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ABSTRACT  
 
With the advent of a new era and increasing population, there is a global increase in the demand for world food requirements. Plant breeding can be 
considered a coevolutionary process between humans and edible plants. Plant breeding is the science-driven creative process of developing new plant 
varieties. Ranging from unintentional changes resulting from the advent of agriculture to the application of molecular tools for precision breeding to 
the evolution of genetically modified plants in improvising food and health conditions, we have witnessed the advances. Almost throughout the decade, 
transgenic plants have been engineered for scientific research.  Genetic Modification is a technology that involves inserting DNA into an organism’s 
genome. To produce a Genetically Modified plant, new DNA is transferred into plant cells. Usually, the cells are grown in tissue culture, developing 
into plants. The seeds produced by these plants will inherit the new DNA. The present study aims to identify the next steps in genetic modification. 
Genetic Modification has paved new ways in developing nutritionally enhanced crop food and medicinal plants with desirable traits in a much more 
environment-friendly manner. CRISPR (Clustered, regularly interspaced short palindromic repeats) is a unique technology that enables geneticists and 
medical researchers to edit parts of the genome by removing, adding or altering. This current trend in Genetically Modified organisms has to be 
visualised in improving health conditions and cultivating healthy plants with desirable traits.  
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INTRODUCTION 
 
India ranks second worldwide in farm outputs after China. With 
its allied sectors, agriculture is India’s largest source of 
livelihood. 70% of its rural households still depend primarily on 
agriculture for their livelihood. India accounts for 25% of the 
global food production, with 27% of consumers. With the advent 
of the world’s rising population, the demand for high food 
production has increased, which has become a significant 
challenge. With sufficient availability of nutritious food, there 
will be no food scarcity. To meet the needs of future generations’ 
food demand, India also needs to improve its management of 
agricultural practices on multiple fronts. One such factorial which 
can help improve is through Plant breeding techniques. Plant 
breeding is the science of changing plants’ traits to produce 
desired characteristics. It has been used to improve the quality of 
nutrition in products for humans and animals. According to the 
report for 2019, India is ranked 102 out of a total of 119 countries. 
Around the world, after steadily declining for a decade, world 
hunger is on the rise, affecting 9.9 percent of people globally. 
Over the last few years, undernourished people grew by as many 
as 161 million; a crisis is driven primarily by conflict, climate 
change, and the COVID-19 pandemic1. To overcome the 
problems of increased nutritious food demand and production, the 
available strategy is to adopt genetic engineering modalities to 
enhance crop yield. The knowledge of recombinant DNA 
technology and genetically modified plants can be a viable source 
for developing plant-based food and medicines with improved 
resistance and improved products to fight against malnutrition 
and food scarcity.  

Historically plant breeding techniques dates earlier to the 19th 
Century, i.e., before the Pre-Mendelian era, and the slow 
progression and inoculation of new modalities of the modern 
period have transformed the plant cultivation methods. Genetic 
modification2 is one among the present invent. The technology of 
gene modification is the one in which selected traits can be 
inserted into the plant genome, which is far different from the 
traditional plant breeding method, where many characteristics of 
two other crops had to be combined, which led to a long run of 
the entire process of genetic modification. The present study aims 
to identify the next steps in the genetic modification of plants and 
establish the scope of recent advances in genetic modification. 
Genetically modified crops are engineered to introduce a new trait 
into the species. The Purpose of Genetically modified plants 
generally include resistance to certain pests, diseases, 
environmental conditions, or resistance to chemical treatments 
(e.g., herbicide-resistance). The utilization of modern 
biotechnology techniques to change an organism’s genes, such as 
plant/animal, is genetic modification (i.e., the genetic makeup of 
a plant via DNA & RNA recombinant technique). A genetically 
Modified Crop is a crop whose genetic characteristics have been 
altered by inserting a gene or a gene from another organism using 
genetic engineering techniques. The Methods of gene transfer 
into target crops include two ways one is Indirect or vector-
mediated Gene Transfer and Direct or Vector less DNA Transfer. 
Further Vector-Mediated Gene Transfer involves two methods: 
Agrobacterium-mediated Gene Transfer and Virus-Medicated 
Gene Transfer method. 
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Agrobacterium- Mediated Gene Transfer 
 
Agrobacterium 3 is a phytopathogen that infects plants through 
wound sites, causing crown gall disease, and is one of the most 
popular plant transformation tools used in agriculture. 
Agrobacterium tumefaciens is the soil pathogen that utilizes its 
bacterial type IV secretion system to transfer its transferred (T)-
DNA into the host cells. There are two species of Agrobacterium, 
A. tumefaciens & A. rhizogenes.  Ex: Crown gall disease (A. 
tumefaciens), Hairy root disease (A. rhizogenes.) 
 
Principle of Agrobacterium-mediated Gene Transfer 
 
The basis of Agrobacterium-mediated transformation is the 
ability of the organism to transfer its T-DNA into the host cells. 
The mechanism of Agrobacterium-mediated change is based on 
the transfer of a piece of plasmid by the bacteria into the plant 
cells during infection. The plasmid then integrates into the 
nuclear genome to express its genes and affect the hormonal 
balance in the host cell. The integration usually occurs in the 
transcription active or repetitive regions of the genome by 
recombination. The protocol or procedure for the Agrobacterium-
mediated transformation might differ depending on the type of 
explants selected for the process. The following is the protocol 
for Agrobacterium-mediated change in the case of an embryo; in 
the first step, sterilization & germination of seeds. Inoculum 
preparation is done, further preparation of the explants and later 
shoot initiation process is done, after which regeneration of 
modified plant is taken up. Lastly, plant acclimation takes place. 
(Figure 1) 
 
Applications of Agrobacterium-mediated Gene Transfer 
 
The following are some of the essential applications 
of Agrobacterium-mediated transformation. It has been used as a 
method of genetic modification of plants to produce various 
substances like proteins, antibodies, and even vaccines. Different 
plants have also been modified to produce life-saving 
pharmaceutical products like anticoagulants, human epidermal 
growth factors, and interferons. Transgenic plants prepared 
with Agrobacterium serve as bio-monitors to detect the presence 
of toxic compounds in the environment and detoxify the 
contaminated soil and water. 
 
Limitations of Agrobacterium-mediated Gene Transfer 
 
Even though Agrobacterium-mediated transformation has been 
advancing over the years with much success, there are some 
problems and limitations associated with this technique. Some of 
the commonly encountered limitations and issues with the 
method are: The most important limitation associated with this 
technique is the narrow host range, as it is still limited to plant 
species. Even though a lot is known about the mechanism of T-
DNA transfer in the bacteria, not much is known about the plant-
encoded factors that affect the efficiency of this process. The 
technique is labor-intensive as it requires the development of 
plant regeneration protocols and detailed, time-consuming 
processes. Many of these processes are prone to in vitro 
variations, resulting in unfavorable results. 
 
Virus-Medicated Gene Transfer 
 
Viral4 genome replication is the technique used; in this technique, 
the plant viruses are transferred into the entire plant and amplified 
for the gene transfer. Since plant viruses are natural vectors, the 
modified desired foreign genes can be introduced suitably. The 
recombinant viruses then further multiply and spread 

systematically within the host plant, by which the modified 
genetic material is expressed. Ex: Caulimo-viruses as vectors in 
Cauliflower mosaic virus, Gemini viruses, RNA plant viruses, 
Use of cDNA. The method enables the introduction of the 
desirable genes into almost all the plant cells since the viral 
infections are primarily systemic. 
 
The direct or Vector-less DNA transfer method involves two 
methods using physical and chemical gene transfer. The physical 
gene transfer method includes Electroporation, Microprojectile, 
Microinjection, Liposome fusion and Silicon carbide fibres, while 
chemical gene transfer includes PEG mediated and DEAE 
dextran mediated gene transfer. 
 
Electroporation 
 
Electroporation5/electro-permeabilization is a microbiology 
technique in which an electrical field is applied to cells to increase 
the permeability of the cell membrane, allowing chemicals, drugs, 
electrode arrays, or DNA to be introduced into the cell.  
  
It was mostly confined to protoplasts that can be regenerated to 
viable plants. This technique can deliver DNA into intact plant 
cells and protoplasts. (Figure 2) 
 
Microprojectile  
 
Microprojectile6 bombardment employs high-velocity metal 
particles to deliver biologically active DNA into plant cells. The 
very successful method is used for a wide range of plant tissues. 
Particle (or microprojectile) bombardment uses an equipment 
particle gun and is the most effective method for gene transfer and 
creating transgenic plants. This method uses high velocity 
microprojectiles such as gold or tungsten coated with desired 
DNA bombarded into the plant tissues or cells. (Figure 3) 
 
Microinjection 
 
The technique7 uses a micropipette (0.5-10.0 pm tip) to transfer 
genes into the cytoplasm/nucleus of a plant cell or protoplast. The 
recipient cells are kept immobilised in agarose embedding during 
gene transfer, held by a suction holding pipette. (Figure 4) 
 
Liposome fusion 
 
DNA-containing liposomes may aid in the transportation of DNA 
via plasmodesmata or directly across cell membranes. The 
liposome encapsulation aids in protecting the DNA against 
intracellular nuclease activity. Liposomes may offer several 
advantages as vectors for gene delivery into plant cells: (1) 
enhanced delivery of encapsulated DNA by membrane fusion, (2) 
protection of nucleic acids from nuclease activity, (3) targeting to 
specific cells, (4) delivery into a variety of cell types besides 
protoplasts by entry through plasmodesmata, (5) delivery of intact 
tiny organelles. (Figure 5) 
 
Silicon carbide fibres 
 
The method uses DNA coated silicon carbide fibres with plant 
materials of length about 0.3 - 0.6 pm in diameter and 10-100 pm. 
The fibre penetrates the cell walls and plasma membrane 
delivering the recombinant DNA into the plant cell. The DNA 
adhering to the fibres enters the cell and integrates with the host 
genome to form the modified gene. The desired gene thus 
obtained is transferred to the crop plants for further processing. 
(Figure 6) 
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Figure 1: Represents Agrobacterium-mediated Gene Transfer in 

plants 
Source of Figure: https://microbenotes.com/agrobacterium-mediated-

gene-transfer 
 

 
Figure 2: Represents the Physical gene transfer method through 

Electroporation 
Source of Figure: https://blog.universalmedicalinc.com/what-is-

electroportation 

 
Figure 3: Represents the Physical gene transfer method through 

Microprojectile 
Source of Figure: 

https://biocyclopedia.com/index/biotechnology/genes_genetic_engineerin
g/techniques_of_genetic_engineering/biotech_particle_bombardment.php 

 
 
 

 
Figure 4: Represents the Physical gene transfer method through 

Microinjection 
Source of Figure: https://www.toppr.com/ask/question/what-is-

microinjection 

 
Figure 5: Represents Physical gene transfer through Liposome fusion 
Source of Figure: https://www.learninsta.com/methods-of-gene-transfer/ 

 
Figure 6: Represents the Physical gene transfer method through SCF 
Source of Figure:https://image.slidesharecdn.com/vectorlessgenetransfer-

151113165324-lva1-app6892/85/vector-less-gene-transfer-25-
320.jpg?cb=1447433620 

 

 
Figure 7: Represents Chemical gene transfer through PEG 

Mediated method 
Source of Figure:https://www.goldbio.com/articles/article/Deep-Dive-
Into-Plant-Transformation-Protocols-Protoplast-Mediated-Biolistic-

Mediated-Agrobacterium-Mediated-Gene-Transfer 

 
Figure 8: Represents Chemical gene transfer through DEAE 

dextran mediated 
Source of Figure: https://www.mdpi.com/1420-3049/14/7/2669/htm 
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Figure 9: Represents gene transfer through the CRISPR-Cas9 

method 
Source of Figure: 

https://www.frontiersin.org/articles/10.3389/fpls.2018.02008/full 
 
CHEMICAL GENE TRANSFER METHOD 
 
PEG mediated 
 
Polyethylene glycol can be used to induce DNA uptake into plant 
protoplasts. PEG-mediated plastid transformation involves the 
treatment of isolated protoplasts (plant cells without a cell wall) 
with PEG in the presence of DNA. One of the advantages of the 
PEG method is that no expensive equipment such as a particle 
gun is required. (Figure 7) 
 
DEAE dextran mediated 
 
DEAE-dextran DNA transfection is ideal for transient 
transfections with promoter/reporter plasmids to analyse 
promoter and enhancer functions. It is suitable for overexpressing 
recombinant protein in transient transfections or generating stable 
cell lines using vectors designed to exist in the cell as episomes. 
(Figure 8) 
 
Limitations of direct DNA transfer 
 
The major disadvantage of direct gene transfer is high gene 
transfer rearrangement. This results in higher transgene copy 
numbers and a high frequency of gene silencing. 
 
CRISPR 
 
The next step in genetic manipulation. CRISPR-Cas is a new 
technology of genetic engineering that allows the genetic material 
of viruses, bacteria, cells, plants, and animals to be altered in a 
relatively simple, accurate, and efficient way. A new CRISPR 
tool allows scientists to silence, or turn off, most genes in the 
human genome and then turn them back on again. Over the past 

decade, the CRISPR-Cas9 8 gene-editing system has 
revolutionised genetic engineering, allowing scientists to make 
targeted changes to organisms' DNA. CRISPR-Cas9 9 has been 
used in many monocot and dicot plant species to enhance yield, 
quality, and nutritional value and introduce or improve tolerance 
to biotic and abiotic stresses, among other applications.  
(Figure 9) 
 
Improved quality, safety & efficacy of food crops and medicinal 
plants. Improvement in the production of nutritionally efficient 
food would aid in improvised the health of the population. 
 
DISCUSSION 
 
With the invention of technology and some benefits of genetic 
engineering in agriculture has increased crop yields, reduced 
costs for food or drug production, reduced need for pesticides, 
enhanced nutrient composition and food quality, resistance to 
pests and disease, greater food security, and medical benefits to 
the world's growing population. Some GM crops were explicitly 
developed to benefit consumers. Plant scientists & researchers 
continue to develop GM crops that they hope will help 
consumers. 
 
CONCLUSION 
 
The subject of genetic engineering has revolutionised rural 
enterprises during the last few decades. This revolution has 
caused the improvement of pesticide-resistant crop species. The 
advent of scientific plant breeding accelerated the rhythm of 
varietal improvement. Molecular tools now permit monitoring the 
dynamics of genomic recombination, making possible a gene-by-
gene breeding approach. This would help meet the expectations 
for plant breeding to help meet the challenges related to the food 
supply and environmental sustainability.  
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