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Abstract 
In this study, eight variants (V1-V8) of Murashige and Skoog (MS) medium were utilized, supplemented with 
cytokinins such as kinetin (Kin), meta-topolin (mT), and 6-benzyladenine (BA), along with indole-3-butyric 
acid (IBA) as an auxin source: MS+0.5 mg/L Kin (V1), MS+0.75 mg/L Kin (V2), MS+0.5 mg/L mT (V3), MS+1 
mg/L mT (V4), MS+0.2 mg/L BA (V5), MS+0.5 mg/L BA (V6), MS+0.2 mg/L BA+0.2 mg/L IBA (V7), and 
MS+0.5 mg/L BA+0.2 mg/L IBA (V8). The results indicated that the presence of Kin and mT led to the 
formation of the most elongated shoots in the following MS medium variants: 4.98 cm (V3), 4.81 cm (V2), 
4.74 cm (V1), and 4.72 cm (V4), although there were no statistically significant differences among them. The 
highest number of shoots per explant was achieved on the MS+0.5 mg/L BA+0.2 mg/L IBA (V8) medium with 
7.33 shoots. A genetic fidelity assessment of the regenerated plants was conducted using Start Codon 
Targeted (SCoT) markers, which confirmed their genetic stability. Optimizing the micropropagation protocol 
for Grasa de Cotnari is crucial for producing uniform and high-quality planting material. 
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Introduction 
Vitis vinifera L. is one of the most economically significant crops worldwide, both in terms of 

cultivated area and market value. Consequently, evaluating the potential of different genotypes for in vitro 
propagation is crucial [9]. This study investigated the interactions among various plant growth regulators 
(PGRs) during the in vitro multiplication phase of grapevine using Murashige and Skoog (MS) [17] medium, 
primarily focusing on the Grasa de Cotnari variety, a traditional cultivar recognized for its unique 
characteristics [26]. MS culture medium is the most widely used basal medium for V. vinifera 
micropropagation due to its balanced nutrient composition, which supports efficient shoot proliferation and 
rooting [29]. The cytokinins such as 6-benzyladenine (BA) and kinetin (Kin) are particularly relevant for 
promoting shoot multiplication. According to Kumsa (2020) [13] these PGRs enhance the rate of shoot 
proliferation and overall growth in various grapevine cultivars. The mechanism by which different cytokinins 
influence in vitro shoot proliferation and elongation has been highlighted in several studies, reinforcing the 
ongoing investigation of hormonal interactions in the propagation of grapevine species [16,19,13].  

Kim et al. [12] emphasize the crucial role of in vitro culture in establishing virus-free and disease-free 
grapevine cultivation systems. They highlight the significance of optimizing the composition of culture media 
alongside combinations and concentrations of plant growth regulators (PGRs). Their findings indicate that 
the efficiency of in vitro propagation is significantly affected by genotype-specific responses to different types 
and concentrations of PGRs, reinforcing the necessity of selecting the most appropriate conditions for each 
variety. 

Selecting appropriate culture media and hormonal balances not only helps optimize 
micropropagation protocols, but also ensures genetic fidelity of regenerated plants, which is essential for 
maintaining the integrity of the variety being propagated by vegetative multiplication [25,32].  

Due to their simplicity, cost-effectiveness, and high polymorphism, SCoT (Start Codon Targeted) 
markers are valuable molecular tools in plant genetics and breeding. By targeting the conserved region 
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flanking the start codon, these markers enable the identification of genetic variations linked to specific traits 
without requiring prior sequence information. They have been widely employed in studies of genetic diversity, 
species identification, and the assessment of genetic fidelity in in vitro-propagated plants [14,3,24,4,31,1]. 

Consequently, the aim of this study was to determine the optimal type and concentration of plant 
growth regulators for mass propagation using in vitro culture, as well as to assess the genetic stability of in 
vitro-grown plants using SCoT markers in the grapevine variety Grasa de Cotnari. 

 
Material and Method 
In vitro shoots proliferation  
The explants used in this experiment were excised from a six-week-old in vitro culture of the 

grapevine cultivar Grasa de Cotnari, which was maintained on MS supplemented with 0.5 mg/L BA, 3% (g/v) 
sucrose, and 5 g/L Plant agar, with the pH adjusted to 5.8. 

For culture vessels, 720 mL glass jars (13.5 × 9 cm ø) with screw caps and ventilation holes (4 mm) 
were used, each containing 100 mL of culture medium. The basal medium was MS medium supplemented 
with various combinations and concentrations of cytokinins and auxins, resulting in eight culture variants as 
follows: MS + 0.5 mg/L meta-topolin (mT) (V1); MS + 1 mg/L mT (V2); MS + 0.5 mg/L Kin (V3); MS + 0.75 
mg/L Kin (V4); MS + 0.2 mg/L BA (V5); MS + 0.5 mg/L BA (V6); MS + 0.2 mg/L BA + 0.2 mg/L indole-3-
butyric acid (IBA) (V7); MS + 0.5 mg/L BA + 0.2 mg/L IBA (V8). 

All components were added to the culture medium before autoclaving and adjusting the pH to 5.8. 
The culture media were autoclaved at 120°C for 20 minutes. Five explants, measuring 2–2.5 cm each, were 
inoculated into culture vessel of each variant of the culture. After inoculation, the in vitro cultures were 
incubated in a growth chamber under a 16-hour photoperiod, with a light intensity of 32.4 μmol m⁻²s⁻¹ 
provided by Philips Core Pro LED tubes (1200 mm, 16 W, 865 CG, 1600 lm Cool Daylight). The 
environmental conditions were maintained at 23 ± 3°C and 50 ± 2% humidity. 

After six weeks of in vitro culture, the average number of shoots per initial explant and the average 
shoot length were recorded. 

The non-rooted shoots obtained from the eight variants of the culture media were subsequently 
subjected to ex vitro rooting and acclimatization in perlite, using mini-greenhouses (Versay, T1, dimensions 
39 × 25 × 7.5 cm, PVC). After four weeks, the percentage of ex vitro rooting and simultaneous 
acclimatization was determined. All culture media components were purchased from Duchefa Biochemie BV 
(Haarlem, Netherlands). 

Genetic Stability Assessment  
Seven random plants from each culture media variant (V1-V8) were analyzed from the acclimatized 

plants to evaluate genetic uniformity and clonal fidelity compared to the mother plant. One gram of fresh 
leaves from each plant was collected to isolate DNA for SCoT genetic analysis. The extraction of total 
genomic DNA was performed using an Isolate II Plant DNA kit (Bioline, Germany) following the protocol 
described by the supplier company.  

Seven SCoT primers were employed in this study, and PCR amplification reactions were conducted 
following the protocol outlined by Collard and Mackill [5]. To assess the reproducibility of the SCoT-PCR 
amplification results, the experiment was repeated twice for each SCoT primer used. The PCR-amplified 
products were separated according to the technical conditions specified by Hârţa et al. [10]. 

Data Analysis 
Statistical analysis was performed using OriginPro (2021, OriginLab, Northampton, MA, USA). One-

way ANOVA followed by Tukey’s HSD posthoc test (P≤0.05) was performed to determine the statistically 
significant differences between the mean values of the analyzed morphological characteristics of vitro-plants. 
Values shown are means ± SE.  

For the analysis of molecular markers, the electrophoretic gel images were evaluated using TL120 
software (Nonlinear Dynamics, Newcastle upon Tyne, UK) to determine the molecular weight (bp) range of 
the amplified SCoT monomorphic bands. Additionally, the number of amplified SCoT monomorphic bands 
was assessed in this study. 

 
Results and Discussion 
In vitro shoot proliferation  
The results of this study indicated that the Grasa de Cotnari grapevine cultivar exhibited varying 

responses to in vitro cultivation under different PGR treatments (Fig. 1).  
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Figure 1. In vitro shoots proliferation of Grasa de Cotnari grapevine on MS medium 

supplemented with different auxins and cytokinins: (a) 0.5 mg/L Kin; (b) 0.75 mg/L Kin; (c) 0.5 
mg/L mT; (d) 0.1 mg/L mT; (e) 0.2 mg/L BA; (f) 0.5 mg/L BA; (g) 0.2 mg/L BA + 0.2 mg/L IBA; 

(h) 0.5 mg/L BA + 0.2 mg/L IBA. 
 
The highest number of shoots per explant was 7.33 ± 0.31, attained on MS medium supplemented 

with 0.5 mg/L BA + 0.2 mg/L IBA (V8), as illustrated in Fig. 2a. 
Conversely, the lowest number of shoots per initial explant was 1.80 ± 0.14, recorded on MS 

medium supplemented with 0.5 mg/L Kin (V3). Furthermore, both kinetin (Kin) and meta-topolin (mT) were 
found to be less favorable cytokinins for shoot proliferation in grapevine (Fig. 1; Fig. 2a).  
However, on the media supplemented with mT and Kin, the longest shoots were obtained, and there were no 
statistically significant differences among the four treatments containing varying concentrations of mT and 
Kin (Fig. 2b). The shoot lengths ranged from 4.98 ± 0.39 cm on MS + 0.5 mg/L mT (V1) to 4.72 ± 0.36 cm on 
MS + 1 mg/L mT (V2). Our results align with other studies indicating that while mT may not promote as many 
shoots as BA, the shoots produced are often healthier and demonstrate superior growth characteristics, 
including increased shoot length and improved root architecture [18, 21, 30]. Specifically, research has 
shown that mT can enhance the success of in vitro propagation by reducing stress responses that typically 
hinder growth, allowing for elongated shoot development without a corresponding increase in shoot number 
[27]. It was also found that Kin influences the dynamics of shoot proliferation in different ways. Sometimes, 
raising the concentration of Kin might result in fewer shoots produced per explant, even though it could 
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enhance shoot elongation [23]. The increase in shoot length when Kin is present can be partially linked to its 
influence on cell division and elongation, though this can occasionally reduce shoot multiplication [22, 6].  

 

  
(a) (b) 

 
(c) 

 
Figure 2. In vitro shoots proliferation of the Grasa de Cotnari grape variety cultured under 

eight different treatments of cytokines and auxins: MS+0.5 mg/L Kin, MS+0.75 mg/L Kin, MS+0.5 mg/L 
mT, MS+1 mg/L mT, MS+0.2 mg/L BA, MS+0.5 mg/L BA, MS+0.2 mg/L BA+0.2 mg/L IBA, and MS+0.5 

mg/L BA+0.2 mg/L IBA: (a) Number of shoots obtained per initial explant; (b) Shoot length; 
(c) Percentage of rooting and acclimatization ex vitro in perlite 

 
In line with our findings, Osama [22] reported that the grapevine varieties Superior and Red Globe, 

when cultivated in vitro on culture media supplemented with BA, 2iP, Kin, and TDZ, produced the highest 
number of shoots in the presence of BA. Furthermore, the longest shoots were observed in media 
supplemented with kinetin (Kin). Our results indicate that the grapevine variety Grasa de Cotnari generates a 
greater number of shoots in the presence of BA compared to Superior cv., which yielded an average of 2.02 
shoots per explant, and Globul roşu cv., which yielded 2.57 shoots per explant. In terms of shoot length, 
Grasa de Cotnari cv. produced longer shoots on Kin-supplemented media, measuring 4.98 cm, than 
Superior cv. (3.80 cm) and Red Globe cv. (3.34 cm). Similarly, the grapevine cultivar Sev Khardji, when 
cultured in vitro on MS medium supplemented with 0.5 mg/L BA or 0.5 mg/L Kin, produced fewer shoots with 
shorter lengths compared to Grasa de Cotnari cv. under the same culture conditions [15].  

The blue cells in the heat map (Fig. 3) indicate a positive correlation between the presence of BA in 
the culture media and the number of shoots per explant. In contrast, the length of the shoots shows a 
positive correlation with the presence of Kin and mT in the culture media. Figure 2c illustrates that the 
highest percentages of rooting and simultaneous acclimatization in perlite were achieved for shoots grown 
on culture media enriched with two concentrations of mT (65% and 76.66%), as well as the combination of 
0.5 mg/L BA and 0.2 mg/L IBA (70%). 
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Figure 3. Heatmap based on the analysis of all variables and the Euclidean distance index of the 
grape variety Grasa de Cotnari grown under eight different cytokine and auxin treatments: MS+0.5 
mg/L Kin, MS+0.75 mg/L Kin, MS+0.5 mg/L mT, MS+1 mg/L mT, MS+0.2 mg/L BA, MS+0.5 mg/L BA, 

MS+0.2 mg/L BA+0.2 mg/L IBA, and MS+0.5 mg/L BA+0.2 mg/L IBA. Columns indicate the eight PGR 
treatments, and rows indicate morphological parameters. 

 
Genetic stability assessment by SCoT molecular markers 
The seven SCoT primers used to analyse the genetic identity between mother plants and the 

acclimatized in vitro grown plants from each variant of culture media of the Grasa de Cotnari variety 
produced clear and reproducible DNA-PCR amplified bands. Table 1 presents the number and size range 
(bp) of total PCR amplified bands using SCoT primers in the analysed Grasa de Cotnari variety. The 
amplified PCR bands ranged in size from 400 bp (SCoT-3; SCoT-25) to 2200 bp (SCoT-1). The number of 
monomorphic amplified SCoT bands varied between 6 (SCoT-10) and 13 (SCoT-3) as shows in Table 1. 

 
Table 1. Number and size range of monomorphic amplified SCoT bands detected in the analysed 
variety Grasa de Cotnari 

Primer name Primer sequence  
(5’-3’) 

Size range of bands 
(bp) 

No. of scorable 
monomorphic bands 

SCoT-1 CAACAATGGCTACCACCA 600-2200 10 

SCoT-3 CAACAATGGCTACCACCG 400-1800 13 

SCoT-4 CAACAATGGCTACCACCT 600-1900 10 

SCoT-9 CAACAATGGCTACCAGCA 600-2100 12 

SCoT-10 CAACAATGGCTACCAGCC 800-1800 6 

SCoT-11 AAGCAATGGCTACCACCA 800-1900 8 

SCoT-25 ACCATGGCTACCACCGGG 400-2000 7 

 
In this study, we analysed the level of polymorphism between the in vitro-raised plants and their 

mother plants, and no polymorphic DNA bands were detected. For example, Figures 4a and 4 b show the 
electrophoretic profile generated with primer SCoT-25. As illustrated in Figure 4, there is no variation in the 
number of PCR-amplified bands between the mother plants and in vitro-acclimatized plants from each 
variant of culture media (V1-V8). Our result is consistent with other findings showing no genetic variations 
from in vitro raised plants of grapevine [2,20,11].  
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Figure 4. The genetic profile generated with the SCoT 25 primer for the Grasa de Cotnari 
variety illustrates the genetic identity among the mother plant (MP) and the seven selected in vitro 

grown plants from each variant of culture media (V1- V8). L – molecular marker, 1 kb Ladder 
(Fermentas, Leon-Rot, Germany). 

 
In large- scale production, verifying the clonal fidelity or genetic uniformity of micropropagated plants 

is essential [2]. In this context, DNA-based molecular marker techniques are valuable tools for confirming the 
genetic fidelity of in vitro-grown plants with their mother plants and ensuring their uniformity for commercial 
purposes [7,8]. The present study utilized SCoT markers to confirm the genetic fidelity of the 
micropropagated plants. Compared to other molecular marker systems such as RAPD or ISSR markers, 
which can amplify DNA fragments from non-coding regions of the plant genome, SCoT markers are 
associated with functional genes and their corresponding traits, making them more efficient for genetic 
identity studies [28].  

 
Conclusions 
Given the economic and agricultural importance of the Grasa de Cotnari grapevine, this study offers 

valuable insights into micropropagation techniques, aiding in the development of a reliable and disease-free 
source of planting material for growers. By connecting traditional viticulture with modern biotechnological 
methods, this research presents innovative strategies to enhance the efficiency of grapevine propagation. 
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