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Application of Biotechnology Methods in Plant Breeding and
Sustainable Agricultural Production

M. Valizadeh® and R. Heidari-Japelaghi?

Producing sufficient and healthy food has always been an important issue in every
country. Advances of biotechnology in the past and present centuries have enabled
agricultural researchers to produce environmentally friendly and high-yielding crops
and by understanding the beneficial products in different organisms and mastering how
gene and cell function in plants, they have provided the necessary tools to transfer
beneficial genes to these crops. As a result, an inevitable tool has emerged in plant
breeding to produce plants that are more tolerant to biotic and abiotic stresses with
higher yields. Currently, biotechnology has also been recognized as a useful technology
in minimizing the effect of chemical toxins in contaminating the environment and food.
Therefore, despite the important scientific and social challenges in all fields of
biotechnology, this review briefly discusses early biotechnology advances such as the
use of mutagenesis in plant breeding, which its application began in the first half of the
twentieth century, followed by a brief look at the application of genetic engineering
methods developed in the second half of the century and finally, newer molecular
methods such as CRISPR-Cas9 technology, which can be used to disrupt, correct, or
regulate gene expression in agricultural and horticultural cultivars. The advantages and
disadvantages of each of these methods are also discussed. The most important

advantages of application of mutagenesis in plant breeding, genetic engineering, and
CRISPR-Cas9 technology are increasing genetic diversity, inserting useful genes and
reducing the time to breed cultivars, and editing a genome at a low cost, respectively.
However, these methods also have limitations, which include the possibility of
genomic instability and time-consuming, the retention of bacterial selectable markers
and reporter genes and gene escape and the applicability of genome editing for somatic
cells, respectively.
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