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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”. 
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Introduction

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



Introduction

Different sources 
of data

Different sources 
of data

DNADNA

citologycitology

morphologymorphology

secondary
metabolites

secondary
metabolites

ecologyecology

physiologyphysiology

Phylogenetic reconstruction

Taxonomy is  the  identification 
and  interpretation  of  natural 
group  of  organisms  (taxa)  based 
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DNA isolation

Fungal Genet. Newsl. 35: 23-24, 1988



DNA isolation

2. DNA purification
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DNA expert Kary Mullis — 1993 winner of
the Nobel Prize in Chemistry DNADNA



DNA

Polymerase Chain Reaction, PCR

target region

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

6.735 articles

18 S 28S
5 S 5.8 S

28 S

SrRNA
(SSU)

LrRNA
(LSU)

ribosome

Scopus search:
“rDNA” and “fungus”
1989‐2011

3.318  articles



Polymerase Chain Reaction, PCR

18S rDNA ITS1 5.8S ITS2 28S
rDNA

primers
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Polymerase Chain Reaction, PCR

18S rDNA ITS1 5.8S ITS2 28S
rDNA

ITS1F

ITS5

ITS4

ITS1F/ITS4 ITS5/ITS4



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

Molecular characterization of fungi (species level)

DNA isolation

PCR

RFLP analyses

Sequencing



Restriction Fragment Length Polymorphisms, RFLP
Polimorfismo de la Longitud de los Fragmentos de Restricción
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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 Restricción

Scopus search:
“RFLP”
1982‐2011

26233 articles

Scopus search:
“PCR‐RFLP”
1988‐2011

10.030 articles

Scopus search:
“PCR‐RFLP”
and“fungus” or
“fungi”
1996‐2011

336 articles



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

Molecular characterization of fungi (species level)

DNA isolation

PCR

RFLP analyses

Sequencing



Sequencing

Dr. Fred Sanger
1958 and 1980 winner of the Nobel
Prize in Chemistry

?

....ACCTGAAAGTAGTAGCCGGAGGGAATCCCTATAC..........



Sequencing

1....ACCTGAAAGTAGTAGCCGGCGGGAATCCATATAC......
2....ACCTGAAAGTAGTGGCCGGTGGGAATCCGTATAC......
3....ACCTGAAAGTAGTGGCCGGTGGGAATCCGTAAAC......

2

Boletus fragrans

3

Boletus luridus

1

Boletus edulis
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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. 



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

In fungi, DNA barcoding is challenging
because species concepts are 
inconsistently applied.

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

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 …



DNA barcoding

- Corticiaceous, Hyphodermella
and Hypochnicium

- Geastrum

- Boletales, Rhizopogon



Corticiaceous Fungi - Hyphodermella

H. corrugata

H. rosae

ITS nrDNA



Corticiaceous Fungi - Hypochnicium

H. michelii

H. guineensis

ITS nrDNA



Corticiaceous Fungi

Hyphodermella Hypochnicium

ITS 2 14 bases/230 bp ITS 1/ ITS2 

5 bases/1300 bpLSU
LSU 35 bases/1300 bp

SSU 5 bases/1700 bp SSU
Only 1 sequence obtained

LSU SSU RPB1 LSU SSU RPB1



Geastrum

5BERGEAberkeleyi
6BERGEAberkeleyiCONS

26CAMGEAcampestre
EU784246campestre
EU784220campestre
22CAMGEAcampestre
27CAMGEAcampestre
EU784221campestre
EU784241pectinatum
13PECGEApectinatum
11PECGEApectinatum

EU784239pectinatum
1OVAGEAovalisporum
EU784237minimum

EU784238minimum
EU784226minimum
4QUAGEAquadrifidum
5QUAGEAquadrifidum
6MINGEAminimum
8MINGEAminimum
EU784225coronatum

7CORGEAcoronatum
11CORGEAcoronatumCONS
EU784224coronatum

2ENTGEAentomophilum
EU784249striatum
26STRGEAstriatum
23STRGEAstriatum
25STRGEAstriatum
29PARGEAparvistriatum
48PARGEAparvistriatum

45PARGEAparvistriatumCONS
4SP3GEAsp3
11SCHGEAschmidelii
14SCHGEAschmidelii
12SCHGEAschmidelii
EU784247schmidelii
6FLOGEAfloriforme
7FLOGEAfloriforme
EU784231floriforme
EU784232floriforme

23LAGGEAlageniforme
EU784235lageniforme

EU784251triplexCF
2FORGEAfornicatum
3FORGEAfornicatum
EU784233fornicatum
EU784223corollinum
EU784222corollinum
2HIRGEAhirsutum

13RUFGEArufescens
EU784248rufescens
17RUFGEArufescens

EU784229fimbriatumCF
14RUFGEArufescens
5PSEGEApseudolimbatumCONS
7PSEGEApseudolimbatumCONS
2SACGEAsaccatum
6ELEGEAelegan
7ELEGEAelegans

EU784227elegans
EU784228fimbriatum
14FIMGEAfimbriatum

15FIMGEAfimbriatum
16FIMGEAfimbriatum
EU784245rufescens
23TRIGEAtriplex
24TRIGEAtriplexCONS
EU784250triplex
EU784234ageniforme

EU784230fimbriatum
1ENTGEAentomophilum

3MELGEAmelanocephalum
2MELGEAmelanocephalum
1MELGEAmelanocephalum
22TRIGEAtriplex
EU784244quadrifidum
EU784243quadrifidumCF
EU784242quadrifidum

Strict

LSU nrDNA

Geastrum minimum

Geastrum rufescens

ITS nrDNA
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Strict

Geastrum striatum

Geastrum campestre

G. parvistriatum

ITS
>100 / 710

LSU
51/ 1002

SSU
2 / 828

RPB1
80 / 793

ATP6

>100 / 703

ITS nrDNA



Order Boletales - Rhizopogon
AgaPoc AF

AgaBis U1
DIPALP1 2
DIPALP2 2
ASIBLT1A
APPBOL3 2

DipAlp AF
TraAlp AF

HygAst AF
CasGyr AF

CASGYR6 0
CyaGyr AF

CASGYR5 0
SALGYR2 0

SALGYR1 0
AreScl AF
VerScl AF

BovScl AF
DicScl AF

CitScl AF
GeaScl AF

CepScl AF
ColVel AF

EchScl AF
SinScl AF

ArhPis AF
MerBln AF

EXIGYD1 0
PorPhl AF
SudPhl AF

BENPHL3 0
SphPar AF

LivGyd AF
LIVGYD2 0
HEMPUL1B

MONGYD4 2
InvPax AF

INVPAX4 1
FilPax AF

PinLeu AF
AmbMel AF

TubMel AF
BETAUS1 0

BetBle AF
RUSBLE1 1

RUSBLE2 1
AURPUL1 2

CHRBLE2 1
HORLEC1 0

HorXer AF
AREPHY1 1
PHAPHY2 1
PHAPHY3 2

BELPHY1
RhoPhy U1

CABPHY1 1
CABPHY2 1

CENPHY1 1
StoXer AF

IllXer AF
RetHei AF

MirBle AF
TURGAS1 0
BRESUI1B

CARTYL1 2
PipCha AF
PIPCHA5 1

PRUCHA1 2
GRAAUS2 0

FLOBLE1 1
GRAAUS3 0

ENOBLE1 1
BULTYL1 2
GOMTYL1 2

NEOTYL125
VIOTYL1 2

BadXer AF
ParXer AF

ANABLE2 1
RubXer AF

EduBol AF
EDUBOL5 1

PORPOR1 1
UMBTYL1 2

GRITYL1 2
FLOSTR1 2

CONSTR1 2
BALTYL1 2

BALTYL2 2
STRXAN1 2

FelTyl AF
CHRBLE1 1
CHRBLE4 1

ChrXer2 A
PorXer AF

ChrXer AF
CisXer AF
PruXer AF
DryXer AF

INTBLE1 1
FenXer AF

RipXer AF
EryBol AF

JUNBOL1A
TurGas AF

LurBol AF
LURBOL5A

SatBol AF
SatBol3 A
SatBol2 A

CHRXER6 1
CHRXER7 1

FECBOL3 2
ANDLEC1 0

SFLAUS1 0
SVIAUS1 0

SVIAUS3 0
LonBol AF
RubBol AF

SubBol AF
CorLec AF

LepLec AF
CroLec AF
RUGLEC1 0

CarLec AF
TALLEC1 0

AurLec AF
CerLec AF
NTRLEC1 2
PARXER2C

POTLEC1 0
VERLEC2 1

QUELEC1 0
PopLec AF

AURLEC3 1
RotLec AF
ScaLec AF
VERLEC1 1
VerLec AF

PalLec AF
FlaLec AF

DurLec AF
VarLec AF

CASXER1 2
ExiBol AF

EXITYL1 2
RetBol U1

RAUPUL1 2
RAUPUL3 2

RETPUL2 2
OBSTYL2 2

CHR 15040
CavSui AF
SinSui AF

GluGom AF
LutSui AF
LUTSUI11

VARSUI6 1
CitTru AF
HawRhi AF
ParRhi AF

VilRhi AF
OccRhi AF

TruRhi AF
OliRhi AF

ScaRhi AF
SpuRhi AF

AurHyg AF
AURHYG3 1
MolLeu AF

NudGym AY
VesGym AY

LacSer AF
PANPAX2 1

AtrTap AF
PUTCON4 2
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Rhizopogon Subg. Roseoli

V=0.5 x w2 x l

ITS nrDNA

R. luteorubescens
Holotype, Idaho
MICH Herbarium

15 um3

R. vulgaris var. vulgaris

30 um3

R. vulgaris var. Intermedius

45 um3

R. luteorubescens

240-280 um3

R. gigasporus
R. hymenogastrosporus
R. roseolus f. aberrans
R. ventricisporus

60 um3

R. roseolus
R. rubescens

45 um3

R. luteorubescens



Rhizopogon Subg. Roseoli

60 um3

R. roseolus
R. rubescens

R. rubescens

ITS 1
28 / 226 

ITS 2
27 / 250

LSU
2 / 650

SSU
1 / 800

RPB1
Only 1 good seq.

R. roseolus

ITS nrDNA
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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
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