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Abstract: The expression of biosynthesis controlling genes of crocin and safranal in saffron 

(Crocus sativus) can be influenced by ultrasonic waves. After being cultured in plate MS1/2, 

saffron was ultrasonically treated in a cellular suspension medium under optimal growth 

conditions. The secondary metabolites were measured by high-performance liquid 

chromatography and the gene expression was analyzed by the real-time polymerase chain 

reaction. Results indicates that this elicitor can influence the expressions of genes CsBCH, 

CsLYC, and CsGT-2; the ultrasonic waves acted as an effective mechanical stimulus to the 

suspension samples. The analysis of variance of the ultrasonically-produced amounts of safranal 

and crocin indicates that there is a significant difference between once- and twice-treated 

samples in that the amount of safranal was highest within the samples taken from the twice-

treated suspension culture at 72 hours after the ultrasound treatment, and the crocin was 

maximized after 24 hours passed the twice-applied ultrasound treatment. 

 

3. Experimental 

Preparation of saffron callus cell lines and cell suspension cultures 

Saffron corms (Voucher specimens (No. 15064) have been deposited in the Tehran university, 

Central Herbarium) were washed twice with distilled water, and then sterilized in 70% ethanol 

for 1 minute; thereafter, the corms were kept in 100 ml of HgCl2 (0.1-0.2%) for 20 minutes under 

aseptic conditions. Then, after being washed again with sterilized distilled water, the corms were 

cultured on the semisolid 1/2MS medium supplemented with 0.1 mg/L 2-4-D, 0.5 mg/l BAP, and 

100 mg/l ascorbic acid; the culture was then kept at 21°C within darkness. After 14 days, some 

calli were induced in the culture. The calli were subcultured four times, each of which was done 

every two other weeks. To establish the corresponding suspension cultures, the selected callus 



lines were added into a 250-mL flask containing 50 mL of a liquid 1/2MS culture medium. It 

should be noted that the composition of the liquid 1/2MS medium was exactly the same as that 

of the semisolid 1/2MS, except for not having agar.  

 

Application of the treatments  

 Three replications of the twelve-day old suspension cultures, which were at optimal growth 

conditions, were once exposed to ultrasonic waves (40MHz) as the elicitor for 2 min; three other 

replications of the same suspension culture were twice exposed to the same ultrasonic waves for 

2 min. The callus cells were extracted in two stages 24 h and 72 h after the applications of the 

ultrasound treatment. A portion of the callus cells was dried in a freeze dryer, and was then used 

for the extraction and measurement of the safranal and crocin contents in the HPLC. The other 

portion of the cells was used for the extraction of RNA, the synthesis of cDNA, and the 

measurement of the gene expression by means of the real-time PCR.  

 

HPLC analysis 

24 h and 72 h after the application of the treatment, all the cells in each flask of the 

suspension culture were collected, and were then divided into two parts, one of which was used 

for measuring the weights of the crocin and safranal. The dried callus cells were suspended in 

ethanol 50%, and kept for 24 h at 25 °C. Then, the suspension was centrifuged, and the 

supernatant was isolated and stored. The remainder was again centrifuged with 50% ethanol, and 

then the supernatant liquid was kept the same way, and was added to the previous extract. Then 

the whole extract was filtered through a 0.22-micron filter for the HPLC analysis. 20 μl of the 

filtered extract was injected into the HPLC column; the samples were washed with a solution of 

80% acetonitrile and 20% water for 20 minutes, and thereafter were washed again with a solution 

of 80% water and 20% acetonitrile for 1 minute with the flow of 0.7 ml/minute in the HPLC 

Agilent 1100, column C18 (250×4.6). The detection wavelengths used for safranal and crocin 

were respectively 330 and 274 nm, both of which were detected via the HPLC method using the 

standard crocin and safranal (Sigma CAS Number 42553-65-1 for crocin and CAS Number: 116-

26-7 for Safranal).  

 

 



RNA extraction and cDNA synthesis 

The other portion of the cells which were collected from each suspension culture was stored 

at -80 °C. Then, they were ground using a sterilized mortar-and-pestle, and the total RNA was 

extracted using an A101231 RNA isolation kit (Pars Tous Co., Mashhad, Iran) according to the 

protocol provided by the company. The remaining DNAs were removed from the RNA 

extractions using the specific kit that we bought from Thermo Yekta Tajhiz Azma, Tehran, Iran. 

About 1000 μg of the extracted RNA was added to 1 μl of DANease enzyme and 1 μl of MgCl2; 

then after spinning for an hour at 37 °C, the mixture was placed on a hot plate; thereafter, 1 μl of 

EDTA was added to vials, and was heated at 65 °C for 10 minutes. The quality of the extracted 

RNA was controlled by a nano-drop spectrophotometer (Shimadzu UV-2501PC) through 

determining the absorption wavelengths at 260 and 280 nm; the optical densities (ODs) were 

measured on the RNA extraction after the remaining DNAs were removed. The ratio of the OD 

of 260 nm to that of 280 nm was found to be within the range of 1.8 to 2.0, indicating the good 

quality of the RNA extraction that was then used for cDNA synthesis.  

 

cDNA synthesis  

Initially, according to the protocol of Geneall Company (Seoul, South Korea), 2μg of the DNA-

free RNA was mixed with 1 μl Oligo (dT)18 of the concentration of 50 μM; then, diethyl 

pyrocarbonate (DEPC) water was added to the mixture to make the total volume of 10 μl; then, 

the mixture was placed on a hot plate at 65 °C for ten minutes. Then 10 μl of master-mix 

includes: reverse transcriptas, dNTP, stabilizer, RNAaes inhibitor and reaction buffer was added 

and spin. Afterwards, as recommended by the manufacturing company, the vials were put in the 

PCR device for 60 min at 60 °C, and for 5 min at 95 °C. The synthesized cDNA was stored at -

20°C for the later gene expression examination. The primers which were designed according to 

Mzr et al. (2013) (Mzr et al., 2013) (Table 4) were bought from Rubin-Teb-Gostar Company 

(Tehran, Iran). 

 

The analysis of the gene expression using the real-time PCR  

The synthesized cDNA was diluted to 100 ng by adding a sufficient amount of the PCR grade 

water. 1 μl of the diluted cDNA along with 0.5 μl of the forward and reverse primers, 5 μl of the 

real-time master with 3 μl of the nuclease-free water were put into vials. The final volume 



amounted to 10 μl. Then, each of the vials was put in the real-time PCR instrument under the 

following conditions: i) the mixture was initially denatured at 95 °C for 2 min, ii) then, it was 

kept at 95 °C for 5 s, and at 60 °C for 40 s, and this heating cycle was repeated 45 times. Light-

Cycler 480 (Thermo real time, Yekta Tajhiz Azma) was utilized for collecting the fluorescence 

data. To obtain the relative expression of the genes, we acquired the individual PCR efficiencies 

with linReg PCR software (version 2015); then, using the CT data obtained from the real-time 

PCR, we calculated the relative gene expression normalized to the expression of the reference 

gene through 2
-ΔΔCT 

method by means of the Rest-2009 software (Livak and Schmittgen, 2001) 

for three replications. The data was then analyzed with the SPSS software.  

 

Statistical analysis  

The variance analysis was done as a completely randomized factorial experiment with three 

replicates; the means were compared through the dunkan test at the probability level of 0.05 with 

the SPSS software (version 17); the diagrams were drawn using Microsoft Excel (version 2017).  

 

 

Table 4. The sequence of the primers for the amplification of the genes involved in the 

biosynthesis of apocarotenoids in saffron  

   Amplicon 

size (bp) 

Forward and reverse primer primer 

247 AGATGGTCTTCATGGATTGGAG CsLYC  - F 

495 TCGAGCT TCGGCATCACATC CsBCH  - F 

400 GATCTGCCGTGCGTTCGTAAC CsGT2  - F 

225 TGATTTCCAACTCGACCAGTGTC CsTUB   - F 

   

247 ATCACACACCTCTCATCCTCTTC CsLYC   - R 

295 GCAATACCAAACAGCGTGATC CsBCH   - R 



400 GATGACAGAGTTCGGGGCCTTG CsGT2   - R 

225 ATACTCATCACCCTCGTCACCATC CsTUB    - R 

Cs: Crocus sativus; LYC: lycopene-ßcyclase, BCH: ß carateoned hidrocsilaz, GT2: 

glucosyltransferase2  

 

 

 


