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Introduction 

 

Most land plants live in mutualist root symbioses with fungal species, these 

interactions are called mycorrhiza. Mycorrhizal fungi provide different advantages to host 

plants one example being survival in dry environments. 

Ectomycorrhiza (ECM) is one of the most frequent mycorrhiza types, formed 

generally by woody plants and Asco- and Basidiomycetes. There are different methods for 

exploring the ECM fungal community of a given area: i, Molecular taxonomical and/or 

morphological study of ECM (this is the only method by which the fungal species can be 

linked to its host plants); ii, collecting fruitbodies; iii, investigation the total DNA in soil 

samples (e.g. combined with new generation sequencing methods). 

There are four indigenous ECM forming plant species in our main sampling area, the 

semiarid sandy grassland near Fülöpháza (Kiskunság National Park, Hungary), which are 

Fumana procumbens, Populus alba, Salix rosmarinifolia and Helianthemum ovatum. Inocybe, 

Cortinarius and Tomentella species are common ectomycorrhizal partners of plants of 

Fülöpháza. 

A planted Pinus nigra forest borders the grassland. Individual pine trees or small 

patches composed of some pines can be found in the neighbouring open grassland, hundreds 

of meters away from the plantation. Pinus nigra is adventive species in this area. 

We hypothesise that adventive plants – if they are mycorrhizal – form mycorrhizas 

with fungal partners which are not specific to hosts. In a new area the original fungal partners 

of adventive plant species are usually not present. Our hypothesis is fungi that colonize 

indigenous as well as adventive plants should be considered as generalists. 

There are some plant species which have endophytes and form different mycorrhizas 

with different fungi as well. Specific labelling of cooccuring fungal partners in plant parts is 

important for investigating the interactions.  

Different plant tissue colonizing fungi can be labelled simultaneously and selectively 

by fluorescens in situ hybridization (FISH). This makes FISH a suitable method for in planta 

visualising of mycorrhiza forming, endophytic and pathogenic fungi in latent phase. 
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Aims 

The work presented here was aimed to (1) study and compare the diversity of ECM 

fungal partners of the adventive Pinus nigra and indigenous Fumana procumbens, Salix 

rosmarinifolia and Populus alba in the semiarid sandy grassland near Fülöpháza, and to 

identify generalist and specialist fungal partners. (2) Further, we aimed to collect fruitbodies 

from the same area and identify them. Fruitbodies collected in earlier investigations were also 

involved in the molecular taxonomical work and ITS barcoding. (3) We planned to 

comparatively characterize previously morhologically-anatomically undescribed ECM when 

decent amount of ECM is available. We aimed to compare ectomycorrhizal fungal genera 

common in Fülöpháza to other samples from Hungary molecular taxonomically and/or 

anatomically. (4) We also aimed to adapt the protocol for selective labelling ECM fungi using 

fluorescens in situ hibridization.  

 

Materials and methods 

 

(1) Ectomycorrhizal fungal diversity 

At sandy grassland near Fülöpháza all the ECM partners of plants were investigated 

by taking soil samples. All the ECM of Fumana procumbens were collected, while in case of 

the other three plants ECM morphotypes were separated. Total DNA was extracted (EZNA 

Fungal DNA Mini Kit) from representative samples of ECM morphotypes and fruitbodies 

collected in the area. ITS (Internal Transcribed Spacer) region was amplified and sequenced. 

Chromatograms were checked with Staden Package.  

While amplifying ITS from fungal partners in some cases more than one product was 

detected on agarose gel from the same sample. With these mixed samples a diagnostic PCR 

was done, where we attempted to reveal the occurence of a common endophyte fungal genus, 

the Cadophora.   

Applying 3% treshold sequences were clustered in mOTU-s (Molecular Operational 

Taxonomic Units) using mothur. A representative sequence of each mOTU was compared to 

sequences deposited in public databases (NCBI Blast: http://www.ncbi.nlm.nih.gov/BLAST/; 

Unite (http://unite.ut.ee/) using BLAST (Basic Local Alignment Search Tool) search. 

Diversity indices were calculated with mothur and Past3 (version 3.06) and the latter 

program was utilized for NMDS ordination (non-metrical multidimensional scaling) and CCA 

(canonical correspondence analysis) involving soil parameters. 

To identify ECM groups for phylogenetic analysis ITS sequences were aligned with 

MAFFT 7 online program.  

Maximum likelihood (ML) inference was conducted with graphic implementation 

(raxmlGUI) of RAxML using GTRGAMMA model and default options. For testing of 

reliability of different branches bootstrap method  was used, support values were calculated 

from 1000 repeats. Phylogenetic trees were visualized and edited in TreeGraph 2 program. 

http://www.ncbi.nlm.nih.gov/BLAST/
http://unite.ut.ee/
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(2) Fruitbody-based analyses 

Fruitbodies collected in the last ten years and collected by ourselves were identified 

with the same molecular taxonomic method described above for ECM morphotypes. 

 

(3) Detailed ectomycorrhiza descriptions, Tomentella ectomycorrhizas 

Inocybe ectomycorrhizas used for morphological-anatomical characterization were 

partly collected from underneath fruitbodies while in other cases we used adequate quantity 

and quality specimens originating from soil sampling of diversity investigation. Cortinarius 

saturninus described now originates from a garden in Budaörs. Stereomicroscope and phase 

contrast and Nomarski optics of compound microscope were used to characterize Inocybe and 

Cortinarius saturninus ECM.  

Separation of the roots of Salix and Populus is sometimes difficult, so in case of ECM 

collected from under Inocybe fruitbodies, diagnostic PCR was run with primers ITS1 

(forward) and newly designed Salix and Populus specific reverse primers.  

Fungal ITS sequences of Tomentella ectomycorrhizas collected in Fülöpháza were 

compared to other Tomentella sequences from other sites from Hungary. 

 

(4) Fluorescens in situ hybridization (FISH) 

The Bas_ITS4B_af488 (5′-[A488] CAGGAGACT TGTACACGGTCCAG-3′, PCR 

primer) Basidiomycota specific primer was used for labelling ECM hyphae. 

We worked with washing times and temperatures which ensured that non-target 

samples were not labelled but the target showed strong fluorescence with satisfying contrast. 

Sections were observed with epifluorescent and confocal microscopy. 

 

 

 

Results and discussion 

 

Ectomycorrhizal fungal diversity 

 

 Soil samples, fungal sequences, diversity of ectomycorrhizal fungal partners: 

177 soil samples were processed. Totally 882 sequences of satisfying quality were 

obtained (Fumana: 316, Salix: 271, Populus: 177, Pinus: 118). Sequences were 

clustered by host plant to 35, 54, 50, and 36 mOTU-s with 3% treshold, 

respectively. Altogether 101 mOTU-s were distinguished. Concerning the host 

plants, the willow hosts the highest diversity of ectomycorrhizal partners, followed 

by white poplar and black pine. Rockrose has the least diverse ectomycorrhizal 

community.  
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 Shared ectomycorrhizal partners: Partners of Salix and Populus show the biggest 

overlap between hosts (24 shared mOTU-s), the reason for this may be the close 

relationship of the two hosts ("host effect"). Fumana and Pinus have also 

considerable amount of shared mOTU-s (17), probably because the transition zone 

where the two plants cooccur ("site effect"). Black pine ectomycorrhizal partners 

overlap with partners of Salix (17 shared mOTUs) and white poplar (14 shared 

mOTUs) quite strongly. Our experiences showed that while Pinus keeps 

coinvasive ECM partners it can form new ectomycorrhizal connections using the 

ECM partners of neighbouring plants ("neighbour effect"). So the ectomycorrhizal 

fungal community of Fülöpháza are influenced by the site, by the host and 

neighbouring plants.  

 Specialist fungi: We detected specialist ectomycorrhizal fungi which colonize 

only one of sampled plant species, for example the Pinus specific Rhizopogon and 

Suillus species which are introduced in the area. We detected the presence of 

ectomycorrhizae of these invasive fungal species for the first time. The identified 

pine-specific alien fungal species may cause problems for the native fungal 

community of the area.  

 Generalist fungi: We found generalist ectomycorrhizal fungi associated with 

indigenous as well as adventive plant species (e.g. Pachyphloeus sp., Inocybe sp., 

Geopora sp.). Detected generalist fungal partners were revealed to be 

Ascomycetes and Inocybe spp. We detected far less generalist mycorrhizal 

partners than specialists. 

 Dominant ectomycorrhizal partners: It was revealed that ascomycetes are the 

majority amongst ECM partners (54.65% of all sequences and 47.52% of all 

mOTU-s). In ectomycorrhizal communities of dry areas and of soils with poor 

nutrient content fungal species belonging to the Pezizales order are often 

dominant. These fungi are well adapted to extreme environments.  

 Fungal host range expansion: Amongst the likely native fungal species in 

Fülöpháza there are some (e.g. Inocybe sp., Pachyphloeus sp.) which also form 

ectomycorrhizae with black pine. Because this pine is not a native plant in the area 

we can consider this ability to form these new ectomycorrhiza as a host range 

expansion of those fungi. 
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 New taxa which were previously unknown to occur in the area: Compared to 

earlier fruitbody based investigations, unexpected diversity was found in genera 

Inocybe, Tomentella and Geopora. New species (e.g. Tuber spp.) previously 

unknown to occur were detected in the area. We found our sampling site to be the 

northernmost distribution area of mediterranean species Tuber gennadii.  

 It is the soil pH what affects the ectomycorrhizal fungal diversity the most. 

Amongst other reasons, because of this effect of soil pH on fungal community is 

the presence of the invasive black pine problematic: its slowly decomposing 

needle litter acidifies the soil. 

 Cadophora tests: We showed that there is a difference of Cadophora colonization 

rate amongst the plants investigated. In percentages of all the samples, ratio of 

colonization by Cadophora was revealed to be 3.2% in Pinus ECM, 1.83% in 

Fumana ECM, 1.17% in Populus ECM and in Salix it was the highest, 14.74%. 

Cadophora seems to be present as a root endophyte of the plants investigated but 

there is a possibility that it forms mycorrhiza.  

 

(2) Fruitbody-based analyses 

 

 Identification of fruitbodies: 136 fruitbodies including 60 from ECM forming 

fungi originating from semiarid sandy grassland near Fülöpháza were identified 

based on ITS sequence. ITS sequences originating from ectomycorrhizal fungi 

clustered into 39 mOTUs while those gained from non-ectomycorrhiza forming 

fungi grouped into 64 mOTUs. 

 ITS sequences we gained from fruitbodies were used to build up a reference 

database, which is useful for identification of ECM fungi collected in the area, 

because there were ECM of fungal species which have no reference sequences in 

public databases. 

 Presence of hardly recognizeable and hypogeous fruiting body forming fungi (e.g. 

Hydnobolites sp., Pachyphloeus sp., Tomentella species, Tuber species) may cause 

differences between results obtained by fruiting body-based observations and 

ectomycorrhizal studies. Altough these fungi and Cenococcum geophilum which 

does not develop fruiting bodies at all can be dominant species in ectomycorrhizal 

communities, just as we found in Fülöpháza. 
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(3) Detailed ectomycorrhiza descriptions, Tomentella ectomycorrhizas 

 

 Characterization of Inocybe ectomycorrhizas: eight Inocybe ECM morphotypes 

were described morphologically-anatomically in detail. Amongst the newly 

described Inocybe ectomycorrhizas there were Inocybe ECM with Salix 

rosmarinifolia amongst the ECM characterized in present study which are the first 

ECM described from this host. 

 Inocybe ECM described in this work and in earlier publications share some 

common features. Mantle surface is cottony because the emanating hyphae with 

clamps. Their mantle is plectenchymatous, sometimes with gelatinous matrix 

amongst hyphae. Cistida and rhizomorphs have not been yet. 

 ECM of Cortinarius saturninus with Salix alba was also characterized thoroughly. 

This is the first Cortinarius ECM described from Salix roots. ECM of Cortinarius 

saturninus is the first described Cortinarius ECM formed with Salix roots. 

 These ECM also show charasteristics of other described ECM belonging to 

subgenus Telamonia, like light-coloured, shiny, silvery ends, cottony surface, 

plectenchimatous mantle where the inner layer hyphae are more dense. Wast 

amount of clamped hyphae and undifferentiated rhizomorphs ramifying repeatedly 

into smaller filaments are also similar to other Telamonia ECM described so far. 

 We found considerably differences in Tomentella community in the sandy 

grassland of Fülöpháza and other sites of Hungary. Altogether we found three 

shared Tomentella species (T. ferruginea, T. fuscocinerea, T. atramentaria) when 

comparing the fungal partners detected from Fülöpháza in this study to known 

ectomycorrhizae described earlier from Hungary. All of them are partners of white 

poplar. Tomentella ectomycorrhizal partners of oak and beech reported earlier 

were not detected in the present work. Probably the variance in communy types 

and host plants cause the differences between the Tomentella community of the 

sandy grassland of Fülöpháza and other sites in Hungary.   
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(4) Fluorescens in situ hybridization (FISH)  

 

 An RNA-FISH based method was successfully adapted and optimized for labelling 

fungal mycorrhizal partners in roots of different plants. ECM forming fungi were 

successfully labelled in planta with specific rRNA-FISH probe for the first time in 

this study. Bas_ITS4B_af488 fluorescent probe which was created based on the 

basidiomycete-specific primer ITS4-B labelled ectomycorrhizal mantle, Hartig-net 

and emanating hyphae. Intensity of labelling is dependent on amount of ribosomes 

and the strength of fluorescent signal detected is in connection with the metabolic 

activity of cells therefore we can deduce if it was an actively functioning 

ectomycorrhizal interaction when the root was sampled; this is also a great 

advantage of this method.  

 RNA-FISH therefore is suitable for selective fluorescent in situ labelling of ECM 

fungi and also other mutualist root colonizing fungi co-occurring together in 

ectomycorrhizal roots.  

 

Conclusion 

 

Our results considerably contribute to the knowledge about Hungarian 

ectomycorrhizal communities. Diversity studies of the ectomycorrhizal community of the 

sampled area are important not only to identify fungal partners but they also inform about host 

plants. 

Identifying specialist and generalist fungal groups may be helpful in future functional 

studies of ectomycorrhizal interactions. 

Detection of invasive fungi and ectomycorrhizae is interesting also from the 

conservational point of view. We lack sufficient information about how the invasive fungi 

affect indogenous ectomycorrhizal community and soil biote but it is possible that they may 

displace indigenous fungi and with that also affect native plants.They might change soil pH 

and induce changes in the native communities which may facilitate invasions of additional 

alien species.  

Our molecular and/or anatomical studies about ectomycorrhizae originating from 

Hungarian sampling sites provided interesting results which contribute to the knowledge of 

the different sampled fungal genera. 
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During this study we experienced that investigations of the ectomycorrhizal 

community of a given area should be conducted with different methods because data from 

ectomycorrhizae and data from fruiting bodies complement each other but with one method 

only it is high possible that we can not find all the ectomycorrhizal species present in a given 

area.  

The rRNA-FISH method optimized in this study may be suitable for simultaneous 

and specific localization and visualization of different root colonizing mutualistic fungi and it 

is also applicable when working with environmental samples. In addition to mutualistic fungi 

we can specifically detect other root colonizing fungi as well, and also latent pathogens 

present in plant tissues. This makes this method promising also for plant pathological 

investigations.  
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