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Abstract 

Catharanthus roseus is an important multipurpose medicinal plant. In this study, in vitro proliferation and root induction 

of periwinkle were optimized and regenerated plants were subsequently surveyed for genetic homogeneity using the inter 

simple sequence repeat (ISSR) markers. Shoot tips and nodal segments were cultured in Murashige and Skoog (MS) 

medium supplemented with different concentrations of benzylamino-purine (BAP), gibberellic acid (GA3), and indol-3-

butyric acid (IBA) hormones. ISSR profiling of regenerated plants as well as the mother plant were surveyed with five 

primers. The highest establishment rate (80.67%) was obtained in the MS medium containing 1.0 mg L-1 GA3 and 1.0 

mg L-1 BAP. Highest proliferation rate (5.20 shoots/explant) and average shoot length (6.30 cm) were observed in 1.5 mg 

L-1 BAP + 0.5 mg L-1 IBA. Moreover, the best rooting response (85.30%) was observed on half strength MS containing 

1.0 mg L-1 IBA. Genetic fidelity analysis using ISSR markers showed the monomorphic banding pattern of the micro-

propagated plants and the mother plant, which highlighted their genetic uniformity. This implies that periwinkle 

micropropagation through shoot tip is the most reliable method for true-to-type production of C. roseus in a large scale.  
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Introduction 

Madagascar periwinkle (Catharanthus roseus L.) 

is the most comprehensively assessed medicinal 

plant. Periwinkle produces several commercially 

valuable secondary metabolites, including the anti-

cancer vinblastine, vincristine, and the anti-

hypertensive alkaloids ajmalicine and serpentine. 

However, the most important drawback of the 

traditional cropping system is the low productivity 

of alkaloids from Catharanthus species and the 

increasing production costs (Maqsood and Abdul 

2017). Thus, the application of alternative 

strategies and methods, such as in vitro techniques,  

is thought to be effective to address such concerns. 

Direct in vitro propagation by adventitious 

meristems and organs is a versatile tool to produce 

large numbers of homogeneous plant materials 

within a short time (Pietrosiuk et al. 2007; Pérez-

Alonso et al. 2011). Moreover, organ culture is a 

fascinating alternative in the biosynthesis of plant 

secondary metabolites. The main advantage of this 

technique is that organ culture produces genetically 

more stable materials as compared with 

thecultivation of suspension cells and calli 

(Barrales-Cureno et al. 2017; Amiri et al. 2019b). 

       Development of  a  suitable protocol for  large 
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scale regeneration of periwinkle is an important 

issue in production of secondary metabolites. 

Optimization of medium composition and the type 

of in vitro propagation technique is the first 

challenge in this regards. Direct organogenesis was 

first explained in the late 1970s by Dhruva et al. 

(1977) followed by Ramawat et al. (1978) and 

Abou-Mandour et al. (1979). Woody plant medium 

(WPM) containing 5 μΜ BAP and 5 μM α-

naphthalene acetic acid (NAA) has been proposed 

as an efficient medium for direct micro propagation 

of Sunstorm rose, a close species of periwinkle 

(Swanberg and Dai 2008). Induced somatic 

embryos from callus was derived from C. roseus in 

MS medium containing either 2.5 μM thidiazuron 

(TDZ) or 5.3 μM NAA and 2.2 μM BAP 

(Dhandapani et al. 2008). Kumar et al. (2013) 

evaluated the effects of cytokinin and auxin types 

on regeneration of C. roseus L. They proposed that 

MS medium containing 1.0 mg L-1 of BAP and 0.2 

mg L-1 NAA is the best medium for the initiation 

of shoots from axillary buds and shoot 

proliferation. The highest rooting rate, maximum 

number of roots per shoot and the highest root 

length were observed on MS supplemented with 

1.0 mg L-1 indol-3-butyric acid (IBA) and 0.25 % 

charcoal. According to Bakrudeen et al. (2011), the 

highest number of shoots was observed 45 days 

after culturing MS, fortified with 4.0 mg L-1 NAA 

and BAP.  

Genetic markers have been progressively used 

to address diverse questions in agriculture. There 

are variety of molecular techniques accessible to 

study genetic diversity in plants populations, such 

as random amplified polymorphic DNA (RAPD), 

simple sequence repeats (SSR), inter simple 

sequence repeats (ISSR), amplified fragment 

length polymorphism (AFLP) and random 

amplified microsatellite polymorphisms (RAMP) 

(Panahi and Ghorbanzadeh Neghab 2013; 

Mahmoudi et al. 2014; Ghorbanzadeh Neghab and 

Panahi 2017; Panahi et al. 2019). ISSR markers are 

easy to use, characterized with greater 

reproducibility and efficiency, highly polymorphic 

with high sensitivity to low levels of genetic 

variation, and also have lower cost (Kumar et al. 

2016; Tiwari et al. 2017).  

Fidelity and homogeneity of regenerated 

plants of periwinkle, off-types and genetically true-

to type of mother plant for stable production of 

secondary metabolites is an issue for large scale 

production of this species. Kumar et al. (2013) 

assessed the genetic fidelity of micropropagated C. 

roseus and indicated that all the plants derived 

from tissue culture were true-to-type and there 

were no somaclonal variations among these plants. 

Considering the importance of an efficient 

protocol, optimized for the large scale 

micropropagation of C. roseus, along with genetic 

homogeneity of regenerated plants for stable 

secondary metabolite production, this investigation 

was conducted to evaluate the effect of different 

plant growth regulators on periwinkle in in vitro 

direct regeneration, and subsequently, to assess the 

genetic fidelity by ISSR markers.  

 

Materials and Methods  

Plant material and culture conditions  

In  this  research,  healthy  axillary  buds   and  nodal 

segments with 2-3 cm long of C. roseus were 

obtained from the greenhouse of Azarbaijan 

Shahid Madani University, Iran. These explants 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30128120
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were exposed to sterilization procedures (Kumar et 

al. 2013). Agar 0.8% and 3% (w/v) sucrose was 

supplemented to the MS (Murashige and Skoog 

1962) basal medium with the pH adjusted to 5.8 ± 

1. Different plant hormones, GA3, BAP (as 

cytokinin) and IBA (as auxin) (Sigma, MO, USA), 

were used at different concentrations (mg L-1) to 

determine the optimum concentration suitable for 

each stage of tissue culture.  

 

Culture establishment and shoot multiplication  

For shoot initiation, explants were cultured on MS 

medium supplemented with different 

concentrations of BAP and gibberellic acid (GA3) 

(Figure 1). Explants of approximately 2-3 cm long 

were cultured on fresh MS supplemented with BAP 

(0, 0.5, 1 and 1.5 mg L-1) and IBA (0, 0.25 and 0.5 

mg L-1). The establishment percentage, number of 

shoots per regenerating explant and shoot length 

(cm) were recorded after four weeks of explant 

culture. 

 

Rooting and hardening  

The regenerated shoots were transferred to the root 

induction medium containing 0, 0.25, 0.5 and 1.0 

mg L–1 IBA. Four-weeks-old rooted plantlets were 

washed thoroughly and planted into a mixture of 

peat moss and perlite (1:1 ratio), then transferred to 

the greenhouse for gradual hardening.  

 

Genetic fidelity analysis 

CTAB (Cetyl Trimethyl Ammonium Bromide) 

method was used for DNA extraction of seven 

randomly selected samples of both regenerated and 

mother plants. The extracted DNA quantified and 

qualified by using NanoDrop spectrophotometer 

(NanoDrop 1000, Thermo Scientific, USA) and 

electrophoresis in a 0.7% (w/v) agarose gel, 

respectively. ISSR profiling was conducted by 

using five inter-simple sequence repeats primers 

(Table 1). The thermal cycler program was 

adjusted as previously described (Amiri et al. 

2019a) The PCR products were separated and 

visualized on 1.2% agarose gel electrophoresis 

marked with 7% ethidium bromide and 

photographed.  

 

Experimental design and statistical analyses 

All experiments were conducted as factorial based 

on completely randomized design with three 

replications. SAS ver. 9.1 (SAS Institute, NC, 

USA) was used to analyze the data and the means 

were compared by Duncan’s multiple range test at 

p ≤ 0.05. 

 

Results 

Establishment of explants  

Germination of axillary bud explants on MS 

medium was initiated after four weeks (Figure 1A). 

The MS medium with 1.0 mg L-1 BAP and GA3 

was the best medium for establishment of the 

explants (approximately 80.67%). The lowest 

establishment percentage (25%) belonged to the 

MS medium without growth regulators (Figure 2). 

 

Shoots proliferation and elongation 

Shoot initiation was best attained on the fortified 

MS medium containing different concentrations of 

BAP and GA3 (Figure 1B). The initial bud break 

began on the 14th day and followed by the progress 

of the apical bud, which later differentiated into 

leaves. The response of bud explants to shoot 
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induction on MS basal medium was satisfactory. In 

the MS containing BAP and IBA, the highest shoot 

multiplication was observed for the combination of 

1.5 mg L-1 BAP and 0.5 mg L-1 IBA, with 5.20 

shoots per explant. In addition, the highest shoot 

length (6.30 cm) was achieved in this medium. By 

contrast, the lowest shoot formation (1.22 shoots 

per explant) and the shortest shoot length (1.0 cm) 

were obtained in the hormone-free MS (Figure 3).  

 

Rooting induction and hardening 

Results showed that half strength MS 

supplemented with 1.0 mg L-1 IBA produced 

plantlets with numerous roots. The highest rooting 

percentage (85.30%) was achieved in half strength 

MS supplemented with 1.0 mg L-1 IBA, and the 

roots were shorter and thicker than those in the 

control. By contrast, the lowest rooting percentage 

(30%) was obtained in the auxin-free medium 

(Figure 4). The plantlets grown on rooting medium 

during the rooting phase expanded healthy shoot 

and root systems after 28 days of culture (Figure 

4), and then, transferred into garden pots and 

covered with polythene bags to retain high 

humidity (Figure 1D). This work is the first to 

report on humidity regulation to improve the 

survival rate of C. roseus for commercial purposes.  

 

Analysis of genetic uniformity by ISSR 

 Seven randomly in vitro regenerated plants 

together with the mother plant were subjected to 

ISSR analysis. In total 42 clear bands were scored 

ranging 150 to 1000 bp in size (Table 1 and Figure 

5). The number of products for each primer ranged 

from 5 to 10, with a mean of 8 bands per primer. 

The ISSR profiling confirmed the genetic stability 

of regenerated plants.  

 

Discussion 

The best shoot initiation was recorded on the MS 

medium fortified with different concentrations of 

BAP and GA3. The positive relation between BAP 

and GA3 in increasing the establishment 

percentage was indicated. It has been reported that 

BAP is an effective determinant of the shoot 

proliferation (Kyozuka 2007; Ruzic and Vujovic 

2008; Tank and Thaker 2014).  

The  combination  of  BAP  with  IBA  (1.5 

mg L-1 BAP and 0.5 mg L-1 IBA) well increased 

shoots per explant as compared to the sole 

application of BAP, because direct shoot induction 

efficiency from stem explants increased when the 

cytokinin/auxin ratio was more than one. 

Additionally, BAP and IBA significantly 

influenced the number of shoots per explant and 

shoot length (Figure 3). Similar findings have been 

reported in previous studies (Singh et al. 2011; 

Kumer et al. 2013; Bagum and Mathur 2014; Amiri 

et al. 2019a).  Generally, cultures of micro shoots 

on MS medium for four weeks showed optimum 

elongation, rendering them suitable for 

introduction to the root induction medium. 

Root induction is a complex process that is 

determined by a wide range of growth regulators. 

The participation of auxin in root development has 

been well documented by different researchers 

(Vidoz et al. 2010; Pop et al. 2011). It has been also 

proposed that root induction is normally affected 

by  medium   strength,  medium   type   and   auxin 

treatment   duration   (Li et al. 2017).  The  diverse 
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impacts of auxins are often related to their effects 

on cell division and expansion by ARF (Auxin 

Response Factor) proteins mediation (Parry and 

Estelle 2006; Quint et al. 2009).  

In the present study, the excised micro shoots 

cultured in full and half MS without plant 

hormones did not show any root induction even 

after   four    weeks    of    culture;   however,   root 

 

 

 

 

 

 

 

                                        Figure 1.  Different   stages   of   micropropagation   of  C. roseus.  

                                        A:  establishment   of   explants;   B:   proliferation   of    explants;   

                                        C: rooting of explants; D: final  adaptation stage in the greenhouse. 

 

                    Table 1. ISSR primer sequences and the number of amplified fragments used in this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                             Figure 2. The effect of various concentrations of BAP and GA3 on the establishment                         

                            of C.  roseus 
  

Primer Primer sequence (5'- 3') Temperature (°C) No. of Amplified fragments 

ISSR-1 (CA)8RG* 52 10 

ISSR-2 (AG)8T 52 5 

ISSR-3 (GA)8T 52 6 

ISSR-4 (CA)8A 55 11 

ISSR-5 CCC (GT)7 52 10 
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                                  Figure 3. The effect of various concentrations of BAP and IBA on number of 

                                  shoot per explant and shoot length of C. roseus. 

 
                             

                                  

 

 
  

 
 

 

 

 

 

 

 

 

 

 

 

 
                                  Figure 4. The effect of various concentrations of IBA and two types of MS  

                                  medium (full and half) on rooting of C. roseus. 
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                             Figure 5. ISSR amplification  pattern obtained  for the  randomly  

                             selected mother (M) and in vitro regenerated (R) plants produced  

                             by five ISSR primers. L: DNA marker (100 Kbp).

induction initiated in the MS medium containing 

different concentrations of auxin. Similar 

observations have been reported in other plant 

species (Pop et al. 2011; Bakrudeen et al. 2011; 

Kumer et al. 2013). 

True-to-type clonal fidelity is considered as 

one of the important pre-requisites for the large 

scale micro-propagation of crop and medicinal 

plant species. The occurrence of cryptic genetic 

defects in the regenerates can be a major problem 

for the extensive utility of the micro-propagation 

system. Some molecular markers could be applied 

to evaluate the clonal fidelity of tissue cultured 

plants. However, a single marker analysis is unable 

to completely guarantee the clonal fidelity of the 

regenerated plants (Salvi et al. 2001). Many 

researchers have documented the ability of ISSR 

markers for true-to-type clonal fidelity analysis in 

relation to in vitro micropropagated plants (e.g. 

Werner et al. 2015; Khatun et al. 2018). The 

monomorphic banding pattern of micro-

propagated plants and the mother plant confirmed 

the genetic homogeneity of the plants produced in 

in vitro conditions and indicated the reliability of 

in vitro propagation system used in this research. 

Monomorphic products were obtained by all tested 

primers between the regenerated and mother plants 

which highlighted the true-to type of the mother 

plant and possibly the constant production of 

secondary metabolites in the in vitro regenerated 

plants.  

 

Conclusion 

In general, C. roseus can be propagated from the 

nodal explant in MS medium, supplemented with 

1.5 mg L-1 BAP and 0.5 mg L-1 IBA. Moreover, 

half strength MS medium supplemented with 1.0 

mg L-1 IBA is possibly ideal for in vitro rooting. 
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The present experiment described a proficient 

micro-propagation protocol for the rapid and 

genetically homogeneous propagation of C. roseus 

species.  
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 هایبررسی پایداری ژنتیک گیاهچه( و .Catharanthus roseus Lای گیاه پروانش )باززایی درون شیشه

 ISSR هایاز نشانگر با استفاده حاصل از کشت بافت

 
 4سید ابولقاسم محمدی و 3، بهمن پناهی2، علیرضا تاری نژاد*1فتوت ، رضا1صالح امیری
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 چکیده

سازي باشد. در این تحقیق، پس از بهینهبه عنوان یک گیاه دارویی مهم و پركاربرد از نظر خواص دارویی می Catharanthus roseusپروانش با نام علمی 

ها پس از ار گرفت. ریزنمونهمورد ارزیابی قر ISSRزایی گیاه پروانش، یكنواختی ژنتیكی گیاهان باززایی شده با استفاده از پنج جفت نشانگر زایی و ریشهشاخه

( و GA3یبرلیک )ژ( و اسید BAPهاي گیاهی بنزیل آمینو پورین )هاي متفاوت از هورمون( حاوي غلظتMSاستریل روي محیط كشت موراشیک و اسكوگ )

حاصل  GA3و  BAPگرم در لیتر یک میلیدرصد( در  67/80ها نشان داد كه بیشترین میزان استقرار )دند. تجزیه دادهش( كشت IBAایندول بوتیریک اسید )

 BAPگرم در لیتر میلی 5/1متر( در تیمار حاوي سانتی 30/6تولید شده بر حسب ریزنمونه( و میانگین طول شاخه ) شاخه 20/5زایی )شد. بیشترین ضریب شاخه

دست ه ب IBAگرم در لیتر حاوي یک میلی MS2/1محیط كشت  درصد( در 30/80زایی)بهترین پاسخ ریشه ،حاصل شد. همچنین IBAگرم در لیتر میلی 5/0 +

د و نتایج نشان داد كه ریزازدیادي گیاه پروانش از شاستفاده  ISSRشده در مقایسه با گیاه مادري از نشانگر  ییبررسی یكنواختی ژنتیكی گیاهان باززا برايآمد. 

 باشد. هاي ثانویه مییادي گیاهچه با میزان تولید یكنواخت از متابولیتها یک روش قابل اطمینان براي تولید مقادیر زطریق نوک شاخه
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