1' frontiers
in Genetics

REVIEW
published: 22 June 2021
doi: 10.3389/fgene.2021.675686

OPEN ACCESS

Edited by:

Fatemeh Maghuly,

University of Natural Resources
and Life Sciences, Vienna, Austria

Reviewed by:

Sravankumar Thula,

Central European Institute

of Technology (CEITEC), Czechia

Vijee Mohan,

University of North Texas,

United States

Cécile Raynaud,

UMR 9213 Institut des Sciences des
Plantes de Paris Saclay (IPS2), France

*Correspondence:

Aamir Raina
aamir854@gmail.com

Rais A. Ganai
rais.ganai@islamicuniversity.edu.in

Specialty section:

This article was submitted to
Systems Biology Archive,

a section of the journal
Frontiers in Genetics

Received: 03 March 2021
Accepted: 04 May 2021
Published: 22 June 2021

Citation:

Raina A, Sahu PK, Laskar RA,
Rajora N, Sao R, Khan S and
Ganai RA (2021) Mechanisms

of Genome Maintenance in Plants:
Playing It Safe With Breaks

and Bumps.

Front. Genet. 12:675686.

doi: 10.3389/fgene.2021.675686

Check for
updates

Mechanisms of Genome
Maintenance in Plants: Playing It
Safe With Breaks and Bumps

Aamir Raina’?*, Parmeshwar K. Sahu?, Rafiul Amin Laskar*, Nitika Rajora®, Richa Sao?,
Samiullah Khan' and Rais A. Ganai®*

" Mutation Breeding Laboratory, Department of Botany, Aligarh Muslim University, Aligarh, India, ? Botany Section, Women'’s
College, Aligarh Muslim University, Aligarh, India, ° Department of Genetics and Plant Breeding, Indira Gandhi Agriculture
University, Raipur, Indlia, * Department of Botany, Bahona College, Jorhat, India, ° National Agri-Food Biotechnology Institute,
Mohali, India, ¢ Watson-Crick Centre for Molecular Medicine, Islamic University of Science and Technology, Awantipora, India

Maintenance of genomic integrity is critical for the perpetuation of all forms of life
including humans. Living organisms are constantly exposed to stress from internal
metabolic processes and external environmental sources causing damage to the DNA,
thereby promoting genomic instability. To counter the deleterious effects of genomic
instability, organisms have evolved general and specific DNA damage repair (DDR)
pathways that act either independently or mutually to repair the DNA damage. The
mechanisms by which various DNA repair pathways are activated have been fairly
investigated in model organisms including bacteria, fungi, and mammals; however,
very little is known regarding how plants sense and repair DNA damage. Plants being
sessile are innately exposed to a wide range of DNA-damaging agents both from biotic
and abiotic sources such as ultraviolet rays or metabolic by-products. To escape their
harmful effects, plants also harbor highly conserved DDR pathways that share several
components with the DDR machinery of other organisms. Maintenance of genomic
integrity is key for plant survival due to lack of reserve germline as the derivation of the
new plant occurs from the meristem. Untowardly, the accumulation of mutations in the
meristem will result in a wide range of genetic abnormalities in new plants affecting plant
growth development and crop vyield. In this review, we will discuss various DNA repair
pathways in plants and describe how the deficiency of each repair pathway affects plant
growth and development.
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INTRODUCTION

DNA replication is a fundamental process required for all organisms to divide and grow. It
encompasses the precise duplication of DNA into two identical copies for the preservation of
genetic information (Burgers and Kunkel, 2017). DNA is constantly subjected to numerous
diverse kinds of insults that alter its sequence and its chemical nature, affecting the conservation
of this information (Carusillo and Mussolino, 2020). The primary source of this alteration is
the occasional incorporation of errors during the duplication of DNA by enzymes called DNA
polymerases (Ganai and Johansson, 2016). These sporadically incorporated incorrect nucleotides
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