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Abstract 
Endophytic fungi live inside plant tissues but do not 

cause any disease symptoms. They produce secondary 

metabolites that prevent herbivores from eating the 

plant by making them poisonous or tasteless and have 

other major roles in nutrient absorption, heat tolerance 

and biodiversity. The aim of current study was to 

isolate and identify endophytic fungi from leaves of 

Taify rose grown in Al-Hada region at Taif, Saudi 

Arabia. Isolation of endophytic fungi was carried out 

by microscopic examinations based on the colony's 

color, shape, strings, conidia, conidiophores and 

arrangements of spores. The molecular identification 

was conducted by ITS region sequencing and 

molecular characterization was achieved by ISSR-

PCR. Nine endophytic fungi isolates were obtained 

from Taify rose leaves. Five of them were identified as 

Aspergillus niger, two isolates were identified as 

Alternaria alternata and Penicillium citrinum.  

 

Finally, ISSR-PCR markers revealed a total of 77 

bands in all isolates, with about 50.6% monomorphism 

and 49.4% polymorphism. The dendrogram drew 

based on genetic similarity and intraspecies variability 

grouped them into two different clusters with about 

0.57 genetic similarity. Aspergillus sp. was the most 

abundant fungus isolated from Taify rose leaves, while 

Alternaria and Pencillium species were less prevalent. 

The ITS sequencing method is absolutely the best in 

identifying endophytic fungi for their ease and speed 

while the morphological method can be inaccurate and 

could consume more time. 
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Introduction 
The rose is one of the most important crops in the flower 

growing industry1. Roses are used as cut flowers, preserved 

plant and ornamental garden plants2. Roses belong to the 

genus Rosa, which contains more than 100 species 

distributed in different regions including Europe, Asia, 

North America and the Middle East3,4.  

 

It has also been used in some food industries and the 

production of perfumes and cosmetics for a long time in 

Saudi Arabia4-6. A few of the genus Rosa have been used to 

produce essential oils, among which R. damascena is 

superior to producing high-quality essential oils7. The name 

(Damascene) species depends on Damascus, Syria, where it 

was originally found as a wild plant. However, it is now 

grown in different countries around the world8,9.  

 

Rosa damasina has a long history in Taif, the Western of 

Saudi Arabia, where essential oil is produced from high-

quality roses and strong financial production. Endophytic 

fungi are the microorganisms found in healthy plant tissues 

during one or more stages during the life cycle of some 

plants, which do not cause problems or diseases for these 

plants10-12. Various previous studies regarding the role of 

endophytic fungi in host plants indicate that they can 

stimulate plant growth, improve plant's ability to withstand 

environmental stresses, increase disease resistance and 

recycle nutrients11-13.  

 

It has also been shown that some internal fungal cells can 

produce multiple biochemical and active chemicals and have 

potential applications in biocontrol of diseases and 

resistance to unfavorable conditions14,15. The appearance of 

the molecular classification of microorganisms was 

important to distinguish between species more precisely16-18. 

Internal transcribed spacer (ITS1 and ITS2) and 5.8S are the 

most widely used units of ribosomal nuclear identification of 

fungal endophytes and as a barcode marker in most      

fungi19-22. In this context, the main aim of current study was 

to morphologically and molecularly characterize the 

endophytic fungi associated with R. damascene from Taif 

region, Saudi Arabia.  

 

Material and Methods 
This investigation was carried in the Biology Department, 

College of Science, Taif University, Kingdom of Saudi 

Arabia.   

 

Plant material: Leaves of Rosa damascena plant, Taify 

cultivar, were collected from Al-Hada region at Taif 

governorate and then stored at 4°C. 

 

Isolation and identification of endophytic fungi: Leaves 

of Taify rose were cleaned under rinsed tap water and 

immersed in 70% ethanol for 60 sec., 5 % sodium 

hypochlorite for 5 min and finally in 70% ethanol for 30 sec. 

Leaves were then washed several times in sterile distilled 

water 23. The sterilized leaves were shade dried under aseptic 

conditions. Leaves were divided into small pieces (1 × 1 

cm2), then placed on PDA growth medium and incubated at 

28 ± 2°C for 2–3 weeks in an incubator until the appearance 

of the emerging hyphae and pure isolates.  

 

https://biologydictionary.net/fungi/
https://biologydictionary.net/plant/
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Mycelial fragments of each isolate were removed with a 

sterile scalpel and transferred to a new PDA plate for 

purification24. Three replicates were used for each isolate. 

Morphological identification of the isolates was carried out 

microscopically at magnification of 40x according to Von-

ARX et al24. Purified isolates were stored at 4 °C. Fresh 

fungal mycelium was transferred to a new plate every 2 

weeks.   

 

Molecular identification of endophytic fungi: 

Total genomic DNA extraction: Endophytic fungi isolates 

were cultured on Czapek Dox broth at 28°C for five days, 

then the Norgen Plant/Fungi DNA isolation Kit (Sigma, 

Canada) was used to extract total genomic DNA of each 

endophytic fungus according to Hassan et al20.  

 

PCR amplification of 5.8S-ITS region: The ITS region of 

the 5.8S gene in rRNA was amplified using the site of 

primersITS-1 (5'-TCC GTA GGT GAA CCT GCG G-3') 

and ITS-4 (5'-TCC TCC GCT TAT TGA TAT GC-3') as 

designed26,27.PCR amplification was conducted in 25 ml 

reaction mixtures using 1X PCR buffer (DreamTaqTM) and 

was carried out in the C1000TM Thermo Cycler Bio-Rad, 

Germany21. 

 

Sequence analysis of 5.8S-ITS region: The sequencing of 

the 5.8S region for all fungal isolates was done at Macrogen 

Co., Seoul, South Korea. The multiple nucleotide alignment 

of the ITS regions was analyzed using BioEdit version 7.2.5 

software. The obtained sequences with about 600 bp were 

aligned with known sequences of the 5.8S-ITS region 

obtained from Genbank and subsequently used for the 

construction of a phylogenetic tree (MEGA 7.10) as 

described previously28. 

 

Inter simple sequence repeats (ISSR) analysis: For ISSR 

analysis, the total genomic DNA of the endophytic fungi 

isolates was subjected to PCR amplification as described 

previously15. ISSR primers names and sequences listed in 

table 1, were used in separate single PCR reactions 

according to Lakhani et al.15 The similarity matrix was 

estimated based on a simple matching coefficient that was 

estimated by means of Jaccard’s coefficient29. 

Table 1 

ISSR Primers used in study of genetic variation among 

endophytic fungi isolates 
 

Primers Name Primers sequences 

5' ـــــــــــــــــ 3' 

Asp-04 AGA GAG AGA GAG AGA GG 

Box-A1 CTA CGG CAA GGC GAC GCT 

GTG-5 GTG GTGGTGGTGGTG 

M-13 GTT TTC CCA GTC ACG AC 

Rep-29 ACA CAC ACA CAC ACA CT 

 

Results  
Morphological identification of isolated endophytic 

fungi: A total of nine endophytic fungal isolates belonging 

to three species were isolated from Taify rose in the Taif 

region of western Saudi Arabia. Five of them were classified 

as Aspergillus niger, their colonies grew rapidly on PDA and 

their initially white floccose mycelium spread rapidly, 

turning quickly into black-colored colonies that produced 

black spores. Two of them were recognized as Penicillium 
citrinum, their colonies were typically fast growing in shades 

of green, occasionally white and consisted of a dense felt of 

conidiophores. Finally, two isolates were identified as 

Alternaria alternate, their conidia were of muri-form shape 

and light brown color (Figure 1). 

 

Molecular identification of endophytic fungi: The 

universal primers ITS 1 and ITS 2 were used to amplify the 

internal transcribed spacer regions of rDNA yielding 

products of approximately 600 bp as estimated by agarose 

gel electrophoresis (Figure 2). PCR amplified products were 

extracted and sequenced by an automatic sequencing device 

incorporating the 5.8S rDNA gene.  

 

The obtained sequences were subjected to BLAST 

identification and confirmation and subsequently submitted 

to the National Center for Biotechnology Information 

(NCBI) GenBank. The accession number of sequences for 

ITS region form the nine isolates of endophytic fungi is 

represented in table 2.  

 

Table 2 

Comparison among endophytic fungi isolates and related strains in NCBI data base and accession numbers 
 

Isolates code Accession numbers Closely related fungal sequence Similarity % 

TU-2 MT013014 Aspergillus nigerMK713445 99 

TU-3 MT013015 Aspergillus niger MK713445 100 

TU-4 MT013016 Alternaria alternataMF102100 97 

TU-5 MT013017 Alternaria alternata MF102100 99 

TU-10 MT013018 Penicillium citrinumMN518391 99 

TU-12 MT013019 Penicillium citrinum MN518391 97 

TU-13 MT013020 Aspergillus niger MH237638 100 

TU-15 MT013021 Aspergillus niger MH237638 99 

TU-16 MT013022 Aspergillus niger MN513383 100 
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Figure 1: Endophytic fungi isolated from Taify rose leaves. A, B and C (Aspergillus niger); D, E and F  

(Penicillium citrinum) 

 

 
Figure 2: ITS region of the 5.8S gene amplification of nine endophytic fungi isolates 

 

The multiple nucleotide alignment of ITS regions was 

analyzed using BioEdit program version 7.2.5. There was 

sub-stantial disparity in length of ITS sequences between 

endophytic fungi isolates (Figure 3). The isolates of 

endophytic fungi showed similarity value ranging from 97-

100%. The endophytic isolates TU-2, TU-3, TU-13, TU-15 

and TU-16 were identified as Aspergillus niger with 

similarity value ranging from 99 to 100%. TU-2 and TU-3 

isolates were related to Aspergillus niger MK713445, TU-

13 and TU-15 were similar to Aspergillus niger MH237638 

and TU-16 was related to Aspergillus niger MN513383.  

 

However, endophytic isolates TU-4 and TU-5 were 

identified as Alternaria alternate and they were related to 

Alternaria alternate MF102100 with similarity value 

ranging from 97 to 99% respectively. Moreover, isolates 

TU-10 and TU-12 were identified as Penicillium citrinum 

and they were related to Penicillium citrinum MN518391 

with similarity value ranged from 97 to 99% (Table 2).  

 

To elucidate the genetic closeness of the endophytic isolates, 

a phylogenetic tree was constructed based on sequence 

analysis of ITS regions using the neighbour-joining method 

in MEGA 7.1 for windows version on sequences aligned. A 

random sequence was used as an out-group to demonstrate 

the situation of the root. Bootstrap analysis of ITS region 

with 1000 bootstrap replication demonstrated two main 

branches (Figure 4).  

 

All isolates of Aspergillus niger and Penicillium citrinum 

formed two subcluster into one group supported with a 

bootstrap value ranging from 97 to 99% among each species. 

While, Alternaria alternata formed other cluster consisting 

of endophytic isolates TU-4, TU-5 and Alternaria alternate 

MF102100. 

 

Molecular characterization of endophytic fungi by ISSR-

PCR: PCR based molecular markers can play an essential 

role in genetic diversity of endophytic fungi. Here, five ISSR 

primers were used and generated 77 bands ranging in length 

from 140 to 3000 bp (Table 3 and Figures 5-9). The total 

monomorphic pattern was 50.6 % whereas the total 

polymorphic pattern was with lower percentage of 49.4%. 

The maximum and minimum number of amplified bands 
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belonged to Asp-04 and M-13 that produced 11 and 18 bands 

respectively. The percentage of polymorphic bands was 

varied from 36.4% for Asp-04 primer to 56.3% for GTG-5 

primer. The average band per primer was 15.4. PCR-based 

molecular markers can perform a significant part in the 

investigation of genetic diversity in such fungi. The use of 

molecular markers was pointing to display fast and 

consistent discrimination of genetic relatives of endophytic 

fungi isolated from Rosa damascena plants in Taif region, 

Saudi Arabia.

 

 
Figure 3: Alignment of nine endophytic fungi isolates compared with reference strains from NCBI database 
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Figure 4: Phylogenetic tree and diversity of the 5.8S-ITS region in nine fungi isolates compared with reference strains 

from NCBI database. The phylogenetic tree was generated using parsimony neighbor-joining and maximum 

likelihood analysis 

 

 
Figure 5: ISSR-PCR profile of nine endophytic fungi isolates generated with ISSR primer (ASP-04). First lane on 

each panel is 1kb molecular weight markers. 
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Figure 6: ISSR-PCR profile of nine endophytic fungi isolates generated with ISSR primer (BOX-A1). First lane on 

each panel is 1kb molecular weight markers. 

 

 
Figure 7: ISSR-PCR profile of nine endophytic fungi isolates generated with ISSR primer (GTG-5). First lane on 

each panel is 1kb molecular weight markers. 

 

 
Figure 8: ISSR-PCR profile of nine endophytic fungi isolates generated with ISSR primer (M-13). First lane on each 

panel is 1kb molecular weight markers. 
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Figure 9: ISSR-PCR profile of nine endophytic fungi isolates generated with ISSR primer (rep-29). First lane on each 

panel is 1kb molecular weight markers. 

 

Table 3 

ISSR Profile of endophytic fungi isolates using five ISSR primers. Total bands (TB), polymorphic bands (PB), 

percentage of polymorphic bands (PPB) and number of specific bands (NSB). 
 

Primers 

Name 

TB PB PPB (%) NSB Bands 

 range 

Asp-04 11 4 36.4 2 140-800 

Box-A1 15 8 53.3 3 160- 1400 

GTG-5 16 9 56.3 2 240-1100 

M-13 18 9 50.0 2 250-2100 

Rep-29 17 8 47.1 2 260-3000 

Total 77 38 49.4m   

 *m = mean of percentage of polymorphic bands 

 

 
Figure 10: UPGMA dendrogram based on cluster analysis of ISSR data among some endophytic fungi isolates 

collected from rose plants leaves, Taif, Saudi Arabia 
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Scoring of banding batten of ISSR marker in endophytic 

fungi was used to draw the dendrogram based on the result 

of genetic similarity and intraspecific differentiation, the 

endophytic fungi isolates were assembled into two major 

clusters with about 0.57 genetic similarity (Figure 10).  

 

Interestedly, the first main cluster contained five Aspergillus 

niger isolates and divided into two subcluster. The first 

subcluster contained Aspergillus nigerTU-2 and Aspergillus 

niger TU-3. The second subcluster contained Aspergillus 

niger TU-13, Aspergillus nigerTU-15and Aspergillus niger 

TU-16.  

 

Meanwhile, the second main cluster contained two 

subclusters, the first one contained isolates TU-4 and TU-5 

which were identified as Alternaria alternata whereas the 

second subcluster contained samples TU-10 and TU-12 

which were identified as Penicillium citrinum (Figure 10).   

 

Discussion 
This study was conducted to use different morphological and 

molecular identification methods to characterize endophytic 

fungi isolated from Taiy rose plant leaves grown at Taif, 

Saudi Arabia. Three fungal species were isolated and 

identified at species level using rDNA ITS sequence as 

Aspergillus niger, Alternaria alternate and Penicillium 

citrinum after morphological identification to genus level. 

The obtained information from the morphological study 

alone is not sufficient to determine the types of endophytic 

fungi precisely because endophytic fungi have a relatively 

few characters at morphological level and the limited variety 

that may cause interference in determine the properties of 

them22,30. Besides that, morphological characteristics are 

influenced by culture conditions31.  

 

Therefore, there is a need to use molecular technology to 

compensate for the limitations of morphological 

characterization. Molecular identification is a fast and 

effective alternative to finding internal taxol-producing 

endophytic fungi in contrast to morphological identification 

method32,33.  

 

In current study, COI mtDNAsequencing and ISSR-PCR 

analysis were carried out. ITS rDNA were amplified and 

sequenced for identification endophytic fungi. Isolates (TU-

2, TU-3, TU-13, TU-15 and TU-16) related to Aspergillus 

sp. based on the ITS sequence were classified as A. niger 

when the other partial ITS sequence was identified other 

isolates TU-4 and TU-5 as Alternaria alternata. Isolates TU-

10 and TU-12 were closely related to Penicillium citrinum.  

 

Many studies have traditionally used sequence data from the 

ITS region to identify sterile cultures and evaluate 

morphotaxon boundaries21,34,35. ITS data are considered 

useful for these purposes due to the rapid evolution of the 

ITS. However, most fungi are not represented in GenBank 

and some GenBank records are misidentified or lack 

taxonomic information18,34,37.  

Therefore, BLAST and phylogenetic analyses of other 

genomic regions should be combined with those of the ITS 

region to improve the accuracy of identification. In this 

study, we selected representative isolates from morphotypes 

and then conducted phylogenetic analysis based on ITS 

partial sequences18,21,36. ISSR-PCR analysis was carried out 

using five ISSR primers. The average band per primer was 

15.4. fragments for each primer of ISSR.  

 

Conclusion 
Finally, the ISSR molecular marking method is a smooth and 

high-performance method and one will likely describe it 

rather in relation to the RAPD method and higher production 

potential due to high steel temperatures. In this case, a set of 

minimum number of primers are required to be selected for 

the varietal identification and to select a set with minimum 

number of primers, it is important to consider level of marker 

polymorphism36. In case of ISSR markers, total genetic 

polymorphism of 49.4% was observed, showing that ISSR 

markers have moderate potential polymorphisms compared 

to other marker in discriminating in some endophytic fungi 

species18,36.  

 

On other hand, Hassan et al36 reported that the total 

polymorphism amongst some fungi by using twenty ISSR 

primers was 0.764%. It was interesting to know the 

correlation among percent polymorphism and attributes of 

the markers for sequences different21. 
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