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Abstract  

Saffron (Crocus sativus L.) is the only plant known to produce apocarotenoids, such as crocins, picrocrocin, and 

safranal in significant amounts. Real-time PCR is commonly used to measure and compare gene expression, as well 

as to validate results obtained from other transcriptomic data, such as RNA-seq in saffron. Moreover, accurate 

estimation of gene transcript abundance levels or gene expression levels depends on selecting appropriate 

housekeeping genes. Identifying, selecting, and validating a set of stably expressed genes, or reference genes, is crucial 

for data normalization and differential expression analysis, which are necessary to obtain reproducible and accurate 

expression results for target genes.  Due to limited information on saffron housekeeping genes for use in real-time 

PCR assays, the present study, for the first time, investigates the whole transcriptome of five saffron tissues, including 

corm, tepal, leaf, stigma, and stamen, to find all housekeeping genes using non-parametric methods. Gene stability 

analysis of transcriptomic data from five saffron tissues identified 1,211 stable housekeeping genes. According to the 

stability rankings and Real-time PCR analysis, GAPDH, 28S rRNA, UBQ4, HSP, and TUBA were identified as the 

most stable genes across all saffron tissues. In conclusion, the identified housekeeping genes may help normalize gene 

expression and support various functional genomics studies in saffron.  
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Introduction  

Saffron (Crocus sativus L.), a perennial plant 

belonging to the Iridaceae family, is one of the 

most valuable medicinal plants cultivated 

worldwide (Tan et al. 2019; Zeng et al. 2003). The 

high economic value of saffron is due to the 

presence of various essential metabolites, 

including crocin, picrocrocin, and safranal, in the 

red stigmas of this plant (Fernández 2004; Rajabi 

et al. 2015; Zeng et al. 2003). Saffron is 

commonly used in the food industry as a 

flavoring and spice, and it also shows anti-

convulsant, anti-depressant, anti-inflammatory, 

anti-tumor, cholesterol-lowering, and appetite-

boosting effects (Ahrazem et al. 2015; 

Kamalipour and Akhondzadeh 2011; Sampathu et 
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al. 1984; Xie et al. 2019). Iran, Greece, Spain, 

Italy, and India are the world's leading producers 

of saffron, both in terms of production and area 

of cultivation (Baba et al. 2015). Saffron is well-

suited to arid and semi-arid climates because of 

reasons like being perennial, having low water 

needs, and possessing thin and thick leaves. 

(Ahrazem et al. 2019; Azizi-Zohan et al. 2009; 

Behdani and Fallahi 2015; Koocheki et al. 2016; 

Xie et al. 2019). Due to saffron's high economic 

importance, many studies have focused on 

increasing the quantity and quality of this crop.  

Functional genomics is one of the most critical 

tools for understanding the mechanisms 

underlying secondary metabolite biosynthesis 

and finding ways to optimize their production 

(D'Agostino et al. 2007). Although research has 

been conducted to identify key genes involved in 

the biosynthesis of saffron secondary metabolites 

(Ahrazem et al. 2018; Ahrazem et al. 2019; Jain 

et al. 2016; Malik and Ashraf 2017; Tan et al. 

2019), but triploidy, large genome size, and the 

presence of duplicate sequences in the saffron 

genome have challenged the results of these 

studies (Brandizzi and Caiola 1998; Cheng et al. 

2017; Fernández 2004; Qian et al. 2019). So far, 

only one transcription factor (CsULT1) related to 

Apo-carotenoid biosynthesis has been identified 

in saffron (Ashraf et al. 2015; Tan et al. 2019). 

Therefore, developing methods to address the 

challenges faced in saffron cultivation is essential 

for further studies. Gene expression studies in 

various plant tissues with diverse metabolite 

content, along with analyzing gene expression 

during different developmental stages of plants, 

are strategies to identify the factors involved in 

biosynthesis pathways (Ahrazem et al. 2018; 

Husaini et al. 2009; Skladnev and Johnstone 

2017).  

Among methods of gene expression analysis, 

real-time PCR is one of the most accurate 

techniques for assessing gene expression 

changes. The high sensitivity, specificity, and 

simplicity of real-time PCR are advantages of this 

method compared to other methods of gene 

expression analysis techniques, such as northern 

blot and in situ hybridization (Ebrahimi et al. 

2018; Gutierrez et al. 2008). With the rise of next-

generation sequencing (NGS) technology, the 

application of traditional transcriptome analysis 

methods has become more limited (Garg and Jain 

2013). However, real-time PCR is still widely 

used in gene expression analyses due to its high 

precision and sensitivity, and it is used to confirm 

the results of other transcriptome analysis 

methods, including RNA-seq (Ahrazem et al. 

2018; Qian et al. 2019). 

Like other molecular methods, real-time PCR 

faces challenges, such as variations in the 

quantity and quality of starting templates in 

samples, RNA isolation method, cDNA synthesis, 

serial dilution preparation, and pipetting 

(Ebrahimi et al. 2018; Karge et al. 1998). 

Normalizing RNA levels using a reference or 

housekeeping gene is the most common method 

to minimize error in real-time PCR (Bustin 2000).  

So far, many housekeeping genes have been 

identified and studied in various research. The 

18S rRNA, EF-1α, Ubi, Actin, β-tubulin, and 

GAPDH housekeeping genes are commonly used 

to normalize gene expression levels in plants 

(Ahrazem et al. 2018; Ebrahimi et al. 2018; 

Gomez-Gomez et al. 2018; Kiarash et al. 2018; 

Shahraki et al. 2014). Since the expression level 

of housekeeping genes should be consistent 

across different tissues and growth stages of an 

organism, this level should not be affected by 

experimental conditions (Bustin 2000; Wang et 

al. 2019) (Wang et al. 2019; Bustin 2000). 

Therefore, selecting the most appropriate 

housekeeping genes and evaluating the stability 

of multiple housekeeping gene expressions 

should be tested in all gene expression studies 

(Jain et al. 2006; Jaiswal et al. 2019). Selecting a 

desirable housekeeping gene involves identifying 

candidate genes and examining their expression 

stability in the target samples. The statistical 

methods used to evaluate the stability of 
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housekeeping genes are based on parametric 

statistics, such as variance, coefficient of 

variation, geometric mean, and correlation 

coefficient (Pfaffl et al. 2004; Vandesompele et 

al. 2002). However, parametric statistics require 

assumptions, such as normality of the data 

distribution, but without these assumptions, the 

calculations of these statistics may be inaccurate 

(Sheskin 2003). Large-scale transcriptomic data, 

such as NGS data, do not follow a normal 

distribution. Therefore, using parametric 

statistics is not recommended for their analysis 

(Datta and Nettleton 2014). Therefore, in this 

study, we employed nonparametric statistics to 

investigate the stability of housekeeping genes. 

In the present study, we investigated the 

transcriptome of five saffron tissues, including 

corm, tepal, leaf, stigma, and stamen, for the first 

time to find all housekeeping genes in this plant. 

Next, we evaluated all housekeeping genes both 

computationally (using nonparametric statistics) 

and experimentally for stability, and selected the 

most stable genes as reference genes in saffron.  

Material and Methods  

Data Collection and Quality Control 

An RNA-seq dataset containing five saffron 

tissue samples, including corm, tepal, leaf, 

stigma, and stamen, was used for expression 

analysis (Jain et al. 2016). The dataset was 

retrieved from the NCBI SRA using the ASPERA 

tool. The details of this dataset are shown in Table 

1. The quality of short reads in all samples was 

assessed using FastQC software (version 0.11.6) 

(Andrews 2010). Adapters and sequencing errors 

were removed from the short reads using 

Cutadapt and RCorrector software, respectively 

(Martin 2011; Song and Florea 2015). Low-

quality sequences, including those shorter than 50 

bp and sequences with high levels of unread 

nucleotides, were removed using Trimmomatic 

software (version 0.27) (Bolger et al. 2014). 

De novo Assembly of Short Reads 

After quality control, high-quality short reads 

were used for de novo assembly of the saffron 

transcriptome. De novo assembly of short reads 

from saffron into contigs was performed using 

CLC Genomics Workbench software (version 

7.5.0) with default parameters and the De Bruijn 

Graph algorithm (Grabherr et al. 2011; 

Matvienko 2015). The additional contigs were 

removed using the Evidential Gene package 

(version 2013.07.27) (Gilbert 2016). The 

parameters of saffron assembly, such as the 

number of contigs, the length of the largest 

contig, N50, and median contig length, were 

determined using Transrate software (version 

1.0.3) (Smith-Unna et al. 2016). 

Identification and Stability Analysis of 

Housekeeping Genes  

Due to the lack of a reference genome for saffron, 

high-quality short reads from corm, tepal, leaf, 

stigma, and stamen tissues were separately 

mapped to the assembled genome using default 

parameters in CLC Genomics Workbench 

software (version 7.5.0) (Matvienko 2015). After 

mapping the reads, FPKM values for all 

transcripts in each tissue were calculated using 

the same software (Matvienko 2015). Transcripts 

with FPKM > 15 that are expressed in all five 

saffron tissues are considered housekeeping 

genes. These genes were subjected to stability 

analysis. 

Based on parametric and nonparametric stability 

methods, the ranking of genes/transcripts was 

performed to identify the most stable 

housekeeping genes using the selection index of 

ideal genotype (SIIG) technique (Nassar and 

Huehn 1987; Thennarasu 1995). This method is 

based on the Technique for Order Preference by 

Similarity to Ideal Solution (TOPSIS) (Hwang 

and Yoon 1981). The most stable 

genes/transcripts are those that show the least 

deviation from the positive ideal parameter and 

the greatest deviation from the negative ideal 
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parameter. According to this method, the 

parameters for the positive and negative ideals 

are determined by selecting the maximum and 

minimum criteria values. The positive ideal 

parameter is determined by maximizing stability 

and minimizing instability, while the negative 

ideal parameter is determined by maximizing 

instability and minimizing stability. Transcripts 

that are expressed in only one tissue and not 

expressed in other tissues were considered tissue-

specific genes. 

Functional Annotation of Housekeeping Genes 

BLASTx was used to determine the potential 

function of all transcripts in the saffron assembly 

(Altschul et al. 1990; Johnson et al. 2008). A 

BLASTx search was performed against the NCBI 

nr database with an E-value of 10^-4. Gene 

Ontology (GO) analysis was performed using 

Blast2GO software with a p-value < 0.05 (Conesa 

et al. 2005). KEGG was used for pathway 

analysis in the Kyoto Encyclopedia of Genes and 

Genomes. (Kanehisa et al. 2017).  For all 

analyses, p-values < 0.05 were considered 

statistically significant. 

Plant Material 

The Iranian genotype of Saffron (C. sativus L.) 

was used in this study. The mature (flowered) 

plants were collected from a field near 

Khorramabad in Lorestan, Iran. The samples of 

five tissues, including corm, tepal, leaf, stigma, 

and stamen, were carefully harvested, 

immediately frozen in liquid nitrogen and then 

stored at -80 °C until further examination. 

Total RNA Extraction and cDNA Synthesis 

Frozen saffron tissues were ground into a fine 

powder using a mortar and pestle with liquid 

nitrogen. Total RNA was extracted using the 

Yekta Tajhiz Azma RNA extraction kit following 

the manufacturer’s instructions. RNA quantity 

and quality were evaluated using Nanodrop and 

agarose gel electrophoresis. DNase I enzyme was 

used to eliminate the genomic DNA debris. The 

cDNA of each tissue was separately synthesized 

from 2 μg of RNA using the Yekta Tajhiz Azma 

cDNA synthesis kit, following the manufacturer’s 

instructions. 

Real-time PCR 

Real-time PCR was performed using SYBR 

Green on a Corbett RotorGene instrument (two 

replicates). Primers for real-time PCR were 

designed by AlleleID software (version 7.0) 

(Supplementary table). The specificity of all 

primers was evaluated by melting curve analysis. 

Diluted cDNA from corm, tepal, leaf, stigma, and 

stamen tissues (from three saffron plants) was 

used as a template for real-time PCR. The mean 

cycle threshold (Ct) values for all selected 

housekeeping genes were calculated across both 

technical and biological replicates. 

Results  

Today, the large volume of genomic, 

transcriptomic, and proteomic data, along with 

new computational tools, facilitates the 

identification of genes and their biological 

functions. In recent years, NGS technology has 

significantly increased the production of omics 

data in plants, and the reference genomes of most 

model plants have been annotated (Singh et al. 

2015). In non-model plants, such as medicinal 

plants or those with large genomes, transcriptome 

assemblies from RNA sequencing data enable the 

identification of genes without needing an 

annotated reference genome (Unamba et al. 

2015).  

In this study, all RNA-seq datasets from saffron 

corm, tepal, leaf, stigma, and stamen tissues were 

combined. After quality control and removing 

low-quality short reads, 128,320,567 high-quality 

short reads were generated (Table 1).  
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Table 1 Features of saffron RNA-seq datasets. 

Accession 

numbers 

Tissue 

type 

Number of raw 

short reads 

Number of cleaned 

short reads 

% Reads with quality 

above Q30 

SRR1767298 Corm 38678236 35548718 98.96 

SRR1767299 Leaf 41354788 37140996 96.93 

SRR1767300 Tepal 53541250 47642136 96.95 

SRR1767301 Stamen 42789692 37977034 97.95 

SRR1767302 Stigma 49463790 45362138 98.98 

The results of quality control and short-read 

processing showed that over 95% of reads in all 

samples had quality scores above Q30. (Table 1). 

These results confirm the effectiveness of the 

quality control process for the input short reads. 

After deleting duplicate sequences, a total of 

80,245 unique transcripts were generated from 

assembling high-quality short reads. Additional 

contigs can cause errors in data analysis. 

Therefore, using appropriate software to create 

unique contigs will significantly increase the 

validity of RNA-seq analysis results (Ono et al. 

2015). The final saffron assembly was 84.5 Mb in 

length with a GC content of 43.45% (Table 2).  

The results of the quantitative and qualitative 

analyses showed N50 of 1452 nt for the final 

generated assembly (Table 2). The calculated 

N50 value indicated relatively good quality. The 

quantitative and qualitative parameters of the 

generated assembly in this study were 

significantly better than those in the original 

study. Thus, in the present study, with fewer 

unique contigs, a higher N50 value was obtained 

in the generated saffron assembly (Table 2). 

  

Table 2 Parameters of the generated assembly  

Parameters Value 

Number of unique transcripts 80,245 

Shortest transcript length 206 nt 

Shortest transcript length  15,424 nt 

Number of nucleotides  84,496,115 

Average length 1,052.977 

Number of transcripts shorter than 200 nt 0 

Number of transcripts longer than 1k nt 30,128 

Number of transcripts longer than 10k nt 23 

Number of transcripts with ORF 30,433 

Mean percentage of transcript length covered by the ORF 56.01042 

N90 450 nt 

N70 942 nt 

N50 1,452 nt 

N30 2,137 nt 

N10 3582 nt 

%GC 43.458 

The analysis of the saffron transcriptome showed 

46,560 overall genes and 3,437 tissue-specific 

genes (Figure 1). The saffron corm, tepal, leaf, 

stigma, and stamen had 423, 961, 454, 972, and 

627 tissue-specific genes, respectively (Figure 1). 

The general genes of saffron were screened using 

nonparametric stability statistics to find 

housekeeping genes. The results of ranking based 

on nonparametric stability statistics showed 

1,211 stable saffron general genes 

(Supplementary file). These genes are 

consistently expressed at relatively high levels 

with FPKM values greater than ten. These 1,211 

stable genes were ubiquitously expressed across 

five saffron tissues and are essential for 

maintaining saffron cell homeostasis. This gene 

set is an appropriate candidate for saffron 

housekeeping genes. To better understand the role 

of these identified saffron housekeeping genes,   
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Fig. 1. Overview of saffron transcriptome analysis showing a total of 46,560 expressed genes, including 3,437 tissue-

specific genes distributed across corm (423), tepal (961), leaf (454), stigma (972), and stamen (627).  

functional annotation was performed. This 

allowed the classification of identified genes into 

functional groups, resulting in 1,211 annotated 

genes. In the GO analysis, saffron housekeeping 

genes were classified into three groups: 

biological processes, cellular components, and 

molecular and biochemical functions (Figure 2).  

In the biochemical and molecular functions 

group, the most enriched activities included 

structural molecular activity, ATPase activity, 

 

 
Fig.2: Gene Ontology classification of 1,211 ubiquitously expressed saffron housekeeping genes, grouped into biological 

processes, cellular components, and molecular functions, with enrichment in ATPase activity, ion transport, membrane 

components, and metabolic processes. 
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cofactor activity, proton-transporting ATPase 

activity, hydrogen-exporting ATPase activity, 

ion-binding activity, cation-transporting ATPase 

activity, oxidoreductase activity, and hydrogen 

ion transmembrane transporter activity. The 

dominant terms in the cellular components group 

were plasmodesma, organelle membrane, and cell 

membrane. In the biological processes group, 

most of the saffron housekeeping genes were 

classified under response to metal ions, response 

to cadmium ions, organonitrogen compound 

metabolic processes, response to inorganic 

substances, cellular catabolic procesess, 

ribonucleoside triphosphate metabolic processes, 

purine ribonucleoside triphosphate metabolic 

processes, purine nucleoside triphosphate 

metabolic processes, purine ribonucleoside 

metabolic processes, and purine nucleoside 

metabolic processes (Figure 2). 

The KEGG pathway analysis revealed that 

saffron housekeeping genes were significantly 

enriched in amino acid metabolism, 

glycolysis/gluconeogenesis, pyruvate 

metabolism, citrate cycle, glyoxylate and 

dicarboxylate metabolism, carbon fixation in 

photosynthesis, and glutathione metabolism 

(Figure 3).   

 

 
Fig. 3: KEGG enrichment of saffron housekeeping genes, highlighting key metabolic pathways 

For a closer look, 50 of the 1,211 housekeeping 

genes with the highest expression stability were 

selected (Table 3). These top genes received the 

highest scores in ranking based on nonparametric 

statistics. Hierarchical clustering of these 50 top 

housekeeping genes revealed three distinct tissue 

groups (Figure 4). The corm, tepal, and stamen 

tissues were grouped, while the leaf and stigma 

tissues were each clustered separately. (Figure 4). 

The corm, tepal, and stamen tissues showed a 

similar trend in expression of the 50 top 

housekeeping genes, whereas two distinct trends 

were observed in the leaf and stigma tissues 

(Figure 4). To identify the most stable 

housekeeping genes for saffron studies, five 

housekeeping genes with the highest stability 

values (GAPDH, 28S rRNA, UBQ4, HSP, and 

TUBA) and five housekeeping genes with the 

lowest stability values (AAE1, hxnY, AOX, 

GluTR, and HyPRP) were selected according to 

RNA-seq analysis. The expression stability of 

these genes was then further evaluated by real-

time PCR. Results of real-time PCR confirmed 

the RNA-seq data and five top housekeeping 

genes, including GAPDH, 28S rRNA, UBQ4, 

HSP, and TUBA, showed the highest stability 

values. In contrast, lower stability values were 

observed for the housekeeping genes AAE1, 

hxnY, AOX, GluTR, and HyPRP (Figure 5). All 

five top housekeeping genes showed higher  
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Fig. 4: Hierarchical clustering of the 50 most stable saffron housekeeping genes showing three distinct tissue groups, with 

corm, tepal, and stamen clustered together, while leaf and stigma formed separate clusters. 

invariability than other housekeeping genes 

(Figure 5). A significant positive correlation (R2 

= 0.9714) was observed between RNA-seq and 

real-time PCR results (Figure 5). 

Discussion 

Housekeeping genes are a class of ubiquitously 

expressed genes involved in fundamental cellular 

processes and required for the maintenance of 

cell homeostasis (De Jonge et al. 2007; Zhang et 

al. 2015). These groups of genes are usually used 

as reference genes in gene expression studies 

(Jain et al. 2006; Kozera and Rapacz 2013; 

Thellin et al. 1999). So far, methods such as 

expressed sequence tag (EST) and serial analysis 

of gene expression (SAGE) have been employed 

to identify housekeeping genes (Coker and 

Davies 2003; Velculescu et al. 1999; Zhu et al. 

2008). However, these methods have relatively 

low throughput (Wang et al. 2009). Today, high-

throughput transcriptomic profiling approaches, 

such as microarray and next-generation 

sequencing (NGS), have significantly facilitated 

the identification of housekeeping genes. These 

high-throughput approaches provided a reliable 

and unbiased tool to identify housekeeping genes 

in living organisms (Wang et al. 2009). In a study 

conducted by Warrington et al. (2000), using the 

microarray technique, 535 housekeeping genes 

were identified among human tissues 

(Warrington et al. 2000). In a similar study, using 

microarray and RNA-seq techniques, 1,661 

housekeeping genes were identified in maize (Lin 

et al. 2014).  

In our study, we analyzed an RNA-seq dataset 

using nonparametric methods to identify and 

characterize 80,245 unique transcripts. Based on 

nonparametric evaluation, we found 1,211 

housekeeping genes with FPKM values greater 

than 15. The parametric methods, such as 

variance, coefficient of variation, geometric 

mean, and correlation coefficient, require 

assumptions such as the normality of the data 

distribution. Without these assumptions, the 

calculations of these statistics will not be accurate 
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(Sheskin 2003). Because NGS data do not follow 

a normal distribution, using parametric methods 

is not recommended for their analysis (Datta and 

Nettleton 2014). Unlike parametric methods, 

non-parametric approaches do not rely on the 

normality of the data distribution (Sheskin 2003).  

Functional annotation showed that most of these 

1,211 housekeeping genes are involved in critical 

cellular processes. Major cellular activities, such 

as metabolic reactions, occur within a cell to 

maintain its survival. Genes involved in these 

processes contribute to keeping a cell alive and 

are called housekeeping genes (Thellin et al. 

1999; Zhang et al. 2015).  

The accuracy of gene expression quantification 

significantly depends on the stability of the 

housekeeping genes used for normalization. So 

far, many studies have been performed to identify 

the most reliable housekeeping genes (Gutierrez 

et al. 2008; Kozera and Rapacz 2013). However, 

most of these studies focused on evaluating 

traditional housekeeping genes, which do not 

offer a comprehensive overview of housekeeping 

genes and fail to identify the most stable ones. 

(Lin et al. 2014; Zhu et al. 2008). A proper 

housekeeping gene should exhibit a relatively 

uniform expression level across different tissues 

and conditions. This is where high-throughput 

transcriptome profiling approaches, such as 

microarray and NGS technologies, came into 

play and offered a series of solutions. In a study, 

18 new stable housekeeping genes were 

identified from Arabidopsis microarray data 

(Czechowski et al. 2005). In another study, maize 

housekeeping genes were identified using 

microarray and RNA-seq datasets (Lin et al. 

2014). In our study, an RNA-seq dataset, 

including the transcriptome of five saffron 

tissues, was selected and screened for 

housekeeping genes. Out of 1,211 saffron 

housekeeping genes identified in this study, five 

genes (GAPDH, 28S rRNA, UBQ4, HSP, and 

TUBA) showed the highest stability value in both 

computational and experimental analysis 

evaluation. These genes represent the most 

reliable housekeeping genes for saffron gene 

expression studies. The GAPDH gene encodes 

glyceraldehyde-3-phosphate dehydrogenase, 

which has been recognized as a key enzyme in 

energy metabolism, producing ATP and pyruvate 

via glycolysis (Nicholls et al. 2012). GAPDH 

also plays non-metabolic roles in transcriptional 

activation and the initiation of apoptosis (Yang 

and Zhai 2017; Zaffagnini et al. 2013).  The 28S 

rRNA gene is a hypothetical gene with an unclear 

role in functional annotation. The UBQ4 gene 

encodes ubiquitin protein. Ubiquitins are a group 

of low-molecular-weight regulatory proteins that 

are found in all eukaryotic cells. Ubiquitins bind 

to other proteins and lead them to the ubiquitin-

dependent proteasomal degradation pathway. 

These proteins can alter their cellular location, 

activity, and interactions by binding to other The 

HSP gene encodes heat shock proteins. Heat 

shock proteins are a class of proteins found in all 

living organisms. They were first described in 

relation to heat shock stress, but they are also 

produced in response to other stresses, including 

cold, drought, UV, etc (Al-Whaibi 2011; 

Lindquist and Craig 1988; Vierling 1991). 

Members of this family act as molecular 

chaperones that stabilize proteins and maintain 

their proper folding (Al-Whaibi 2011; Dubrez et 

al. 2019). The TUBA gene encodes alpha-tubulin. 

TUBA is a structural protein that contributes to 

the formation of microtubules in the 

cytoskeleton. Microtubules play vital and diverse 

roles and are composed of alpha- and beta-

tubulins (Breviario et al. 2013; Morejohn and 

Fosket 1986; Oakley 2000). 

Identifying housekeeping genes enhances our 

knowledge of basic cellular functions and 

metabolic processes. The transcriptome of living 

organisms is a complex collection of genes with 

distinct expression profiles across tissues. Some 

genes are expressed only in specific tissues at 

certain times, while others are expressed 

uniformly in all tissues. This second group of  

file://///plants.ensembl.org/arabidopsis_thaliana/Gene/Summary%3fdb=core;g=AT5G20620
file://///plants.ensembl.org/arabidopsis_thaliana/Gene/Summary%3fdb=core;g=AT5G20620
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Fig.5: qRT-PCR validation of RNA-seq data showing high stability of GAPDH, 28S rRNA, UBQ4, HSP, and TUBA, and 

strong correlation between methods  

genes is known as housekeeping genes. 

Identifying housekeeping genes enhances our 

knowledge of basic cellular functions and 

metabolic processes. Additionally, housekeeping 

genes are utilized to normalize the expression of 

other genes. Identification of the most stable 

housekeeping genes is performed using various 

methods, with real-time PCR being the most 

prominent. However, this method has limitations, 

such as low speed and high cost, and cannot act 

at the transcriptome level. Computational 

methods are fast, accurate, and cost-effective 
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tools for identifying the most stable housekeeping 

genes at the transcriptomic level in living 

organisms. These genes identified using these 

methods can be used with relatively high 

accuracy to normalize gene expression.  

Conclusion  

The stable housekeeping genes identified in the 

present study can be used to normalize gene 

expression in saffron tissues. Since the expression 

of some housekeeping genes may change under 

stress, the stability of the identified genes in this 

study must be evaluated under stress. However, 

due to the lack of transcriptomic data for stressed 

saffron plants, it is currently impossible to 

perform a genome-wide evaluation under these 

conditions. Once this data becomes available, the 

stability of saffron housekeeping genes can be 

assessed with greater accuracy.  
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J, Talón M & Robles M (2005) Blast2GO: a 

universal tool for annotation, visualization 

and analysis in functional genomics research. 

Bioinformatics 21(18):3674-3676  

18. Czechowski T, Stitt M, Altmann T, Udvardi 

MK & Scheible W-R (2005) Genome-wide 

identification and testing of superior 

reference genes for transcript normalization 

in Arabidopsis. Plant physiology 139(1):5-17  

19. D'Agostino N, Pizzichini D, Chiusano ML & 

Giuliano G (2007) An EST database from 

saffron stigmas. BMC Plant Biol 7:53 

doi:10.1186/1471-2229-7-53 

20. Datta S & Nettleton D (2014) Statistical 

analysis of next-generation sequencing data. 

Springer 

21. De Jonge HJ, Fehrmann RS, de Bont ES, 

Hofstra RM, Gerbens F, Kamps WA, de Vries 

EG, van der Zee AG, te Meerman GJ & ter 

Elst A (2007) Evidence-based selection of 

housekeeping genes. PloS one 2(9)  

22. Dubrez L, Causse S, Bonan NB, Dumétier B 

& Garrido C (2019) Heat-shock proteins: 

chaperoning DNA repair. Oncogene:1-14  

23. Ebrahimi A, Rashidi Monfared S, Moradi 

Sarabshelli A & Heidari P (2018) Validation 

of some of Housekeeping Genes in 

Aeluropus littoralis under Salinity Stress. 

Journal of Crop Breeding 10(25):110-117 (In 

Persian).  

24. Fernández J-A (2004) Biology, 

biotechnology and biomedicine of saffron. 

Recent Res Dev Plant Sci 2:127-159  

25. Garg R & Jain M (2013) RNA-Seq for 

transcriptome analysis in non-model plants. 

Legume Genomics. Springer, p 43-58 

26. Gilbert D (2016). Accurate and complete 

gene construction with EvidentialGene. 

F1000Res 5  

27. Gomez-Gomez L, Pacios LF, Diaz-Perales A, 

Garrido-Arandia M, Argandona J, Rubio-

Moraga A, & Ahrazem O (2018) Expression 

and Interaction Analysis among Saffron 

ALDHs and Crocetin Dialdehyde. Int J Mol 

Sci 19(5) doi:10.3390/ijms19051409 

28. Grabherr MG, Haas BJ, Yassour M, Levin JZ, 

Thompson DA, Amit I, Adiconis X, Fan L, 

Raychowdhury R & Zeng Q (2011) Full-

length transcriptome assembly from RNA-

Seq data without a reference genome. Nature 

biotechnology 29(7):644  

29. Gutierrez L, Mauriat M, Pelloux J, Bellini C 

& Van Wuytswinkel O (2008) Towards a 

systematic validation of references in real-

time RT-PCR. The Plant Cell 20(7):1734-

1735  

30. Hershko A & Ciechanover A (1998) The 

ubiquitin system. Annual review of 

biochemistry 67(1):425-479  

31. Husaini AM, Wani SA, Sofi P, Rather AG, 

Parray GA, Shikari AB & Mir JI (2009) 

Bioinformatics for saffron (Crocus sativus 

L.) improvement. Communications in 

Biometry & Crop Science 4(1)  

32. Hwang C-L & Yoon K (1981) Methods for 

multiple attribute decision making Multiple 

attribute decision making. Springer, p 58-191 

33. Jain M, Nijhawan A, Tyagi AK & Khurana JP 

(2006) Validation of housekeeping genes as 

internal control for studying gene expression 

in rice by quantitative real-time PCR. 

Biochemical and biophysical research 

communications 345(2):646-651  

34. Jain M, Srivastava PL, Verma M, Ghangal R 

& Garg R (2016) De novo transcriptome 

assembly and comprehensive expression 

profiling in Crocus sativus to gain insights 

into apocarotenoid biosynthesis. Sci Rep 

6:22456 doi:10.1038/srep22456 



Seyed Sajad Sohrabi et al 

 
Herbal Medicines Journal. 2025, 10(4) 25 

 

35. Jaiswal PS, Kaur N & Randhawa GS (2019) 

Identification of Reference Genes for qRT-

PCR Gene Expression Studies during Seed 

Development and under Abiotic Stresses in 

Cyamopsis tetragonoloba. Crop Science 

59(1):252-265  

36. Johnson M, Zaretskaya I, Raytselis Y, 

Merezhuk Y, McGinnis S & Madden TL 

(2008) NCBI BLAST: a better web interface. 

Nucleic acids research 36(suppl_2):W5-W9  

37. Kamalipour M & Akhondzadeh S (2011) 

Cardiovascular effects of saffron: An 

evidence-based review. The Journal of 

Tehran Heart Center 6(2):59  

38. Kanehisa M, Furumichi M, Tanabe M, Sato 

Y & Morishima K (2017) KEGG: new 

perspectives on genomes, pathways, diseases 

and drugs. Nucleic acids research 

45(D1):D353-D361  

39. Karge WH, Schaefer EJ & Ordovas JM 

(1998) Quantification of mRNA by 

polymerase chain reaction (PCR) using an 

internal standard and a nonradioactive 

detection method Lipoprotein Protocols. 

Springer, p 43-61 

40. Kiarash JG, Wilde HD, Amirmahani F, 

Moemeni MM, Zaboli M, Nazari M, 

Moosavi SS & Jamalvandi M (2018) 

Selection and validation of reference genes 

for normalization of qRT-PCR gene 

expression in wheat (Triticum durum L.) 

under drought and salt stresses. Journal of 

Genetics 97(5):1433-1444 

doi:10.1007/s12041-018-1042-5 

41. Komander D & Rape M (2012) The ubiquitin 

code. Annual review of biochemistry 81:203-

229  

42. Koocheki A, Ebrahimian E & Seyyedi SM 

(2016) How irrigation rounds and mother 

corm size control saffron yield, quality, 

daughter corms behavior and phosphorus 

uptake. Scientia horticulturae 213:132-143  

43. Kozera B & Rapacz M (2013) Reference 

genes in real-time PCR. Journal of applied 

genetics 54(4):391-406  

44. Lin F, Jiang L, Liu Y, Lv Y, Dai H & Zhao H 

(2014) Genome-wide identification of 

housekeeping genes in maize. Plant 

molecular biology 86(4-5):543-554  

45. Lindquist S & Craig E (1988) The heat-shock 

proteins. Annual review of genetics 

22(1):631-677  

46. Malik AH & Ashraf N (2017) Transcriptome-

wide identification, phylogenetic analysis, 

and expression profiling of zinc-finger 

transcription factors from Crocus sativus L. 

Mol Genet Genomics 292(3):619-633 

doi:10.1007/s00438-017-1295-3 

47. Martin M (2011) Cutadapt removes adapter 

sequences from high-throughput sequencing 

reads. EMBnet.journal 17(1) 

doi:10.14806/ej.17.1.200 

48. pp. 10-12 

49. Matvienko M (2015) CLC Genomics 

Workbench.   

50. Morejohn LC & Fosket DE (1986) Tubulins 

from plants, fungi, and protists Cell and 

molecular biology of the cytoskeleton. 

Springer, p 257-329 

51. Nassar R & Huehn M (1987) Studies on 

estimation of phenotypic stability: Tests of 

significance for nonparametric measures of 

phenotypic stability. Biometrics:45-53  

52. Nicholls C, Li H & Liu JP (2012) GAPDH: a 

common enzyme with uncommon functions. 

Clinical and Experimental Pharmacology and 

Physiology 39(8):674-679  

53. Oakley BR (2000) An abundance of tubulins. 

Trends in cell biology 10(12):537-542  

54. Ono H, Ishii K, Kozaki T, Ogiwara I, 

Kanekatsu M & Yamada T (2015) Removal 

of redundant contigs from de novo RNA-Seq 

assemblies via homology search improves 

accurate detection of differentially expressed 

genes. BMC Genomics 16:1031 

doi:10.1186/s12864-015-2247-0 

55. Pfaffl MW, Tichopad A, Prgomet C & 

Neuvians TP (2004) Determination of stable 

housekeeping genes, differentially regulated 

target genes and sample integrity: 

BestKeeper–Excel-based tool using pair-

wise correlations. Biotechnology letters 

26(6):509-515  

56. Qian X, Sun Y, Zhou G, Yuan Y, Li J, Huang 

H, Xu L, & Li L (2019). Single-molecule 

real-time transcript sequencing identified 

flowering regulatory genes in Crocus sativus. 



Seyed Sajad Sohrabi et al 

 
Herbal Medicines Journal. 2025, 10(4) 26 

 

BMC Genomics 20(1):857 

doi:10.1186/s12864-019-6200-5 

57. Rajabi H, Ghorbani M, Jafari SM, Mahoonak 

AS & Rajabzadeh G (2015) Retention of 

saffron bioactive components by spray 

drying encapsulation using maltodextrin, 

gum Arabic and gelatin as wall materials. 

Food hydrocolloids 51:327-337  

58. Sampathu S, Shivashankar S, Lewis Y & 

Wood A (1984) Saffron (Crocus sativus 

Linn.)—Cultivation, processing, chemistry 

and standardization. Critical Reviews in 

Food Science & Nutrition 20(2):123-157  

59. Shahraki S, Kazemitabar SK & Hashemi 

SHR (2014) Study of Reference Genes in 

Sesame Leaves under Salt Stress by Real-

Time PCR Method. Crop Biotech 8:1-10 (In 

Persian).  

60. Sheskin DJ (2003) Handbook of parametric 

and nonparametric statistical procedures. crc 

Press 

61. Singh VK, Singh AK, Singh S & Singh BD 

(2015) Next-Generation Sequencing (NGS) 

Tools and Impact in Plant Breeding. In: Al-

Khayri JM, Jain SM & Johnson DV (eds) 

Advances in Plant Breeding Strategies: 

Breeding, Biotechnology and Molecular 

Tools. Springer International Publishing, 

Cham, p 563-612 

62. Skladnev NV & Johnstone DM (2017) 

Neuroprotective properties of dietary saffron: 

more than just a chemical scavenger? Neural 

Regen Res 12(2):210-211 doi:10.4103/1673-

5374.198976 

63. Smith-Unna R, Boursnell C, Patro R, 

Hibberd JM & Kelly S (2016) TransRate: 

reference-free quality assessment of de novo 

transcriptome assemblies. Genome Research 

26(8):1134-1144 doi:10.1101/gr.196469.115 

64. Song L & Florea L (2015) Rcorrector: 

efficient and accurate error correction for 

Illumina RNA-seq reads. GigaScience 

4(1):48 doi:10.1186/s13742-015-0089-y 

65. Swatek KN & Komander D (2016). Ubiquitin 

modifications. Cell research 26(4):399-422  

66. Tan H, Chen X, Liang N, Chen R, Chen J, Hu 

C, Li Q, Li Q, Pei W, Xiao W, Yuan Y, Chen 

W & Zhang L (2019) Transcriptome analysis 

reveals novel enzymes for apo-carotenoid 

biosynthesis in saffron and allows 

construction of a pathway for crocetin 

synthesis in yeast. J Exp Bot 70(18):4819-

4834 doi:10.1093/jxb/erz211 

67. Thellin O, Zorzi W, Lakaye B, De Borman B, 

Coumans B, Hennen G, Grisar T, Igout A & 

Heinen E (1999) Housekeeping genes as 

internal standards: use and limits. Journal of 

biotechnology 75(2-3):291-295  

68. Thennarasu K (1995) On Certain Non-

parametric Procedures for Studying 

Genotype-Environment Inertactions and 

Yield Stability.  

69. Unamba CIN, Nag A & Sharma RK (2015) 

Next Generation Sequencing Technologies: 

The Doorway to the Unexplored Genomics 

of Non-Model Plants.  6(1074) 

doi:10.3389/fpls.2015.01074 

70. Vandesompele J, De Preter K, Pattyn F, 

Poppe B, Van Roy N, De Paepe A & 

Speleman F (2002) Accurate normalization 

of real-time quantitative RT-PCR data by 

geometric averaging of multiple internal 

control genes. Genome biology 

3(7):research0034. 1  

71. Velculescu VE, Madden SL, Zhang L, Lash 

AE, Yu J, Rago C, Lal A, Wang CJ, Beaudry 

GA & Ciriello KM (1999) Analysis of human 

transcriptomes. Nature genetics 23(4):387-

388  

72. Vierling E (1991) The roles of heat shock 

proteins in plants. Annual review of plant 

biology 42(1):579-620  

73. Wang Y, Dai M, Cai D & Shi Z (2019) 

Screening for quantitative real-time PCR 

reference genes with high stable expression 

using the mRNA-sequencing data for pear. 

Tree Genetics & Genomes 15(4):54 

doi:10.1007/s11295-019-1361-6 

74. Wang Z, Gerstein M & Snyder M (2009) 

RNA-Seq: a revolutionary tool for 

transcriptomics. Nature reviews genetics 

10(1):57-63  

75. Warrington JA, Nair A, Mahadevappa M & 

Tsyganskaya M (2000) Comparison of 

human adult and fetal expression and 

identification of 535 

housekeeping/maintenance genes. 

Physiological genomics 2(3):143-147  



Seyed Sajad Sohrabi et al 

 
Herbal Medicines Journal. 2025, 10(4) 27 

 

76. Xie X, Xiao Q, Xiong Z, Yu C, Zhou J & Fu 

Z (2019) Crocin-I ameliorates the disruption 

of lipid metabolism and dysbiosis of the gut 

microbiota induced by chronic corticosterone 

in mice. Food Funct 10(10):6779-6791 

doi:10.1039/c9fo01533g 

77. Yang S & Zhai Q (2017) Cytosolic GAPDH: 

a key mediator in redox signal transduction in 

plants. Biologia Plantarum 61(3):417-426  

78. Zaffagnini M, Fermani S, Costa A, Lemaire 

SD & Trost P (2013) Plant cytoplasmic 

GAPDH: redox post-translational 

modifications and moonlighting properties. 

Frontiers in Plant Science 4:450  

79. Zeng Y, Yan F, Tang L & Chen F (2003) 

Increased crocin production and induction 

frequency of stigma-like-structure from 

floral organs of Crocus sativus L. by 

precursor feeding. Plant Cell, Tissue and 

Organ Culture 72(2):185-191  

80. Zhang Y, Li D & Sun B (2015) Do 

housekeeping genes exist? PLoS One 10(5)  

81. Zhu J, He F, Song S, Wang J, & Yu J (2008). 

How many human genes can be defined as 

housekeeping with current expression data? 

BMC genomics 9(1):172  

 

 

 

 

 

 

 


