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 Pistachios (Pistacia vera L.) are known as one of the nuts with high nutritional value, and an 

important commercial product worldwide. Pistachio is a tree that is compatible with dry climate 

regions and has the largest cultivated area in Iran. Pistachio yields have declined in recent years 

due to the rise in soil salinity caused by climate change (Mohit Rabari et al., 2023; Behzadi Rad et 

al., 2021). Nevertheless, the presence of phenolic compounds and other secondary metabolites may 

impede the isolation of high-quality RNA from pistachio leaves in numerous instances. In the 

present study, several methods were used to purify the total RNA of Shahpasand variety. These 

methods included Trizol kit; mini kit and modified method (TRIzol & mini kit) were used. The 

obtained results showed the superiority of modified method (TRIzol & kit) compared to TRIzol 

and Kit methods. In this method, the A260/A280 ratio of RNA sample was 2.12. In the next step, 

cDNA was synthesized and used to analyze SOS1 gene expression via Real Time PCR. Gene-

specific amplification was confirmed by a single peak in the melt-curve analysis. Furthermore, Ct 

values showed that SOS1 gene extracted by the (TRIZOLE & Kit) was the most abundant transcript 

with a mean Ct value of 20 whereas in two other ways was the least abundantly transcribed. In 

conclusion, the results of this investigation demonstrated that the optimized extraction method is 

capable of isolating high-quality RNA from pistachios. The extracted RNA can be used for further 

molecular studies, such as real-time PCR and other downstream applications. 

Introduction 

Pistachio (Pistacia vera L.), known as green gold, 

is a member of the Anacardiaceae family. Its only 

economically important species is P. vera (Nazoori et 

al., 2022; Moazzam jazi et al., 2017). This tree 

originated from Central Asia, and then was cultivated 

throughout the Middle East and the Mediterranean 

region (Hosseini et al., 2022; Nazouri et al., 2022). 

The history of this plant goes back to 3000-4000 years 

ago in Iran, which is compatible with the geographical 

conditions of Iran (Norouzi et al., 2018). Since then, 

the cultivated area of this product has increased about 

10,000 to 12,000 hectares per year. (Babaei et al., 

2021). Iran, America, Turkey, and Syria are now the 

world's major pistachio producers, with Iran leading 

the pack with an average of 298,838.67 tons (Faostat, 

2016). In addition to its commercial usefulness, the 

pistachio tree is nutritionally and medicinally 

important. Various parts of the plant, including 

flowers, leaves, seeds, and resin derived from the 

stem, have antioxidant and antimicrobial activities 

(Roozban et al., 2006; Nazoori et al., 2024; 

Sharifkhah et al., 2020; Fathalizadeh et al., 2015). In 

recent years, the agricultural industry has made 
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significant progress, while pistachio cultivation has 

not changed in terms of different weather conditions.  

On the other hand, the high level of secondary 

metabolites has made RNA purification difficult. 

Quality RNA extraction is essential for molecular 

processes, such as genomic libraries (Seçgin et al., 

2020; Chang et al., 2016). The content of secondary 

metabolites increases in plants that are subjected to 

biotic and abiotic stresses (Moazzam jazi et al., 

2015). In the extraction process, polyphenol 

compounds and polysaccharides have the greatest 

effect (Honaas et al., 2017). Phenolics are readily 

oxidized and covalently linked to quinones; the 

created compound has a high tendency to bind to 

proteins and nucleic acids and causes the insolubility 

of high molecular weight complexes. One of the 

inhibitors of RNA extraction are polysaccharides, 

which tend to precipitate with RNA if the ionic 

strength of extraction solution is low. (Majidi and 

Bahmani, 2018). To decrease the effect of 

polyphenols and secondary metabolites in RNA 

extraction, many procedures are used, including 

extraction kits, trizol, CTAB buffer, and cesium 

chloride. We describe an optimization method for 

RNA extraction from a Pistachio that can be applied 

for molecular studies, such as gene expression by real- 

time PCR. Our intent in presenting this modified 

method is not to oppose other methods that work well 

for specific crops. 

Materials and Methods 

Young leaves of 20-year-old Shahpas and cultivar 

trees were collected from the farm of Damghan 

Pistachio Research Center in May. To isolate RNA, 

the workbench was washed with 70% ethanol. The 

sampler heads were autoclaved to remove 

contamination.  

TRIzol protocol 

0.1 to 0.3 gr of young leaf tissue was taken and 

powdered by helping liquid nitrogen. In the next step, 

RNA extraction was performed using the TRIzol kit 

(yektatajhiz). 

Total RNA extraction mini kit  

In the first step, the leaf sample was weighed at 

the rate of 30 mg. The weighed leaves were 

homogenize using liquid nitrogen and transferred to a 

new microtube. 350 microliters of FARB buffer and 

3.5 microliters of 2-ME were used. The sample 

mixture was transferred to the filter column and 

centrifuged. The clarified supernatant was added to a 

new microtube, and 1.5 volumes of 70% ethanol 

without RNase. The desired sample was transferred to 

FARB Mini column. Centrifuge at 14500 for 1 minute 

and the supernatant was removed. 

250 µL of Wash Buffer 1 was poured into the mini 

column by the sampler and centrifuged. The 

supernatant solution was removed and this step was 

repeated again. Add 750 µL of Wash Buffer 2 to the 

mini FARB column, centrifuge at 14000 rpm for 1 

min and discard the supernatant. To dry the mini-

FARB column, we centrifuged it at full speed to dry 

it. FARB mini-column was placed in a 1.5 microtube 

and 40 microliters of RNase-free ddH2O was added to 

the center of the FARB membrane. Centrifuge the 

mini-FARB column at full speed for 1 min to elute the 

RNA. RNA was stored at -70°C for subsequent steps. 

Optimize RNA extraction (kit and TRIzol) 

In this method, YTzol solution and column 

extraction kit were used with modifications. In the 

first step, plant tissue (frozen at -70) was powdered 

using liquid nitrogen and ground with a mortar. 

Homogenize tissue samples in 1 ml YTzol and 5 

Microliters of ß-mercaptoethanol were added per 100 

mg tissue using a tissue homogenizer or rotor-stator. 

The nucleoprotein complex was completely lysed 

after the sample was incubated at 30°C for 15 

minutes. The supernatant was transferred to a new 

microtube without Rnase following the centrifugation 

of the sample. This step can remove protein, fat, 

polysaccharide, muscle or fiber. 200 microliters of 

https://yektatajhiz.com/products/rna-extraction-kit/
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chloroform were added to the new microtube; the 

sample was inverted 30 times and rested on dry ice for 

20 minutes. Then, the samples were centrifuged and 

the clear phase was transferred to a microtube 

containing a FARB Mini column and 2.3 volumes of 

isopropanol were added to it. The sample was 

centrifuged at 14000 rpm for 60 seconds, and the 

columnar microtube was transferred to the Collection 

Tube. Add 700 µL of Wash Buffer 1 to the mini 

FARB column and centrifuge at 14000 rpm for 60 

seconds. The upper aqueous phase was removed, and 

the columnar microtube was transferred to the 

Collection Tube. Add 1000 µL of Wash Buffer 2 to 

mini-FARB column and centrifuge at 14000 rpm for 

60 seconds. The supernatant was removed and this 

step was repeated two more times. To dry the 

columnar microtube, it was centrifuged, then 

transferred to a new microtube and 60 microliters of 

DEPCE water was added to it. 

Quantification and qualification of isolated RNA 

The quantity of extracted RNA was measured 

using NanoDrop spectrophotometer. For this purpose, 

the device with using 100 microliters of distilled 

water (RNA solvent) Calibrated. After, 98 microliters 

of sterile distilled water and 2 microliters RNA. It 

was poured into the cuvette and mixed slowly with the 

sampler (must be careful that the RNA does not 

break), and in wavelength 260/280 nm was tested and 

optical density (OD) was determined. Maximum 

optical absorption Nucleic acids were detected at a 

wavelength of 260 nm. If the optical absorption ratio 

260A/280A is in range of 1.8-2, it indicates the high 

purity of the nucleic acid and it can be used in future 

works. The quality of extracted RNA was confirmed 

by the horizontal electrophoresis. 

cDNA Synthesis 

cDNA synthesis was performed using a synthesis 

kit (yektatajhiz) with Oligo (dT) primer. Finally, the 

synthesized samples were placed in a freezer. 

Real-Time PCR Analysis 

The resulting cDNA was used as template for the 

amplification of SOS1 gene using specific primers and 

real-time PCR technology (Yektatajhiz, Iran), with 

GAPDH used as a reference. Primers were designed 

using the sequence of studied genes in the NCBI 

database and using primer3 and oligo7 software 

(Table 1). 

Table 1. Sequence and properties of designed primers for the reaction. 

Primer name sequences (5'-3') 
Gen Bank accession 

number 
Tm (°C) 

PCR product 

length (bp) 

SOS1-forward CGACGATATCCCCAGGGCTT XM_031407501.1 60 97 

SOS1-revers GTTGGCGCTCTTGACAGACG  62.5  

 

To ensure the non-replication of genomic DNA, 

all primer pairs were designed as exon-exon junctions. 

Real-time PCR reactions were done with Syber green 

kit (Yektatajhiz, Iran). Finally, an agarose gel 

electrophoresis of the real-time PCR reaction products 

was performed to guarantee the precision of the 

amplification statistical analysis. Quantitative Real-

Time PCR data were analyzed using the threshold 

cycle (Ct) method described by Livak et al (2001). 

Data were analyzed through SPSS software ver. 26 

and GraphPad Prism 9.  

 

Results 

In order to purify RNA with high quality, three 

methods Trizol methods, RNA extraction kit and 

combined method were used.   The OD 260/280 

obtained from the obtained RNAs is shown in Table 

2. The results of this study showed many varieties 

among the methods of RNA extraction in terms of 

quantity and quality. The obtained results indicate that 

the extracted RNA by helping Trizol and the yekta 

tajhiz kit was not of good quality (Table 2). 

Furthermore, the bands created on the agarose gel 

were not clear (Fig. 1a, b). However, the amount of 

https://www.ncbi.nlm.nih.gov/nuccore/XM_031407501.1
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RNA produced by the combined method (Trizol and 

kit) has been significant (Figure 1c). Also, the 

absorbance of 260/280 was suitable. The amount of 

absorption obtained indicates proteins contamination 

(Table 2). The bands created on the agarose gel were 

clear and the 28S and 16S ribosomal regions were 

distinguishable. (Fig. 1c). In next step, gene 

expression of SOS1 was tested. 

a b c 

  

 

Fig. 1. a) RNA extraction with, b) Trizol method, mini kit, c) optimize kit & trizol. 

Table 2. Yield of total RNA isolation 

 RNA isolation method  organ A260/A280
a
 A260/A230

a
 Yield (μg mg

-1
)

a
 

TRIzol leaf 1.4 0.31 97.4 

Total RNA extraction mini kit leaf 1.7 1.3 147.4 

(Kit and TRIzol) leaf 2.09 2.12 458 

 

As shown in Fig. 2, the expected amplicon SOS 

gene are 97 bp. Real-time SOS gene was correctly 

performed, and the melting curve showed a single 

peak (Fig. 3c). Therefore, the Ct values showed that 

SOS1 gene extracted by the (Trizole & Kit) was the 

most abundant transcript with a mean Ct value of 20 

whereas in two other ways was the least abundantly 

transcribed (Table 3).  

 
Fig. 2. Polymerase chain reaction products to verify the accuracy and precision of the primers SOS1 (97 bp) 

 

 

https://yektatajhiz.com/products/rna-extraction-kit/


M. Rajabi et al                                                                                                                        Journal of Nuts 16(1) (2024) 47-54 

 

51 

 

a 

 

b 

 

c 

 
Fig. 3. The melting curve obtained from the amplification of the SOS gene extracted by the a) Trizol method, b) mini kit, c) optimize (Trizol & kit).  

 

Table 3. The average ct real time PCR SOS1 gene by different methods. 

 Method Average of Ct 

1 trizol 28.1 

2 Mini kit 26.4 

3 Trizol & kit 20 

Discussion 

The isolation of high-purity RNA is the first step 

in gene expression, regulation, and function (Xiao et 

al., 2012). Different methods of RNA isolation from 

pistachio tree were investigated. Optimization of high-

purity RNA extraction is necessary for further 

applications such as real-time. In this report, we 

present a method that is based on the combination of 

Trizol and Kit, with modifications to the working 

method. This method does not necessitate numerous 

solutions, multi-step procedures, or multiple clean-ups 

to achieve satisfactory results. The two methods used 

for RNA extraction (mini kit and Trizol) were not 

suitable for pistachio plants, and the extracted RNA 

was of low quality (Table 1). While the total RNA 

extracted using the combined protocol (kit and 

TRIzol) has high quality and specific bands and can 

be used as an efficient method for pistachio 

extraction. (Fig. 1c). High secondary metabolites 

affect the purity of the extracted RNA and lower its 

quality (Amaranatha et al., 2020; Nadiya et al., 2015). 

Such problems may be overcome by making some 

modifications to commercial kits and reagents. Using 

these methods is simple, fast, non-toxic and useful, 

which leads to the extraction of high-quality RNA 

(Liao et al., 2023; Tang et al., 2019; Chang et al., 

2016). The guanidine thiocyanate–phenol solution, 

which is commercially available as TRIzol Reagent, 

disrupts the cells, denatures the proteins, and 

deactivates the nucleases, thereby stabilizing RNA 

(Honeywooda et al., 2022). The kenaf with high 

concentrations of polysaccharides and polyphenols 

readily undergoes oxidation. In this study, 

mercaptoethanol was used to reduce oxidative damage 

(Liao et al., 2023). On the other hand, in combination 

with the strong, but temporary denaturing effects of 

guanidinium isothiocyanate, any RNases present in 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4646865/#CR24
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the sample will be completely inactivated (Yee et al., 

2018). The extraction procedure was modified to 

incorporate chloroform, as the pistachio plant contains 

high levels of phenolic compounds. The biological 

phases are separated through the use of chloroform. 

After adding chloroform, 3 separate phases are 

created, the upper aqueous phase containing RNA, 

protein, and DNA is placed in the intermediate phase 

and organic (lower) phase (Zepeda et al., 2022; Toni 

et al., 2018). In the kit extraction method, 70% 

ethanol was used to precipitate RNA. While in the 

combined method, isopropanol was used. The 

obtained results showed higher accuracy and purity in 

this method. Due to its insolubility in ethanol and 

isopropanol, the addition of alcohol to the solution 

and subsequent centrifugation will cause the RNA to 

separate from the solution. If the RNA content in the 

sample is low, it has been suggested by Gangwar et al. 

(2021) and Arnold et al. (2013) that isopropanol may 

be more effective than ethanol in precipitating 

accessible proteins. The extracted RNA had purity 

and integrity and was suitable for downstream 

reactions )real-time PCR and RNA-seq(. These 

applications were chosen because of their high 

sensitivity to impurities, and integrity of RNA (Tajner 

et al., 2013). Figures 2 show the resolved PCR 

products on 2 % agarose gel following amplification 

of SOS1 gene. Quality of extracted RNA was 

confirmed (Moazzam Jazi et al., 2015). Moreover, the 

Ct values showed that SOS1 gene extracted by the 

(Trizole & Kit) was the most abundant transcript with 

a mean Ct value of 20 whereas in two other ways was 

the least abundantly transcribed.  

Conclusions 

The optimized protocol in this paper is suitable for 

pistachio tree with high secondary metabolites. The 

purity and integrity of extracted RNA was confirmed 

using real time pcr. The method is preferable to other 

methods in that it excludes hazardous compounds, 

such as phenol, and the RNA samples are extracted 

with long-term stability. Moreover, in this method, 

amount of plant needed for extraction is small. The 

optimized protocol reported here may be useful for 

RNA isolation from leaves of pistachio and it is 

expected that the extracted RNA will be suitable for 

more RNA-related investigations, including gene 

expression, RNA-seq and downstream applications.  
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