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INTRODUCTION 
Cultivated pistachio (Pistacia vera L.), a member of the 
Anacardiaceae, is native to the eastern Mediterranean 
and eastern to central Asia. Iran has a significant share 
of the worldwide pistachio production, followed by the 
USA, Turkey, Syria, China, Greece and Afghanistan 
(FAOSTAT, 2018; Zheng et al., 2012). Pistachio is 
produced mostly in the Southeastern Anatolia Region 
of Turkey, including Adiyaman, Gaziantep, Sanliurfa 
and Siirt provinces (Sarpkaya, 2014). Pistachio contains 
many nutrient elements necessary for human health 
such as vitamins, potassium, phosphorus, calcium, 
minerals, protein and amino acids (Tsantili et al., 2010). 

Many fungal diseases affect pistachio trees in East-
Mediterranean and Southeast Anatolian regions and 
causing damage to hulls and kernels (Eskalen et al., 
2001; Denizel et al., 2006; Ozkilinc et al., 2017). The 
greatest postharvest disease threats are from 
Aspergillus flavus and A. parasiticus wherein. flavus is one 
of the most prevalent storage fungus colonizing 
pistachio kernels. Previous studies reported that 30.97 
million tons of products, especially peanuts in Asian 
and African countries, are contaminated with A. flavus 
and A. parasiticus species before and after harvest 
(Dekoe et al., 2000; Bruce et al., 2003). 
The danger is particularly serious because Aspergillus 
spp. fungi can produce aflatoxins which are secondary 
metabolites produced by some species of Aspergillus 
and toxic for animals and humans (Jalali and Avagyan, 
2016), and significantly reduces the quality and value of 
pistachios as well as it directly affects farmers and 
consumers. (Doster and Michailides, 1994; Ferdaws et 
al., 2016). Aflatoxins are particularly produced by A. 
flavus and A. parasiticus where Aflatoxin B1 (AFB1) is 
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ABSTRACT 
Pistachio (Pistacia vera L.) is a strategic crop plant and Turkey is one of the major pistachio producing county together with 
Iran, Syria and the United States of America. Pistachio trees are affected by many fungal diseases. The Aspergillus spp. are 
one of the most important agent that produce mycotoxins and also known as human and animal pathogens. This study was 
conducted to determine the genomic DNA polymorphisms from Aspergillus spp. which were isolated from pistachio fruits 
collected from different climatic zones in Turkey. Total of 27 Aspergillus spp. isolates were used and specific primers for ITS, 
Actin and β-tubulin genes were subjected to RFLP analysis by using Hind III, Pst I, Taq I and Eco RI restriction enzymes. Three 
different groups were defined with the enzyme Taq I in the β-tubulin region. The results revealed low polymorphism and 
genetic diversity in Aspergillus spp. with PCR-RFLP of the ITS and actin regions. 
Keywords: Pistachio, Aspergillus spp., PCR-RFLP 
 
ÖZ 
Türkiye’de Antep Fıstığı’ndan İzole Edilen Aspergillus spp.’nin PCR-RFLP Analizleri 
Antep fıstığı (Pistacia vera L.) stratejik öneme sahip bir ürün ve Türkiye, İran, Suriye ve Amerika Birleşik Devletleri ile birlikte 
önemli bir üretici ülke konumundadır. Antep fıstığı ağaçlarında hastalık yapan birçok fungus türü vardır. Bunlardan Aspergillus 
spp. aflatoksin üretimi yanında insan ve hayvan patojeni olması dolayısı ile Antep fıstığı için en önemli tehditlerden birisi olarak 
kabul edilmektedir. Bu çalışma ülkemizin farklı bölgelerinden toplanmış meyve örneklerinden izole edilmiş Aspergillus spp.’de 
genomik DNA polimorfizmini belirlemek amacı ile yapılmıştır. Toplam 27 Aspergillus spp. izolatında ITS, Aktin ve β-tubulin 
genlerinde Hind III, Pst I, Taq I ve Eco RI kesim enzimleri kullanılarak RFLP analizi yapılmıştır. β -tubulin bölgesinde Taq I enzimi 
ile üç farklı grup saptanmıştır. Sonuçlar, ITS ve Aktin bölgelerinde Aspergillus spp.’nin PCR-RFP ile düşük polimorfizm ve 
genetik çeşitlilik sergilediğini ortaya koymuştur. 
Anahtar kelimeler: Antep fıstığı, Aspergillus spp., PCR-RFLP 
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the most toxic aflatoxin with the highest carcinogenic 
effects (Afsah-Hejri et al., 2013; Ferdaws et al., 2016). 
Polymerase Chain Reaction (PCR)-based tests have 
increasingly been used in laboratories to identify 
numerous fungal species (Luchi, 2020). Several 
methods have been reported for DNA-based 
identification of Aspergillus spp. including sequencing of 
the non-coding Internal Transcribed Spacer regions 
(ITS) (Moody and Tyler, 1990; Schoch et al., 2012), 
calmodulin, actin, β-tubulin (β-tub), rodlet A (rodA) 
(Samson et al., 2007; Nasri et al., 2015) and PCR-
Restriction Fragment Length Polymorphism (PCR-
RFLP) for identification of Aspergillus at the generic level 
(Mirhendi et al., 2007; Zarrin et al., 2017). PCR-RFLP 
is the simplest method for single-nucleotide change 
detection. It is widely used in differentiation between 
mycotoxigenic species. The technique is based on PCR 
amplification of a target region containing the variant 
site of the studied species followed by restriction 
endonuclease digestion and gel electrophoresis to 
visualize the RFLP patterns (Atoui and El Khoury, 
2017) 
This study aimed at determining the polymorphism and 
genetic diversity among Aspergillus spp. isolates that 
were isolated from pistachio fruits in different 
governorates in Turkey. Restriction Fragment Length 
Polymorphism (RFLP) analysis of the PCR-amplified 
ITS, Actin and βtubulin regions of ribosomal DNA, was 
used. 
 
MATERIALS and METHODS 
Aspergillus spp. isolates 
This study was conducted in 2015 in Gaziantep 
University in Turkey. Total of 27 Aspergillus spp. 
isolates were used in this study and they were originally 
isolated from Pistacia vera in 2012-2013 from 13 
different sites related to 8 provinces through previous 
studies conducted in Turkey and were determined to 
be pathogenic and produce mycotoxins (Konukoğlu et 
al., 2011; Özgün, 2013). The isolates were stored in 
the Mycology Laboratory in Biology Department, 
Faculty of Arts and Sciences in Gaziantep University as 
per the codes demonstrated in Table 1. In addition, 
two isolates of A. flavus and A. parasiticus were included 
in this study as positive controls (Özgün, 2013). 
In order to reproduce the preserved isolates of 
Aspergillus spp., the isolates were inoculated to Petri 
dishes including Potato Dextrose Agar (PDA) medium, 
then the Petri dishes were incubated for 4-6 days at 
26-28 °C. After incubation, macroscopic and 
microscopic examinations of Aspergillus species (Figure 
1), which were conducted according to fungal colonies 
features on the PDA medium and microscope 
observation, including colony diameter, color of 
conidia, secretions, mycelium tissue, soluble pigment, 
shape and size of conidiophores, vesicles, fialides, 
conidia were recorded periodically (Klich, 2002). 

Preservation of re-cultured Aspergillus spp. 
isolates  
Two different methods have been used for long-term 
storage of samples to be used in other studies: 
 
Enclosure on filter paper 
Sterilized pieces of filter papers (Whatman), with a 
diameter of 2-3 cm, were placed aseptically on the 
PDA medium. Then discs from the Aspergillus spp. 
colonies (3 mm in diameter) were inoculated to the 
paper and incubated for 5-7 days until they completely 
covered the petri dishes including the filter paper. After 
incubation, sterile filter papers, on which fungi 
developed, were pulled out and left to dry in sterile 
Petri dishes for 2-3 days. The dried filter papers were 
placed in sterile paper envelopes and stored at -20 °C. 
 
Freezing 
Glycerol stock solution (glycerol, NaCL) was prepared 
and sterilized. After Aspergillus spp. isolates were 
reproduced at 26-28 °C for 7-10 days, small pieces (3 
mm in diameter) of isolates were placed in tubes 
containing 750 ml of glycerol stock. The collection site, 
name, isolate number and storage date were written 
on each tube and then preserved at -80 ºC. 
 
Genomic DNA extraction from Aspergillus spp. 
isolates. 
For mycelium production of Aspergillus spp. isolates, 
small pieces from each isolate were transferred to 
standard petri dishes containing Potato Dextrose 
Broth (PDB). Then the dishes were put on an orbital 
shaker and incubated for 4-5 days at 26-28 °C and 65 
rpm. At the end of this period, the developed 
mycelium was washed with sterile distilled water, the 
medium was removed and the liquid was frozen in 
nitrogen. Each sample was covered with aluminum foil 
and stored at -80oC until using them (Peever et al., 
1999). 
The Genomic DNA was extracted from the mycelium 
of the Aspergillus spp. isolates through the CTAB 
method (Somashekar et al., 2004). Briefly, fungal 
mycelia were crushed in the presence of liquid 
nitrogen. Then 600 µL CTAB extraction buffer was 
added and incubated at 60 °C for 30 minutes. After 
incubation, 600 µL of chloroform: isoamyl alcohol 
(24:1) was purified, centrifuged at 15 °C for at 5000 
rpm for 20 minutes. Following centrifugation, genomic 
DNA was precipitated with isopropanol and the DNA 
obtained was dissolved in 100 µL TE buffer and 
preserved at 20 °C. 
 
Polymerase chain reaction (PCR) 
In our study, three DNA regions were used; 1) Part of 
the nuclear Ribosomal RNA gene repeat region (5.8S-
ITS), 2) Actin (ACT) gene region and 3) β--tubulin (BT) 
gene region. 
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The dimensions of each mentioned region (ITS, Actin 
and β-tubulin) were determined by PCR. The primers 
used for the 5.8S-rDNA region; ITS5(5'-
GGAAGTAAAAGTCGTAACAAGG-3') and ITS4 (5'- 
TCCTCCGCTTATTGATATGC -3') (White et al., 
1990), for Actin region; ACT-512F (5'-
ATGTGCAAGGCCGGTTTCC-3') ACT-783R (5'- 
TACGAGTCCTTCTGGCCCAT-3') (Carbone and 
Kohn 1999), and finally for β-tubulin region; Bt1a (5'-
TTCCCCCGTCTCCACTTCTTCATG-3') and Bt1b 
(5 'GACGAGATCGTTCATGTTGAACTC-3') (Glass 
and Donaldson, 1995). 
The PCR amplification of ITS, Actin and β-tubulin 
regions was carried out in a 30 µl reaction mixture 
containing 30 mM MgCl2, 2mM dNTP, 0.250 µM 
forward primer, 1U Taq DNA polymerase, 10x Taq 
DNA polymerase buffer and 25-100 ng genomic DNA. 
The PCR amplification of 45 ITS zones, 1 cycle for 2 
minutes at 94 ºC was followed by 30 cycles of each 
amplification cycle denaturation (93 ºC, 30 seconds), 
primer binding (53 ºC, 2 minutes) and elongation (72 
ºC, 2 minutes). It was carried out in stages. Finally, final 
amplification was given for 10 minutes at 72 ºC. The 
PCR amplification of Actin and β-tubulin zone was 
followed by 1 cycle for 5 minutes at 94 ºC, 35 cycles of 

each amplification cycle denaturation (94 ºC, 30 
seconds), annealing (coupling), (59 °C actin, 55 °C β-
tubulin, 30 minutes) and elongation (72 ºC, 1 minute). 
Finally, 1 cycle was given for 10 minutes at 72 ºC 
(White et al., 1990; Crous et al., 2013). 
 
Agarose gel electrophoresis 
For agarose gel electrophoresis, 1.5% agarose was 
dissolved in 1X TAE (Tris, Acetic acid, EDTA) solution 
in presence of heating. The agarose solution was then 
left to cool for 15 minutes and ethidium bromide was 
added. The agarose was poured into a gel tank, 
following the solidification of the gel, electrophoresis 
was performed in 1xTAE buffer for 80-100 volts at 60-
100 minutes. After the electrophoresis process was 
completed, the gel was displayed under UV light. 
 
Restriction fragment length polymorphism 
(RFLP) 
RFLP treatment was performed using restriction 
enzymes (Eco RI, Hind III, Pst I, Taq 1) of each PCR 
product (ITS, Actin and β-tubulin). Eco RI, Hind III and 
Pst I enzyme cuts were performed for 16 hours at 37 
°C and Taq I enzyme cuts for 8 hours at 65 °C. 
Following the cutting process, the products were 

Table 1. Collection sites, codes and number of isolates of Aspergillus species used in the study 

Province Collection site Isolate Number Isolate Code 
Adana Central 2 01-AF/14 

     01-AP/14 
Aydın Germencik 1 09-AG1/12 

Batman Gercus 1 72-BG1 
Gaziantep Pistachio Research Institute 1 27-FA1/12 

 Karakuyu 1 27-KK1/12 
Icel Aydıncik 4 33-AD1/12 

          33-AD2/12 
           33-AD3/12 
 Bozyazi  33-MB1/12 

Kahramanmaras Pazarcik Golbasi 1 46-BGB1/12 
 Pazarcik-Ganidagi 1 46-PG1/12 

Mardin Midyat 1 47-MM1/12 
Sanliurfa Surtepe 2 63-BS1/12 

   63-BS2/12 

 Bozova 3 63-SB1/12 

   63-SB2/12 

   63-SB3/12 

 Merkez 9 63-SM1/12 

   63-SF1/12 

   63-SM3/12 

   63-SM4 /12 

   63-SM5/12 

   63-SM6 /12 

   63-SM7/12 
     63-SM8 /12 
     63-SM9/12 

Total 8 13 27 27 
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electrophoresed in 2-2.5% agarose gel and visualized in 
the UV system. 
 
RESULTS and DISCUSSION 
This study focused on Pistachios since it is an 
economically strategic crop plant in Turkey, where 
wild pistachio trees such as P. terebinthus, P. atlantica 
and P. lentiscus were also recorded (Kaska, 2005). In 
addition, it has high nutritional value and is consumed 
intensely as raw, salty and roasted products that is 
considered as an income-generating product for 
farmers, wholesalers, retailers and food industry 
owners (Shokraii, 1977; Maskan and Karatas, 1998). 
Aspergillus spp. isolates were studied to be classified 
since these fungi are prevalent on pistachio fruits in 
Turkey, and in the other hand produce mycotoxins 
(such as AFB and CPA, AFB and AFG) which is a big 
threat for healthy and high quality production of 
pistachios in Turkey and in the world (Denizel et al., 
2006). This importance is supported by some studies 
which showed that detection of A. niger and A. 
fumigatus species are extremely important in 
preventing mycotoxins contaminations, since they are 
dangerous, allergy causing and associated with 
Aspergillosis (Abraca et al., 1994; Schuster et al., 2002; 
Noonimabc et al., 2009; Edwin et al., 2010). 
 
PCR-RFLP results for the ITS region 
Since the genus Aspergillus has many species (about 
250), its taxonomy has always been quite complicated 
(Samson and Pitt, 2000; Samson et al., 2011). In order 
to identify the Aspergillus isolates used in this research, 
macroscopic (morphology), microscopic and 
molecular characterization were all conducted because 
the distinction based on morphological characters is 
one of the oldest and the most accepted methods. But 

since some species in the genus Aspergillus are 
morphologically similar, so it is difficult to distinguish 
these species. This shows that morphological 
characters are not sufficient alone in the identification 
of fungal species, making it necessary to use 
microscopic features as have been reported in many 
previous studies in the world (Mirhendi et al., 2007). 
Although, fungal identification using macroscopic and 
microscopic features has become one of the classic 
methods and is currently the most widely used method 
in the field of fungal taxonomy (Mirhendi et al., 2007; 
Afsah et al., 2013), the possibility of making mistakes in 
these methods also increases (Klich and Pitt, 1988; 
Samson et al., 2004), and disadvantages appeared such 
as posing a risk to the health of the laboratory staff. 
The core objective of this study was to distinguish 
Aspergillus spp. isolates at the DNA level through PCR-
RFLP. Many previous studies reported that the 
molecular markers, random amplified polymorphic 
DNA (RAPD), restriction fragment length 
polymorphism (RFLP), amplified fragment length 
polymorphism (AFLP), and inter simple sequence 
repeats (ISSR), have been used broadly to prevent 
such situations and to assess the genetic variation and 
polymorphic fragments of a wide range of species. 
(Kesawat and Kumar, 2009; Muranty et al., 2014) The 
analysis of genomic DNA using PCR-based methods 
has proven to be a fast, sensitive and reliable method 
for determining genetic relationships among 
pathogenic microorganisms (Somashekar et al., 2004). 
Some studies reported that nuclear rDNA, and 
particularly the internal transcribed spacer (ITS) 
regions, are good targets for the phylogenetic analysis 
in fungi because the ITS regions are often highly 
variable between isolates of the same species (Schoch 
et al., 2012). 

 
Figure 1. Pistachio nuts exhibiting Aspergillus spp. infections (a-d); colony morphology on PDA plates (e, f); 
conidia (g; 100 x magnification). 
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ITS PCR amplification was performed using ITS4 and 
ITS5 primers and the 5.8S rDNA gene was amplified. 
A band of approximately 600 bp was obtained for all 
the Aspergillus spp. (Figure 2). 

 
Figure 2. PCR amplification of 5.8S rDNA ITS region 
in Aspergillus spp. 1-25: Aspergillus spp.: 26: A. flavus: 
27: A. parasiticus: M: 250 bp DNA marker. 
 
 
RFLP analysis was performed using EcoR I, Hind III, Pst 
I and Taq I restriction endonucleases to demonstrate 
the difference between species. And the results 
showed that no polymorphism was observed in the ITS 
region when digested by Pst I and Hind III (Figure 3). 

 
Figure 3. PCR-RFLP results of Aspergillus spp.; A) Pst I 
B) Hind III, M: 250 bp DNA ladder. 
 
 
As a result of the Taq I cut of the 5.8S rDNA region of 
the Aspergillus spp. isolates, 3 bands, 280, 170 and 150 
bp were observed in all samples (Figure 4). Similarly, 
no polymorphism was detected by Eco RI cut (Figure 
5). 

 
Figure 4. Taq I enzyme cutting profile of 5.8S ITS 
region in Aspergillus spp.; 1-18: Aspergillus spp.; M1: 
250 bp DNA marker, M: 50 bp DNA ladder 
 
 
 

 
Figure 5. Aspergillus spp. 5.8S rDNA ITS region Eco RI 
cut profile; 1-8: Aspergillus spp.; 9: A. flavus; 10: A. 
parasiticus; M: 250 bp DNA ladder 
 
 
As a result of this study, Taq I, Eco RI, Hind III and Pst I 
enzymes of 5.8S rDNA ITS region, polymorphism was 
not detected among Aspergillus spp. Considering this 
result, it can be stated that the restriction enzymes we 
used in PCR-RFLP of the ITS region were insufficient 
for detection of the difference among Aspergillus 
species. The obtained result is in line with the study 
that has been conducted by Nikkuni et al. (1998), who 
also reported that ITS sequence of species belonging 
to Flavi section is closely related. Similar results were 
stated by other researchers when analysis conducted 
on 5.8S ITS region comparison of A. flavus and A. oryzae 
species due to high genetic similarity (Kurtzman et al., 
1986; Chang et al., 1991; Nikkuni et al., 1996). 
 
PCR-RFLP results for the Actin region 
A single band of approximately 370 bp was amplified 
for the Actin region in Aspergillus spp. (Figure 6). 
No polymorphism was observed as a result of RFLP 
analysis of the Actin region of Aspergillus spp. using Eco 
RI, Hind III, Pst I and Taq I (Figure 7). 
All Aspergillus spp. as a result of the Eco RI cut in the 
Actin region of the isolates, non-polymorphic two 
bands, approximately 150 and 200, were obtained 
(Figure 8). 
 

 
Figure 6. PCR amplification results of Actin region 
from Aspergillus spp.;1-8: Aspergillus spp.; 9: A. flavus; 
10: A. parasiticus; M: 250 bp DNA ladder. 
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Figure 7. Aspergillus spp. Actin region PCR-RFLP 
results. A)-Profile obtained after cutting with Pst I; 1-8 
Aspergillus spp.; 9: A. flavus; 10: A. parasiticus; M: 250 
bp DNA ladder. B)-Profile obtained after cutting with 
Hind III; 1-15: Aspergillus spp.; 16: A. flavus; 17: A. 
parasiticus; M: 50 bp DNA ladder. C)-Profile obtained 
after cutting with Taq I;1-2: Actin region profiles; 3-
11: Aspergillus spp.; 12: A. flavus; 13: A. parasiticus; M: 
50 bp DNA ladder. 
 
 

 
Figure 8. The band profile obtained as a result of Eco 
RI restriction of Aspergillus spp. Actin region, A). 1, 2: 
Actin PCR profile; 3-17: Aspergillus spp. B). 18-19: 
Actin PCR profile, 20-29: Aspergillus spp.; 30: A. flavus: 
31: A. parasiticus: M: 250 bp DNA marker. 
 
 
In our study, there was no difference between 
Aspergillus species as a result of cutting the Actin region 
with Taq I, Eco RI, Hind III, and Pst I enzymes. This result 
disagreed with Daniela and Meyera (2003), when they 
used the Actin gene in Ascomycetes yeasts and 
reported large number of sequence diversity. 
 
PCR-RFLP results for the β-tubulin region 
As a result of standard PCR reactions, a band of about 
450 bp was obtained for all Aspergillus spp. isolates 
(Figure 9: A, B). 
 

 
Figure 9. PCR amplification of genomic DNA using 
Bt1a and Bt1b primers. A).1-14: Aspergillus spp. B).15-
25: Aspergillus spp., 26: A. flavus, 27: A. parasiticus, M: 
250 bp DNA marker. 
 
 
Polymorphism was not detected in all samples as a 
result of analysis of the β-tubulin gene with PCR-RFLP 
using Pst I, Hind III and Eco RI enzymes (Figure 10). 

 
Figure 10. β -tubulin region PCR-RFLP results in 
Aspergillus spp. A) Pst I profile; 1-11: Aspergillus spp.: 
12: A. flavus: 13: A. parasiticus; B) Eco RI profile. 1-6: 
Aspergillus spp., 7: A. flavus, 8: A. parasiticus; C) Hind III 
profile. 1-11: Aspergillus spp., 12: A. flavus, 13: A. 
parasiticus. M: 250 bp DNA marker. 
 
 
According to the results obtained for the PCR-RFLP of 
the β -tubulin gene using Taq I enzyme, 3 different 
groups were identified in terms of size and 
polymorphism was detected. Of these, the first group 
included band patterns at approximately 250, 140, 60, 
90 bp, the second group included band patterns at 250, 
100, 90, 55 bp, while the third group included band 
pattern at approximately 90 bp (Figure 11). 
 



Al-aayedi et al., 2020 

J. Turk. Phytopath., Vol. 49 No. 2, 2020 31 

 
Figure 11. β -tubulin region Taq I enzyme PCR RFLP 
results in Aspergillus spp.; 1-14: Aspergillus spp. M: 50 
bp DNA marker. 
 
We claim that, it is necessary to conduct detailed 
studies on this region. These results are compatible 
with studies showing that RFLP technique is effective in 
identifying Aspergillus spp. at species level (Geiser et al., 
1998; Balajee et al., 2005; Balajee et al., 2006; 
Peterson, 2008). Another study reported that, 
comparative sequence analysis of β-tubulin can be used 
for molecular identification of Aspergillus spp. (Balajee 
et al., 2009). Also Davidson et al. (2006) stated that 
the β-tubulin gene is the most conserved genes in fungi 
and can be used to control DNA quality for PCR 
reactions. Studies have reported that introns in the β-
tubulin genes in fungi may provide some evidence for 
evolutionary relationships between species (Crous et 
al., 2013). β- tubulin gene has also been used to 
maintain the quality of fungal gDNA and PCR reaction 
conditions (Dao et al., 2005). The β-tubulin gene, 
isolated from the DNA library of A. flvaus, was also 
used as a selectable marker for transformation (Seip et 
al., 1990). All eukaryotic cells produce tubulin protein. 
Tubulins are essential components of eukaryotic cell 
microtubules. Tubulin gene family is divided into 3 
classes as a, b and c depending on the protected 
sequence region and function. These genes provide 
information in terms of microtubule function and 
understanding of cell division (Hiraoka et al., 1984). 
The β -tubulin protein is the target sites of 
benzimidazole fungicides used in the control of many 
phytopathogenic fungi (Jones et al., 1987; Koenraadt et 
al., 1992, Cooley and Caten, 1993, Goldman et al., 
1993). Therefore, the β -tubulin gene may be the 
subject to rapid mutations resulting polymorphism at 
the target regions (Nasri et al., 2015). 
As a conclusion, when each of the ITS and Actin 
regions were used, it was found that they failed to 
identify different types of Aspergillus spp used in this 
study. The difference between Aspergillus species was 
determined based on the PCR-RFLP results of the β-
tubulin region of Aspergillus spp. isolated from pistachio 
using the Taq I restriction enzyme. This difference may 
have occurred as a result of point mutations, deletions 
and additions. Further studies are needed on β-tubulin 
region sequence comparisons among the Aspergillus 
spp. isolates. 
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