeny”. A, distribution of genes/number of publications; B, occurrence of the ten most commonly gene combination used among the 196

studies.

doi:10.1371/journal.pone.0018803.g001
Finding Single Copy Genes Out of Sequenced Genomes
for Multilocus Phylogenetics in Non-Model Fungi

Nicolas Feau'*, Thibaut Decourcelle’, Claude Husson”, Marie-Laure Desprez-Loustau’, Cvril Dutech’

@ PLoS ONE | www.plosone.org 1 April 2011 | Volume 6 | Issue 4 | e18803



Translacni elongacni faktor 1a (EF-1a, TEF-1a)

* intronova oblast — dobré rozliSeni druhu, horSi informace pro vyssi fylogenezi

» exonova oblast — konzervativngjsi

* ruzné studie pouzivaji rizné useky, které se nemusi prekryvat ( Trichoderma,
Alternaria) — nutna dobra volba sekvenované casti

317 bp linear DNA
Accession: AYB02977 1 Gl 55121930

wiany zeallzoft. com

Trichoderma saturnisporum isolate SF21 elongation factor 1a (tefl1) gene, exons 5, 6 and partial cds

509 bp linear DNA
Accession: ELSA5048 1 G| 192757942

EF-1 EF1-728F EF1-986R teflfw tef2rev EF1-983F
- 2 3 i (LR
1 | _ 1 P e inton | 5 | 6
=75 - 116 197-195  256-293 T 728 - 866 529
EF-2 EF1-2218R
@ 4=
large exon

=2037

TrichoKey



sruzné studie pouzivaji rizné useky, které se nemusi prekryvat
(Trichoderma, Alternaria)

* nutna dobra volba sekvenované casti

iy, 2eallzoft. com

Hypocrea lixii strain zd 57 translation elongation factor 1-alpha (tefl-alpha) gene, large intron

317 bp linear DNA
Accession: AYB02977.1 Gl 55121930

wiany zeallzoft. com

Trichoderma saturnisporum isolate SF21 elongation factor 1a (tef1) gene, exons 5, 6 and partial cds

509 bp linear DNA
Accession: EUJSE5048 1 ] 192757942

EF-1 EF1-728F EF1-986R teflfw tef2rev EF1-983F
-» 2 3 i (LR
1 | _ 1 P e inton | 5 | 6
=75 - 116 197-195  266-293 T 728 - 866 529
EF-2 EF1-2218R
@ 4m
large exon

=2037

TrichoKey



Mol. tax. metody — sekvence DNA

RNA polymerase |l second largest subunit — RPB2

 pfevaznée exony
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« Pouzitim vice genu se dostavame ke realisti¢téjSimu pohledu na pfibuznost

« Jednogenové analyzy se mezi sebou mohou lisit, ale vétsinou ne v koncovych

nodech

Genome-scale approaches to resolving
incongruence in molecular phylogenies

Antonis Rokas*, Barry L. Williams*, Nicole King & Sean B. Carroll

Howard Hughes Medical Institute, Laboratory of Molecular Biology, R. M. Bock Laboratories, University of Wisconsin-Madison, 1525 Linden Drive, Madison,
Wisconsin 53706, USA

* These authors contributed equally w this work
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One of the most pervasive challenges in molecular phylogenetics is the incongruence between phylogenies obtained using
different data sets, such as individual genes. To systematically investigate the degree of incongruence, and potential methods for
resolving it, we screened the genome sequences of eight yeast species and selected 106 widely distributed orthologous genes for
phylogenetic analyses, singly and by concatenation. Our results suggest that data sets consisting of single or a small number of
concatenated genes have a significant probability of supporting conflicting topologies. By contrast, analyses of the entire data set
of concatenated genes yielded a single, fully resolved species tree with maximum support. Comparable results were obtained with
a concatenation of a minimum of 20 genes; substantially more genes than commonly used but a small fraction of any genome.
These results have important implifations for resolving branches of the tree of life.

NATURE |VOL 425] 23 OCTOBER 2003 |-
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Phylogenomic analysis of 2556 single-copy protein-coding genes
resolves most evolutionary relationships for the major clades
in the most diverse group of lichen-forming fungi

David Pizarro® - Pradeep K. Divakar' - Felix Grewe? - Steven D. Leavitt® - Jen-Pan Huang? -
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Assessing the Performance of Single-Copy Genes for Recovering Robust Phylogenies

-\.

. MARTHEY,” H. CHIAPELLO,> M .-H. LEBRUN,* E. RODOLPHE,? E. FOURNIER,*
A. GENDRAULT —]ACQUEI&-’.[ARD,‘ AND T. GIRAUD'
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« databaze ortolognich rodin single copy genut z 30 genomu
topologie stromu ze spojenych 246-ti genu odliSna od topologie z normalné
pouzivanych genu

 nalezeny dva geny (MS465, MS277), které odpovidaji 246-ti genové topologii

FUNYBASE Home M [ G

FUNgal phYlogenomic dataBASE Home Orthologs Advanced search Documentation ﬁm}man Mathémalique nformatque  Génome|

Welcome to FUNYBASE

FUNYBASE is a database dedicated to the analysis of fungal proteins extracted from complete public fungal genomes, and their classification in
clusters of orthologs. The aim of the project is to build a bicinformatic resource useful to answer the following question: how many and which genes
are sufficient to build robust fungal phylogenies?
For this purpose, proteins have been extracted from 31 fungal genomes and classified into families using an automated procedure (see L]
Documentation for details). A subset of 21 genomes has subsequently been defined for which confident gene annotations were available. This P rotel ny p ro
dataset have been used to extract single-copy orthologous genes and to build phylogenies using both individual and concatenated alignments.
Using FUNYBASE itis possible to access to two sets of results

-
-rRNA
1. the complete protein families dataset, including orthologs and paralogs, built from the 31 fungal genomes (use the advanced search page to p roces I n g p re r

acces this results). a a
2 the subset of 246 families of single-capy orthalogs obtained from 21 genomes for which further phylogenic analyses have been performed a ro D NA re I I kaCI

For each of these 246 families, FUNYBASE provides complete information, such as the aminoacid substitution model that best fits the data,

the avaible annotation for the family, the mean percent of identity of the sequences in the family, the number of a variable sites, the aligned

proteins, the corresponding phylogenetic tree and its similarity with the tree resulting from the concatenated dataset (go to othologs to view
this results)

The FUNGI project is funded by BRG (Bureau des Resources Génétiques) and started in january 2006 T 1
Research labs associated to this project are Sr

Mathematique Informatique et Génome-INRA (Helene Chiapello, Sylvain Marthey, Annie Gendrault, Frangois Rodolphe)
Ecologie Systématique et Evolution-CNRS-UPSUD (Tatiana Giraud, Gabriela Aguileta) MCM7
UMR 2847-CNRS-EBayer CropScience (Marc-Henri Lebrun)

Phytopathologie et Méthodologie de la détection-INR A (Elisabeth Fournier)

Unité Recherche Génomigque Informatique-INRA {(Joelle Anselem, Emmanuel Quevillon)

IN?A Fungal genomes are issued from NCEIl MIPS, JGI, Pasteur Institute and INRA
' Ifyou use FUNYBASE please cite Aguileta et al, 2007

Froblems? Questions?
Contact Funyhase Tearm.



Mol. tax.

Mcm7 a Tsr1

metody — sekvence DNA

Table 5 Mcm7 and Terf sequence and alignment properties.

Mem T (MS458)
A T- 1240y Mcm7 (MS456)  Tsrf (MS277)
Mo T TSR, MemT a4 Tre
Introns None gome (length: 189272 bp)
Total alignment length (bp) 573 827
DObp s .I-!yner-.'ar gble {excluded) sites  Mone 198 ,
[ § YVarnable sites IITIOTI(B2.3 %) 4897623 (T7.7 %)
G Constant sites 216/573 (37.7 %) 140/629 {223 %)
Ter? (MS2TT) Tari- 145 3k Within-genus sequence variation {p-distances) excluding hypervariable sites:
: Taria4Eoge |  TWPArAraBle regons L ooneey Malcoimiefla (11 OTUs)  0.0055-0.2227  0.0332-0.2133
— - . ¢ Aspergillus (7 OTUs) 0.0230-0.2307  0.0357-0.3076
I - | Lecanora (6 OTUs) 0.0377-0.2756 0.0226-0.4148

b 24800

) 1000bp

Fig. 1 Locations of the new primers for Mom? and Tarf using Aspergilius

nidwizns mENA (XM_B53504 and XM _G65ETTE) as reference sequence.

Shaded areas in Tsri indicate regions of high sequencs vanability
Table 2 Primers developed in the current study
2rimer Mame Direction SEq ence [(5%-37) Pasltian Im A nigians -Enr'asp-:-'lu:llr; amino ackd Le 'Ig'"'I :EgE'IE‘f!IL""

mRHA :XM_'SEME-SUJ and s2quence In A niguians
XM _G53773) (ANS5992 3nd ANGZEG)

\em7-70atar Far ACTME! BT TOV GAY GTH ARR CC 708 TRVSDVKF 23 bp k¥
MomT-134Grey  Rev GAY TTD GCIACI CCI GGR TCW CCC AT 1348 MGDFGVAKS 26 bp 1
WemT-144Trey  Rey C ATIACI GCI GCI GTR AGR GG 1447 GLTABNM 21 bp 4 Persoonia 23, 2008 3540
TEri-1453tar Far GARTTC CCI GAY GAR ATY GAR CT 1453 EFFDEIEL 23 bp 2 wwwwpersoania.org RESEARCH ARTICLE o102
Tar1-14580ar For CCI GAY GAR ATY GAR CTI CAY CC 1453 POEIELHR 23 bp a2
Tari-23060ew Ay CTT RAARTAICC RTG IGT ICC 2308 GTHEYFE 21bp 8 New primers for promising single-copy genes in fungal

phylogenetics and systematics

I. Schmitt’, A. Crespo?, P.K. Divakar?, J.D. Fankhauser', E. Herman-Sackett?,
K. Kalb*, M.P. Nelsen®® N.A. Nelson'®, E. Rivas-Plata®7, A.D. Shimp',
T. Widhelm37, H.T. Lumbsch?
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New molecular markers for fungal phylogenetics: Two genes for species-level
systematics in the Sordariomycetes (Ascomycota)
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New molecular markers for fungal phylogenetics: Two genes for species-level
systematics in the Sordariomycetes (Ascomycota)

Donald M. Walker *** Lisa A. Castlebury®, Amy Y. Rossman®, James F. White

* Department of Plant Biology and Pathology, Rutgers University, 59 Dudley Rd, New Brunswick, NJ 08901, USA
b Systemaric Mycology and Microbialogy Laboratory, USDA Agricultural Research Service, 10300 Baltimore Ave,, Bldg. 0104, BARC-West, Beltsville, MD 20705, USA

ARTICLE INFO ABSTRACT

Article history: Although significant progress has been made resolving deep branches of the fungal tree of life, many
Received 10 June 2011 fungal systematists are interested in species-level questions to both define species and assess fungal
Revised 5 March 2012 biodiversity. Fungal gerome sequences are a useful resource to systematic biologists for developing
:S:IZSIZI gm:ﬁ ig;i new phylogenetic markers that better represent the whole genome. Here we repart primers for two

newly identified single-copy protein<oding genes, FG1093 and MS204, for use with ascomycetes.
Although fungi were the focus of this study, this methodological approach could be easily applied to

Ez:;rﬁylugeneti: imarkers marker development for studies of other organisms. The tests used here to assess phylogenetic informa-
FG1003 tiveness are computationally rapid, require only rudimentary datasets to evaluate existing or newly
Cnomoniaceae developed markers, and can be applied to other non-model organisms to assist in experimental design
MS204 of phylogenetic studies. Phylogenetic utility of the markers was tested in two genera, Gnomoniopsis and
Phylogenetic performance Ophiognomonia (Gnomoniaceae, Diaporthaes). The phylogenetic performance of f-rubulin, ITS and
Site rate evolution fef-1 was compared with FG1093 and MS204. Phylogenies inferred from FG1093 and MS204 wer

largely in agreement with g-tubulin, ITS, and tef-1x although some topological conflict was observed.
Resolution and support for branches differed based on the combination of markers used for each genus.
Based on two independent tests of phylogenetic performance, FG1093 and MS204 were determined to
be equal to or better than g-tubulin, 1TS, and tef-1x in resolving species relationships. Differences were
found in site-specific rate of evolution in all five markers. In addition, isolates from 15 orders and 22
families of Ascomycota were screened using primers for FG1093 and MS204 to demonstrate primer
utility across a wide diversity of ascomycetes. The primer sets for the newly identified genes FG1093
and MS204 and methods used to develop them are useful additions to the ascomycete systermatists’
toolbox.

© 2012 Elsevier Inc. All rights reserved.



Mol. tax. metody — sekvence DNA
Beta tubulin (tub2)

0 bp 500 bp 800 bp 1000 bp 1200 bp 1500 bp 2000 bp
Taxonomie o ,
(1) Tub1F(5) 1 GTPazova doména C-terminalni domeéna  vysoce variaiini cotast
(1)Ben1F(6) | , 11 T -
(1) T1uF| 5}[? T7uF
JT10n Bt2aAC —
{3]T1'i?" (710, Bt T5uF T2, T121_ Btla
—_— —
TEI-U R TEE-'-‘- T222 T? uR Eﬁ (i} E:IEE'HQ Brev
T 6) 2
TE:Ll.ﬂ.R Benfrev (3)Ben9Brevl
TGUBR
benA (A. nidulans) “Btzb

Prevzato z Hubka 2011
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el Obr. 3.18 Architektonika exon-infron u genu bend napfit sekcemi rodu Aspergiius. Kazdému typu uspofadani

e MATIL 32508 D299

e piifazena barva a pismeno podle lagendy a prehledn® vyznafena na fylogeneticky strom (ITS 1DNA; MEGA3,
Minimum Evelntion, bootstrap 300).



Pouziti protein kédujicich genu

*Paralogie u genu pro beta-tubulin
- tub2 = benA, hlavni gen

- tubC — pfitomen jen nékde, neni nezbytny, dllezity patrné pfi sporulaci

0bp 500 bp 800 bp 1000 bp 1200 bp 1500 bp 2000 bp
benA Taxonomy (BT2)
Ben2f, | ' GTPase domain C-terminal domain Highly variable region
710, Bi2a I [ 1 |
L Bizb ‘7224 T222 N 7
tubC BT2 fragment i -
Ben2f, | — I GTPase domain C-terminal domain e o
T10, Biza, : c I ) ! |
2 3 exon 5 exon 6 —
———F
Bizb T224 T222 22

Fig.1 The exon-intron arrangement of benA and tubC gene of A. aculeatus.
The exons are inred (benA) and green (tubC) colour. The position of primers

used for specificity testing (see Table 4) and their orientation is designated
by arrows above and below exons.



Odhaleni paralognich genu — codon
usage bias

Geneticky kod je degenerovany (1-6 kodonl na 1 AMK) a jednotlivé geny se liSi ve spektru pouzitych kodond.
Obecné Ize fici, Zze vice exprimované geny vyuzivaji méné kodonu. ,Ko-exprimované®“ geny vyuzivaji podobné
spektrum kodond.

Nékolik metod vyhodnoceni codon usage bias.

Relative synonymous codon usage — RSCU (a podobné i effective number of codons — ENCs)
frekvence vyskytu ur€itého kodonu déleny nahodnym poctem vyskytu. Hodnoty RSCU ¢€i ENCs jsou nezavislé
na AMK slozeni a jsou zvlasté vhodné pro porovnani CU mezi geny, které se liSi AMK slozenim a délkou.
RSCU charakterizuje kazdy gen 59 (~ po€et kodon() promé&nnymi, coz je ale neprakticky velké mnozstvi dat.

obsah G+C na treti pozici synonymnich kodonul - GC3S. Tato hodnota vyjadiuje podil kodonU kon¢icich
guaninem nebo cytosinem ze skupin synonymnich kodonut v daném genu. Podobné mize byt pocitano
zastoupeni vSech bazi zvlast pro tfeti pozici synonymnich kodonu ("silent base composition") - G3s, C3s, A3s
a T3s. Vice prepisované geny maiji Casto nizké GC3S, protoze G=C vazba je nejpevnéjsi.

codon adaptation index - (CAl), Codon bias index (CBI) frequency of optimal codons — Fop. Tyto metody
porovnavaji vyskyt kodonu s tabulkou realné pouzivanych kodonu u silné exprimovanych genu S. cerrevisiae a
A. nidulans. Nékteré jsou nezavislé na velkosti a AMK sloZeni a dovedou zohlednit rizny obsah G+C.

vice na http://codonw.sourceforge.net



http://codonw.sourceforge.net/
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Obr. 3. 26 Charakteristiky pracujici se setem “optimdlnich” kodonn a efektivni poéet kodomi (ENC) jako
vhodné markery pro odliZent paralogn bend a rebC. Vieve nahote: Fop (MWt p=0,0001); vpravo nahofe: ENC
(MWt p=0,009); vleve dele: CBI (MWt p=20,0001); vprave dole: CAT (MWt p=0,0001).
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» U genu s paralogy muze byt rozdil ve funkci, divergenci, codon usage a evolucni rychlosti mezi druhy

druh sekce divergence BT2 benA tubC
_:.ﬂ. fumigatus Fumigati 20,7/ 134 % 32 ABCD-F@ -
N. fischeri = 19/13,2 % Y2 EECrLEregm ABCD-F@ -
—A. viridinutans = 10% Y? GEEcDEFGHE a2BcD-7???
N. quadricincta == 17,3% 12 ABCD-777
N. hiratsukae i 225% ¥? Eicosrsg asco-7¢?
N. glabra = 20,7 % Y? GEcoeeem ancp-r??
_:.ﬂ. clavatus Clavati 17,3134 % 12 ABCD-F& -
A nfeus == 15,6 % 32 ABCD-77F
A insulicola Circumd ati 17.3% 33 ABCDE???
= A persii == 2{2% 33 EECoDEFGE ABCDEFFPT
= _Eﬂ.sderﬂ-tmnm == 24,2 % 33 EECDEFGEH ABCDEFFT
A. fresenii -i- 24.2% 3 ABCDE???
A terreus Terrei 19/18,5 % )3 EEEEEE] ABCDEFG -
— A alfiaceus Flavi 20,7 % 33 IEEDESEE aAscp-777
A. tamanii - 17,.3% 37 EEEEEawE ABCD-FFF
A oryzae -1 17,3 10,7 % 33 DEEEEEEE :scp-Fo-
A flavus == 17.3/ 10,9 % 37 DEEmEeEE AiEcD-Fa -
et A. parasiticus - 20,7 % 33 DEmEeEE ABcCD-7PF
A s0j2e - 19/12,3 % 37 DR AFcD-FoC-
_Eﬂ.nid:ﬂans Nidwantes 15,616 % 32?2 EECUDEFGOH ABCD--4-
r{ A. spelunceus - 10,4 % 27? DN ::cD- 777
—Em. variecolor =i 17,3% 27 DR rpcD-FrP?
L—:Aar:uleaﬂﬁ Nigri 8,7/11,6 % Y2 BeEcpEFeg asco--96-
A.sp. CCF 446 -/ 8.7% 3?2 EECDEEGE A8cD-777
_Eﬂ.japmﬁm - 8,7 % Y? EECoEFGHE ABCD-777
A violaceofuscus -4~ 8.7% Y? EECTDEFGH ABCD-777

Obr. 3.19 Divergence a struktura gentt bead a b C u drabn, kde byl wwbC amphifikovan. Ve sloupel "divergence” je spoditana rozdilnost amunokyselinové sekvence paralogi
bend a wbC u prishuingho dmbn. Pokud byly k dispozici sekvence celéhe genu, je za lomitkem divergence kompletich gemi. Ve sloupel "BT2" je porovnan poéet introni v
BT2 fragmentu genn bend (prvmi &islo) a tubd pro dany droh Uspofadéni intromi pro oba geny je zaneseno do poslednich dvou sloupcii (oznadeni intronf pismeny je podle
obrazku 3.15.



tubC and other paralogs

e A sect Circumdati

A. sect. Fumigati, Flavi, Clavati

A. sect. Nidulantes

Number of B-tubulin paralogues in selected

N

BiiSHiales
Aspergilli
Hypocreales
Aciculosporium take
Beauveria bassiana

Claviceps fusiformis, C. paspali

Cordyceps militaris
Epichloe spp. (6)
Fusarium spp. (3)
Pleosporales
Bipolaris sorokiniana
Sordariomycetes
Glomerella graminicola
Capnodiales

ASPERGILLI

Principal component analysis based on Relative Synonymous Codon Usage
(RSCU) data from 4000 fungal B-tubulin sequences deposited in GenBank;
proven benA (red) and tubC (green) sequences of Aspergillus spp. are
highlighted

Dothistroma septosporum
Glomerellales
Colletotrichum spp. (3)
Pezizales

Tuber melanosporum
Mucorales

Mucor circinelloides
Rhizopus delemar
Chytridiomycota

1-2

[ AT \C R ST RN FU ]

w &~ &

= misidentification of B-tubulin
paralogues in Aspergillus
sect. Nigri and taxonomic
consequences were reviewed
by Hubka and Kolarik (2012)

= codon usage is particularly
useful in differentiatin of
paralogues benA and tubC

= B-tubulin gene is especially
inconvenient for taxonomy of
Zygomycetes due to presence
of several hardly
distinguishable paralogues

= other group in which
paralogues could be mistaken
are probably Hypocreales




Fig. 9 The electrophoretogram showing amplification products of the
p-tubulin gene. The PCR reaction was performed at an annealing temperature
of 55 “C. The reaction with primers Bt2a and Bt2b is shown on the upper part
of the image. The lower part shows a reaction with primers Ben2fand Bt2b.
The taxa used for primer testing are listed in Table 1 and designated A-L.
The specificity of the Bt2a and Bt2b primer pair is apparently low in contrast
to primer pair Ben2f and Bt2b that is highly benA specific.

rsoonia 28, 2012: 000-000
v ingentaconneet.comicontentinhn/pim

[-tubulin paralogue tubC is frequently misidentified as the
benA gene in Aspergillus section Nigri taxonomy:
primer specificity testing and taxonomic consequences

V. Hubka'?, M. Kolarik'?
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Zjisteni identity neznameé sekvence

>sekvence1
AGGGTCTCGAGCTGCGTNNGTCC.....

m vyhledavani v databazich sekvenci

Mozny vysledek

Zarazeni do druhu (dle podobnosti)

Zarazeni do vysSi jednotky, nasleduje fylogeneticka analyza (studium pribuznosti)
International Nucleotide Sequence Database Collaboration (INSDC)

- European Molecular Biology Lab. (EMBL) - European Bioinformatics Institute
- GenBank - National Center for Biotechnology Information (NCBI)

(http://www.ncbi.nim.nih.gov)

- DNA Data Bank of Japan (DDBJ) na National Institute of Genetics of Japan


SOOS.doc
http://www.ncbi.nlm.nih.gov/

NCBI - National Center for Biotechnology Information
-(http://www.ncbi.nlm.nih.gov)

Entrez - ,vstupte”, vyhledavaci a stahovaci systém pracujici s databazemi
NCBI (PubMed, Nucleotide and Protein Sequences, Protein Structures,
Complete Genomes, Taxonomy....)
http://www.ncbi.nim.nih.gov/Database/index.html

Taxang moy FapSet
! Canzear
.' Uni&ene Chromasomes
Nu@tide Zene Boaks Gename
P.in UmisT = HomaloGene

PL@ed St dllh re oI GDS

* .' FhiC Jdournals

20 Mamains E[;.:l.;l.-'rf-.eari“r?sd

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id
=41956&IvI=3&lin=f&keep=1&srchmode=1&unlock



http://www.ncbi.nih.gov/Database/datamodel/index.html
http://www.ncbi.nih.gov/Database/datamodel/index.html
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/Entrez/index.html
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=41956&lvl=3&lin=f&keep=1&srchmode=1&unlock

Priklad zaznamu v GenBank

Geosmithia sp. CCF3558 partial tub2 gene for beta tubulin, strain CCF3558,
exons 1-3

SenBank: HEEDA 1801
FASTA  Graphics

Goto (V)

LoCcus HE&O4180 733 bp DA linear PLN 09-DEC-

2011

DEFINITION Geosmithia sp. CCF3558 partial tubkZ gene for beta tubulin, strain
CCF3558,;, exons 1-3.

ACCEISTION HE6O4180

WERSTION HE&O04180.1 &I:35%802740
EEYWORDS
SOURCE Geosmithia =p. CCF3558

ORGANISM Geosmithia sp. CCF3SEE
Eukaryota; Fungi; Dikarva:; Ascomycota; Pezizomycotina;

Bordariomycetes; Hypocreomvcetidas; Hypocreales;: Bionectriaceae;
mitosporic Biconectriaceas; Geosmithia.
EEFERENCE 1
AUTHORS Ecolarik,M. and Jankowiak,E.
TITLE Diversity and taxonomy of Geosmithia (Asocmycota: Hypocreales)
associated with bark beetles living on Pinaceas in temperate
Europs
JOURMAL Unpuklizhed
REFEEENCE 2 (bases 1 to 7330
AUTHORS Eolarilk, M.
TITLE Direct Submission
JOURMNAT Submitted (09-0CT-2011) to the INSDC. Kolarilk M., Institue of
Microbiclogy, Czech Acedemy of Sciences, Videnska 1083, Prague,
142220, CZECH REPUBLIC



FRATURRES
Source

intron

CRIGIN

A

6l
121
181
241
301
el
421
481
241
601
661
721

tttgacgegt
CAacacaanan
gyagRgyRgy
tgttttgeta
gtaagtogat
goctootgtt
gbgtttattt
tggogageat
gogoatgago
tgatggtgac
atgttoooog
gbococotttgg
acaactogoggo

Locations,JualiTiers
1..733
forganisn="Geosmithia sp. CCF3S5SE"
frol type="genomic DNA"

/strain="CCFIS58 = MEEROT

/isolation source="host larva on Abies alba”
/host="Cryphalus shietis or Pityophthorus pityographus
J/db_xref="taxon:3&7E57"

feountry="35lovakia"

/eollected by="M. Kolarik"

Jidentified by="M. Kolarik"

<217..2733

Sgene="tukz"

join(<Z17..240,383..505,585. .>733)
Sgene="tukz"

join(<Z17..240,383..505,585. .>733)
Sgene="tukz"

/codon_start=1

/product="heta tubulin"

/protein id="CCEZS8BZ.1"
Jdb_xref="GI:359802741"

/translation="VHLOTGQCGNQIGAAFWOT IAGEHGLDSNGVEYNGTS ELOLERMS

VIFNEASGNEYVPRSVLVDLEPGTMDAVRAGPFGOLFRPDNFVE GAS CAGHNTA"
<217..240
fgene="tubz"
/nurber=1
241,382
Jogene="tubz"
Snurber=1
383..505
fgene="tubz"
Snunber=2
506..5584
Jogene="tubz"
/nurber=2
585..3733
Jgene="tubZ"
Anumber=3

ttcttoteoe
acgbgtgtot
afgagacagto
acgacgttto
coctoooooo
ttoctoeoctgtt
toaatoaaac
ggcoctogaca
gtoctacttoa
gtttggttga
ctoogtocto
coagetotte

[=1-1=8

ctoctaccto
goaccocaagh
tegogotgtt
ttttgotote
cotooooaga
gggggcctyc
agggtaacca
goascggbgt
acgaggtacy
cacgbtoetog
gtogacotog
cgtccogaca

goococctggot
caacattooa
tetgggttaa
aaataggttc
coaaggacad
tacgogtott
gattoggtogot
ctacaacgge
ttttagacat
ctatttgtea
agoccggtac
acttocgtott

ttttgactat
Aaccoagaggg
atgaccotbtg
acctoocagac
cayyayaagy
tottggagea
gotttotoggo
acctotgage
coatgatatog
ataggottoo
catggacogoo
coggtgotiteo

accoogoogg
ctococagay
goyasgatgy
coggtoagbgo
accattgatg
gacgactaac
agacoattgo
toocagetoga
gacatggotag
gogoaacaagh
gtoogogoog
gogtgoocggaa



GenBank: 35 000 druhi z 5300 rod
- 70-100 000 druht popsdno
- 11 500 ve sbirkach kultur hub
- odhad celkem 500 000 - 2 500 000

Ranks: | higher taxa | genus | species | lower taxa total
Archaea 196 162 620 0 978
Bacteria 1.732 | 3.237| 16.349 871 | 22.189
Eukaryota 22.530 | 76.665 | 359.225 26.121 | 484.541
Fungi 1.641 | | 5.356 | 35.199 1.188 | 43.384
Metazoa 16.066 | 52.801 | 182.768 13.122 | 264.757
Viridiplantae 3.074 | 15.402 | 130.658 11.511 | 160.645
Viruses 693 294 2.174 0 3.461
All taxa 25.184 | 80.665 | 378.394 26.992 | 511.235

Dates: 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 all dates




Basic BLAST

Choose a BLAST program to run.

Search a nucleotide database using a nucleotide query

nucleotide blast _ _ _
Algonthms: blastn, megablast, discontiguous megablast

Search protein database using a protein query

protein blast _ : .
Algonthms: blastp, psi-blast, phi-blast

blastx | Search protein database using a translated nucleotide query

tblastn | Search translated nucleotide database using a protein query

tblastx | Search translated nucleotide database using a translated nucleotide query

* Moznost hledat pribuzné sekvence pomoci programu BLAST - Basic
Local Alignment Search Tool

 RozliSovat EMBL accession no., GenBank ¢i DDBJ accesion no.



Nucleotide Sequence Databases — neni moznost hledat ve vSech najednou

Nr - GenBank + RefSeq Nucleotides (= vybrané anotované a ,curated” sekvence z Genbank). Chybi HTGS, EST,
GSS, STS, PAT, WGS.

refseq_rna — referenéni RNA database— anotované sekvence proteint preloZzenych z cDNA (mRNA)
(neziskame informace o intronu)

Chromosome, refseq_genomic- anotované genomy z RefSeq
Est - databaze .Expressed Sequence Tags", kratké transkripty gent (mRNA)
GsSS - Genome Survey Sequence, kratké a ¢asto nahodné genomické sekvence
Hth — nedokonc¢ené High Throughput Genomic Sequences (dokoncené jsou v Nr)
Wgs - whole genome shotgun sequence entries — neanotované genomy

env_nt — sekvence z environmentanich vzorkl (fada dalSich je v nr)



Sequences producing significant alignments:

Accession Description Max il Query b E _E Links
sSCo| score coverage wvalue ident
HE573028.1  Basidiomycota sp. MK-2011-90 genomic DNA containing 185 rRNA ger 203 503 100% 3e-139 100%
JF651458.1 Uncultured Hymenochaetales clone FMB812.1 internal transcribed spac 118 113 3% le-23 87%
JF651457.1 Uncultured Hymenochaetales clone FM611.2 internal transcribed spac 118 113 3% le-23 87%
JF691058.1 Uncultured Hymenochaetales clone FM025.1 internal transcribed spac 118 113 3% le-23 87%
. i 67.6 14% 4e-08 97%
Distribution of 1640 Blast Hits on the Query Sequence &) . a0 4e08 —
\Mouse-over to show defline and scores, click to show alignments 67.6 L4% d4e-08 F7%
67.6 14% 4e-03 7%
Color key for alighment scores 67.6 L4% d4e-08 F7%
67.6 15% 4e-03 95%
<40 40-50 80-200 : :
67.6 13% 4e-03 100%
aue ry | ————
I | | | | | | 67.5 15% 4e-08 95%

|
1 100 200 300 400 500 600

« graficky vystup z Blast

* barevné je zobrazena mira
homologie

* v pfipade protein koédujicich
genu Ize pouzit na vyhledavani
exonu a intronu



Blast- razeni dle podobnosti

i+ Alignments. o]

Max  Total Query E

Description score |score | cover | value Ident | Accession
[0 Altemaria sp. P11 YNW-2014 intemal transcribed spacer 1. partial sequence: 5.85 ribosomal RNA gene and intemnal transcribed spacer 2. complete seguence: and 285 ribosomal RNA gene. partial sequence 582 1033 78% 5Se-162 82% KP0273051
[0 Fungal sp. RTL2 internal transcribed spacer 1. partial sequence: 58S ribosomal RNA gene and internal transcribed spacer 2. complete sequence: and 28S ribosomal RNA gene. partial sequence 569 807 80% de-158 82% KFI10776.1
[0 Altemaria altemata strain DUCC5024 intemal transcribed spacer 1. partial sequence: 5.85 ribosomal RNA gene and internal transcribed spacer 2. complete sequence: and 28S ribosomal RNA gene. partial sequence 540 996 78% 3de-149 B81% KJ7286791
[ Altemaria altemata 18S ribosomal RNA gene. partial sequence: intemal transcribed spacer 1. 5.85 ribosomal RNA gene. and internal transcribed spacer 2. complete seguence: and 28S ribosomal RNA gene. partial sequence 540 1065 78% 3e-149 81% JQO080319.1
[0 Altemaria sp. 2 5 V1 internal transcribed spacer 1. partial sequence: 5 85 ribosomal RNA gene and internal transcribed spacer 2, complete sequence: and 285 ribosomal RNA gene. partial sequence 494 720 78% 3e-135 80% KP749178.1
[ Altemaria altemata strain Lahuf-A alter intemal transcribed spacer 1. partial sequence: 5.8 ribosomal RNA gene and internal transcribed spacer 2. complste sequence: and large subunit ribosomal RNA gene. partial sequence 486 720 82% 4e-133 79% MFE099663.1
[0 Altemaria sp. C GRMP-59 intemal transcribed spacer 1. partial sequence: 5.85 ribosomal RNA gene and internal transcribed spacer 2. complete sequence: and 285 ribosomal RNA gene. partial sequence 483 698 78% 6e-132 80% KF5160061
[0 Altemaria alternata strain Lahuf-A al internal transcribed spacer 1. partial sequence: 5 8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence: and large subunit ribosomal RNA gene, partial sequence 473 705 81% 3e-129 79% MFE099865.1
[0 Corynespora sp. isolate OLS1 internal transcribed spacer 1. partial sequence: 5 8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence: and large subunit ribosomal RNA gene. partial sequence 472 737 78% 1e-128 80% KUB898065.1
[0 Altemaria altemata isolate AA-13 18S ribosomal RNA gene. partial sequence: intemnal transcribed spacer 1. 5.8S ribosomal RINA gene. and internal transcribed spacer 2. complete sequence: and 28S ribosomal RMNA gene. partial seguence 460 685 T78% 3e-125 81% JQ9074851

Blast- frazeni dle pribuznosti

B - + @Ak

Mouse over an internal node for a subtree or alignment. Click on tree |zbal to select

A Tools - | @ upload | @ | ¥

TJPtmullulm ochrosalmoneum strain CBS 489.66 RNA polymerase beta (RPB2) gene, partial
Penicil lium (Idlmsnlmmlenm strain CBS 489.66 RNA polymerase beta (RPB2) gene. vartial cds

3 Penicillium angustij a strain CBS 202,84 cullure-collection CBS: 202 84 I‘mAﬂﬁm\dem‘RNAmI)numw 11 second largest subunit (RPB2) g
cds

< Penicillium scabrosum strain CBS 683,89 culmmw ion CBS:683.89 DNA-dependent RNA polymerase IT second largest subunit
5 novae-z in CBS 546.77 RNA polvmerase II second largesi subunit (RPB2) eene. partic
Penicillium mvll:-?eelnndne strain CBS 137.41 culiure-collection CBS:137.41 DNA-dependent RNA poly
9  Penicillium novae-zeelandiae strain CBS 137.41 RNA polymerase beta (RPB2) gene. partial cds
& Penicillium novae-zeelandiae strain DTO 182-C8 RNA polymerase II second largest subunit (RPB2) gene, partial
“Penicillium nov eelandiae strain DTO 185-H9 RNA polymerase 11 second largest subunit (RPB2) g'cm: partia
@ Penicillium novae-zeelandiae strain DTO 180-G9 RNA polymerase 11 second largest subunit [RPH )gu\c par
nicillium novae-zeelandiae sirain DTO 184-D5 RNAROI ymerase Il second largest subunit (RPB2) gene, partial
zeelandiae sty DTO 181-E8 RNA polymerase Il second largest subunit
2 Penis MV-2013n strain DTO 183-D5 RN“\F‘]V‘“‘“‘ 11 second largest subunit (RPB2) gen ]{anm ©
—_— Jknmllmm sp. CMV-2013a strain DTO 183-G7 "m]\mer-n: 11 second largest subunit (RPE2) gene, pﬂrlml cds
+Y % Penicillium atrovenetum sirain CBS 24, RNA polymerase 1T second largest subunit (RPB2) gene, partial ¢ds
@ “ Penicillium atrovenetum strain CBS 241.56 RNA polymerase beta (RPB2) gene, partial ods
Penicillium antarcticum strain CBS 116939 RNA polymerase II second largest subunit (RPB2) k'ene partial ods
2 Penicillimm antarcticnm sirain CRS 116938 RNA nolvmerase 11 secand laroest subinit (RPRY) oene_nartial erls
2 & Penicillium antarcticum strain CBS 100492 culture-collection CBS:100492 DN A-dependent RNAgtymeme |
< Penicillium antarcticum strain 5649 DNA-dependent | RI\A poly merase 11 second largest subunit (RPB2) gene,
CBS 116986 culture-collection CBS: 11
um d»i:-mum Pdl DNA«lucu RNA polymerase mRNA
\g&mm ium paradoxum isolate NRRL 4695 RNA polymerase beta gene, pattial
nicil lium paradoxum isolate NRRL 2162 RNA polymerase beta gene, partial

@ unknown
# ——“Penicillium oxalicum stmu\f_li S 719 30 RNA polymerase beta (RPB2) gene, partial cds
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 Penicillium cremeogriseum strain CBS 22366 RNA polymerase beta (RPB2) gene, partial cds
3 § 9 Penicillium sp. “cluniae’ RNA polymerase beta (RPB2) gene, partial cds
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9 9 Penicillim costuleum stain CBS 141,45 RNA polymeras ) pene. partial cds
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* Fazeni dle MAX SCORE zohlednuje

Distribution of the top 100 Blast Hits on 100 subject sequences &
Mouse over to see the title, click to show alignments

,coverage“ i podobnost

bolor key for alignment scores
Wl <40 W 40-50 W 50-80 W 80-200 W >=200
Query
. yd = v ew s 1 1 1 | 1 |
 Pokud jsou v databazi podobnéjsi, ale : 70 140 210 280 350
V4 v v .
vyrazne kratsSi sekvence, tak je Max
score upozadi
pozad
w T4 r = 111
 Moznost razeni dle ,Identity
Select: All None Selected:0

i1 Alignments O
Description SI\;I:; STS;?; (2553 vaIEue Ident  Accession

[0 Uncultured fungus clone 2 5.8S ribosomal RNA gene. partial sequence; internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence 329 329 67% 3e-86 91% MF568703.1

[0 Microporellus obovatus voucher Dai 10937 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal transcribed spacer 2, partial sequence 305 305 48% 5e-79 98% KX8806131

[J Flabellophora sp. 3 OM-2011 isolate X1277 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequer 305 305 48% 5e-79 98% JN710535.1

[J Flabellophora sp_1 OM-2011 isolate X1357 185 ribosomal RNA gene. partial sequence: intemal transcribed spacer 1, 5.8 ribosomal RNA gene, and internal transcribed spacer 2, complete sequer 305 305 48% 5e-79 98% JN710533.1

[J Entoloma incanosquamulosum voucher MICH 8890 internal transcribed spacer 1, partial sequence; 5 8S ribosomal RNA gene and internal transcribed spacer 2. complete sequence; and large subu 303 303 49% 2e-78 97% MK169374.1

[J Nolanea edulis var. concentrica voucher MICH 9131 internal transcribed spacer 1. partial sequence; 5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and large subu 303 303 49% 2e-78 97% MK1693731

[J Entoloma subcapitatum voucher WTU-F-043799 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1 and 5.85 ribosomal RNA gene, complete sequence; and internal 303 303  50% 2e-78 97% MK169341.1

[J Entoloma minutisporum voucher ST258 small subunit ribosomal RNA gene, partial sequence; internal franscribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete s¢ 303 303 49% 2e-78 97% MK044846.1

[0 Entoloma juncinum strain CBS 384.50 small subunit ribosomal RNA gene, partial sequence: internal transcribed spacer 1, 5.85 ribosomal RNA gene, and internal transcribed spacer 2, complete sec 303 303 49% 2e-78 97% MH856672.1

[0 Entoloma sp. isolate CM13 224 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and internal transcribed spacer 2. complete sequence; and large subunit ribosomal RNAg 303 303  50% 2e-78 97% KY7742131

[0 Entoloma sp. isolate PGK13 169 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1 and 5.8S ribosomal RNA gene, complete sequence; and internal transcribed sp: 303 303 50% 2e-78 97% KY774192.1

[J Nolanea sp. voucher FLAS-F-61537 intemal transcribed spacer 1, partial sequence; 5 85 ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal Rt 303 303 49% 2e-78 97% MH211959.1

[0 Entoloma sp. isolate SA5 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, p: 303 303 49% 2e-78 97% KY706196.1

[0 Entoloma sericeum isolate BF8 internal transcribed spacer 1, partial sequence: 5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA g« 303 303  49% 2e-78 07% KY706153.1

[J Entoloma xanthochroum voucher HMJAU34390 small subunit ribosomal RNA gene, partial sequence; internal franscribed spacer 1 and 5.8S ribosomal RNA gene, complete sequence; and internal 1 303 303  49% 2e-78 97% KY820058.1

[0 Entoloma brunneosericeum voucher 20160813 internal transcribed spacer 1, partial sequence: 5 85 ribosomal RNA gene and internal transcribed spacer 2, complete sequence: and large subunit it 303 303  49% 2e-78 97% KY820057.1

[0 Nolanea cf._bicoloripes F12-JS-73 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5 8S ribosomal RNA gene, and intemal transcribed spacer 2, complete sequen 303 303 49% 2e-78 97% KU574738.1

[ Entoloma sp. R-106 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal transcribed spacer 2, partial sequence 303 303 49% 2e-78 97% KR1353381
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Table 1. Overview of the five guidelines.

Target of guideline

Way of getting there

1. Establish that the sequences come from
the intended gene or marker

Do a multiple alignment of the sequences and verify

that they all feature some suitable, conserved sub-region
(here the 5.8S gene)

2. Establish that all sequences are given in
the correct (5" to 3’) orientation

Examine the alignment for any sequences that do not
align at all to the others; re-orient these; re-run the
alignment step; and examine them again

3. Establish that there are no (bad cases of)
chimeras in the dataset

Run the sequences through BLAST in INSD/UNITE
and verify that the best match comprises more or less
the full length of the query sequences

4. Establish that there are no other major
technical errors in the sequences

xamine the ST results carefully, particularly the
E the BLAST result fully, particularly t
graphical overview and the pairwise alignment, for
anomalies

5. Establish that any taxonomic annotations
given to the sequences make sense

Examine the BLAST hit list to see that the species
names produced make sense

MycoKeys 4: 3763 (2012) er-reviewed open-access journal

oo . -
doi: 10.3897/mycokeys.4.3606 RESEARCH ARTICLE V I VCOI(C\"S
J J

www.pensoft.netfjournals/mycokeys Lounchd 1 sccelerate ioawersity acaarc

Five simple guidelines for establishing basic authenticity
and reliability of newly generated fungal ITS sequences

R. Henrik Nilsson', Leho Tedersoo??, Kessy Abarenkov?, Martin Ryberg?,
Erik Kristiansson®, Martin Hartmann®’, Conrad L. Schoch®,
Johan A. A. Nylander®, Johannes Bergsten'?, Teresita M. Porter'!, Ari Jumpponen'?,
Parag Vaishampayan'?, Otso Ovaskainen'?, Nils Hallenberg',
Johan Bengtsson-Palme'?, K. Martin Eriksson', Karl-Henrik Larsson'®,
Ellen Larsson', Urmas Koljalg??



« Sekvence ukladany ve smeéru 5°-3°

[BDownload ~ GenBank Graphics

Omphalina sphagnicola small subunit ribosomal RNA gene, partial sequence, internal transcr
Sequence ID: UG6453.1 Length: 2069 Number of Matches: 1

Range 1: 11 to 571 GenBank Graphics

Score Expect Identities Gaps Strand
841 bits(455) 0.0 526/561(94%) 1/561(0%) Plus/Minus
Query 1 GATTATARGCGRATCCATGGTTCACTGCCARTGACATAGATAATTATCATGGCAGRARACTE &0

LI rerr e rrer e e reer 1l
Skbjct 571 CGATTATARGCGAATCCATGITICACTGCAARRATGACATAGATAATTATCATGCCAGAGCTE 512

Query &6l ATCCACTITARAGAGATTTTCGCTAATGCATTTALAGAGEAGCTGACCTITARARCCAGCE 120

LR P e e e e e e e e e e e e e e e e e e et
Sbjct 511 ATCCACTIAGRGAGATTTICGCTAATGCATTTARAGRAGGAGCTGRCCTITARAGCCAGCRE 452

Query 121 CACTCCARGGCCRAAGCTTARACARGGRAATARRCCTTGGRALALGETCGATRAATTTALATGACREC 180

PR P e e e e e et
Skbjct 451 CACTCCAAGTCCRAAGCTTARACARGGRAATARACCTTGAAAMACTTGATRAATTTAATGACAC 3852

T a1 b i B T e T i e i Tt e il e i et bl et il el T et b W il el T B il et il et il e e O T e il it el el e it el T O T i T it i i e Tt il it 1 AN



forma prezentace identifikace pomoci ,blasting®

1120

NEUBERT ET AL.

TABLE 1. Database typing of ITS sequences®

APPL. ENVIRON, MICROEIOL.

Best BLAST hit

Sum (%)" oTu Accession no. % Similarity®
Taxon Phylum Class Score®  Accession no.”

10.58 MsOMb4/ AJBT5353 Cladosporium sp. strain 4/97-17  Ascomycota Dothideomycetes 1,158 AJ279487 09.8
5.27 Ms4Mbda’ AJBT5341 Unidentified isolate 4/97-9 Ascomycota Sordariomycetes 1,088 AJ279484 100

5.11 MsoMb4 AJBT5345 Chaetomium globosum Ascomycota Sordariomycetes 476 AY429056 80.5
370 Ms28Mb4a AJR75376 Cercophora appalachianensis Ascomycota Sordariomycetes 667 AF177155 79.6
2.55 Ms9Mb43a AJBT5357 Stenella araguata Ascomycota Dothideomycetes 359 AF362066 §1.0
245 Ms39Mb25= AJRT5381 Aureobasidium pullulans Ascomycota Dothideomycetes 1,197 AF455533 99.7
245 Ms51Mb4 AJBT5301 Thielavia intermedia Ascomyeota Sordariomycetes 603 AJ271588 §59.9
2.40 MsOMb43b AJBT5358 Cladosporium sp. Ascomycota Dothideamycetes 581 AJ222807 83.3
2.35 Ms22Mb7 AJBT5369 Ericoid mycorrhiza Ascomycota Leotiomyceres 028 AY046400 98.0
2.35 Ms25Mb17 AJBT5374 Terfezia leptoderma Ascomycota Pezizomycetes 509 AF396863 86.4
2.19 Ms7Mb28b* AJ8T5351 Stagonospora sp. strain 4/99-18 Ascomycota Dothideamycetes 1,185 AJ496627 100

1.82 Ms5Mb4 AJBT5343 Podospora ellisiana Ascomycota Sordariomycetes 458 AY515360 79.6
1.77 Ms7Mb4 AJBT5347 Podospora decidua Ascomycota Sordariomycetes 684 AF443851 90.6
1.51 Ms41Mb20 AJBT5382 Hymenogaster griseus Basidiomycora Homobasidiomyceres 1,203 AF325636 97.8
1.46 Ms5Mb7# AJBT5344 Cryptococcus carnescens Basidiomycota Heterobasidiomycetes 014 AB105438 97.8
1.41 Ms20Mb11f AJBT5368 Cyvlindrocarpon sp. Ascomycota Sordariomycetes 063 AY295332 99.8
1.36 Ms25Mb24 AJBT5375 Sebacina sp. Basidiomycota Heterobasidiomycetes 452 AF284135 §88.4
1.36 MsdMbdb AJBT5342 Colletotrichum sublineolum Ascomycota Sordariomycetes 325 AJ301978 74.2
1.20 Ms48Mb21 AJBT5390 Sporobolomyces roseus Basidiomycota Urediniomycetes 1,191 AY015438 99.8
1.09 Ms28Mb4b AJRT5377 Podospora intestinacea Ascomycota Sordariomycetes 549 AY515363 §7.5
1.09 MsOMb28 AJBT5356 Dacwlaria junci Ascomyeota Orbiliomycetes 179 AY265321 73.3
1 N4 MelThAh11F ATRTRARA wlindvocarnan en etrain S/07.17 A erarmurata Sardarinmuretec 1147 AT2T0QARY Qa7



Zjisteni identity nezname sekvence

« GenBank - mnoho nekvalitnich dat
- chyby v sekvencich (chybovost Taq polymerazy, chiméry )

- Spatné urceni

* feSeni - vybirat jen sekvence z taxonomickych praci
- anotované a kontrolované databaze (obecné i specializované databaze)
- RDB (LSU, ITS), obecna databaze
- NCBI- RefSeq, RefRNA (fada gent), obecna databaze
- Unite
- Phymyco-DB (SSU, TEF1a)
- Q-bank (rada genu), karanténni fytopatogenni houby
- ISHAM ITS Database (ITS), patogeni zivocichu



- do databaze muze ulozit kdokoliv cokoliv
*snaha o kontrolu administratory

Retézeni chybné identifikace

1

OooooooooooDooboooooooooaog

11 Alignments

Description

Cladosporium tenellum isolate CLAD185 internal transcribed spacer 1. partial sequence: 5.8S ribosomal RNA gene and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA gene. partial sequence

Aff_Cladosporium sp_strain B84 small subunit ribosomal RNA gene. partial sequence: intemal transcribed spacer 1. 5 85 ribosomal RNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA gene, partial &

Cladosporium sp. isolate D3 small subunit ribosomal RNA gene. partial sequence: internal transcribed spacer 1. 5.83 ribosomal RNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA gene. partial sequ

Cladosparium herbarum strain IGB-KR52 internal transcribed spacer 1. partial sequence: 5 85 ribosomal RNA gene and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA gene. partial sequence

Cladosporium herbarum strain CBS 128234 small subunit ribosomal RNA gene. partial sequence: internal transcribed spacer 1. 5 85 ribosomal RNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA ger

Cladosporium macrocarpum strain CBS 127778 small subunit ribosomal RMNA gene. partial sequence: internal transcribed spacer 1. 5.85 ribosomal RMA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RN/

Cladosporium herbarum strain CBS 127777 small subunit ribosomal RNA gene. partial sequence: internal transcribed spacer 1. 5.85 ribosomal RNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA ger

Cladosporium herbarum strain CBS 127961 internal transcribed spacer 1. partial sequence: 5.65 ribosomal RNA gene and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA gene. partial sequence

Cladosporium cladosporioides strain CBS 127051 small subunit ribosomal RMNA gene. partial sequence: internal transcribed spacer 1. 5.85 ribosomal RNA gene. and internal transcribed spacer 2, complete sequence: and large subunit ribosomal RI

Cladosporium herbarum strain CBS 125831 small subunit ribosomal RNA gene. partial sequence: internal transcribed spacer 1. 5 83 ribosomal RNA gene. and internal transcribed spacer 2. complete sequence; and large subunit ribosomal RNA ger

Cladosporium variabile strain CBS 121636 small subunit ribosomal RNA gene. partial sequence: internal transcribed spacer 1. 58S ribosomal RNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RMNA gens

Cladosporium variabile strain CBS 121635 small subunit ribosomal RNA gene. partial sequence: internal transcribed spacer 1. 5.8S ribosomal RNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA gens

Cladosporium tenellum strain CBS 121634 small subunit ribosomal RNA gene. partial sequence: internal transcribed spacer 1. .85 ribosomal RMNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RMNA gen

Cladosporium subinflatum strain CBS 121630 small subunit ribosomal RNA gene. partial sequence: internal transcribed spacer 1. 5.8 ribosomal RNA gene. and internal transcribed spacer 2, complete sequence: and large subunit ribosomal RNA ¢

Cladosporium allicinum strain CBS 121624 small subunit ribosomal RNA gene. partial sequence: internal transcribed spacer 1. 58S ribosomal RNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA gen

Cladosporium macrocarpum strain CBS 121623 small subunit ribosomal RMNA gene. partial sequence: internal transcribed spacer 1. 5.8S ribosomal RNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RN/

Cladosporium herbarum strain CBS 121621 small subunit ribosomal RNA gene. partial sequence: internal transcribed spacer 1. 5.85 ribosomal RNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA ger

Cladosporium ossifragi strain CBS 8§42 91 small subunit ribosomal RNA gene. partial sequence: internal transcribed spacer 1. 5.85 ribosomal RNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RMA gene

Cladosporium variabile strain CBS 195.54 internal transcribed spacer 1. partial sequence: 58S ribosomal RMA gene and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA gene. partial sequence

Cladosparium allicinum strain CBS 188 54 small subunit ribosomal RNA gene. partial sequence: internal transcribed spacer 1. 5 88 ribosomal RNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA geni

Cladosporium phlei strain CBS 307.50 small subunit ribosomal RMNA gene. partial sequence: internal transcribed spacer 1. 5.8S ribosomal RNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA gene. pe

Cladosporium phlei strain CBS 306.50 small subunit ribosomal RNA gene. partial sequence: internal transcribed spacer 1. 5.85 ribosomal RNA gene. and internal transcribed spacer 2. complete sequence: and large subunit ribosomal RNA gene. p:
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Accession

MKA111467 1
MFE15037.1
MG548567 1
MK012417 1
MHE64660.1
MHS64773 1
MHB64772 1
MHS64755 1
MHB864397 1
MHB63798 1
MHS863132 1
MH863131 1
MHS863130.1
MH863129 1
MHB63126 .1
MHS863125 1
MHS63124 1
MHS862342 1
MH857289 1
MHB57286 1
MH856639.1

MHB56635 1



Run Analysis. Search Pages Resources Annotations Statistics Notes and News

unrt

community

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

UNITE is a database and sequence management environment centered on the eukaryotic nuclear ribosomal ITS region. All eukaryotic ITS sequences from the International
Nucleotide Sequence Database Collaboration are clusiered to approximately the species level (distance between species in steps of 0.5%), and all such species hypotheses
are given a DOI to facilitate unambiguous scientific communication and data assembly. The user can interact with these species hypotheses (e.g.. SH1566366.08FU) in
various ways, and third-party sequence and metadata annotation are supported... Read more

Fungal Species Hypotheses

Threshold 1.5 % - Include All SH-s - H Reset i}

» Dikarya (97,214) SH graph: Fungi
» Unidentified (8,380)
» Mucoromyceta (4,767) el
i 4 Aphelidiomyceta 0% |
» Chytridiomyceta (1,251) GS01 0% \l
3 Olpidiomyceta 0% ———
» Rozellida {1005} Basidicbolomyesta 0% —
» Zoopagomyceta (283) ”zs:t:;::i';?;tt;;%
4 i Rozellids 1%~ 8
Blagtqcladlomyceta (79) _hwidi;nz’f;:m ’://
» Basidiobolomyceta (53) \Mucoromyceta 4% <7/
» Olpidiomyceta (35) nidentified o -0
» GS01 (informal name, see Tedersoo et al., 2017) (30)

» Aphelidiomyceta (19)
» Fungi sbk Incertae sedis (1)

N
\- Dikarya 86%



Run Analysis Search Pages Rezources Annotations Statistics Notes and News

unrt

community
Species Hypotheses Sequences
or specify search filters below Top 50 most wanted
Filters Version 8.0 = Threshold 15% = Include All SH-s - 9
Taxon name [ Include sub-taxa

Accession number Reset

UNITE C . A~ PhD students course "ldentifying and publishing Contact
- @unite, Sﬁmmunlty HTS/Sanger DNA sequence datasets” How to cite UNITE
- ) ) FAQ

When mycologists describe new species, not all Histo

relevant information is provided (clearly enough): . o . . v

mycokeys.pensoft.net/article/56691/ Call for Citizen Scientists "Submit specimens for UMITE Board

sequencing!” Acknowledgements
When mycologists describe new specie...
....... &L Taxonomicmycology struggles with what PhD students course "Mstabarcoding Data Management

seems to be a perpetual shortage of and Open Data"
mycokeys.pensoft.net

v View More...

O B Sep 10, 2020



Species Hypothesis - any species-level group of individuals that share a given set of
observed characters. In this case it is sequences that share a given level of similarity
— that is, operational taxonomic units (OTUs). However, since we’d like to traverse the
step between OTUs and species, we’d like to define our OTUs in such a way that they
correspond to the species level as currently practiced in mycology. This is a non-trivial
exercise and the results will not always be perfect, hence the suffix "hypothesis".
Remark: This is a practical definition of the SH, which is a major building block of the
new UNITE system.



“JUNITE - Firefox

Soubor  Upravy  Zobrazit  Pfejit  Zalosky MNastroje  Mapoveda
QEI - E:) - @ O @ E r_ﬁq}u @ | = kit ffunite.ut.eefsp_desc. phpPsp_id=»A,
# cetting Started B Latest Headlines

SE2NAM | V|‘QHIedej"c§' ;N -=CF -

B - | NCEI v | PubMed v
Home Run &nalysis Search Pages

Tomentella bryophila (rers)miLarsen

Tomentella bryvophila (Pers.) M. J. Larsen, Mycol. Mem. 4.

1974,

Basionym: Sporotrichum bryvophilum Pers., Mycol. Europ. 1: 78.
1522.
Synonym: Tomentella ferruginella Bourdot & Galzin, Bull. 3oc.
Myool. France 40: 157. 1924, (PC)
Synonym: Hvpochnus fuscoferruginosus Bres., Ann. Mycol. 1: 109,
1903. (3)
Tomentells fuscoferruginossd (Bres.) Litach., Ann. Mycol., 39:
377. 1941,
Synonym: Tomentella spongioss [(3chwein.: Fr.) Bourdot & Galzsin
var. brevispinad Bourdot & Galzin, Bull. 3oc. Mycol. France 40: 154.
1924, ([(PC)
Tomentella brevispina (Bourdot & Galzin) M. J. Larsen,
Myoologia 62: 136, 1970,
Synonym: Hypochnus viridescens Bres. & Torrend in Torrend,
Eroteria 11: 85. 1913. (3]
Tomentells viridescens [(Bres. & Torrend) Bourdot & Galzin, Hym.
France, p. 477. 1925,

Lectotype: In Persoon herbarium. (L)

Hotovo




Resources [ How To ¥

RefSeq RefSeq v ||

RefSeq: NCBI Reference Sequence Database

A comprehensive, integrated, non-redundant, well-annotated set of reference sequences including genomic,

transcript, and protein.

Using RefSeq

About RefSeq

Prokaryotic RefSeq Genomes

FAQ
Growth Statistics
MCBI Handbook

Facisheet

Announcements

NMovember 7, 2016
RefSeq Release 79 is available for FTP

This release includes:

Proteins: 73,099.060

Transcripts: 16,967,019

Organisms: 64,227

Available at:  fip:ifip.nchinim.nihgovirefseqirelease/
Documentation:Release Notes

See previous announcements, follow NCBI on Twitter, or
subscribe to NCBI's refseg-announce mail list to receive
announcements.

RefSeq Access

RefSeq FTP
RefSeq genomes FTP

MNew RefSeq genomic (last 30 days)

Mew RefSeq transcripts (last 30 days)

Mew RefSeq proteins (last 30 days)

Searching for RefSeq records (Queries)

Related Links
Assembly

Gene

Genome
HomoloGene

Map Viewer

UniGene

RefSeq projects

Consensus CDS (CCDS)

HIV-1, Human Protein Interaction Database

RefSeqGene
Targeted Loci
Virus Variation

Publications and Citing RefSeq

Feedback & Credits

Contact RefSeq Help Desk

Contact CCDS Help Desk

Submit a GeneRIFE

Collaborators



BARCODING

- determinace neznama sekvence
Identifikace druht za pouZiti kratké DNA sekvence ‘HHHHH “‘“H

* gen s velkou variabilitou mezi druhy a s malou uvnitr druhu
* gen spoleény pro co nejvétsi pocet organismu

* COl u vetsiny Eukaryot, matK a rbcL u rostlin, 16S rRNA u prokaryot

* ITS rDNA u hub (+ RPB1, RPB2, Mcm7, TUB2, LSU, SSU u nékterych skupin)

http://www.barcodeoflife.org/content/about/what-dna-barcoding

Pdl CUUC VUl LIIT About
ant if S DNA Barcoding

What Is DNA Barcoding?
What Is DNA Barcoding?

iBOL

CBOL

NNNNNNNNNNNNNNNNNNNN



http://www fungalbarcoding org

‘ Home | Search strain database Identification Deposit | Registration | Primers | Publications Meetings | Links | Help |

Pairwise sequence alignment

[ have read the disclaimer and | agree with the conditions and limitations associated with the usage of the software

Pairwise sequence alignment parameters [
Minimum similarity to keep results (0-100%): 0 Gap creation penalty (1-100): 1z
Minimum overlap to keep results (0-100%): 50 Gap extension penalty (1-10): 2
Minimum overlap for rating reward (0-100%): 85 Word size (1-256): 20
Maximum alignments to display (1-1000): 50 Penalty for a nucleotide mismatch: |_17 - |
Select sorting mode: |m9_ - | Reward for a nucleotide match: |1 :|
Select the reference(s) file(s) to be used for the alignment:

|:| Mame Location Status #Match(s) found

0 FunBOLD Local Reachable

|:| FUNSTRAI http:/fwww.g-bank.eu/Fungi/ Reachable

|:| FUNCBS http:/fwww.cbs. knaw.nl/Collections/ Reachable

D UNITE http:/fwww.cbs.knaw.nl/Collections/ Reachable

|:| Yeast http:/fwww.cbs. knaw.nl/Collections/ Reachable

|:| Fusarium http:/fwaw.cbs. knaw.nl/Fusarium/ Reachable

D Calonec http:/fwww.chs. knaw.nl/Calonectria/ Reachable

|:| Indoor.txt http:/fwanw.cbs.knaw.nl/Indoor/ Reachable

[l ITS5eq http:/fwww.mycologylab.org/ Reachable

[l Nan-redundant GenBank htto:/fblast.nchi.nlm.nih.aov/Blast.cai Reachable




Soubor  Uprawy Zobrazit Prejit Zalodky Mastroje  MNapovéda

@ - IZ:> - l@ @ E @ l% |D http: e chs knaw . nl/phaeoacremaonium,/BioloMICSID. aspx V| @ Prejit |@,paenacremnnium

# Getting Started B Latest Headlines

SE2uAM | v|| Q Hedsj ~ & | Men->cz -
B - Search | NCEI v | PubMed vl for | BN

o Enter search term |
ICS HOME B [SEARCH B |IDENTIFICATION GIS B [MY DATA B |HELP

=] E-mail =

SRanks | Mastaveni =

¥ Pravopis -

[

Phaeoacremonium -= Phaeoacremonium identifier

Polyphasic identification

Zelect database:
| Phaeoacremoniurm w |

Select table:
| Phaeoacrermonium identifier s |

First, select the database and the table to be used for the comparisons. Then, fill in the form below and click on the
“start identification™ button.

start identification

Minimmurn nurber of characters to be accounted:

Main index {use it to navigate to the wanted set of characters):

1. Morphology
1.1. Conidiophaores

1.2, Phialides
1.3. Conidia
1.4, Warts
2, Culture characters
3. DMA sequences

M

1. Morphology
Hotowo

I'i.5'| il




BARCODING

TrichOKEY 2

Mycoscience (2006) 47:55-64 i} The Mycological Society of Japan and Springer-Verlag Tokyo 2006
DOT 10100710267 -006-0279-7

REVIEW

[rina 8. Druzhinina - Alex G. Kopchinskiy
Christian P. Kubicek

The first 100 Trichoderma species characterized by molecular data



trichoderma.txt
trichoderma.txt
http://www.isth.info/
http://www.isth.info/

3 |STH :: TrichOKEY Results - Firefox

Soubor  Upravy  Zobrazit

Preijit ZaloZky MNastroje Napovéda

<§| - [:> - l%] @ E r_m.{}u l% |E hitp: fAwwew . isth, infoftools fmolkey fresult. php

# cetting Started B Latest Headlines

SE2NAM |

V|H Q Hiedej - &% | & EN->CZ '| ¥ Fravopis ~| B E-mail ~ | EtEml | Mastaveni '|

V‘ |F'uhMed V‘ for |

Morphological Key
TrichOKEY
TrichoBLAST

Multiloci Database
Loci Distribution

Morphology
Phylogeny
Ecology
Biocontrol
Ewolution
Holomorphs

Molecular
Phylogenetic
Phenetic
Cultivation
Microscopy
Other

Links
Software
Forum

Hotowo

Analysing sequence: Non-fasta_sequence

First anchor {GSH) was found in paosition 89 ...,
Second anchor (GSH) was found in position 110
Third anchor {GSH) was found in position 257 ...,
Fourth anchor (GSH) was found in position 415 ...
Fifth anchor {GSH) was found in position 519 ...,

Found & genus-specific hallmarks {Anchors):
TELELE
Genus Identification: Hypocrea/Trichoderma, Hypocreaceae, Hypocreales, Ascomycota

region 1 {8nt) was detected; region Z (141nt) was detected; region 3 {188nt) was detected; 5.85 RNA gene was removed

Section Identification: Section Trichoderma
Section Identification: XII Rufa Clade

Species identification:

Identification reliability: m:ﬂ
barcode was developed on the basis of vouchered sequences which showed 51 ITS 1 and 2 allels

AGAINST HYPOCREA/TRICHODERMA DATABASE: = >

QUEry SEQUENCE! AAGTCGTALCARGGTCTCCGTTGGTGALC CAGC GGAGGGATCATTAC COAGTTTACAACTCCCALACCCA
ATGTGAACCATACCAAACTETTGCCTCGGCGEE [GTCACG] CCCCGGE [TGCGTCGCRAG] CCCCGG
AACCAGGCGOCCGOCGRAGGRACCAACCE [AARCTCTITTCIGTA] GTCCCCTCGCGRACGTTATTTCT
TACAGCTCTGAGCALAL L TTCALART GALTCALMACTTTCALCALCGEATCTCTIGETTICTGGCATCGAT
GARGAACHCAGC GAAATGCFATAAGTAATGT A TTGCAGAATTCAGTGAATCATC GAATCTTTRAACKHC
ACATTGCGCCCGCCAGTATTCTRGC GRGCATGCCTGTC CRAGCGTCATTTCAACCCTCGARCCCCTCCGR
GLGETCGECETTGEE [GRCCTCGHGAGC] CCCTAAGACGLGATCCCGLCCCORALATACAGTGGLGET
CTCGCCGCAGCCTCTCCTGL GCAGTAGT I TGCACAACTCGCACCGLGEAGCGCGELFCGTCCACGTCCGTA
And LA CTTCTCAL A TET T A CTCGRATCAGGTAGGAL TACCCGCTFAACT TALGCATATCA

Hypocrea atroviridis / Trichoderma atroviride

> Biodiversity




Priciny inkongruence

Podobnosti druhu se muzou lisit v zavislosti
ha pouzitém genu

e Paralogie

e vyskyt pseudogenu

e heterogenita v nukleotidovém slozeni
e odlisna rychlost evoluce (heterotachie)
e incomplete lineage sorting

e hybridizace



hyphal sheath

no hyphal sheath

intracellular hyphal coils (no intercellular colonization)

Vaccinium, typical ericoid mycorrhiza Vaccinium, sheathed ericoid mycorrhiza
(multiple fungi)






S§SU+5.85+LSU
+1131axa

5253 siles originally
+3151 sites used
=1467 vaniable sites
=428 singlelon sites

= 3 pariiions
- SSIk TIM2+1+G4
-5.85: TIM2e+G4
- LSU: SYM+HG4

Kurtia argillacea

Hymenochaetales

{ ef-laxpb2 \

=111taxa

*3323 sites oniginally
*3113 sites used
=1984 variable sites
=307 singleton sites
=g partiions

- rpb2 1st: GTR++G4
-rpb2 2nd -TVM++G4
-rpb2 3rd: TIM2H+G4
-ef-1a 1st: GTR++G4
-ef-1a 2nd: TVMH+G4
-ef-1a 3rd: GTR++G4

100




taxon

Kurtia

Other

fungi?

nuclear ITS region length [bp]

1ITS1

195

200(217.
7)242

5.85

167

162(162,3)
163

ITS2

226

187(205.7)
247

ITS2
secondary
structure
energy
[kcal/mol]
-42,5
-8.9(-57.9)-
74.8)

nuc-LSU length
[bp]

953

916(932.6)938

nuc-SSU
length

[bp]

1748
1672(17
37)1754



Heterogenita v nukleotidovem slozeni

A

0.84-

0.784

0.72

0.66-

0.60

JUSLU0D DO

0.421

0.36-

0.30-

0.24+

0.54+

0.48-

ITS IDNA LSU rDNA SSU rDNA mt-SSU , &1 _rpbz
(3" position) (3" position)
— = _ -[
= = L [
E=
> 2 X 2 X 2 X ] X =1 X 2
i B i 3 i & 1 =8 3 &8 3 8
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Heterogenita v nukleotidovem
slozeni
e Kazdy z ,life history-related traits“ ma vliv na substitucni
rychlost, ale i na nukleotidové slozeni

* Nukleotidové slozeni jako vysledek neutralnich procest, bez
adaptivni funkce ?

e gBGC — GC-biased gene conversion
- objeveno u kvasinek
- preferencni fixace GC alel u AT/GC heterozygot(
- vétsSi v mistech s ¢astou rekombinaci
- j. souvisi s pozici na chromozomu, generacni dobou a

pohlavnosti

Weber et al. 2014. Evidence for GC-biased gene conversion as a driver of between-lineage differen

in avian base composition. Genome Biology 15: 549.
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Chromosomal GC3s profiles in Candida albicans and C. dubliniensis
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 nukleotidova (geneticka) saturace

GTG ATC

GTC

ATC

ATG
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Vertebrate complete mitochondrial genomes, fish, reptiles, birds, mammals,
stc. File Troglodyte/Documents/PRIMATES/MitochondrialGenomes/Mammals-
Fish-mtGenomes/0000_Dec17_MAFFTout_STRPD.FASTA DAMBE Ts and
Tw vs F&4 distances, Done Mov 3, 2013 B Foley

o

s
transice

sandv

transverze

004

00000 02685 03580 0.4475 05370

F84 distance

Transice je vice Casta nez transverze
S narustajicim evolucnim casem (genet.

distanci) je vétsi Sance, zZe dojde k transverzi



e nuc-rDNA

2 A Kurtia
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Odlisna rychlost evoluce a
nukleotidova saturace

* Marais GAB, Calteau A, Tenaillon O, 2008. Mutation rate and genome reduction in endosymbiotic
and free-living bacteria. Genetica 134: 205-210.

* Lutzoni F, Pagel M, 1997. Accelerated evolution as a consequence of transitions to mutualism.
Proceedings of the National Academy of Sciences of the United States 94: 11422-11427.

Redukce genomu u mutualistu
Ztrata reparacnich mechanismt

botleneck efekt

kratSi generacni Cas
mala populacni velikost
asexualni reprodukce
volné radikaly z hostitele
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Konflikty pri fylogenetickych analyzach
Genovy strom x druhovy strom

» geneaologie jednotlivych genl se mohou liSit

» vysledkem je Spatné vyhodnoceni vzajemné podobnosti druht (vétSinou jen v ramci
jednoho rodu)

 feSi mnohagenova analyza

/\ pecies free
gene tree &
é b

$



Konflikty pri fylogenetickych analyzach

V populaci se vyskytuje mnoho alel jednoho genu (napf. jedinci s riiznou
sekvenci ITS)

Dojde-li zde ke vzniku biologického druhu, tak se dusledna izolace projevi fixaci
urcité alely pro kazdy druh. Kazdy druh ma pak napfiklad specifickou sadu
pribuznych ITS sekvenci.

U mladych druht neni ,sortovani linii gent“ kompletni - incompleate lineage
sorting

Ve stavu ancestralniho polymorfismu sdili oba nové druhy spolecné alely,
které mohou mit odliShou genealogii

"

[
I\
I

BEGINNING OF
GENETIC ISOLATION

SHARED POLYMORPHISM

\  LOSS OF SHARED

POLYMORPHISM AS THE LOCUS
! BECOMES FIXED IN ONE SPECIES
l LOCUS BECOMES FIXED

IN BOTH SPECIES
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» Claviceps purpurea — 4 kryptické druhy

« ITS je ve stavu ancestralniho
polymorfismu u C. humidiphila vs C.
arundinis — nékteré jedince nelze odlisit

pomoci ITS

« Pfi mnohagenovych analyzach je mozné
takovy gen vynechat

ITS tub Features
Genetic group

Fig 1 Mo Hisinood hiogenstic e of the muliene demest e, B152, 110 bent) st inoeiza.— D@limiitation of cryptic species inside Claviceps
purpurea

Sylvie PAZOUTOVA®', Kamila PESICOVA®", Milada CHUDICKOVA®,
Petr SRUTKAS, Miroslav KOLARIK®*



Geny pod velkym Ci nestalym selekénim tlakem maiji unikatni genealogii

s 294 ROH Proctoretal.

Species phylogeny
12,134 nucleotides
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| |
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Fig. 2. Species and FUM gene phylogenies based on maximum likelihood analysis of concatenated nucleotide sequences of 12 PM and

nine FUM genes amplified from fumonisin-producing species of Fusarium. Numbers near branches indicate bootstrap values based on 1000

pseudoreplicates from maximum likelihood analysis (left of slash mark) and posterior probabilities from Bayesian analysis (right of slash mark).
GenBank accession numbers for sequences generated and employed in this analysis are KF416128-KF415191 (FUM genes) and

KF466326-KF466456 (PM genes).

diversification of Fusarium
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Birth, death and horizontal transfer of the fumonisin
biosynthetic gene cluster during the evolutionary

with two competing hypotheses: (i) multiple horizontal
transfers of the cluster from unknown donors to FFSC
recipients and (ii) cluster duplication and loss (birth
and death). Furthermore, low levels of FUM gene diver-
gencein F. bulbicola, an FFSC species, and F. oxyspo-
rum provide evidence for horizontal transfer of the
cluster from the former, or a closely related species, to
the latter. Thus, uniform gene organization within the
FUMcluster belies a complex evolutionary history that
has not always paralleled the evolution of Fusarium.

Introduction



Konflikty pri fylogenetickych analyzach

 Horizontalni transfer vs Birth and death evolution

300 R.H. Proctor etal. W

A Common Ancestor of B Common Ancestor of
FFSC & F. oxysporum FFSC & F. oxysporum

Horizontal Transfer Birth and Death

Donor2———— i
Denor 3 rl/-"""' J {_ _
— ——
el rﬂrﬂr[ |
African Clade Asian Clade American Clade  F. oxysporum African Clade Asian Clade American Clade F. oxysporum
FRC O-18%0 FRC O-1890

Fig. 5. Models for the evolutionary history of the FUM cluster during divergence of the FFSC and F. oxysporum O-1890.

A. Model based on independent horizontal transfer of the FUM cluster from three unknown but related donors to three lineages within the
FFSC.

E. Model based on duplication followed by retention or loss (birth and death) of the FUM cluster. In both models, thick black lines depict the
divergence of Fusanum lineages from the commaon ancestor of the FFSC and F. oxysporum; solid coloured lines represent evolution of the
FUM cluster during divergence of the Fusarium lineages; closed circle indicate loss of a cluster homologue; and the dashed coloured line
indicates horizontal transfer. In the birth-and-death model, bifurcations of coloured lines prior to divergence of the FFSC and F. oxysporum
indicate cluster duplication events.



Konflikty pri fylogenetickych analyzach
Proteiny zodpovédnoé za adaptaci (Casto povrchové proteiny) podléhaji velké selekci
hydrofobiny hub, geny pro syntézu toxinu...
assemble spontaneously into amphipathic monolayers at hydrophobic—hydrophilic
interfaces

crucial in the interaction with the environment, masking

pathogenicity factors

Lowering surface tension

® ® Hydrophobin monomers
8 Assembled hydrophobin

Coating of aerial
hyphae with a
rodlet layer

llllllllllllllllllllllllllllllllllllllllllllll

(b) (d)
DOI: 10.1038/npg.els.0004305



Konflikty pri fylogenetickych analyzach

« Pripadem jsou hydrophobiny hub

G. sp. 4 MK1722
G. sp. 2 MK1510

199G. sp. 23 MK781

70

G. sp. 3 MK134

G. putterilli U131a

G. sp. 1 MK1724

% G. lavendula MK1781
|:G. rufescens MK1821

8 G. sp. 22 MK739
G. sp. 9 RJO113k

G. sp. 8 MK263
G. sp. 21. MK1761
G. sp. 22, MK739 1@_
G. langdonii MK1619 00
G. sp. 10. MK1788
G, sp. 29, MK1809b —
G. sp. 31, U316 .
G.sp. 9. RU113k -II_
G. sp. 11. MK551
G. flava MK264

G. obscura MK616
G. putterillii U131 =—]_

G. sp. 1 MK1724

— G. eupagioceri CCF3754 G. sp. 4 MK1722 | |
G. sp. 11 MK551 G. sp. 23 MK781 100 %
100 d
G. flava MK264 G. sp. 28 RJ279m
G. langdoni MK1619 G. sp. 2 MK1510 =
G. sp. 21 MK1761 G. lavendula MK1781
G. sp. 10 MK1788 . € 52'51;}("’1“;2:‘ 65
G. sp. 13 MK1515a - SP- 2.,
G. sp. 26. MK1828
G. sp. 12 MK661 . oceri CCEarsa I°
100|G. microcorthyli CCF3861 SEEREHIeEEH
|TS G. sp. 8 MK263 G. rufescens MK1821 | geo 1
G. sp. 29 MK1809b G. sp. 3 MK134
rDNA G. sp. 31 U316 G. sp. 5 IVV7
0.01 G. sp. 25 MK1829a G. sp. 13 MK1515a 008
— G. obscura MK&16 G. microcorthyli CCF3861 —

Fig 1 — Maximum likelihood trees of the Geosmithia species used in this study based on ITS rDNA gene or on the genomic
sequences of the geol gene. Phylogenetic trees were constructed with PhyML 3.0 performing bootstrap analysis with 500
replicates. Thicker lines indicate strongly supported branches (bootstrap values > 90).

Interspecific variability of class II hydrophobin
GEO1 in the genus Geosmithia

Arcangela FRASCELLA®™”, Priscilla P. BETTINI*", Miroslav KOLARIK®,

Cecilia COMPARINI®, Luigia PAZZAGLI", Simone LUTI", Felice SCALA®,
Aniello SCALA”



* geny zoodpovédné za adaptaci (Casto povrchové proteiny) maji unikatni
evoluci

* Intragenic tandem repeats (ITR) zoodpovédné za rychlou generaci variability

* Napfiklad u Saccharomyces cerevisiae umoznuji ITR velmi rychlé zmény v
adhezi k substratam.

Geosmithia sp. 8, MK263 MKSFAITAALFAAARAMATPLEVRDE------------ SSDYNACPGTIMSSTQCCETDLAGLLSISCKPPSTPPTSAEDFKYICGQSGTSAACCALPALGQATIACOAPAGSG
Geosmithia sp. 1, MK1724 MKSFAITAVLFAAVAMASPVEIRTD------------ ATAYDACPSELLSNLECCDVDVLGLLSINCAPPPETPTSAQHFKDLCSKRGKSATCCVLEVLGQAVGCQFPPAGSG
G.langdonii, MK1619 MESFAITAALFAAVAMASPLEVRTG------- DDGGSAPPYDACPSELLSNAECCDVDVAGLLS INCAPPDQPPTSAEDFKDLCAKRGQSATCCLLPVLGEAVACQAPAGSG
Geosmithia sp. 21, MK1761 MKSFAITAALFAAVAMASPLEVRTG------- DDGGSAPPYDACPSELLSNAECCDVDVAGLLS INCAPPDQPPTSAEDFKDLCAKRGQSATCCLLPVLGEAVACQAPAGSG
Geosmithia sp. 22, MK739 MKSFAITAALFAAVAMASPLEVRTG------- DDGGSAPPYDACPSELLSNAECCDVDVAGLLS INCAPPDQPPTSAEDFKDLCAKRGQSATCCLLPVLGEAVACQAPAGSG
Geosmithia sp. 10, MK1788 MKSFAITAALFAAAAMASPLEVRTH--------- DDSAPPYDACPSELLSNPECCDVDVAGLLS INCAPPDETPTSAENFKELCSKRGQSATCCLLPVLGEAVACQAPAGSG
Geosmithia sp. 29, MK1809b MKSFAITTVLFAAARAMAGPLEVRED--------- GGGTTAYDACPSELLSENLECCDTDVLGLLS INCAPPDSTPTSAKDFEAQCAKRGOSATCCVLPVLGQAVGCQTPAGEG
Geosmithia sp. 31, U316 MEKSFAITAALFARAAMAGPIEVRSD--------- GGGTTAYDACPSELLSNLECCDIDVLGLLSINCSPPDSTPTSAQDFENQCAKRGOQSATCCVLPVLGOAVGCQTPAGSG
Geosmithia sp. 9, RJ131k MESFAITTALFAARAAMAGPIEVRSD--------- GGGTTAYDACPSELLSNLECCDIDVLGLLSINCSPPDSTPTSAQDFENQCAKRGQSAMCCVLPVLGQAVGCOTPAGSG
Geosmithia sp. 11, MK551 MESFAITTALFARRAMAGPIEVRSD--------- GGGTTAYDACPSELLSNLECCDIDVLGLLSINCSPPDSTPTSAQDFENQCAKRGOSATCCVLPVLGQAVGCOTPAGSG
G.putterillii, Ul3la MESFATITVALFARATMASPLEVRTG------- GGGGGGTPYDACPSELLSNPECCDTNVLGLLS INCAPPDSTPTSAQDFEKSLCAKRGQSATCCVLPVLGQAVGCQTPAGSG
G.flava, MK264 MESFAITAARLFAAVAMASPLEVRTG-------- GGGGAPPYDACPSELLSNPECCDTNVLGLLSINCAPPSETPTSAENFKSLCAKRGQSATCCVLPVLGQAVGCQTPAGSG
Geosmithia sp. 23, MK7B81 MEVFAITAVLFVAAAMAGPLEVRTGGGSGGGGGGGGGEAAYDACPSELLSENPECCDVDVLGLLS INCAPPDTTPTSAADFKSQCAKRGKSATCCVLPVLGQAVGCORAPAGSG
Geosmithia sp. 28, RJ279m MKSFAITAVLFVARAMAGPLEVRTGGGSGGGGGGGGGEGAAYDACPSELLENPECCDVDVLGLLS INCAPPDTTPTSAADFKEQCAKRGKSATCCVLPVLGQAVGCOQAPAGSG
G.lavendula, MK1781 MKSFAITAVLFAAARAMAGPLEVRTG- - -GGGGGGGGGGSAYDACPSELLSENPGCCDVDVLGLLS INCAPPDNT PTSAADFKGOQCAKRGKSATCCVLPVLGQAVGCOAPAGSG
Geosmithia sp. 12, MK661 MKSFAITAVLFAAAAMAGPLEVRTG- - -GGGGGGGGGGSAYDACPSELLSNPECCDVDVLGLLS INCAPPDNTPTSAADFKSQCAKRGKSATCCVLPVLGOAVGCOQAPAGEG
Geosmithia sp. 25, MK1B29a MESFAITAVLFAAAAMAGPLEVRTG- - -GGGEGGGGGEGSAYDACPSELLSNPECCDVDVLGLLSINCAPPDNTPTSARDFEKSQCAKRGESATCCVLPVLGQAVGCQAPAGSG
Geosmithia sp. 3, MK134 MKSFAITAVLFAAAAMAGPLEVRTG- - -GGGGGGGGGGSAYDACPSELLSNPECCDVDVLGLLSINCAPPDNTPTSAADFESQCAKRGKSATCCVLPVLGQAVGCQAPAGSG
Geosmithia sp. 5, IVV7 MESFATITAVLFAAAAMAGPLEVRTG- - -GGGGGGGGGGSAYDACPSELLSNPECCDVDVLGLLS INCAPPDNTPTSAADFEKSQCAKRGKSATCCVLPVLGQAVGCQAPAGSG
Geosmithia sp. 13, MK1515 MESFAITAVLFARARAMAGPLEVRTG- - -GGGGGGGGECGSAYDACPSELLSENPECCDVDVLGLLS INCAPPDNTPTSARDFKSQCAKRGESATCCVLPVLGQAVGCQAPAGEG
Geosmithia sp. 26, MK1B28 MESFAITAVLFARAAMAGPLEVRTG- - -GGGGGGGGEEGSAYDACPSELLENPECCDVDVLGLLS INCAPPDNTPTSARDFKSQCAKRGESATCCVLPVLGQAVGCQAPAGEG
G.eupagioceri MESFAITAVLFARAAMAGPLEVRTG- - -GGGGGGGGEESAYDACPSELLENPECCDOVDVLGLLS INCAPPDNTPTSARDFESQCAKRGESATCCVLPVLGQAVGCQAPAGSEG
G.microcorthyli MKSFAITAVLFAAAAMAGPLEVRTG- - -GGGGGGGGGGSAYDACPSELLSNPECCDVDVLGLLS INCAPPDNTPTSAADFKSQCAKRGKSATCCVLPVLGQAVGCOAPAGSG
G.rufescens, MK1821 MKSFAITAVLFAAAAMAGPLEVRTG- - -GGGGGGGGGGSAYDACPSELLENPECCDVDVLGLLS INCAPPDNT PTSAADFKSQCAKRGKSATCCVLPVLGQAVGCQAPAGSG
Geosmithia sp. 2, MK1510 MKSFAITAVLFAARAVMAGPLEVRTG- - -GGGGGGGGGGSAYDACPSELLSNPECCDVDVLGLLS INCAPPDNTPTSAADFKSQCAKRGKSATCCVLPVLGQAVGCQAPAGSG
G.obscura, MK616 MKSFAIIAALFARAAVAGPLEVRTG-----=---~--- GGAAYDACPSELLSNPECCDTNVLGLLSINCAPPDETPTSATNFKDLCAKRGQSATCCVLPVLGOAVGCOAPAGSG
Geosmithia sp. 4, MK1722 MKSFAITAVLFARAAMAGPLEVRTG- - - -GGGEGGGGGSSYDACPSELLSNPECCDTNVLGLLS INCAPPDSTPTSAENFKNLCAKRGQSATCCVLPVLGOAVGCOAPAGSG

Khkkhkkk _ kk k. k ki k. k L okakkk .ok kk . .. kkkkk Kk Kk LkkkE k. * . ok kk kk kk Kk .k, Kk Kkkkk

Fig 2 — MUSCLE alignment of the deduced GEO1 amino acid sequences from the different Geosmithia species. Strain number is
indicated after the species name. The eight cysteine residues are highlighted in grey. The sequence of the signal peptide is
underlined in the reference species Geosmithia sp. 5 strain IVV7. Symbols: (*) indicates invariant amino acid positions, ()
indicates conserved substitutions, (.) indicates semi-conserved substitutions.

Interspecific variability of class II hydrophobin
GEO1 in the genus Geosmithia
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Horizontalni prenos genu a mezidruhova
hybridizace

vektorem muaze byt plazmid, transpozom, virus - pfeneseni nékolika genu
mezidruhova hybridizace — pfenos vétSich genomickych useku

R-laktany (peniciliny) u Penicillii jsou zfejmé bakterialni

dikaz pfenosu genu mezi ,rumen fungi“ (anaerobni chytridie) a bakteriemi v
bachoru prezvykavcu

Mezidruhovi hybridi v komplexu Epichloe — Neotyphodium
Phytophtphora sp.,Ophiostoma, Melampsora, Tilletia
velmi dobre popsano u kvasinek

Qiu et al. BMC Biology (2016) 14:41

DOI 10.1186/512915-016-0264-3 BMC BIOIOgy

Extensive horizontal gene transfers @ conea
between plant pathogenic fungi

Huan Qiu"’, Guohong Cai?, Jing Luo®, Debashish Bhattacharya' and Ning Zhang®"’



Interspecificka hybridizace
Asexualni endofyty
Beta — tubulin
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E. festucae FI
E. festucae Kc
E. festucae Lg
* A, copy 2
= C,copy 2

D - N. occultans

E - N. lolii

F - N. siegelii

G - N. uncinatum

H - Neotyphodium sp.

F, copy 2
H’, copy 2
— E. bromicola Be

E. bromicola Be
Ao ‘_'I_l———~ E. bromicola Bb
F, y 1

s coB
— , COPY 2
» s — E. elymi Ev
& E. elymi Ec
> ke — E. glyceriae Gs

¢ E. glyceriae Gs.
;T_E_' brachyelytri Bee
E. brachyelytri Bee

Parentalni druhy:

oL B E. festucae
E. baconii
E. typhina

E. sylvati

E. sylivatica
== —{ E. typhina Bp

E. hina
. 15
C,copy3

— 1 change —e= E. typhina Pp




Studium diverzity

Vybér kmenu pro analyzu

* z kazdého vzorku se vyberou unikatni kolonie (,kolonialni morfotypy®)
» okem definované morfotypy souhlasi s mol. genet. vymezenim

« funguje i pro mycelia sterilia

 3-5 ks — pfipadné odhaleni kryptickych druht




Studium diverzity

Vybér kmenu pro analyzu

«Zastupci kolonialnich morfotypu z vice vzorku ze stejného substratu a
lokality jsou sjednoceny do morfotypu dle kolonie na MEA (24C, 37), CYA a
CzD




Studium diverzity

redukce identickych kmenu pro sekvenovani

« Zastupci na sjednoceni kmenu do geneticky unikatnich linii (napf. RAPD-typ) Ize
pouzit PCR fingerprinting (ISSR, ERIC-PCR, RAPD, ITS-RFLP), Ci DNA
barcoding...

* skupiny 0 80-100% podobnosti
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 rozdéleni do skupin dle sekvenci
‘Priadné vice genti (MLST — multilocus

sequence typing)

* vymezeni OTU (operational taxonomic

unit), ¢i MOTU (molecular OTU)

CCF3358 Scolnt/CZE15b-97, AM181421
MK1712b Scolnt/BLG3-05, AM181445
50/0.85| MK1708 Scolnt/BLG2-05, AM181444
53/0.94 9911.00p— G. obscura CCF3422 Scolnt/CZE8-00, AJ784999
1CCF3425 ScoCarfHUNS-03, AM181460
CCF3558 CryPic/SVK2-04, AM181422

9911 00| G- Fassatiae CCF3334 oak wood, CZE, 1993, AJ578482
4' AK31/98 Scolnt/CZE172-98, AM421039
CCF3351 Scolnt/SVK1a-02, AM151456

CABI224697 Ulmus glabra, England, 1978, AJ578484
MK1743b PhThu/CZE23-05, AM181462
0.07]80%0. 2| MK1569 HylVar/CZE30-05, AM181461

MK1602b ErnTil/CZE18-05, AM181457
G. flava CCF3333 Xiphydria sp., CZE, 2000, AJ578483
— MK1643 ScoMul/CZE12-05, AM181447
CCF3338 Scolnt/CZE6-03, AJ578480
MK992 Scolnt/CZE30-04, AM181470
| MK1683a EmTil/CZE25-05, AM181458
89/0.84 § G. langdonii CCF3332 Scolnt/CZE17a-98, AJ578481
MK1645 ScoMul/CZE12-05, AM181468
MK1603a PhThu/CZE19-05, AM181448
MK1603d PhThu/CZE19-05, AM181449
AK104/97 Scolnt/CZE15a-97, AM181424
MK863 PhIRho/CZE28-04, AM181446
CCF3562 PhThu/CZE19-05, AM181425
CCF3554 PhThu/CZE21-03, AM181426
— MK531 PhThu/CZE21-03, AM181471
— MK1610 ErFag/CZE19-05, AM 181469

CCF3563 Phloeosinus perlatus, Taiwan, 2000, AM181423
98/1.00p~ CCF3355 Hylvar/SVK1-02, AM181430
CCF3557 HylOrn/HUN5-03, AM181431
CCF3561 TryAsp/CZE23-04, AM181432
CCF3335 ScoRug/CZE3-00, AM181434
MK1716 ErmnTil/BLG2-05, AM181451
CCF3553 ScoMul/CZE3-03, AM181433
MK1707 HylOrn/BLG2-05, AM181452
CABI194089 air, Israel, 1975, AM181450
MK@48 S. rugulosus, CZE, 2003, AM181463
CCF3560 ScoMul/CZE30b-04, AM181427
MK1703 ScoMul/CZE31a-05, AM181455
M' CCF3556 Scolnt/HUN4-03, AM181418
CCF3555 ScolntHUN10-03, AM181419

CCF3559 ScoMul/CZE30a-04, AM181439
G. lavendula NRRL2146, lab. contaminant,1947, AF033385
99/0.99 MK947 Hypoborus ficus, Croatia, 2004, AM181473
CCF3660 Xylocleptes bispinus, CZE30-05, AM421520
99/1.00y CCF3564 |psTyp/CZE26-05, AM181428
T MK1740 IpsTyp/CZE26 -05, AM181429

99/1.00 ;—— CCF3342 Srug/CZE2-00, AM421042
L G. puterillii NRRL2024 timber, New Zealand, 1946 , AF033384
G. pallida NRRL2037 cotton yarn, England, 1927, AJ578486

83/0.96 MK246 Scolnt/SVK1c-02, AM181459
CCF3481 ScoCar/CZE27-02, AM181467
MK250 Scolnt/SVK1c-02, AM181436
93/0.91 F10%81 cCF2809 oak wood, CZE, 1993, AJ578488
MK621 Scolnt/HUN7-03, AM181437
CABI051240b scolytid beetle on Persea gratissima, Seychelles, 1952, AJ578489

11 00| MK1550 ScOMUICZE31-04, AM181435
Iﬂ|— CCF3341 Scolnt/CZE17a-98, AJ578487
58/0.88| 71/1.00 MK203 ScoRug/SVK1-02, AM181443

MK1722 PteVit/CZE31a-05, AM181466

MK1573 HylVar/CZE30-05, AM181440

MK1714 Scolnt/BLG3-05, AM181454

MK1572 HylVar/CZE30-05, AM181442

0.73 MK350 ScoRug/CZE9-02, AM18148
MK685 ScoRug/HUN5-03, AM181465
CCF3340 Scolnt/CZE6-03, AJ578485
MK1709 Scolnt/BLG2-05, AM181453
MKOAN1 [ecnRI/IC7ZE1R-NA AMAKR1441

wiroooU olLUINVLLZE To-Vl, AVITC 42U
99/1 OD|

0.78

58/0.78]

8

=

67/0.86 [

50/0.88

——
0.005

8

[17
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[FJJPIGSQ]A brunneoviolaceus CBS 119.49
21] 4. aculeatinus CBS 121874

14 brunneoviolaceus THEM 22812
701 4. aculeatinus THEM 20714
[HES13086] A. brunnesviolaceus IHEM 17066
[HQ632669] 4 brunneaviolaceus THEM 18675
[FR775311] 4 brunneoviolaceus CCF 108
[F1491689] °A. fijiensis’ CBS 313.89T

I} A aculeatinus CBS 1210607

1. (EF661107], [AYE20020] Aspergilus sp. CES 620.78
105] 4. brunneoviolacens CBS 621.78T
].4. brunnegviolaceus NRRL 359
inus CBS 121871
1.4 aculeatiny
26] 4. aculeating

98 [HE::’HEIO]A aculeanus F-719
[HES77806] 4. aculeatus CBS 172.667
7 [HES77817] Aspergillus <p. CCF 4046
29| [HES18087] Aspergilius sp. THEM 21069

[HES18085] 4. brunneoviolaceus IHEM 4062
1.4. uvarnm CBS 1275917

1.4, indologenus CBS 114.807
[EF661104] 4. violaceofiiscus NRRL 35541
61| |[HES77804] "o japonicus® CBS 114,517
[HES77811] 4. violaceafiscus CCE 4079

- [HES77803] 4. violaceafiiscus CBS 123.27°T
[EU482434] 4. violaceofiiscus CBS 115571
[HM!

[HES18080] 4. brunmeoviolaceus IHEM 17066
[HES18081] 4. brunneoviolaceus IHEM 1867

- [FI491701] 4. brumneoviolaceus CBS 119.: JD
[EM035489] A, brunneoviolaceus CRI 322-03

[HEG08868] 4. brunneoviolaceus CCF 108

[EF661146] A brumneaviolaceus NRRL 359

[FI491695] *A. fijiensis’ CBS 313,807

[HES18082] 4. brumneoviolaceus THEM 22812

079] A. brunneoviolaceus THEM 4062

1\11356503] A brunneoviolaceus CBS 621.787

[EULS
[EUL50241), [FN
[HES18084] A aculs

[HES18083] Aspergilius sp. IHEM 21060

T[EES"WT] Aspergillus sp. CCF 4046
[FI525444] Aspergilius sp. CRI 32304

[EF661142], [FN504542], [ATO64877] A. aculeatus CBS 172,667
90|[HES78093] 4. aculeanus F-719
[AMA419750] 4. indologenus CBS 114807
[EU482432] 4. vielaceofiscus CBS 115571
[FT491698], [EF661141] A violaceofuscus CBS 123,27
[EF661142] A. violaceofiiscus NRRL 4839
[EU021680] 4. vielaceofiizcus NRRL 35494
[ATOG4873], [FN594551] *A. japonicus® CBS 114,517
100\ [EF661144], [AT582717] 4. violaceofuscus CBS 568.63
[FT491696] A. violacsofuscus CBS 12235
[EF661143] 4. violaceofisscus NRRL 35541
[FR751423] A violacegfiscus CCF 4079
[FI491697] 4. violaceofuscus CBS 102.23

A wvarum ITEM 4683

nmlermm;s CBS 1210607
s THEM 20714

A saccharolficus CBS 1274497

bend 4. saccharolyticus CBS 1274497

ITS, benA, caM

v 100/1.00

82/0.66

60/0.89

CCF 108 ]
61/0.05/ THEM 17066

CB5 11040

IHEM 18675

CBS 31389

NEREL 330

IHEM 22812

CBS 621.787

IHEM 4062

CBS 620 78 Aspergillus sp.
[HEM 20714
FF-306

CBS 121874
— CBS 121872
CBS 1210607 A. aculeatinus

A. brunneovielaceus
(=A. fijiensis)

100/0.95

CBS 121061
63/0.96|CBS 121062

CBS 115570
100/1.00; CBS 172.66"

F-719

CCF 4046
100/0.96 FIHEM 21062 _
CBS 1275017
ITEM 4997
ITEM 4062
ITEM 332
CBS 114.80T A. indologenus

A. aculeatus

Aspergillus sp.

73/095

100/1.00

A. uvarum

NRRL 35541 ]
CBS 114.51

CBS 115571
CCF 4079 (= A. japonicus)

CBS 123.27%T

=]
=]

A. violaceofuscus
100/1.00

o

A niger CBS 554.65T

100/1.00

A. carbonarius CBS 111.267

A robustus NRRL 6362T

M13

I
I

III
III

IV

v

v
v

834t

IIa
IIb

IIIa
IIIb

v

VIa

VIb
VIa
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spora 5 uym, 125 um3

objem 1000 cm?3 (1)

6 600 000 000 000 (6 x 10"3) spor v jedné plodnici

organické hmoty na zemi 1013- 1014 kg

Kdyby vyklicily spory z jedné velké pychavky, tak pozrou vsechnu organickou
hmotu na Zemi

Pychavka obrovska



Upon being stirred, the spores became evenly secattered in the
fluid.  With the counting apparatus, as an average of several
trials, the 01 gram of the fruit-body was calculated to contain
5,245,000,000 spores.  The whole fruit-body, therefore, was caleu-
lated to contain 7,500,000,000,000 spores. The fruit-body had a
small sterile base and a very thin, although imperfeet, peridium,
but a small part of the gleba had been lost by accident. Taking
these factors into account, it seems fairly safe to state that the

puft-ball produced about| 7,000,000,000,000f sporf RESEARCHES
would be liberated by about 4000 good-sized ON FUNGI

AN ACCOUNT OF THE PRODUCTION, LIBERATION,

l};‘ll pl}’ i l;‘trgu (}i;lnt l}uﬂl_bﬂ_,ll W lliCl]J it, i_:'-i EiLi. AND DISPERSION OF THIE SPORES OF HYMENO-

MYCETES TREATED BOTANICALLY

AND PHYSICALLY

almost attain the dimensions of a sheep, is

ALSO BOME OBSERVATIONS UPON THE DISCILARGE AXND

DISPERSION OF THE SPORES OF ASCOMYCETES

organism living on our planet.

A, Ho REGINALD BULLER

BSe (Loxn: Beses (B )s Py (Lew)




e 1 gpudy—800 m aktivhiho mycelia
- 16 km mycelia celkem
e 21 miliont km silnic na celém svéteé (...2 m3 pady)




* Analyza sekvenci z Genbank (90 tis.)

* Rozdéleni na OTU dle 97% podobnosti
sekvenci (hrube koresponduje s druhem)

« 17000 OTU

Kultury, polozky
3516

50%




« Logaritmické rozdeleni
cetnosti druhu

» Jsme schopni studovat jen
vice frekventované druhy

 Omezené zachyceni méne
frekventovanych druhu

« 20000-1 000000 CFU/g
 dalSich 67-81% nelze kultivovat

* 100-1200 OTU na gram pudy




Washed substrate particles
(100-200 pm @)

S t u d i u m d ive rZ i ty mspension in0.6 % carboiymethyl cellulose (CMQ

' }

Centrifugation Lﬁpla{zng 50, 100, 150, 200%
Collection of 0.5 cm pellet | and 300 pl aliquots
with transfertube | (Automated |
. ” ’ |
» envorinmentalni DNA ! | Pocts Sregien

Re-suspension in
20 mi of 0.6 % CMC

« klasické a zdokolané izolaéni techniky

1/20! 1/80
e

Plating 10 pl/well

p gy R
*|solation medium v—'——l - ]
emended with 48-well | Petri, 90 mm @ | | Omnitray |

oxytetracycline
streptomycin l

Plate Preparation for Extinction Culturing

3 and cyclosporinA Incubation Incubation
Manual plate filling with ! ; i ; 14-30 days 5-10 days
peristaltic pump and manifold A tomated application of particle (22°C) (22°0C)

suspensions in 48-well plates

Repeated colony separation
(stereomicroscope)

s e v

One-pass colony selection

Extinction culturing lYM purification plateil rlnocula for fermenlaticﬂ @
« vyvynuto pro pomalu rostouci vodni bakterie (objev mnoha novych druha)

« ,pozorovana diverzita narusta s klesajicim mnozstvim inokula®

* malo pouzito u hub



EXTRACTED DNA

METAGENOMIC APPROACHES

ISOLATES

ENVIRONMENTAL
SAMPLE o
7 Z l'
Targeted Gene Shotgun Metagenome Single Cell Genome
SequenCing SequenCing Sequencing
W W
EE == OOO
— . — —
= B ~o— =
binnin
known genes "all" genes genomes
identity, diversity, functional potential linking phylogeny & function,
distribution, dynamics metabolic reconstruction genome diversification
J -~ -
‘ { { ( { ¢ { i: ( \HJ 5 q\'\
¢ 0t ¢ il Tl \ r :
i ( { S EY O
{ { { { w;"- ol - - O
NN IR @ = O
¢ ¢ P ;,“'ﬂ ol f"‘;— binning to O
¢, ¢' ¢ = o N g metagenome
¢ ¢ ¢ ¢ - AP | assembled
™, f & e 'd

Gene-centric

metabarcoding

metaganomics

genomes (MAGS)
Genome-centric



Metabarcoding

* totalni environmentalni DNA

* PCR amplifikace barcode genu

* moznost paralelizace pomoci Tagu na
primerech, Ci ligovanych na PCR produkt

* nutnost separace jednotlivych PCR
produktu
 DGGE — rozdeli produkty dle sekvence
* t-RFLP
* inzerce do plazmidu E. coli (,klonovani®)
* masivni paralelni sekvenovani







Analyza enviromtalnich vzorku

high-throughput sequencing = next-generation
sequencing, massive parallel sequencing

» 454 pyrosequencing (pferusena podpora)

»

»

»

»

»

»

lllumina (Solexa) sequencing
SOLID sequencing

lon torrent

Helicos

Pacific Biosciences
Nanopore

Sekvenovani jednotlivych DNA fragmentu (PCR fragmenty,
Ci fragmenty genomicke DNA)

Jednotlivé metody se liSi délkou preétenych fragmentu,
chybovosti, cenou...



10000
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0.1

Gigabses per run (log scale)

0.01

0.001

0.0001

0.00001

10 1

Developments in High Throughput Sequencing

J:_ :
e Hiseq X d:,
| 2000/2500
r /HisquﬂD RR
& - NextSeq 500 ﬁ
SOLID /
I L
i
-
GAI
PacBio RS
G5 Junior
N
‘Sanger
Lex Mederbragt (2014) http:/fdx.doi.org/10 6084,/ m9 figshare. 100940
10 100 1000

Read length (log scale)

https://flxlexblog.wordpress.com/tag/ion-torrent/

10000



2020 — lllumina, PacBio, Nanopore

= i

==

llumina FacBio Oxford Nanopore
(Hiseq 4000) (Sequel) (MiInIOM)

Read length Up to 150 bp 10-15kb Lip to 900kb

Mumber of reads 2.95-5 Million 200 K Upto 1M Kontinualni pokrok ve
zlepseni chybovosti
Processing time <1-3.5 days Up to 10 hours ~ & hours
Error rate <1% 10-15% 2-15%

Cost per run ~£3000 ~$850 S$500-3900

Instrument price 900 K F350K 1K

sequence long reads

Advantages Highly accurate  Sequence long reads Portable device



lllumina amplicon sequence library preparation

ization R

ana Lysis

1. DNA isolation

Add sample and lysis  Precipitate
buffer to NucleoSpin contaminants

Bead Tube, vortex
or use homogenizer

2. PCR with barcoded primers (multiplexing)

Bind —Wash —Elute

of Contaminants

Load supernatant Bind DNA to Elute pure DNA
onto NucleoSpin NucleoSpin ready 1o use in

Inhibitor Soil Column,  downstream PCR
Removal Columns  apply efficient

wash steps, dry
the membrane

Primer Forward — e
t ; Amplicon PCR ——— P, p—
Genomic DNA 3 ;. ”me using tailed-PCR primers \H —
S Region of interest ¥ F 1 S
3 5 X /
= e -
Reverse ™ _Primer f f - o
A tag vl g
3. Ligation of sequencing adapters — to attach short » e
oligonucleotides (60bp) to your DNA fragments, these \ - _4
oligonucleotides are used to attach to the sequencing yﬂ‘ - &
flow cell and they are also used as barcode of library ! e

4. Quantification of the library by gPCR — to quantify of
the exact amount of ligated fragments

AMPure XP bead purification
| /
l .

Quantification, Normalization, Pooling

l

Sequencing (lllumina MiSeq)

Y

T. Vetrosvky



Metabarcoding

Minimalizace PCR bias a vlivu DNA extrakce
- vice nezavislych DNA izolaci a PCR reakci
- menSi pocet PCR cyklu
- polymeraza s mensi chybovosti

odstranéni chybnych sekvenci (tzv. denoising) a chimeér

klastrovani sekvenci do OTU (€i MOTU) (dle % podobnosti Ci jinak), nejCastéji
97%

Klastrovaci metody se znacneé lisi, takze | neklastrovana data

pritazeni dilezitych MOTU do druhu (Blast)



Amplicons pipeline workflow T. Vétrosvky

input data

(paired-end FASTQ files) TGS (PP S 2

quality filtering

demultiplex samples,
orient sequences
and remove primers

i, I DNA sequencing remove too short and too long sequences

clustering to OTUs
and removal of chimeric sequences

samples properties

getting the representative construction of
sequences from the clusters OTU table

normalize (subsample) all
samples to the same
number of reads

create Identification of normalize table by 16S copy number
phylogeny tree OTUs and by sample size

\_

\

beta diversity estimates alpha diversity
metadata

(Fast Parallel UniFrac) estimates

analysis with R phyloseq library




Home

Install
Tutorials
Scripts

Help
Resources
File Formats
Workshops
Blog
Developer
Citing QIME
® Forum

cumentation
Search

Quantitative Insights Into Microbial Ecology

What is QIIME? ==

QIME™ (canonically pronounced chime) stands for Quantitative Insights Into Microbial Ecology.

QIME 2 has succeeded QIIME 1 as of January 1, 2018. QIIME 1 is no longer supported at this time, as development and support
effort for QIME is now focused entirely on QIME 2. For more information, see our blog post: QIME 2 has succeeded QIME 1.

QIME 1 users should transition from QIME 1 to QIME 2. If you're new to QIIME, you should start by learning QIME 2, not QIIME 1.

This site documents QIME 1. To learn more about QIME 2, see hitps://giime2.org.

QIME is an open-source bicinformatics pipeline for performing microbiome analysis from raw DNA sequencing data. QIME is designed to
take users from raw sequencing data generated on the lllumina or other platforms through publication quality graphics and statistics. This
includes demultiplexing and quality filtering, OTU picking, taxonomic assignment, and phylogenetic reconstruction, and diversity analyses
and visualizations. QIME has been applied to studies based on billions of sequences from tens of thousands of samples.

Getting started with QIIME

Installing: The quickest way to get started using QIME is with MacQIME (if you're running Mac O3S X), the QIME VirtualBox or the QIME
Amazon EC2 image (if you're using Windows, Mac OS X, or Linux), or pip (if you're using Linux or Mac OS5 X). See the QIME install
documentation for details.

Running: Once you've installed QIME, move on to the QIME Tutorials. The lllumina overview tutorial or the 454 overview tutorial are good
first analyses to run. In each of these tutorials you'll download a small data set and work through a series of commands that will introduce
you to some of QIME's commonly used features and analyses.

Getting help: For help with QIME, see help.giime.org. For getting started on interacting with the command line, we recommend the
Software Carpentry lessons and workshops.

QIIME scripts: The QIME script documentation will help you explore and learn QIIME's functionality.
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TN sEeD2 - sequence editor and pipeline for Windows XP/7/8/10

SEED 2: a user-friendly platform for amplicon high-throughput sequencing data
analyses

SEED2 is a free to use graphical user interface-based sequence editor and NGS data analysis pipeline for all
Windows platforms with 64-bit architecture designed to guide users intuitively through the data analysis
workflow. SEED2 was created to provide an intuitive interface for fast bioinformatic analysis of PCR amplicons
from NGS (such as the bacterial 165 or fungal ITS amplicons) according to the suggested workflow. SEED2 is
fully optimized for lllumina data and has the capacity to process whole lllumina MiSeq run on a standard
personal computer with 16 GB RAM. The pipeline has a wide array of functions including the editing of
sequences and their titles, sorting, quality trimming, pair-end joining, grouping of sequences based on
sequence motifs or titles, batch processing of sequence groups, chimera removal, ITS extraction, sequence
SEED2 alignments and clustering, OTU table construction, construction of consensus sequences, creation of local
databases for BLAST and searching within them or in the whole NCBI, retrieval of taxonomical classification
from the NCBI, calculation of diversity parameters. Newly, it also covers tools to construct and edit
TUTORIALS phylogenetic trees. We believe that the pipeline is not only useful for processing of high-throughput amplicon
data, but also for fast and easy editing and formatting of any large sequence datasets under the Windows
environment. The latest version of SEED2 is Seed2.1.1_64bit.

DOWNLOAD SEED

ARCHIVE
SEED2 PAPER

@§ FASTA FILE(S): ITS_joined [SeqCount: 211198 Ambiguous: 0 Min-len: 50 Max-len: 560 Max-qual: 0 Min-qual: 100] = L=
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GUI based alternative for Windows

(http://www.biomed.cas.cz‘mbu/lbwrf/seed/)

Hiumina data
(R1 & R2 fastq)

text files..

Use quality filtering and sequence

Group sequences by sequence motives or title P P TP trimming to chean you dataset...
motives 1o enable 2 batch sequence procesting.. fungl and other eukaryotes 1o make m\
f \ analyies more accurate. yi

Remave chimeric sequences
from the whole dataset or each
selected sequence group

Create and export OTU table.

Create consentes of chusters by aligning the sequences...

I i

Calculate diversity indices and compute rarelaction
curves to estimate diversity in your samples...

Construct and edit evolutionary trees.

-

Identify closely ma

by searching in cu

databases of GenBank and retrieve
full taxonomy of the hits...

tching sequences | =—
rstom made local —_—

Vétrovsky, Baldnan & Morais (2018) SEED 2: a user-fnendly platform for amplicon

high-throughput sequencing data analyses. Bioinformatics, bty071, 2018

SEED 2: a user-friendly
platform for amplicon high-
throughput sequencing data
analyses

editing of sequences and their titles
sorting

quality trimming

pair-end joining

grouping of sequences based on
sequence motifs or sequence titles
batch processing of sequence
groups

denoising

chimera removal

ITS extraction

sequence alignments and
clustering

OTU table construction
construction of consensus
sequences

creation of local databases for
BLAST

searching either local databases or
the whole NCBI

retrieval of taxonomical
classification from the NCBI
calculation of diversity parameters
many more...



* Nedokonéeny PCR produkt z pfedeslych PCR cykli muze fungovat jako templat v nasledujicich
PCR cyklech. Mozny vznik chimer..

« Castetné je Ize odhalit pomoci po¢. program( (Chimera check)

NN S —.

Prerusena extenze

\ 2

R ———.

Casteény fragment

slouzi jako primer a

muze nasedat i na

‘l' DNA pribuzného
druhu

Dokonceni extenze

Chiméra

Haas B J et al. Genome Res. 2011;21:494-504



Distribution of 325 Blast Hits on the Query Sequence &

|Muusa-cn.rer to show defling and scores, click to show alignments |

Color key for alignment scores
<40 40-50 50-80 80-200 »>=200

au ey I ———
| | | I | | |
1 100 200 300 400 500 600

Figure &. An assembly chimera. The black dashed lines indicate breaks in the BLAST alignment and
should always be taken to mean that manual examination is needed.



 Klicova role klastrovani T. Vétrosvky

Clustering to OTUs

OTU (Operational taxonomic unit) group of similar sequences grouped based on some
similarity threshold usually 97% similarity (16S, ITS) represents Species

Heuristic

- comparison of each sequence with representative sequence (,seed”) _
- depends on sequence order

Hierarchical
- comparison of each sequence with each other (tree contruction) _

Model based

- probabilistic, iterative
- uses more information than the sequence identity -



Clustering to OTUSs (hierarchical vs. heuristic)

'Ground truth
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Hierarchical clustering

» is able to identify the real clusters (ideally)

Hierarchical

» computationally expensive

X
Heuristic clustering

» computationally cheap

T. Vétrosvky

Heuristic o -

Algoritmy
UPARSE

USEARCH
CROP

« often generates artificial clusters (overestimated diversity)

Sun et al. Brief Bioinform. 2012 Jan; 13(1): 107—121.



Jde to i bez klastrovani - amplicon sequence variant (ASV), tedy kazda unikatni

sekvence je pouzita ja taxon

Clustering-independent methods (DADAZ2)

Frequency

Comparison of sequence variants inferred by DADA2 with OTUs constructed by UPARSE.

a b c \
g o Vs. UPARSE
3 ‘oo oB . o g e Added
S 1x1072], # “ﬁaﬂu%g E @FB : . Lost
2 g ?m{,tbu i @ a iD o? o ®Same
= & : Accuracy
§ i : a"“gcf’ : e adke o Reference
3 1x10 o ; 93&: a Exact
g : A%a@fﬂ 2 méaﬁzﬁ, a® % x One Off
= E % A | T ARA o _, b * Other
1 10 100 10 100 10 100
Hamming (log scale) Hamming (log scale) Hamming (log scale)

b 140 L. crispatus sequence varants in the
1.004 ! | PR human vaginal community during

o 10 .h' pregnancy.
0.75 ! Variant = { *°%, s DADAZ2 identified six L. crispatus 165

e L1 ] - o rRNA sequence vanants presentin
L2 O{s e -, multiple samples and a significant fraction
| ] 0 L1 1 of all reads.
0.50 Ml €y
L5 { e (a) The frequency of L1-L6 in each
0.95 L6 . N sample. Black bars at the bottom link
7 - . . samples from the same subject.
19 wie % o (b,c) The frequency of (b) L1 vs. L2 and
0. Olm_o so o o aned, (c) L3 vs._ L1, by sample_The dashed line

........................ 0

L1

1

indicates a total frequency of 1.

Callahan et al. Nature Methods volume 13, pages 581583 (2016)

T. Vétrosvky



Analyza enviromtalnich vzorku
metabarcoding

Sekvenovani barcode markeru z env. vzorku
ITS region (ITS1, ITS2)
Mnohokopiovy marker, problem s kvantifikaci
Vnitrogenomova variabilita
Rozdilna delka mezi taxony
Alternativni markery, RPB2, TEF1a, ....
- jednokopioveé markery
- Problém s univerzalnimi primery
- Specifika PCR s degenerovanymi primery
- Absence alternativnich markeru v databazich
- Problém s introny o

RESOURCES
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Figure 3 Phylogenetic assignment of bacterial, fungal and cbhl
sequences from Picea abies forest topsoil. The data represent

:an values from four study sites. (a) Bacteria, (b) f . : : e
(c) cbhl soquences. (@) Bacteria, (b Tur pctive and total microbial communities in forest
soil are largely different and highly stratified
during decomposition
Petr Baldrian', Miroslav Kolafik', Martina Stugsovéi, Jan Kopecky?, Vendula Valdskova',

Tomas Vetrovsky', Lucia Zifcakova®, Jaroslav Snajdr?, Jakub RidI®, Cestmir Vlgek®
and Jana Voriskova?



ITS rDNA

. Odlisna velikost 500-900 bp
. 10-200 kopii na genom

*  vnitrogenomova variabilita

° 3%

« >3%

Sangerovo sekvenovani
AGGC GCAAG CAGGC GAAA

=) 1 OTU

NGS

[escc_ ccaac cacee caaa
AGG AG CAGGC GAAA
AGGC GG CAGGC_ GAAA

AGGC GCAAG CAGG GAAA
AGGGG G CAGGC GAAA

== 4 OTU
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TapLE II. Number of er‘z}ﬂrm'us OTUs based on cloned
and consensus [TS sequences from culmures of six
er‘z'jf;r::-?'m- 5prrr:irr5

o Number of Laetiporus OTUs observed
Percent similarity

used to deline Consensus ITS Cloned ITS
OTUs sequences sequences

90 % 7 20

95 % 7 20

97 % 7 21

98% 7 28

99 % 7 35

100% 16 338

Mycologia, 103(4), 2011, pp. 731-740.
©'2011 by The Mycological Socicty of Ar

Intragenomic variation in the ITS rDNA region obscures
phylogenetic relationships and inflates estimates of
operational taxonomic units in genus Laetiporus

Daniel L. Lindner! spacer region, in
Mark T. k drive, sulfur shelf




data z primého sekvenovani (direct sequencing, Sanger)
nejsou identicka s
daty z ,,amplicon sequencing

klonovani)

LINDNER AND BANIK: VARIATION IN LAETIPORUS

Laatiporus sulphuress EUS02561

Lastiporus suiphurows EUL02562

s ELMOZ565

Lasstiporus suip!

@ suiphumees EUA02566

Laatipo

(3 ape|)
snaunydmns
sruodiee]

Lasliporus suiphurews EUM02567

y

SIsUBILOI
snuodnee]

Laahpons huromonsis ELMDZSTS

S | afpanss hurcnianals ELM0ZSTZ

o

Lanfpans hurcniensls EL40Z

Laafpanss huromansis EL40ZE6S

Lawtiporus confericols EUA0ZSTS

Lawtipanus cantoricoin ELMDZSTS

GOUBILIOD
m'ode_ﬁaej

Lastiparus cantoricoia ELMDZETY

100

E|
[

Laefiporu sp. ELA02548

2
S
Walfpods diathyphs EUM02SSS | & S
Wkt cilatohyphe EUM02556 3%
B
>3
o

Lasfiporue sp. EUA02547

Laafpars gibertsond ELMOZS4T 995‘
Lasfiporws gibertsonn ELMOZSS0 l=2]
=3
Lastiporus gibertson var. paiidus ELM02552 %G
Lawdiporus pibertsoni var. peiths ELA0ZSSS g 2
Lasfiporus cihcinnats ELA0ZEES % 5 =0
100
Lantiponss oo s Euanesss | 9, @
5=
Lawtiporus cincinnatus EU402857 | 5 .8
o
Lawtporus chocinnatus EUatzsen | = =
@

0.05

(r =pei0)
'ds snuodjae]

Fic. 1. Maximum likelihood phylogeny of Laetiporus isolates based on consensus ITS sequences from 22 cultures of six

Laetiporus species and two cultures of Welfiporia dilatohypha. Each sequence is labeled with the corresponding GenBank
accession number, and species clades are indicated with vertical black lines. Bootstrap values greater than 70% are reported

above branches.
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Fic. 2. Maximum likelihood phylogeny of cloned ITS sequences from 1399 clones derived from 19 isolates of six Lastiporus
species and one Wolfiporia species. Species clades based on consensus sequences are indicated with vertical black lines. Gray
arrows indicate the position of cloned L. dreinnatus ITS sequences that fell outside the Lo cincnnatus consensus clade.
Bootstrap values greater than 70% are reported above hranches.
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Table 2 Identification of the thirty most abundant OTUs in spruce forest topsoil using I'TS and rph? as alternative mol ecular markers. The identity was assigned using BLASTN (for
ITS) or tBLASTX (for rpb2). The percentage similarity of protein sequence is given in the case of rph2. The taxonomic classification to Ascomyeofa (A) and Basidiomyeota (B) is marked

s rpb2
Acoession Ablmndance
Identification number Similarity (%) Coverage (%) Abundance (%) Identification Accession number  Similarity (%)  Coverage (%) (%)
Piloderma (B) JOF11958 97 100 10.6 Lactarius (B) DB 28 98 9 29
Lachnellula (A) EC 464638 98 100 7.0 Lactarius (B D051 28 98 9 133
Muycena (B) EF(@3152 100 100 6.2 Ceramothyrium (A} AY485617 ] B "2
Cenococcumt (A) AMOBT24 99 100 4.4 Rasamsonia (A) JOP 29654 97 9 4.3
Marasmius (B) FR717227 99 97 4.1 Lactarius (B D051 28 @ L] EX
Cladaphialophara (A) EF01&381 Q7 100 38 Huydrapus (B) DOE7 2722 71 a2 35 -
Russula (B) HM189931 99 100 29 Albotricha sp. (A)  AB4E1347 98 % 32 c
Huygraphorus (Bl JFR08073 100 100 25 Piloderma (B) GUIBT797 99 kel 24 E
Melinfiomyees (A) HQI57837 100 100 24 Ceramothyrium (A)  AY4E5617 a2 A 3 :‘}"
Tlospora (B NS489 100 100 24 Gymmnapus () DCE7 2716 L) 97 1.7 =
Tricholonma (B) AB03659 99 100 1.8 Cudomia (A) ANHTG3 @ « 1.4 9]
Uncultured (Trechizpora) (B) - FJ475683 99 100 1.8 Tyrannosorus (A)  DO4TORZE 74 52 1.4 o
Cladaphialophara (A) EF01&381 Q6 100 1.5 Veluticeps (B) HM536125 a2 100 =1 E
Ascomycete (Seyfalidium) (A)  GUDGTT46 Qq 100 1.5 Umbelopsis* D757 [} L =1 E
Inocybe (B) AJRE9955 99 EL] 1.5 Ellizenthia (4) DA 79 g =1 z
Lactarius (B) JOF12010 99 100 1.3 Miecrabotryum (B) DOTFEHES Q) 9 =1 =
Rhizoscyphus (A) JOF1179% Q6 100 1.3 Martierella D275 a2 100 =1 -
Lyoply @ (B) HEB193% 99 45 1.3 Microthyrium (A)  GUIT17H el ke =1 =
Lachnellula (A) ABE1245 98 100 1.3 Microbotryum (B)  DOVES9ES A ke =1 Z
Xerocomus (B) HOQX76% 100 100 1.1 Spirones* D327 54 ke =1 IE
Cadaphara (A) ABRA058 Q7 B7 =] Micrathyriun (A) GU3T173 78 sl =1 4
Rhizoscyphus (A) JOr 83 95 100 =l Huydropus (B) D772 71 62 =1 bt
Mortierella JO2T248 99 100 =1 Murtierella D75 95 9 =1 g
Anmnifa (B) EF493271 100 100 =] Martiere lla* D275 TR 9 =1 w
Melinfomyces (A) HQ15726 99 100 =l Ceramothyrium (A)  AY485617 2] ke =1 =
Leptodontidiun (A) GUeT7IE 96 100 =l Martierella D27 92 B =1 ]
Exophiala (A) HE&D5215 87 100 =1 Trichopeziza (A) AB4E13ED 98 98 =1 b
Tylospara (B) JM945895 Qq 100 =] Coprinapsis (B) KMIEFNES 10 a3 =1 ;“
Uncultured (Leptodonfidium)  HM488455 100 100 =l Gyminopus (B) D727 16 ] 9 =1 i
Uncultured { Rhodosporidium)  FJ475820 100 62 =1 Murtierella D75 @ =1 ;
HOTU's with low similarity to known fungal sequences were placed into basal fungal lineages of uncertain position based on the phylogenetic tree. E
o
2
@

Table 3 Comparison of the representation of major fungal groups in the mock cmmunity and in the sequence data sets obtained with
ITS and rpbZ2 as molecular markers

ITS rpb2
Mock community  Species detected OTUs Reads (%) Species detected OTUs Reads (%)
Basidiomycota 83 (638%) e (6345 A5 F45%) Q0.0 68 (F0.1%) 133{(75.1%) a2.9
Ascomymita 42 (323%) 32(31.7%) 62 225%) 86 5 (5E%) (%) 353
Mucoromycotina 5(3.9%) 50(49%) 8 30%) 14 4(41%) 6 (34%) 1.8

and Mortierellomycotina
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Fig. 1 Abundancee of sequences and OTUs at the level of fungal dass identified from the ITS and rpb? data sets. (a) abundances of
fungal classes, (b) relative composition of fungal communities based on sequence and OTU counts. The thin bars in the panel B use red
lour to indicate the Ascomyaota, blue for the Basidiomycota and green for other fungal lineages.



Moznost kategorizovat OTU (ci ASV) dle
ruznych kategorii (ekologie atd)
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Vyuziti metabarcoding dat pri studiu biogeografie...
* Nejsou jednotna pravidla na deponovani NGS dat

« MG-RAST
* NCBI Sequence Reaed archive (SRA)
* Dryad

« velmi Casto nikde...
» Lze vyhledavat jen v ramci jednotlivych datasetu

metagenomics analysis server

RRRRR

tool (Letunic and Bork, 2019). Data were deposited in the MG-RAST
database under accession number mgp91984 and in NCBI Sequence
Read Archive (SRA) under BioProject accession number
PRIMAB39228. Processed data (extracted IT52 reads) were depos-



Vyuziti metabarcoding dat pri studiu biogeografie...
« https://globalfungi.com/
» Actual number of samples in database 20009; Studies 207. Number of ITS

sequence variants 119566862; Number of ITS1 sequences 416291533;
Number of ITS2 sequences 231278756.
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https://globalfungi.com/

Vyuziti metabarcoding dat pri studiu biogeografie...

» https://globalfungi.com/
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Vyuziti metabarcoding dat pri studiu biogeografie...
« https://globalfungi.com/
 Moznost hledani pomoci algoritmu Blast

A Home

Search by sequence!

Q, Taxon search

E Sequence search
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https://globalfungi.com/

Analyza enviromtalnich vzorku

Metagenomika, metabolomika,
metatranskriptomika (,,omics®)

Sekvenovani barcode markeru z env. vzorku
ITS region (ITS1, ITS2)
Mnohokopiovy marker, problem s kvantifikaci
Vnitrogenomova variabilita
Rozdilna delka mezi taxony
Alternativni markery, RPB2, TEF1a, ....
- jednokopioveé markery
- Problém s univerzalnimi primery
- Specifika PCR s degenerovanymi primery
- Absence alternativnich markeru v databaziclt
- Problém s introny

MOLECULAR ECOLOGY
RESOURCES

The rpb2 gene represents a viable alternative molecular
mar i






Mol. Tax. metody — sekvence DNA

Chromatogram z automatického sekvenatoru
10 80 90

¢ G I € T I I G C G € & C t T 6 C G C

=

sekvenovani

PCR amplifikace Q&MM

» koneéna sekvence je prumérem vSech PCR produktu (problém u heterozygotu)

* moznost sekvenovat jednotlivé kopie (klonovani, masivni paralelni
sekvenovani)

*nebezpedi vzniku chimér pfi PCR ze smési DNA templatu



smeésny vzorek Ci vice alel nebo vice mist nesednuti primeru

primer multiple binding - Chromas

File Edit Options Help
iﬁ -'.'-_E \! a "hH H i '
Open Export  Print = Next Find j Sample: O

10 20 30 40
TCHNNTGNTHCCGGGCN TTTGGNHNGNCCNNRNTTA TTCCHGTHN ¢




Dvojity signal od urcité pozice. Typicky diky pritomnosti stejného PCR produktu s jinou
sekundarni strukturou. Casto v mistech bohatych na G/C Ci na A/T.

compression - Chromas
File Edit Options Help

Expor

=

Print

MNext

4
Find

sample: pl

1
C
N

CTi

T

C
-

[

[

[

220
': ':G G T il'l-': A Al

II

'l

230 240
THANCHNCHGGNC ANNNTA AHNTHC
"

1




PCR homopolimernich usekt muze diky ,slippage” — sklouznuti, produkovat variabiltni
délku téchto useku.

polyT - Chromas
File Edit Options Help
] r

@ L ¥ i N
Open Export  Print | Next Find
170 180 190 5 200

Sample: K,




« typicky u heterozygotl — napf. u dikaryotickych bazidiomycetu

wobbles (superimposed base calls)

mixed base - Chromas Ei@@

File Edit Options Help

= - A -4
e e E:}ﬂﬂﬂ C 0] o I ) Sample: 4-
130 140 150 160
I TGGCCCAGTG AANTGCGAGATTCCCCHACCCACAAGG AGCAG A
i
R ==>{AG} - purin
Y ==> {CT} - pyrimidin
M ==> {AC}
K ==>{GT}
S ==>{CG}
W ==> {AT}
H ==>{ACT}
B ==> {CGT}
-1 V==>{ACG}
D ==> {AGT}
N ==>{ACGT}




necisty ¢i degradovany primer

N-1 - Chromas

File Edit Options Help
el V& | N N _ =
Export  Print = MNext Find i Sample: A'

140 150 160 170
L TCTCT CT TTACCAAT TANGGTAGT TCCCATCGAGTCTCTGCAC




* Vizualni inspekce chromatogramu

« Sekvenci ¢teme (sekvenujeme) z obou smért

40 a0
A0 o o AT C T T a ©C T G & G T T & .

_______________________ Iy il

- R e A




Posledni moznost je hledani podezrelych pozic v alignmentu

Publikujeme pouze spolehlivé sekvence

il wersion  [Home mode] - [Assembly window big BATCH ASSEMELY - Mismabches: Z00]
A ) Rl s Wew ) Search o Ede T Contig [} Chromatogram E window ) Helo  E1] Beba bester

TGACTGACETT C6 6 ATTCGCCCT IG IAATGETCTGEEIT EAEGA GT:EIEM TAT TTATTCATAGTTGTAGTTGREAG EAHE‘EAAEIrTGrTAacH,J-A,:c

GT GACTGACGTITCGCGAT TCGCCC T TGTRAATGGTCT GGCT TAGALGATGT ACTI[ATNT AT AT T CATAGINGT AGTTGCAGELARCT CAA]

BGARCT TACGGCECGAT TCGCCCTTRTAATGETCTGGRCT TAGACGAT GTACTICAETACT T BT TCATAGTAGTAGIEGCAGTEAARTTCAARC

TEEATCTEMGTCECGAT TEGCCCT TR T - ATGETCTGEGCTTAGACGATGT ACTICIAETAET TAT TCATAGTAGTAGTEGCAGTIRAARETCTAC

EGEETETECCGTCECGAT TCGCCCTTETRAATGETCTAGGCTTAGACGATGT ACTICIAETAET TAT T CATAGTAGTAGT T GCAGRTARETCEAC

BEGET CECCaGECECGAT TCQCCCTTRT AT GETCTGaCT TAGACGATGT ACTICARTACTTAT TCATAGTAGTAGTIEGCAGRCAACT CAL (]

BAET CEA LG GTCE CGAT T G C T T T RAAT GG T CT GG T TAGACGATGTACTICIACEITARCCWT TCATAGTEGTAGTRGCAGETIAALCT CHEACJ

TEGACE G E GE CE CE G AT TCG CC T T e TRAATGGETCTGGC T TAGACGATGTACTICIACITAC T TATTCATAGTAGTAGTEGCAGEAALARCT CHAC

A EC T ECGECECGAT TCGCCCT TR TRAATGGEGT CT GG C T TAGACGATGT ACTICACEITACT TAT T CATAGTAGTAGTTGCAGTETARCTCEAC

TEAT TG CGRCCRCGAT TCRCCCTTRTRATGGT CTGACT TAGACGATGTACTICAEITACTET AT TCATAGTAGTAGTEGCAGTAARCTCT A (

TGTICEAAGTCECGAT TCGCCCT TGTAATGGETCTGEC T TAGACGATGTACTICAETACTTAT TCATAGTAGTAGTEGCAGTCEARCTCRAAC

AGATTGEAGTCEEGAT TCECCCTTGT - ATGETCTGECTTAGACGATGT ACTICAETAETTAT TCATAGTAGT AGTEGCAGEEAATTCAAC

1 2 a " B & 1 = El

TCGCCCTTRITRATGETCTGGCTTAGACGATGT ACTIE[aBlTACERGT TCaTaGTRGTAGTEGCAaG BMaAET CFlad

« 2
~

Fraw mnlLﬂFmImmul 4 I 3 '._"f |;
- -
- [ ] =

GASCTT ACE G CECE AT T CGCLCT TG T84T GEGTCTEGE TTAGACGATGTACTCAC TAC TTG T TCATAGTAGTAGTCGEAGE TIMAA] TCAACTETEE TAACA
L}

ATTAR

FBGATAI G AGT CO M ATTCBECCT 1GT AT GGICTGEE T mﬂpcsum:.ms:.cmrn TAT TCATAGTAGTAGTC GCAG TAAACT CTACTCTGCT

TATCAAT

s N LA L L L L L L L L L LA L L L L L e L LA LL L LLLL
GGICTGCLG T C6 06 ATTCGCCCT TG Tas 'GGIE‘TGGETI;EAEGDTGT;CIE;}ET&CI'QTTC-:\TQGT;:EI.:G'IGCQGIT&..‘.ETEE-&CTIIGII;nCE-ﬁIT.ﬂAI




>Gfla_u67
gcggagggatcattatcgagttacaaactccaaacctttgtgaacataccac
>Gfla_u334
gcggagggatcattatcgagttacaaactccaaacctttgtgaacataccac
>GTtla_ul34
gcggagggatcattatcgagttacaaactccaaacctttgtgaacataccac
>Gfla_u212
gcggagggatcattatcgagttacaaactccaaacctttgtgaacataccac
>Gfla_u302
gcggagggatcattatcgagttacaaactccaaacctttgtgaacataccac

#NEZUS

BEGIMN DATA;
DIMENSIONE MNTAX=5 NCHAR=5Z;
FORMAT DATATYEPE = DNA GAP = - MIZSING = 7;
MATRIX
"Gfla Ue7" goggagggatoattatogagttacaasactocasacctttgtgaacatacoac
"Gfla_ U334" geggagggatoattategagttacaaactocaaacotttgtgaacatacoac
"Gfla Ul34' goggagggatoattateogagttacaaactocsaacotttgtgaacataccac

"Gfla UZ1Z' goggagggatoattatogagttacaasactocaaacctitgtgaacatacoac

"Gfla U30DZ" geggagggatoattategagttacaasactocaaacotttgtgaacatacoas

END;

5 52 T
Gfla_u67 gcggagggat cattatcgag ttacaaactc caaacctttg tgaacatacc
ac
Gfla_u334 gcggagggat cattatcgag ttacaaactc caaacctttg tgaacatacc
ac

Gfla_ul34 gcggagggat cattatcgag ttacaaactc caaacctttg tgaacatacc
ac

Gfla_u212 gcggagggat cattatcgag ttacaaactc caaacctttg tgaacatacc
ac

Gfla_u302 gcggagggat cattatcgag ttacaaactc caaacctttg tgaacatacc
ac

formaty sekvenci

- FASTA (*.fas)

- PHYLIP (*.phy)

- NEXUS (*.nex, *.nxs)

- GenBank (*.gen, *.gbn)

editory sekvenci
- BioEdit
- DAMBE
- SeaView
- MEGA
- Geneious...

PHYLIP



Alignment DNA sekvenci

http://portal.matematickabiologie.cz/index.php?pg=analyza-genomickych-a-proteomickych-dat

* Pfirazeni homolognich pozic srovnavanych sekvenci
» Spravné prifazeni sekvenci je nutné k odhaleni jednotlivych mutaci

* delece Ci inzerce (=indel) je oznaCena mezerou (gap)

Phaeod
Oph3
Leaf

lhielavia
1aet.oniun
Lalophora

P,nustea
-ONSEnsus

Phaeod
Oph3
Leaf

[hielavia
1aet.oniun
Lalophora

P.nustea
-ONSEnsus

1 10 21) 30 di) 41 B0 10 80 90 98
| } } } i i i i i i |
ATCATTACAGAGT TGCARARCTCCCARACCCA=-TGCGTACATACC==GTGTCGTTGCT TCGGCGGGETRLG=m————— CCTCCCCCC=-=-GOGGGGTG
ATCATTACCGAGTTGCARARCTCCCARARCCACTGCGTACGTACC==ATGTCGTTGCT TCGGCGGGECGCCAL === CCTCCCCCCCGGOGGGGEG
ATCATTACAGAGTTGCARAARCTCCC-ARACCATTGTGAACGTCACC=-GTATCGTTTCTTCGGCGGGEGGETCC == CCACCCGGGGCCGOGE
ATCATTACAGAGTTGCARARCTCCCCARACCATTGTGAACCTACCCTCARCCGTTGCTTCAGGCGGLEGGGCCC=-GGGCCTCACCGCCCGGACGCCCEE
ATCATTACAGAGTTGCARAACTCCCTARACCATTGTGAACGTTACCTARACCGT TGCTTCGGCGGLEGGECCC-GRGGTTTACCCCCCGGG==-CROCT
ATCATTACAGAGTTGCARAARCTCCCTARACCATTGTGAACGTTACCTACACCGTTGCTTCGGCGGLEGGECCCCRRGGTTTACCCCCCGGG=GCGOCT
ATCATTACCGAGTTGCARARCTCCCARACCCAC-GCGTACCTACC==TACACGTTGCTTCGCGGTGCCGCCGCOGRGG====GGTGCLL=m—m——— AGCTG
ATCATTACAGAGTTGCARAACTCCCaARACCA, LGeGEAC, Tact, ..., LCGTTgCTTCOgebghl , Gee . gpg. .y 0o LOC, pg . 2. 20, 8

19 108 196
| } } } i i i i i i |
CGECCCCGRCCCGCGAGLEAGCCCGCCAGAGGT==-CTAAA=CTCTGTATCTCAGCGAGCTGTCTTCTGAGTAT-CTTGARAAATCARGTARARACTTT
CGGCCCCTRCCCGAGAGGGGLCCCGCCGGAGGT=-CTAAA=CTCTGTATCTCAGCGAGACGTCTTCTGAGCAT=-CTTGAARARTCARGTAAAARACTTT
CTACCCCTCACGGGGTGGCAGCCCGCCGGAGGCGTCGAAA=CTCTCAGCATCTTATGGCA=TCT=CTGAGTAA=CT-TACAAAATARGTTAARACTTT
CCAGRCCCCTCGOGG=GGC-GCCCGCCGGAGGTACCCAAA=CTCTTGAATATATATGGCC-TCT=CTGAGTCTTCTGTACTGARTCAGTCAARACTTT
CTGGGCCCCACCGOG=-GGC-GCCCGCCGGAGGTCACCAAR=CTCTTGATAATTTATGGCC-TCT=CTGAGTCTTCTGTACTGAATARGTCAAARACTTT
CTEGECCCCACCGOG=GGC-GCCCGCCGGAGGTCACCAAA=CTCTTGATAATTTATGGCC-TCT=-CTGAGTCTTCTGTACTGAATARGTCAARACTTT
CTEGECCCCCCOG===GGRCACCCGCCGGAGGCCACTAAARCTCTTTGTATCTCGCGTAC==-CATCTGAG==--CGAATGGCGARTAATARARACTTT

Ctggellecclep, g, bby , GCCCGCCGGAGGE., ,CEAAA,CTCTELAL kL, , ,ppoc, LCELCTGAGE &, CE, L4, , .23, aAgTaAARACTTT
Ukazka vystupu z programu BioEdit

118 128 138 148 158 168 178 188




*Provedeni alignmentu je zatiZzeno nejvétsi subjektivitou ze vSech krokl pfi
zpracovani sekvencnich dat

SegA GARFIELD THE LAST FA-T
SegBP GARFIELD THE FAST CA-T

SeqgC GARFIELD THE VERY TFAST

SeqgD

—— e s S

THE —---- FA-T

CAT

CAT
CAT



Pairwise alignment - porovnava jen dveé sekvence v jednu chvili.
Rychla metoda, ktera dobre najde podobné sekvence o podobné délce
(vyuziva se pfi hledani podobnych sekvenci v databazi)

Multiple sequence alignment — porovnani vice sekvenci najednou, naro¢ne,
kvalitni. RUzné metody (progresivni, iterativni, strukturalni)

local alignment (Smith—Waterman algorithm)
dobfe hleda motivy podobnych usekl mezi useky variabilnimi
(pokousi se nalézt podobné useky v sekvencich, nemusi nezbytné nalézt

nejlepsi alignment celych sekvenci) clobal FTETALILLAVAY
o2a

F——TAL-LLA-AV
global alignment (Needleman-Wunsch algorithm)

rychlé pro podobné sekvence o podobné délce
(snazi se najit nejlepsi alignment celych sekvenci)

Local FTEFTALILL-AVAV
-—FTAL-LLAAV-—-

Gap open penalty, Gap extenstion penalty — moznost penalizace za vClenéni a
rozsireni gapu, zveétsujeme kdyz neoCekavame introny, indely




Structural alignment - alignemnt s prihlédnutim na sekundarni strukturu

« alignemnt proteinl muze zoohlednit i jeho tercialni strukturu
 IDNA Ize alignovat dle sekundarni struktury (napf. 4SALE)

Ol disiigiishing ?«fmewewa

specles

Allermative software;

‘VZ‘{I’Y " Miold, RNAfold
. : * Marna, RNAforester
’GBEAﬂalyzer Pﬂ::-fDlstS HF  NJplot

(-.)
ACET
T 4# -
1
SALE*® [NG=T ©
T E iy~
] P4
| > 5|2 TS2-Database
Search Predict Custom  ; HMM
Structures Etmmure Madeling . :  Annotation
ACET

_—

CBl/New Sequences




« alignment protein kédujici sekvence proteini musi respektovat kodony)

Sekvl
Sekv./
Sekvl

Sekvl
Sekv/
Sekvl

el
el
el

NCGG
GGG

CGG

GGGACA

R

TAA

CA
TAA
ACA
CCA

GATCG
GATTT

R

GATCG

GATCG
GATTT

GATCG

A
A

A

A
A

A



PohodIna volba parametrt v on-line programech

- Rada strategii a programd.
* Nejpouzivanéjsi: MAFFT, MUSCLE,T-Coffe, ClustalW

MAFFT version 7

Multiple alignment program for amino acid or nucleotide sequences

Download version
Mac 05 X Submit Reset
Windows
Linux
Source Advanced settings
Online version
Alignment
mafft ——add SOE
Auto (FFT-N5-1, FFT-NS-2, FFT-NS-i or L-IN5-i; depends on data size) Updated

Merge
Fhylogeny
Rough tree
Merits / limitations
Algorithms
Tips
Benchmarks
Feedback

Progressive methods
FFT-NS-1 (Very fast; recommended for >2,000 sequences; progressive method)
FFT-NS-2 (Fast: progressive method)

G-INS-1 {(Slow; progressive method with an accurate guide tree)

Iterative refinement methods
FFT-NS-i (Slow: iterative refinement method)
E-INS-i {Very slow; recommended for <200 sequences with multiple conserved domains and long gaps) Help Updated (2015 /Jun)

L-INS-i (Wery slow; recom ded for =200 seq es with one conserved domain and long gaps) Help

G-INS-i (Very slow; recommended for <200 sequences with global homology) Help

Q-INS-i (Extremely slow; secondary structure of RNA is considered; recommended for a global alignment of highly divergent ncRNAs with <200 sequences x <1,000 nucleotides; the number of iterative cycles is restricted to two, 2016 /May) Help

Align unrelated segments, too? in Afpha Testing (2014 /Mar}
If the input data is expected to be globally conserved but locally contaminated by unrelated segments, try 'Unalignlevel=0' and possibly "Leave gappy regions'.

Unazlignlevel:

Default
This feature is available only when G-INS-1 or G-INS-i is selacted in the Strategy section above.

Try to align gappy regions anyway

Leave gappy regions (Mot recommended for =~1,000 sequences)}

Parameters:
Scoring matrix for amino acid sequences: |BLOSUMBEZ
Scoring matrix for nucleotide sequences: | 200PAM [Kk=2 .,
t Switch it to "IPAM / k=2' when aligning closely related DNA sequences.
Cap opening penalty: |1.53 (1.0 - 5.00
Offset value: |0.0 (0.0-1.00

Score of H in nucleotide data: Example

! Long stretches of ¥s tend to be gapped (excluded from the alignment).

{nzero) W has no effect on the alignment score.

{nwildcard) W is treated like a wildcard. Experimental option (2016 /Apr/2E)
1 Try this if Ws should be aligned with usual letters.



« Alignment obsahuje hypervariabilni useky, kde je riziko substitu€ni saturace

* Hypervariabilni useky se mohou odstranit

 treti pozice v tripletu byva saturovana — mozno vyloucit Ci pracovat pfimo s
proteinovou sekvenci

Phaeod
Oph3
Leaf

Thielavia
1aet.oniun
Lalophora

P,nustea
-ONSensus

Phaeod
Oph3
Leaf

Thielavia
1aet.omnium
Lalophora

P.nustea
-ONSensus

1 10 20 30 40 hi b0 10 80 90 98
| } } } } } } } } } |
ATCATTACAGAGTTGCARARCTCCCARACCCA=TGCGTACATACC==GTGTCGTTGCT TCORCRGGLET QL Gm—m—————— CCTCCCCCC=-GGGGGGTG
ATCATTACCGAGTTGCARARCTCCCARARCCACTGCGTACGTACC=-ATGTCGTTGCTTCRGCRRGCCGCCAL=———— CCTCCCCCCCGRGOLLGEG
ATCATTACAGAGTTGCARAACTCCC=-AAACCATTGTGARCGTCACC=-GTATCGTTTCTTCGRCAGGCAGETCLmm————— CCACCCGGGGCCGEGE

ATCATTACAGAGTTGCARRACTCCCCARACCATTGTGARCCTACCCTCARCCGTTRCTTCGRCAGECAGACCC-GEGCCTCACCGCCCGGACGECCEE
ATCATTACAGAGTTECARRACTCCCTARACCATTGTGARCGTTACCTARACCGTTRCTTCGRCAGACAGECCC-GEGETTTACCCCCLGOG--CGECE
ATCATTACAGAGTTGCARRACTCCCTARACCATTGTGARCGTTACCTACACCGTTRCTTCGGCAGECAGCCCCCAEGETTTACCCCCCGOG-GCGECE
ATCATTACCGAGTTGCARRACTCCCARACCCAC-GLGTACCTACC-=TACACGTTGCTTCGCGGTGLCGCCGLGRGG====GETRCLLmmm—— AGCTG
ATCATTACaGAGTTGCARARCTCCCaARACCA, EoeGEAC, TacC, . . ., LLOTTgCTTCogebghl, bee, cugpg. o o . .00 L0 g2, 2 20,8

19 108 118 128 138 148 158 168 178 188 196
| } } } } } } } } } |
CGGCCCCGGCCCGCGAGGGAGCCCGCCGGAGGT--CTARA=CTCTGTATCTCAGCGAGCTGTCTTCTGAGTAT-CTTGARARATCARGTAAAAACTTT
CGGCCCCTGCCCGAGAGGGGGECCGCCGLAGGT==-CTAAA=CTCTGTATCTCAGCGAGACGTCTTCTGAGCAT=CTTGAAARATCARGTAAAAACTTT
CTACCCCTCACGGGGTGGCAGCCCGCCGGAGGCGTCGAAR=CTCTCAGCATCTTATGGCA-TCT=CTGAGTAR=CT-TACARAATAAGTTARAACTTT
CCAGGCCCCTCGOGG=-GGC=-GCCCGCCGGAGGTACCCAAAR=CTCTTGAARTATATATGGCC-TCT=CTGAGTCTTCTGTACTGAATCAGTCARAACTTT
CTGGGCCCCACCAOG=GGC=GCCCGCCGGAGGTCACCAAR=CTCTTGATAATTTATGGCC=-TCT=CTGAGTCTTCTGTACTGAATARGTCARAACTTT
CTGGGCCCCACCROG=-GGC-GCCCGCCGGAGGTCACCAAR=CTCTTGATAATTTATGGCC-TCT=-CTGAGTCTTCTGTACTGAATARGTCARAACTTT
CTGGGCCCCCCCG==-=GGGEGCCCGCCGGAGGCCACTARARCTCTTTGTATCTCGCGTAC-=CATCTGAG===-CGARTGGCGAATAATAAAAACTTT
CbgpeCleccleop, g, Gbg, GCCCGCCGGAGEE , ,CEAAA,CTCTEE AR ECE, , . #pcc LCERCTGAGE b CE, .4, , .33, aAe TaARAACTTT




« substitu¢ni saturace (nucleotice substitution saturation)- jedna pozice muze
projit vice substitucemi, coz nam nasledné nedovoli odhadnout skuteCny pocCet
evolucnich zmeén

» Odhady substitucni saturace nukleotidt (napf. podil transverzi a transici)

» tranzice — zména purinu (A,G) na purin nebo pyrimidinu (C,T) na pyrimidin

« transverze — zmeéna purinu na pyrimidin nebo naopak (A—- T, T—-A,C > A, A— C,
G—->T,T—-G, G—-C,C—>0G)

0.12

smm | m - Realna frekvence tranzic je
g m veétSi nez frekvence transverzi
' B m

* Tj. u sataurovanych pozic

0,08 bude pribyvat transverzi

A
v w r v
0,08 m rody
o ﬁ A|A @ oo |®  triby
A %ﬁ* * o B Zeledi
¢ &0 L 4 A
0.04 ﬁ& * ¢ druhy
RREATAS N v '3
ﬁ& yaN
0,02
ﬁ YA

ok

0 0,02 0,04 0,06 0,08 0.1 0,12
tv

Xl

Obr. 11. VVztah éetnosti tranzici (ti) a transverzi (tv), Cyt b.



(blocks 0.91b Results

Processed file: nad3.pir

HMumber of sequences: 17

Alignment azsumed to be: Protein

Mew number of positions: 56 (selected positions are underlined in blue)

nadi parde
nadi acaca
nadi allma
nadi apec

nadi arath
nadi haleca
nadi choer
nadi drome
nadi human
nadi ktun

nadi lter

nadi marpo
nadi metse
nadi picea
nadi podan
nadi prowi
nadi recam

nadi parde
nadi acaca
nadi allma
nadi apec

nadi arath
nadi haleca
nadi choer
nadi drome
nadi human
nadi ktun

nadi lter

nadi marpo
nadi metse
nadi piceca
nadi podan
nadi prowi
nadi recam

10 Z0 30 40 j=1n] &0
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Castresana Lab

Home | People | Research | Publications |

Ghblocks Server

Selection of conserved blocks from multiple alignments for their use in phylogenstic analysis

About the Ghlocks Server
Wersion 0.91b, January 2002

Copyright @ Jose Castresana

Ghlocks eliminates pootly aligned positions and divergent regions of 2 DMA or pratein alignment so that it becomes
more suitable for phylogenetic analysis. This server implements the most important features of the Gblocks program

to make its use as simple as possible without loosing the functionality that it is necessary in most of the cases.
Other options can be changed in the stand-alone program. You can see here an example output file showing the blocks
gelected from & protein alignment. Further information can be found in the onling docurmentation. Please see the Ghlocks
page for citations.

Ghlocks Server

Paste an alignment in NBRF/PIR or FASTA format:

Or upload an alig file:

Frochazet

Type of sequence:
DMA, || Protein @ || Codons

Options for a less stringent selection:
Allow smaller final blocks
Allow gap positions within the final blocks
Allow less strict flanking positions

Options for a more stringent selection:
Do not allow many contiguous nonconsered positions

‘ Get Blocks H Clear |



Clustal format | Fasta format | MAFFT result | View | Tree | Refine dataset | Return to home

View

Reformat to GCG, PHYLIP, MSF, NEXUS, uppercase/lowercase, etc. with Readseq

GUIDANCE2 computes the residue-wise confidence scores and extracts well-aligned residues.

Refine dataset

Phylogenetic tree

Visualization updated, 2016/Sep

MAFFT-L-INS-i Result

CLUSTAL format alignment by MAFFT (v7.306b)
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clp2
1B8AA
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Zpracovani mol. genet. dat

Typy dat

» znakova (characters) - sekvence, kde zname pfimo poradi bazi a kazdé

prislusi hodnota znaku, pfitomnost daného PCR frag

(LT TGA G AT G oA ARG TG CCCT CRG LB TCE TCTRGAGECE CLLCTAGRGTCChGn CEAGTITEILE A
1% 20 i 4B +h b 18 i@

mentu

—_——— =

«distanc¢ni (distance) - podobnosti pfi DNA-DNA hybridizaci, Ci znakova data

prevedené na distance

B. sesqui E. terrico A.altern Geo 111 P.pallid Geo 11 Geo 1 G.putter G.laven Geo XI Geo X Geo V Geo VI C Geo VI A Geo VII Geo VIII Geo IV Geo IX
B. sesquicillii 0.00000 0.23119 0.35323 0.27937 0.32078 0.28097 0.30348 0.30039 0.28617 0.29055 0.30052 0.30713 0.30713 0.30713 0.31350 0.32717 0.32094 0.30980
E. terricola 0.23119 0.00000 0.24151 0.19817 0.20600 0.21679 0.20423 0.23158 0.22160 0.19414 0.19590 0.20083 0.20514 0.20514 0.21920 0.23604 0.21674 0.22605
A.alternatum 0.35323 0.24151 0.00000 0.14532 0.14645 0.17076 0.15328 0.16361 0.18294 0.16263 0.16273 0.16696 0.16696 0.16696 0.18115 0.19340 0.18027 0.17182
Geo 111 0.27937 0.19817 0.14532 0.00000 0.02170 0.01944 0.01144 0.05360 0.06917 0.05797 0.06087 0.06099 0.06099 0.06099 0.07978 0.07945 0.08305 0.07212
"P.pallidum"' 0.32078 0.20600 0.14645 0.02170 0.00000 0.02361 0.01340 0.06624 0.07146 0.06052 0.06092 0.05575 0.05813 0.05813 0.06636 0.07351 0.07693 0.06388
Geo 11 0.28097 0.21679 0.17076 0.01944 0.02361 0.00000 0.01935 0.06371 0.07951 0.06771 0.07078 0.06539 0.06785 0.06785 0.08174 0.08403 0.08502 0.07410
Geo 1 0.30348 0.20423 0.15328 0.01144 0.01340 0.01935 0.00000 0.05548 0.06600 0.05531 0.05814 0.05306 0.05306 0.05306 0.06847 0.07053 0.07387 0.06104
G.putterilli 0.30039 0.23158 0.16361 0.05360 0.06624 0.06371 0.05548 0.00000 0.05852 0.05085 0.05582 0.06049 0.06049 0.06049 0.08189 0.07904 0.08736 0.06870
G.lavendla 0.28617 0.22160 0.18294 0.06917 0.07146 0.07951 0.06600 0.05852 0.00000 0.04130 0.04580 0.04137 0.04361 0.04361 0.05489 0.05515 0.07036 0.05285
Geo XI 0.29055 0.19414 0.16263 0.05797 0.06052 0.06771 0.05531 0.05085 0.04130 0.00000 0.01137 0.01531 0.01729 0.01729 0.03418 0.02984 0.03645 0.02153
Geo X 0.30052 0.19590 0.16273 0.06087 0.06092 0.07078 0.05814 0.05582 0.04580 0.01137 0.00000 0.01134 0.01328 0.01328 0.03431 0.02995 0.03198 0.01730
Geo V 0.30713 0.20083 0.16696 0.06099 0.05575 0.06539 0.05306 0.06049 0.04137 0.01531 0.01134 0.00000 0.00183 0.00183 0.02334 0.01925 0.02738 0.01326
Geo VI C 0.30713 0.20514 0.16696 0.06099 0.05813 0.06785 0.05306 0.06049 0.04361 0.01729 0.01328 0.00183 0.00000 0.00000 0.02538 0.02126 0.02945 0.01521
Geo VI A 0.30713 0.20514 0.16696 0.06099 0.05813 0.06785 0.05306 0.06049 0.04361 0.01729 0.01328 0.00183 0.00000 0.00000 0.02538 0.02126 0.02945 0.01521
Geo VII 0.31350 0.21920 0.18115 0.07978 0.06636 0.08174 0.06847 0.08189 0.05489 0.03418 0.03431 0.02334 0.02538 0.02538 0.00000 0.02314 0.03846 0.02554
Geo VIIL 0.32717 0.23604 0.19340 0.07945 0.07351 0.08403 0.07053 0.07904 0.05515 0.02984 0.02995 0.01925 0.02126 0.02126 0.02314 0.00000 0.04266 0.02543
Geo IV 0.32094 0.21674 0.18027 0.08305 0.07693 0.08502 0.07387 0.08736 0.07036 0.03645 0.03198 0.02738 0.02945 0.02945 0.03846 0.04266 0.00000 0.01529
Geo IX 0.30980 0.22605 0.17182 0.07212 0.06388 0.07410 0.06104 0.06870 0.05285 0.02153 0.01730 0.01326 0.01521 0.01521 0.02554 0.02543 0.01529 0.00000




Zpracovani mol. genet. dat

A B (o3

* kolik evolucnich zmén se udalo mezi jednotlivymi sekvencemi ?

0.5

0.45 0.15

» Zjistime pomoci koeficientl pro odhad genetickych vzdalenosti

o|lo|m| >

0.55 0.4 0.35

= modely pro substituce nukleotidu (nucleotide substitutions models)
‘Vysledkem je matice genetickych vzdalenosti (jedno Cislo pro kazdou dvojici)

* Nei & Li koeficient, Jaccarduv koeficient a Simple matching koeficient - pro

binarni data

*Koeficient Jukes-Cantor: stejna frekvence nukleotid. substituci pro vSechny
nukleotidy

* Tamura-Nei: vymeéna (transice) mezi puriny (A,G) neni stejné Casta jako mezi
pyrimidiny (T,C)

*HKY, T92, GTR...

Mutacni rychlost se v sekvenci muze liSit misto od mista. Toto rozlozeni je
specifikovano koeficientem gama (y), ktery je odvozen z rozptylu miry substituci.

NejvhodnéjSi model a hodnotu gama muze spocist - MODELSTEST (PAUP)

V pripadé analyzy rRNA Ize brat v uvahu jeji sekundarni strukturu




e — e e e, .
—_— . -

binarni data

» fingerprint preveden na binarni matici - S
(prouzek pritomen - 1, nepfitomen - 0)

» Z binarni matice se provede odhad genetické podobnosti mezi jednotlivymi
organismy pomoci koeficientl

* Nei & Li (NL) koeficient
 Jaccardlyv koeficient (J)
* Dice-Sorensenuv koeficient

» koeficienty jsou podobnostmi. Pfi konstrukci fylogenetickych stromu se
pocCita s genetickymi vzdalenostmi (distance). Distance = 1 — podobnost

* fylogram Ci kladogram se pocCita nékterou metodou pro distan¢ni data
(UPGMA, Neigbor joining, mnohorozmérné metody — PCoa, NMDS)



B A B C D
Konstrukce fylogenetickych stromu C A
B 0.5
A. Distanéni metody D | c [o45]015
D 0.55 0.4 0.35

A
* Z genetickych vzdalenosti sestrojime fylogeneticky strom pomoci algoritmu

* vypocet je rychlejSi a poskytuje pouze jeden strom, ale nemusi byt pfesny (riziko
homoplazie

 u podobnych sekvenci funguje dobre

» Shlukovaci algoritmus UPGMA (Unweighted Pair Grouping Method Using
Arithmetic Average)

 UPGMA pocita se stejnou rychlosti kumulace mutacnich zmeén
v jednotlivych vétvich kladogramu

» pouze nezakorenéné kladogramy
* Neighbor-joining - pocita s rtznou mutaéni zménou v riznych vétvich a

|ze ji tvorit zakorenéné kladogramy = fylogramy
* Mininalni evoluce — ze vSech vygenerovanych stromu vybere nejkratsi




Zpracovani mol. genet. dat — analyza sekvenci

Konstrukce fylogenetickych stromli — znakova data
* nevychazi z matice gen. distanci (,% homologie mezi sekvencemi®)

* vyuziva se primo alignment, kazda pozice alignmentu se porovnava zvilast

* hledame strom, ktery s nejvétsi pravdépodobnosti vygeneruje pozorovana data
za platnosti evoluéniho modelu (opét modely typu K2P, JC, GTR...)

* vypocetné narocné

» metody generuji vice stromu a vytvofi se jeden strom konsensualni (strict
consensus, majority rule consesus)

Metody znakové

* metoda maximalni uspornosti (maximum parsimony)
Tento soubor metod hleda takovy fylogeneticky strom, ktery by vyZzadoval co nejmensi pocet
evoluénich zmén (mutaci), nepracuje s evoluénim modelem (neparametricka metoda)

 metoda maximalni pravdépodobnosti (maximum likelihood)

viiwv s

branch attraction®.

- Bayéska metoda (Bayesian analysis) — obdoba maximum likelihoood



Zpracovani mol. genet. dat — analyza sekvenci

Bootsrap
"dlvéryhodnost” ziskaného fylogramu

*Pri vypocCtu bootsrtapu, provadéji fylogenetické programy tzv. resampling
ze vSech ziskanych sekvenci se nahodne vybira velky poCet podmnozin
(400 - 1000 x) a pro kazdou podmnozinu se pocita fylogeneticky strom

 Bootstrap o hodnoté 95 udava, Ze ze vSech sestavenych stromi
se urcity taxon nachazi z 95% ve stejném monofyletické skupiné

951100110011.00| G- PuUtterillii CCF 3442

posterior probability ] G. putterillii NRRL 2024

G. lavendula NRRL 2146
G. langdonii CCF 3338
G. langdonii CCF 3332
G. obscura CCF 3422
acleciiiii.on G. flava CCF 3333
— +1/95/980 951 G- flava IMI 224697
G. fassatiae CCF 3334
G. pallida CCF 2809
G. pallida CCF 3441
G. pallida CCF 3340
G. pallida NRRL 2037
G. pallida IMI 051240b

88/81/97/1.00 70/90/87/0.98

» podobneé jako boostrap
« vysledek Bayesian analysis

75/97/89/1.00

86/98/97/1.00

0.01



Fig 1 — Maximum likelihood phylogenetic tree of the multigene dataset (Mcm?, RPB2, EF-1x, bend) constructed in Garli 2.0,

Table 6 — Divergence time estimates from “BEAST

analysis,

Species/populations Time (Ma) 95 % HPD
Glve G3 G2, Gla 7B 4361324
Givz G2 G2a 29 1245-5.14
G2 ve Gla 117 052207

HPD, highest posteror denslty interval

Mladé druhy nelze rozlisit
klasickymi fylogenetickymi
metodami

Aplikace populaéné
genetickych metod



Populacni genetika u hub

-
o
Jedinci s uspésnejsimi fenotypy jsou zvyhodnéni pfirodnim vybérem Ci jsou hahodné E
fixovani D
(@]
=3
Pomérné zmény v Cetnostech, ve kterych pfispivaji jednotlivé fenotypy do dalSi c
generace, vedou ke zménam v genovych (= alelovych) frekvencich S
®
Neustalé mezigeneraCni zmény v genovych (genotypovych) frekvencich jsou zakladem >
evoluénich procesu
Nastoleni genetické izolace (geograficky, geneticky)
Na populacéni urovni se tedy omezeni gene flow projevi zménou v alelickych
frekvencich. Dojde-li zde ke vzniku biologického druhu, tak se dlisledna izolace projevi O
vétSinou fixaci urcité alely pro kazdy druh S
o
<
Kazdy druh ma pak napfiklad specifickou ITS sekvenci nebo tvofi vlastni kladus po -
analyze PCR fingerprintingem =
o
<
mezi druhy porovnavame sekvence alel, ne jejich frekvenci 1L

fixace urcité alely nemusi byt disledna - ancestralni polymorfismus




* pfibuznost velmi podobnych sekvenci je zobrazena pomoci haplotypovych siti
(haplotype network)

» kazdy usecCka zobrazuje jednu mutacni zménu

« kolace zobrazuji haplotypy (malé Cerné teCky znaci nenalezené haplotypy)

POPULATION GENETICS OF XANTHORIA PARIETINA 1551

(a) IG5 (o) s Fig. 2 Haplotype network for Xanthoria
paricting  under the 95% parsimony
criterion. The drde area of each haplotype
is proportional to the frequency of this
haplotype in the total sample. For exact
haplotype frequendes and GenBank
Accession nos, see Table 3. Grey areas in the
drdes mark the proportion of individuals

8 growing onrock, white areas on bark. Small

C:\J filled circles represent haplotypes not

B present in the sample. One mutational step
between haplotypes is represented by a
line. (a) Metwork based on IGS sequences.
(b) Network based on ITS sequences.

Bark ()
Rock @

Table 4 Hierarchical AMOVA of seven Xanthoria parieting ulations on either bark or rock. Variation was partitioned (a) among
' pa POP pe &
populations without habitat grouping; (b) among substrates, viz bark vs. rock grouping

Variance
d.f component % Variation P Fixation indices
Source of variation IG8 ITS IG5 ITS IG5 ITS IGS ITS IG5 IS
(a) Amgm= =meTs b < 015 519 1987 204 < 0.0001 < 0.0001
r =) B45-155

with Molecular Ecology (2006) 15, 13451359 59 74 8013 7966  <0.0001 <00001 b, =019 0203
(b} Among groups 1 1 0.21 0.28 2527 2730 0.054 0.037 t‘h(_.[ =0253 0273

Among populations within groups 5 5 003 003 3.08 290 <0.0001 <00001  d.=0041 0040

Within populations 206 211 059 073 7166 6981 <0.0001 <0.0001 @y =0.283 0302




* Distacni metody — PAUP, MEGA,
 Parsimonie — PAUP, MEGA, TNT

« Maximum likelihood — PAUP, RAXML, Phyml, 1Q-Tree,
TreePuzzle, GARLI

- Bayéska metoda — MrBayes
Phylobayes




Table 1 | Functionalities of a few commonly used phylogenetic programs

Name

Bayesian evolutionary

analysis sampling trees
(BEAST)

Genetic algorithm for
rapid likelihood inference

(GARLI)

Hypothesis testing using
phylogenies (HYPHY)

Molecular evolutionary
genetic analysis (MEGA)

MrBayes

Phylogenetic analysis
by maximum likelihood

(PAML)

Phylogenetic analysis
using parsimony® and

other methods (FAUP* 4.0)
PHYLIP

PhyML

RAxML

Tree analysis using new
technology (TMNT)

Brief description

A Bayesian MCMC program for inferring rooted trees under the clock or
relaxed-clock models. It can be used to analyse nucleotide and amino acid
sequences, as well as morphological data. A suite of programs, such as Tracer
and FigTree, are also provided to diagnose, summarize and visualize results

A program that uses genetic algorithms to search for maximum likelihood trees.
Itincludes the GTR + I'model and special cases and can analyse nucleotide,
amino acid and codon sequences. A parallel version is also available

A maximum likelihood program for fitting models of molecular evolution. It
implements a high-level language that the user can use to specify models and
to set up likelihood ratio tests

A Windows-based program with a full graphical user interface that can be
run under Mac OSX or Linux using Windows emulators. It includes distance,
parsimony and likelihood methods of phylogeny reconstruction, although its
strength lies in the distance methods. It incorporates the alignment program
ClustalW and can retrieve data from GenBank

A Bayesian MCMC program for phylogenetic inference. It includes all of the
models of nucleotide, amino acid and codon substitution developed for
likelihood analysis

A collection of programs for estimating parameters and testing hypotheses
using likelihood. It is mostly used for tests of positive selection, ancestral
reconstruction and molecular clock dating. It is not appropriate for tree searches

PAUP* 4.0 is still a beta version (at the time of writing). It implements parsimony,
distance and likelihood metheds of phylogeny reconstruction

A package of programs for phylogenetic inference by distance, parsimony and
likelihood methods

A fast program for searching for the maximum likelihood trees using nuclectide
or protein sequence data

A fast program for searching for the maximum likelihood trees under the GTR
model using nucleotide or amine acid sequences. The parallel versions are
particularly powerful

A fast parsimony program intended for very large data sets

Link
http://beast.bic.ed.ac.uk

http://code.google.com/p/
qarli

http://www.hvphyv.org

http://www.megasoftware.net

http://mrbayes.net
http://abacus.gene.uclac.uk
software
http://www.sinauer.com

detail.php?id=8060

http://evolution.
gs.washington.edu/phylip.html

fr/phyml/binaries.php

http://scoh-its.or

software.html

exelixis

http://www.zmuc.dk/public/

phylogeny/TNT

Refs
135

55

136

37

71

137

53

54

42

Mote: all programs can run on Windows, Mac O5X and Unix or Linux platforms. Except for PAUP* which charges a nominal fee, all packages are free for download.

See Felsenstein's comprehensive list of programs at hittp://evolution.geneticswashington.edu/phylip/software html. GTR, general time reversible; MCMC, Markow

chain Monte Carlo.

304 | MAY 2012 | VOLUME 13

www.nature com/reviews/genetics



Table 2 | A summary of strengths and weaknesses of different tree reconstruction methods

Strengths
Parsimony methods

= Simplicity and intuitive appeal
* The only framework appropriate for some data

(such as SINES and LINES)

Distance methods

* Fast computational speed

* Can be applied to any type of dataaslongas a
genetic distance can be defined

* Models for distance calculation can be chosen
to fitdata

Likelihood methods

» Can use complex substitution models to
approach biological reality

* Powerful framework for estimating parameters
and testing hypotheses

Bayesian methods

* Can use realistic substitution models, as in
maximum likelihood

* Prior probability allows the incorporation of
information or expert knowledge

* Pasterior probabilities for trees and clades have
easy interpretations

Weaknesses

* Assumptions are implicit and poorly understood

* | ack of a model makes it nearly impossible to incorporate our
knowledge of sequence evolution

* Branch lengths are substantially underestimated when
substitution rates are high

* Maximum parsimony may suffer from long-branch attraction

* Most distance methods, such as neighbour joining, do not
consider variances of distance estimates

* Distance calculation is problematic when sequences are
divergent and involve many alignment gaps

* Negative branch lengths are not meaningful

* Maximum likelihood iteration involves heavy computation

* The topology is not a parameter so that it is difficult to apply
maximum likelihood theory for its estimation. Bootstrap
proportions are hard to interpret

* Markov chain Monte Carlo (MCMC) involves heavy computation

* |n large data sets, MCMC convergence and mixing problems can
be hard to identify or rectify

* Uninformative prior probabilities may be difficult to specify.
Multidimensional priors may have undue influence on the
posterior without the investigator's knowledge

* Pasterior probabilities often appear too high

* Model selection involves challenging computation®*=*3*
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 online aplikace
nabizejici propojeni

Cortacts

Elast Explorer Online Programs
Alignment Curation
MUSCLE = Ghlods

"Ala Carte" Mode

Fhyd ogeny
Phyhd L

ruznych aplikaci

1. Woddlow Setup

Workflow Settings

Hame of the analysis (optional): |

Choose processing steps to run and select sofiware to use:

[Z Miultiple Aligrement:
@ LMUICLE
C ProbiCons
C T-Coffee
O 3D-Coffes
C ClustalW

[F Alignment curation:
€ Chlocks

C Remove positions with gaps

___________________________________________________________________________________________________________________

¥ Construction of phylogenetic tree:
Mlaxitnoam Likelihood
& PhylL
Farsimony
C TNT
Distances
© ProtDist/FastDist + Biol]

C ProtDist/FastDist + Heighbor
Bayesian inference
C MBayes (limit: 30 sequences)

¥ Wisualisation of phylogenetic tree:
@ TreeDyn
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Abstract

Aspergillus section Aspergillus contains economically important, xerophilic fungi that are widely distributed ir
fingerprinting, micro- and macromorphology, and physiology. The number of taxa was reduced to 17 species,
This species seems to be relatively comman and has been often confused with A, glaucus. |n addition, greer
ornamentation, and the ahility to grow at specific combinations of temperature and water activity, is provided -
designated for some of the revised taxa.
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Staré slajdy mimo prednasku



allopatrie peripatrie  parapatrie sympatrie

PUvodni populace . ‘
Prvni krok speciace ‘ ' .

® O
¢ O

Geogr. bariera  Osidleni nového Osidleni nového Geneticka mutace
habitatu habitatu
Evoluce reprodukéni O
izolace
V geogr. izolaci VY izolovanych  Qgjdleni nového V plGvodni populaci
habitatech habitatu

| &

Nové biologické
druhy po

splynuti arealu




Vymezeni jedince u hub, sampling

» Geneticky unikatni jedinec se nazyva geneta
* Prakticky ho detekovat jako soubor klonu (ramet) se ste

* to byva oznacCovano jako haplotyp

» Geneta - kazdy produkt jednoho meiotického déleni
- u Zygomycetl a Askomycetl jednak jedince, co vyros
ale i nasledné mitotické derivaty tohoto jedince (klony te
- u Bazidiomycetl je jednou genetou i dikaryon vznikly

jedné bazidiospory a vSichni mitoticti potomci

Laj]
* U hub je jedna geneta prostorové neomezena §
ve fyzickém kontaktu.

» Armillaria gallica, jedna geneta na ploSe 15 ha,

» Vice plodnic muze patfit jednomu mycelium (m
vétvi muze rast nékolik geneticky odlisSnych jedit

« Sampling - zamezit ,resamplingu” klonu jedné 'gerrety

* Velky pocet genet z kazdé populace (30 ks -nékolik set) sebranych v prubéhu vice sezén



Biochemické markery - ubichinony

*koenzymy Q6-10, prenasece elektronu v dych. fetézci, liSi se
izoprenovymi jednotkami

*detekce pomoci HPLC se standardy Q6-Q10

spfevazujici ubichinonovy systém (90%) muze byt stabilni pro druh,
rod, fad

*vyuziti v taxonomii kvasinek, pouze jako pfidatna informace

Table 2. Distribution of the groups formed using ubiguinone system as chemotaxonomic marker in Cunninghamelia strains.

Group | Group Il Group Il

CoQ 6 main Col) 9 main Major percentage

A B A B
Fresence / CoQ 10 Absence [ CoQ 10 FPresence / CoQ 10 Absence / CoQl 10 CoQ 9
C. bertholletie IFM46587  C. ramosa URM1918 C. elegans URM3172 C. elegans L14 C. echinufata URM2136
C. bertholietiae IFM46110 C. bertholletiae IFM48114 C. elegans L15
C. bertholietiae IFM46111 C. bertholletiae L13 C. elegans L16
C. elegans IFM40505 C. elegans L17
C. elegans IFM47050 . elegans URM2084
C. elegans IFM46109 C. blakeslesana URM168

C. elegans IFM47591




Table 4. Fast-profiles (for cultivations on MOS only) of 10 isolates with highest average within-race /type mismatch wvalues. Extremely high or low values
are printed in bold

Fatty acids Sterols
- OH- 212 6,9- xxx-  OH- OH- Ergosta- Ergos- Ergos-  Ergosta- Average
Strain Type TAE 15:0 16:1 16:0 17:1 16:0 18:2 (CI1&:1 T18:1 18:0 18:2 18:3 22:0 25:0 24:0 trienol STA tenon STE  terol diencl STE  mismatch
CP-86-0007 MA-LTT 2% 11 o4 75 12 23 357 185 11 a5 08 00 oo 03 41 13 o0 50 12 2005 04 o0 24
CF-g&-0035  MNASTT 14 16 o3 95 13 22 419 188 11 a7 10 o2 14 o1 28 17 o0 A3 14 136 o0 o3 20
CP-87-0014  MA-LTT 24 o7 o4 98 10 2 357 M5 12 07 o9 00 o o4 33 11 o0 8 e 166 o4 a0 20
18-76 MASTT &8 o2 10 @8 05 0% 369 425 14 12 10 o1 ol ol 3 oo a0 10 o1l 36 00 a0 19
18-74 MASTT 32 o3 20 129 06 o4 51§ 252 17 08 OF 06 o3 10 o3 oo o0 14 o0 03 00 a0 17
CF-85-0157 MASTT 26 o8 o8 123 11 14 518 190 14 oOF 10 OF e o7 17 oo a3 21 a3 2 oo 10 17
CF-87-0025 MASTT 21 14 o3 1001 12 16 443 210 15 o5 18 06 o7 o0 18 o8 a1 33 11 73 oo a9 16
CF-88-0008 MASTT 28 o9 o9 103 14 14 498 217 16 o6 12 OF o7 13 10 o2 o1 I3 o4 oo o8 16
18-51 MA-STT 70 o3 20 135 05 O3 356 386 215 13 11 o1 ol o1 o4 oo o0 o7 an 29 o0 oo 16
CF-85-0107  MA-STT 24 o9 o7 122 12 12 S0F 203 132 o8 09 06 a6 03 3 o3 2 23 o4 L8 o1 o9 15
Diversity of Gremmeniella abietina
4 T 4 T 1
{a) (h)
NA-STT NA-STT
2r - 2k . .
. Asian
Asian
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)
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=
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Factor (1)

Fig. 1. Separation of G. abietina FAST-profiles by a multivariate discriminant analysis into three groups according to their a priori

Aot R 103 (51 557504 (097 Bt Gt B 557

grouping: NA-STT, NA-LTT and Asian isolates. The isolates were cultivated on PTS (a) and MOS (b).

The diversity of Gremmeniclla abietina var. abietina FAST-
profiles



Biochemické markery- isozymy
* isoenzymy (isozymy) — rizné enzymy (v ruznych lokusech a s jinou

strukturou) se stejnou funkci

* allozymy — rtizné alely jednoho enzymu

* vnitrodruhova i mezidruhova variabilita

* [iSi v sekvenci a nasledné strukture (naboj, mobilita)

 separace na Elfo (detekce enzym. aktivity - obarveny substrat,
produkt...)

 esteraza, amylaza, malat dehydrogenaza, peroxidaza, pektinaza,

phosphataza



Biochemické markery- isozymy

* pfi zjisténi geneticke variability se témér nepouzivaji a byly vytlaceny
DNA technikami

- vliv kultivaCcnich podminek a ontogenetického stadia

- mala variabilita a ne vsechny zmény Elfo zachyti

- pouze v kodujicich sekvencich

-pouze nesynonymni mutace

Mycologist, Volume 19, Part 4 November 2005

Ry value 10 119 12 101 102 105 107 109 110 111 112 118 114
0.06
0.21
0.5 0.41
0.41 0.51

0.59
0.67

Fig 2 Amylase zymogram of different strains of Aspergillus niger (A) and Aspergillus flavus (B)



Biochemické markery — mastné kyseliny

* pyrolysis gas chromatography-MS se standardy mastnych kyselin

» myristic acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0), oleic
acid (C18:1), linolenic acid (C18:3) and y-linolenic acid (C18:3) ....

*FAST profiling: mastné kyseliny + steroly, srovnani s databazi profilt

MK

» druhove specifické profily, vnitrodruhové variabilita

* vyuziti u vyznamnych hub

Table 4. Fatty acids chemical composition average percentage in C. efegans and C. bertholletiae.

Rev Iberoam Micel 2001: 18: 123127

Biochemical markers in taxonomy of
the genus Cunninghamella
Ricardo Kenji Shiosaki'**, Kaoru Okada'?, Norma Buarque de Gusmio®,

Pragati Niga'm‘. Peter 8. Falcdo®, Nicacio Henrigue da Silva®,
Kazutaka Fukushima’, Makoto Miyaji’ & Galba Maria de Campos-Takaki**

Average percentage (average + error standard)

Species

C14:0 C16:0 C18:0 C18:1 C18:3 C18:3 (v)
C. elegans 1372011 2339+084 1198 £ 1.63 3663+144 1317 £ 155 13.56+154
C. bertholletiae 163024 2489+088 821+074 36.47 £ 142 1856 +1.05 1024+ 121




Dendrogramy

Kladogram
T M A

TAXOM A X0

TAXON B TAXON B

TAXOMN C TAXON C

Fylogram

TAXON A TAXON A
TAXON B |— TAXON B
TAXON C |_

TAXON C

termin clade pouzitelny spiSe u kladogramu. U fylogenetického stromu je mozno pouzit
termin phylogenetic clade, phyloclade (Ci jiné alternativy...lineage..)



PARYBY RYBY PLAZI SAVCI PARYBY RYBY SAVCI PLAZI  PARYBY PLAZI SAVCI RYBY

TAXOMA TAXONB TAXON C
TAXON B

TAXON A

TAXON C



Analyza enviromtalnich vzorku

* noveé linie ascomycot znamé pouze z environmentalnich vzorku

Schadt, CW., Martin, AP, Lipson, DAL, Schmidt, S.K., 2003, Seasonal
dynamics of previously unknown fungal lineages in tundra soils.
Science 301, 1359-1361.

Vandenkoornhuyse, P.,
IPW,
2051,

Baldauf, 5.L., Leyval, C., Straczek, I., Young,
2002, Extensive fungal diversity in plant roots. Science 295,

638 T M. Porter et al { Mokeeubar Phylogenaion and Evobution % (2008) 635044
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« formaty stromu

- NEXUS
- Newick

» editory stromu (FigTree, TreeGraph, MEGA)

0.1 A

F 0.2

*B

0.5

____________________________________________________________________________________________________________________________________________________________________________________________________________

(ev Lol )2

(A, B, (C,D));

(A,B, (C,DIE)F;

(e0.1,:0.2, (:0.3,:0.4):
(e0.1,:0.2,(20.3,:0.4):
(A:0.1,B:0.2,(C:0.3,D:0.4
(Ar0.1,B:0.2,(C:0.3,D:0.4
((B:0.2, (C:0.3,D:0.4)E:0

RER
LLTA

no nodesg are named
dleaf nodes are named

all nodes are named

all but root node have a distance to parent

all have a distance to parent

distances and leaf names

distances and all names

{popular)

a tree rooted on a leaf node (rare)

Zdroj: Wiki



Zpracovani mol. genet. dat — analyza sekvenci

* Fylogenetické stromy Ize obecné rozdélit na zakorenéné a nezakorenené

« Zakorenény fylogeneticky strom obsahuje taxon stojici vné sledované skupiny,
ktery s ni sdili pivodni znak - outgroup, uréen dle jinych biologickych dat. Nebo
jako nejvzdalengjsi taxon v nezakorenenem stromu.

« Zakofenéné stromy vyjadfuji historii jednotlivych taxond,
tedy jejich postupné odstépovani od nejpuvodnéjSiho taxonu
(topologie)



Rozpory v pojeti fylogenetického a biologického druhu
Neurospora crassa x Neurospora intermedia

Dva jasné fylogenetické druhy
* Vnitrodruhova variabilita stira morfologické rozdily (nelze je rozeznat)
* spolecny habitat

» Nékteré izolaty schopny mezidruhového kfizeni (1-10% fertilnich askospor)



Zpracovani mol. genet. dat

Problémy pri odcCitani distan¢nich dat

» neprava homologie
 nahodné rozhozeni vzorkul
» faleSna absence znaku...
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Rozpory v pojeti fylogenetického a biologického druhu
Ophiostoma ulmi x O. novo-ulmi

Dva morfologické, fylogenetické i biologické druhy
Ophiostoma ulmi: Evropska epidemie 1900

Ophiostoma novo-ulmi. ssp. novo-ulmi (Euroasiiska rasa)
pandemie v Evropé 1940- 50

: ssp. Americana (Severoamericka rasa)

1940 USA 1960-1980 Evropa

Od roku 1973 zkoumano 11 000 izolatu...nelezeno 9 hybridu
(malé fitness)



O. novo-ulmi

EAN

e il

O. novo-ulmi

NAN
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« automaticka selekce kmenti oznacenych DNA
znackou

v' Trager=0,04 ml/min

culture

processing

monitoring

prolonged storage
and incubation

ﬁ waste retrieval of selected cultures

Institute for Bioprocessing and Analytical Measurement Techniques, Heilbad
Heiligenstadt, Germany



Mol. Tax. metody — G+C pomer, DNA-DNA
reasociace

% G+C (G+C contents, G+C value)

 porovnani organismu na zakladé relativniho mnozstvi G+C

« pomoci stredni teploty tani homoduplexu Tm. (inflection point - teplota, kdy
polovina dsDNA je denaturovana)

*Tm se zvétSuje se stoupajicim mnozstvim G+C
» mnozstvi ssDNA stanoveno napf. spektrofotometricky
 udava se v mol% nebo v %

* casteCné nahrazeno celogenomickymi daty



Mol. Tax. metody — G+C pomer, DNA-DNA
reasociace

DNA-DNA hybridizace (DNA-DNA- hybridization, DNA-DNA reassociation)

« pfi DNA-DNA hybridizaci se nechavaiji spojovat ss DNA od dvou organismu
v novy heteroduplex, u néjz se zjistuje ,kvalita pfipojeni”, tedy mira
homologie studovanych DNA

» obé ssDNA jsou zbaveny velmi variabilnich repetitivhich sekvenci — ty jsou
odstranéni denaturaci a rychlou renaturaci

« ZjiStuje se napf. porovnanim Tm jednotlivych homoduplextd a nasledné
jejich heteroduplexu. Tm vzniklého heteroduplexu je pfimo umeérna jeho

homologii

« Udava se v %



Mol. Tax. metody — G+C pomer, DNA-DNA

reasociace
Vyuziti

» multilokusova metoda, dava informace z velké ¢asti genomu, k identifikaci
a studium pfibuznosti na urovni druhu

 od nastupu PCR postupné mizi. UrCitou dobu se pouzivala v taxonomii
kvasinek a heterobasidiomycetl. Dnes standardni metoda u bakterii.

* Nevyhody:
» velka technicka narocnost
* DNA fetézce z jednotlivych vzorkd musi porovnavat kazdy
s kazdym

* Problematicka interpretace namereneé homologie, tedy rozhodnuti o
druhové hranici — to bylo vetSinou stanoveno arbitrarné. Napr. DNA-DNA
reasociacni homologie 84% naméfena u kmenu heterobasidiomycetu
Cuniculitrema polymorpha (teleomorfa) a Sterigmatosporidium polymorphum
(anamorfa), je dostateCna k prohlaseni, ze jde o konspecifické druhy



Mol. Tax. metody — SCCP, DGGE

SSCP (Single Strand Conformation Polymorphism) a DGGE (Denaturing
Gradient Gel Electroforesis)

» moznost odliSit fragmenty které se neliSi jen velikosti, ale i sekvenci

« SSCP
* DvousSroubovice se denaturuje a jednotlivé fetézce (ssDNA) se déli na
polyakrylamidovém gelu

» sSSDNA se sbali do sekundrani struktury - tvar (a tedy i mobilita) se liSi
podle sekvence



Mol. Tax. metody - SSCP a DGGE

‘DGGE

« dsDNA putuje gelem v prostredi se stoupajicim gradientem denaturujici
latky (mocCovina, formaldehyd) nebo denaturacni teploty (verze zvana TGGE
— temperature gradient gel electrophoresis)

» jakmile dsDNA doputuje do bodu kde zdenaturuje (coz je ovlivnéno pravé
sekvenci), tak se zméni jeji mobilita

Pouziti DGGE a SSCP

* Moznost odlisit jednotlive alely
 Vlyuziti v populaéné genetickych studiich (odhalit polymorfni alelu bez
sekvenovani)

 \/ybrané geny (€asto z rDNA operonu) se z velkého poctu jedinct se amplifikuji
pomoci PCR. Metoda SSCP nebo DGGE rozdéli PCR produkty do skupin dle
stejnych sekvenci a sekvenovat staci jen zastupce téchto skupin.

 Analyza enviromentalnich vzorku
« z vétSi ¢asti nahrazeno metodami NGS
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SCAR markery (Sequence-characterised amplified region)

» vybereme amplifika¢ni produkt

« zjistime jeho sekvenci a primery na jeho amplifikaci (zaklonovanim do
vektoru)

A, B

M1 23 485 67 B &0 1112 1314 151617 1819

4 5 6B 7 B 9 101712 1374 15 16 17 1E18

2600 by — AT 1T hHHHHHHHH

2000 bp—

Fig. 1. A, Agarose gel showing amplification products from polymerase chain reaction (PCR) of genomic DRA using the mndom amplified polymorphic
DA (RAPDS decamer primer OpCl5, Marker indicates the 2.6-kb fragment of Phoma sclerolioides sequenced to design SCAR primers PSCI 555, B,
Amplification products from PCR of genomic DA of P scleroficides using the sequence-amplified characterized region (SCAR) primer pair OpC1 S a0,
Lames | to 7: isolates of P sclerofioides from Farson, Lyman, Eden, Boulder, Saratoga, and Laramie regions in Wyoming; and Canada ( ATCC), respec-
tively. Lanes 8 and 9 Phoma medicaginiz, lanes 10 to 13; Phoma betae, lane 14 Aphonomyees enreiches, lane 15; Rhizocionia solani, lane 16 Fusariim
oxyvsponim, lane 17: Pyihiam wliimum, lane 18 Phyiophthong infestans, lane 19 water conirol.

A Rapid Method Using PCR-Based SCAR Markers for the Detection and
Identification of Phoma sclerotioides: The Cause of Brown Root Rot Disease of Alfalfa



M 1 234 5678 91011121314 M M 1 2343536 78 91011121314M

339 bp

150 bp

FIG. 3. Tesiing of C. moseg strains for the AS15inv-AATM2 marker vsing the
SCAR primer set. Lanes 110 14, strains [K726, GR12, GR10, GR13, GRS, GR3,
GR2, GR4, GRT, GRa, GR11, GR%, GRE, and GR1, respectively. Lanes M,
molecular sipe markers (, phage DA digested with Fel.

FIG. 1. UP-PCR banding profiles for © rosed straire generated with the
AR Linv-AATMZ UP prmer combination. Lanes 1 w 14, sirains GR3, TKT26,
GR6, GR10, GR12, GR11, GRY, GRS, GR4, GRS, GR1, GR13, GR7, and GRZ
mespectively. Lanes M, molecolar size markers (. phage DINA digested with Pal).
Agrows shows the marker of interest for stratn GRS, DBISCUSSION

APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Mov, 2000, p. 47554763 Vol 66, No. 11
N0 2 240,00 504 00 +-0
Copyright © 2000, American Sooiety for Microbiology, All Fights Beserved.

[dentification of a Universally Primed-PCR-Derived Sequence-
Characterized Amplified Region Marker for an Antagonistic
Strain of Clonostachys rosea and Development of
a Strain-Specific PCR Detection Assay

SERGEY A. BULAT,' METTE LUBECK,** IRINA A ALEKHINA.' DAN FUNCK JENSEN,”
INGE M. B. KNUDSEN,* avp PETER STEPHENSEN LUBECK®}



#2 Cerato-ulmin expressed by numerous Geosmithia strains, five species —
only those from elms

identical DNA sequence as Ophiostoma novo-ulmi

horizontal transfer affected much more genes

MK980 G.pallida sp.5
- I O.novo-ulmi AJ295751
CNR132 Geosmithia sp.20 KF484893
CNR54 G.pallida sp.2 KF484886
7 4dd CNR42 G pallida sp.2 KF484884
CNR36 G.pallida sp.5 KF484891
6oo{ EH 6dd c CNR31 G.pallida sp.5 KF484889
Bl 8dd CNR17 Geosmithia sp.10 KF484897
12 dd CNR10 Geosmithia sp.10 KF484895
5004 CNR8 Geosmithia sp.10 KF484894
CNR16 Geosmithia sp.10 KF484896
CNR21 Geosmithia sp.10 KF484899
400+ CNR33 G.pallida sp.5 KF484890
T CNR41 Geosmithia sp.10 KF484901
—— CNR48 G.pallida sp.5 KF484892
L W7 G.pallida sp.5 DQ377561
CNR71 Geosmithia sp.10 KF484903
10- CNR11 G.langdonii KF484905
CNR20 Geosmithia sp.10 KF484898
CNR32 Geosmithia sp.10 KF484900
CNR40 G.pallida sp.2 KF484883
o5 CNR46 G.pallida sp.2
0- | CNRB9 Geosmithia sp.10 KF484902
Takai Elm sawdust Dual culture MK445a G.pallida sp.5 KF484887
MK1515 Geosmithia sp.13 KF484804
MK1623 G.pallida sp.2 KF484882
100 O.novo-ulmi Z80082
. . . O.novo-ulmi Z80085
Nidespread horizontal transfer of the cerato-ulmin O.novo-ulmi EU006084

. . . O.ulmi 78008
rene between Ophiostoma novo-ulmi and Geosmithia 160l 0.umi U23203
. O.himal-ulmi Z80084
pecles gl ©.himakulmi Z80083
O.quercus EF447296

.. . .y O. EF447294
riscilla P. BETTINI®*, Arcangela FRASCELLA®”, Miroslav KOLARIK"?, R B

99 O.quercus EF447295
ecilia COMPARINI®, Alessia L. PEPORI®, Alberto SANTINI®, Felice SCALA/,
\niello SCALAP e

157

ag cu mRNA pg total RNA




Analyza enviromtalnich vzorku
» pocet fragmentu = cca pocet zjiSténych druhu
 klonovani €i DGGE je citlivejSi
» nedochazi k amplifikaci vyhradné houbové DNA
* nedostatecné rozliSeni podobnych sekvenci

* obtiZe s identifikaci fragmentd (vhodna srovnavaci databaze t-RFLP fragmentu)

DGGE

linden maple wood alder beech oak standard

alder . L :
e 15
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day 7
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day 7 A
day 14 L l “ “
day28t l ol L

50 100 150 200 230 300 350



Analyza enviromtalnich vzorku - klonovani

Inserce do vektoru
* vlozeni PCR produktu do specifického mista vektoru (plazmid)
* ligace (uzavre se plazmid)

Transformace E.coli (vlozeni plasmidu)
* teplotni Sok

Kultivace transformovanych bunék

Ovéreni pritomnosti PCR produktu

* vyseti na agarovou plotnu a selekce kolonii s plazmidem (to Ize pomoci
reportérovych genu — napf. modro-bila selekce), nebo pomoci restrikce

* |zolace DNA

« PCR amplifikace pomoci znamych primera plazmidu

* rozdéleni do RFLP typu (3 enzymy), sekvenovani



