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ABSTRACT 

 
Fungi are an important part of the Eco world system we live in. Viruses in fungi probably have existed 

for a long time but they were discovered only recently. This study was designed to isolate and identify some 
mycophages from some soils collected from different regions of KSA and could be considered as the first 
record in KSA. A number of six soil samples from different regions (Taif, Jeddah, Makkah) in KSA were collected 
and subjected to physical, chemical and microbiological analyses. A number of ten fungal isolates were 
selected, highly purified, and then their cultural and morphological (via light microscopy) characters were 
determined. The nucleotide sequences of the 18S rDNA gene of these fungal isolates was also determined. The 
presence of viruses (mycophages) in the mycelia of the identified fungal isolates was detected via electron 
microscopy for the partially purified viruses preparation. The highest fungal total count was found in soil 
sample (JG1) from Jeddah followed by soil (MH1) from Makkah, soil sample (TA1) from Taif. Cultural charcters 
and light microscopy revealed that the ten fungal isolates were belonging to the following species: F. 
oxysporum (two isolates), F. solani (one isolate), Tricoderma sp. (one isolates), Alternaria alternate (one 
isolate), Aspergillus niger (one isolate), Penicillium commune (two isolates), P. polonicum (one isolate), and P. 
expansum (one isolate). The lengths of 18S rRNA gene of ten fungal isolates were ranged from 480 to 680 nts 
except for the P. expansum isolate which showed approximately full lenthg of 1568 nts. The similarities 
between the fungal isolates and those similar in GenBank were ranged from 99 to 100% and confirmed the 
biological identification of the isolates under investigation as aboveformentioned. Electron microscopy of the 
virus suspensions prepared from the mycelia of the ten identified strains showed the presence of spherical or 
isometric virus-like particles in the virus suspension of Penicillium polonicum strain only. As a conclusion, 
combination of cultural growth, light and microscopy and use of 18S rRNA gene were more than effective in 
identification of the fungal strains. On the other hand, mycoviruses could be considere as hidden particles in 
the mycelia with low concentrations.  
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INTRODUCTION 
 

Mycoviruses (fungal viruses) have been recorded to be widespread in the major taxonomic groups of 
filamentous fungi, yeasts, and oomycetes [1]. Such fungal-virus systems are valuable for the development of 
novel biocontol strategies and for gaining an insight into the molecular basis of fungal virulence [2,3]. In many 
cases, mycovirus infection does not cause any visible abnormal symptoms for host fungi (cryptic infections). 
However, infection by some mycoviruses can cause abnormal symptoms in their host fungi, including reduced 
mycelial growth and debilitated virulence [4]. Macroscopic symptoms caused by fungal viruses, e.g., reduction 
in growth, reductions in pigmentation and sporulation, excessive sectoring, and aerial mycelial collapse, are a 
consequence of alterations in complex physiological and biochemical processes involving interactions between 
host and virus factors [5]. Most mycoviruses have RNA genomes, which are either ss or ds, and are now 
classified into 12 families [2]. Ghabrial et al. [3] revealed that mycoviruses were widespread in all major taxa of 
fungi. They were transmitted intracellularly during cell division, sporogenesis, and/or cell-to-cell fusion (hyphal 
anastomosis), and thus their life cycles generally lack an extracellular phase. Their natural host ranges were 
limited to individuals within the same or closely related vegetative compatibility groups. Most known 
mycoviruses have dsRNA genomes packaged in isometric particles. Kaya et al. [6] reported that mycoviruses 
were common obligate parasites in many organisms including plant pathogenic fungi. Over 80 mycovirus 
species have been officially recognized from ten virus families [1]. Mycoviruses have been reported in Botrytis 
cinerea [7,8,9], Alternaria longipes [10], Aspergillus fumigatus [11,12], Aspergillus foetidus [13], Aspergillus 
ochraceus [14], Verticillium alboatrum [15], Rosellinia necatrix [16], Sclerotinia sclerotiorum [17,18], Fusarium 
virguliforme [19], Fusarium graminearum [20,21], Fusarium poae [22], Rhizoctonia solani [23], 
Helminthosporium victoria [24], Saccharomyces cerevisiae [8], Phytophthora infestans [25], Penicillium 
stoloniferum [14], Penicillium species [26] and Leucostoma persoonii [27]. Ghabrial and Suzuki [3] reported that 
although the majority of known mycoviruses have dsRNA genomes that are packaged in isometric particles, an 
increasing number of usually unencapsidated mycoviruses with positive-strand RNA genomes have been 
reported. Transmission electron microscopy of mycoviruses-infected fungal mycelia showed that fungal viruses 
were isometric particles and ranging from 23 to 50 nm in diameter [27,28,29,30].  

 
Therefore, the objective of this study is to isolate and identify some fungal strains from some soils 

collected from different regions of KSA followed by detection of mycophages associated with the fungal 
isolates. 

 
MATERIALS AND METHODS 

 
Isolation and purification of some fungal isolates 
 

Some soil samples were collected from Taif, Jeddah, Makkah in sterile pages as described by 
Mohamed [31] for isolation of some fungi and their mycophage(s). The fungal soil-contaminants were isolated 
on potato glucose agar medium [32]. The purified cultural fungal isolates were sent to The Clinical  Plant 
Center, Department of Plant Pathology, Faculty of Agriculture, Ain Shams University, Cairo, Egypt, for highly 
purification and then identification up to genus and/or species based on their cultural growth and 
morphological charaters. Maintenance of the stock fungal isolates was carried out as described by Wu et al. 
[6]. Mycelial agar plugs (6 mm in diameter) was removed from the colony margin of a 3- to 5-day-old culture of 
each isolate and were placed on rose bengal agar medium in Petri dishes (9 cm in diameter) at one plug per 
dish. The dishes were incubated at 25-28°C for determination of the mycelial growth rate and for observation 
of the colony morphology. The fungal mycelia, spores, and other tiny features of fungi you were examined 
using a microscope capable of at least x 400 magnification [33]. 

 
PCR isolation of 18S rDNA gene of the isolated fungal isolates 
 

Fungus and Mold genomic DNA samples were extracted using a InstaGenetm Matrix(BIO-RAD). Both 
of NS1 primer (5’GTAGTCATATGCTTGTCTC3’) and NS8 primer (5’TCCGCAGGTTCACCTACGGA3’) were used for 
the PCR. The PCR reaction was performed with 20 ng of genomic DNA as the template in a 30 µl reaction 
mixture by using a EF-Taq (SolGent, Korea) as follows:  

 
 
 



ISSN: 0975-8585 
 

January – February  2016  RJPBCS   7(1)  Page No. 1377 

Files Title (°C) Minutes Cycles 

File 1 Denaturation (Activation of Taq polymerase( 95 2 1 

File 2 Denaturation 95 1  
35 Annealing 55 1 

Elongation 72 1 

File 3 Final step 72 10 1 

 
Sequencing of 18S rDNA gene of the fungal isolates and its analysis 
 

The amplification products were purified with a multiscreen filter plate (Millipore Corp., Bedford, MA, 
USA). Sequencing reaction was performed using a PRISM BigDye Terminator v3.1 Cycle sequencing Kit. The 
DNA samples containing the extension products were added to Hi-Di formamide (Applied Biosystems, Foster 
City, CA). The mixture was then incubated at 95°C for 5 min, followed by 5 min on ice. Nucleotide sequences 
were determined on both strands of PCR amplification products at the Macrogen sequencing facility 
(Macrogen Inc., Seoul, Korea). NCBI blast tool was used for blast search result. DNA sequence was analyzed 
using BLASTN 2.2.23+software (http://www.ncbi.nlm.nih.gov/blast/) against the isolates/strains collected from 
the database for genotyping. The sequence that showed the lowest e-value and maximum identity was 
considered as the genotype of the sample analyzed.  

 
Detection of mycophage(s) associated with the fungal isolates  
 

Fungal mycelium (20 g wet weight) was added to 40 ml 0.1 M phosphate buffer (pH 7.0) and 
homogenized three times for five min each. Cell debris was removed by centrifugation at 5,000 rpm for 20 
min. The supernatant was overlaid on the top of a 25 % sucrose cushion in a ultracentrifuge tube. Then the 
tubes were centrifuged at 23,000 rpm using SW 28 rotor for 2 h at 4

o
C. The pellet was re-suspended in 500 µl 

of 0.02 M phosphate buffer (pH 7.0). Virus suspension was filtrated with Amicon-100 filter to remove soluble 
biological macromolecule fragments of host fungi. After washing three times with 0.1 M ammonium acetate 
solution (pH7.0), the retained mycophage solution was used directly for negative staining as described by 
Nugent and Cole [34]. Photographs were taken with a JEOL101 transmission electron microscope operating at 
100 kV.  

 
RESULTS AND DISCUSSION 

 
Fungi are an important part of the Eco world system we live in. They cause diseases in man, animal, 

and plants. But some fungi also serve useful functions: they produce food and chemicals and assist in the 
decomposition of waste products [35]. Viruses in fungi probably have existed for a long time but they were 
discovered only recently. Nowadays viruses were found in a wide range of major fungal groups [1,2,36]. 
Fungal-virus systems are valuable for the development of novel biocontol strategies and for gaining an insight 
into the molecular basis of fungal virulence [2,3]. Increasing numbers of novel fungal viruses (mycoviruses) are 
being reported from various host fungi [14,25,37,38].  

 
Viruses in fungi are generally latent and rarely cause overt affects; nerveless, they profoundly 

influence many biological activities of their hosts [35]. This study was designed to isolate and identify some 
mycophages from some soils of KSA. Therefore, a number of six soil samples from different regions (Taif, 
Jeddah, Makkah) in KSA were collected and subjected to physical, chemical and microbiological analyses. 
Results showed that the texture of Makkah’s soils (MH1 and MC2) was sandy clay loam and sandy clay, 
respectively, while, the texture of those collected from Jeddah was sandy and clay loam for JD1 and JG2 soil 
samples, respectively. The highest total count of fungi (TCF) was found in JG1 (10X10

3
 - cfu/mL) followed by 

MH1 (6.5X10
3
 - cfu/mL), TA1 (4X10

3
 - cfu/mL) and MC2 (2.1X10

3
 - cfu/mL). Equal TCF (1.5X10

3
 - cfu/mL) was 

recorded for both of JD2 and TF2 soil samples.  A number of ten fungal isolates varied in their cultural growth 
were picked up and re-inoculated on rose Bengal agar medium and highly purified and identified as mentioned 
in the materials and methods. Results showed that three, three and four isolates were obtained from soil 
samples of Makkah, Jeddah  and Taif, respectively. Based on the characters of cultural growths, these isolates 
were classified as members of genera Fusarium (three isolates), Tricoderma (one isolate), Alternaria (one 
isolate), Aspergillus (one isolate) and Penicillium (four isolates) as shown in Fig. 1. Combination of microscopy 
and culture gave a positive result in 11 of 30 samples of microbial keratitis [39]. 

 

http://www.ncbi.nlm.nih.gov/blast/
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 In this study, results of cultural charcters, and light microscopy revealed that the ten isolates were 
belonging to the following species: F. oxysporum (01 and 02), F. solani (03), Tricoderma sp. (04), Alternaria 
alternate (05), Aspergillus niger (06), Penicillium commune (07 and 10), P. polonicum (08), and P. expansum 
(09)  as shown in Fig. 2. 

 
The ribosomal RNA (rRNA) genes are essential genes existing in all life forms from bacteria to man and 

they have been subjected to extensive analysis. Nucleotide sequence comparison of rRNA genes of different 
organisms should provide insight into evolutionary trends [40]. There are two high molecular weight RNA 
components (18S rRNA and 25-28S rRNA) in eukaryotic ribosomes, and 18S rRNA sequences are known to be 
more highly conserved than the other high molecular weight rRNA sequences [41,42]. The advent of PCR [43] 
made rRNA genes even more accessible for sequencing. In addition, the 18S rDNA sequence is an excellent 
system to study evolutionary trends among various organisms [40].  

 
The nucleotide sequencing of 18S rDNA (rRNA) of the ten fungal isolates were determined using both 

of NS1 and NS8 primers. The nucleotide sequencing obtained via the forward and reverse directions -of each 
isolate -  were complemented to each other to obtain the final confirmed sequencing. The lengths of 18S rRNA 
gene of ten fungal isolates -which recorded in GenBank with the accession numbers from LC092107.1 to 
LC092116.1- were ranged from 480 to 680 nts except for the P. expansum isolate which showed approximately 
full lenthg of 1568 nts. The similarities between the fungal isolates and those similar in GenBank were ranged 
from 99 to 100% and confirmed the biological identification of the isolates under investigation as 
aboveformentioned. Therefore, the isolates were classified as strains of Fusarium oxysporum (ASM-01, 
LC092107.1), F. oxysporum (ASM-02, LC092108.1), F. solani (ASM-03, LC092109.1), Tricoderma sp. (ASM-04, 
LC092110.1), Alternaria alternate (ASM-05, LC092111.1), Aspergillus niger (ASM-06, LC092112.1), Penicillium 
commune (ASM-07, LC092113.1), P. polonicum (ASM-08, LC092114.1), P. expansum (ASM-09, LC092115.1) and 
P. commune (ASM-10, LC092116.1). Results of phylgentic trees of partial sequencing of 18S rRNA gene of the 
ten fungal isolates confirmed the sequences producing significant alignments of partial sequencing of 18S 
rRNA gene of the fungal isolates compared to those similar strains in GenBank. The 18S rRNA gene was chosen 
as the target gene for this study was in harmony with that reported by Embong et al. [39]. 

 
 As we mentioned before, this study aimed at detecting the presence of some mycophages in some 

soil samples of different regions in KSA. Results proved that the fungal isolates under investigation were 
belonging to genera Fusarium; Tricoderma; Alternaria;  Aspergillus, and Penicillium. These genera were 
reported to be infected with mycophages in a number of researches: Alternaria [10]; Aspergillus 
[11,12,14,35,44,]; Fusarium [19,20,21,] and Penicillium [14,26,35,44].  

 
The presence of mycophages was detected in the partially purified virus suspensions of the ten fungal 

strains via negatively staining. Electron microscopy of the virus suspensions prepared from the mycelia of the 
ten identified strains showed the presence of spherical or isometric virus-like particles in the virus suspension 
of Penicillium polonicum strain only as shown in Fig. 4. No virus-like particles were occurred in the virus 
suspensions of the other nine fungal isolates.This results agree with that found by Mier [28] and Newhouse et 
al. [45]. Who reported that mycoviruses or VLPs were cytoplasmic factors, spherical or isometric virus-like 
nucleoprotein particles, which contain dsRNA and exhibit diam. ranging from 25 to 40 nm. Penicllium sp. were 
recorded to be associated with mycoviruses [14,44].  

 
 
 
 
 

 
 
 
 

 
 
 
Figure 1: Purified cultural growth of ten fungal isolates which identified as members of genera: Fusarium (01, 02 and 03), 

Trichoderma (04), Alternaria (05), Aspergillus (06), Penicillium (07, 08, 09 and 10) 
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Figure 2: Light microscopy of the ten fungal isolate which identified as as  F. oxysporum (isolates 01 and 02), F. solani 

(isolate 03), Tricoderma sp. (isolate 04), Alternaria alternate (isolate 05), Aspergillus niger (isolate 06), Penicillium 
commune (isolates 07 and 10), P. polonicum (isolate 08), and P. expansum (isolate 09) 

 
 
   
 
   

 
  
 
 
 
 
 

Figure 3: Electron micrograph of virus suspension prepared from the mycelium of the fungal isolate (08) (Penicillium 
polonicum) negatively stained with (2%) uranyle acetate. Note, presence of spherical virus-like particles. 

 
CONCLUSIONS 

 
As a conclusion, combination of cultural growth, light and microscopy and use of 18S rRNA gene were 

more than effective in identification of the fungal strains. On the other hand, mycoviruses could be considere 
as hidden particles in the mycelia with low concentrations.  
 

ACKNOWLEDGMENTS 
 

The authors would like to thank the Vice Director of Taif University for Postgraduate and Scientific 
Research, for his supporting this work by funding the project #1-435-3771 to carry out this work. 
 

REFERENCES 
 

[01] Pearson MN, Beever RE, Boine B, Arthur K. Mol Plant Pathol 2009;10:115–128  
[02] Ghabrial SA, Suzuki N. Annu Rev Phytopathol 2009;47:353–384 
[03] Ghabrial SA, Caston JR,  Jiang D, Nibert ML, Suzuki N. Virology 2015;479/480:356-368  
[04] Nuss DL, Koltin Y. 1990.  Annu Rev Phytopathol 1990;28:37–58  
[05] Wickner RB. Microbiol Rev 1996;60:250-65. 
[06] Kaya AGA, Dogmus-Lehtijarvi HT, Lehtijarvi A. Journal of the Faculty of Forestry, Istanbul University 

2015;1:60-71  
[06] Wu MD, Zhang L, Li GQ, Jiang DH, Ghabrial SA.  Virology 2010;406:117–126 
[08] Castillo A,  Cottet L,  Castro M, Sepulveda F. Virology Journal 2011;8(38) 
[09] Khalifa ME, Pearson MN. Virology  2013;1:22-30 
[10] Lin Y,  Zhang H,  Zhao C,  Liu S, Guo L,. Archives of Virology 2015;2:577-580  
[11] Bhatti MF,  Jamal A,  Bignell EM,  Petrou MA, Coutts RHA. Mycopathologia 2012;4:323-326  

http://www.ncbi.nlm.nih.gov/pubmed?term=Khalifa%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=23541082
http://www.ncbi.nlm.nih.gov/pubmed?term=Pearson%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=23541082
http://www.ncbi.nlm.nih.gov/pubmed/23541082


ISSN: 0975-8585 
 

January – February  2016  RJPBCS   7(1)  Page No. 1380 

[12] Ozkan S, Coutts RHA. Fungal Genetics and Biology 2015;76:20-26   
[13] Shah UA,  Kotta-Loizou I, Coutts RHA. Archives of Virology 2015;3:883-885  
[14] Liu W,  Duns G, Chen J. Virus Genes 2008;3:322-327  
[15] Canizares MC, Perez-Artes E, Garcia-Pedrajas MD. Archives of Virology 2014;11:3141-3144  
[16] KanematsuS. Shimizu T,  Salaipeth L,  Yaegashi H,  Sasaki A, Ito T, and Suzuki N. Virology 2014;450-

451 
[17] Yu X, et al. Proc Natl Acad Sci USA 2010;107:8387–8392  
[18] Khalifa ME, Pearson MN. Arch Virol 2014;DOI 10.1007/s00705-014-2171-7 
[19] Marvelli RA, Hobbs HA,  Li S, McCoppin NK, Domier LL, Hartman GL, Eastburn DM. Archives of 

Virology 2014;2:349-352  
[20] Darissa O, Willingmann P,  Schafer W, Adam G, 2011. Archives of Virology 4:647-658  
[21] Cho W, Lee K, Yu J, Son M, Kim K. Advances in Virus Research 2013;86:273-288   
[22] Tang JH,  Ochoa WF, Li H,  Havens WM, Nibert ML, Ghabrial SA, Baker TS. Journal of Structural 

Biology 2010;3:363-371  
[23] Zheng L,  Zhang M,  Chen Q,  Zhu M, Zhou E. Virology 2014;456/457:220-226.   
[24] Ghabrial SA, Dunn SE,  Li H, Xie JT, Baker TS. Advances in Virus Research 2013;86:289-325   
[25] Cai GH,  Myers K,  Hillman BI,  Fry WE. Virology 2009;1:52-61 
[26] Buck KW. European Journal of Epidemiology 1988;4:395-399  
[27] Jensen CJP, Allison RF, Adams GC. Mycologia 1995;4:431-441  
[28] Mier T. Revista Mexicana de Micologia 1994;10:161-179  
[29] Cao Y, Zhu X, Xiang Y, Li D, Yang J, Mao Q, Chen J, 2011. Virus Research 1:73-78  
[30] Potgieter CA, Castillo  A, Castro M,  Cottet L, Morales  A. Virology Journal 2013;10(220)  
[31] Mohamed SH, 1998. Ph.D. Thesis, Agric. Microbiol., Dept. Agric. Microbiol., Faculty of Agric., Ain 

Shams University, Cairo, Egypt 151 pp 
[32] Waksman SA, Lechevalier HA, 1961. The Williams and Wilkins, Co. Baltimore, USA 
[33] Smart MG, Wicklow DT, Cadwell RW. Phytopathology 1990;80: 1287-1294 
[34] Nugent KM, Cole RM. J Virol 1977;3:1061-1073 
[35] Saksena KN, 1978. Rev. Nordest. Biol. 1:7-13 
[36] Nuss DL. Nat Rev Microbiol 2005;3:632–642 
[37] Aoki N et al.  Virus Research 2009;140:179–187  
[38] Chiba S, et al.  J Virol 2009;83:12801–12812 
[39] Embong Z, Hazabbah W, Hitam W, Yean CY, Abdul Rashid NH, Kamarudin B, Khaironi S, Abidin Z, 

Osman S, Zainuddin ZF, Ravichandran M. BMC Ophthalmology 2008;7:1-8 
[40] Torczynski R, Bollon AP, Fuke M. Nucleic Acids Research 1983;14:4879-4890 
[41] Gerbi SA. J. Molec. Biol. 1976;106:791-816  
[42] Fuke M, Busch H, Rao PN, 1976. Nucleic Acids Res. 3:2939-2957  
[43] Saiki R, Gelfand DH, Stoffel S, Schraf SJ, Higuchi R, Horn GT, Mullis KB, Erlich HA. Science 

1988;239:487-491 
[44] Liang P, Quan Y, Zhou S. Chinese Journal of Virology 1995;1:72-77 
[45] Newhouse JR,  MacDonald WL, Hoch HC. Canadian Journal of Botany 1990; 1:90-101  

 
 
 
 
 
 
 
 

http://www.sciencedirect.com/science/article/pii/S004268221300665X
http://www.sciencedirect.com/science/article/pii/S004268221300665X
http://www.sciencedirect.com/science/article/pii/S004268221300665X
http://www.sciencedirect.com/science/article/pii/S004268221300665X
http://www.sciencedirect.com/science/article/pii/S004268221300665X
http://www.sciencedirect.com/science/article/pii/S004268221300665X
http://www.sciencedirect.com/science/journal/00426822

