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This book has been designed to cover the course of graduate and post-
graduate levels of various Indian agricultural ana general universities. It
also covers the syllabus of Agricultural Research Services Examination
and National Eligibility Test conducted by the Indian Council of
Agricultural Research, New Delhi. This book will be helpful to the
students (UG, PG & Ph.D.), Teachers, Scientists, Researchers those who
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are engaged in working in the field of Genetics & Plants Breeding, This
book will be also helpful for other competitive exams like Agricultural
Research Services (ARS) conducted by ASRB, New Delhi & Other Civil
Services exams & IBPS exams for Agriculture Officers. Especially this
book is designed to fulfill the course curriculum of B.Sc.(Horticulture),
I" semester students as per ICAR 6th Dean Committee Syllabus.
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Preface

The book Principles of Genetics and Cytogenetics is intended to serve
as a text book for under-graduate students studying in various state
agricultural universities (SAUs) and Central Agricultural Universities
(CAUs) of India. This book covers basic topics related to heredity and
genetics, cytogenetics and molecular genetics. The book is sub-divided
into twenty two chapters. History of genetics, basic concepts on pre-
Mendelian, Mendelian and post-Mendalian genetic analyses are unique
features of this book. Topics on gene action, cytoplasmic inheritance,
multiple factor hypothesis, linkage and crossing over and fine structure
of gene have been fully elaborated with illustrations and experiments.
This will let students grasp the concepts easily and rapidly. The chapters
on gene regulation, genetic material, translation and transcription,
chromosomal aberrations and mutations comprise fully updated
information as per syllabus prescribed for under-graduate students of
Indian Universities. At the end of each chapter questions are given for
doing exercise and practice by the students.

Authors hope and trust the book will serve the purpose of students,
teachers and researchers alike. We are highly grateful to all the colleagues
from ICAR institutes, SAUs and CAUs who have directly or indirectly
helped in the preparation of the manuscript.

Authors do not claim that the book is free from shortcomings and
mistakes. Authors welcome critical comments and suggestions from
students and readers to bring about further improvement in this book.

01 March, 2021 Authors
Kanpur
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Chapter 1

History, Nature and Scope of Genetics

The history of genetics started with the work of the Augustinian
friar Gregor Johann Mendel, who published his work on pea (Pisum
sativum L.) in 1866. His contributions are known as Mendelian
Inheritance. However, related works started centuries before, and
continued thereafter to discover the physical basis of Mendel’s work.

The year 1900 marked the “re-discovery of Mendel’s work” by
Hugo de Vries (Netherlands), Carl Correns (Germany) and Erich von
Tschermak (Austria). By the year 1915, the application of basic
principles of Mendelian genetics started in a wide variety of organisms,
the most notable being the fruit fly (Drosophila melanogaster L.). Led
by Thomas Hunt Morgan and his fellow “drosophilists”, geneticists
developed the Mendelian model, which was widely accepted by the
year 1925. Parallel to these works, mathematicians developed the
statistical framework of population genetics, bringing genetic
explanations to the study of evolution.

With the basic patterns and physical basis of genetic inheritance
established, many biologists turned towards investigating the
biochemical nature of the gene. In the 1940s, experiments revealed
that DNA is the genetic material, and a gene is a short segment of
DNA. This was followed by a landmark discovery, the double helical
structure of DNA in 1953. In continuation, semi-conservative mode of
replication was also deciphered both in pro- and eukaryotes.

In the following years, chemists developed techniques for
sequencing both nucleic acids and proteins, while others worked out
the relationship between the two forms of biological molecules: the
genetic code. The regulation of gene expression became a central issue
in the 1960s; by 1970s gene expression and manipulation through
genetic engineering could got established. In the last decade of the
20th century, many biologists focused on projects related to sequencing
of entire genomes.




