


Optimization of Somatic Embryogenesis in a Seedless Grape Cultivar
Abstract
An efficient in vitro regeneration system is necessary in order that biotechnological tools can be successfully applied in grapevine (Vitis vinifera L.), especially with conventional breeding's limitations. This study intended to develop a reproducible somatic embryogenesis SE protocol and Vitis vinifera cultivar shoot regeneration. In the present study, anther and leaf disc explants of the grape cv. Thompson seedless is used. MS, ½ MS, WPM, and C2D media, each supplemented by varying concentrations of BAP and 2,4-D, were used to culture explants. From anthers, 8.8 µM BAP with 4.5 µM 2,4-D (T3) gave the highest SE response among the treatments. In terms of leaf discs, 4.8 µM BAP with 4.5 µM 2,4-D, namely (T2), was very effective, specifically on MS medium. Compact calli exceeded powdery callus types or watery ones in embryogenic potential. For regeneration purposes, the highest shoot was initiated with 2.2 µM BAP (T3) in anthers and 4.4 µM BAP (T3) in leaf discs; with ½ MS and MS media, it responded best, respectively. Critical influence from explant type, basal medium, and precise PGR concentrations determines SE and regeneration efficiency. These results strongly support applications downstream, like genetic transformation, and also eliminating viruses in the grapevine.
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Introduction
Grapevine (Vitis spp.) is one of the most important fruit crops cultivated worldwide. The development of an efficient in vitro regeneration protocol is the basis for the application of each biotechnological approach and can be used to speed up genetic improvement programs (Sabbadini et al., 2019a, b). Somatic embryogenesis is an efficient regeneration model system for functional studies as well as for largescale plant propagation in many crops, including grapevine (Von Arnold et al., 2002; Correia et al., 2019). In grapevine (Vitis spp.) most frequently adopted regeneration method is somatic embryogenesis, which has been used not only for genetic engineering (Franks et al., 1998; Gambino et al., 2005), but also for virus eradication (Goussard et al., 1991; Gambino et al., 2006), in vitro mutant isolation (Franks et al., 2002), germplasm cryopreservation (Gray and Compton 1993), and production of synthetic seeds (Das et al., 2006). Although somatic embryogenesis was proved to be a successful tool for grapevine in vitro regeneration and optimized for many Vitis species, this technique is strongly genotype-dependent, and its efficiency varies according to the starting explant chosen (Vidal et al., 2009).  One of the most common starting tissues is anthers, but SE has also been obtained from ovaries, stigmas, and styles (Martinelli et al., 2009), anther filaments, and whole flowers (Gambino et al., 2007). Less commonly, tendrils, leaf discs, leaves, petioles, and stem nodal explants have been used for somatic embryogenesis induction (maillot et al., 2006). Different types of media are used for the induction and regeneration of somatic embryogenesis. Both NN69 (Nitsch and Nitsch, 1969) and MS (Murashige and Skoog, 1962) media have been employed to start somatic embryogenesis in grapevines. Additionally, the kind of explant, the medium's composition, the donor plant's physiological state, and the culture circumstances all have a significant influence (Martinelli et al., 2001; Prado et al., 2010).
Given the above, the present study was undertaken to develop and standardize an efficient and reproducible protocol for somatic embryogenesis in grapevine.
Material and Methodology
Plant Material  
Explants of Vitis vinifera cv. Thompson Seedless were obtained from five-year-old vines located at the field (latitude 18º29′38.68″N, longitude 73º59′10.05″E) of ICAR–NRCG, Manjari, Pune, India.  

Explant Preparation  
Unopened flower buds and leaf discs of Vitis vinifera L. cv. ‘Thompson Seedless’ was gathered from healthy field-grown plants in the early morning hours. The explants were thoroughly washed under running tap water for 15–20 minutes, then treated with a 1% Tween-20 solution (three times for 5 minutes) and rinsed with distilled water (three times for 5 minutes). Surface sterilization was carried out using a 0.1% HgCl₂ solution for 5 minutes, followed by three rinses with distilled water.  
Culture Media and Inoculation  
Anther and leaf disc explants of Vitis vinifera cv. Thompson Seedless were cultured on MS, ½ MS, C2D, and WPM media, supplemented with various concentrations of BAP and 2,4-D, as shown in Table 1. The media contained 3% sucrose, 0.8% agar, and the pH was adjusted to 5.8 before autoclaving. The explants were aseptically excised and inoculated onto the media. The cultures were sealed with parafilm and incubated in darkness at 25°C for 3-4 weeks to induce embryogenic callus formation, and maintained at 25 ± 2°C. Embryogenic calli of Vitis vinifera cv. Thompson Seedless underwent subculturing 2-3 times on CIM for 4-5 weeks, under a 16-hour photoperiod at 25 ± 2 °C to promote the proliferation of embryogenic calli. 
Table 1. Treatment combinations of BAP and 2,4-D were used to induce somatic embryogenesis from explants of Vitis vinifera cv. Thompson Seedless.
	Treatment No.
	Anther (BAP + 2,4-D µM)
	Leaf Disc (BAP + 2,4-D µM) 

	T1(Control)
		0.00 + 0.00 µM



		0.00 + 0.00 µM




	T2
		
	0.4 + 4.9 µM



		
	4.8 + 4.5 µM




	T3
		
	8.8 + 4.5 µM



		
	0.4 + 4.5 µM




	T4
		
	4.8 + 2.2 µM



		
	4.4 + 9.0 µM




	T5
		
	4.8+ 13.5 µM



		
	8.8 + 13.5 µM





Note- BAP: 6-Benzylaminopurine; 2,4-D: 2,4-Dichlorophenoxyacetic acid
Regeneration 
After 5 weeks on proliferation medium, fully-grown embryos from anther coupled with leaf explants were placed on each of the four different regeneration media supplemented by different concentrations of BAP, i.e., C2D, MS, ½ MS, and WPM. Treatment details appear in Table 2. The cultures were kept beneath a light with a 16/8 hours photoperiod for 5-6 weeks. For shoot formation, 2-3 subcultures were performed every two-week interval. Data were recorded during the experiment.
Table 2. BAP concentrations used for shoot regeneration from anther and leaf disc explants of Vitis vinifera cv. Thompson Seedless.
	Treatment No.
	Anther (BAP µM)
	Leaf Disc (BAP µM)

	T1 (Control)
	0.00
	0.00

	T2
	0.8
	2.2

	T3
	2.2
	4.4

	T4
	4.4
	6.6

	T5
	6.6
	8.8


Note- BAP: 6-Benzylaminopurine
Statistical analysis
Analysis of variance was performed using OPSTAT software.
Result and Discussion 
According to Correia et al. (2016), somatic embryogenesis is a unique developmental process that showcases cellular totipotency, demonstrating that somatic cells possess all the genetic components needed for plant development without the need for sexual fertilization. Previous research has indicated that various explants, including anthers, ovaries, and leaf discs, can initiate and sustain callus growth when treated with auxin alone (Matsuda 1992) or in combination with BAP and 2,4-D (Krul and Worley 1977; Bouquet et al., 1982; Rajsekaran and Mullins 1983; Martinelli et al., 1991). 
In the present study, anther-derived explants of Vitis vinifera cv. Thompson Seedless showed significant variation in somatic embryogenesis (SE) across different media and hormonal treatments. Among the four media evaluated, ½ MS recorded the highest mean SE induction (5.808), followed by WPM (5.385), MS (4.684), and C2D (4.118). ½ MS and WPM were significantly superior to C2D and MS as shown in Table 3. The superior performance of ½ MS may be due to its lower salt concentration, which promotes cellular differentiation under reduced osmotic stress (Gray & Benton, 1991). WPM also performed well, likely because of its suitability for woody plants (Martinelli et al., 2001). Among the five treatments (T1–T5), T3 exhibited the highest embryogenic response (mean = 7.605), followed by T3 (7.605a), T4 (6.768b), T5 (5.191c), T2 (4.43d), T1 (1e). Moreover, Stamp and Meredith (1988) also observed enhanced embryogenic response in Thompson Seedless when explants were cultured on media combining 2,4-D and BAP, highlighting the role of these regulators in regeneration protocols. 
The somatic embryogenesis (SE) response of leaf disc explants in Vitis vinifera cv. Thompson Seedless was significantly affected by both the basal medium and growth regulator treatment. four media were tested, MS medium supported the highest overall SE response (Mean B = 5.788), significantly outperforming WPM (5.5), C2D (5.056), and ½ MS (4.513), as shown in Table 3. The better performance of MS could be attributed to its balanced salt composition and higher nutrient availability, which is often reported to enhance callus induction and embryo formation in grapevine leaf tissues (Martinelli et al., 2001; Dhekney et al., 2009). The low performance of ½ MS suggests that reduced salt concentration may not support adequate metabolic activity for leaf disc-derived callus in Thompson Seedless. Among the five treatments, T2 showed the highest mean SE response (7.741), followed by T3 (6.621), T4 (5.821), T5 (4.888), and T1 (1.0) as shown in Table 3. Treatment T2 was especially effective on MS medium (9.18) and WPM (8.016), indicating that this combination of BAP and 2,4-D created a favourable hormonal environment for embryogenic competence. Similar trends have been observed in grapevine tissue culture, where balanced cytokinin-to-auxin ratios improve somatic embryo induction from vegetative tissues (Stamp & Meredith, 1988; Maillot et al., 2006). This study further supports the great efficacy of BAP and 2,4-D for inducing somatic embryogenesis. (Martinelli and Gribaudo, 2001; Perrin et al., 2004; López-Pérez et al., 2005; Pinto-Sintra, 2007; Oláh et al., 2009)







Table 3: Effect of Different Media and Treatments on Somatic Embryogenesis in Anther and Leaf Explants of Vitis vinifera cv. Thompson Seedless
	Anther Somatic Embryogenesis 
	Leaf Somatic Embryogenesis

	
	1/2 MS
	MS
	C2D
	WPM
	(Mean)
Treatment
	
	1/2 MS
	MS
	C2D
	WPM
	(Mean)
Treatment

	T1
	1*
	1*
	1*
	1*
	1*e
	T1
	1*
	1*
	1*
	1*
	1*e

	T2
	4.911
	4.161
	3.739
	4.911
	4.43d
	T2
	6.649
	9.18
	7.118
	8.016
	7.741a

	T3
	8.989
	6.895
	6.125
	8.412
	7.605a
	T3
	5.846
	7.118
	6.403
	7.118
	6.621b

	T4
	8.016
	6.125
	5.568
	7.364
	6.768b
	T4
	4.911
	6.403
	5.846
	6.125
	5.821c

	T5
	6.125
	5.239
	4.161
	5.239
	5.191c
	T5
	4.161
	5.239
	4.911
	5.239
	4.888d

	Mean (Media)
	5.808a
	4.684c
	4.118d
	5.385b
	
	Mean 
(Media)
	4.513d
	5.788a
	5.056c
	5.5b
	

	
	CD at 5%
	
	CD at 5%

	Treatments
	0.402
	Treatments
	0.389

	Media
	0.36
	Media
	0.348

	Treatments x Media
	0.804
	Treatments x Media
	0.778


Note- CD = Critical Difference at 5% for treatments, media, and their interaction. *The values shown are √% transformed data. The data in the parentheses is the original % value.
Regeneration 
In the present study on the effect of basal media and BAP treatments on shoot initiation from anther-derived embryogenic callus, among the four basal media tested, ½ MS medium recorded the highest mean shoot initiation response (5.386), which was significantly greater than that observed in MS (4.231), C2D (4.203), and WPM (5.01) as shown in Table 4. These findings suggest that the reduced salt concentration in ½ MS may offer a more favourable osmotic environment for callus development and shoot organogenesis, as also reported by Kaur et al. (2018) and Hussain et al. (2011).
Among the treatments, T3 showed the highest overall shoot initiation response (6.53), followed by T4 (6.117), T5 (5.003), T2 (4.888), and T1 (1.0) as shown in Table 4. Treatment T3 was particularly effective in ½ MS (7.587) and WPM (7.118) media, where it recorded the highest individual responses, while the lowest response was consistently observed in T1 across all media, confirming the essential role of cytokinin (BAP) in promoting shoot regeneration. These findings align with previous studies where optimized BAP concentrations were shown to enhance organogenic potential in grapevine tissue cultures (Gambino et al., 2007; López et al., 2005).
The effect of different basal media and BAP treatments on shoot initiation from leaf disc-derived embryogenic callus of Vitis vinifera cv. Thompson Seedless. Among the four basal media tested, MS medium showed the highest overall mean shoot initiation response (4.947), followed by WPM (4.591), C2D (4.053), and ½ MS (3.81) as shown in Table 4. Based on the critical difference for media, MS was significantly superior to ½ MS and C2D, confirming its higher capacity to support shoot induction. These findings align with earlier studies reporting that the full-strength MS medium, with its richer nutrient content, often supports better morphogenic responses in grapevine tissue cultures (Martinelli et al., 2001; Gambino et al., 2007).
Among the BAP treatments, Treatment T3 exhibited the highest mean shoot regeneration response (6.686), followed by T4 (5.661), T5 (4.454), T2 (3.95), and T1 (control, 1.0) as shown in Table 4. The superiority of T3 was particularly notable in MS medium, where it achieved the maximum shoot response of 8.016, followed by high responses in WPM (7.364) and C2D (6.125). This indicates that the optimal cytokinin concentration in T3 is critical for enhancing regeneration, consistent with previous findings on cytokinin-stimulated shoot organogenesis in grapevine (López et al., 2005; Kaur et al., 2018).
	Anther Regeneration
	Leaf Regeneration

	
	1/2 MS
	MS
	C2D
	WPM
	(Mean)
Treatment
	
	1/2 MS
	MS
	C2D
	WPM
	(Mean)
Treatment

	T1
	1*
	1*
	1*
	1*
	1*e
	T1
	1*
	1*
	1*
	1*
	1e

	T2
	5.568
	4.583
	4.161
	5.239
	4.888d
	T2
	3.317
	4.161
	3.739
	4.583
	3.95d

	T3
	7.587
	5.568
	5.846
	7.118
	6.53a
	T3
	5.239
	8.016
	6.125
	7.364
	6.686a

	T4
	6.649
	5.846
	5.846
	6.125
	6.117b
	T4
	4.911
	6.649
	5.239
	5.846
	5.661b

	T5
	6.125
	4.161
	4.161
	5.568
	5.003c
	T5
	4.583
	4.911
	4.161
	4.161
	4.454c

	Mean (Media)
	5.386a
	4.231c
	4.203d
	5.01b
	
	Mean (Media)
	3.81
	4.947
	4.053
	4.591
	

	
	CD at 5%
	
	CD at 5%

	Treatments
	0.366
	Treatments
	0.386

	Media
	0.328
	Media
	0.346

	Treatments x Media
	0.733
	Treatments x Media
	0.733


Table 4: Effect of Different Media and Treatments on Regeneration Response from anther and leaf
Note - CD = Critical Difference at 5% for treatments, media, and their interaction. *The values shown are √% transformed data. The data in the parentheses are the original % value.


In our study, it was observed that embryogenic callus obtained through anther culture gave the best result in ½ MS, whereas in case of embryogenic callus derived from leaf disc gave an effective result in MS media.  In summary, T3 showed the highest response for both somatic embryogenesis and regeneration in anther and leaf explants. These results are consistent with previous studies that have reported the influence of cytokinin level and salt strength on shoot organogenesis of woody plants (Martinelli and Gribaudo, 2009; Chandra et al., 2010). 
Calli were classified into three types based on their texture and morphology: watery, powdery, and compact. This classification was based on previous studies indicating that embryo production is strongly associated with callus type (Perrin et al., 2004; Lopez et al., 2005; Gambino et al., 2007). Watery calli lacked embryogenic potential and disintegrated easily when touched with a scalpel. Powdery calli appeared white, bulky, and friable, and were also non-embryogenic. In contrast, compact calli were dense, milky white, and retained their structure, showing the highest embryogenic potential. In our study, anther-derived calli were predominantly compact and highly embryogenic as shown in Fig. 1, while leaf disc-derived calli were also compact and milky but less so than those from anthers, and took longer to develop embryogenic features shown in Fig. 2.
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Fig. 1– Somatic embryogenesis and plantlet formation in grape (Vitis vinifera L. cv. Thompson Seedless) from anther explant. a. Explant selection. b. Callus induction from pollen sac after 3- 4weeks c. Maturation of embryo. d. Plant regeneration of embryo from 5-6 weeks. 
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Fig. 2– Somatic embryogenesis and plantlet formation in grape (Vitis vinifera L. cv. Thompson Seedless) from leaf disc explant. a. Explant selection. b. Callus induction from leaf disc. c. Maturation of somatic embryo. d. Plant regeneration of the leaf disc embryo. e. shoot initiation from leaf disc within 5- 7 weeks. 

Conclusion
In conclusion, we developed an efficient and reproducible protocol for somatic embryogenesis and shoot regeneration in Vitis vinifera cv. Thompson Seedless uses both anther and leaf disc explants. The study demonstrated that compact callus types, particularly those induced on ½ MS and MS media supplemented with optimal concentrations of BAP and 2,4-D, exhibited the highest embryogenic and regenerative potential. Notably, compact callus morphology was closely associated with embryogenic competence, particularly in anther cultures. The protocol supported consistent callus proliferation, embryo formation, and shoot initiation across multiple subcultures. These findings provide a robust platform for large-scale plant propagation and in vitro studies in grapevine, with potential applications in cultivar improvement, conservation, genetic transformation, and physiological studies.
Abbreviations: 
SE: Somatic Embryogenesis
2,4-D: 2, 4-Dichlorophenoxyacetic acid
BAP: 6-Benzylaminopurine
C2D: Chee & Pool Vitis Medium
MS: Murashige and Skoog
WPM: Woody Plant Medium 
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