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Abstract: Fungal endophytes were isolated from twigs of Juniperus procera (Cupressaceae) collected from Taif 

region, Saudi Arabia). Twenty six different taxa were recovered. The overall foliar colonization rate was 36%. A 

total of 144 isolates were obtained and identified into 6 distinct operational taxonomic units (OTUs) based on the 

sequencing of the ITS regions of the rRNA gene. The most prevalent fungi were Aspergillus fumigates, Penicillium 

oxalicum, Preussia sp., Peyronellaea eucalyptica, Peyronellaea sancta and Alternaria tenuissima. A total of 144 

isolates were tested for antibacterial and antifungal activities against Staphylococcus aureus, Klebsiella pneumoniae, 

Candida albicans and Fusarium solani 52 isolates showed antimicrobial activity against at least one of the tested 

microbes. Aspergillus fumigates (7 isolates), Hypocrea lutea (4), Penicillium oxalicum (10) and Preussia sp. (5) 

presented the strongest antimicrobial activity. This study confirmed the variation of different isolates of the same 

species in the term of antibacterial activity. Also, it indicates that the endophytic fungi of Juniperus procera plants 

should be another potential source of bioactive antimicrobial agents. 

[Youssuf A. Gherbawy and Hesham M. Elhariry. Molecular Characterization of Endophytic Fungi Associated 

with High-Altitude Juniperus Trees and Their Antimicrobial Activities. Life Sci J 2014;11(2):19-30]. 

(ISSN:1097-8135). http://www.lifesciencesite.com. 3 

 

Keywords: : Ascomycota; fungal ITS; phylogeny; Saudi Arabia 

 

1.Introduction 
Taif region is situated in the central foothills of 

the western mountains of Saudi Arabia at an altitude 

of an approximately 2000 m above sea level (21
0
 16` 

N - 40
0
 25` E). This area characterized by several 

unique plant species that can adapt with the natural 

forests of Saudi Arabia in general and the high 

altitude conditions. Juniperus procera L., a 

gymnosperm, belonging to the family Cupressaceae, 

common name-Juniper) is a high altitude shrub which 

occurs at 2295 to 2592 m in the mountainous region 

of Taif. It is well documented for its medicinal value 

for urinary tract and bladder infections and 

inflammations (Moore, 2003), the treatment of 

hyperglycemia, tuberculosis, bronchitis, pneumonia, 

ulcers, intestinal worms, to heal wounds and cure liver 

diseases (Burits et al., 2001; Loizzo et al., 2007). 

Plant endophytic fungi are defined as the fungi 

which spend the whole or part of their Lifecycle 

colonizing inter-and/or intra-cellularly inside the 

healthy tissues of the host plants, typically causing no 

apparent symptoms of disease (Carroll, 1988). 

Endophytic fungi have been examined in conifers 

(Petrini et al., 1992), including Taxus spp. (Fisher 

and Petrini, 1987), and Juniperus spp. (Petrini and 

Müller, 1979; Petrini and Carroll, 1981), and they 

are presumed to be ubiquitous (Wang et al., 2008). 

Endophytes comprise a large but little explored 

portion of fungal diversity (Fröhlich and Hyde, 

1999; Hawksworth, 2001). 

Different works carried out so far regarding the 

role of endophytes in host plants indicate that they can 

stimulate plant growth, increase disease resistance, 

improve the plant's ability to withstand environmental 

stresses and recycle nutrient (Sturz and Nowak, 

2000). Endophytic fungi are of biotechnological 

interest due to their potential as a source of secondary 

metabolites have proven useful for novel drug 

discovery (Guo et al., 2008; Yan et al., 2011) and a 

biological control agent (Clay, 1989; Bacon, 1990; 

Schardl et al., 1991; Dorworth and Callan, 1996). 

Antifungal and antibacterial activities of plant 

endophytic fungi have been reported by a several 

groups (Fisher et al., 1984; Radu and Kqueen, 

2002; Park et al., 2003; Phongpaichit et al., 2006; 

Raviraja et al., 2006; Gangadevi et al., 2008; 

Gherbawy and Gashgari, 2013; Liang et al., 2012, 

Idris et al., 2013). 

Several endophytic sterile mycelia were isolated 

many hosts, because sterile cultures lack the 

taxonomic characters needed for identification, 

morphotaxa, based on gross colony features, are used 

frequently as functional taxonomic units (Arnold et 

al., 2000, 2003; Guo et al., 2000, 2003). In some 

cases molecular sequence data from the nuclear 

ribosomal internal transcribed spacer region (ITS) 
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have been used to identify sterile cultures and to 

evaluate morphotaxon boundaries (Arnold, 2002; 

Lacap et al., 2003). 

As the medicinal plants are known to harbor 

endophytic fungi that are believed to be associated 

with the production of pharmaceutical products 

(Zhang et al., 2006), in this context, the aims of this 

work were to characterize the fungal endophytes 

community associated with Juniperus procera from 

Taif region and to detect antimicrobial activities of 

these fungi against some pathogenic microbes. 

 

2.Material and Methods 

2.1.Sampling 
One hundred twig samples of fifty Juniperus 

procera plants were collected from different locations 

at Al-Hada and Al-Shafa regions, in Taif, Saudi 

Arabia. Healthy and mature plants were carefully 

chosen for sampling. 

2.1.1.Isolation of endophytic fungi 
The twigs were thoroughly washed in running 

tap water followed by DI water and small fragments 

of twigs (4) of approximately 10 mm (length) 

containing about 5–10 needles were cut with the aid 

of a flame-sterilized razor blade (Kusari et al., 2009). 

Then the small twig fragments were surface sterilized 

by sequential immersion in 70% ethanol for 2 min, 1.3 

mol l
1
 sodium hypochlorite (3–5% available chlorine) 

for 3 min and then 70% ethanol for 1 min. Finally, 

these surfaces sterilized twigs were rinsed three times 

in sterile double distilled water for 1 min each, to 

remove excess surface sterilants. The excess moisture 

was blotted with a sterile filter paper. Surface 

sterilized twigs, thus obtained, were evenly spaced in 

Petri dishes containing PDA (HiMedia, India) 

medium amended with streptomycin 100 mg l) 1) to 

eliminate any bacterial growth. Petri dishes were 

sealed using Parafilm and incubated at 26 ± 2°C in an 

incubator until fungal growth started. The cultures 

were monitored every day to check the growth of 

endophytic fungal colonies from the twig segments. 

The hyphal tips, which grew out from twigs over 4–6 

weeks were isolated and subcultured onto PDA plates, 

and brought into pure culture. Fungi growing out of 

the twigs segments were isolated and identified after 

reference to Domsch et al., (2007). The Colonization 

Frequency (CF) percentage and the dominant fungi 

percentage of the endophytyic fungi were calculated 

(Petrini and Fisher 1988; Kumar and Hyde 2004). 

Colonization frequency (%) (Number of segments 

colonized by endophytes / Total number of segments 

analyzed) X 100. 

2.2.Molecular identification of endophytic fungal 

isolates 

2.2.1.DNA isolation 

Two ml of potato dextrose broth (PDB) was 

poured into PDA tubes and vortexed to disperse the 

spores, and the spores-PDB mix were poured into 

flasks containing 100 ml of PDB. Flasks were 

incubated at room temperature without shaking for 2 

to 3 days. The mycelium was harvested by filtration, 

frozen at −80°C during 30 min, lyophilized and stored 

at −80°C. The mycelium was ground in liquid 

nitrogen in a sterile mortar to obtain a mycelium 

powder. The DNA was extracted from 20 mg of 

mycelium powder using the DNeasy plant mini kit. 

The DNA quantity and quality were checked by 

electrophoresis on a 0.8% agarose gel, revealed with 

ethidium bromide and visualized by UV trans-

illumination. 2.2.2.ITS region sequencing 

The internal transcribed spacer.ITS) region of 

the ribosomal DNA (rDNA) was amplified by PCR 

with the primers ITS1-

F(CTTGGTCATTTAGAGGAAGTAA) and ITS4 

(TCCTCCGCTTATTGATATGC) (White et al., 

1990; Gardes and Bruns, 1993). PCR amplifications 

were done in a final volume of 50 μl by mixing 2 μl of 

DNA with 0.5 μM of each primer, 150 μM of dNTP, 1 

U of Taq DNA polymerase (Promega) and PCR 

reaction buffer. Amplification conducted in a thermal 

cycler with an initial denaturation of 3 min at 94°C, 

followed by 35 cycles of 1 min at 94°C, 1 min at 

50°C, 1 min at 72°C, and a final extension of 10 min 

at 72°C. Aliquots of PCR products checked by 

electrophoresis on a 1% agarose gel revealed with 

ethidium bromide and visualized by UV trans-

illumination. The PCR products were purified by 

ExoSAP-IT.USB Corporation, under license from GE 

Healthcare) based one manufacturer‘s instructions. 

The purified products were sequenced using an 

automated DNA sequencer (ABI PRISM 3700) using 

the BigDye Deoxy Terminator cycle-sequencing kit 

(Applied Biosystems) following manufacturer‘s 

instructions. Sequences were submitted to GenBank 

on the NCBI website.http://www.ncbi.nlm.nih.gov). 

Sequences obtained in this study were compared with 

the GenBank database using the BLAST software on 

the NCBI website 

(http://www.ncbi.nlm.nih.gov/BLAST/). The 

sequence results of collected strains deposited in 

GenBank with accession numbers from HG798712 to 

HG798745. 

2.2.3.ITS sequence and phylogenetic analysis 
DNA sequences were aligned first with Clustal 

X 1.81 (Thompson et al., 1997). TREECON (Van de 

Peer and Wachter, 1994) for Windows (version 1.3b, 

1998) was used to construct neighbor-joining tree 

using Jukes-Cantor model (Jukes and Cantor, 1969). 

2.3.Antimicrobial potential of endophytic fungi 

2.3.1.Culture media 
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Yeast extract sucrose broth (Yeast extract, 20 

g/L; sucrose 40 g/L; Magnesium sulfate 0.5 g/L) was 

used with a water extract of Juniperus to cultivate the 

endophytic isolates in a shake-flask system. The plant 

extracts were prepared by boiling 5 g of the dried 

plant materials in 500 ml distilled water for 30 min. 

The extracts were filtered and mixed with freshly 

prepared culture media and autoclaved at 121°C for 

15 min (Tong et al., 2011). 

3.3.2. Cultivation and extraction. 

The inoculum was prepared by introducing two 

mycelial agar plugs into 250 ml Erlenmeyer flask 

containing 100 ml of the broth medium. Both agar 

plugs were 1 cm in diameter and excised from the 

periphery of 7-days-old fungal culture. The cultures 

were cultivated at 30°C with rotational speed of 120 

rpm. After 20 days of incubation, the fermented broth 

and fungal biomass were separated out by 

centrifugation at 5311 g (Tong et al., 2011). Freeze-

dried fungal biomass were extracted by soaking in 

methanol (1:50, w/v) overnight. Supernatant was then 

extracted thrice with equal volume of ethyl acetate 

(1:1, v/v). The upper organic phase was concentrated 

to dryness under reduced pressure to obtain the crude 

broth paste. 3.2.3. Pathogenic microbes The test 

microorganisms were used in the study included Gram 

positive bacteria (Staphylococcus aureus), Gram 

negative bacteria (Klebsiella pneumoniae), yeasts 

(Candida albicans) and fungi (Fusarium solani). The 

bacterial cultures were subculturing every two weeks 

on fresh nutrient agar (NA) slants and incubated at 

37°C, whereas the yeasts and fungal cultures were 

subculturing every four weeks on the fresh potato 

dextrose agar (PDA) slants and incubated at 37°C for 

yeasts and 30°C for fungi. All the cultures were then 

kept at 4°C until further use. The inoculum was 

prepared by adding 4 ml of sterile physiological saline 

to the agar slant, and shake vigorously to get the cell 

or spore suspension (Tong et al., 2011). 

2.3.2.Disc diffusion assay 

The antimicrobial potential of the isolated 

endophytic fungi was determined by the method 

described by Jorgensen and Turnidge (2007). 

Briefly, the crude extracts were dissolved in 50% 

dimethyl sulfoxide, DMSO). The test organisms with 

the inoculum size of 10
5
 colony-forming units (CFU) / 

ml for bacteria or 5 CFU/ml of yeast cells or fungal 

spores were streaked on the surface of the media using 

sterile cotton swab. Muller-Hinton agar (Hi-media) 

was used for test bacteria, whereas PDA was used for 

yeasts and fungi. Sterile Whatman antibiotic disc, 

impregnated with 20 μL of each extract of 20 mg/ml 

concentration, was then placed on the surface of 

inoculated medium. Twenty percent DMSO was 

applied as a negative control to detect the solvent 

effects whereas 30 μg/ml chloramphenicol was used 

as the positive controls for bacteria, 30 μg/ml 

ketoconazole for fungi and yeasts, respectively. The 

plates were incubated at 30°C for 48 to 96 h for fungi, 

and at 37°C for 24 h for bacteria and yeasts. The 

diameter of the clear zones surrounding the disc was 

measured. 

 

3.Results and Discussion 

3.1.Endophytic fungi associated with Juniperus 

procera twigs 
The present study is the first one about the 

fungal endophytes of Juniperus procera plant found 

in Saudi Arabia. A total of 400 twig segments 

obtained from 50 different plants were screened for 

the presence of endophytic fungi. Mycelium emerged 

since 120 out of 400 segments, yielding an overall 

colonization rate of 30%. In most cases (100 twig 

segments out of 120), a single fungal strain emerged 

from a leaf segment. Overall, 144 isolates were 

recovered and identified as 26 distinct operational 

taxonomic groups OTUs) according to morphological 

characters (Table 1). Thirty one isolates of endophytic 

fungi were recovered in culture from 90 tissue 

samples of Juniperus virginiana in Arizona (Hoffman 

and Arnold, 2008). In Arizona also, 22 isolates of 

endophytic fungi were collected from 144 leave 

segments of Juniperus deppeana (U’Ren et al., 2010). 

In Korea, total 59 isolates and 19 species of 

endophytic fungi were isolated from the leaves of 

Juniperus rigida, Larix kaempferi and Pinus 

densiflora and identified using morphological and 

molecular characteristics (Kim et al., 2013). A 

possible explanation of the relatively low overall 

colonization rate noted in the present study could be 

due desert nature for Saudi Arabia as previously 

reported (Gherbawy and Gashgari, 2013). 

A total of 144 fungal endophytes isolates were 

obtained from 400 twig fragments. Twenty six distinct 

operational taxonomic groups (OTUs) were identified 

based on the sequencing of the ITS region of rRNA 

(Table 2). The sequence results indicated in full 

correspondence between the molecular identification 

of the isolated fungal endophytes and the 

morphological identification. The Majority of the 

recovered taxa belong to the Ascomycota. Fungal 

endophytes are especially common among the 

Ascomycota, representing at least five classes, dozens 

of families, and large numbers of previously unknown 

species (Clay, 1989; Pepeljnjak et al., 2005; Gehlot 

et al., 2008). Only one species from the collected 

isolates in this study belong to the Basidiomycota. 

Generally Basidiomycota are relatively rare as 

cultured endophytes but have been recorded 

previously from coniferous hosts such as Juniperus 

communis and Pinus cembra (Petrini and Müller, 

1979; Petrini, 1986). 

http://www.lifesciencesite.com/
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The collected fungi were classified into 3 

classes: Eurotimycetes Dothideomycetes and 

Sordariomycetes belonged to the Ascomycota and 

Agaricomycetes belonged to Basidiomycota (Fig. 1). 

Most endophytes of conifer leaves are filamentous 

Ascomycota (Petrini, 1986). This finding is in 

harmony with those mentioned by Hoffman and 

Arnold (2008). They mentioned that the majority of 

endophytes recovered from Cupressus arizonica, 

Juniperus virginiana and Platycladus orientalis were 

placed to support in the Dothideomycetes (46 isolates) 

and Sordariomycetes (15 isolates). Only one 

endophyte.from Platycladus) was recovered as a 

member of the Eurotiomycetes (Hoffman and 

Arnold, 2008). Gehlot et al. (2008) reported that the 

fungus composition included 13.6% zygomycetes, 

5.6% ascomycetes, 72.8% hyphomycetes, 4% 

coelomycetes and 4% sterile fungi have been found as 

endophytic fungi of inner bark of Prosopis cineraria. 

Teleomorphs were produced in 32 isolates in 

culture and represented 7 distinct taxonomic groups 

belonging to 6 genera: Cochliobolus, Emericella 

Eupenicillium, Hypocrea, Peniophora and 

Peyronellaea. Anamorphs were encountered in 80 

isolates, representing eleven different taxa in seven 

genera (Alternaria, Aspergillus, Melanops, 

Penicillium, Phoma, Preussia and Ulocladium). Out 

of the 166 collected isolates, 34 isolates were 

classified as fungal sp. Using morphological criteria 

and molecular techniques they were classified into 8 

species (Fungal sp. 1-8). Fungal sp. 7 (TUEF40) was 

clustered with Emericella fruticulosa with a 100 % 

bootstrap factor, so this species may be belonged to 

Eurotiales. Fungal sp.1 (TUEF1), 3 (TUEF23), 4 

(TUEF26), 5 (TUEF27), 6 (TUEF32) and 8 (TUEF41) 

were grouped with Melanops sp. that belonged to 

Botryosphaeriales. On the other hand fungal sp. 2 

(TUEF7) was clustered with Pleosporales species 

(Fig. 1). These results indicated not all endophytic 

fungi could be identified to the species or genus level 

using the data available in the GenBank. In 

accordance with this finding, U’Ren et al. (2010) 

reported that all endophytic fungal species from 

Mosses and Lichens including Juniperus deppeana 

are members of the Pezizomycotina ( Ascomycota; 

n=939 sequences with defined taxonomy; the 

remaining 21 isolates were classified as either 

―uncultured fungus‖ or ―fungal endophyte‖). 

The most prevalent fungi were Aspergillus 

fumigates (19 CF), Penicillium oxalicum (15), 

Preussia sp. (15), Peyronellaea eucalyptica (10), 

Peyronellaea sancta (8) and Alternaria tenuissima (7) 

as shown in table (1). Fungi occurring at ≥10 % 

frequency are referred to as ‗core group fungi‘ (Alias 

et al., 1995; Sarma and Hyde, 2001) and such 

dominant endophytic fungi may play a major role in 

plant fitness. The fungal species Aspergillus 

fumigates, Penicillium oxalicum and Preussia sp. 

were found to be the core-group fungi with the 

colonization frequency ranged from 3.8 to 4.8% 

(Table 1). The most frequently endophytic fungi that 

have been isolated from the medicinal plants were 

Alternaria, Aspergillus, Curvularia, Fusarium, 

Nigrospora, Colletotrichum, Papulospora 

Pestalotiopsis, Phoma, Phomopsis, Penicillium, 

Leptosphaerulin, Mycelia, Trichoderma (Raviraja et 

al., 2006; Wang et al., 2008; Romina et al., 2010; 

Srimathi et al., 2011). Aspergillus fumigatus 

Fresenius, an endophytic fungus from Juniperus 

communis was isolated in Germany (Kusari et al., 

2009). Endophytic Penicillium oxalicum was isolated 

from coffee plants (Vega et al., 2006). Preussia sp. 

endophytes isolated from Australian dry rainforests 

(Mapperson et al., 2013). Endophytic Peyronellaea 

species were isolated from Pinus koraiensis in Korea 

(Deng et al., 2001). Endophytic fungus Alternaria 

tenuissima was previously isolated from the bark of 

Erythrophleum fordii Oliver (Fang et al., 2012). 

3.2.Antimicrobial activity screening 
The antimicrobial activities of fungal endophytes 

isolated from Juniperus plants were shown in Table 3. 

In total, 38.2 and 57.6% of the endophytic fungal 

isolates exhibited antibacterial and antifungal 

activities, respectively (Table 1). The percentage of 

antifungal activity of endophytic fungi isolated from 

Chinese medicinal plants was 30.0% (Li et al., 2005). 

All endophytic fungi isolated from the medicinal plant 

Kigelia Africana in Sudan showed antibacterial 

activities against Bacillus subtilis, Staphylococcus 

aureus and Escherichia coli (Idris et al., 2013). Many 

works have been reported different percentages of the 

antifungal activities obtained from fungal endophytes, 

ranging about 12.7 to 52.3% (Huang et al., 2001; 

Aghighi et al.,2004; Li et al., 2005; Paul et al., 

2007). 

From the 26 endophytic fungi used in this 

experiment, Fungal sp. 1 (1 isolates), Fungal sp.2 (1), 

Hypocrea lutea (4) and Peniophora lycii (1) exhibited 

100% antimicrobial activities (Table 3). Isolates of 

Aspergillus fumigates, Hypocrea lutea Penicillium 

oxalicum and Preussia sp. showed strongest inhibition 

of testing microbe growth (Tables 3&4). Penicillium 

oxalicum and Trichoderma harzianum.Hypocrea 

lutea) were the most effective fungi against 

Pseudomonas solanacearum, Xanthomonas 

campestris, Agrobacterium tumefaciens, Eschericchia 

coli and Serratia marcescens (Santamarina et al., 

2002). The antibacterial activity of Aspergillus 

fumigates against Staphylococcus aureus, Candida 

albicans and Micrococcus luteus was reported 

(Furtado et al., 2002). Fumifungin and synerazol, 

new antifungal antibiotics, were isolated from the 
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culture broth of A. fumigates (Mukhopadhyay et al., 

1987; Ando et al., 1991). Another antibiotic, 

fumagillin, is produced by the fermentation of certain 

strains of A. fumigatus and since it was reported as an 

angiogenesis inhibitor, many semisynthetic fumagillin 

analogues have been synthesized (Han et al., 2000). 

Also, novel diketopiperazine derivatives were isolated 

from the fermentation broth of A. fumigatus BM939 

(Cui et al., 1997) as new cell cycle inhibitors of 

microbial origin. The most active metabolite isolated 

from Trichoderma harzianum and Trichoderma 

longibrachiatum was 6-n-pentyl- α -pyrone, which 

showed the highest antifungal and antibacterial 

activity against Nematospora corylii, Paecilomyces 

variotii, Bacillus subtilis, Bacillus brevis, Sarcina 

lutea and Enterobacter dissolvens (Traus et al., 

2003). Penicillium oxalicum strain PY-1 produces 

antifungal substances that suppress the mycelial 

growth of Sclerotinia sclerotiorum and many other 

plant pathogenic fungi tested (Yang et al., 2008). 

Thirteen isolates of endophytic Preussia sp. out of 18 

isolates exhibited antimicrobial activity against at 

least one of B. cereus, E. Cole, E. faecalis, P. 

aeruginosa, S. marcescens, methicillin-resistant S. 

aureus (MRSA) and C. albicans (Yang et al., 2008). 

The results of this study indicated that the 

antibacterial activity of endophytic fungi isolated from 

Juniperus was more effective against Gram positive 

bacteria (Staphylococcus aureus) than Gram negative 

bacteria (Klebsiella pneumoniae) as shown in table 

(4). The Gram-positive bacteria appeared to be more 

susceptible to the inhibitory effect of the crude 

extracts of endophytic fungi isolated from leaves of 

Mitragyna javanica than Gram-negative bacteria and 

the yeast (Pharamat et al., 2013). The extracts of 

endophytic fungi isolated from wheat (Triticum 

durum) in Algeria were more effective on Gram 

positive bacteria and fungi compared to Gram 

negative bacteria (Sadrati et al., 2013). 

The isolates endophytes showed variable degrees 

of inhibition against pathogenic microbes. Table 4). 

Several prior studies also reported differences in the 

biological activities among fungal isolates for the 

same species (Peláez et al., 1998; Vaz et al., 2012). 

In addition, these results suggested that more than one 

strain per species should be tested when examining 

biological activities (Park et al., 2003). 

 

Table 1. Frequency of endophytic fungi isolated from 400 twig segments of Juniperus procera plants on PDA 

medium at 26±2° C. 

Fungal endophytes Isolate numbers Colonization frequency.%) Dominant fungi.%) 

Alternaria citrimacularis 

Alternaria tenuissima 

Aspergillus fumigates 

Aspergillus niger 

Cochliobolus australiensis 

Emericella fruticulosa 

Eupenicillium rubidurum 

Fungal sp.1 

Fungal sp.2 

Fungal sp.3 

Fungal sp.4 

Fungal sp.5 

Fungal sp.6 

Fungal sp.7 

Fungal sp.8 

Hypocrea lutea 

Melanops sp. 

Penicillium crustosum 

Penicillium expansum 

Penicillium oxalicum 

Peniophora lycii 

Peyronellaea eucalyptica 

Peyronellaea sancta 

Phoma sp. 

Preussia sp. 

Ulocladium consortiale 

2 

7 

19 

6 

2 

5 

2 

1 

2 

3 

6 

2 

5 

7 

6 

4 

2 

6 

2 

15 

1 

10 

8 

3 

15 

3 

0.5 

1.8 

4.8 

1.5 

0.5 

1.3 

0.5 

0.3 

0.5 

0.7 

1.5 

0.5 

1.3 

1.8 

1.5 

1 

0.5 

1.5 

0.5 

3.8 

0.3 

2.5 

2 

0.8 

3.8 

0.8 

1.4 

4.9 

13.2 

4.2 

1.4 

3.5 

1.4 

0.7 

1.4 

2.1 

4.2 

1.4 

3.5 

4.9 

4.2 

2.8 

1.6 

4.2 

1.6 

10.4 

0.7 

6.9 

5.6 

2.1 

10.4 

2.1 

Total 144   
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Table 2. Isolated and identified endophytes from Juniperus procera with relationship to the genus or species and the 

identity percentage found in the CBS.The Centraalbureau voor Schimmelcultures) website. 

 
No Isolate Codes Accession Numbers Closely related fungal sequence Max. identity % Identification 

1 

2 
3 

4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

22 

23 

24 

25 
26 

27 

28 

29 

30 

31 

32 
33 

34 

TUEF1 

TUEF 2 
TUEF3 

TUEF4 

TUEF6 

TUEF7 

TUEF8 

TUEF9 

TUEF10 
TUEF11 

TUEF12 

TUEF13 

TUEF14 

TUEF15 

TUEF18 

TUEF19 

TUEF20 
TUEF21 

TUEF22 

TUEF23 

TUEF24 

TUEF25 

TUEF26 

TUEF27 

TUEF29 
TUEF30 

TUEF32 

TUEF35 

TUEF36 

TUEF37 

TUEF38 

TUEF39 
TUEF40 

TUEF41 

HG798712 

HG798713 
HG798714 

HG798715 

HG798716 

HG798717 

HG798718 

HG798719 

HG798720 
HG798721 

HG798722 

HG798723 

HG798724 

HG798725 

HG798726 

HG798727 

HG798728 
HG798729 

HG798730 

HG798731 

HG798732 

HG798733 

HG798734 

HG798735 

HG798736 
HG798737 
HG798738 

HG798739 

HG798740 

HG798741 

HG798742 

HG798743 
HG798744 

HG798745 

Fungal sp.(FJ612670) 

Ulocladium consortiale (FJ266482) 
Peyronellaea sancta (FJ427065) 

Peyronellaea sancta (FJ427063) 

Peyronellaea eucalyptica (GU237846) 

Fungal sp. (GQ249889) 

Peniophora lycii (CBS 262.56) 

Preussia sp. (JN418769) 

Emericella fruticulosa (FJ755267) 
Alternaria tenuissima (DTO 069-G3) 

Peyronellaea eucalyptica (CBS 377.91) 

Phoma sp.(JX164068) 

Alternaria citrimacularis (JX418334) 

Penicillium oxalicum (EF103461) 

Penicillium oxalicum (HQ732138) 

Penicillium crustosum (DAOM 215345) 

Penicillium expansum (HQ732138) 
Hypocrea lutea (HE649478) 

Peyronellaea sancta (FJ427063) 

Fungal sp. (HM123390) 

Penicillium oxalicum (GQ376104) 

Penicillium oxalicum (GQ376104) 

Fungal sp. (HM123390) 

Fungal sp.(HM123046) 

Eupenicillium rubidurum (HQ607978) 
Peyronellaea eucalyptica (GU237846) 

Fungal sp.(HM123390)  

Peyronellaea eucalyptica (GU237846) 

Cochliobolus australiensis (JX310570) 

Aspergillus niger (IHEM17892) 

Aspergillus fumigates (JX231005) 

Melanops sp.(FJ824771) 
Fungal sp. (AY546021) 

Fungal sp. HM123390) 

100 

99 
100 

100 

100 

100 

98.96 

99.5 

97.98 
100 

99.97 

100 

100 

100 

100 

99 

100 
98.19 

100 

92 

99.8 

99.8 

88 

92 

98.64 
99.78 

87.03 

99.78 

99.80 

100 

100 

90.64 
96 

92 

Fungal sp. 1 

Ulocladium consortiale 
Peyronellaea sancta 

Peyronellaea sancta 

Peyronellaea eucalyptica 

Fungal sp. 2 

Peniophora lycii 

Preussia sp. 

Emericella fruticulosa 
Alternaria tenuissima 

Peyronellaea eucalyptica 

Phoma sp. 

Alternaria citrimacularis 

Penicillium oxalicum 

Penicillium oxalicum 

Penicillium crustosum 

Penicillium expansum 
Hypocrea lutea 

Peyronellaea sancta 

Fungal sp.3 

Penicillium oxalicum 

Penicillium oxalicum 

Fungal sp. 4 

Fungal sp. 5 

Eupenicillium rubidurum 
Peyronellaea eucalyptica 

Fungal sp. 6 

 Peyronellaea eucalyptica 

Cochliobolus australiensis 

Aspergillus niger 

Aspergillus fumigates 

Melanops sp. 
Fungal sp. 7 

Fungal sp. 8 

 

Table 3. The number and percentage of the endophytic fungi with antibacterial and antifungal activity. 

 
No Genus & species Number of strains 

tested 

Number of strains with Antibacterial 

activity.%) 

Number of strains with antifungal 

activity.%) 

1 

2 

3 

4 
5 

6 

7 

8 

9 

10 

11 
12 

13 

14 

15 

16 

17 

18 

19 
20 

21 

22 

23 

24 

25 

26 

Alternaria citrimacularis 

Alternaria tenuissima 

Aspergillus fumigates 

Aspergillus niger 
Cochliobolus 

australiensis 

Emericella fruticulosa 

Eupenicillium rubidurum 

Fungal sp.1 

Fungal sp.2 

Fungal sp.3 
Fungal sp.4 

Fungal sp.5 

Fungal sp.6 

Fungal sp.7 

Fungal sp.8 

Hypocrea lutea 

Melanops sp. 

Penicillium crustosum 
Penicillium expansum 

Penicillium oxalicum 

Peniophora lycii 

Peyronellaea eucalyptica 

Peyronellaea sancta 

Phoma sp. 

Preussia sp. 

Ulocladium consortiale 

2 

7 

19 
6 

2 

5 

2 

1 

2 

3 

6 
2 

5 

7 

6 

4 

2 

6 

2 
15 

1 

10 

8 

3 

14 

4 

1 (50) 

3 (42.9) 

8 (42.1) 
1 (16.6) 

1 (50 ) 

0 (0) 

1 (50) 

1 (100) 

1 (100) 

1 (33.3) 

2 (33.3) 
1 (50) 

1 (20) 

2 (28.6) 

2 (33.3) 

4 (100) 

0 (0) 

2 (33.3) 

1 (50) 
12 (80) 

1 (100) 

1 (10) 

1 (12.5) 

2 (66.7) 

5 (35.7) 

2 (50) 

0 (0) 

2 (28.6) 

12 (63.2) 

3 (50 ) 
1 (50 ) 

3 (60) 

1 (50 ) 

1 (100) 

1 (100) 

1 (33.3) 

1 (16.7) 
1 (50) 

3 (60) 

3 (42.9) 

2 (33.3) 

4 (100) 

0 (0) 

4 (66.7) 

1 (50) 
14 (93.3) 

1 (100) 

8 (80) 

6 (75) 

2 (66.7) 

7 (50) 

1.25) 

Total  144 55 (38.2) 83 (57.6) 
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Table 4. Antibacterial and antifungal activities of selected fungal endophytes from Juniperus procera against 

Staphylococcus aureus, Klebsiella pneumoniae, Candida albicans, and Fusarium solani. 

 

Fungal endophytes Isolate number 
Pathogenic Microbes a 

A B C D 

Alternaria tenuissima 

Aspergillus fumigates 

Aspergillus fumigates 

Aspergillus fumigates 

Aspergillus fumigates 

Aspergillus fumigates 

Aspergillus fumigates 

Aspergillus fumigates 

Aspergillus niger 

Cochliobolus australiensis 

Emericella fruticulosa 

Eupenicillium rubidurum 

Fungal sp.2 

Fungal sp.3 

Fungal sp.4 

Fungal sp.4 

Fungal sp.5 

Fungal sp.6 

Fungal sp.6 

Fungal sp.7 

Fungal sp.7 

Fungal sp.8 

Fungal sp.8 

Fungal sp.8 

Hypocrea lutea 

Hypocrea lutea 

Hypocrea lutea 

Hypocrea lutea 

Penicillium crustosum 

Penicillium expansum 

Penicillium oxalicum 

Penicillium oxalicum 

Penicillium oxalicum 

Penicillium oxalicum 

Penicillium oxalicum 

Penicillium oxalicum 

Penicillium oxalicum 

Penicillium oxalicum 

Penicillium oxalicum 

Penicillium oxalicum 

Peniophora lycii 

Peyronellaea eucalyptica 

Peyronellaea eucalyptica 

Peyronellaea sancta 

Peyronellaea sancta 

Phoma sp. 

Preussia sp. 

Preussia sp. 

Preussia sp. 

Preussia sp. 

Preussia sp. 

Ulocladium consortiale 

TUEF1 

TUEF38 

TUEF42 

TUEF44 

TUEF45 

TUEF47 

TUEF48 

TUEF50 

TUEF37 

TUEF36  

TUEF10 

TUEF29 

TUEF7 

TUEF23 

TUEF26 

TUEF51 

TUEF27 

TUEF32 

TUEF52 

TUEF40 

TUEF53 

TUEF41 

TUEF53 

TUEF54 

TUEF21 

TUEF56 

TUEF57 

TUEF58 

TUEF19 

TUEF20 

TUEF15 

TUEF18 

TUEF24 

TUEF25 

TUEF59 

TUEF60 

TUE611 

TUEF62 

TUEF63 

TUEF65 

TUEF8 

TUEF6 

TUEF12 

TUEF3 

TUEF22 

TUEF13 

TUEF9 

TUEF66 

TUEF67 

TUEF70 

TUEF71 

TUEF 2 

+++b 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+ 

++ 

+ 

++ 

++ 

+ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

+++ 

++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+ 

++ 

++ 

++ 

+++ 

+++ 

++ 

+++ 

+++ 

+++ 

+++ 

- c 

+++ 

+++ 

++ 

+++ 

++ 

+++ 

++ 

+ 

- 

- 

+ 

+ 

+ 

- 

+ 

- 

- 

- 

- 

+ 

++ 

+ 

- 

+ 

+ 

++ 

++ 

+ 

++ 

++ 

+++ 

++ 

++ 

+++ 

++ 

+++ 

+++ 

++ 

+++ 

+++ 

+ 

+ 

+ 

+ 

- 

- 

++ 

++ 

++ 

+ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+ 

+++ 

+++ 

+++ 

+++ 

++ 

++ 

++ 

++ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+++ 

+++ 

+++ 

+++ 

++ 

++ 

++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+ 

++ 

++ 

++ 

++ 

+++ 

+++ 

+++ 

+++ 

+++ 

++ 

+++ 

++ 

+++ 

++ 

+++ 

+++ 

+++ 

++ 

++ 

++ 

+++ 

+++ 

++ 

++ 

++ 

++ 

+ 

+ 

++ 

++ 

++ 

++ 

++ 

+++ 

+++ 

+++ 

+++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

+++ 

+++ 

++ 

++ 

++ 

+ 

+ 

++ 

++ 

++ 

++ 

+ 

+++ 
 

a
 A; Staphylococcus aureus, B; Klebsiella pneumoniae, C; Candida albicans, and D ; Fusarium solani.

 

b
Inhibition zone. +, < 2 mm; ++, 2-10 mm; +++, >10 mm. 

c 
No effect. 
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Figure 1. Phylogenetic tree based on the internal transcribed spacer.ITS) region of rRNA showing closest 

relatives of fungal endophytes isolated from Juniperus procera. The tree was constructed by neighbour-joining 

algorithm using maximum composite likelihood model. Bootstrap percentages from 100 replicates are shown. The 

tree was rooted with Tilletia horrida [AY560653] as the out-group. 
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Pure cultures of some endophytic fungi isolated from Juniperus trees 

 
Pure culture and microscopic slid of Fungal sp. 7 

 

4.Conclusions 
In conclusion, Juniperus twigs harbored several 

endophytic fungal species with 33 different 

operational taxonomic units, of which the Aspergillus 

fumigates, Penicillium oxalicum, Preussia sp., 

Peyronellaea eucalyptica, Peyronellaea sancta and 

Alternaria tenuissima were the most frequently 

isolated species. Moreover, about 36.1% of the 

endophytic fungi isolated from Juniperus procera 

twigs have the potential in producing antimicrobial 

metabolites, and the Aspergillus fumigates, Hypocrea 

lutea, Penicillium oxalicum and Preussia sp. show 

broad inhibition against the growth of all the 4 

microbes. The results obtained in the current study 

indicated that the endophytic fungi isolated from 
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Juniperus procera plants could be used as a potential 

source of bioactive antimicrobial agents. 
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