
MAHATMA GANDHI UNIVERSITY

B.Sc. BOTANY AND BIOTECHNOLOGY (DOULE CORE) PROGRAMME

Common Course for Botany and Biotechnology (Double Main)

Semester :  I

Common Course 1


Code :BO&BT1A01U

OPERATING SYSTEMS AND OFFICE AUTOMATION

 (Theory : 36Hours,                                   Practicals: 36 Hours )

Course Objectives

Students should be able:

1. To understand the basic operation systems of the Computer and Office Automation.

2. To access informations in advanced biological sciences using internet

      3.  To develop essential computer skills to solve biological problems

4. To apply algorithmic principles to solve biological problems.

Theory (36 Hours)

 1.Introduction to computers

· Input and output devices

· Storage devices: Hard Disk, Diskette, Digital tape, CD – ROM, DVD (capacity and access time)

· Main Circuit board of a PC : chips, Ports Expansion slots.

· Memory : Register, buffer, RAM, ROM, PROM, EPROM, EEPROM

· Types of processing: Batch, Real time, online, offline                                 3 hrs

2. History – Evaluation, Generation of computers I, II, III, IV, V

· Classification of computers (Main Frames, mini computers, microcomputers, special purpose) Comparison with respect to memory, power, cost, size 

· Modern computers : The mini computers, Main Frame computers, 

      parallel processing computer and the super computer.                      2 hrs
3. Introduction to Operating Systems:

· Operating system concept

· Windows 98/XP

· Windows server NT / 2007

· Unix/ Linux and servers                                                                                 5 hrs

4.Data processing and presentation

· Introduction

· MS Office (Word, Excel, Power Point)                                             7 hrs

5.Computer viruses:

· An overview of computer viruses.

· What is a virus? Virus symptoms, How do they get transmitted? What are the dangers? General Precautions.                                                                         1 hr.

6. Computer Networking

· Introduction to networking: Various terminologies, Associated hardware device, gadgets (Router, Switch etc) tools, services and resource. Network topologies and protocols: LAN, WAN and MAN

· World Wide Web www, Network security: Fire walls                                    4 hrs.

7. Internet searches:

· Search Engines: Google, Yahoo etc.

· Concept of text based searching

· Searching Medline, bibliographic databases.                                                    3 hrs

8. Algorithms, Flow charts and Programming concepts:

· Algorithms : Concepts and Definition.

· Converting Algorithms to Flow charts.

· Coding: Flow charts to programmes

· Comparing algorithms, flow charts and programs                                            6 hrs.

9. Data Bases

· Introduction and need of databases

· Types of Databases

· Basic concepts in  Data Abstraction , Data models, Instances and schemes, ER Model, Network data model (Basic concepts), Hierarchial data Model (Basic concept ) , multimedia data bases (Basic concepts and Applications)

· Indexing and Hashing: B+ Tree indexed files, B tree indexed files.

· Static Hash function

· Dynamic Hash function

· Text databases, Overview of biological databases.                                          5 hrs

Practicals (36 hours)

Computer – Getting familiar with hardware, booting and operating

Operating Systems – DOS, Windows 98/XP, UNIX etc.

File handling : copy, rename, delete, type etc.

Directory : Structure, make, rename, move directory

Scanning of viruses and using anti virus programme.

Word processing (Microsoft word) Creating, saving and operating a document, editing, inserting, deleting, formatting, moving, copying text, Find and replace, spell checker, Grammar checker.

Document Enhancement (Borders, Shading, Header, Footer ) Printing Document (Page Layout, Margins)

Introduction to the use of wizards and templates, working with graphics (Word Art), Working with table, charts, inserting files (Pictures, Databases , Spreadsheets)

Use of internet – Downloading and installing software / programme on Windows 98/ XP, (Acrobat Rader, Post Script viewer etc)

Searching , Surfing on the www

Spread sheet application (Microsoft Excel)

Worksheet Basics: Entering information in a worksheet, saving and opening a worksheet, editing, copying, moving data, inserting, deleting, moving column and rows, clearing and formatting cells, printing worksheet

Database application (Microsoft Access)

Fields, Records, Files, Organisation  of files, Access mode, updating record, Querying, reports, forms and subform.

Usage of multimedia –Creation of computer presentation with graphics (Microsoft Power Point ) Creation  of slides, photoshop, Rapid presentation design using wizard.

References

1. Introduction to computers, Data processing and networking

2. Computer fundamentals – PK Singha

3. Introduction to Bioinformatics – Artwood

MAHATMA GANDHI UNIVERSITY

B.Sc. BOTANY & BIOTECHNOLOGY (DOUBLE CORE) PROGRAMME

Core Course for Biotechnology

Semester I

BT Course 1


Code :BO&BT1BBT01U

MOLECULAR BIOLOGY AND METHODS IN MOLECULAR BIOLOGY
[Theory 54 hours , Practicals 18 hours, Total 72 hours]
Course Objective:

Students should be able :

1. To familiarize with the genetic make up and control of cells at molecular level

2. To familiarize with the modern tools and techniques associated with molecular biology research
Module 1








       

1. Introduction to heredity and the genetic material, characteristics of genetic material, the molecular basis of heredity, Early studies of DNA [works of F.Miescher, Albert Kossel, Phoebus Levene, Erwin Chargaff] DNA  as the source of genetic information, The discovery of transforming principle[Griffith’s experiment], Identification of the transforming principle[Avery, MacLeod and McCarty’s experiment]; [Hershey and Chase experiment], Watson and Crick’s discovery of the structure of DNA, discovery of RNA as the genetic material in some organisms [Heinz Fraenkal-Conrat’s experiment].                     4 hours       

2. The structure of DNA, Primary structure; structure of ribose and deoxyribose sugars, Structure of N bases, structure of nucleosides and nucleotides, phosphodiester bond and structure of a polynucleotides, Secondary Structure; structure of DNA double helix, different secondary structures [A,B and Z] , circular DNA                                                                                              4 hours










3. Suspected forms of DNA replication, conservative, dispersive and semi    

      conservative, Meselson and Stahl’s experiment                                         4 hours











4    Requirements for replication; template, raw materials, enzymes and other proteins,direction of replication, mechanism of replication, Bacterial DNA replications, bacterial DNA polymerase, eukaryotic DNA replication, DNA polymerase, location of replication within the nucleus, DNA synthesis at the ends of chromosomes, telomerases                                                                       5 hours

5.    Modes of replication, theta replication, rolling circle replication, linear eukaryotic replication. Recombination; Holliday model, enzymes required for recombination

                                                                                                                      3 hour  
   

   6.      Transcription, the structure of RNA, types of RNA, mRNA, tRNA, rRNA, snRNA, snoRNA, miRNA, requirements for transcription, the subscribed and unsubscribed strands of DNA, experiments by Julius Marmu, transcription factors 

                                                                                                                     4 hours








 

7. Promoters; bacterial and eukaryotic, RNA polymerase; bacterial and eukaryotic, the process of bacterial transcription, the process of eukaryotic transcription, RNA processing; split genes, exons, introns (group I , II and nuclear types),                                                                                           4 hours








  

8. Messenger RNA, early studies of mRNA, Brenner, Jacob and Meselson’s    

          experiment, Pre-mRNA processing in eukaryotes, addition of 5’ cap and 3’      

           polyA tail, RNA splicing, spliceosome, the process of splicing in different   

            groups of introns, nuclear location of splicing, mRNA editing, guide RNAs    

           (gRNAs).Structure  of tRNA, modified bases in tRNA, clover leaf model of    

           tRNA, tRNA genes structure and processing, rRNA; rRNA gene structure and      

           processing, small interfering  RNAs,experiment of Fire and Mellow, RNA   

            interference (RNAi)

                                                                                                                       5 hours









9.       Translation, the genetic code, breaking the genetic code, experiments of Nirenberg and Matthaei and Nirenberg and Leder,  Contributions of HG Khorana in connection with the breaking of the genetic code, characteristics of the code, 

The process of translation, polyribosomes, RNA-RNA interaction in translation, mRNA survilience; non-sense mediated mRNA decay, non-stop mRNA decay, stalled ribosome, translation inhibitors                                                        4 hours

10.   Gene regulation, principles of gene regulation, levels of gene control, gene regulation in bacterial cells; operon concept, negative and positive control, inducible and repressible operons, lac operon of E.coli, trp operon of E.coli  , attenuation and anti-termination

Gene regulations in eukaryotes; chromatin structure, DNase I hypersensitivity, histone acetylaltion, DNA methylation, Alternative splicing of mRNA, RNA silencing                                                                                                        4 hours

11      Mutations, definition, importance of mutation, Types of mutations, gene mutations, types of gene mutations, causes of mutations, DNA repair, mismatch repair, direct repair, base-excision repair, nucleotide excision  repair, photoreactivation, SOS response                                                                                                        4 hours









 

12.   Cancer genetics, the nature of cancer, cancer as a genetic disease, role of environmental factors in cancer, genetic changes that contribute to cancer, oncogenes and tumor suppressor genes, changes in chromosome number and structure, genomic instability, DNA repair genes, changes in patterns of DNA methylation, genes that promote vascularisation and the spread of tumors, 

                                                                                                                      4 hours

Module 2  








           
1.      DNA sequencing; Sanger’s dideoxy method, working of automated DNA sequencer

Gene synthesis; work of Khorana, working of automated nucleic acid synthesizer

Polymerase chain reaction; An Overview ,Components and Conditions for PCR Optimization, Primer Design, Isolation of Nucleic Acids for PCR Amplification , Site-Directed Mutagenesis by PCR, Restriction Enzyme Analysis of PCR Products, Cloning of PCR Products , Symmetric PCR ,Asymmetric PCR ,Inverse PCR ,Anchored PCR, RT-PCR, RT-PCR Applications Research Applications of PCR, Non-isotopic Probe Synthesis and Detection by Chemiluminescence 

RAPD, RFLP, AFLP, DNA finger printing, DNA foot printing                                                                                                           

                                                                                                                                   5 hours
Practicals:- 








        18 hours

Isolation of chromosomal and plasmid DNA from bacterium

Restriction digestion of DNA and assigning restriction sites

Isolation of plant genomic DNA

Designing a primer for a well characterized E.coli  gene

PCR amplification of the gene from E.coli DNA using the designed primer 

RAPD analysis of three closely related bacterial strains

Note: Practical training of 36 hours duration should be given to students in the field of modern techniques in Molecular Biology

References:-

1. Molecular biology of the gene, JD Watson, 2007, Addison-Wesley

2. Molecular Biology, RF Weaver, 2007, McGraw Hill

3. Biochemistry and molecular biology, TA Swanson, 2006, Lippin Cott Williams & Wilkins

4. laboratory investigation in cell and molecular biology, A Bergman, 2001, John Wiley and sons

5. Molecular Biology of cancer: mechanisms, target and therapeutics, L pecorino, 2005, Oxford University press

MAHATMA GANDHI UNIVERSITY

B.Sc BOTANY & BIOTECHNOLOGY (DOUBLE CORE) PROGRAMME

Semester II 

BO Course 2

BO &BT2BBO02U 
BIOSTATISTICS
                            [Theory 54 hours , Practicals 18 hours, Total 72 hours]
Module I

      Introduction

1    Introduction to statistics - application of statistics in biosciences with examples.

      Statistical data – various types of data: Primary data, secondary data, quantitative   

      and qualitative data, collection and classification of data, frequency distribution.

      Diagrammatic representation of data – significance and utility, types of diagrams-   

      bar diagrams, pie diagram, histograms, frequency polygon, frequency curve.

(6Hrs)

2    Population and sampling techniques- significance and utility, random sampling,   

      stratified sampling, systematic sampling, multistage sampling. 













(4Hrs)

Module II

       Descriptive statistics

1 Measures of central tendency- introduction, definition, Advantages and limitations. Mean, median and mode - computation in grouped and ungrouped data. Comparison.  

2 Measures of dispersion- introduction, definition and objectives. Range, Mean   

      deviation, standard deviation, standard error  - computation in grouped and   

      ungrouped data; comparison 

3 Skewness and Kurtosis- definition, types, graphical representation with examples.

(8Hrs)

 Module III

       Probability

1 Probability- introduction, classical definition, theorems of probability- addition  

      theorem and multiplication theorem, conditional probability. Applications. 

2 Standard probability distributions- introduction and applications. Binomial distribution- definition, assumption with respect to a biological example. Poisson distribution- definition, forms of poisson distribution, assumption with respect to a biological example. Normal distribution- definition, properties, standard normal curve, assumption with respect to a biological example.                               (9Hrs)
Module IV

      Inferential statistics

1 Testing of hypothesis- Hypothesis -definition, hypothesis testing, procedure of  

       hypothesis testing, errors in hypothesis testing– type I and type II errors, two   

      tailed and one tailed test of hypothesis.  Chi square test and estimation of  

      linkages, student t- test and F test. 

2    Experimental designs – introduction, principles, replication and randomisation.     

     Completely randomised design, Randomised block design, Latin square design, 

      factorial design.

3    Interpolation and extrapolation- introduction, definitions, significance and utility,   

      assumptions, graphic methods. 

4    Computer analysis of data – application of computer in statistical data processing,   

      statistical programmes, preparation of charts and graphs, formula application with   

      respect to M Stat. 

(12Hrs)

Module V

      Analysis of variants

1 ANOVA- introduction, Assumptions, technique of analyzing variance, one way   

       and two way ANOVA followed by t- test.

2 Multivariate analysis of variants and its application in biological sciences

(8Hrs)

Module VI

Correlation and regression 

1 Correlation- introduction, definition and utility. Types of correlation, positive and    

     negative correlation, scatter diagram and correlation graph, coefficient of   

     correlation. Calculation.

2 Regression- introduction, utility, regression coefficient, comparison of correlation and regression, 

(7Hrs)

Module VII

      Practical 

1. Classify a given data using frequency distribution and represent it graphically. 

2. Analyse a data for mean, median and mode.

3. Analyse a data for mean deviation, standard deviation and standard error

4. Application of addition and multiplication theorem of probability.

5. Test the significance of the given data using chi-square test, t test and f test.

6. Analyse a set of data for correlation and regression

7. Analyse a given data in CRD, RBD and LSD.

8. Analyse the given data using M stat.

9. Prepare graphs with the help of MS excel or M stat.      (18 hrs)

References

1. Bernard Rosner, 2005. Fundamentals of Biostatistics. Duxbury Press.
2. Marcello Pagano, Kimberlee Gauvreau. 2000. Principles of Biostatistics. Duxbury Press
3. Panse, V.G. and Sukathme, P.V. 1995. Statistical methods for agricultural workers. ICAR, New Delhi. 

4. Pranab Kumar Banerjee, 2004. Introduction to Biostatistics. S. Chand and company Limited. 

5. Roland Ennos, 2006. Statistical and Data Handling Skills in Biology, 2nd Edition. Pearson Education
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Core Course for Biotechnology 

Semester :  II


BT Course 2

Code :BO&BT2BBT02U

BIOPHYSICS AND INSTRUMENTATION
(Theory : 54hours; Practical: 18 hours)

(Theory : 54 hours)

Course Objectives

Students should be able:

1. To understand rules, principles and models of atomic structure.

2. To develop skills in separating different biomolecules.

3. To apply various spectroscopic methods to characterize biomolecules.

Module 1:Atomic structure

Historical account,significance 2nd and 3rd postulate of Bohr’s model,derivatives of radius and energy value.Quantization of energy levels.Using Rydburg’s constant,atomic spectra in signature of the element.Bohr-sommerfeld model.Vector atom model,quantum numbers.Selection rules.paulis exclusion principles.Emission spectra with respect to NA atom to understand selection rules     



   (5 h)

Module 2:Spectroscopy

Definition-Electromagnetic wave,electromagnetic spectrum,application of each region of EM spectrum for spectroscopy. Introduction to molecular energy levels,excitation, absorption, emission. Rotational spectra.Energy levels of rigid diatomic molecules .Vibrational and rotational spectra.Energy levels of diatomic vibrating molecules,rotational vibrational spectroscopy, IR spectroscopy, principle,constructing and working of IR spectrometer.Application of IR spectroscopy to biomolecules.Electro spectroscopy:UV-Visible spectroscopy: Principle, construction and working of colorimeter ,spectrophotometer and fluorometer, Application to biomolecules (proteins, DNA, Hb, chlorophyll), Raman Spectra 




 (12 h)
Module 3:Radioactivity

Nucleus-properties.Nuclear forces. Nuclear models(liquid drop and shell model),radioactive nucleus. Revision of nuclear radiation and their properties-alpha,beta and gamma.Half-life-physical and biological. Handling and standardization of alpha, and beta emiting isotopes.Radioimmunoassay, Radiopharmaceuticals and its uptake-dosimetry and detection Principle-construction and working of pen and batch dosimeter. GM counter, Scintillation counter(solid and liquid)


 (10 h)

Module 4:Thermodynamics as applied to biological system

Enthalpy ,entropy,free enrgy,Gibb’s free energy(G),Helmholtz free energy(A).Chemical potential,half cell potential.Redox potential ,structure and biowenergetics of mitochondria and chloroplast







  (5 h)

Module 5:Cell membrane

Organization of plasma membrane,Mass transport,diffusion ,basics,passive and active transport,membrane potential.Nernst equation.Passive electrical  properties of cell(capaciatance and resistance).Active electrical properties.Electrical model(equivalent) of cell membrane.Depolarization,hyperpolarization of membrane (neuronal).Generation of active potential.Types of biopotentials .Biopotential measurement instruments.  







  (8 h)

Module 6: Thermoregulation

Thermometric properties and types of thermometers(clinical, thermocouple, bimetallic, platinum resistance, thermistor-thermometers).Body temperature and its regulation  
(2 h)

Module 7: Bioinstruments

Concepts-analytical techniques, analytical method, procedure and protocol, principle construction, working and application for analysis of biomolecules of following instruments: pH meter, centrifuge (RCF, sedimentation concept),different types of centrifuges, Mass spectroscopy (Bainbridge mass spectrometer),Atomic absorption spectrometer(AAS),Nuclear magnetic resonance spectrometer(NMR), XRD.
   (6 h)

Module 8: Electron microscope

Concept of vacuum working electron gun, construction and working of SEM, TEM, STEM, sample preparation.                                                                                        (8 h)
(Practical: 18 hours)

1. Spectral properties (Colorimetric or UV/Visible Spectral analysis of colouring pigments- Beta cyanin, Anthocyanin, Xanthine, Lycopene, Curcumin, capsicin)

2. Separation Techniques: Chromatography (PC, TLC and Column), GC & HPLC , HPTLC (Demonstration only)

3. Electrophoretic separation of protein.

References

1. Perspective of Modern Physics-Arthur Beisen(Mc Graw Hill)

2. Nuclear Physics:an introduction:SB Patel(New Age International)

3. Introduction to Atomic Spectra: HE White(Mc Graw Hill)

4. Text Book of optics and atomic physics:PP Khandelwal(Himalaya publications)

5. Molecular Cell Biology:Lodish,Berk,Matsudora,Kaiser,Kriegen(WH Freeman and Co.)

6. Biophysics:Cotrell(Eastern Economy Edition).

7. Clinical Biophysics:Principles and Techniques:P Narayanan  (BhalaniPubl.,Mumbai).

8. Biophysics:Pattabhi and Gautham
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Core Course of Biotechnology

Semester : II


BT Course 3


Code :BO&BT2BBT03U
RECOMBINANT DNA TECHNOLOGY

[Theory 54 hours , Practical: 18 hours, Total 72 hours]
Course Objectives:-

Students should be able:

1. To understand advances in field of genetic engineering and their applications. 

2. To familiarize with the various tools and techniques in genetic engineering

Module1 







                     10 hours

· Introduction to gene cloning

· DNA isolation; DNA isolation solutions, isolation buffer pH, concentration and ionic strength, DNase inhibitors, detergents used for isolation, methods for breaking the cells  

· Removal of proteins from cell homogenate; using organic solvents, Kirby method and Marmur method, using CTAB

· Removal of RNA; using RNase A, RNase T1

· Concentrating the isolated DNA; precipitating with alcohols, salts added along with alcohol

· Determination of the concentration and purity of DNA; using UV spectrophotometry 

· Storage of DNA samples 

· Commercially available kits for genomic and plasmid DNA isolation

· Preparation of genomic DNA from animal cells, plant cells and bacterial cells; protocol for small scale and  large scale preparations

· Isolation of plasmid DNA; protocol for small scale and  large scale preparations

· Isolation and purification of RNA; purification of total RNA, RNase inhibitors, preparation of cell material, preparation of glass wares, guanidinium hot phenol method, high salt lithium chloride method, isolation of poly A RNA

Module 2





     

                      15 hours

· Agarose Gel electrophoresis of DNA and RNA; principles of electrophoresis, buffers used for electrophoresis of nucleic acids, gel concentration, sample concentration, sample loading solutions, gel staining, determination of molecular weight using molecular weight markers, special precautions and treatments required for electrophoresis of RNA, elution of DNA from agarose gels; electroelution, using low-melting point agarose, 

· Nucleic acid transfer and hybridization; Southern blot transfer, dot-blot transfer, plaque and colony transfer, Southern blot hybridization, Northern blot transfer and hybridization, in situ hybridization

· Preparation of probes for hybridization, radioactive labeling, digoxigenin labeling, nick translation, preparation of primer using PCR, RNA probes 

Module 3    








          15 hours

· Principle of DNA cloning 

·  Cloning vectors; essential features of a cloning vector,  plasmid derived vectors , bacteriophage derived vectors, hybrid vectors, high capacity cloning vectors;BACs, PACs and YACs , Agrobacterium based vectors, shuttle vectors, expression vectors

· Enzymes used in recombinant DNA technology; type II restriction endonucleases, ligases, S1 nuclease, alkaline phosphatase, terminal  transferase,  DNA polymerase I, reverse transcriptase, exonuclease III, bacteriophages ( exonuclease,  

· Finding gene of interest; shot gun cloning followed by screening, construction and use of genomic DNA library and  cDNA library, screening DNA libraries, chromosome walking, in silico gene discovery, cloning of the gene of interest, altering the gene of interest through site directed mutagenesis,

· Preparation of recombinant DNA molecule, blunt ends and sticky ends,  using tailing method,  using polylinkers 

· Methods to transfer the recombinant DNA molecule into the cloning host; transformation, transfection, transduction, electroporation, microinjection, microprojectiles and DNA gun, Agrobacterium mediated transfer

· Methods to select the recombinants; antibiotic markers, insertional inactivation, replica plating, blue-white selection, use of reporter genes; GUS, luciferase and GFP genes

Module 4








         14 hours

· Transgenesis; introduction to transgenic organisms and their applications.

· Mechanism of gene transfer into eukaryotic cells, transfection methods; using polyethelene glycol, chemical transfection using lithium acetate, calcium phosphate, and DEAE-dextran, lipofection, electroporation, microinjection, DNA gun, fate of DNA transferred to eukaryotic cells, random integration transgenesis – gain of function effects and loss of function effects, gene targeting,

· Examples of transgenic crop plants and animals 

· Antisense and RNAi technology

· Production of knock out models and their use

· Applications of recombinant DNA tecnology
· Ethical, Social and legal issues associated with recombinant DNA technology

Module 5 : Practical




                                                 18 hours

1. Isolation of  genomic DNA from plants and its quantification and purity checking using  spectrophotometric method

2. Agarose gel electrophoresis of the isolated plant genomic DNA , its visualization and  photography

3. Isolation of plasmid DNA from bacterium, and its quantification and purity checking using   spectrophotometric method

4. Agarose gel electrophoresis of the isolated plasmid DNA , its visualization and photography

5. Preparation of competent E.coli cells

6. Preparation of recombinant plasmids ,  transformation of E.coli  and selection of transformants

References:-

1. Recombinant DNA , JD Watson, 1992, Scientific American Books

2. Recombinant DNA: genes and genomes – a short course, JD Watson et al., 2006, WH Freeman & Co.

3. Recombinant DNA technology and applications, Alex Prokop et al., 1997, McGraw Hill

4. Principles of Gene Manipulation: An Introduction to Genetic Engineering, by R.W. Old and  
R.W. Old (Author)› Visit Amazon's R.W. Old PageFind all the books, read about the author, and more.See search results for this author 
Are you an author? Learn about Author Central 

 S.B. Primrose, 2000, Blackwell Scientific 

   5. Molecular Cloning: a Laboratory Manual..   Sambrook J, Russel DW & Maniatis T. 2001, Cold Spring Harbour Laboratory Press
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Core Course of Biotechnology

Semester – III


BT Course 4

Code :BO&BT3BBT04U

MICROBIOLOGY AND MICROBIAL BIOTECHNOLOGY
[Theory 54 hours , Practical: 36 hours, Total 90 hours]
Course Objectives:

The student should be able:

· To identify different types of microbes and their crucial roles in various bioprocesses

· To apply various microbial processes/systems/activities, which have been used for the development of industrially important products/processes.

Module I : Microbiology

Unit 1









           3 hours

Definition

Brief classification of microbes:- bacteria, archaea, protozoa, algae, fungi, viruses 

History of microbiology, Golden age of microbiology, Germ theory, Koch’s postulates

Economic importance of microbes

Unit 2 









          8 hours

Observing microorganisms

Microscopy : compound light microscope, darkfield microscope, phase contrast microscope, fluorescent microscope, confocal microscope, scanning electron microscope, transmission electron microscope, scanning acoustic microscop

Preparing smears for microscopy


Staining, differential staining, Gram staining, acid fast staining,  special stains, negative staining for capsules, endospore staining, flagella staining

Morphology of bacteria


Size range  of bacterial cells, shape and arrangement of bacterial cells

Methods to classify bacteria: biochemical methods, serological testing, phage typing, fatty acid profiling using FAME, ribotyping and rRNA sequencing

Bergey’s manuel, examples and characteristics (brief account) of  gram negative bacteria, gram positive bacteria, bacteria with unusual properties, gram positive filamentous bacteria with complex morphology

Structure of bacterial cell


Structures external to cell wall: 

Glycocalyx

Cell wall: composition, structure, function, cell wall and Gram staining mechanism  

            Flagella: structure of flagella, different types of arrangements of flagella  


Fimbriae and pili

   Structures internal to cell wall


Plasma membrane, composition, structure and function 


Spheroplast, cytoplasm, ribosome, nucleoid, plasmid, inclusions, endospores

Unit 3 









         12 hours

Culturing Bacteria

Nutritional requirements, nutritional types of bacteria: phototrophs, chemotrophs, autotrophs, heterotrophs, obligate parasites

Bacteriological Media: selective media, differential media, media for characterization of bacteria

Solid and semi solid media, broth

Physical conditions required for growth: temperature, pH, oxygen, cultivation of aerobic and anaerobic bacteria, candle jar, anaerobic jar, CO2 generating packet, CO2 incubator

Batch culture, continuous culture, enrichment culture, pure culture, methods to obtain pure culture: streak plate method, serial dilution  method, use of special media

Preserving bacterial culture: Glycerol stock, deep freezing, lyophilisation 

Growth of bacterial cultures: binary fission, budding (eg. Pseudomonas acidophila), fragmentation (eg. Nocardia)

Bacterial growth kinetics, Growth curve, different phases

Measurement of bacterial growth: direct microscopic count, serial dilution, pour plate, spread plate and plate count, membrane filter count, turbidometric method, dry weight method, most probable number method, 

Quorum sensing

Unit 4 









          8 hours

Control of microbial growth

Sterilization, methods of sterilization

Heat treatment: thermal death point, thermal death time, moist heat and dry heat, autoclave, design, operation, pasteurization, flaming, hot air oven, low temperature treatment

Filtration: membrane filters

Chemical methods: phenols, bisphenols, biguanides, halogens, alcohols, compounds of heavy metals, soaps and detergents, acid anionic sanitizers, quaternary ammonium compounds, chemical preservatives; SO2, sodium benzoate, sorbic acid, calcium propionate, sodium nitrate

Antimicrobial drugs: drugs inhibiting cell wall synthesis, drugs inhibiting protein synthesis, drugs causing injury to plasma membrane, drugs inhibiting nucleic acid synthesis, drugs inhibiting the synthesis of essential metabolites, penicillins, penicillinase resistant penicillin, penicillin and β-lactamase inhibitors, cephalosporins, bacitracin, vanomycin, tetracyclines, sulfonamides.

Antifungal Drugs: agents affecting fungal sterols, agents affecting fungal cell walls, agents inhibiting nucleic acid synthesis

Antiviral Drugs: nucleoside and nucleotide analogues, enzyme inhibitors, reverse transcriptase inhibitor, protease inhibitors, interferons

Determination of the efficiency of a drug: disk diffusion assay, broth dilution test and determination of minimal inhibitory concentration

Unit 5 









           3 hours

Genetic recombination in bacteria: transformation, conjugation and transduction

Unit 6 









           5 hours

Viruses

Characteristics of viruses, size range, host range

Classification of viruses

Structure of viruses: general morphology, nucleic acids, capsid and envelope 

Culturing bacteriophages in the laboratory, culturing animal viruses: in living animals, in  embryonated eggs, in cell cultures

Viral multiplication: Multiplication of bacteriophages; lytic cycle, lysogenic cycle, multiplication of animal viruses, differences in the multiplication strategies of  DNA and RNA viruses

Viruses and cancer, DNA and RNA oncogenic viruses

Module II

Microbial Biotechnolgy

Unit 1  








          3 hours

Introduction, scope and historical developments, importance of microbes in industry; microbial biomass, microbial enzymes, microbial metabolites and microbial recombinant products.

Isolation, screening and genetic improvement  of industrially important organisms.

Unit 2 









          5 hours

Fermentation, Definition, chronological development of fermentation industry

Submerged fermentation and solid state fermentation

Media for industrial fermentation, major components, water, carbon sources, nitrogen sources, minerals, chelators, oxygen requirement, rheology, foaming and antifoaming agents.

Medium optimization: one factor at a time approach, factorial approach, fractional factorial approach: statistical design of experiments, Plackett-Burman design and response surface method.

Fermenter, functions of a fermenter, Design of a biofermenter, body constructon,  types of fermenters: Waldhof type, tower type, air lift type, packed tower type , sterilization of the fermenter, aeration, porous sparger, orifice spurger, nozzle sparger, probes

Recovery of fermentation products, foam separation, precipitation, filtration,  centrifugation

Unit 3  








           4 hours

Primary metabolism products, production of industrial ethanol as a case study; Secondary metabolites, bacterial antibiotics production; 

Recombinant DNA technologies for microbial processes; Strategies for development of industrial microbial strains with scale up production capacities; metabolic pathway engineering of microbes for production of novel product for industry.

Unit 4  








           3 hours

Microbial enzymes, role in various industrial processes, Bio-transformations, Bioaugmentation with production of vitamin C as a case study, Microencapsulation technologies for immobilization of microbial enzymes.

Industrial biotechnology for pollution control, treatment of industrial and other wastes, biomass production involving single cell protein; Bioremediation of soil; Production of eco-friendly agricultural chemicals, biopesticides, bio-herbicides, bio-fertilizers, bio-fuels, etc.

Practical








        36 hours

1. Isolation of bacteria through serial dilution and plating technique

2. Gram staining technique

3. Acid fast staining technique

4. Endospore staining technique

5. Flagella staining technique

6. MPN analysis of water samples

7. Identification of bacteria using biochemical tests

8. Preparation of the growth curve of a bacterium using turbidometric method

9. Disk diffusion assay and determination of antimicrobial activity of medicinal plant extracts

10. Production of wine and recovery of alcohol

11. Production of one enzyme through solid state  fermentation

12. Production of an enzyme through submerged fermentation 

References:-

1. Kun LY. 2006. Microbial Biotechnology. World Scientific.

2. Tortora et al. 2008. Microbiology an introduction, Pearson Education

3. Michael J Pelczar et al. 2000. TATA McGraw Hill

4. PF Stanbury et al. 2008. Elsevier

MAHATMA GANDHI UNIVERSITY

B.Sc. BOTANY & BIOTECHNOLOGY (DOUBLE CORE) PROGRAMME

Core Course in Biotechnology

Semester – III


BT Course 5

Code :BO&BT3BBT05U
PLANT BIOTECHNOLOGY 

(Theory : 54 hours; Practical : 36 hours; Total 90 hours)

Course Objectives
The student should be able:

1. To familiarize with the tools and techniques of plant biotechnology

2. Aware of the life forms and activities that can be exploited for human advancement.

3. To impart an introductory knowledge about the potential of plant transgenics

4. To discuss about various aspects of biosafety regulations, IPR and bioethic concerns arising from the   

      commercialization of biotech products

Module 1


     



                     
          20hours
1. Introduction – The concept of biotechnology,  landmarks in biotechnology.

2. Plant tissue culture – Principles and techniques. Cellular totipotency,  in vitro differentiation –de differentiation and re-differentiation , callus induction organogenesis and somatic embryogenesis.  

3.   Tissue culture medium – Basic components in tissue culture medium – Solid and liquid medium – suspension culture – Murashige and Skoog medium – composition and preparation, Aseptic  techniques in tissue culture – sterilization – different methods – sterilization of instruments and glass wares, medium, explants; Working principle of laminar air flow and autoclave; preparation of explants – surface sterilization, inoculation and  incubation, sub culturing, Establishment of axenic explants, callus initiation and multiplication, production of suspension culture, cell

 4.
Micropropagation-advantages and disadvantages, different methods – axillary bud proliferation, direct and indirect organogenesis and somatic embryogenesis, different phases of micropropagation – hardening,  transplantation and field evaluation.

5.
Applications of tissue culture : Micropropagation of elite plants, Synthetic  seed production, Meristem culture for virus free plants, Somaclonal variation and in vitro mutagenesis, Embryo rescue – embryo culture, Protoplast isolation culture and regeneration, Somatic cell hybridization, In vitro secondary metabolite production –– cell immobilization, bio reactors, hairy root culture, In vitro production of haploids – anther and pollen culture, Cryopreservation, in vitro fertilization

     Module 2 
      





         20 hours

1. Methods of plant transformation; Gene cloning, genetic engineering: vectors and methods of transformation – electroporation, particle bombardment, Agrobacterium mediated, different types of Agrobacterium based vectors

2. Vectors for plant transformation; Target traits and transgenic crops; Genetic and molecular analyses of transgenics; Role of molecular markers in characterization of transgenic crops, fingerprinting of cultivars , 

3. Achievements, problems and future thrusts in horticultural biotechnology. 

4. Biotechnology and floriculture, molecular approaches to control ethylene response,  improving shelf life, improving resistance for environmental stress, approaches to improve flower development, pigment production. achievements of bio-technology in flower crops

5. Extraction of biocolours , uses in food and textile industries.

6. Examples of transgenic plants produced successfully, Bt  crops, golden rice,    Flavr Savr Tomato, virus and herbicide resistant crops, edible vaccines.

7. Biosafety issues, regulatory procedures for commercial approval.

   Module 3  







          14 hours

Unit 1

Biosafety and risk assessment issues; Regulatory framework; National biosafety policies and law, The Cartagena protocol on biosafety, WTO and other international agreements related to biosafety, Cross border movement of germplasm; Risk management issues - containment.

UNIT 2

General principles for the laboratory and environmental biosafety; Health aspects; toxicology, allergenicity, antibiotic resistance, Sources of gene escape, tolerance of target organisms, creation of superweeds/superviruses, etc.

UNIT III

Ecological aspects of GMOs and impact on biodiversity; Monitoring strategies ,Radiation safety and nonradio isotopic procedures; Benefits of transgenics to human health, society and the environment.

UNIT IV

Intellectual properties, copyrights, trademarks, trade secrets, patents, geographical indications, etc; Protection of plant variety and farmers right act; Indian patent act and amendments, patent filing; Convention on biological diversity; Implications of intellectual property rights on the commercialization of biotechnology products.

Module 4: PRACTICALS 
                 




           36hours

1. Preparation of nutrient medium – Murashige and Skoog medium, sterilization, preparation of     explants, inoculation.

2. Extraction of DNA from plant tissue.

3. Immobilization of whole cells or tissues in sodium alginate.

4. Determination of appropriate flower budcontaining uninucleate pollen for anther culture using cytological techniques

5. Establishment of  the axenic culture of any one crop plant

6. Micropropagation of on orchid variety 

7. Establishment of the suspension culture of one medicinal plant

8. Production of somatic embryos from one plant

9. Transformation of leaf discs using Agrobacterium and selection of transmormed leaf discs

10. Induction of hairy root culture in any one plant

11. Visit  a well equipped biotechnology lab and submit a report along with the practical record.

References

a. Keshavachandran R & Peter KV. 2008. Plant Biotechnology: Methods in Tissue Culture and Gene Transfer. Orient & Longman (Universal Press)

b. Debnath M. 2005. Tools and Techniques of Biotechnology. Pointer Publ.

c. 
Brown TA. 2001. Gene Cloning and DNA Analysis and Introduction. Blackwell Publ.

d.
Chadha KL, Ravindran PN & Sahijram L. (Eds.). 2000. Biotechnology of Horticulture and Plantation Crops. Malhotra Publ. House.
c.
Singh BD. 2007. Biotechnology: Expanding Horizon. Kalyani.

MAHATMA GANDHI UNIVERSITY

B. Sc. BOTANY & BIOTECHNOLOGY (DOUBLE CORE) PROGRAMME

Core Course in Botany (Revised)


                   

       Semester IV

BO Course 4


Code:BO&BT4BBO04U 

PHYCOLOGY

(Theory – 54 hours; Practicals – 36 hours)

Course Objectives

The student should be able:

1. To understand the biodiversity of algae.

2. To understand the identifying characters of the different types and classify them.

3. To understand the habit, habitat, structure, life history and economic importance of the various types. 

4. To trace the phylogeny, affinities and evolution of various groups of algae.

5.   To describe and demonstrate the process of isolation, culture and  

      maintainence of algae.

Module – I

Introduction: General characters of algae, classification (Fritsch F.E., 1935,1945)

                                                                                                          

                                                                                                                 
3 hrs. 

Module – II

General characters of the following major groups with special reference to the structure, reproduction and life cycles of the following types:

a. Cyanophyceae:     Nostoc

b. Chlorophyceae:     Chlamydomonas, Volvox, Spirogyra, Oedogonium, 

                                  Cladophora, Chara.

c. Xanthophyceae:    Vaucheria

d. Bacillariophyceae: Pinnularia

e. Pheophyceae :      Sargassum

 f. Rhodophyceae:     Polysiphonia




    24 hrs. 

Module – III

Economic importance

a. Algae as pollution indicator and in waste water treatment

b. Commercial products: agar, alginates, carrageenin, diatomaceous        

    earth

c. Algae in soil fertility, fertilizer, nitrogen fixation, minerals, soil algae    

    and symbiosis

d. Alga as sources of food and medicine

e. Diatoms and nanotechnology

f.  Algae as sources of biofuel

g. Toxic algae – algal blooms, red tides and fish poisoning

h. Algae as primary producers – oxygen liberators

i.  Cynaobacteria as a source of restriction endonuclease

j.  Role of algae in aquaculture

  











      9 hrs. 

Module – IV

Algal culture- General introduction and importance – collection, isolation, culturing – pure culture, culture maintenance. Culture requirements: media, physical and chemical; types of cultures – monoculture, synchronous, mass culture. Mass cultivation systems – principles and procedures; photobioreactors, closed loop system, open pond system; set up and back up cultures, growth dynamics: harvesting of microalgae and macroalgae; filtration, centrifugation, flotation and flocculation; processing. Methods in preservation and staining







                        

                                                                                                                18 hrs.

Practical

Module – V

i. Make micropreparation of vegetative and reproductive structures of the types 

ii. Identification of algal specimens up to generic level

iii. Preparation of labeled sketches of the specimens

iv. Algal collection and submission of a field report
v. Demonstration of aseptic culture techniques, preparation of      media and pure culture
vi. Algal harvesting techniques employed in algal culture 
    36 hrs.

REFERENCE BOOKS 

1. V.J. Chapman 1962. The Algae. Mc Millan & Co. London

2. F.E. Fritsch 1945. Structure and reproduction of algae. Vol. 1. Cambridge University Press.

3. J.E. Bardach, J.H. Ryther and W.O. McLarney. 1972 Aquaculture: The Farming and  Husbandry of Freshwater snd Marine Organisms. Wiley - Interscience Press. 

4. M. Borowitzka and L. Borowitzka (eds.) 1988. Micro – Algal Biotechnology. Cambridge University Press.

5. Anderson, R.A. 2005. Algal Culturing Techniques. Elsevier Academic Press, Burlington, MA.

6. Amos Richard (ed.) Handbook of Microalgal culture : Biotechnology and Applied Phycology.

http://www.phycology.net/

http://www.algaebase.org/
http://www.seaweed.ie/
http://www.brphycsoc.org/ (The british phycological society)

http://www.intphycsoc.org/  (The International Phycological society)

http://www.isaseaweed.org/  (The international seaweed association)

http://botany.si.edu/projects/algae/ (Smithsonian national museum of Natural History)

http.//www.oilgae.com

http.//www.bigelow.org/course

MAHATMA GANDHI UNIVERSITY

B.Sc. BOTANY & BIOTECHNOLOGY (DOUBLE CORE) PROGRAMME

Core Course in Biotechnology

Semester – IV

BT Course 6


 Code :BO&BT4BBT06U

ANIMAL BIOTECHNOLOGY AND NANO-BIOTECHNOLOGY
[Theory 54 hours , Practical: 36 hours, Total 90 hours]

Course Objectives

The student should be able

1. To acquire basic knowledge of current developments in different areas of animal biotechnology.

2.  To understand and develop skills involved in the production of  nanoparticles and their application in life  

      sciences

Module 1 : ANIMAL BIOTECHNOLOGY

Unit 1









             10 hours

· Structure of animal cell 

· History of animal cell culture

· Cell culture media and reagents,  different type of cell culture media, growth supplements, serum free media, balanced salt solution, other cell culture reagents, culture of different tissues and its application.

· Infrastructure requirements, conditions required for culturing animal cells,

· Behavior of cells in culture conditions, division, their growth pattern,   estimation of cell number.

· Culture of mammalian cells, tissues and organs, primary, culture, secondary culture, continuous cell lines, suspension cultures 

· Development of cell lines, characterization and maintenance of cell lines, stem cells, cryopreservation

·  common cell culture contaminants.

· Commercial scale production of animal cells 

· Application of animal cell culture for in vitro testing of drugs, testing of toxicity of environmental pollutants in cell culture, application of cell culture technology in production of human and animal viral vaccines and pharmaceutical proteins.

Unit 2  









              5 hours

· Introduction to immune system, cellular and humeral immune response,

· Vaccines, history of development of vaccines, introduction to the concept of vaccines, conventional methods of animal vaccine production, recombinant approaches to vaccine production, hybridoma technology.

· Antigen-antibody based diagnostic assays including radioimmunoassays and enzyme immunoassays, immunoblotting,   commercial scale production of diagnostic antigens and antisera.  

Unit 3  









          5 hours

· Structure of sperms and ovum, cryopreservation of sperms and ova of livestock,  artificial insemination, super ovulation, in vitro fertilization, culture of embryos, cryopreservation of embryos, embryo transfer, embryo-splitting, embryo sexing, in utero testing of foetus for genetic defects

Unit 4 









 4 hours

· animal cloning basic concept, cloning from  embryonic cells and adult cells, cloning of different animals, cloning for conservation of   endangered species

· Ethical, social and moral issues related to cloning  

Unit 5 








                5 hours

· Transgenic manipulation of animal embryos, animal viral vectors,  different applications of transgenic animal technology 

· Transgenic animal production and application in expression of therapeutic proteins, biopharming 

· Gene knock out technology and animal models for human genetic disorders  

Unit 6 








                5 hours

· Gene therapy, somatic cell therapy, germline therapy, gene augmentation therapy, gene replacement therapy

· Candidate diseases for gene therapy 

· Methods of gene transfer, vectors used

· Initial trials and observations

· Current status of gene therapy

 Module II: NANO-BIOTECHNOLOGY

Unit 1 









         5 hours

· Introduction to Biomacromolecules: The modern concepts to describe the conformation and dynamics of biological macromolecules: scattering techniques, micromanipulation techniques, drug delivery applications.  

Unit 2









     5 hours

· Cellular engineering: signal transduction in biological systems, feedback, control signaling pathways, cell-cell interactions etc. Effects of physical, chemical and electrical stimuli on cell function and gene regulation.

Unit 3








                    6 hours

· Chemical, physical and biological properties of biomaterials and bioresponse   

· Biosynthesis, and properties of natural materials (proteins, DNA, and polysaccharides), structure-property relationships in polymeric materials (synthetic polymers and structural proteins); 

· Aerosol, properties, application and dynamics 

· Statistical Mechanics in Biological Systems

Unit 4 









            4hours

· Characteristics of nanoparticles

· Preparation and characterization of nanoparticles, biosynthesis of nanoparticles, Nanoparticular carrier systems, Micro- and Nano-fluidics, Drug and gene delivery system, Microfabrication, Biosensors, Chip technologies, Nano- imaging, Metabolic engineering and Gene therapy.

Practicals








         36 hours

· Packing and sterilization of glass and plastic wares for cell culture 

· Preparation of reagents and media for cell culture.

· Primary culture of chicken embryo fibroblast.

· Secondary culture of chicken embryo fibroblast.

· Cultivation of continuous cell lines.

· Quantification of cells by trypan blue exclusion dye.

· Isolation of lymphocytes and cultivation of lymphocytes

· Study of effect of toxic chemicals on cultured mammalian cells

· Isolation of microbes capable of biosynthesis of nanoparticles 

Suggested Readings

1. Gordon I. 2005. Reproductive Techniques in Farm Animals. CABI.
2. Levine MM, Kaper JB, Rappuoli R, Liu MA, Good MF. 2004. New Generation Vaccines. 3rd Ed. Informa Healthcare.

3. Lincoln PJ & Thomson J. 1998. Forensic DNA Profiling Protocols. Humana Press.

4. Portner R. 2007. Animal Cell Biotechnology. Humana Press. 

5. Nalwa HS. 2005. Handbook of Nanostructured Biomaterials and Their Applications in Nanobiotechnology. American Scientific Publ.

6. Niemeyer CM & Mirkin CA.  2005. Nanobiotechnology. Wiley
MAHATMA GANDHI UNIVERSITY

B.Sc BOTANY & BIOTECHNOLOGY (DOUBLE CORE) PROGRAMME

Core Course in Biotechnology

Semester – IV

BT Course 7

Code :BO&BT4BBT07U
          BIOINFORMATICS

[Theory: 54 hours, Practical: 36hours, Total 90 hours]
Course Objectives:-

The student should be able:

1. To acquire detailed information about ourselves and other species 

2. To understand the role of computer science in biological investigations.

3. To access data and techniques through the World Wide Web and utilize them for  analysis.

4. To use computers with confidence and handle biological databases, information retrieval and make him/her able to extend these skills by self-directed 'field work' on the Web. 

5. To apply principles of bioinformatics in molecular biology, clinical medicine, pharmacology, biotechnology, agriculture, forensic science, anthropology and other disciplines

6. To develop a sense of optimism that the data and methods of bioinformatics will create profound advances in our understanding of life, and improvements in the health of humans and other living things.

Module 1: An Introduction to bioinformatics








                                5 hours

Scope and relevance of bioinformatics

Genomics: Definition

Sequencing genes to sequencing genomes

Sequence assembly

Major findings of the following genome projects 


Human


Arabidopsis thaliana

Drosophila melanogaster

Caenorhabditis elegans

Module 2: Biological Data bases      

                      

         20 hours

Detailed study of the following Biological Data bases: 


Bibliographic databases 



Finding Scientific Articles




PubMed


Genome sequence databases



Entrez Genome 



TIGR database


Nucleic acid sequence databases



GenBank


Protein sequence databases



GenBank



SWISS-PROT 


Protein structure database



Protein Data Bank

Searching Biological databases

Saving search results


FASTA format


ASN.1 format


Batch Entrez


PDB flat file format


mmCIF format

DNA micro array data bases


Gene expression Omnibus, NCBI


Stanford microarray database

2D gel electrophoresis data bases


ExPASy SWISS-2DPAGE

Danish Centre for Human Genome Research database
Module 3: Alignment            


                      

         15 hours

Sequence comparison


Pair wise sequence alignment


   Global alignment: Use of ALIGN


   Local alignment: Use of BLAST, FASTA


Multiple sequence alignment


   Use of ClustalW


Phylogenetic analysis


   Use of PHYLIP

Data mining

Use of PERL in bioinformatics

Module 4: Molecular Visualization Tools               
           

         14 hours

Structure visualization


Molecular structure viewers


RasMol


 SWISS-PDBViewer

Predicting protein structure and function from sequence

Protein modeling, Docking and drug discovery

Module 5: Practical



                                           36 hours

Familiarize with the various databases given in the syllabus

Practice retrieving data from the various databases

Learn how to store the retrieved data

Practice the use of BLAST

Familiarize with the use of RasMol

References

1. Bioinformatics : A Machine Learning Approach. P Baldi and S Brunak. MIT Press

2. Bioinformatics : A Practical Guide to the Analysis of Genes and Proteins

3. Developing Bioinformatics Computer Skills. Cynthia Gibas and Per Jambeck. O’Reilly Genomes . TA Brown. Wiley-Liss.

4. Genomics: The Science and Technology Behind the Human Genome Project. CR Cantor and CL Smith. John Wiley and Sons.

MAHATMA GANDHI UNIVERSITY

B. Sc. BOTANY & BIOTECHNOLOGY (DOUBLE CORE) PROGRAMME
               

Core Course in Biotechnology

Semester V


BT Course 8


Code: BO&BT5BBT08U

CELL BIOLOGY, DEVELOPMENTAL BIOLOGY & EVOLUTION

(Theory: 54hrs; Practical: 36hrs)

Course Objectives 

Students should be able:
1. To understand the ultra structure and functioning of the cell at submicroscopic and      

 molecular level.

  2.   To provide an idea of origin, concept of continuity and complexity of life activities. 

3. To appreciate developmental biology as one of the most exciting areas of    

4.  contemporary biology.

5.  To understand the concept of unification of genomic, developmental, organismal,    

6.  population and natural selection approaches to evolutionary change.

7.  To understand the process of evolution which acts through inherited changes in    

  the development of organism.

8.  To relate embryonic development with life history evolution, adaptation and 
    responses to and integration with environmental factors.

Section A: Cell Biology

Module – I

Historical account of cell biology: Cell theory and protoplasm theory, Cell:  Physio-chemical nature of plasma membrane and cytoplasm, prokaryotic and eukaryotic cell. structural organization and function of intracellular organelles – cell wall, nucleus, mitochondria, ribosome, dictyosomes, microbodies, golgibodies, lysosomes, endoplasmic reticulum, peroxisomes, plastids, vacuoles, chloroplast, structure and function of cytoskeleton and its role in motility. 




                                                9 hrs. 

Module – II

 Chromosomes: morphology- fine structure, Dupraw model, Nucleosome model; chemical organization of nucleosome-nucleoproteins, karyotype and idiogram. Special types of chromosomes- salivary gland, lampbrush and B chromosome.

Organization of genes and chromosomes: operon, interrupted genes, structure of chromatin and chromosomes, unique and repetitive DNA, heterochromatin, euchromatin, transposons.

 Numerical aberrations of chromosomes-Aneuploidy and euploidy. Structural aberrations of chromosomes- deletion, duplication, inversion and translocation and their meiotic behaviour.

Mutations: spontaneous and induced. Mutagens-physical and chemical mutagens. Chromosomal and point mutations. Molecular mechanism of mutation: transition, transversion and substitution. 

                                                                                                                 11hrs

Module -III
  

 Cell division and cell cycle: mitosis and meiosis, cell cycle regulation, steps and control of cell cycle. Stem cells- definition, sources and applications. ; Interaction of cells with their environment, cell signalling.   

                                                                                                                  8hrs

Section B: Developmental Biology

Module – IV

Introduction to developmental biology: basic concepts of development, potency, commitment, specification, induction, competence, determination and differentiation; genomic equivalence and cytoplasmic determinants: imprinting mutants and transgenics in analysis of development  

  











      4 hrs. 

Module – V

Gametogenesis, fertilization and early development: Animal development: oogenesis, fertilization, embryonic cleavage divisions: blastulation, gastrulation and morphogenesis; Development of model organisms – Drosophila and Caenorhabditis; maternal and zygotic gene activity in development.  

Plant development: microsporogenesis and megasporogenesis; Embryogenesis (brief account only), establishment of symmetry in plants, seed formation and development of seedling, shoot and root meristem, leaf development, development of model organism – Neurospora and Arabidopsis.                                                                
                                                                                                13 hrs.

Section C: Evolution 

Module – VI

            Introduction- progressive, retrogressive, parallel and convergent    evolution.

Emergence of evolutionary thoughts: Lamarck; Darwin; Weisman’s and       De vries– (concepts of variation, adaptation, struggle, fitness and natural selection: Spontaneity of mutations; the evolutionary synthesis.) Origin of cells and unicellular evolution: origin of basic biological molecules, abiotic synthesis of organic monomers and polymers; Oparin – Haldane theory; experiment of Miller (1953); evolution of prokaryotes and eukaryotes.        Neo Darwinism- Reproductive isolation, mutation, genetic drift, speciation. Variation and evolution, hybridization and evolution, polyploidy and evolution. Mutation and evolution. Molecular evolution: concepts of neutral evolution, molecular divergence and molecular clocks; molecular tools in phylogeny: classification and identification; protein and nucleotide sequence analysis; origin of new genes and proteins; gene duplication and divergence.


      6hrs.   

Module – VII

Paleontological evidences: Geological time scale; eras, periods and epoch; major events in the evolutionary time scale; origin of organisms: major groups of plants and animals; stages in primate evolution. 


                                                                                                              3hrs.   
Practical

Module – VIII 

i. Mitosis – smear preparation with onion root tip and calculation of mitotic index 

ii. Meiosis – study of meiosis: Rhoeo flower buds and grass hopper testis 

iii. Squash preparation of cheek epithelium- Identification of Barr body.

iv. Study of different developmental stages of chick embryos

v. Study of different stages of microsporogenesis and megasporogenesis 

vi. Extraction of Amaranthus/Tridax embryo

vii. Cytochemical localization of esterases in stigma

viii. Pollen counting and viability test of Impatiens    

ix. Identification of CS of anthers and LS of ovules


   

x. PTC testing

xi. Identification of salivary gland chromosome.

                                                                                                                36 hrs.

REFERENCE BOOKS 

1. Lodish et al.2004. Molecular Cell Biology “ (Scientific American Book)

2. Eduard Gasque – “Manual of Laboratory Expts in Cell Biol .“(W. C. …Wilson Pub)

3. Alberts et al. .2002. The Biology of the Cell
4. Cooper & Hausman .2004. The Cell – A Molecular Approach
5. Maheaswari, P. 1950. An introduction to embryology of Angiosperms. Mc Graw Hill.
6. Balinsky, B.I., 1965. An Introduction to embryology, W.B. Saunders company 

7. Bodemer, L.W., 1968. Modern Embryology, Winston Inc. USA 

8. Dodd, H.I., and Dodd, J.M. , 1978. The biology of metamorphosis , In Physiology of amphibia, Vol. 3, Academic press, N.Y 

9. Gilbert, S.F., 1997. Developmental Biology, 5th Edn, Sinauer, Associates, Massachusettes. 

10. George, M. Malacinski (ed) 1988, Developmental genetics of higher organisms, Macmillan Publishing Co., 

11. Tamarin, R., 1991, Principles of Genetics, 3rd edition. 

12.  Vasudeva Rao, 1994. Developmental Biology: A modern synthesis, Oxford & IBH, New Delhi 

13.  De Robertis, E.D.P. and Robertis, E.M.F. 1991. Cell and molecular biology. Lea and Febiger

14.  Dobzhansky, B. 1961. Genetics and the origin of species.  Coloumbia University Press. NY. 

MAHATMA GANDHI UNIVERSITY

B. Sc. BOTANY & BIOTECHNOLOGY (DOUBLE CORE) PROGRAMME

Open Course in Biotechnology

          Semester- V

 Open Course 1
Code: BO&BT5DBT01U (Open course) 

ENVIRONMENTAL BIOTECHNOLOGY

(Theory-90 Hours)

Course objectives

 Students should be able:

1. To understand the basic principles of environmental monitoring and management

2. To realize different sources of pollution and eco-friendly approaches to 

      minimize it

3. To apply eco-technology for waste management and sustainable development

4. To understand various in situ and ex situ conservation strategies

5. To apply basic principles of geo informatics and remote sensing for 
      conservation of environmental resources.
Module – I

Environmental pollution: concepts, types, source and effects; solid and liquid waste management, soild waste, sources and types; methods of treatment – physical, chemical, biological – aerobic:composting and vermicomposting, anaerobic: anaerobic digesters: liquid waste sources and types; methods of treatment – physical, chemical, biological - aerobic, anaerobic; phytoremediation, aquatic macrophyte system, activated sludge process, artificial wetlands, nutrient film technique




    



18 hrs. 

Module – II

Air pollution, concepts, sources and effects; green house effect, global warming, climatic changes, ozone depletion and acid rain: Montreal protocol and Kyoto protocol: air pollution control measures – bioscrubbers, biocatalysts, biofilters, membrane bioreactor, biodesulfuration of coal, green belts







 

    


14 hrs. 

Module – III

Technology for sustainable agriculture, agrobiotechnology – plant gentric engineering, recombinant DNA technology, plant tissue culture and floriculture, mushroom cultivation. Biological pest management strategies, biopesticides, biofertilizers. Technology for sustainable industries, bioremediation of xenobiotics, oil spills, plastics. Sustainable alternate energy resources, renewable and non-renewable energy resources, conventional and non-conventional energy resources waste to energy concept. Biogas production, microbial hydrogen production, bioethanol production. 
    





18 hrs. 

Module – IV

Conservation biology – in situ conservation- bioreserves, national ,parks, sanctuaries, tiger reserves: ex situ conservation -  botanical gardens, cryopreservation, germplasm, seed bank. Environmental modeling, biomodelling concepts and application, biological indicators: global environmental monitoring system. Application of geo-informatics in conservation and environmental modeling



    





15 hrs.    

Practical

Module – V 

i. Water quality analysis 0- pH, DO, BOD, COD, TDS, dissolved CO2 , chlorinity, sulphate, calcium and magnesium.
ii. Soil chemical analysis – soil sampling, techniques, water soluble minerals, soil pH, moisture and bulk density
iii. Field visit of natural ecosystems – quadrate study, species structure, density, frequency and abundance, identification of trophic levels
iv. Practical training in vermicomposting, mushroom cultivation, azolla cultivation





    

    25hrs.

REFERENCES 

1. Odum E.P. Concepts in ecology. 

2. Miller T. 2009. Environmental biology. 

3. Scrag A. 2007. Environmental biotechnology

4. Sharma B.K.  Environmental pollution 

5. Sharma P.D.  Environmental biology

6. Southwood, E. Ecological methods.
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