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ABSTRACT  
 

Genetic relationship between two types of Egyptian husk tomato (Physalis pubescens L.)  , the first one 
is plantlets derived from tissue culture laboratory technique (in vitro) and the second one is plants derived from 
direct seeded (in vivo), in order to study the effect of rates of humic acid, ( 0, 1.0 , 2.0 g / l ) and two 
formulations of nutrient solutions on each of them. All of them were  analyzed  using sodium dodecyl  sulfate  
polyacrylamide  gel  electrophoresis  (SDS-PAGE)  of  leaves protein .  According to  SDS-PAGE  analysis, 
molecular weight range (100-1000 KDa) were  identified  across  the  studied  plants.  The  number  of  bands  
were varies from 6 - 12  bands  in the samples of in vitro plantlets but the  number  of  bands  were varies from 4 
- 10 bands in the samples of in vivo plants for all the studied combinations. Analysis of SDS-PAGE provided 
more precise information concerning relationships  between in vitro and in vivo plants. Aremarkable result from 
this study was identifying the best results of  in vitro plants than in vivo plants .  
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Introduction 
 

(physalis pubescens L.) (Solanaceae family)  is a vegetable plant known as husk tomato, green tomato 
or by the spanish names of tomate de cascara, tomate verde, tomate de fresadilla, tomatillo and miltomate 
(Guzman et al., 2009). Protein is important component of dynamic cellular metabolism during growth, 
development, and ripening of fruits (Brady, 1987; Brady and Spiers, 1991). For instance, dedifferentiation of 
chloroplasts to chromoplasts during husk tomato ( physalis pubescens L.) ripening involves a decline in the 
amounts of many soluble and membrane-associated plastid proteins while new chromoplast-specific proteins 
accumulate (Bathgate et al., 1985; Oren-Shamir et al., 1993). Differential protein synthesis in  leaves was 
demonstrated from earlier studies using incorporation of precursors into proteins in tomato leaves tissue slices 
(Baker et al., 1985) and estimating recovery of polysomes from intact avocado fruit (Tucker and Laties, 1984). 
The observed changes in mRNA and protein populations (Mehta et al., 1991) and in specific transcripts (Gray et 
al., 1992) indicated that macromolecular machinery for the production of enzymes essential for ripening 
remains intact and active and that ripening involves substantial turnover of existing and newly synthesized 
proteins. Although considerable literature has accumulated concerning gene expression during ripening of fruits.  

Specific proteins and enzymes as markers have application in selection of parental material for 
hybridization, cultivar purity testing, explanation of phylogeny and taxonomy relations among different genus 
and species, F1hybrid purity testing etc. (Markova and Stoilova 2003). Analysis of seed storage proteins in 
many horticultural species allowed the differentiation among species, cultivars and androgenetic lines ( 
Kononkov et al .,1 987;Smith and Smith,1992; Dinelli and Bonetti, 1992; Cooke,1995;Mennella et al.,1995, 
1996, 1998, 1999). For variety identification and genetic purity control of self-pollinated and open-pollinated 
species, storage and functional proteins as direct gene products could be used. These genetic markers are widely 
used as tools for the identification and estimation of the quantitative traits in plant resources, resistant to disease 
and environmental stress conditions, and other desirable  agronomic traits ( Zlokolica et al., 1997). 

 Several studies have evaluated the effect of the organic matter content on the fertility of soils. The 
humic substances, the major component of soil organic matter, have both direct and indirect effects on plant 
growth (Sangeetha and Singaram, 2006). The indirect effect of humic acid improves physical, chemical and 
biological condition of soil (Halime et al., 2011).  

In the dry and semi-dry areas of Egypt, the absorption of nutrients is low due to a high pH level of the 
soil. The role of macro and micronutrients is crucial in crop nutrition and thus important for achieving higher 
yields. Balanced nutrition is always a prerequisite for improved growth, yield and quality of crops. Nutrients can 
be applied either by conventional methods or by foliar application. Foliar application of different formulations 
of nutrients solution may solve the problem of assimilation of nutrients in the leaves, which resulted in an 
increased photosynthetic rate, better nutrient uptake from the soil and translocation of these nutrients from the 
leaves to fruits, thereby enhancing higher fruit yield. Further, foliar fertilization of nutrients to the plants helps 
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to absorb and transport the nutrients without spending any energy as well as without any loss in transit 
(Srivastava, 1995).  

  The objectives of this specific study was to analyze the genetic diversity  between in vitro and in vivo 
plants of husk tomato (physalis pubescens L.) Balady sp., that treated with two levels of humic acid in 
combination with two types of nutrient solutions, to  clarify  the  variations  among  the  treatments, by using 
sodium  dodecyl  sulphate  polyacry-lamide gel electrophoresis (SDS-PAGE) of leaf proteins. 

 

Materials and Methods 
 

The SDS-page analysis was carried out during 2014-2015 at the Plant protection and Biomolecular 
Diagnosis Department, Arid Lands cultivation Research Institute, City for Scientific Research and Technology 
Applications, New Borg El-Arab City, Alexandria Egypt. 

 
Plant materials 
 

Plant materials were the two types of explants of  Egyptian  husk tomato ( Physalis  pubescens L.) 
Balady sp. The first one is explants produced from Tissue Culture Laboratory (in vitro) of the Faculty of 
Agriculture (Saba Basha), Alexandria University ( Mona yousry, 2013). The second one is plants derived from 
direct seeded in vivo ( Mona and Waffaa 2014). 

The aim of this study is to compare between in vitro and in vivo plants of  Egyptian husk tomato cultivar 
(Balady sp.), that treated with humic acid in combinations with nutrient solutions , using SDS-PAGE of  leaf 
proteins analysis. 

 
1-Transplanted of in vitro and in vivo seedlings in the green house on 15th of July in 2012 season. Transplants of 

in vitro and in vivo seedlings were set on one side of the rows, to a final spacing of 20 cm between plants in 
the row, with a spacing of 40 cm between rows. Each experimental unit consisted of 9 rows as the plot area 
was 36.0 m2. A basal dose of P and K each at 60 kg/ha along with 50% N (75 kg/ha) was applied at the time 
of field preparation. Remaining dose of nitrogen (75 kg/ha) was top dressed after 30 days of transplanting. 

2-Humic acid: 2 levels of humic acid usage consisting of control (without humic acid), it was applied at the rates 
of (H1= 1.0 and H2= 2.0 g/l) which added with irrigated water at all the growing season. Humic acid 
contains potassium 10% w/w (K2O).  

3-Two nutrient solutions were applied as foliar spray with the help of knapsack sprayer. All the nutrient 
solutions were applied twice a week at all the growing season. 

4- Combinations between each of humic acid and nutrient solutions were studied. 
 
Table 1: Chemical composition of humic acid and nutrient solutions  

Treatments N% P% K% Mg% Fe% Cu% Mn% Zn% Mo% B% 
NS1 15 15 15 0.02 0.03 0.01 0.03 0.05 0.01 0.01 
NS2 20 20 20 0.05 0.15 0.01 0.15 0.15 0.01 0.01 
Humic acid 
(HA) 

Soluble Potassium Humate: 80% humic acid, 11-13% K2O, 5-7% moisture, 83 g/100ml bulk density, > 98% water 
solubility 

 

Protein marker 

 EzWayTM  Protein-Blue MW marker is mixtue  of purified 12 bands during electrophoresis. 
-MW Range: 100 – 1000 kDa. 
-No. of Applications: 200 mini-gels (Sul each). 
-Storage and shelflife: 1 year at -20°C. 
 
Table 2: Structure of the protein marker 

Protein MW kDa 
Myosin 205 
Beta-Galactosidase 116 
Phosphrylase B 97.4 
Bovine Serum Albumin 69 
Glutamic dehydrogenase 55 
Lactic dehydrogenase 36.5 
Carbon anhydrase 29 
Trypsin inhibitor 20.1 
Lysozyme, chicken egg white 14.3 
Aprothinin , Bovine Lung 6.25 
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Protein Extraction 
 
 Protein extraction from plant tissue by: 
1. Weight 0.1 g fresh tissue and grind them in cold mortar using liquid nitrogen sample buffer. 
2. Protein extract was mixed with equal volume of sample buffer (125 m M Tris HCl pH 6.8, 10% Glycerol, 

10% SDS and 10% Betamarcapto-ethrol), the sample grind well, then centrifuge at low speed 4000 rpm for 5 
min. 

3. Transfer the supernatant to a new eppendorf then add 200 ml loading die (100 m M dithiothretol) followed 
by boiling for 10 min and loaded into the polyacrylamide gel. 

4. Electrophoresis was carried out overnight at about 15 ml running buffer. (25 mM Tris, 192 m M Glycine and 
0.1% SDS). 

5. After the rum was completed, the gel was stained in 50 ml of (0.1% coomassie blue R-250, 40% Methanol, 
10% glacial acetic acid). 

6. The gel was distained in distaining solution (10% glacial acetic acid and 40% methanol), gel was 
sandwiched with cell phane membrane and arid on gel driver for 2 hours and photographed. 
 

Statistical analysis 

 PAST: Paleontological Statistics, runs on standard Windows computers and is available free of charge. 
PAST integrates spreadsheet- type data entry with univariate and multivariate statistics, curve fitting, time series 
analysis, data plotting, and simple phylogenetic analysis. Many of the functions are specific to paleontology and 
ecology, and these functions are not found in standard, more extensive, statistical packages. PAST also includes 
fourteen case studies (data files and exercises) illustrating use of the program for paleontological problems, 

making it a complete educational package for courses in quantitative methods (http://palaeo-electronica.org).                                                              
 

Results  
 
SDS-PAGE of tissue culture derived plants 

Data presented in Table (3) using SDS-page data analysis showed that there was a little differences 
among the nine treatments in the number of bands that was higher in (NS1, NS2, NS1+H1, NS1+H2, NS2+H1, 
NS2+H2) than( Control, H1,H2,). As well as, the similarity percentage between (NS1+ H2) and (NS2+H1) was 
95%. Also, similar performance has been noticed between (NS2+ H1) and (NS2+H2). Meanwhile, there was a 
difference between (NS2+ H2) and Control (43%) (Fig.1) as shown in Phylogenetic tree Fig (2). 

Electrophoretic analysis of proteins exposed a total of 12protein bands in the leaves  of husk tomato 
(physalis pubescens L.) Balady sp. of tissue culture derived plants under investigation.  The  analysis  of  the  
results  reveals  that some  bands  are  characteristic  and  constant  markers  for each  concentrations  and  allow  
the  unequivocal  identification  of their  electrophoregrams.  Other bands are shared by more than one 
treatment. For ease of comparison, the (1000-100 KDa) fragment protein bands were lumped together with 
molecular masses and the  number  of  bands  from  each  molecular  mass  was scored  for  every  concentration  
(Table  3).  The cluster with about 96% similarity index were obtained (Figure 2). The first clade included the 
concentrations (NS1+H1, NS2+H1, NS1+H2, NS2+H2, NS1, NS2 H1,H2 ) the second clade included ( 
Control).  Our  SDS-PAGE  of  leaf proteins analysis  results  provides  useful  information  on  relationships  
among  closely  related  treatments of the cultivar of husk tomato( Balady sp.). 
 
Table 3: Simple matching coefficient of similarity matrix determined from protein of tissue culture derived plants analyzed by total lab and 

past programe. 
 Cont H1 H2 NS1 NS2 NS1+H1 NS1+H2 NS2+H1 NS2+H2 
Cont -         
H1 0.89 -        
H2 0.80 0.91 -       
NS1 0.55 0.67 0.77 -      
NS2 0.50 0.62 0.57 0.80 -     
NS1+H1 0.62 0.71 0.80 0.88 0.82 -    
NS1+H2 0.57 0.67 0.75 0.82 0.89 0.95 -   
NS2+H1 0.62 0.71 0.80 0.88 0.82 1.00 0.95 -  
NS2+H2 0.57 0.67 0.75 0.82 0.89 0.95 1.00 0.95 - 

 

SDS-PAGE of seedling plants 

Data presented in Table (4) using SDS-page data analysis showed that there were differences among the 
nine treatments in the number of bands that was higher in (NS1,NS2,NS1+H1, NS1+H2,NS2+H1,NS2+H2) 
than(H1,H2, Cont.). Also, The similarity percentage between (NS1+H2) and (NS2+H2) was 96%. Also, similar 

http://palaeo-electronica.org/
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performance has been noticed between (NS1+ H1) and (NS2+H2). Meanwhile, there was a difference between 
(NS2+ H2) and Control (41%) (Fig.3) as shown in Phylogenetic tree Fig (4). 

Electrophoretic analysis of proteins exposed a total of 10 protein bands  in  the  leaves  of husk tomato 
(physalis pubescens L.) Balady sp. of seedling plants under investigation. Other bands  are  shared  by more than 
one treatment. For ease of comparison, the (1000-100 KDa) fragment protein bands were lumped together with 
molecular masses and the  number  of  bands  from  each  molecular  mass  was scored  for  every  concentration  
(Table  4).  The cluster with about 95% similarity index were obtained (Figure 4). The first clade included the 
concentrations (NS1+H1, NS2+H1, NS1+H2, NS2+H2, NS1, NS2) the second clade included (H1,H2, Control).  
 

 
Fig 1: SDS-PAGE electrophoreogram of tissue culture derived plants, sample1: cont, sample2: H1, sample3:H2, 

sample4: NS1,sample5:NS2, sample6:NS1+H1, sample 7:NS1+H2, sample 8: NS2+H1, sample 
9:NS2+H2. 
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Fig.2: Dendogram constructed from similarity coefficient showing the average linkage of tissue culture derived 

plants based on SDS-Page data analysis. 
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Table 4: Simple matching coefficient of similarity matrix determined from protein of seedling plants analyzed by total lab and past 
program. 

 Cont H1 H2 NS1 NS2 NS1+H1 NS1+H2 NS2+H1 NS2+H2 
Cont -         
H1 0.55 -        
H2 0.67 0.77 -       
NS1 0.62 0.43 0.67 -      
NS2 0.71 0.67 0.75 0.82 -     
NS1+H1 0.67 0.63 0.82 0.89 0.95 -    
NS1+H2 0.63 0.71 0.78 0.84 0.90 0.95 -   
NS2+H1 0.67 0.63 0.82 0.89 0.95 1.00 0.95 -  
NS2+H2 0.59 0.67 0.74 0.80 0.86 0.91 0.96 0.91 - 

  

 
            M         1         2      3         4      5         6         7        8       9 

 
Fig.3: SDS-PAGE electrophoreogram of seedling plants, sample1: cont, sample2: H1, sample3: H2, sample4: 

NS1, sample 5: NS2, sample6:NS1+H1, sample 7:NS1+H2, sample 8: NS2+H1, sample 9:NS2+H2. 
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Fig.4: Dendogram constructed from similarity coefficient showing the average  linkage  of seedling plants based 

on SDS-Page data analysis. 
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Discussion 

 
       It's clearly that tissue culture derived plants was better than seedling plants. These results may be due 

to, Plant tissue culture media generally contain all of the following components: macronutrients, micronutrients, 
vitamins, amino acids or nitrogen supplements, source(s) of carbon, undefined organic supplements, growth 
regulators and solidifying agents (De Fossard, 1976). It should be considered that the optimum concentration of 
each nutrient for achieving maximum growth rates varies among species. The influence of humic acid which 
provides nutrient minerals that involve in plants bioactivities and finally leads to growth induction (Abdel 
Mawgaud et al., 2007) that is appeared in the form of protein and enzymatic activities. Foliar feeding of nutrient 
solutions in the presence of humic levels increased the growth characters of husk tomato. This increase may be 
mainly due to the additional availability of macro and micro nutrients till later growth stages of husk tomato. 
The increases of such protein activity in response to application of nutrients fertilizers is probably due to 
enhancing availability of nutrients which enhanced leaf area resulting in higher photo assimilates and thereby 
resulted in more dry matter accumulation. Regarding the effects of nutrient solution type, the increase in protein 
activity were high with N2 foliar sprays might be a reason of supplying more nutrients at the critical growth 
stage. High concentration of micronutrients in N2 had a great influence on enzymes activity because they 
enhance the availability of macronutrients and also activate the plant defense mechanism resulted in increasing 
in plant vegetative growth. Naik et al. (2002).  

 Scientists commonly use more  than  one  method  to consider  genetic  similarity.  The purpose of such 
a procedure beside its methods comparison is to determine the number  of  the bands of   protein and enzymatic 
activity products. Matos et al., (2001)  showed  that  the  picture  of  genetic similarity  can  differ  depending  
on  the  number  of polymorphic  bands  generated  by  a  given  method.  They said that the  more  polymorphic  
products  are  obtained, the smaller is the similarity between objects. In our study, the  use  of  SDS-PAGE  gave  
higher  similarity coefficients data of tissue culture derived plants. To select a method for revising the  genetic  
similarity,  when  the  dendrogram  obtained  by this  method  is different,  as  in Vaillancourt  et al.,(2008),  
Nowosielski  et al.  (2002),  and Potokina  et al., (2000)  then  the  more  exact,  more  replicable  and  more 
detailed  method  should  be  chosen.  In  our  results,  a significant  majority  of  the  studied were  grouped  in 
the SDS-PAGE  method. The present work  provided  the  molecular investigation of 9 different samples of in 
vitro and in vivo plants of Egyptian husk tomato (Physalis  pubescens L.) Balady sp.  by using one type of 
genetic markers SDS-PAGE analysis.  

 

Conclusions  

The  analysis  of  variation  between in vitro and in vivo plants of Egyptian husk tomato (physalis 
pubescens L.)  Balady sp. showed  that  there are differences in the frequencies of the electrophoretic  profiles  
of in vitro and  in vivo plants .  SDS-PAGE  analysis is  effective  in  determining variations and relationships 
between treatments and types of plants. 

Humic substances play a vital role in soil fertility and plant nutrition. Plants grown on soils which 
contain adequate humic acid (HAs) are healthier produce higher yields; and the nutritional quality of harvested 
foods and feeds are superior. Humic acid has contributed a rich source to the growth of plants. Therefore we can 
conclude that plants of husk tomato sown using tissue culture and received fertilization of humic acid (2.0g/l) in 
combination with nutrient solution (N2) gave highly significant results as compared to other treatments. 

 Foliar application of nutrients is an important crop management strategy in maximizing yields. In case of 
foliar application, the nutrients penetrate the cuticle of the leaf or the stomata and then enter the cells that 
increases the protein content and enzymatic activity. The yield response to foliar fertilization of different 
formulations nutrients solutions is highly variable. Therefore we can conclude that plant which received 
fertilization of nutrient solution N2 show significant results as compared to those which received no fertilization. 
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