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The term mycorrhiza comes from the Greek words mykós for “fungus” and riza for “root” 
and describes diverse root-fungus associations in which both partners benefit

What are mycorrhizae?

carboydrates

Mineral
elements: P, N

Improves nutrient acquisition
Pathogen resistance
Heavy metal tolerance
Moisture retention
Influences soil structure and 
supports ecosystem multi-
functionality 
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Our knowledge of mycorrhizas dates back to at least 150 years ago 

A.B. Frank (1839-1900) 

G. Gibelli (1831-1898) O. Mattirolo (1856-1947) 

started the study of the physiology 
of ECM fungi in Uppsala

J.L. Harley (1911-1990)

coined the term “mycorrhiza”

Wrote the first book devoted to mycorrhiza and allowed to publish 
mycorrhiza research in New Phytologist
His students D. Read and S. Smith (reference book Read and Smith, 1997) 

E. Melin (1889-1979)

At the end of 19th century also herbs and flowering plants were investigated and pioneering 
observations on endotrophic mycorrhizas started: P.A. Dangeard (1862–1947), J.M. Janse 
(1860–1938), L. Petri (1875–1946) and J.Gallaud (1905)

exhibition held in Turin in 1911 
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72% of vascular plants are arbuscular mycorrhizal

2% are ectomycorrhizal

1.5% are ericoid mycorrhizal

10% are orchid mycorrhizal

Just 8% of plants are  completely nonmycorrhizal

and 7% have inconsistent nonmycorrhizal-arbuscular mycorrhizal associations 
(habitat/nutritional specialists)

How can we study this impressive 
biodiversity?

Evolutionary history of mycorrhizal symbioses and global host plant diversity



>20,000 species of EM Basidiomycetes and Ascomycetes 
~6,000 tree species

ECTOMYCORRHIZAL LIFE STYLE

Although the majority of EM fungi share a typical anatomical pattern, the 
phenotypic diversity is broad, as host species and ecological specialization 

While many fungi have been studied from the ecological point of view, a few  have been used 
as model in in vitro associations: Laccaria bicolor with poplars, Hebeloma cylindrosporum with 

pine, Tuber melanosporum with hazel, and Pisolithus spp. with eucalypts

Ramaria Suillus Tomentella



an important contribution to the knowledge of the 
mechanisms involved in the symbiosis has been given by 

the microscopy that has documented the development of 
the ectomycorrhiza



Early stage of mycorrhizal development at TEM (b-i) between Picea abies
and Laccaria amethystine (Balestrini and Kottke, 2017)

The development of ectomycorrhizae involves 
a series of events described in in vitro 
mycorrhizal systems since the end of 1990

-the vicinity of a mycorrhizal fungus to the   
root  stimulates the development of 
lateral short root ending in a round apex (a)

-hyphal attachment to the root surface (b, c, d, e)

-changes in the hyphal growth and branching

-hyphal ingression between the root cortical cells 
that establish the Hartig net (g)

-remodelling of the cell walls during this process

-formation of the hyphal mantle (a)
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Laser Microdissection (LMD)

Laser capture microdissection (LCM) of Tuber melanosporum/Corylus avellana ectomycorrhizas

Transversal section of an ectomycorrhiza Selection of areas for LCM Section after LCM of the 3 compartments

D. Microdissected root cells
E. Microdissected Hartig net
F. Microdissected mantle

Nehls et al. (2001) separated by forceps the fungal mantle of ectomycorrhizas of 
Amanita muscaria from the remaining poplar roots still containing Hartig net

Hacquard et al. (2013) collected the two ECM fungal compartments by a laser 
microdissection and from microarray gene expression analysis revealed a 
functional specificity for the two ECM compartments: 
-the mantle is the responsible for nitrogen and water acquisition from soil 
-the Hartig net shows enhancement of transport activities



An improved knowledge of the mechanisms 
involved in the symbiosis emerged from 

genomics applied to EM fungi, 
transcriptomics and comparative genomics 

with fungi having different life styles





A model for the establishment of ectomycorrhizal symbioses Martin et al. 
2016

four steps that must be achieved by the fungus: modulation of host root development; hyphal
development; suppression of plant defences; and modulation of the metabolism of host root cells 



But beyond these studies, most performed on in vitro 
cultures, how researchers have detected all the phases 

of the complex life cycle of the EM fungi in field?



Amanita rubescens

Boletus edulis

The identification of ECM fungi has generally been focused on the 
examination of fruiting bodies 



ITS-RFLP        

ITS

18 S 5.8 S 25  S 5 S

ITS1

ITS4

ITS sequences

ITS primers

Database from 
fruitbodies

deposit in GenBank and UNITE

only since the early 1990s fruiting bodies have also been 
characterized by DNA-based methods



typing the ECM tips   
after sorting these in morphotypes

Laccaria amethystina/Fagus sylvaticaThelephora terrestris/Picea abiesLactarius chrysorrheus/Quercus robur

Method used in many studies on ECM community structure and spatial distribution since the 
pioneering work of Gardes et al. (1991)

there is not a direct linkage between mycorrhizae and fruiting bodies



From BBC news

Detection of the mycelium

Hebeloma
cylindrosporum
was the first 
ECM fungus to 
be detected in 
soil (Guidot et 
al., 2002)

Thanks to the 
direct 
extraction and 
amplification 
of DNA from 
soil

wood wide web
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Innovative use of mycological resources for resilient & productive 
Mediterranean forests threatened by climate change
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