
Bangladesh J. Nuclear Agric., 39(1): 61-75, 2025                                                 ISSN 0258-7130 

DOI: https://doi.org/10.3329/bjnag.v39i1.83337 

OPTIMIZATION OF REGENERATION PROTOCOL  

OF TOMATOES 
 

K.T. Akter1*, S. Tasmin1, S. Yeasmin2, M.R. Islam1, M.S. Alam1 and M.N.H. Mehedi3 
 

Abstract 

Tomato (Solanum lycopersicon) is a commercially important, nutrient-rich 

vegetable crop that faces significant yield challenges due to climate variability. To 

address these challenges and meet growing consumer demands, the development of 

new cultivars through in vitro mutagenesis has emerged as a promising approach for 

breeders. Therefore, this study aimed to optimize an in vitro regeneration system for 

BINA developed tomato varieties through indirect tissue culture technology, which is 

crucial step for successful in vitro mutagenesis for inducing different stress tolerance. 

The regeneration potential of 8-day-old cotyledonary leaves was evaluated in three 

popular tomato varieties, namely Binatomato-11, Binatomato-12, and Binatomato-13. 

Emphasis was given on utilizing minimal resources to develop a cost-effective 

protocol, where BAP, IAA, and IBA were used as plant growth regulators. Results 

revealed that Binatomato-11 showed superior performance, with the highest callus 

induction frequency(65%), shoot initiation frequency (56.0 %). longest shoot (13.6 cm) 

and optimal shoot formation under the PGR combinations of 2.5 mgL-1 + 0.5 mgL-1, 

whereas the lowest performances were observed in Binatomato-12. Moreover, the 

regenerated shoots from the aforementioned combinations Binatomato-11 

demonstrated the highest root initiation frequency (63.0 %) and the longest root length 

(15.5 cm) compared to other genotypes and combinations of growth regulators. These 

findings highlighted the genotype-specific response in tomato regeneration and the 

importance of an optimized protocol suited for specific varieties. The results open the 

way for efficient tissue culture-based improvement and future mutagenesis studies to 

develop tomato varieties in Bangladesh. 
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(IAA), benzyl amino purine (BAP), indole butyric acid (IBA), shoot and root 
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Introduction 

Bangladesh, known for its vibrant agriculture sector, has made notable progress in 

tomato production and trade. In 2022-23, Bangladesh tomato production reached an 

impressive (469204.24 MT) but not sufficient as the country importing $11 million worth 

tomatoes in 2022 (Annonymous, 2024a). Tomato is considered one of the most important 

and highest produced vegetable crops globally (Annonymous, 2024b). Tomato is known as 

productive as well as protective food as it possesses appreciable quantities of vitamins and 

minerals such as vitamin A, C, iron, phosphorus, dietary fiber and a notable quantity of 

antioxidants such as flavonoids, lutein, zeaxanthin, β-carotene and lycopene (Devi et al., 2008, 
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Jamous and Hassan, 2015., Praveen and Rama, 2011; Alatar et al., 2017). Despite these 

benefits, tomato production in Bangladesh does not match its area of cultivation. This 

shortfall is due to the confinement of tomato production in winter and influence of several 

biotic and abiotic stresses like extreme temperatures, water deficit, salinity, and frequent 

insect attacks challenges exacerbated by ongoing climate change (Mukta, 2014; Datta, 2015, 

Baye et al., 2020).  

In response to climate challenges and lack of desired genotypes, plant breeders are 

active in exploiting genetic diversity using different breeding methods. Among these 

methods, the integration of mutagenesis and tissue culture has significantly accelerated crop 

improvement efforts (Jain, 2010). Presupposes regeneration protocol of crop is the backbone 

and facilitator leading to mutant for harnessing the advantage of mutation and tissue culture 

for genetic improvement focusing enhanced productivity, climate resilience to biotic and 

abiotic stresses (Ishfaq et al., 2012).  

Efficient direct and indirect regeneration systems have been reported in various 

tomato cultivars using diverse explants in earlier studies (Brichkova et al., 2002; Mohamed 

et al., 2010; Liza et al., 2013). However, the standardization of in vitro regeneration and 

multiplication protocols remains obligatory due to highly variable morphogenic potential  

response to types of growth regulator, media composition, types of explant, environmental 

conditions, and most importantly the genotypes (Praveen and Rama, 2011; Hussain et al., 

2013; Khan et al., 2014; Abbassi et al., 2011; Trujillo-Moya and Gisbert,  2012; Zhang et 

al., 2012; Wayase and Shitole, 2014; Aneta et al., 2016, Alatar et al., 2017; Sohail et al., 

2015). Therefore, developing a universal tissue culture protocol applicable to all genotypes 

is highly challenging and often impractical (Bhatia et al., 2004; Ahmad et al., 2011).  

A number of researchers reported failures and challenges in generating new organ and 

tissues in specific cell types, and also indicated as major limiting factor for genetic 

transformation (Lima et al., 2009; Zhao et al., 2014; Lercari et al., 1999). In contrast, 

abundant shoot induction was annotated in different cultivars by Harish et al., 2010; Arikita 

et al., 2013 and Jamous and Abu-qaoud, 2015, whereas regeneration rates remained lower in 

tomatoes (Venkatesh and Park, 2012; Sabir et al., 2014). Eventually, scrappy or even 

complete inability of tomato to react to in vitro culture impulses, compelled the researcher 

to deal with each genotype individually. 

Three cultivars namely Binatomato-11, Binatomato-12, and Binatomato-13 

developed by the Bangladesh Institute of Nuclear Agriculture (BINA) are commonly grown 

in the winter season all over the country and are ideal for field and greenhouse cultivation.  

Nevertheless, since these varieties are recommended for cultivation during the winter 

season, it is likely that they possess limited tolerance to heat stress.  

Therefore, optimizing the regeneration procedures for popular cultivar in Bangladesh 

is important for further improvement through in vitro mutagenesis against heat stress. 

Considering the significant genotypic variation in morphogenic potential during in vitro 

regeneration, this study was undertaken with the objective of optimizing of in vitro 

regeneration protocol for BINA tomatoes. 
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Materials and Methods 

This study was conducted at the tissue culture laboratory of Horticulture Division, 

BINA, Mymensingh during the period from April 2022 to March, 2023. In this experiment, 

seeds of three tomato varieties-Binatomato-11 (V1), Binatomato-12 (V2) and Binatomato-13 

(V3) were collected from the respective divisions of Bangladesh Institute of Nuclear 

Agriculture (BINA). Specifically, Binatomato-11 and Binatomato-12 were obtained from 

the Horticulture Division, while Binatomato-13 was collected from the Physiology Division. 

The seeds were surface sterilized washing with distilled water for 4-5 times followed by 

soaking in 3.5% (v/v) sodium hypochlorite with tween 20 for 5 minutes. After soaking the 

seeds were shaken at 300 rpm for 30 minutes followed by 4-5 times rinses with sterile 

ultrapure water. The sterilized seeds were then aseptically transferred to petri dishes 

containing half strength Murashige and Skoog, 1962 (MS) medium without any growth 

regulators and incubated in the dark for 48 h. Subsequently, the cultures were maintained at 

25±20 C with a photoperiod of 16h day-1. Cotyledonary leaves (CL) (0.5 m2) from 8 days old 

seedlings were placed in abaxial orientation (downside of the leaf touching the medium) on 

petri dishes containing full strength MS media supplemented with BAP (T1=2.0 mgL-1, T2= 

2.5 mgL-1 and T3= 0 mgL-1) combined with 0.5 mgL-1 IAA as explants for all cultivars. The 

explants were kept in a growth room for 45 days under the same conditions, with one 

subculture on 21 days.  

Afterwards, compact callus (Figure 2) was selected and transferred into wide mouth 

conical flask for shoot regeneration, while the same medium as during callus induction was 

used as shoot regeneration medium (SRM). After 30 days on the SRM, regenerated shoots 

(~2.0 cm length) were moved to the half strength MS medium supplemented with IBA (0.2 

mgL-1) for root induction. The pH of all culture media was adjusted to 5.8±0.2 and 

autoclaved at 121º C and 15 PSI for 25 min. Finally, when the rooted plantlets reached a 

height of 5-7 cm with sufficient root system, they were carefully taken out from the culture 

vessels and washed with distilled water to remove trace of media. Plantlets were transferred 

to pots with a sterilized soil-perlite mixture (3:1) for hardening. The potted plants were 

covered with perforated poly bags to maintain proper moisture and kept on the growth room 

for 15 days before being transferred to larger pots containing natural soil.  

Callus induction (%), days to shoot initiation, number of shoot callus-1, length of 

longest shoot, shoot forming capacity (SFC), days to root initiation, length of longest root 

and number of root plant-1 were recorded in in vitro condition. The callus induction 

frequency was calculated as follows: (number of explants producing calli/total number of 

explants in the culture) × 100. Additionally, according to Pulido et al. (1992) the shoot-

forming capacity (SFC) index = [(% callus with shoots) × (mean number of shoots per 

callus)/100] was determined. To ensure aseptic condition all culture vessels, beakers, 

pipettes, measuring cylinders, metal instruments and culture media were sterilized in 

autoclave at 121º C and 15 PSI for 20 min. The pH of all media was adjusted prior to 

autoclaving.  
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The square root transformed values of collected data were statistically analyzed using 

the analysis of variance (ANOVA) technique and the mean differences were assessed by 

Fisher’s LSD test (DMRT) using the R software (R core team, 2024). 

 

Results and Discussion 

The sterilized seeds grown on half strength (1/2) MS media germinated well, 

resulting highest germination rate of 84.0% for Binatomato-12 followed by Binatomato-11 

(82.3%) and Binatomato-13 (70.0%) under in vitro condition (Figure 1). The observed 

differences in germination rates among the genotypes are likely due to variations in seed 

quality. 

 

Fig. 1. Germination percentages of three genotypes on half strength MS media 

V1=Binatomato-11, V2=Binatomato-12, V3=Binatomato-13 

 

The study found that both the type of plant growth regulator and tomato genotype 

significantly affected in vitro shoot and root regeneration. V1 showed superior performance 

in both shoot and root regeneration, with the highest callus initiation (25.0%), no. of shoot 

callus-1 (1.9), length of longest shoot (7.1 cm), shoot initiation percentage (25.2%) and 

second highest in no. of branches plant-1 (2.5) where the highest number of branches plant-1 

was observed in V3 (2.9) (Table 1). V1 also lead in root traits, including highest frequency of 

root initiation (26.6%) and the length of longest root (8.2 cm) (Table 2). The second highest 

result was recorded in case of V3 except survivality percentage. V1 showing the highest 

survival (29.1%), whereas V3 exhibited the weakest response across most traits, including 

the lowest survival rate (22.3%). 
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Plant growth regulators showed significant effect on in vitro regeneration of tomatoes 

(Table 3). Treatment T2 showed significantly superior performance with the highest callus 

initiation (50.8%) which is statically different from T1 (27.9%) and T3 (0%). Moreover, T2 

represents highest shoot initiation percentage (50.1%), number of shoots per callus (3.2), 

longest shoot length (11.4 cm) and number of branches plant-1 (5.2), while T3 consistently 

gave the lowest response (Table 3). This treatment also outperformed other treatments in 

terms of root initiation frequency (49.3%), length of the longest root (12.9 cm), root plant-1 

(4.8), and survival rate (61.5%) (Table 4). T1 ranked second (41.3%) in survivality whereas 

T3 (media without hormone) was the poorest across all parameters. 

Table 1. Effect of genotypes on in vitro shoot regeneration of tomatoes 

Treatments 

Callus 

initiation 

percentage 

Days to 

shoot 

initiation 

Shoot 

initiation 

percentage 

No. of 

shoot 

callus-1 

Length of the 

longest shoot 

(cm) 

No. of 

branch  

plant-1 

V1 25.0 (5.0 a) 6.5 (2.5 c) 25.2 (5.0 a) 1.9 (1.4 a) 7.1 (2.7 a) 2.5 (1.6 b) 

V2 16.6 (4.1 b) 10. 6 (3.3 a) 17.9 (4.2 b) 1.4 (1.2 c) 5.0 (2.2 c) 2.8 (1.7 a) 

V3 16.6 (4.1 b) 9.4 (3.1 b) 25.9 (5.1 a) 1.7 (1.3 b) 5.7 (2.4 b) 2.9 (1.7 a) 

CV (%) 3.88 6.21 4.15 1.87 5.20 3.10 

LSD 0.17 0.18 0.05 0.09 0.13 0.05 

NB: Data and letters in parentheses are based on square root transformed data 

V1=Binatomato-11, V2=Binatomato-12, V3=Binatomato-13 

 

Table 2. Effect of genotypes on in vitro root regeneration of tomatoes 

Treatments 
Days to root 

initiation 

Frequency of root 

initiation (%) 

Length of the 

longest root (cm) 

Root  

plant-1 

Survivality 

percentage 

V1 2.9 (1.7 b) 26.6 (5.2 a) 8.2 (2.9 a) 3.2 (1.8 a) 29.1 (5.4 a) 

V2 4.7 (2.2 a) 16.2 (4.0 c) 5.6 (2.4 c) 2.1 (1.5 c) 23.7 (4.9 b) 

V3 4.5 (2.1 a) 20.9 (4.6 b) 6.4 (2.5 b) 2.8 (1.7 b) 22.3 (4.7 c) 

CV (%) 9.10 2.35 5.56 4.11 2.88 

LSD 0.18 0.11 0.14 0.07 0.14 

NB: Data and letters in parentheses are based on square root transformed data 

V1=Binatomato-11, V2=Binatomato-12, V3=Binatomato-13 

 

Table 3. Effect of plant growth regulators on in vitro shoot regeneration of tomatoes 

Treatments 

Callus 

initiation 

percentage 

Days to 

shoot 

initiation 

Shoot 

initiation 

percentage 

No. of 

shoot 

callus-1 

Length of 

longest shoot 

(cm) 

No. of 

branch 

plant-1 

T1 27.9 (5.3 b) 16.5 (4.1 a) 42.9 (6.6 b) 1.9 (1.4 b) 10.2 (3.2 b) 3.8 (1.9 b) 

T2 50.8 (7.1 a) 16.7 (4.1 a) 50.1(7.1 a) 3.2 (1.8 a) 11.4 (3.4 a) 5.2 (2.3 a) 

T3 0 (0.7 c) 0 (0.7 b) 0 (0.7 c) 0 (0.7 c) 0 (0.7 c) 0 (0.7 c) 

CV (%) 3.88 6.21 1.87 4.15 5.20 3.10 

LSD 0.17 0.18 0.09 0.05 0.13 0.05 

NB: Data and letters in parentheses are based on square root transformed data 

T1=2.0 mgL-1+ 0.5 mgL-1 IAA, T2=2.5 mgL-1+0.5 mgL-1 IAA, T3=MS media without growth regulators 
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Table 4. Effect of plant growth regulators on in vitro root regeneration of tomatoes 

Treatments 
Days to root 

initiation 

Frequency of root 

initiation (%) 

Length of the  

longest root (cm) 

Root  

plant-1 

Survivality 

percentage 

T1 6.7 (2.6 a) 36.4 (6.0 b) 11.9 (3.5 b) 4.0 (2.0 b) 41.3 (6.4 b) 

T2 7.3 (2.7 a) 49.3 (7.0 a) 12.9 (3.6 a) 4.8 (2.2 a) 61.5 (7.8 a) 

T3 0 (0.7 b) 0 (0.7 c) 0 (0.7 c) 0 (0.7 c) 0 (0.7 c) 

CV (%) 9.10 2.35 5.56 4.11 2.88 

LSD 0.18 0.11 0.14 0.07 0.14 

NB: Data and letters in parentheses are based on square root transformed data 

T1=2.0 mgL-1+ 0.5 mgL-1 IAA, T2=2.5 mgL-1+0.5 mgL-1 IAA, T3=MS media without growth regulators 

 

 

          

     

 

 

 

   

         

 

 

 

 

             

 

 

 
 

Fig. 2. Interaction effect of genotypes and growth regulators on callus initiation 

NB: Data shown in the graph and lettering are based on square root transformed values; 

V1=Binatomato-11, V2=Binatomato-12, V3=Binatomato-13, T1=2.0 mgL-1 + 0.5 mgL-1 

IAA, T2=2.5 mgL-1+0.5 mgL-1 IAA, T3=MS media without growth regulators. 

 

Callus initiation of in vitro cultured cotyledon and growth of in vitro cultured callus 

and plant regeneration, are significantly subjugated by the genotypes and concentrations of 

growth regulators. Data generated during in vitro culture clearly varied among cultivars and 

across different concentrations of growth regulators (Figure 2). The variations highlight that 

the effect of genotype and concentrations of PGR poses the utmost challenges for in vitro 

regeneration of plants. 

The results presented in Figure 2 reveled that all the genotypes exhibited response to 

callus formation in all combinations of plant growth regulators (PGR), with the exception in 

control (media without plant growth regulators). Among the three genotypes tested, 

substantial variation was recorded in the frequency of callus formation among genotypes. 

The graph shows, Binatomato-11 demonstrated significantly superior performance 
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compared to both Binatomato-12 and Binatomato-13 (Figure 2). On the other hand, when 

comparing the combinations of 2.5 mgL-1 BAP + 0.5 mgL-1 IBA to 2.0 mgL-1 BAP + 0.5 

mgL-1 IBA, all genotypes exhibited enhanced performance with the former combination but 

not in hormone free media. This result is in agreement with Osman et al, 2010 who reported 

no callus formation in MS media with no hormone. Moreover, the highest percentage of 

callus initiation was noticed in Binatomato-11 (65.0 %; SQRT value 8.1) at T1 treatment 

followed by Binatomato-13 (46.8 %; SQRT value 6.9) (Figure 2).  This result corresponds 

the remark of Vikram et al., 2011 that, increased percentage of callus formation was 

observed with increase in the concentration of the BAP at 3.0 mgL-1.    In addition, callus 

initiation started approximately 10 days after initiation and after 21.0 days no callus was 

found to form in the explant. The maximum number of calli were developed at the cut edges 

and morphology of the callus was fragile and green color (Figure 3).  

The distinguished performance of Binatomato-11 not only highlight the superior 

callus formation of Binatomato-11 but also suggest that this performance might be attributed 

to an optimal ratio of auxin and cytokinin in callus initiation media. As some overview 

revealed that perquisite factor of calli initiation is mitotic cell division of explants which 

depends on the endogenous concentrations of hormones as well as stimulated by the 

exogenous plant hormones (Pal et al., 2007). Moreover, individual regulatory effect of auxin 

activation transcription factors (Fan et al., 2012; Ikeuchi et al., 2013) and differentiated 

metabolites determining metabolic pathway could be another reasons for the distinct 

performance of Binatomato-11 at 2.5 mgL-1 BAP + 0.5 mgL-1   combinations of plant 

hormones (Kumar et al., 2017). 

Not only highest number of callus but also the early primordial emergence from 

callus was observed in Binatomato-11 followed by Binatomato-13 in both combinations of 

growth regulators and no shoot primordial was observed in control as there was no callus 

induction in control media (Table 5). As observed table 5 lowest day (10.0 days) required 

for shoot primordial emergence of Binatomato-11 at 2.0 mgL-1 BAP + 0.5 mgL-1 IAA which 

is statistically different from other treatments. In addition, highest days were required (20.0 

days) for Binatomato-12 in case of both combinations of PGR. 

The frequency of regeneration calculated as the percentage of responding callus was 

found statistically significant different between the media and among genotypes. Based on 

the results (Table 5) shoot initiation frequency ranging from 0 to 56.0 %, where Binatomato-

11 and Binatomato-13 performed equally (56.0%) on MS media augmented with 2.5 mgL-1 

+ 0.5 mgL-1 IAA. This result is inconsistent with the report by Raza et al., (2019). This odd 

might be due to the dissimilation of genotypes and growth regulators used. However, the 

outcome corresponds the report of synergistic effect of a cytokinin in combination with an 

auxin by several authors (Alatar et al., 2017; Nadia et al., 2017; Arulananthu et al., 2019, 

Raza et al., 2019).  

The number of shoots per callus ranged from 0 to 3.5 meanwhile, Cruz-Mendı´vil et 

al., (2011) reported the range from 2.8 to 7.8. Similarly, longest shoot (13.6 cm) with 

second highest number of branch plant-1 (4.7) were recorded in case of Binatomato-11 at T2 
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combinations of growth regulators followed by Binatomato-13 (10.3 cm) with maximum 

number of branches per shoot (5.1) at same treatment of PGR.  

Considering the SFC value, Binatomato-11 at 2.5 mgL-1+ 0.5 mgL-1 IAA represents 

the better response capacity of the explants to produce shoots and poor performance was by 

all varieties in MS media without PGR. This finding is consistent with Vanegas et al. 

(2002).  

Auxin and cytokinin have been shown to function synergistically in a number of 

solanaceous crops, such as Capsicum annum (Ellendula et al., 2016), Solanum villosum 

(Iftikhar et al., 2015), Solanum melongena (Robinson and Saranya, 2013), and Solanum 

tuberosum (Lijana et al., 2012). The outcomes of our studies are in line with the report that 

the combination of cytokinin and auxin demonstrate the beneficial alteration of shoot 

induction efficacy. 

Table 5. Interaction effect of genotypes and plant growth regulators on in vitro shoot    

regeneration of three tomato varieties 

Treatments 

Days to  

shoot 

initiation 

Shoot 

initiation 

(%) 

No. of  

shoot  

callus-1 

Length of 

longest 

shoot (cm) 

No. of 

branch 

plant-1 

Shoot forming 

capacity  

(SFC) 

V1 T1 10.0 (3.2 d) 46.0 (6.8 c) 1.8 (1.5 c) 11.8 (3.5 b) 2.6 (1.8 e) 0.10 c 

V1 T2 13.0 (3.7 c) 56.0 (7.5 a) 3.5 (1.9 a) 13.6 (3.8 a) 4.7 (2.3 b) 0.15 a 

V1 T3 0 (0.7 e) 0 (0.7 f) 0 (0.7 f) 0 (0.7 e) 0 (0.7 f) 0.01 e 

V2 T1 20.0 (4.5 a) 33.0 (5.8 e) 1.0 (1.2 e) 7. 9 (2.9 d) 3.8 (2. 1 c) 0.07 d 

V2 T2 20.0 (4.5 a) 38.0 (6.2 d) 2.0 (1.6 c) 9.2 (3. 1 cd) 4.3 (2.2 b) 0.09 c 

V2 T3 0 (0.7 e) 0 (0.7 f) 0 (0.7 f) 0 (0.7 e) 0 (0.7 f) 0.01 e 

V3 T1 19.0 (4.4 a) 49.0 (7.0 b) 1.5 (1.4 d) 9. 7 (3.2 c) 3.4 (1.9 d) 0.10 c 

V3 T2 16.0 (4.1 b) 56.0 (7.5 a) 2.8 (1.8 b) 10.3 (3.3 bc) 5.1 (2. 4 a) 0.14 b 

V3 T3 0 (0.7 e) 0 (0.7 f) 0 (0.7 f) 0 (0.7 e) 0 (0.7 f) 0.01 e 

CV (%) 6.21 1.87 4.15 5.20 3.10 6.11 

LSD0.05 0.32 0.16 0.09 0.22 0.09 0.008 

NB:  Data and letters in parentheses are based on square root transformed data 

 V1 = Binatomato-11, V2 = Binatomato-12, V3 = Binatomato-13, T1= 2.0 mgL-1 + 0.5 mgL-1 IAA,  

 T2 = 2.5mgL-1 + 0.5 mgL-1 IAA, T3 = MS media without growth regulators 

 

As observed table 6 the earliest root development was noted for Binatomato-11 in T1 

treatment, with roots emerging in just 4.0 days. In contrast, the maximum duration for root 

initiation was noticed for Binatomato-12 in the T2 treatment, taking up the 9.0 days. In the 

present work, the highest root initiation frequency (63.0 %) was recorded on Binatomato -11 

regenerated in the combination of 2.5 mgL-1 BAP + 0.5 mgL-1 IAA (T2) growth regulators, 

while the lowest was in Binatomato-12 (27%) regenerated in the combination 2.0 mgL-1 

BAP+ 0.5 mgL-1 IAA (T1). However, no root initiation was recorded for different genotypes 

in the T3 treatments, as there was no callus formation in MS media without growth 

regulators (T3) for each genotype. 
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The length of longest root across different treatments varied from 0 to 15.5 cm. The 

best performance with the longest root length was recorded in V1T2 (15.5 cm) treatments, 

followed by V1T1 treatments (14.7 cm). The obtained results indicate that Binatomato-11 

exhibited superior performance in 2.5 mgL-1+0.5 mgL-1 IAA combinations of growth 

regulators. In addition, the third highest performance was observed in V3T2 treatments (12. 4 

cm). This fact might be explained by synergistic effect of exogenous auxin on the genotype 

coupled with high content of endogenous auxins. The combined effect of auxin with half 

strength MS media is coherent with (Jehan and Hassanein, 2013; Gerszberg et al., 2016; 

Osman et al., 2010).  In addition, the use of auxin has influence on the frequency of root 

induction whereas, half strength MS in combination with 0.1 mgL-1 IAA has been suggested 

for expedient root development across various genotypes. Moreover, the variability in 

efficiency among genotypes is in agreement with the findings of Titeli et al., 2021 and 

Karim and Kayum, 2007.  

 Finally, the survival percentage of in vitro regenerated plants was ranged from 0 to 

66.7 % after 4 weeks. Specifically, 66.7 % in vitro regenerated plants were survived from 

V1T2 treatments followed by V2T2 (58.3%) and V3T2 treatments (58.3%) in larger pots 

containing natural soil under natural day length condition. Therefore, the plant of 

Binatomato-11 regenerated in MS media supplemented with 2.5 mgL-1+0.5 mgL-1 IAA plant 

growth regulators and subsequently root formation in MS media with 0.2 mgL-1 IBA 

showed better competence to stand with natural environment.  

Table 6.  Interactive effects of genotypes and plant growth regulators on root development in in 

vitro regenerated BINA tomato shoots 

Treatments 
Days to root 

initiation 

Frequency of root 

initiation 

 (%) 

Length of  

longest root  

(cm) 

Root 

plant-1 

Survivability 

(%) 

V1 T1 4.0 (2.1 c) 46.0 (6.8 b) 14.7 (3.9 a) 4.3 (2.2 b) 52.3 (7.3 c) 

V1 T2 5.0 (2.3 c) 63.0 (7.9 a) 15.5 (4.0 a) 5.5 (2.4 a) 66.7 (8.2 a) 

V1 T3 0 (0.7 d) 0 (0.7 e) 0 (0.7 d) 0 (0.7 e) 0 (0.71 f) 

V2 T1 7.0 (2.4 b) 27.0 (5.2 d) 9.5 (3.2 c) 2.4 (1.7 d) 38.3 (6.2 d) 

V2 T2 9.0 (3.1 a) 37.0 (6.1 c) 9.8 (3.2 c) 3.3 (1.9 c) 58.3 (7.7 b) 

V2 T3 0 (0.7 d) 0 (0.7 e) 0 (0.7 d) 0 (0.7 e) 0 (0.7 f) 

V3 T1 8.0 (2.9 ab) 36.0 (6.0 c) 10.3 (3.3 c) 3.9 (2.1 b) 32.9 (5.8 e) 

V3T2 7.0 (2.7 b) 48.0 (6.9 b) 12.4 (3.6 b) 4.3 (2.2 b) 58.3 (7.7 b) 

V3 T3 0 (0.7 d) 0 (0.7 e) 0 (0.7 d) 0 (0.7 e) 0 (0.7f) 

CV (%) 9.10 2.35 5.56 4.11 2.88 

LSD 0.32 0.19 0.25 0.12 0.25 

NB: Data and letters in parentheses are based on square root transformed data 

V1=Binatomato-11, V2=Binatomato-12, V3=Binatomato-13, T1= 2.0 mgL-1+0.5 mgL-1 IAA, T2=2.5mgL-1+0.5       

mgL-1 IAA, T3=MS media without growth regulators (There are no rooting hormone treatments) 

 

However, 90.0 % survival was reported by Alatar et al., 2017 for the tested genotype 

Jamil and Tomaland, where plantlets were primarily watered with half-strength MS salt 

solution for two weeks and subsequently with sterile water for another 2 weeks. The 

differences among the results might be attributed to numerous factors affecting 
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acclimatization under natural condition, for instance genotypic constitutes of plantlets, 

physiological status of plantlets, medium composition and environmental conditions.  

Throughout the study, the plants grew normally and yielded fruit (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3.  In vitro plant of tomato from callus (a) seed plating on MS media (b) germinated seed on 

MS media (c) cotyledon plating on MS media (d) callus initiation from cotyledon (e) callus 

subculture (f) shoot formation from callus (g) shoot transfer on rooting media (h) in vitro 

regenerated plant with roots 

 

 

 

 

 

 

 

 

 

 
Fig. 4.  Hardening of in vitro regenerated tomato plants a. in vitro plantlets covered with polybag  

b. hardening of in vitro plantlet c. transplanted in vitro regenerated plantlet in big pot         

d. established in vitro plantlet (Binatomato-11) 

a b c d 
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Conclusion 

The study demonstrates genotype specific to different concentrations of plant growth 

regulators in in vitro regenerations of BINA tomato varieties. An efficient and reproducible 

regeneration protocol was established, with Binatomato-11 showing superior regeneration 

capacity compared to Binatomato-12 and Binatomato-13 in MS media supplemented with 

2.5mgL-1 BAP+ 0.5mgL-1 IAA. These findings suggest that Binatomato-11 is a promising 

candidate for further improvement through in vitro mutagenesis, particularly for trait such as 

heat stress tolerance using gamma irradiation on indirectly regenerated tissues. This 

optimized protocol can thus serve as a foundational platform for further varietal 

development programs in tomato.  

 

References 

Abbasi, B.H., Rashid, A., Khan, M.A., Ali, M., Shinwari, Z.K., Ahmad, N. and Mahmood, 

T. 2011. In vitro plant regeneration in Sinapis Alba and evaluation of its radical 

scavenging activity. Pak. J. Bot. 43: 21-27.  

Ahmad, N., Bin, G.H., Fazal, B.H., Abbasi., Chun-Zhao, L., Mahmood, T. and Shinwari, 

Z.K. 2011. Feasible plant regeneration in black pepper from petiole explants. J. 

Medic. Plants Res. 5(18): 4590-4595.  

Alatar, A.A., Mohammad, F., Eslam, M.A., Tomas, C., Quaiser, S., Saad, B.J., Mohamed, 

A.E. and Abdulaziz, A.A. 2017. Efficient and reproducible in vitro regeneration of 

Solanum lycopersicum and assessment genetic uniformity using flow cytometry and 

SPAR methods. Saudi J. Biol. Sci. 24: 1430-1436. 

Aneta, G., Katarzyna, H.K., Tomasz, K. and Andrzej, K.K. 2016. Efficient in Vitro callus 

induction and plant regeneration protocol for different polish tomato cultivars. Not 

Bot Horti Agrobo. 44(2): 452-458. doi:10.15835/nbha44210530. 

Annonymous, 2024a. Tomatoes in Bangladesh from https://oec.world/en/profile/bilateral-

product/tomatoes/reporter/bgd. 

Annonymous, 2024b. Global production of vegetables in 2022, by type from 

https://www.statista.com/statistics/264065/global-production-of-vegetables-by-type/. 

Arikita, F.N., Mariana, S.A., Danielle, C.S., Maísa, S.P., Antonio, F. and Lázaro, E.P.P. 

2013. Novel natural genetic variation controlling the competence to form adventitious 

roots and shoots from the tomato wild relative Solanum pennellii. Plant Sci. 199-200: 

121-130. doi: 10.1016/j.plantsci.2012.11.005. 

Arulananthu, G., Shreedhar, G.B. and Ramesh, N. 2019. Callus induction and in-vitro 

regeneration of tomato (Lycopersicon esculentum mill.). Res. J. Life Sci. bioinform., 

Pharmaceuti. Chem. Sci. 5(3). 491. 

Baye, E., Matewos, T. and Derbew, B. 2020. Optimization of in vitro rooting protocol for 

tomato (Lycopersicon esculentum mill.) varieties. J. Appl. Nat. Sci.. 12(3): 365 – 

371.https://doi.org/10.31018/jans.v12i3.2223. 

https://oec.world/en/profile/bilateral-product/tomatoes/reporter/bgd
https://oec.world/en/profile/bilateral-product/tomatoes/reporter/bgd
https://pubmed.ncbi.nlm.nih.gov/?term=Pinto+Mde+S&cauthor_id=23265325
https://pubmed.ncbi.nlm.nih.gov/?term=Peres+LE&cauthor_id=23265325


Optimization of regeneration protocol of tomatoes 

72 

Bhatia, P., Ashwath, N., Senaratna, T. and David, M. 2004.Tissue culture studies of tomato 

(Lycopersicon esculentum). Review of Plant Biotechnology and Applied Genetics. 

Plant Cell, Tissue and Organ Culture: 78: 1–21.  

Brichkova, G.G., Maneshina, T.V. and Karte, N.A. 2002. Optimization of the nutrient medium 

for effective regeneration of tomatoes (Lycopersicon esculentum Mill.) in vitro. Vestsi-

Natsyyanal'nai-Akademii-Navuk-Belarusi.-Seryya-Biyalagichnykh- Navuk. 2: 47-52. 

(CAB Abst. 2002/08-2003/10). 

Cruz-Mendı´vil, A., Rivera-Lo´pez, J., Germa´n-Ba´ez, L.J., Lo´pez-Meyer, M., 

Herna´ndez-Verdugo, S., Lo´pez-Valenzuela, J.A., Reyes-Moreno, C. and Angel 

Valdez-Ortiz. 2011. A simple and efficient protocol for plant regeneration and genetic 

transformation of tomato cv. Micro-Tom from leaf explants. HORTSCIENCE. 

46(12): 1655–1660. doiI: 10.21273/HORTSCI.46.12.1655. 

Datta, A. 2015. Transgenic tomato (S. lycopersicum Mill.) regeneration by comparing 

different transformation techniques. A Dissertation Submitted to BRAC University in 

Partial Fulfillments of the Requirements for the Master of Science in Biotechnology, 

BRAC University, Bangladesh. 106-118. http://hdl.handle.net/10361/4524. 

Devi, R., Dhaliwal, M.S., Kaur, A. and Gosal, S.S. 2008. Effect of growth regulators on in 

vitro morphogenic response of tomato. Indian J. Biotechnol. 7: 526-530. 

Ellendula, R., Narra, M., Kota, S., Kalva, B., Velivela, Y., Savitikadi, P. and Allini, V.R. 

2016. An efficient and high frequency regeneration protocol in two cultivars of 

Capsicum annuum. L cvs. G3 and G4. Int. J. Current Biotechnol. 4, 1–8. 

Fan, M., Xu, C., Xu, K. and Hu, Y. 2012. Lateral organ boundaries domain transcription 

factors direct callus formation in Arabidopsis regeneration. Cell Res. 22: 1169–1180. 

Gerszberg, A., Katarzyna, H.K., Tomasz, K. and Andrzej, K.K. 2016. Efficient in Vitro 

callus induction and plant regeneration protocol for different polish tomato cultivars. 

Not. Bot. Horti. Agrobo. 44(2):452-458. Doi.10.15835/nbha44210530. 

Harish, M.C., Rajeevkumar, S. and Sathishkumar, R. 2010. Efficient in vitro callus 

induction and regeneration of different tomato cultivars of India. Asian J. Biotechnol. 

2(3): 178-184. 

Hussain, A., Qarshi, I.A., Nazir, H., Ullah, I., Rashid, M. and Shinwari, Z.K. 2013. In vitro 

callogenesis and organogenesis in taxus wallichiana zucc. The Himalayan Yew. Pak. 

J. Bot. 45(5): 1755-1759.  

Iftikhar, A., Qureshi, R., Munira, M., Shabbir, G., Hussain, M. and Khan, M.A. 2015. In 

vitro microporpgation of Solanum villosum-a potential alternative food plant. Pak. J. 

Bot. 47: 1495–1500. 

Ikeuchi, M., Sugimoto, K. and Iwase, A. 2013. Plant Callus: Mechanisms of induction and 

repression. Plant Cell. 25: 3159–3173. 

http://dx.doi.org/10.21273/HORTSCI.46.12.1655
http://hdl.handle.net/10361/4524


Akter et al./Bangladesh J. Nuclear Agric., 39(1): 61-75, 2025 

73 

Ishfaq, M., Idrees, A.N., Nasir, M. and Muhammad, S. 2012. In vitro induction of mutation 

in tomato (Lycopersicon esculentum l.) Cv. Roma by using chemical mutagens. Pak. 

J. Bot. 44: 311-314. 

Jain, S.M. 2010. Mutagenesis in crop improvement under the climate change. Romanian 

Biotechnological Letters. 15(2): 88-106. 

Jamous, F. and Hassan, A. 2015. In vitro regeneration of tomato (Lycopersicon esculentum 

Mill). Plant Cell Biotechnol. Molec. Biol. 16 (3&4): 181-190. 

Jehan, S. and Hassanein, A.M. 2013. Hormonal requirements trigger different organogenic 

pathways. Am. J. Plant Sci. 4 (11): 171-179. 

Karim, M.A. and Kayum, M.A. 2007. In vitro regeneration of tomato plant from leaf and 

internode segments. J. Bangladesh Agril. Univ. 5(2): 213-216. 

Khan, M.A., Abbasi, B.H. and Shinwari, Z.K. 2014. Thidiazuron enhanced regeneration and 

silymarin content in Silybum marianum L. Pak. J. Bot. 46(1): 185-190.  

Kumar, S., Jindal, S. K., Sarao, N. K. and Dhaliwal, M. S. 2017. Development of an 

efficient in vitro regeneration protocol in tomato (Solanum lycopersicum L.). Agric 

Res J. 54 (4): 475-479. https://doi.org/10.5958/2395-146x.2017.00091.6. 

Lercari, B., Moscatelli, S., Ghirarlli, E. and Niceforo, R. 1999. Photomorphogenic control of 

shoot regeneration from etiolated and light-grown hypocotyls of tomato. Plant Sci. 

140(1): 53-62. doi: 10.1016/S0168-9452(98)00209-X. 

Lijana, K.G., Mitrev, S., Fidanka, T. and Mite, L. 2012. Micropropagation of potato 

Solanum tuberosum L. Electronic J. Bot. 8: 45–49. 

Lima J.E., Benedito V.A., Figueira, A. and Peres, L.E.P. 2009. Callus, shoot and hairy root 

formation In vitro as affected by the sensitivity to auxin and ethylene in tomato 

mutants. Plant Cell Rep. 28: 1169-1177.  

Liza, L.N., Nasar, A.N.M., Zinnah, K.M.A., Chowdhury M.A.N. and Ashrafuzzaman, M. 

2013. In vitro growth media effect for regeneration of tomato (Lycopersicon 

esculentum) and evaluation of the salt tolerance activity of callus. J. Agric.Sustain. 3: 

132-143.  

Mohamed, A.N., Ismail, M.R. and Rahman, M.H. 2010. In vitro response from cotyledon 

and hypocotyls explants in tomato by inducing 6-benzylaminopurine. Afr. J. 

Biotechnol. 9: 4802-4807.  

Mukta, F.A. 2014. Study of in vitro regeneration and transformation parameters for the 

development of transgenic Tomato (S. Lycopersicon L.). A Dissertation Submitted To 

BRAC University in Partial Fulfilment of the Requirements for the Degree of Master 

of Science in Biotechnology. 62-75. http://hdl.handle.net/10361/3776. 

Murashige, T. and Skoog, F. 1962. A revised medium for rapid growth and bio assays with 

tobacco tissue cultures. Physiologia plantarum. 15(3). 

http://hdl.handle.net/10361/3776


Optimization of regeneration protocol of tomatoes 

74 

Nadia, M.M., Nada, H., Salah, E.A.K. and Abdelfattah, B. 2017. Differential in vitro direct 

regeneration of tomato genotypes on various combinations of growth regulators. 

Biotechnology.16: 155-164. 

Osman, M.G., Elhadi, E.A. and Khalafalla, M.M. 2010. Callus formation and organogenesis 

of tomato (Lycopersicon esculentum Mill, C.V. Omdurman) induced by thidiazuron. 

Afr. J. Biotechnol. 9(28): 4407-4413. 

Pal, S.P., Alam, I., Anisuzzaman, M., Sarker, K.K., Sharmin, S.A. and Alam, M.F. 2007. 

Indirect organogenesis in summer squash (Cucurbita pepo l.). Turk. J. Agric. For. 31: 

63-70. 

Praveen, M. and Rama, S.N. 2011. Effect of genotype, explant source and medium on in 

vitro regeneration of tomato. International J. Genet. Mole. Bio. 3(3): 45-50.  

Pulido, C.M., Harry, I.S. and Thorpe, T.A. 1992. Optimization of bud induction in 

cotyledonary explants of Pinus canariensis . Plant Cell Tiss Organ Cult. 29: 247–255. 

https://doi.org/10.1007/BF00034360. 

R Core Team. 2024. A language and environment for statistical computing. R Foundation 

for Statistical Computing. https://www.R-project.org. 

Raza, M.A., Nawaz, A., Alim., Zaynab, M., Muntha, S.T., Zaidi, S.H., Khan, A.R. and 

Zheng, X.L. 2019. In-vitro regeneration and development for the conservation and 

propagation of tomato plant (Solanum lycopersicum) and currant tomato (S. 

Pimpinellifolium) from two different explants. Applied ecology and environmental 

research. 18(1): 879-888. doi: http://dx.doi.org/10.15666/aeer/1801_879888. 

Robinson, J.P. and Saranya, S. 2013. An improved method for the in vitro propagation of 

Solanum melongena L. Int. J. Curr. Microbiol. App. Sci. 2(6): 299-306. 

Sabir, H.S., Shaukat, A., Sohail, A.J., Jalal-Ud–Din. and Ghulam, A.A. 2014. Assessment of 

silver nitrate on callus induction and in vitro shoot regeneration in tomato (Solanum 

lycopersicum mill). Pak. J. Bot. 46(6): 2163-2172.  

Sohail, A.J., Shah, S.H., Ali, S. and Ali, G.M. 2015. The effect of plant growth regulators on 

callus induction and somatic embryogenesis of hybrid tomato. Pak. J. Bot. 47(5): 

1671-1677.  

Titeli, V.S., Zafeiriou, I., Laskaridou, A., Menexes, G., Madesis, P., Stavridou, E. and 

Nianiou-Obeidat, I. 2021. Development of a simple and low-resource regeneration 

system of two greek tomato varieties. Agriculture. 11: 412. 

https://doi.org/10.3390/agriculture11050412. 

Trujillo-Moya, C. and Gisbert, C. 2012. The influence of ethylene and ethylene modulators 

on shoot organogenesis in tomato. Plant Cell Tiss. Org. Cult. 111: 41-48.  

Vanegas, P.E., A. Cruz-Herna´ndez, M.E. Valverde, and O. Paredes-Lo´pez. 2002. Plant 

regeneration via organogenesis in marigold. Plant Cell Tissue Organ Cult. 69: 279-

283. 

https://doi.org/10.1007/BF00034360
https://doi.org/10.3390/agriculture11050412


Akter et al./Bangladesh J. Nuclear Agric., 39(1): 61-75, 2025 

75 

Venkatesh, J. and Park, S.W. 2012. Plastid genetic engineering in Solanaceae. Protoplasma. 

249: 981-999. 

Vikram, G., Madhusudhan, K., Srikanth, K., Laxminarasu, M. and Swamy, N.R. 2011. 

Effect of plant growth regulators on in vitro organogenesis in cultivated tomato 

(Solanum lycopersicum L.). J. Res. Bio. 4: 263-268. 

Wayase, U.R. and Shitole, M.G. 2014. Effect of plant growth regulators and organogenesis 

in tomato (Lycopersicon esculentum Mill.) cv. Dhanashri. International J. Pure Appl. 

Sci. Technol. 2: 65-71. 

Zhang, W., Hou, L., Zhao, H. and Li, M. 2012. Factors affecting regeneration of tomato 

cotyledons. Bioscience Methods. 4: 27-32.  

Zhao, H., Wang, X.X., Du, Y., Zhu, D., Guo, Y., Gao, J., Li, F. and Snyder, J.C. 2014. 

Haploid induction via in vitro gynogenesis in tomato (Solanum lycopersicum L.). J. 

Integ. Agri. 13(10): 2122-2131. doi: 10.1016/S2095-3119(13)60672-3. 


