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ABSTRACT 
A comparative in vitro study was carried out for 3 tomato cultivars, Roma, Nagina and Cherry NARC. 

Two sources of explant were used; one was hypocotyl and another one was cotyledon leaves. MS 

media which was fortified with different concentration of phyto hormones was used to evaluate 

efficacy and the regeneration potential of the explant respectively. Among those three tomato 

varieties; tested for their callusing and regeneration potential, Roma responded as compared to Nagina 

and Cherry-NARC. Among all five different Medias tested in this regard MS media fortified with 

phyto hormones 2.5 mg/L BAP induced 76.6% callus from cotyledonary explants of Roma. MS media 

supplemented with   IAA (0.2 mg/L) + BAP (2.0 mg/L) was found to be most efficient for shoot 

induction with an overall average of 27.78%. All the shoots were cultured on rooting media 

supplemented with MS media containing 0.2 mg/L of IAA.   

Keywords: Indole-3-Acetic Acid, 6-Benzylaminopurine, Cotyledon, Hypocotyl, MS media 

INTRODUCTION 

Tomato (Solanum lycoparsicum Mill.) 

turns out to be one of the extensively grown 

vegetables across the world. It is an 

important food crop across the globe [1]. It 

is member of Solanaceae family. Farmers 

prefers to cultivate this crop as it has high 

yield potential as well as it is a short 

duration plant which makes it economically 

important crop for generating revenue in 

short pace of time. Tomatoes are rich in 

nutrients, mineral salts, ascorbic acid, 

lycopene, carotenes etc. [2]. Among 15 
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vegetables enlisted by the researcher, 

tomato has attained sixth position when 

compared to other vegetables and fruit 

regarding total annual production [3]. 

Traditional methods of breeding are 

laborious and time taking. It is troublesome 

to modify or improve the crops through 

conventional breeding techniques.  Plant 

cell and tissue culture comes as a simple 

and effectual regeneration system to bring 

about desired outcome in short span of time 

and cost effective manner. It has been 

revealed in different studies that 

regeneration of different tomato cultivar 

requires optimization of specific tissue 

culture protocol by keeping different 

factors in consideration like plant variety, 

age of explant, source of explants, physical 

factors, type and composition of tissue 

culture media [4-7]. One of the biggest 

challenges for success of tissue culture 

protocol in organogenesis is genotype; 

different genotypes behave differently in 

the same media. This made genotype as one 

of the limiting factor for in vitro plant 

regeneration, thus it makes it mandatory to 

establish and optimize specific tissue 

culture protocol for different genotypes. 

Morphogenetic factor greatly impact the 

behavior of tomato plants during in vitro 

regeneration  [8]. Selection of type and 

source of explant is also  a vital factor for 

successful clonal propagation of tomato 

plant, different sources of explants such as 

cotyledonary leaves, hypocotyls [9, 10], 

apical meristem [9], root segments, nodes 

[11] are mostly  used for this purpose. 

Some plant varieties are considered 

recalcitrant or stubborn or non-competent 

verities as these do not give positive 

response to in vitro growth and 

transformation. Phyto hormones carry a 

significant weightage in tissue culture 

success. Different combinations of plant 

hormones have been used in different 

studies. An efficient cytokinin  and auxin 

combination  can induce significant shoot 

induction in different plant cultivars and 

different sources of explants [9, 12]. Tissue 

culturing is categorized as an important 

technique in bringing biotechnological 

improvement such as production of virus 

resistant crops, regeneration of 

commercially important crops through 

clonal propagation and genetic 

transformation of crops like tomato [13]. 

Most of the commercialized tomato 

varieties do not yield at maximum which is 

linked to lack of suitable growing 

condition. One of the major issues with 

tomato production is hot climatic condition 

as most of the tomato cultivars are sensitive 

toward high temperature which in turn 

results in decreased tomato production in 

summer season [14, 15].  

MATERIAL AND METHOD 

Acquisition of plant seeds 



Naz S et al                                                                                                                              Research Article 
 

 
60 

IJBPAS, February, 2020, 9(2) 

Seeds for three tomato cultivars Roma, 

Nagina and cherry NARC were acquired 

from HRI (Horticulture Research Institute), 

NARC (National Agriculture research 

center), Islamabad, Pakistan. 

Culture media and growth conditions  

MS media [16] incremented with 30 g/L 

sucrose and 7g/L agar was employed. The 

pH of the media was adjusted to 5.8 before 

autoclaving the culture media at 121 °C and 

1.05 kg /cm2 (15-20 psi) for 15 minutes. 

Different concentrations of phyto hormones 

BAP (6-Benzylaminopurine) and IAA 

(Indole-3-acetic acid) hormones were 

added in the media before autoclaving. 

Preparation and germination of seeds  

To break dormancy the seeds of Solanum 

lycoparsicum L, seeds of Roma, Nagina, 

and   Cherry NARC were inundated in 

sterilized distilled water for 2 days at the 

temperature of 4°C. The sterilized seeds 

were inoculated on Basal MS media [10]. 

These inoculated seeds were kept in the 

dark for about one week until the 

germination initiation was observed.  Then 

these were placed under sixteen hours of 

photo period, 25±2ºC temperature, with 50 

μmolm-2s-1 fluorescence light and 60-70% 

relative level of humidity. Seedlings aged 

two to three weeks were deployed for in 

vitro studies.  

Tissue culturing protocol 

In vitro grown 2-3 weeks old seedling was 

used as explant source. + leaves and 

hypocotyl were secluded from the seedling 

and used as explant for callus induction. 

Hypocotyl of 0.5 cm and leaf disc of 3mm 

were inoculated in test tubes, glass jars and 

magenta boxes on five different Medias 

listed in Table 1. The effect of media, 

explant source and cultivar was analyzed 

on the basis of total number of explant 

producing callus, total number of callus 

producing shoots and number of shoots 

generating roots. All shoots attaining the 

height of approximately 1.5 cm were 

shifted to rooting media supplemented with 

0.2 mg/L IAA. All the treatments were 

performed in three replicates with 30 

explants in each treatment. The jars were 

incubated under sixteen hours of 

photoperiod, 25±2ºC temperature, with 50 

μmolm-2s-1 fluorescence light. Sub 

culturing of explant was done every second 

week on the same media. 

 
Table 1: Composition of culture media with different combination of Plant hormones 

Media Composition of Media Phyto hormones 
TCM1 MS media,30 g/L sucrose, 7.0 g/L agar 1.0 mg/L BAP+ 0.5 mg/L IAA 

TCM2 MS media,30 g/L sucrose, 7.0 g/L agar 2.0 mg/L BAP+ 0.2 mg/L IAA 
TCM3 MS media,30 g/L sucrose, 7.0 g/L agar 1.0 mg/L BAP 

TCM4 MS media,30 g/L sucrose, 7.0 g/L agar 2.5 mg/L BAP 
TCM5 MS media,30 g/L sucrose, 7.0 g/L agar 0.2 mg/L IAA 

*TCM   Tissue culture media 
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RESULTS AND DISCUSSION 

Factors like the smaller DNA genome as 

compared to other widely studied plants has 

made tomato classified as one of the best 

crop for genetic transformation studies [17, 

18]. Plant tissue culture is a fundamental 

part of plant genetic engineering. Although 

there are many reports of successful in vitro 

tomato plant regeneration, however one of 

the limiting factors is that the in vitro 

response of tomato, as it varies for different 

cultivars [19, 20]. The in vitro efficiency is 

dependent on composition of the media for 

tissue culture, especially plant phyto 

hormones secondly explant source is also a 

limiting factor for successful tomato 

transformation experiments (Table 2).  

Callus Induction  

Callus induction frequency was highest in 

cotyledonary leaves of Roma followed by 

Nagina and then Cherry NARC. The 

overall callus induction frequency of Roma 

was 55.16% which was significantly higher 

compared to 38.67% and 31.51% callusing 

frequency of Nagina and Cherry NARC 

respectively. These results show there is a 

direct correlation of callusing with explant 

source and type of cultivar, there are many 

studies focusing on the use of hypocotyl 

and cotyledon as an efficient explant source 

for in vitro studies of tomato. In the present 

study cotyledons as well as hypocotyls 

were used as an explant source. All three 

tomato cultivars were compared for their 

callusing potential on 5 different medias by 

using their cotyledons and hypocotyl as a 

source of explants. Callusing potential of 

Roma superseded other two cv Nagina and 

Cherry-NARC. Cotyledon explant of Roma 

demonstrated 76.67 % efficiency, while 

hypocotyl of Roma showed 62.22% 

callusing potential on MS Media 4 

containing  2.5 mg/L of 6-

Benzylaminopurine (BAP). Callusing 

frequency of 44.4.4 % from hypocotyl of 

Cherry- NARC and 41.11% was 

demonstrated by Nagina on media 4. 

Overall Roma demonstrated the best 

callusing potential. Cotyledons explants are 

more efficacious in callus induction as 

compared to hypocotyl our results  show a 

similarity with the  previous study of  

Sharma [17], who reported cotyledon 

explant as the most suitable callusing 

explant source. Among the 5 different 

media used callus induction percentage was 

significantly high 44.44% with media 4 

(2.5 mg/L BAP) followed by 48.87% with 

media 2(2.0 mg/L BAP +0.2 mg/L IAA). 

From cotyledonary explants Cherry-NARC 

showed 43.33% and Nagina showed 

38.89% callusing potential onTCM2. The 

higher callusing rate on MS media fortified 

with 2.5mg/L  of phyto hormone  6-

Benzylaminopurine (BAP) alone or in 

combination of  2mg/L of the  6-

Benzylaminopurine and 0.2 mg/L of phyto 

hormone Indole-3-acetic acid  (IAA) goes 
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in close agreement with previous reports of 

Gerszberg [21]; who reported best  

shooting response on MS media with 2 

mg/L BA and 0.1 mg/L IAA for tomato 

cultivar ‘Malinowy Warszawski’ as well as 

‘Luban’. In  our study, the  highest  callus 

induction  frequency  was  observed  for  

cultivar  Roma and Cherry-NARC with 

media 4  (2.5 mg/L BAP) followed by 

media 2 (2.0 mg/L BAP +0.2 mg/L IAA), 

which is in  agreement with the previous 

reports where higher cytokinin to auxin 

ratio has been  shown  to enhanced  callus  

formation  and  shoot regeneration  in  

tomato [4]. Similarly, other studies have 

also concluded  that a higher concentration 

of cytokinin  with relatively lower 

concentrations  of  auxins  were  

responsible  for a  higher percentage  of the  

callus formation [22, 23] (Figure 1). 

Shoot induction  

There is a noteworthy outcome of source of 

explant on shooting rate; cotyledon explant 

supersedes hypocotyl in shoot formation. 

Among all the cultivar under observation 

Roma proved to be a best in shoot 

induction 13.55% compared to Nagina 

(4.64%) and Cherry-NARC (4.86%). 

Cotyledon explants of Roma showed 

highest shoot induction compared to 

Nagina and Cherry-NARC. So cultivar 

Roma supersedes other cultivars. 

Cotyledonary source of explant is more 

efficient compared to hypocotyl explant 

source. The interaction between cultivar, 

explant source and media has shown that  

TCM2  containing 2mg/L BAP+0.2 mg/L 

IAA was more efficient among other media 

sources with tomato variety Roma, when 

cotyledonary leafs were used as an  explant 

source. Shooting frequency with TCM2 

(17.24%) was highest among all other 

media. It was followed by TCM4 (2.5 mg/L 

BAP) with the shoot induction frequency of 

16.40 %. Cherry NARC also showed good 

response (13.33%) on media 2 when 

hypocotyls were used as explant source. 

Overall cotyledon explants exhibited better 

shooting induction compared to hypocotyls, 

this result is in close proximity to many 

previous reports [17, 24]. Different sources 

of explant have been utilized in different 

studies. Some of them found hypocotyl 

superior over the cotyledons for the 

regeneration of shoots [25-27], However 

the findings of Chaudhry, [10] are in close 

proximity to our result who found 

cotyledons more prone to shoot induction 

compared to other sources of explant for 

tomato cultivar Roma. (Table 3 and 

Figure 3). 

Rooting  

Rooting is most important stage of invitro 

studies. It has been found that tomato can 

develop roots even in the absence of 

hormones from outside source [28]. This 

assumption is supported by the presence of 

adequate amount of endogenous auxin 
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which makes rooting possible even in the 

absence of exogenous source of auxin [25, 

29]. One study [25] reported root induction 

from nodal explants of tomato when they 

placed them vertically in the MS media 

without any phytohormone, which clearly 

supports the rooting possibility without 

adding auxin from outside source. Some 

studies revealed that addition of auxin in 

moderate amount helps in rapid and strong 

rooting of the shoots [30]. In the present 

study all shoots were shifted to the rooting 

media containing 0.2 mg/L of IAA. Healthy 

roots were induced within 2-4 weeks. Our 

results are in close agreement with the 

previous studies of [31] who reported rapid 

and 100% regeneration of healthy roots on 

MS media supplemented with 0.1-0.2 mg/L 

of IAA [21, 32-34] found that shoots 

cultured on MS media having 0.1 mg\L 

IAA produced profuse healthy roots while 

roots developed without exogenous IAA  

were long and fragile. Plants are naturally 

supplemented with phyto hormones for in 

vivo growth and development, however for 

in vitro plant regeneration sometimes 

exogenous supplementation of plant growth 

regulators is carried out to achieve 

optimum growth. Combination and 

concentration of cytokinin and auxin is 

directly related to genotype of tomato and it 

varies for different cultivars. Time period 

required for organogenesis has strong 

connection with the exposure time, 

combination   and concentration of plant 

growth regulator used [35-38]. In vitro 

tomato regeneration can be carried out 

directly as well as through callusing. 

Cytokinin shows an crucial  effect for 

induction of  shoot, different  studies 

revealed that if the media is supplemented 

with  higher cytokinin  level compared to 

auxin or if cytokinin is used  alone in the 

culture media it will onset shoot 

regeneration from callus [39-43]. 

 
Table 2: Callusing percentages of 3 tomato varieties on 5 different Medias from two explant sources 

 Genotypes TCM1 TCM2 TCM3 TCM4 TCM5 Mean 
Hypo Roma 24.44 33.33 36.67 62.22 24.7 36.27 

 Nagina 27.78 30 30 41.11 0 25.78 
 Cherry-NARC 2 20 20 44.44 11.11 19.51 
 Mean 18.07 27.78 28.89 49.26 11.84 27.17 

Coty Roma 28.89 44.44 21.11 76.67 17.78 37.78 
 Nagina 28.89 38.89 18.89 20 22.2 25.774 
 Cherry-NARC 32.22 43.33 16.67 22.22 5.56 24 

 
Mean 29.96 42.18 18.77 39.63 15.26 29.16 

  TCM1 TCM2 TCM3 TCM4 TCM5 Mean 
 Roma 26.66 30.55 32.78 69.44 18.31 35.548 
 Nagina 28.33 34.44 24.44 30.55 11.1 23.87 
 Cherry-NARC 17.11 31.66 18.33 33.33 8.33 21.75 
 mean for media 24 32.21 25.18 44.44 12.58 27.68 
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Figure 1: A; cotyledonary leaves explants B; hypocotyl explants C; callusing in hypocotyl derived explants D 

callusing from cotyledonary leaf derived explant E;  shoot development from callus F; shoots developing roots 
 

 
Figure 2: Comparisons of callus induction and role of 5 different Medias for 3 tomato varieties and 2 explant sources 

 
Table 3: Shooting frequency of 3 tomato cultivars on 5 tissue culture Medias with 2 types of explants 

 
Genotypes TCM1 TCM2 TCM3 TCM4 TCM5 Mean 

Hypo Roma 0 17.78 13.3 16.67 0 9.55 
 Nagina 7.77 0 4.4 10 0 4.434 
 Cherry-NARC 0 13.3 0 10 0 4.66 
 Mean 4.81 10.43 5.9 12.29 0 6.686 

Coty Roma 18.88 20 16.66 6.66 5.55 13.55 
 Nagina 3.3 11.11 8.8 0 0 4.642 
 Cherry-NARC 2.2 10 0 7.7 4.44 4.868 

`` Mean 7.97 13.63 5.15 8.23 3.48 7.692 
  TCM1 TCM2 TCM3 TCM4 TCM5 

 
 Roma 9.44 27.78 21.63 20 2.775 16.32 
 Nagina 9.42 5.555 8.8 10 0 6.75 
 Cherry -NARC 1.1 18.3 0 13.85 2.22 7.09 
 Mean for media 8.795 17.245 8.475 16.405 1.74 10.532 
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Figure 3: Comparative means representing shooting tendency of three tomato cultivars on five different Medias with 
two explant sources 

CONCLUSION 

Callusing was observed from both 

hypocotyl and cotyledonary leaves 

explants. However, cotyledonary source of 

explant dominated in callogenesis as well 

as shoot induction. Among all the tissue 

culture media used with different 

combinations of hormones, TCM4 with 2.5 

mg/L BAP was found to be the best for 

callusing, for shooting media containing  

2.0 mg/L BAP+ 0.2 mg/L IAA was most 

efficient.  Among all three cultivars Roma 

proved to be the most efficient for shoot 

and callus induction.    
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