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 Abstract: In recent years, Alpha-Galactosidase enzymes have been a growing 

interest in applying renewable resources for biorefineries; while tomatoes are 

widely consumed around the world and are the second most economically 

valuable vegetable. It contains the highest amount of vitamins and minerals of 

any fruit or vegetable. The project intends to isolate the α-Galactosidase genes 

from tomato plants, including leaves and seeds. The samples including both 

tomato leaves and seed were prepared and were extracted RNA respectively by 

Total RNA Extraction Kit-Mini-Plant. The total RNA elution was checked by 

the concentration by UV-Vis spectrophotometer. For cDNA synthesis, the 

isolated RNA was converted into complementary DNA via reverse 

transcription using TOYOBO Company reagents, and Actin PCR was used as 

a positive control. As the results, Alpha-Galactosidase is present in germinating 

of tomato seeds, where it is involved in the mobilization of carbohydrate 

reserves during and following tomato’s seed germination, while for tomato 

leaves there is no evidence that illustrates the appearance of α-Galactosidase in 

tomato leaves. This result is significant for further research aiming for gene 

overexpression analysis for multiplying the enzyme α-Galactosidase amount for 

the medical application. 

1. Introduction 

Enzyme applications in industry have gained more attention as a result of the increased need and 

interest in using renewable resources for biorefineries in recent years (Ju et al., 2019). The α-Galactosidase 

(α-D-galactoside galactohydrolase, EC 3.2.1.22) catalyzes the hydrolysis of terminal α-1,6-linked 

galactosyl residues from a wide range of oligosaccharides and the polysaccharides. It also acts on 

glycoprotein, glycosphingolipids, transglycosylation reactions and synthetic substrates (Dey and Pridman, 

1972). Nowadays, the beetroot sugar business, the paper and pulp industry, the soy food processing 

sector, and the animal feed industry are the industries where α-Galactosidase finds the most industrial 

use. Additionally, it helps in xenotransplantation, blood group change, and the management of Fabray's 

illness.  

Soy milk is a popular traditional beverage in Asian countries, extensively consumed due to its 

affordability and convenience as a high-quality protein source. Most parts of research from the past few 

decades has shown a clear correlation between eating soy-based foods and their positive health impacts. 

Similar to cow's milk, soy milk has a balanced nutritional profile but is free of lactose, gluten, and 

cholesterol. It also contains beneficial phytochemical substances that are associated to improved health 

(Jiang et al., 2013). Those who are allergic to cow's milk can also use these plant-based beverages as an 

alternative (Huang et al., 2023). Almond and soybean seeds have naturally occurring oligosaccharides, 

with α-galacto-oligosaccharides such as verbascose, stachyose, and raffinose predominating. The high 

content of α-galactooligosaccharides in soybeans makes them a potential source of flatulence when 
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consumed in goods. The excessive buildup of gas or air in the stomach or intestines is known as 

flatulence, which is one of the topics of extreme personal humiliation. There are a variety of symptoms 

that can occur including emotional and social nervousness, abdominal rumblings, stomach discomfort, 

cramps, pain, and diarrhea (Price et al., 1988). Studies have shown that verbascose, stachyose, and 

raffinose oligosaccharides are the main culprits of soybean flatulence. Intestinal bacteria ferments them 

after they evade digestion, producing an abundance of hydrogen and carbon dioxide. Raffinose, 

stachyose, and verbascose are able to pass through the intestinal mucosa of humans, rats, and pigs without 

the presence of α-Galactosidase. The microorganisms there can digest them to produce massive amounts 

of hydrogen and carbon dioxide (Rackis, 1981). Due to their potential to cause flatulence, 

oligosaccharides were perceived as unwanted components, which prompted various investigations to find 

ways to eliminate them from products made from soybeans and other legumes (Huang et al., 2022). 

Alpha-Galactosidase also has the main role in the biotechnological application in reducing 

oligosaccharides from soymilk to remove flatulence-causing factors for consumers (Patil et al., 2010). 

Tomatoes are widely consumed worldwide and rank second in terms of economic worth among 

vegetables. It is the best fruit or vegetable in terms of vitamin and mineral content. The tomato lends 

itself well to physiological and cytogenetic studies due to its ease of culture, high rate of reproduction, 

and genetic homogeneity brought about by autogamy (Rick, 2015). Tomato seeds have a 32% protein 

content, a 27% total fat content, and an 18% fiber content (Kumar et al., 2021). A-Galactosidase can be 

found in the embryos, micropylar, and lateral endosperm of tomato seeds after and during sprouting. 

Besides, a substantial amount of proteins could be found in tomato's leafy waste products. 

Phytochemical, phenolic, and flavonoid content are all abundant in tomato leaves. (Yu et al., 2023). 

However, there has not been any recorded data of the α-Galactosidase gene from tomato plants yet. This 

study reports on isolation of the α-Galactosidase genes from tomato plants including leaves and seeds.  

2. Materials and method  

2.1. Dissociation of tomato leave and tomato seed  

Firstly, the fresh wild type of tomato leaves were cut from the tomato laboratory room. Then, all the 

leaves were frozen in liquid nitrogen and ground to tomato leaf powder that was kept as “sample 1”. 

Secondly, the dried tomato seeds were kept in the fridge in the laboratory were sterilized with 5% of 

bleach for 2 min and rinsed in the water overnight. Then, the water was removed and the seeds were 

imbibed on two layers of No. 1 filter paper with double-deionized water and left in the dark at 25 ℃ for 

96 hours to germinate. Next, the germinated seeds were ground with nitrogen to get ground tomato seed 

that was kept as “sample 2”. 

2.2. Extraction of total RNA 

Each sample was extracted RNA respectively by Total RNA Extraction Kit-Mini-Plant, Cat. No. 

YRP50, which is the product of RBC Bioscience manufacturer. To follow this protocol, 50 mg of each 

sample powder was lysed in 500 𝜇L RB Buffer with 5 𝜇𝐿 𝛽-mercaptoethanol by vortexing, and incubating 

at room temperature for 5 min. The lysate sample was applied into the filter column and centrifuge for 2 

min at full speed (13 000 rpm). The 500 𝜇𝐿 of the clarified filtrate was transferred to a new 

microcentrifuge tube to add with 250 𝜇L ethanol and mix immediately by vortexing. The ethanol-added 

mixture was transferred to the RB column and centrifuge at full speed for 2 min. The flow-through was 

discarded; then, added 400 𝜇𝐿 of RW1 Buffer and centrifuge at full speed for 1 min to discard the flow 
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through and place the RB column back in the collection tube. The RB column was added by 600 𝜇L R-

Wash Buffer (ethanol added) and centrifuge for 1 min same as the previous step. Next, the dried RB 

column was transferred to an RNase free microcentrifuge tube and added 50 𝜇L of RNase to elute 

purified RNA. The total RNA elution was checked by the concentration by Shimadzu UV-1800 UV-Vis 

spectrophotometer; 115VAC (transfer approximately 1mL of 70 times diluted RNA into cuvette) and 

recorded the data.  

2.2.1. cDNA synthesis 

The extracted RNA was then synthesized by the complementary DNA using reverse transcription 

reagents from TOYOBO Company. The mixture of reverse transcription includes 0.5 𝜇L of 25 

pmoles/𝜇L Random Primers, 2 𝜇L of 5×Buffer, 1 𝜇L of 10 mM dNTPs, 0.5 𝜇L of 100 units/𝜇L 

ReverTraAce®, 5 𝜇L of total RNA (based on calculation of the concentration that was checked in UV-

Vis), and adjust RNase free water up to total volume 10 𝜇𝐿. This mixture was treated in  RT-PCR 

(Reverse Transcription Polymerase Chain Reaction) by the thermal cycle, which followed these 

conditions: 30 ℃ for 10 min, 42 ℃ for 60 min, then 99 ℃  for 5 min to get fulfilling cDNA synthesis. 

2.2.2. Polymerase chain reaction 

The conventional PCR was performed using the TOYOBO α-Galactosidase positive control. The 

mixture including 2 𝜇L of 10× PCR Buffer for KOD-plus-Neo, 2 𝜇L of 2 mM dNTPs, 1.2 𝜇L MgSO4, 

2 𝜇L of each action primer, 1 𝜇L of 10 times diluted cDNA, 0.2 𝜇L KOD plus Neo, and adjust RNase 

free water up to total volume 20 𝜇L. This actin PCR mixture was treated in the thermal cycle following 

these conditions: 94 ℃ for 2 min, 98 ℃ for 10 sec, 55 ℃ for 30 sec, and 68 ℃ for 30 sec to code the gene 

of interest (α-Galactosidase), and repeat 40 cycles to amplify the gene of interest. After treatment in the 

thermal cycle, the PCR product was loaded in gel electrophoresis to see the DNA fragments of the gene 

of interest by loading 5 𝜇L mixture of 10 times diluted of 0.5 𝜇L marker with other 4.5 𝜇L of PCR 

product and sterilized double distilled water.   

 

Figure 1. Primers of tomato 𝛼-Galactosidase including forward primer (oHSry001) and reverse primer 
(oHSry002). The underlined capital letters refer to the recognition sites of forward and reverse primers. 

On the top of that, the 𝛼-Galactosidase PCR was also performed in the purpose to get the gene of 

interest as tomato 𝛼-Galactosidase. The used forward and reverse primers in the PCR reaction have been 
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shown in Figure. 1, while the thermal conditions were processed following: 94 ℃ for 2 min as the pre-

denaturing, 98 ℃ for 10 sec as the denaturing, 55 ℃ for 30 sec as the annealing, 68 ℃ for 30 sec as the 

extension, and repeat for 40 cycles as the amplification. 

3. Results and discussion 

The mass molecular weight of tomato 𝛼-Galactosidase in gel electrophoresis was expected to show in 

1.3 Kbp. As a result of the experiment, 𝛼-Galactosidase PCR product from tomato leaves and tomato 

seed was shown in Figure. 2 and Figure. 3. For tomato leaves, we could not get the band as the expected  

 

Figure 2. 𝛼-Galactosidase PCR product from tomato leaves did not show any bands on the agarose gel 
after being treated by 𝛼-Galactosidase primers. 

 

Figure 3. 𝛼-Galactosidase PCR product from tomato seed showed the target band as the expected size 
(1.3 Kbp) 

size, though we tried to do PCR many times with many modified conditions. For tomato seed, the α-

Galactosidase gene has been detected after gel electrophoresis and PCR reaction with the target molecular 

size 1.3 Kbp. Enzymes α-Galactosidase in plants are involved in desiccation tolerance during seed 

development and serve as a source of stored energy used by germinating seeds (Arunraj et al., 2020). 

Alpha-Galactosidase is present in germinating seeds, where it is involved in the mobilization of 
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carbohydrate reserves during and following tomato’s seed germination (Bassel et al., 2001). While for 

tomato leaves, there is no evidence that illustrates the appearance of α-Galactosidase in tomato leaves. 

The tomato leaves do not need this enzyme because their main functions are gas exchange and 

photosynthesis. Rather, leaves concentrate on the synthesis and metabolism. Alpha-Galactosidase 

production in leaves would be excessive and energy wasting. Plants have evolved to express certain 

enzymes selectively in the tissues where they are functionally necessary, thus optimizing their metabolic 

processes. By preserving energy and resources, this specialization promotes effective growth and 

development. Thus, this highly controlled, adaptive gene expression is the cause of the lack of alpha-

Galactosidase in tomato leaves (Petrović et al., 2021). 

4. Conclusion 

All things considered into 2 main points are tomato seed contains 𝛼-Galactosidase gene, whereas 

tomato leaves do not contain this gene. The 𝛼-Galactosidase gene is absent from tomato leaves due to 

the enzyme it encodes is not required for the metabolic activities taking place in the leaves. Rather, the 

gene is expressed in tissues where it is necessary for it to perform its activity, as in seeds where it aids in 

the release of stored carbohydrates. During the experiment, the seed was imbibed for 4 days to induce 

the germination of embryo and endosperm that is literally involved in the result above. In this study, 

tomato-seed 𝛼-Galactosidase was effectively detected and identified using specific 𝛼-Galactosidase PCR. 

The specific activity of the enzyme and its potential significance in tomato seed germination and 

development are highlighted by our findings. The identification of 𝛼-Galactosidase from tomato seeds 

represent a major advancement for applications in the medical field. This research sets the stage for future 

genetic engineering efforts aimed at overexpressing this enzyme, with promising implications for medical 

therapies and enhanced nutritional applications. 
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