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ABSTRACT-The study of genes, genetic diversity, and heredity specifically in plants is known as plant 

genetics. Although it frequently connects with many other life sciences and is closely related to the study of 

information systems, it is generally thought of as a branch of biology and botany. Because many common crops 

have undergone genetic modification to increase yields, provide resistance to pests and diseases, provide 

resistance to herbicides, or improve nutritional value, the study of plant genetics has important economic 

repercussions. The earliest evidence of plant domestication, which has been dated to 11,000 years ago, may 

have been present in the ancestors of wheat. It is quite likely that farmers had a fundamental understanding of 

heredity and inheritance—the pillars of genetics—by 5,000 years ago, even though selection may have begun by 

accident. This selection gradually led to the development of novel crop species and varieties, which laid the 

groundwork for the modern crops that we farm, consume, and research. Consequently, we are thoroughly 

investigating both methods for genetically modifying plants and crops in this study. 
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I. INTRODUCTION- 
Plant genetics is the scientific study of genes, genetic variation, and heredity specifically in plants. It is 

typically regarded as a subfield of biology and botany, despite the fact that it commonly interacts with many 

other life sciences and is intimately tied to the study of information systems. While there are numerous 

similarities between plant and animal genetics, there are also some notable distinctions. 

Genetics was discovered in the late 19th century by Augustinian priest and scientist Gregor Mendel. 

Mendel studied the "trait inheritance" patterns, or how traits are passed down from parents to offspring. He 

observed that discrete "units of inheritance" are used to pass on characteristics in many organisms, most notably 

pea plants. This expression, which is still in use today, provides a nebulous definition of the term "gene." 

Modern plant genetics still has a strong base in Mendel's work with plants. Plants inherit their properties through 

DNA, much like every other known organism. Animal genetics generally emphasises parentage and lineage, but 

plant genetics can occasionally be difficult because plants can, unlike the majority of animals, be self-fertile. 

Many plants have unique genetic characteristics that enable speciation, such as being well adapted to 

polyploidy. Plants are special because they can synthesise energy-dense carbohydrates through photosynthesis, 

which is performed with the help of chloroplasts. Chloroplasts have their own DNA, just as the visually 

identical mitochondria. As a result, chloroplasts provide a greater genetic diversity, an extra gene pool, and a 

degree of genetic complexity not found in animals. 

 

II. HISTORY- 
Gregor Johann Mendel, also known as the "father of genetics," established the discipline of plant 

genetics. On July 20, 1822, a physicist and Augustinian priest was born in Austria-Hungary. When he worked at 

the Abbey of St. Thomas in Bruno, the pea plant was his favoured organism to study inheritance and traits. 

Mendel's studies focused on the height, bloom colour, and seed makeup of pea plants, among other phenotypic 

traits. Mendel proved that these traits are passed down in accordance with two distinct laws, which were 

eventually named after him. His seminal work on genetics, Experiments on Plant Hybrids, was first published in 

1866 but mostly went unnoticed until 1900, when renowned botanists in the UK, such Sir Gavin de Beer, 

realised its importance and reissued an English translation. Death struck Mendel in 1884. The significance of 

Mendel's contributions was not recognised until the turn of the 20th century. Modern genetics was created as a 

result of its rediscovery. His discoveries, derivation of segregation ratios, and subsequent laws have had a 

substantial impact on plant breeding in addition to being widely used in research to enhance our understanding 

of plant genetics. Mendel's research helped pave the way for most of the area of genetics, along with that of 

Charles Darwin and Alfred Wallace. 

In the early 1900s, statisticians and botanists began looking at Mendel's suggested segregation ratios. 

W.E. Castle established the foundation for population genetics by demonstrating that when selection is stopped 

and environmental factors are taken into account, while specific features may segregate and change over time 
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with selection, the genetic ratio eventually stops evolving and reaches a state of stasis. This was separately 

noticed by G. H. Hardy and W. Weinberg, and as a result, the concept of Hardy-Weinberg equilibrium was 

created and initially presented in 1908. 

Studies on maize genetics and plant breeding began about the same time. Self-pollinated maize is 

susceptible to an illness known as inbreeding depression. Researchers discovered that they could combine the 

traits of two preferred parents while also giving the crop heterosis, or hybrid vigour, by breeding plants to make 

hybrids. Researchers like Nils Heribert-Nilsson made this finding. The investigation into gene interactions and 

epistasis began after this. The first hybrid maize seeds to be marketed in stores were created by Donald Forsha 

Jones in the early 1920s. The need for hybrid seed in the American Corn Belt by the middle of the 1930s led to a 

rapid expansion of the seed production industry and, ultimately, seed research. Careful population and inbred 

line management was established as a result of the strict requirements for producing hybrid seed. This method 

produced plants that made it simpler for scientists to understand diverse genetic ideas by keeping plants isolated 

and eliminating out-crossing. Because of the structure of these populations, researchers like T. Dobzhansky, S. 

Wright, and R.A. Fisher were able to study speciation over time and the statistics underpinning plant genetics. 

They paved the way for further genetic discoveries, such as linkage disequilibrium in 1960. 

PLANT SPECIFIC GENETICS 

Plants inherit their traits through DNA, just like all other known living things do. Plants, however, are 

unique among living things because they possess chloroplasts. Like mitochondria, chloroplasts have unique 

DNA. Plants routinely have somatic mutations, much like animals do, but because flowers develop at the tips of 

somatic cell-based branches, these alterations are more likely to penetrate the germ line. Since ancient times, 

people have been aware of this, and the mutated branches are referred to as "sports." If the plant's fruit has a 

high commercial value, a new cultivar might be purchased. 

While some plant species can self-fertilize, others do so nearly exclusively. This suggests that, in 

contrast to mammals, plants are capable of being both the mother and the father to their offspring. When 

researchers and gardeners seek to cross distinct species, further precautions must be taken to prevent the plants 

from self-fertilizing. Plants are bred to create hybrids between various species for both utilitarian and 

aesthetically pleasant reasons. For instance, the development and dissemination of hybrid corn varieties have 

helped to explain the roughly five-fold increase in corn yield during the past century. Numerous advancements 

in plant genetics have been made as a result of research into the effects of hybridization, and these 

advancements can be utilised to predict which plant pairings will produce a plant with hybrid vigour. 

Plants that are polyploid often have a higher likelihood of surviving and even flourishing. Polyploid 

creatures have more than two pairs of homologous chromosomes. A typical human will have 46 chromosomes 

in total, or two copies of each of the 23 different chromosomes, because humans have two sets of homologous 

chromosomes. Contrarily, wheat is thought to be a hexaploid and possesses six copies of each chromosome, for 

a total of 42. There are just 7 distinct chromosomes in wheat.  The likelihood of inheritable germline polyploidy 

in animals is lower than in humans, and spontaneous chromosomal expansions may not even persist after 

fertilisation. In plants, though, this is less of a problem. Polyploid individuals are regularly created by a variety 

of processes, but once they are, they typically are unable to cross back to their parental type. Polyploid 

individuals that are self-fertile have the capacity to establish new genetic lineages that may ultimately result in 

the formation of new species. "Instant speciation" is a common term used to describe this. Numerous crops used 

for human consumption, such as wheat, maize, potatoes, peanuts, strawberries, and tobacco, are created 

polyploids either accidentally or on design. Larger fruit are frequently found in polyploids, which is a beneficial 

trait from an economic standpoint. 

 

CROPS WITH GENETIC MODIFICATIONS 

Foods with the genetic modification (GM) designation are created from organisms whose DNA has 

been transformed via the application of genetic engineering methods. Genetic engineering approaches allow for 

the introduction of novel traits as well as more control over traits than older techniques like selective breeding 

and mutant breeding. 

A substantial economic endeavour, plant genetic engineering produced 89% of the corn, 94% of the 

soybeans, and 91% of the cotton in the world in 2017. Yields have increased by 22% since the introduction of 

GM crops, while profits for farmers—particularly those in developing nations—have increased by 68%. When 

Calgene introduced their unprofitable FlavrSavr delayed-ripening tomato in 1994, which has been a notable side 

effect of GM crops, the commercial sale of genetically modified foods officially began. The majority of food 

modifications have mostly focused on cash crops, such as cotton, soybean, corn, and other in-demand by 

farmers cash crops. Genetically modified crops have higher nutritional profiles and disease and herbicide 

tolerance. Other such crops include GM papaya that is economically relevant and golden rice with better 

nutrition that is immune to the devastating Papaya ringspot virus (it is however still in development). 
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There is consensus among scientists that conventional foods made from non-GM crops do not pose a greater 

danger to human health than currently available foods made from GM crops, but that each GM product needs to 

be carefully reviewed before it is made available. The general public, however, is much less likely than 

scientists to think that GM foods are safe. The position of genetically modified foods in terms of law and 

regulation differs from country to country, with some banning or restricting them while others allowing them 

with varied degrees of regulation. There are still concerns among the public over issues including food safety, 

laws, labelling, the effects of GM foods on the environment, research methodology, and the fact that some GM 

seeds are covered by corporate-owned intellectual property rights. 

 

Some contemporary strategies for plant g.m. 

Modern plant genetics research and the sequencing of many plant genomes have both been sparked by genetic 

manipulation. The "Gene gun" method and the Agrobacterium method are currently the two most common 

techniques for changing genes in organisms. 

 

1 "Gene gun" technique 

The gene gun technique is also referred to as "biolistics" (ballistics using biological components). This 

technique has been particularly useful for in vivo (within a living organism) transformation in monocot species 

like corn and rice. Genes are physically injected into chloroplasts and plant cells using this technique. Tiny gold 

or tungsten particles are coated with a DNA coating that is two micrometres thick. Under the vacuum container 

housing the particles is the transformed plant tissue. The particles are propelled rapidly by a brief burst of high-

pressure helium gas, and as the DNA coating enters any target cell or tissue, they hit a fine mesh baffle above 

the tissue. 

 

2. Using agrobacterium 

For many years, transformation via Agrobacterium has been utilised successfully in dicots, or broadleaf 

plants, such as soybeans and tomatoes. It has lately been altered so that monocots, such as grasses, corn, and 

rice, can now grow it well. The Agrobacterium methodology is usually viewed as being superior to the gene gun 

method because it is easier to monitor and results in a higher frequency of single-site insertions of the foreign 

DNA. The T-DNA (transfer DNA) must first have the tumor-inducing (Ti) section removed before being 

replaced with the appropriate gene plus a marker and injected into the organism. In order to accomplish this, the 

tissue may either be directly injected with a culture of altered Agrobacterium or injected after being damaged by 

micro-projectile bombardment. As a result of the plant's release of phenolic compounds in response to the 

wounding, Agrobacterium invades the damaged tissue. Micro projectile bombardment thus regularly increases 

the potency of Agrobacterium infection. The organism that has successfully absorbed the required gene can be 

determined using the marker. The tissues of the organism are then placed into a medium containing either an 

antibiotic or a herbicide, depending on the type of marker that was utilised. The current Agrobacterium is 

likewise destroyed by the antibiotic. The target gene will only be present and live in tissues that display the 

marker. Therefore, only the living plants will be employed in the remaining stages of the procedure. To create 

complete plants, these tissues are grown in tissue culture under well watched environmental conditions. There 

are nutrients and hormones in each of the media used in this process. Starting after the plants have matured and 

produced seed, the offspring are evaluated. This stage entails choosing the seeds with the right characteristics, 

retesting them, and growing them to ensure that the entire process has been effective and the desired results have 

been reached. 

 

III. CONCLUSIONS AND REMARKS- 
The new genetic technologies will undoubtedly have a huge impact on agriculture. For instance, cell 

culture techniques are producing huge amounts of genetic variation, which was utterly unforeseen when work 

initially began a few years ago. But it's feasible that these new technological advancements will have the 

greatest impact on elucidating the basic biology of plants. Gene-transfer techniques have already shown to be a 

highly helpful tool for investigating the structure, functionality, and control of genes, even if this research is just 

getting started. Thanks to Mendelian genetics, plant breeders may now cross species with higher precision, 

accurately altering the plant DNA to produce new, superior varieties. These breeding techniques have produced 

cultivars that produce more fruit, including plants that are resistant to disease and pests. 

 

REFERENCES 
[1]. Indian Institute of Pulse Research 25 Years of Pulses Research at IIPR, India; 2009. 

[2]. Indian Council of Agricultural Research. Research Achievements of AICRPs on Crop Science. India: ICAR; 2007. 

[3]. Aremu CO. Genetic Diversity:A review for need and measurements for intraspecie crop improvement. J Microbiol Biotech Res. 
2011;1(2):80–85. 

[4]. Balzarini M, Teich I, Bruno C, et al. Making genetic biodiversity measurable:A review of statistical multivariate methods to study 

variability at gene level. Revista de la Facultad de CienciasAgrarias. 2011;43(1):261–275. 

http://www.icar.org.in/en/crop-science.htm
https://www.jmbronline.com/index.php/JMBR/article/view/20/20
https://www.jmbronline.com/index.php/JMBR/article/view/20/20
http://www.scielo.org.ar/pdf/refca/v43n1/v43n1a20.pdf
http://www.scielo.org.ar/pdf/refca/v43n1/v43n1a20.pdf


Study Of Plant Genetics System & Some Ways For Genetically Modification Of Plants 

                                www.ijesi.org                                                                  74 | Page 

[5]. Mohammadi SA, Prasanna BM. Analysis of genetic diversity in crop plants–salient statistical tools and considerations. Crop 
Science. 2003;43(4):1235–1248. 

[6]. Rao VR, Hodgkin T. Genetic diversity and conservation and utilization of plant genetic resources. Plant Cell Tissue and Organ 

Cult. 2002;68(1):1–19. 
[7]. Mondini L, Noorani A, Pagnotta MA. Assessing plant genetic diversity by molecular tools. Diversity. 2009;1(1):19–35. 

[8]. Swingland IR. Biodiversity. Definition of Encyclopedia of Biodiversity. 2001;1:377–390. 

[9]. Michael TP, Jackson S (2013) The first 50 plant genome. Plant Genome 6(2). https://doi.org/10.3835/plantgenome2013.03.0001in 
[10]. Varshney RK, Nayak SN, Jackson S, May G (2009) Next-generation sequencing technologies and their implications for crop 

genetics and breeding. Trends Biotechnol 27(9):522–530 

[11]. Henikoff S, Till BJ, Comai L (2004) TILLING: traditional mutagenesis meets functional genomics. Plant Physiol 135(2):630–636 
 

 

 

https://www.researchgate.net/publication/240787100_Analysis_of_Genetic_Diversity_in_Crop_Plants-Salient_Statistical_Tools_and_Considerations
https://www.researchgate.net/publication/240787100_Analysis_of_Genetic_Diversity_in_Crop_Plants-Salient_Statistical_Tools_and_Considerations
https://link.springer.com/article/10.1023/A:1013359015812/
https://link.springer.com/article/10.1023/A:1013359015812/
http://www.mdpi.com/1424-2818/1/1/19
http://academic.uprm.edu/~jchinea/cursos/ecolplt/swingland2001.pdf

