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Molecular Phylogeneticsof Fungi



What is a Fungus?
Fungi are either macroscopic or microscopic (most)

cells

filamentous

fruitbody huge mushroom humungous fungus

Armillaria ostoyae

Mycelium over an area
of more than 8.9 km²
(3.4 square miles), it
may be the largest
organismon earth).



A Brief History of Fungi
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What is species?
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(Fungal Divers. 50:121-133, 2011 )



CLASSIFICATION 

BASED ON 

SIMILARITY

CarolusLinnaeus

(1707-1778) 

Group organisms 

according to phenotypic 

resemblance

CLASSIFICATION
BASED ON
GENEALOGY

Willi Hennig
Phylogenetic Systematics
(1966) 

Proposed the use of  
sister-group relationships

EVOLUTION

Charles Darwin 
The Origin of  Species 
(1859)

Organisms descend with 
modification from 
common ancestors; 
variations are heritable in 
any species
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many phylogenetic characters are now derived from DNA sequence



Are molecular characters superior to morphological 

characters for phylogenetic inference ?

} yes and noÞ. 

} strengths of molecular characters:

} very numerous 

} allow explicit coding (A/C/G/T) 

} can be compared in organisms with no morphological similarities 

} models of evolution based on genetic code and biochemical attributes 
of DNA can be built into analytical methods 

} weaknesses of molecular characters:

} cannot be obtained from fossils (except very rarely )

} requires expensive laboratory equipment (this becomes less and less 
significant all the time) 

} does not provide characters for field identification (this too may change) 

} most of the approximately 2 million described species have not yet to 
be studied using molecular tools, so in a sense, taxonomy is still 
primarily based on morphology.
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Colletotrichumacutatum

Conidia cylindrical to clavate, 

6.5ï13 ³2.5ï4 mm

Colletotrichumproteae

Conidia cylindrical to clavate, 

7ï22(ï37) ɿ 3ï6 mm

Morphologically similar, 

phylogenetically distinct
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ü rRNA (rDNA) Ὶ

Á Small Subunit (SSU) rDNA (18S)

Á Large Subunit (LSU) rDNA (26S, 28S)

Á Internal Transcribed Spacer (ITS)

Á Intergenic Spacer (IGS) 

ü

Á b-tublin gene

Á elongation factor -1 (hEF- 1 )h

Á RNA polymerase II 

ü ᵩmitochondrial (mt) DNA

Á mtSSU and LSU rRNA genes

Á mitochondrial cytochrome b ( cytb )

Á cytochrome oxidase I and II (COX I, COX II) 

SSÛ 18S̃ 5.8S ITS2 LSÛ26S, 28S̃ITS1 D1/D2IGS2 IGS15S
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What is Molecular Phylogeneticsof Fungi̹
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Why do we perform phylogenetic analysis̹

üFind evolutionary ties between organisms

(Analyze changes occurring in different organisms during evolution)

üFind (understand) relationshipsbetween an ancestral sequence 

and it descendants

(Evolution of family of sequences)

üEstimate time of divergence between a group of organisms that 

share a common ancestor



Entomopht
horomycot

ӂ



Class ̢ ▲̣

Order
̢ ̣



How to perform phylogenetic analysis̹

יּ

₉

Ị



‼ ᵲ

ü ∆
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DDBJ(NIG)

GenBank
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ЕMuscle > MAFFT > ClustalW > T-Coffee 

‼ ЕMAFFT > Muscle > T-Coffee > ClustalW 

¸ ModeltestЃ56 Є

¸ MrModeltestЃ24 Є

¸ jModelTestЃ24-1624 Є

¸ ModelGeneratorЃ56 Є

MEGA 
¸ ModelGeneratorЃ96 Є

¸ ProtestЃ15? Є

̴ ‖ ̦ί Ổ̦∕ ‖̦ ̛

BI Mrbayes + Mrmodeltest BEAST+ jModelTest 



MrMTgui Ӏ MEGA

MEGA BIC
BIC 
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Ӏ ᴌ:

MrBayes (BI)

MEGA (ML/NJ/MP )

PHYLIP (ML/NJ) 

PAUP (ML/MP) 

RaxmlGUI (ML) 

PhyML (ML) 

꜡ ᴌ

ClustalX/ ClustalW

MAFTT

MUSCLE

ModelTest 3.7

MrModelTest 2.3

jModelTest

TreeView

TreeGraph(JAVA)

FigTree(JAVA)





₡⁶

ЃNeighbor-Joining, NJЄ

ᵒ ЃMaximum Likelihood, MLЄ

ЃMaximum Parsimony, MPЄ

Ѓ Bayesian inference, BIЄ



ЃNeighbor-Joining, NJЄ
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ᵒ ЃMaximum Likehood, MLЄ
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ЃMaximum Parsimony, MPЄ
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Ѓ Bayesian inference, BIЄ
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Microsphaeropsidaceaefam. nov.
ЕMicrosphaeropsisHöhn.
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Half day on the Web, 
saves you half month in the lab!


