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Introduction

Article 2

“Biological diversity means the variability among living organisms
from all sources including, inter alia, terrestrial, marine and other
aquatic ecosystems and the ecological complexes of which they
are part; this includes diversity within species, between species
and of ecosystems”.

Convention on
Biological Diversity
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Introduction

DNA-based methods have been in long use for identification
purpose in mycology.

<PGDO

Accelerated evolution of a false-truffle from a mushroom

Nature
ancestor Volume 339, Issue 6220, 1989, Pages 140-142

Bruns, T.D.2, Fogel, R.2, White, T.J.%, Palmer, J.0.? &

2 Department of Botany, University of California, Berkeley, CA 94720, United States

b Department of Biology, University of Michigan, Ann Arbor, Ml 48109-1048, United States
® Cetus Corporation, 1400 Fifty-third Street, Emeryville, CA 94608, United States
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Introduction

EFFECTS OF GASTEROID FRUITING BODY

. . . . . MORPHOLOGY ON DIVERSIFICATION RATES IN
Taxonomy is the identification THREE INDEPENDENT CLADES OF FUNGI
. . ESTIMATED USING BINARY STATE SPECIATION
and interpretation of natural AND EXTINCTION ANALYSIS
g rou p Of or ga n iS ms (t axa ) b ase d e e ot It o10 Evolation 63-5 1305-1322
on different characters.

b species X

e species Y

131K

FIFIIIT

Phylogenetic reconstruction

Figure 2. Sclerodermatineae consensus trees of 50 posterior BEAST trees. (A) Sclerodermatineas dataset 1. (B) Sclerodemmatineas
dataset 2. Closed circles represent nongasteroid forms whereas open circles represent gasteroid forms. Numbers indicate nodes with
=0.99 posterior probability.
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The revolution of molecular techniques in the fungi research:
Explored files and future objectives

Use of a short standarized genetic
marker to provide DNA-based
identification of fungi.
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DNA isolation

Para ver esta pelicula, debe
disponer de QuickTime™ y de
un descompresor TIFF (sin comprimir).




DNA isolation

Lee, S.B., M.G. Milgroom # Fungal genetic  studies require a rapid
method of isolating DNA from a large number of
and J.W. Taylor samples for restriction enzyme analysis. Pre-

vious methods we have used are limited by rela-
A rapid, high yield mini-prep method tively low yield of 50 ug DNA/0.lg lyophilized
mycelium (Zolan, M.E. and P.J. Pukkila 1986. Mol.

for isclation of total genomic DNA Cell. Biol. 6:195-200) or tedious gel exclusion
column chromatography (Biel, S.W. and F.W.
from fungi. Parrish 1986. Anal. Biochem. 154:21-25). In

addition, these two methods yif€lded no readily
digestable DNA from Phytophthora cinnamomi.

The following method facilitates rapid isoclation of large quantities of easily
digested total, genomic DNA from several species of Phytophthora, including P. cinnamomi,
and several species of Boletus, Chroogomphus winicolor, Gomphidius glutinosus, Leccinum
manzanitae, Magnaporthe Ggrisea, Neurospora ocrassa, N. tetrasperma, Omphalotus olivascens,
and Talaromyces flavus. Yield was increased to 200 ug DNA/0.1 g lyophilized mycelium and
isclation of DNA from two to three times as many samples can be achieved using this rapid
method (current record is 64 1isolates in one day versus 24 using previous methods). DNA
has been successfully ocut with all restriction enzymes tried to date.

Solutions needed:
l. Lysis buffer: 50 mM Tris-HCl
50 mM EDTA
3% SDs
1% 2-mercaptoethanol (add just before use)
Chloroform:phenol (1:1)
SEVAG (chloroform:iscamyl alcohol, 24:1)
3 M NaOAc (pH 8.0)

Iscpropanol Fungal Genet. Newsl. 35: 23-24, 1988
Ethanol (100%, -20°C)
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DNA isolation

1. Cell disruption, cell lysis

SPIN 4

Para ver esta pelicula, debe
disponer de QuickTime™ y de imrmoeen, o 'gp'kT' debe, parn 'SPLT' gebe,
un descompresor IFF (sin comprlmlr) T n descompresor TIF (i comprm n descompresor TIFF (s compr).

Incubate 1

2. DNA purification
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Polymerase Chain Reaction, PCR

DNA expert Kary Mullis — 1993 winner of
the Nobel Prize in Chemistry

DNA Amplification
, \ XY
Para ver esta pelicula, debe KOO
disponer de QuickTime™ y de OO

un descompresor TIFF (sin comprimir). RSN
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Polymerase Chain Reaction, PCR

target region

Scopus search:
“PCR” and “fungus”
1989-2011

DNA

28 S
6.735 articles
Scopus search:
“rDNA” and “fungus”
1989-2011
3.318 articles
Curr Genet (1988) 14:573-582 mm

Organization of ribosomal RNA genes in the fungus
Cochliobolus heterostrophus

Robert C. Garber!, B. Gillian Turgeon?, Eric U, Selker®, and O, C, Yoder®

© Springer-Verlag 1988

ribosome




primers

Polymerase Chain Reaction, PCR

Nuclear Internal Transcribed Spacer (ITS)
Ribosomal DNA
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TIT &1k A ACy GOC 08T €6 2 1831-1E5E 135 1831 for EIT A0 TTC TOC ATC EAT B 2 37-57 B BE 37 rew
TaY ALK Cal CO0 DG T 18 1833 LEER 145 1488 For EAT GGT TCA OSG GET TCT 6 28 ™59 CEE P8 pew
AAC BAG ETT TOD GTA GET &4 3 17EE-1727 135 1338 Foe BEL CGE AAL TTE OET TEA AN 22 1TM-I12E % 0% 138 rew
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G GAL GAN TGA CAR &K AL ONDM [TSL far TOC TOL GEW TAT TE& TaT 6 29 di-68 A8 e o= TS
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GLA GiA TOC [GT GAR A TT 24 ™-§9 545 TR Por BEC TTT AGE ALC ACA BLT LG 29 dps O ITS raw




Polymerase Chain Reaction, PCR

electrophoresis

molde abwerto
de metacrilato




Polymerase Chain Reaction, PCR

Lichenologist 32(2): 189-196 (2000)
doi:10.1006/1lich.1999.0254 @

Available online at http://www.idealibrary.com on ll“.a-l®

ALTERNATIVE METHODS OF EXTRACTING AND
AMPLIFYING DNA FROM LICHENS

Maria P. MARTIN* and Katarina WINKA}




Polymerase Chain Reaction, PCR

ITS1F
28S
ITS1 : ITS2
18S rDNA 5.85 DNA
ITS4

ITS1F/ITS4 ITS5/ITS4
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Restriction Fragment Length Polymorphisms, RFLP

Detection of Tuber melanosporum DNA insoil
Laura M. Suz’', Maria P Martin?, & Carlos Colinas'

TCentre Tecnologic Forestal de Catalurya, Sokona, Spain and *Real Jardin Botanico (CSIC), Madrid, Spain

FEMS Microbiol Lett 254 (2006) 251-257
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Restriction Fragment Length Polymorphisms, RFLP
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Restriction Fragment Length Polymorphisms, RFLP

Polimorfismo de la Longitud de los Fragmentos de Restriccidn

Phyton (Austria)

"ROD?zE;iai;:::ﬁem" Vol. 40 Fasc. 4 (135)-(141) 25.7.2000 SCO p u S Sea rC h :
“RFLP”
1982-2011

Molecular Ecology of Hypogeous Mycorrhizal
Fungi: Rhizopogon roseolus (Basidiomycotina)

26233 articles

By

M. P. MARTIN", O. KARENY & J.-E. NYLUND”

Key words: tDNA ITS, RFLP, hypogeous fungi, false truffles

dstance e Scopus search:
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Fig. 1. Phenogram of the UPGMA cluster analysis of the RFLP patterns obtamed with the
resiriction enzymes Cfo I, Dde I, Hinf I, Mbo [ and Taq . The spore volume of R roseolus 1s indi-
cated according to GROSS & al. 1980 and MARTIN 1996. Mycorrhizal host: Pinus pinaster (Pp) and 336 a rtides
Pinus sylvestris (Ps).
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Dr. Fred Sanger
1958 and 1980 winner of the Nobel
Prize in Chemistry

ACCTGAAAGTAGTAGCCGGA AATCCCTATAC



AATCCGATATAC......
AATCCIGTATAC......
AATCCIGTAAAC......

1....ACCTGAAAGTAGTA{-CC
2...ACCTGAAAGTAGITGICC
3....ACCTGAAAGTAGTG[5CC
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AGA
AGAC
AGACC
AGACCTA
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AGACCTAGG
AGACCTAGG




Sequencing

ene Nucleotide BLAST: Search nucleotide databases using a nucleotide query
[«]»] | + | = http:/ jwww.nebi.nim.nih.gov/blast/Blast.cgi?PROGRAM=blastn&BLAST_PROGRAMS=megaBlast&PAC & | (Qr Coogle

tblastx |
BLASTN programs search nuclectide databases using a nucleotide query. more... Resetpage  Bookmark
Enter Query Sequence e - Lol e

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &

From

To
4

Or, upload file | Seleccionar archive | ningln ...ionade &
Job Title

Enter a descriptive title for your BLAST search &
] Align two or more sequences &

Choose Search Set

Database (Human genomic + transcript () Mouse genomic + transcrft @ Others (nr etc.):
# | Nucleotide collection (nr/nt) |+j L2 ]
Organism —
Optional [ Exclude | ®
Enter organism comman Nams- ; : will be shown. &)
Exclude I Medels (XM/XE) ¥ Uncultured/environmental sample sequences
Optional
Entrez Query
Optional

Enter an Entrez query to limit search &

Program Selection
Optimize for ® Highly similar sequences (megablast)
) More digsimilar sequences (discontiguous megablast)
) Somewhat similar sequences (blastn)

Choose a BLAST algorithm &

Search database Nucleotide collection (nr/nt) using Megablast (Optimize for highly similar sequences)
1 Show results in a new window

p Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign




Sequencing

s iala) Blast output

# http: //unite.ut.ee/cgi-bin/seq_search2.pl 2(Q- Google

808 UNITE home

@ @ @ # hitp://unite.ut.ee/ © 2/ Qr Google

_Efl mor - mor —..Bolete</i> IAPT Intern...nt Taxonomy Ciencia y Te...ria sexenios The Interna...- home page Description...search LMU)

= unite

[I1 mor - mor - _Bolete</i> IAPT Intern._nt Taxonomy Ciencia y Te. .ria sexenios  The Interna...- home page  Description.._search LMU)

=¥

s uJnite

Home Run Analysis Search Pages Notes and news Contributors Acknowledgements F
L4 9 2 Searching for homologs of sequence NoName
Number of UNITE barcoding sequences: 2628 ITS sequences of 1153 species from 177 genera, Tt should take at most 15 seconds. Please wait
Number of fungal ITS sequences in database (UNITE + INSD): 81884

How to cite
Database(s) used: UNITE + INSD ( = GenBank, EMEL, DDEJT)

is a rDNA sequence database focused on ectomycorrhizal asco- and basidiomycetes. The
database initially holds only sequences from the ITS region. The sequences are generated from
fruit bodies collected and identified by specialists and deposited in public herbaria; type specimens
are used whenever possible. Selected species also have full descriptions and illustrations linked to
the sequences.

BLASTH 2.2.6 [Apr-09-2003]

Reference: Altschul, Stephen F., Thomas L. tadden, dlejandro A Schaffer,
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipmen (1997),
“Gapped BLAST and FSI-BL&ST: & mew gemeration of protein database search
programs’, Wucledc acids Res. 25:3389-3402

The purpose of the database is to facilitate identification of environmental samples of fungal DNA.

includes several tools that aid in the identification of unknown sequences. Since unequivocal Query= NoFame
identification is the main purpose behind TE, the implementation of tools that extend beyond (842 detiers)
simple similarity searches (as offered by BLAST and variations thereof) was an essential part of the Database: data/lMycoS.fas; dataallal.fasta
database development. This requirement has been met by the development of galaxie, which 81,884 sequences; 51,196,936 total letters
allows web-based, basic phylogenetic analyses. Galaxie provides maximum parsimony heuristic and 4 - "
neighbour joining analyses under different evolutionary models. To date, two galaxie LI e D R R O BRI e HE
(galaxieBLAST, galaxieHMM) and one BLAST script have been implemented. We recommend Score E
galaxieBLAST as the most appropriate tool for the identification of unknown ITS sequence. Other Sequences producing significant alignments (bits) Talue
\dent\ﬁcat_mn_ m_ethod!; will be considered for inclusion in the future. We stress again that the Dga7ss1e Tuber indicum 1219 00
database is, in its present form, restricted toe ITS sequences specific to ECM fungi and as such the AF132503 Tuber himalayense 1215 0.0
input of query sequences from other fungi not covered by the database (i.e. saprotrophic or DQ37asze Tuber sinense 17 00
% 40 : 0335564 Tuber indicum 172 0.0
parasitic fungi) is not recommended for obvious reasons. DQs7esz? i e (1es 5D
i ; Dg37S510 Tuber indicum 1164 0.0
is a relational database built on a MySQL platform running on a Red Hat Linux Apache httpd 10375497 Tuber irdicum 1158 00
server. It is accessed through a web interface system written in PHP, Perl, and Python scripting PEEEE Tuber indicum 1156 0.0
Wdhlleg AF300824 Tuber indicum 114z 00
guages. AF106881 Tuber indicum 1148 00
DO375507 Tuber indicum 1140 oo
The development of | is a Nordic-Baltic initiative and a collaboration between several research Us9361 Tuber indicum 132 0.0
groups. The project links experts in fungal taxonomy and ecology and also forms part of a student- Dg37sie Tuber indicum i3 0.0
p : D0375438 Tuber indicum 1130 0.0
training network funded by the Nordic Research Council. AYT73357 Seini 1114 00
0375518 Tuber indicum 1102 0o
DO37552a Tuber indicum 1096 0.0
10375522 Tuber indicum 1096 0.0
Q375521 Tuber indicum 109% 0.0
| DQ375520 Tuber indicum 1096 0.0
DO375506 Tuber indicum 1096 0o
" . 10325376 Tuber sinense 1096 0.0
INDEXED IN = L 4 o e da LA DO375517 Tuber indicum 109¢ 0.0
¢ omepage is maintaine: Y Powered by AF300822 Tuber indicum 1094 L) i
1S Web of Know! Kessy Abarenkov & R. Henrik Nilssan M SQL 00375509 Tuber indicum 1052 0.0 !
H - DO375515 Tuber indicum 1088 0.0 v
Current Web Contents Last updated: B May, 2008 D375524 Tuber indicum 1086 0.0




Sequencing

Less that 1% of all fungal species have been sequenced for the ITS region,
the similarity search often fails to produce a match close enough for reliable
species identification.

en0e6

GENERAL_ITSBol260302

2 (B

SPCOM_1_ GAR GT N
BOTRAM_1__ AR GA i)
SPALP_1__ ELV.Y GT m
SUBBEE_1__ SRR am m
CAVBLT_1__ AR G m
CaLBOL_1 SRR G ST
CORBOL_1 SRR TCAT < G
EDUBOL_1 SRR TCATC < acT
ERYBOL_2 SRR TCAT cT
ERYBOL_1 AR =
EXIBOL_1__ AR
FECBOL_1__ GAA
FRABOL_1__ GAA
IMPBOL_1__ FAA
LUPBOL_1__ SRR
LURBOL_1__ GRA CGATAAGTARTGTGARAATTGCA
PINBOL_1__ SRR
RHOBOL_1__ GRAR GCGATAAG
SPBOL_S541_ AR AATT A
PIPCHA_1__ GAR ARTT GR
VINCHR_TD SRR AATT X
ARICON_1__ FAA
ARICON_4__ FAA
PRACON_1__ SRR € B
PUTCON____ SRR CHA m GAR
PUTCOM_3__ GAA GTGAATT CR) TCAT GAR
AJZ248503PUTCON B AATGTSAATT CA o] o] SAA
AMAGAS_HS_ AR C A TCAT SAR
DINGASOO1 GAA ] CR) TCAT SRR
LARGAS_EB ELV.! Y T CF TCAT GA RS T
LARGAST1EE GAA TAAT CF ATCAT SAR AT
SUIGASTCS GAA TAAT CA) ATCAT GAA AT
SUIGAS2CS GRA TARAT GATCTASCA ATCAT GRA AT
SUIGAS_S3 GRA TRAT GATCTASCAl ATCAT GRA AT
SUIGAS_CS GRA TARATC GATCTASCAl ATCAT GRA AT
UMBGAS_T7 GRA TAAT GAT CR ATCAT GAA AT
MORGAU_1__ GAA TAAT SAR CA ATCAT SAR AT
GLUGOM_TD__ GAA TAAT AT CR) ATCAT SRR AT
ROSGOM_1__ CAACGCH TAAT AT CA ATCAT SRR AT
CASGYR_1__ CGACGCA TAAT AT ATCAT SAR AT
CASGYR_Z__ & CA TAAT AT ATCAT GAA AT
AURHYG_1__ £ CA TAAT AT ATCAT SRR AT
AURHYG_2__ GRACGCHA TARAT AT ATCAT GRA AT
MORHYG_1__ GRACGCH TRAT AT ATCAT GRA AT
AURLEC_1__ CAACGCH TAAT AT ATCAT GAA GTAR-TT AT
BROMELB48_ CARACGCHA TAAT AT ATCAT SAAT STA-TT AT
WARMEL_LB__ CARACGCHA TAAT AT ATCAT SAAT AT
ECHMEC_1__ GAACGCH TAAT AR ATCAT saa AT
OLECMP_1__ GARCGCA TAAT AR ATCAT SAR AT
ATRPAX_1__ GARCGCA TAAT AT ATCAT SAR AT
FILPAX_AF__ CARCGCA TAAT AT TCAT GAA AT
PANPAX_1__ C TAAT GAT TCAT G TG
498 - 511 [7] AL 2
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DNA Barcoding

Barcoding -~

ungal

F

In fungi, DNA barcoding is challenging
because species concepts are ~ > ,
inconsistently applied. g = T T

The noncoding ITS region
Is accepted as the prime
barcoding region in fungi.

There is an interest in
developing a second
barcode:

- SSU nrDNA
- LSU nrDNA

- RPB1
- RPB2
- ATP6
- Others ...

Finding the best gene for Fungi. Participants at workshop, Amsterdam
April 16-18, 2011, to finalise a paper declaring a fungal barcode.



DNA barcoding
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- Corticiaceous, Hyphodermella
and Hypochnicium

- Geastrum

- Boletales, Rhizopogon



Corticiaceous Fungi - Hyphodermella

Mycol Progress (2010) 9:585-596
DOI 10.1007/s11557-010-0666-5

ORIGINAL ARTICLE

Morphological and molecular studies of Hyphodermella
in the Western Mediterranean area

M. Teresa Telleria - Margarita Dueiias - Ireneia Melo »
Maria P. Martin
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Corticiaceous Fungi - Hypochnicium

Myeologia, 102(6), 2010, pp. 1426-1456. DOIL: 10.3852/00-242
3014 Mo, Suin © 2010 by The Mycological Society of America, Lawrence, KS 66044-8807

A re-evaluation of Hypochnicium (Polyporales) based
on morphological and molecular characters

F i AJ534250

Hyp definitum AJ534293 — H_ miChelii

H. michelii, MA-Fungi 79155, FN55253

H. geagenium, MA-Fungi 48308, FN552534

086k H, geogenium AF429426

H. zealandicum DQ30%068

H. polonense DQ309067 1-B

H. polonense DO3006E

H. polonense DQE09065

H. bombycinum, MA-Fungi 15305, FNS52537

' H- bombycinum, MA-Fungi 15306, FNS52538

Jo0f M. lyndoniae DQ309070

H. lyndoniae DQO308069 I-C

? H. geogenium AYB05611

10] 100 p H. lundeili DQO0B218

10 b4, jundellii AY781277 —

0 H. punctulatum AF429408
H. punctulatum AF429414
H. punctulatum AF429413

2 H. punctulatum AF429412 11-D
H. punctulatum AF429411
H. punctulatum AF429410
H. punctulatum AF429409

H. cystidiatum DOB5E163
10 [

@ H. cysticiatum DOES8164
n= II H. gui is, MA-Fungi 79156, FN552536 I

100 o -E

H. aotearoae, NH15862, GQI06536

smooth spores

0.58 oe7

101 H.cremicolor AF429425

H. albostramineurn AF429421

H. albostramineum AF420423

H. albostramineum AF429422

H. wakefieldiae AF429415

H. wakefieldiae AF429419

H. wakefieldiae AF428418

H. wakefieldiae AF429417

H. wakefieidiae AF428416

H. wakefieldiae AF429420

H. wakefieldiae, MA-Fungi 7675, FN552531

H. wakefieldiae, MA-Fungi 23913, FN552533
. wakefieldiae, MA-Fungi 79157, FN552532

ITS ntDNA —
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Rhizopogon Subg. Roseoli
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Rhizopogon Subg. Roseoli
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International Conference on Silvicultural Management for Forests Producers of Edible

Mushrooms

The revolution of molecular techniques in the fungi research:
Explored files and future objectives

The lack of reference sequences from well-identified fungi
often poses a challenge to inference of taxonomic affilation
of sequences from environmental samples, and many

environmental samples are thus unidentified.
Ryberg et al. 2008

Prof. M.Teresa Telleria
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