|

\

R, A AT

AR
' PLANT BREEDING
"S\N\E ‘ )

< ) 4 i ;
kIR & Jasen Bernier \&-




Molecular Plant Breeding

Jasen Bernier

Ws Academic

Minds, Motivated!



W

Minds, Motivated!

White Press Academic

600 S Maestri Pl., #30460 "
New Orleans, LA, US, 70130

Molecular Plant Breeding
Jasen Bernier

ISBN : 978-1-79960-025-1

© White Press Academic, 2020

This work is subject to copyright. All rights are reserved by the publisher. No part of
this publication may be reproduced or transmitted in any form or by any means,
electronic or mechanical, including photocopying, recording, or any information
storage and retrieval system, without prior permission in writing from the publisher.

Notice

The author and the publisher of this work have made every effort to use sources
believed to be reliable to provide information that is accurate and compatible with
the standards generally accepted at the time of publication.

Neither the authors nor the editors nor the publisher can accept any legal responsibility
for any errors or omissions that may be made.

The publisher makes no warranty, express or implied, with respect to the material
contained herein.

Library of Congress Cataloging-in-Publication Data

A catalog record for this book is available from the Library of Congress

For more information visit our website: www.whitepressacademics.com




Table of Contents

Chapter 1

Chapter 2

Preface vii
Introduction.........ccccceeevevecennnen. 2 fnedasiassissss anntoatiasntat oo 1
Plant Breeding: Tools for Crop SUcCes S e s s e oy -
Historical Development of Molecular Plant Breeding .........c.ccocoeeeeaee. 6
Molecular MAarker........ccssism ittt o et e s 15
Molecular Breeding and Marker-assisted Selection ............cccccoceeiniinnee 18
Advantages of Using Markers in Breeding .........ccocccoceeeiiciininniinncnee. 21
Molecular Markersiin Plant Breedin g s e e e e e 22
Constraints of Molecular Markers in Plant Breeding ..........ccccccocoieeeinen. 25
Marker Assisted Plant Breeding.........ccccoceeeiiincccncnnnnene. 28
Advantages of Marker-assisted Selection..........ccecuerieereriseeruesaneeaeasnananes 28

Marker-assisted Plant Breeding: Agricultural Genetics without GMOs . 35
Marker-assisted Selection for Plant Breeding and Livestock

IIMPIOVEMENL ....c..uiiamiiasins sicssmnaancssontotemesnsae et e E RS 38
Importance of Genetic Diversity in AGriculture ........ccooieeieeieeiessessineanns 4
Marker Assisted Selection (MAS): Meaning, Steps and Application ..... 49
Marker-assisted Selection i o s uninniniainnmsater e e 57
Genome-Wide SeleCtiOn s iuyiiissriitissiais st sss it saatassasnss st et 64

LANKAZE IDLAE vveeseserrarars sisrsasesisisssssssnsnmssamamsat e e R S 66



Chapter 3

Chapter 4

Chapter 5

Chapter 6

Vi

The Replication of DNA and DNA Synthesis ..., 68
DNA Replication Steps and I’r()c%'ss ........................................................ 70
chlicmion of DNA and its REPAIT c.oorureisnsssssmssssssss st s, 79
DNA chlic;ui(m-muchincry and ENZYMES ...cereaenencucacsccntocisescssnnmusanes ZES;
A SYNLHESIS .oousresessorsprsstommssnsenisasissdeiicedi i, e
I(?:)fl\-di;mion of Leading and Lagging Strand SynthessS s 103
The Mechanism of DNA REPHCALION woovvviiicisressemnsessssisniiii e, 105

Homologous Recombination at the Molecular Level in Plant

BIEEdiDE ouuvenseesessesssssusssmssssassaassonssmasesstaasaassiaesasssssesmticeattete it it 115
Homologous Recombination ....ccccceeeeeessscnnnannes e s 115
Homologous Genetic Recombination has Multiple Functions.............. 119
Mating Type Switching in Budding Yeast .......cocoouerueeicuscisnnennsisisnncennnn. 124
Mating Types in BasidiomyCota ......ccvueusmueuscuemsssmsmsesssssieessessnns 129
Site-Specific Recombination and Transposition of RNA ............ 141
SSR: Site-Specific RecomMbINAtION ....cvievieiuiiiinicic 141
Homologous Recombination vs. Site-Specific Recombination ........... 143
TrANSPOSILION ..ovvveirriucaiunseietsnessssnesssesesasest et sttt s s et et 147
Site-Specific Recombination .............c. s 148
Transposition o DN A e RS 153
Mechanism of Transcription............. 5 174
mRNA Transcription Involves Conserved Mechanisms, and is

Regulated at Many LEevels ........ccocviiiiiiiiiiiseeesneentee SR 174
DNA Transcription: Process and Mechanism of DNA Transcription ... 1838
Transcription, Translation and Replication ...........cccoocveeeeieeeeceseeseeneenes 192
Transcription: RNA Polymerases ........o e - 204
Eukaryotic RNA polymerases ........ ..o o 212
The General Transcription Factors and RNA Pol 11 Can be Assembled
Progressively into a Preinitiation Transcription Complex in Vitro ....... 217
RINA POIYMETASE .......cccinmiiiriniiinnesensiseionti e 221
Transcription in Prokaryotes ... e 226
Nuclear MRNA TranSPOIt ... ...xssesesssastierss 229
Involvement of NUCICOPOTINS ..uu.uusuusriestssesr s 250
EXpOrt Of RNA ..ot 255
Bibliography ... i 267
Index




T

B e s o

p it e e o o - oo o B

MOLEGULAR PLANT BREEDING

Molecular Plant Breeding (MPB) utilizes latest genetic technologies to develop better varieties of
crop plants. Two molecular technologies, viz. molecular marker technology and transformation
technology are used in molecular plant breeding. Molecular Plant Breeding attempts to present
the complete picture of plant breeding ranging from the classical to the molecular approaches
applied to crop improvement. The progress made in DNA marker technology has been
remarkable and exciting in recent years. DNA markers have proved valuable tools in various
analyses in plant breeding. Plant breeding describes methods for the creation, selection and
fixation of superior plant phenotypes in the development of improved cultivars suited to needs of
farmers and consumers. Primary goals of plant breeding with agricultural and horticultural crops
have typically aimed atimprovedyields, nutritional qualities, and other traits of commercial value.

Molecular breeding is an important branch of plant breeding which is gaining increasing

significance these days. Molecular breeding is of very recent origin. It developed In the 1980s with

the evolution of DNA marker technologies. Molecular breeding is defined as a branch of plant

breeding which utilizes molecular genetic tools and approaches for genetic improvement of crop

plants. In other words, genetic improvement of crop plants for various economic traits using

molecular markerand transformation technologies is referred to as molecular plant breeding. This

book is designed primarily for graduate students, viz., B.Sc. agriculture and B.Sc. science students

with botany as one of the subjects, who would get their first exposure to plant breeding. It would

also be useful for the post-graduate students, especially in botany, and to teachers of the subject.

The bookis written in simple and easy to understand language.

Contents: 1. Introduction, 2. Marker Assisted Plant Breeding, 3. The Replication of DNA and DNA
Synthesis, 4. Homologous Recombination at the Molecular Level in Plant Breeding, 5. Site-Specific
Recombination and Transposition of RNA, 6. Mechanism of Transcription.
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