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	GENETICS
	
	

	
	
	TRIMESTER-WISE  DISTRIBUTION  OF  COURSES
	
	

	
	
	I Trimester
	
	

	
	
	
	L
	P

	GEN
	100
	ELEMENTS  OF  GENETICS
	3
	2

	GEN
	110
	PRINCIPLES  OF  CYTOGENETICS
	3
	2

	GEN
	130
	INTRODUCTION  TO  BIOINFORMATICS
	3
	1

	GEN  201
	QUANTITATIVE  GENETICS
	4
	1

	GEN  210
	BREEDING  FIELD  CROPS-I
	2
	1

	GEN  241
	FUNDAMENTAL  CONCEPTS  OF  PLANT  BREEDING
	3
	2

	GEN  301
	DEVELOPMENTAL  GENETICS
	3
	0

	GEN  299
	SEMINAR
	1
	0

	
	
	II  Trimester
	
	

	A 10
	
	ELEMENTS  OF  GENETICS  AND  PLANT  BREEDING
	2
	1

	GEN  120
	ELEMENTS  OF  PLANT  BREEDING
	3
	2

	GEN  200
	DEVELOPMENT  OF  GENE  CONCEPT
	4
	0

	GEN  208
	GENETIC  CONTROL  OF  PLANT  REPRODUCTION
	2
	1

	GEN  211
	BREEDING  FIELD  CROPS-II
	2
	1

	GEN  212
	DIVERSITY  ANALYSIS
	2
	1

	GEN  220
	CROP  CYTOGENETICS
	2
	1

	GEN  243
	CONCEPTS  IN  HETEROSIS  BREEDING
	2
	1

	GEN  302
	MOLECULAR  CYTOGENETICS
	3
	0

	GEN  299
	SEMINAR
	1
	0

	
	
	III  Trimester
	
	

	GEN  140
	INTELLECTUAL  PROPERTY  RIGHTS
	2
	0

	GEN  204
	MUTAGENESIS
	3
	2

	GEN  206
	PLANT  GENE  EXPRESSION  AND  REGULATION
	3
	0


	GEN  207
	BREEDING  FOR  STRESS  RESISTANCE
	3
	0

	GEN  231
	BREEDING  FOR  CROP  QUALITY
	2
	2

	GEN  237
	APPLIED  CYTOGENETICS
	3
	1

	GEN  242
	ADVANCES  IN  PLANT  BREEDING
	3
	0

	GEN  303
	TOPICS  IN  POPULATION  GENETICS
	2
	1

	GEN  304
	INNOVATIVE  APPROACHES  IN  PLANT  BREEDING
	2
	0

	GEN  299
	SEMINAR
	1
	0


Core Courses :
For M.Sc. : Within the discipline: GEN 100, GEN 110 and GEN  120
Genetics
Major Fields :      Genetics
Plant Breeding
Minor Fields :     Ph.D. student shall take two minors (9 credits of course work
in each) from any of the other fields outside his/her own.
M.Sc. student shall take one minor (9 credits of course work)
from any of the other fields outside his/her own.
DESCRIPTION  OF  COURSES
	A  10:
	ELEMENTS  OF  GENETICS  AND

	PLANT  BREEDING
	(2L+1P)  II


History of Genetics and Plant Breeding. Cell  and  cell  division.  Mendelism.  Linkage  and  recombination. Polyploidy and mutation. Role of   genetics  in  crop  improvement.    Modes  of  reproduction. Breeding methods for self-pollinated,  cross-pollinated and asexually reproducing crops.  Male sterility and incompatibility. Heterosis and  hybrid development.  Breeding for biotic and abiotic  stresses.  Variety development and seed production.
GEN  100:      ELEMENTS  OF  GENETICS
(3L+2P)   I
Introduction: Scope of the course, History of  Genetics.  Model  genetic  organisms;  genome  constancy;  C-value  paradox.   Genetic  material:  composition, structure, biological significance and  replication.  Mendelian principles: segregation,  Mendel’s experiments.  Probability and statistical  testing, determination of family size in experiments;   Independent assortment.  Dominance relations and



multiple alleles.  Gene interaction.  Environmental  influence  on  gene  expression.    Sex  linkage,  chromosomal theory of inheritance. Linkage and   recombination; detection of linkage, linkage groups,  four strand crossing over.  Gene mapping; two point  and three point crosses, F2 data, tetrad analysis.  Recombination and mapping in bacteria, viruses and  humans; use of molecular markers. Concept of gene  and allele, genetic fine structure; mobile genetic  elements.  Function of genetic material: transcription  and translation. Gene regulation in prokaryotes; Gene  mutation;  induction,  detection,  mechanisms.  Chromosomal aberrations. Variations in chromosome  number.  Extra-nuclear inheritance. Quantitative  inheritance: multiple factors.  Population genetics:  gene frequency, Hardy-Weinberg equilibrium, changes  in  gene  frequencies.  Eukaryotes,  Transposable  elements & genome evolution.
GEN 110:   PRINCIPLES OF CYTOGENETICS
(3L+2P) I
History  of  Cytogenetics.  Chromosomes:
chromosomal basis of inheritance, prokaryotic and  eukaryotic  chromosomes,  mitotic  and  meiotic  chromosomes, karyotype analysis, chromosome  banding pattern and fine structure; Different forms  of chromosomes and their functional significance.  Lampbrush chromosomes, Polytene chromosomes,  B  chromosomes  and  sex-chromosomes.    Cell  division: mitotic cell cycle, chromosome cycle and  chromosome  movements;  behaviour  of  chromosomes during meiosis, sexual and asexual  reproduction,  consequences  and  significance,  mechanisms  and  theories  of  crossing  over,  cytological basis and role of synaptonemal complex.  Structural  variation  in  chromosomes:  nature,  cytogenetical  consequences  and  their  uses-  deficiencies,  duplications,  inversions  and  interchanges. Numerical, variation in chromosomes:  sources and consequences; euploidy and aneuploidy  and applied research.  Synthesis of natural and new  polyploids, haplontic-diplontic barriers and means  to overcome them.  Chromosomes and trends of   organic evolution.
	GEN   120:
	ELEMENTS
	OF   PLANT

	BREEDING
	
	(3L+2P)  II


Introduction to plant breeding, historical aspects  and genetic basis, Models of reproduction and  pollination  control-  Male  sterility  and  self-  incompatibility-methods of plant breeding in self-  pollinated   and   cross-pollinated   crops.  Hybridization: choice of parents, handling of hybrid  material, pedigree selection, bulk method, back cross  and  other  methods;  Synthetic  and  composite  populations,  Mutation  and  polyploidy,  Biotechnology in plant improvement.  Mechanism  of varietal release.  Seed production, certification  and maintenance. Plant Breeder’s rights, Germplasm  accessions-their  utility  in  initiating  breeding  programmes through examples in crops. Recurrent  Selection.
	GEN
	130:
	INTRODUCTION
	TO

	BIOINFORMATICS
	(3L+1P)  I


What is Bioinformatics and Agri-informatics?



History and development of concept; overview of  topics-protein and DNA sequences; sequences  databases , sequence retrieval, analysis programs,  methods of sequence comparisons; sequence  alignment, local alignment, multiple alignment,  evolutionary relationship study, database searches,  prediction of sequence of protein and its structure,  genome databases.  Introduction to BTIS, CGIAR,  GRIN, CYMMYT, IRRI, information systems and  their use in crop improvement. Collection and  storage  of  sequences  in  the  laboratory:  DNA  sequencing; genomic sequencing; cDNA libraries  and sequencing cDNA; processing and submission  of sequences; computer storage; sequence formats-  Gen Bank, EMBL, NCBI, Stanford University, etc.;  data storage, using ENTREZ.  Database searching  for  similar  sequences:  Introduction  –sequence  similarity  search;  DNA  vs.  protein  search;  significance; overview of methods; Perl and Bioperl.  Alignment of sequences: Pairwise and multiple  sequence alignment; Global and Local alignment;  significance; overview of methods- principles.
Phylogenetic  prediction:  Phylogeny  and  sequence variations; concept of evolutionary trees;  methods in phylogen-maximum parsimony,distance  methods, maximum likelihood, reliability of  prediction. Gene  prediction: Gene structure and  characteristics; ORF; methods for microbial and  Eukaryotic gene predictions, Internet resources.  Genome  analysis:  Genome  structure  and  organization-Prokaryotes and Eukaryotes; sequence  assembly  and  gene  identification;  methods-  comparative  genomics,  proteomics;  synteny,  functional genomics. Plant Germplasm/ Varietal  information Systems: Familiarization to various  international and national plant germplasm systems,  pedigree  information  systems  and  its  use  in  prediction of heterosis. Use of RDBMS for building  up database and retrieval system.
	GEN  140:
	INTELLECTUAL  PROPERTY

	RIGHTS
	(2L) III


Definitions , Protection of plant varieties and  farmers’ rights authority and registry. Registration  of plant varieties and essentially derived varieties.  Duration and effect of registration and benefit  sharing, Surrender and revocation of certificate and  rectification and correction of register,Farmers’  rights, Compulsory license, Plant varieties protection  appellate tribunal, Finance, accounts and audit,  Infringement, offences, penalties and procedure.
	GEN  200:
	DEVELOPMENT  OF  GENE

	CONCEPT
	(4L) II


Pre-Mendelian concepts of physical basis of  heredity.  Gene  concept  in  classical  genetics.  Intragenic complementation and recombination in  lower and higher organisms.  Fine structure of gene.  Complex loci, split genes, mobile genetic elements,  assembled genes, overlapping genes, nested genes,  genes within genes.  Genetic control of metabolism,  gene protein relationship. Nature of genetic material  and its replication.  Transfer of genetic information:   transcription and translation.  General and specific  nature  of  the  genetic  code,  analysis  of  code  dictionary, mutation suppression.  Gene expression  and regulation.  Synthesis of gene. Implications of  gene manipulation.
GEN  201:      QUANTITATIVE  GENETICS
(4L+1P)  I
Early thoughts on quantitative inheritance.  Mendelian principles-gene, genotypic frequencies:  Probability laws-expectations-fixed and random   effects models; Genetics distributions.  Partitioning   of main effects and variances-general concepts of  gene action-single gene and multigene models-  genetical  parameters  and  their  estimation.  Heritability  and  components  of  gene  action.  Inbreeding  and  covariance  between  relatives.  Linkage-epistasis-components of epistasis, their  estimation; Mating systems-diallel, north Carolina  and  line  X  tester  designs.   Combining  ability-  variances of gca and sca in mating systems.  Various



measures of genetic divergence.  Heterosis-complex  mating system, gene action, maintenance and utility  of genetic variation variation in relation to some  crops-self,  cross  and  often  cross  pollinated.  Concepts of population and their improvement,  multilines and varietal blends.  Recent advances in  quantitative genetics and basis of breeding for  productivity, illustrated through examples from  crops.
GEN 204:    MUTAGENESIS
(3L+2P)  III
History of experimental mutagenesis. Nature of  mutations.  Spontaneous  mutations:  mode  of  induction. Physical mutagens: properties and effect  of ionizing radiations, RBE and LET, direct and  indirect effects.   Chemical mutagens; nature of  chemical reactions, mode of action and classification  of  various  chemical  groups;  transposons  as  mutagens.  Repair of mutagenic damage.  Genetic  sieves in mutation induction. Screening techniques  and selection procedures of induced mutations; test  systems. Biological and environmental parameters   influencing  mutagenic  efficiency.   Application  methodology of mutagens and modification of their  action.   Specificity  of  mutation  induction  and  directed mutagenesis; targeted gene replacement;  gene silencing. Somaclonal variation. Mutation  breeding in plants, animals and micro organisms-  scope and achievements.  Use of mutagens as  carcinostatic agents.  Environmental mutagenesis-  bacteria, mammalian cell cultures, Drosophila;  transgenics as environmental mutagen monitors.
Comparative  assessment  of  various  types  of  mutations.
GEN  206:   PLANT  GENE  EXPRESSION  AND  REGULATION                                    (3L)   III
Gene  regulation-introduction;  purposes;  strategies in prokaryotes and eukaryotes; Levels of  gene control; Coordinate genetic regulation (case  studies-anthocyanin  and  zein  gene  families  in  maize);  Tissue  specificity-genetic  and  molecular  basis; Influence of transposons on plant  gene expression; Light regulated gene expression
(Arabidopsis and maize as model systems); Imprinting  of genes and genomes and paramutation; Transgene  expression  and  gene  silencing  mechanism;  Regulatory genes-horizontal and vertical homology;  cloning-transposon tagging; Regulatory genes as  visible  markers for transformation; reporter systems  to study gene expression,Combinatorial gene control.  Eukaryotic transcriptional control; Translational and  post-translational  regulation;  RNA;  Signal  transduction; Stress-induced gene expression; Gene  Haps and Enhancer Haps.
	GEN   207:
	BREEDING   FOR   STRESS

	RESISTANCE
	(3L) III


Nomenclature and classification of stresses.  Nature and importance of viral, bacterial, fungal and  other diseases, insect pests.  Genetic, physiological  and molecular mechanisms of disease and insect pest  resistance.  Host-parasite interaction-variation in  pathogen and host, factors affecting host reactions,  gene-for-gene concept, implications and significance  in  plant  breeding.   Identification  of  pathogen  variation, multipathotype testing, gene postulation  using infection type data.
Creation of artificial epiphytotics, screening  techniques  for  breeding  materials,  sources  of  resistance, shuttle breeding, stability of resistance,  gene deployment over time  and space-resistance.  Concepts of varietal blends, mixtures and multilines  for disease resistance.   Marker aided selection.  Introgression of genes from the wild relatives of crop  plants, pyramiding of resistance genes, elimination  of linkage drag.  Transgenics in the management of  biotic stresses.  Use of Bt toxins, protease inhibitors,  electins, chitinases and glucanases for insect pest  management, Importance  and crop specificity of  stresses  due  to  temperature,  drought,  salinity,  alkalinity,  Aluminium toxicity, water logging and  excessive  rains.    Genetic  and  physiological  mechanisms governing abiotic stress resistance.  Breeding procedures for abiotic stress resistance in  selected and important crop plants.  Achievements   in breeding crop plants for abiotic stress resistance.



	GEN   208:
	GENETIC CONTROL OF PLANT

	REPRODUCTION
	(2L+1P)  II


Fertilization process and its analysis.  Genetics  and molecular biology of male and female gametes;  in  vivo  and  in  vitro  fertilization  mechanism-   applications for crop improvement; Anther and  ovule development.   Pre- and post fertilization  barriers in wide crosses- Principles and techniques  to overcome sterility barriers; Male sterility-types  and mechanisms, methods of generating male  sterility in crop plants.  Anther specific genes and  their utility in developing male sterility; Pollination  mechanisms   and   their   evolution;   self  incompatibility-cellular, genetic and molecular basis;  S gene-structure and function (case studies; Tomato,  Brassica,  Tobacco);  applications;  Haploid  parthenogenesis-induction and uses; Overview and  future prospects.
GEN  210:    BREEDING  FIELD  CROPS-I  (2L+1P) I
History, description, classification and origin.  Cytology.  Floral biology and crossing techniques.  Genetics of  quantitative  and  qualitative  traits.  Germplasm  resources.  Breeding  approaches.  Breeding objectives. Seed production and seed  certification.  Kharif crops (Rice, Maize, Millets,   Sorghum, Pulses, Oilseeds, Cotton and Sugarcane).
GEN  211:     BREEDING  FIELD  CROPS-II  (2L+1P)  II
History, description, classification and origin.  Cytology. Floral biology and crossing techniques.  Genetics  of  quantitative  and  qualitative  traits.  Germplasm  resources.   Breeding  approaches.  Breeding objectives. Seed production and seed  certification.  Rabi crops (Wheat, Pulses, Oilseeds)
GEN  212  :   DIVERSITY  ANALYSIS  (2L+1P) II
Introduction to diversity analysis: The meaning  of diversity, history and development of concept,  overview  of  topics,  importance  and    use  of  biodiversity in agriculture.
Assessment  of  diversity:  Morphological,  biochemical  and  molecular.  Evolution  and  Diversity: Phylogenetics, concept of evolutionary  trees,  methods  in  phylogeny-maximum,  parsimony,  distance  methods,  maximum  likelihood, reliability of prediction.
Statistical techniques for measuring diversity  and marker data analysis: Measures of quantitative  and  qualitative  variability,  diversity  indices;  and  methods  for  marker  data  analysis.    Statistical  techniques for clustering: Introduction to various  distance/proximity measures, data transformation and  choice of scales, hierarchical and non-hierarchical  cluster  analysis,  algorithms  for  forming  clusters/  dendograms, exposure to various statistical softwares.  Spatial diversity analysis. diversity analysis and use of  DIVA-GIS for
GEN  220:     CROP  CYTOGENETICS
(2L+1P)  II
Scope of cytogenetics in crop improvement.  Genome  analysis;  use  of  conventional  and  modern techniques- morphological, cytological,  genetical, biochemical and molecular tools.  Species  concept: theories of evolution, isolation mechanisms  and criteria for defining  species, major crop plants  of India, their distribution and centres of diversity;  Role of cytogenetical factors in the evolution of   major crops like wheat, rice, maize, sugarcane,  Brassica, cotton, jute, tobacco, potato, tomato, pulse  crops, forage crops and cucurbits.
GEN 231:   BREEDING FOR CROP QUALITY  (2L+2P)  III
Importance of quality in crop breeding; use  of related species and allied genera in quality  improvement;  wheat  quality-chemical  composition, cooking, nutritional, rheological,  baking properties and fractional aspects; gluten  quality as molecular subunits, end product uses-  case histories; rice quality-chemical composition,  aroma, amylase, GT, gel consistency, length:width  ratio, elongation ratio, cooking quality; maize



quality-properties of corn starch, high quality   protein, speciality corns, food uses of regular and  speciality corn, kernel mutants and their uses in  breeding for quality; pulses quality-breeding for  protein quality, amelioration of toxic properties;  brassica-breeding for 0-0 brassicas, low erucic acid  and glucosinolates and high linoleic acid.  Genetics  and breeding for high oil content; cotton-fibre  quality.  Recent development in manipulating crop  quality.
GEN  237:      APPLIED  CYTOGENETICS
(3L+1P)  III
Application  of  cytogenetical  methods  for  plant improvement.   Location and mapping of  genes  on  chromosomes:  Deficiency  method.  Interchange-genetic consequence, identification  of  chromosomes  involved,  all  arms  marker   method, linked marker method.  Inversions for  location  of  genes.   Trisomics-  different  types,  production, breeding behaviour and location of  genes.    Monosomics-methods  of  production,  intervarietal substitutions, allelic and non-allelic  interactions.   Telocentric  method  of  mapping.  Relative  efficiency  of  different  methods.  Application for crop improvement: Duplications-  Production and use. Multiple interchange- use in  producing inbreds, transfer of genes.  Balanced  tertiary trisomics-use in hybrid seed production.  Polyploid  methods:  Use  of    auto-polyploids.  Haploidy-methods of production and use.  Gene  transfer  by  distant  hybridization:  scope  and  limitation, methods to overcome barriers- tissue  culture.   Allopolyploids-synthesis of new crop  species and varieties, Alien chromosome addition  and substitutions.  Chromosomal control of meiotic  pairing  and  induced  transfer  of  alien  genetic  variation.
GEN  241:    FUNDAMENTAL  CONCEPTS  OF
	PLANT  BREEDING
	(3L+2P)  I

	Variability   phenotypic,
	genetic   and


environmental.  Concepts of quantitative traits and  Mendalian genetics pleiotropy, linkage epistasis-
illustrations from cereals. Pulses and oilseed crops.  Heritability-additive and dominance variances-  combining ability-gca, sca effects and variances in  terms of cov (relatives) and additive, dominance  variances.  Mating designs examples from crops to  illustrate  inferences  drawn  for  plant  breeding  decisions. Multiple and convergent crosses.  Genetic  diversity. Heterosis-relationship between heterosis,  genetic diversity and combining ability through case  histories.  Simple concepts of selection-various  selection methods through specific examples from  various crops.  Response and its actual estimation.  Multi-trait selection-asymmetry of response.  G x E  interactions-  various  methods  of  their  estimation with illustrative examples from crop  plants.  Threshold characters-selection indices and  path coefficient analysis.  Polyploidy and distant  hybridization and their role in plant breeding,  Inbreeding and cross breeding: changes of mean and  variance and applications.
	GEN   242:
	ADVANCES
	IN
	PLANT

	BREEDING
	
	
	(3L)  I


Crop domestication as a long term selection  experiment,  Long  –term  selection  in  plants,  Population size and long term selection, Gene  interaction and selection, Mutational variation and  long  term  selection  response,  Population-and   quantitative genetic models of selection limits, Long  term selection with known quantitative trait loci;  Long term selection for oil and protein, Physiological  changes  accompanying  long  term  selection,  Mutational  variation  and  long  term  selection  response,  Marker-assisted  selection.    Modern  approaches to crop breeding including improvement  for quality and resistance attributes. Genotype x  environment  interaction-  adaptation,  stability  methods of evaluation, Gene pyramiding for multi-  trait incorporation.
	GEN  243:
	CONCEPTS  IN  HETEROSIS

	BREEDING
	(2L+1P)  II


Introduction-historical aspects: Pre-and and



post-Mendelian ideas about heterosis. Development  of  concepts-evolutionary,  biometrical,  genetic,  molecular, biochemical, and physiological.  Role of  genetic diversity.  Fixation, exploitation of heterosis  using different systems such as male sterility, self-  incompatibility and apomixis in rice, cotton, maize,  bajra, sorghum, oilseeds, pigeon pea and forage  crops.  Role of biotechnology in heterosis breeding.
GEN  301:  DEVELOPMENTAL  GENETICS  (3L) I
Early ideas on development.  Development and  differentiation.  Origin of cell heterogeneity in early  development.  Determination and pluripotentiality.  Constancy of the genome. Cytoplasmic regulation  of gene expression during development.  Genome  organisation.  Gene interacions in development.  The  organisation  of  development:  genetic  mosaics; genetic studies of determination, fate  mapping;  trans-determination; Homeotic genes in  plants and animals- applications.  Models of pattern  formation and morphogens. Heterochrony in plants  and animals.  Programmed cell death-significance  in development and evolution.  Hormonal control  of development.  Spatial and temporal regulation  of  gene  expression  during  development  and  differentiation, Nucleo- cytoplasmic interactions;  Sex  determination  in  plants;  Transposons  and  development, clonal analysis in plants and animals;  Seed development and apomixis.
GEN  302:      MOLECULAR  CYTOGENETICS
(3L)  II
Genome  analysis-significance  and  uses;  chromosome  banding-basis,  techniques  and  applications. Modern methods of genome analysis-  chromosome  painting  (GISH,  FISH),  genomic  southern  hybridization,  repeated  nucleotide  sequences and simple sequence repeats (SSR), flow  cytometry    and    chromosome    sorting,  immunocytochemistry, micro-spectrophotometry,  microdissection,  microinjection,  microcloning,  chromosome-based cloning.  Cell cycle analysis and
control mechanisms; molecular machinery for cell  division;  molecular  analysis  of  meiosis  and  recombination.  Ultra-structure of chromosomes.  Artificial chromosomes-synthesis and applications.  Moelcular cytotgenetics and evolutionary patterns;  analysis of A-, B-genome and plasmon.  Future  prospects.
	GEN  303:
	TOPICS  IN  POPULATION

	GENETICS
	(2L+1P)  III


Hardy-weinberg  Law-dynamics  of  gene  frequency under selection, migration, genetic drift,  Subdivision-selection in niches; Linkage-fitness; two  and multi-gene systems-polymorphisms, inbreeding;  Path coefficient, correlation between relatives;  Mixed mating systems, genetic load, co-adapted gene  complexes, homeostasis, adaptive organisation of  gene pools.  Introgression, case studies to illustrate  various concepts of population genetics.
	GEN  304:
	INNOVATIVE  APPROACHES  IN

	PLANT  BREEDING
	(2L)  III


Introduction,  Markers:  morphological,  isozymes, DNA markers (RFLP, RAPD, AFLP, SSR).



Construction  of  linkage  map;  use  of  mapping  populations (F2, RILs, NILs, back cross, doubled  haploids)-applications, advantages, constraints.  Applications of molecular markers-fingerprinting,  molecular markers and phylogenetic relationships.  Tagging agronomically important traits.  Assessing  heterotic performance; Marker assisted selection  (MAS)-oligogenic  traits,  MAS  for  QTLs.   Gene  pyramiding using molecular markers.  Transgenic  plants-applications  of  transgenic  technology,   molecular farming, antisense RNA technology-  examples from published literature (crop quality,  herbicide  resistance,  insect  resistance,  disease  resistance,    viral    resistance)-organelle  transformation; stability of transgenes.  Biosafety  issues  of  transgenics.    Somatic  hybridization-  applications and constraints. Somaclonal variation  in  crop  improvement-overview  and  future  prospects, Plant genetic resources- characterization  and utilization. Breeding for biotic stress resistance,  abiotic stress tolerance and nutritional quality.  Apomixis and its utilization.
GEN 299:   SEMINAR
(1L)  I/II/III
