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Abstract

Agriculture has supported human life through civilizations despite several biotic (pests, pathogens) and abiotic (drought, cold) stresses posing a challenge to meet the

ever-increasing global food demand. Understanding the laws of genetics led to conventional plant breeding in the early 20" century giving rise to improved plant

§ | varieties. In the past 50 years, the understanding of cellular and molecular mechanisms in plants led to novel innovations in biotechnology for introducing desired

# | genes/traits through plant genetic engineering. Commercial development of genetically modified crops such as tomatoes, corn and soybeans led to 185.1 million

¥ hectors of global land use in 2016 thereby, accelerating the process of conventional breeding to sustain the nutritional need of humans. Most recently, targeted genome

editing technologies such as Zinc Finger Nucleases (ZFNs), Transcriptor Activator-Like Effector Nucleases (TALENs), and Clustered Regularly Interspaced Short Palindromic

| Repeats (CRISPR) systems have emerged as powerful tools for crop improvement. For example, genome editing with CRISPR is proving to be an efficient, simple process

| that involves low cost, can target multiple genes and that could be applicable to most plants. CRISPR is currently being used to engineer plant metabolic pathways to

WA create resistance to viral, bacterial, or fungal pathogens, or abiotic stresses such as drought and cold in preparation for the global nutritional and food security. These

A 84 novel genome editing technologies are poised to meet the UN sustainable development goals such as zero world hunger and good human health and well-being. In

0 .‘f{,i; addition, these technologies could be more efficient in developing transgenic crops and speed up the mandatory regulatory approvals and risk assessments conducted
[kl by the US Departments of Agriculture (USDA), Food and Drug Administration (FDA) and Environmental Protection Agency (EPA).
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(Figure 2): There were many important discoveries in science that led to the development of genome editing

Zinc-Finger Nucleases (ZFN) A. Zinc-Finger Nuclease (ZFN) technologies which eventually led to the advancement and commercialization of transgenic crops
ZFNs were developed in 1985. ZFNs are (Figure 3).
composed of a zinc-finger based DNA (F“@ Advancement of Transgenic Crops:

* Allowed for efficient manipulation of crop genome leading to the advancement of transgenic
domain of the Fokl restriction enzyme. crops by having the ability to introduce gene modifications, such as insertions, deletions,
Each zinc-finger domain binds to a substitutions, in specific locations of the chromosomes

nucleotide  triplet allowing  target b 2l 2 2 2, CFOR * Led to crop improvement by introducing agronomic traits or improving the functionality of
sequences to range from 6 to 18 bp. VTNV RN already existing ones including fungal blast resistant rice and development of aromatic rice
Transcription  Activator-Like  Effector * Lower cost for farmers while increasing crop yield

Nucleases (TALEN) * Reduced negative environmental impacts like greenhouse gas emissions

TALENs were developed in 2011. TALENs Commercialization of Transgenic Crops:

are composed of transcriptional activator- * Has allowed for the regulatory process to speed up making it easier for transgenic crops to be
like effector (TALE) repeats and the Fokl commercialized

recognition domain and the DNA-cleavage

B. Transcription Activator-Like Effector Nuclease (TALEN)
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restriction enzyme. Each TALE repeat EO@  USDA has judged that crops produced by technologies such as CRISPR are not considered GMOs
targets a single nucleotide which allows for C. Clustered Regularly Interspaced Short Palindromic Repeats e Often treated in the same manner as those developed through conventional breeding methods
a more flexible target design and increases (CRISPR)/Cas9 System Cas9 which lowers development and approval costs

* Positive impacts, like higher yield in less time and inputs, have motivated farmers to cultivate
such crops for commercialization
* Boosts individual income and the agricultural sector for better economy
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CRISPR was developed in 2012 after L / _ _ i ' -

TALENs. They are composed of CRISPR in 7 Transgenic crops have existed long before genome editing technologies, but genome editing
association with a single-guide RNA and a o technologies have allowed transgenic crops to flourish and commercialize in ways that it could not
DNA endonuclease called Cas9 forming the Figure 2. Structure and Functionality of the Three Main Genome in the past. Currently, one can see that genome editing technologies have changed the agricultural
CRISPR/Cas9 system. This system is simple, -iting Technologies in Agriculture. A.) Zinc Finger Nucleases landscape and led to the rise of transgenic crops both of which would aid in meeting global needs

’ (ZFN) B.) Transcription Activator-Like Effector Nucleases (TALEN) like creatine food and nutritional securit
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