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Abstract:  In contrast to the global countries, ectomycorrhizae members are 

not common in Egypt, however, they are very important in the afforestation 

of poor lands. Their occurrence in Pinus sp., Clerodendrum sp., and Euca-

lyptus sp. may help to explain why these trees are the most extensively dom-

inant around the world, especially in Egypt. The identification and character-

ization of numerous ectomycorrhizal fungi often involve large morphological 

descriptions of sporocarps alone, which consequently, in some instances, 

raise arguments about the accuracy of these studies. The present work was 

achieved to isolate, identify, and characterize three ectomycorrhizal fungi 

from sporocarps combining morphological and molecular techniques. The 

morphological characteristics of tested species were assessed and compared 

to standard taxonomic literature. ITS-rDNA was utilized for molecular anal-

ysis using the universal fungal primers ITS1. Identification of these species 

was confirmed by comparing the sequences of amplified genomes of these 

species with respective species sequences in GenBank, followed by blast 

analysis. 

 

 

1 Introduction 

 

Ectomycorrhizae (ECM) is a mutualistic rela-

tionship resulting between distinctive soil fungi 

and plant roots which are mostly woody trees 

(Smith and Read 2008). In this relationship, the 

fungal partner supplies nutrients to plants in ex-

change for plant carbohydrates produced during 

photosynthesis (Xie et al 2021). Trees belonging 

to Pinus sp., Clerodendrum sp., and Eucalyptus 

sp. present in tropical and temperate regions are 

reported to harbor a broad variety of ECM fungi 

(Corrales et al  2018). The majority of ectomycorrhi-

zal fungal species belong to Basidiomycotina, Asco-

mycotina, and some Zygomycotina (Bai et al 2021). 

Ectomycorrhizal symbiotic associations are partic-

ularly crucial to plant health and growth as well as 

enhancing plant tolerance to biotic and abiotic stress 

conditions (Otgonsuren et al 2016). The ectomycor-

rhizal fungi have the ability to increase water and nu-

trient supply to plants, produce enzymes and some 

types of organic acids, protect plants against soil path-

ogens and improve soil structure (Prieto et al 2016). 

http://ajs.journals.ekb.eg/
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This study aims to isolate and identify some 

ectomycorrhizal species collected from different 

Egyptian sites. 

 

2 Material and Methods 
 

2.1 Sporocarps Collection and Characteriza-

tion 
 

Twenty-three Sporocarps were collected from 

the Faculty of Agriculture - Ain Shams 

University, Orman Botanical Garden, 

Greenhouses Arab Organization for 

Industrialization and Al-Azhar University, during 

different seasons to be used for isolation of 

ectomycorrhizal fungi. Fresh undamaged 

sporocarps were collected from Clerodendrum 

sp., Pinus roxburghii and Eucalyptus sp. trees. 

The sporocarps were observed to have differ-

ent characteristics. During transfer to the laborato-

ry, the sporocarps were deposited into waxed pa-

per bags and kept in a cool box. The sporocarps 

were characterized and preidentified by anatomic-

morphological methods, according to Brundrett et 

al (1996) and Agerer and Rambold (2004-2006). 
 

2.2 Isolation of Ectomycorrhizal Fungi from 

Sporocarps 
 

The sporocarps were brushed to be free of ad-

hering soil particles and carefully broken to be 

opened. The isolation method followed that de-

scribed by Brundrett et al (1996).  A small piece 

of tissue (2 mm3) was removed with fine forceps 

and placed on modified Melin-Norkrans medium 

(MMN) agar media in a Petri dish. Plates were 

incubated at 25-28 °C. After 3-4 days, samples 

were observed under a stereomicroscope for initial 

fungus growth and contamination. In all experi-

ments, pure cultures (Fig 1) were maintained in 

solid MMN at 25±1 ºC and routinely subcultured 

to fresh medium every 2 months.  
 

2.3 Molecular Identification of Ectomycorrhi-

zal Isolates  
 

Ectomycorrhiza isolates were identified at the 

molecular level using the universal 18S rDNA 

primers ITS1 (ITS1, 5′-

TCCGTAGGTGAACCTGCGG-3′) according to 

Amicucci et al (1998). 
 

2.4 DNA Extraction 

 

The mycelial genomic DNA was isolated from 

24-day-old cultures of the tested fungi according 

to the procedure described by Erland et al (1993). The 

purification step was performed using the Gene Clean 

II kit (BIO 101 Inc., Vista, CA, USA). 

 

2.5 Selection of Primers  

 

Specific primer pairs for the studied species were 

selected from the ITS sequences deposited in the 

GenBank. Moreover, the choice of these pairs of pri-

mers was confirmed using the “Oligo” software, ver-

sion 5 (National Biosciences Inc., Plymouth, MN, 

USA). 

 

2.6 PCR Amplification Conditions 

 

The amplification reaction was accomplished in a 

25 µL mixture volume containing 100 ng of fungal 

DNA, 1.5 mM MgCl2, 50 mM KCl, 0.1 Triton X-100, 

10 mM Tris-HCl pH 8.0, 200 µM each of dATP, 

dCTP, dGTP, and dTTP, 12.5 moles of primers and 1 

U of Taq polymerase enzyme (Promega, Madison, 

WI, USA). The reaction was performed using the 

ITS1 primers (ITS1, 5′-

TCCGTAGGTGAACCTGCGG-3′) according to 

White et al (1990). The mixtures were then incubated 

in a Perkin Elmer Thermal Cycler (model 2400) pro-

grammed for 32 cycles, each at 94°C for 15 s, 56°C 

for 15 s, and 72°C for 40 s. The amplified products 

were identified on 1% (w/v) agarose gels. 

 

3 Results and Discussions 

 

3.1 Morphological and Microscopic Characteristics 

of Collected Sporocarps 

 

Despite recent developments in the use of molecu-

lar methods for identifying ectomycorrhizal fungi, 

classical methodologies for studying ECM fungi per-

sist to have numerous advantages. Tracking the char-

acteristics of the sporocarps is regarded as the most 

dependable way for the identification of ectomycor-

rhizal fungi. However, molecular taxonomy is not well 

supported as a preliminary study for identifying fungi 

using morphoanatomical-based taxonomy. Therefore, 

using a combination of morphology, anatomy, and 

molecular characterization is preferred (Bruns et al 

1998).  

Macromorphological and microscopic features 

were recorded from freshly collected sporocarps ac-

cording to Brundrett et al (1996) and Angerer and 

Rambold (2004-2006); results are presented in Table 

1. The preliminary identification of the sporocarps 

were Suillus sp., Protubera sp., and Pisolithus sp. 
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Fig 1. Field  photographs of sporocarps and Colony features of isolated strains on MMN agar media 

of Suillus collinitus A and B; Protubera sp. C and D; Pisolithus tinctorius E and F. 

 

 
Table 1. Morphological features of collected sporocarps used for general identification  

 

             Isolate code 

 

Characteristic 

K10 M11 Pt23 

Host Pinus roxburghii Clerodendrum sp. Eucalyptus sp. 

Cap shape Convex Egg Ball 

Cap surface Smooth Smooth Smooth 

Cap color Brown White Brown 

Hymenium Tubes Absent Absent 

Stem color Yellow Absent Absent 

Stem shape Cylindrical Absent Absent 

Gill attachment Pores Absent Absent 

Veil ring Absent Absent Absent 

Flesh color Yellow White Brown 

Spore print color Brown Olive Brown 

Spore shape Ellipsoid Ellipsoid Globose 

Spore wall Smooth Smooth Echinate 

Family Suillaceae Phallogastraceae Sclerodermataceae 

Genus Suillus sp. Protubera sp. Pisolithus sp. 
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Fig 2. Phylogenetic tree analysis of Suillus collinitus (K10), Protubera sp. (M11), Pisolithus tinctorius (Pt23) based on 

ITS region gene sequences using specific ITS1 primers 
 

 

3.2 Molecular Identification of the Mor-

photyped Ectomycorrhizal Fungi 

 

Genetic analysis of pure cultures using PCR 

techniques yielded fragments with various se-

quences and lengths “Fragments length Polymor-

phism” (RFLP) was subjected to GenBank to be 

identified. 

Taxonomic similarities were assigned to tested 

species based on BLAST sequence similarity 

analysis including several most closely matched 

sequences. The strains have been deposited in the 

GenBank database and identified as Suillus col-

linitus with a similarity 99.82% and accession 

number of OL979224:OL979225, Protubera sp. 

with similarity 97.14% and accession number 

OL998321 and Pisolithus tinctorius with similari-

ty 99.31% and accession number of OM125275. 

The phylogenetic trees of the identified strains 

obtained from multi-alignment plots of the ITS 

region are present in (Fig 2). 

Acknowledgment 

 

The authors would like to express their sincere 

gratitude to the Microbial Inoculants Center, Faculty 

of Agriculture, Ain Shams University, for providing 

financial assistance and laboratory facilities for carry-

ing out the research. 

 

References 

 

Agerer R, Rambold G (2004-2006) DEEMY—An In-

formation System for Characterization and Determina-

tion of Ectomycorrhizae. München, Germany. 

www.deemy.de. 

Amicucci A, Zambonelli A, Giomaro G, et al (1998) 

Identification of ectomycorrhizal fungi of the genus 

tuber by species-specific ITS primers. Molecular 

Ecology 7, 273–277. 

https://doi.org/10.1046/j.1365-294X.1998.00357.x 

M11 

Pt23 

K10 

http://www.deemy.de/
https://doi.org/10.1046/j.1365-294X.1998.00357.x


Arab Univ J Agric Sci (2022) 30 (1) 55-59  

 

59 

Bai H, Zhang A, Mei Y, et al (2021) Effects of 

ectomycorrhizal fungus bolete identity on the 

community assemblages of endofungal bacteria. 

Environmental Microbiology Reports 13, 852–

861. https://doi.org/10.1111/1758-2229.13007  

Brundrett M, Bougher N, Dell B, et al (1996) 

Working with mycorrhizas in forestry and agricul-

ture, Lynch P (Ed.), 380 p. 

Bruns TD, Szaro TM, Gardes M, et al (1998) A 

sequence database for the identification of ecto-

mycorrhizal basidiomycetes by phylogenetic 

analysis. Molecular Ecology 7, 257–272. 

https://doi.org/10.1046/j.1365-294X.1998.00337.x 

Corrales A, Henkel TW, Smith ME (2018) Ecto-

mycorrhizal associations in the tropics – biogeog-

raphy, diversity patterns and ecosystem roles. New 

Phytologist 220, 1076–1091. 

https://doi.org/10.1111/nph.15151 

Erland S, Henrion B, Martin F, et al (1994) Identi-

fication of the ectomycorrhizal basidiomycete  

tylospora fibrillosa donk by rflp analysis of the 

PCR-amplified ITS And IGS regions of ribosomal 

DNA. New Phytologist 126, 525–532. 

https://doi.org/10.1111/j.1469-

8137.1994.tb04251.x 

Otgonsuren B, Rewald B, Godbold DL, et al (2016) 

Ectomycorrhizal inoculation of populus nigra modifies 

the response of absorptive root respiration and root 

surface enzyme activity to salinity stress. Flora 224, 

123–129. https://doi.org/10.1016/j.flora.2016.07.016 

Prieto I, Roldán A, Huygens D, et al (2016) Species-

specific roles of ectomycorrhizal fungi in facilitating 

interplant transfer of hydraulically redistributed water 

between Pinus halepensis saplings and seedlings. 

Plant and Soil 406, 15–27. 

https://doi.org/10.1007/s11104-016-2860-y 

Smith S, Read D (2008) Mycorrhizal Symbiosis. 3rd 

Ed, Academic Press, 800 p. 

White TJ, Bruns T, Lee S, et al (1990) Amplification 

and direct sequencing of fungal ribosomal RNA genes 

for phylogenetics.In: Innis MA, Gelfand DH, Sninsky 

JJ, White TJ (Eds.), PCR protocols: a guide to meth-

ods and applications, Academic Press Inc, pp 315–

322.  

Xie L, Zhou X, Liu Q, et al (2021) Inorganic nitrogen 

uptake rate of Picea asperata curtailed by fine root ac-

climation to water and nitrogen supply and further by 

ectomycorrhizae. Physiologia Plantarum 173, 2130–

2141. https://doi.org/10.1111/ppl.13562 

  

 

https://doi.org/10.1111/1758-2229.13007
https://doi.org/10.1111/nph.15151
https://doi.org/10.1111/j.1469-8137.1994.tb04251.x
https://doi.org/10.1111/j.1469-8137.1994.tb04251.x
https://doi.org/10.1016/j.flora.2016.07.016
https://doi.org/10.1007/s11104-016-2860-y
https://doi.org/10.1111/ppl.13562

