M.Sc (5-yr Integrated) Systems Biology

New Course Contents 2015 -2016 Batch onwards

SEMESTER: 3 (Jul – Nov)   (SECOND YEAR)
15. PY201 Physics (Electricity and Magnetism) (4credits)
	Topics

	1. Maxwell's equations, Electrostatics : Charges and Fields Chapter 1 (Purcell)  (3)

	2. Calculation of ⃗E for : system of charges, spherical shell, solid  sphere, line charge, uniformly    

    charged ring, Gauss's law, superposition principle for force and field, Gauss's law +    

    symmetry=Coulomb law    (4)



	3. Application of Gauss's law: (i) spherical shell, solid sphere, plane and line charges, (3)

	4. Electrostatic potential-definition, ⃗E = 􀀀⃗∇ϕ, Calculation of ϕ due to system of point charges,    

    dipole, uniformly charges ring, disk, spherical shell, solid sphere, Electrostatic Energy: for     

    discrete and continuous charges  (4)



	5. Electrostatic Energy: Examples: Capacitors: Parallel plate, cylindrical and spherical. (3)

	6. Conductors in Electrostatic field, Induced charge, field inside the conductor, field inside a    

     cavity, Boundary  conditions, Conductors in electrostatic field, Induced charge, field inside    

    the conductor, field inside a cavity, Boundary conditions. (4)

	7. Dielectric Materials: Electric field inside a insulator, dielectric constant, Polarization, electric       

     susceptibility,  Displacement vector, Gauss's law, Faradays law, Capacitors  (4)

	8. Lorentz force eqn and magnetic field, steady currents, Biot-Savart law, calculation of  ⃗B due to     

   (i) long straight  wire, (ii) force between parallel wires, (iii) circular loop, (iv) long solenoid, ,    

   Divergence and Curl of  magnetic field, Vector potential (3)

	9.  Ampere's law: ⃗B due to (i) long solenoid, (ii)toroidal coil, (iii) long cylindrical   conductor,     

     Magnetic dipole,   (4)



	10. Induction: Faradays Law emf in (i) expanding loop, (ii) conductor moving in a  magnetic field,   

      (iii) conductor at rest in a varying magnetic field, Self-inductance of long solenoid and   

       toroidal coil, Mutual inductance between two co-axial coils and a solenoid with secondary    

      windings (4)



	11. Electric Currents, A.C. Circuits, Kirchoff’s law, LCR circuits (Purcell Chapter 4)

      Induction motor, Dynamo, AC generator, Eddy currents (4)

	12. Magnetic Properties of matter: Gauss's law of magnetization, Relative permeability,    

       susceptibility, Magnetization-M, Magnetic intensity-H, relation between B; M and H,    

       Magnetic Energy, B-H loop. (4)

	   Books Recommended:  
1. Electricity & Magnetism (Berkeley Physics Course, Vol 2) by  E M Purcell,
2. Electromagnetic Field and Waves by P Lorrain and D R Corson,
3. Introduction t Electrodynamics, D J Grifffiths
4. A students Guide to Maxwell's equations, D Fleisch
5. Feynman lectures, Vol 2


16. CY201 Structural Chemistry  (3Credits)
Prerequisite: None

Electronsin atoms – the orbital concept –shapes and size of atomic orbitals-electron configurations and the periodic table. (4h) The chemical bond –ionic and covalent bonding. MO and VB pictures- hybridization, resonance. Bond parameters – energy, polarity, length (8h) Shapes of molecules – VSEPR theory. (4h) The hydrogen bond. Intermolecular forces and non-bonded intra- molecular interations. Molecular conformations. Examples of different  structures and their stabilities from tri-atomics to bio-molecules. (6h) The solid state –molecular, ionic and metallic crystals. Crystal lattices – unit cells. Common crystal structures. Factors influencing crystal structures in ionic/molecular solids. Allotropes (of carbon and sulphur). Network solids – silicates. (8h) X-ray diffraction and elementary treatment of Bragg’s law- NaCl and KCl. (6h).
17. SB201 Structure and Function of Macromolecules (3credits)

Macromolecules in Biology: Carbohydrates, Lipid, protein and Nucleic acid Carbohydrates: Building block, structure, glycosidic bond, different forms of carbohydrates based on structure and function; Lipid: chemical structure and structural component of membrane; Nucleic acid: building blocks – purine and pyrimidine, biochemical structure, different forms of DNA, interaction of DNA with proteins, drugs, dyes and carcinogens, hydrogen bonding interactions, structure of RNA, basic differences between DNA and RNA structures, structure of yeast phenylalanine tRNA. Different forms of RNA, ribozyme and Riboswitch: structure and function, ribosome: subunits and structure; Protein: building block (amino acids), peptide bond, polypeptide, secondary structure, tertiary structure and quaternary structure. Forces that stabilize protein structure, Ramachandran plot, Structural classification of protein- fold/motif, class, family and superfamily, structure function correlation, functional conformation of protein, protein folding and denaturation, molecular chaperones assist protein folding, regulatory protein- transcription factor structure and function, structure of antibody, motor proteins (myocin, actin), structure and function of myoglobin and hemoglobin, proteins involve in signal transduction and structural change in receptor proteins.
Recommended books: Biochemistry, Lehninger A.H., Proteins: Structure, function and evolution. Dickerson & Geis, 2nd Edn, Protein: Structure and molecular properties: Thomas E. Creighton.
     18.  MM202 Maths 3A: Ordinary Differential Equations (ODE), Laplace transforms& Fourier   

        series (4 credits)

3.1 Ordinary Differential Equations (20 Lectures) 

Order and degree of a differential equation, first order equations: variables separable method, homogeneous equations of degree zero, non-homogeneous equations, exact equations, integrating factor, linear equations, Bernoulli's equation. Higher order homogeneous linear equations with constant coefficients, second order homogeneous linear equation with variable coefficients, variation of parameters, 2 x 2 autonomous system of equations, power series solution, meaning of existence and uniqueness of a solution and some counter examples.

3.2 Laplace Transforms (18 Lectures) 

Definition, L.T. of some elementary function, effect of L.T. on translation, scaling, convolution. Inverse Laplace transform, applications of L.T. to ODE. 

3.3 Fourier series (7 Lectures) 

Fourier series of a periodic function, half range Fourier series. 

3.4 Sets, relations and functions (5 Lectures) 

      Sets, relations, equivalence, partial ordered relations, mathematical induction, elements of      

      mathematical logic. 

References 
1. Advanced Engineering Mathematics, Erwin Kreyszig, Wiley and Sons, 2011. 

2. Differential equations with applications and historical notes, George F. Simmons, McGraw Hill     

     Inc,1972. 

3. Elementary Differential Equations,William E. Boyce (Author), Richard C. DiPrima, Wiley and   

    Sons,2012. 

19.  MM203 Math-3(B) Introductory Probability and Statistics (4credits)

Random Experiments Sample spaces , Events, probability measures on events definition, properties, examples. Conditional probability-definition, properties, examples, Bayes theorem, independent events. 

Definition of random variables, standard discrete and continuous random variables-viz. Bernoulli, Binomial, Geometric, Poisson, Exponential, Gamma, Normal. Expectation, 

variance, other properties. 

Definition of bivariate random variables, joint distributions, covariance and correlation between two random variables, independence, distributions of sums. 

Data collection methods, types of data, graphical summaries of data, numerical summaries of univariate data, bivariate summaries, measures of association. 

Introduction to statistical inference, population parameters, variable(s) of interest, statistic, estimators as random variables.

References 
1. Ross, S. A First Course in Probability, sixth edition, Pearson Education, 2007. 

2. Ramachandran, K.M. and Tsokos, C.P. Mathematical Statistics with applications, Academic Press, 2009. 

3. Daniels, W.W. Biostatistics: a foundation for analysis in the health sciences, 9th edition, John Wiley & Sons, 2008. 

4. Moore, D.S. The Basic Practice of Statistics, W. H. Freeman, 2003. 

20. IT MatLab   (2credits)

21. SB202 Biology Laboratory II:                                 (4.5 credits)
1: Introduction to Techniques: Use of Pipetmen

2: Preparation of Standard Solutions and Dilutions

3: Preparation of Buffers

4:  Separation of chlorophyll pigments by paper chromatography                     

5:  Qualitative test for lipids 

6:  Qualitative test for lipids          

7: Analysis of DNA, RNA and Proteins

8: Extraction of total genomic DNA from banana

9: Purification of Nucleic acids (DNA)

10: Estimation of Protein by spectrophotometer

11: Estimation of Protein by Lowry method

12:  Determination of Tm of a DNA sample


PY202 Phys Lab:  Electricity and Magnetism Lab

List of experiments:
1. Charging and Discharging a Capacitor
2. Resonance in LCR Circuits
3. Electromagnetic Induction
4. Measurement of Average Resistance of a Wire by Carey-Foster method and to determine     

     the value of sn unknown resistance
5. Comparison of E.M.F.’s of Two Cells with the Help of Potentiometer
6. Measurement of E.M.F. of a Cell by Potentiometer, Using a Milli-ammeter
7. Hysteresis Curve
8. Determination of the Moment of a Bar Magnet and the Horizontal
Component of Earth’s Magnetic Field by Magnetometers
9. Kelvin Double Bridge for Measuring Very Low Resistance
          CY202 Chem Lab:   Physical Chemistry Lab (1.5credits)

Equilibria in solution –phase diagrams. Colligative properties. Reaction rates. Electrochemistry – measurements and titrations
SEMESTER: 4 (Jan – April)   (SECOND YEAR)
22.  PY251 Physics: Modern Physics (including Special Theory of Relativity)- 4 credits 

	 Topics

	1. Development of Quantum theory Thermal radiation and Planck’s postulate, Classical and Planck’s theory    

    of cavity radiation, Use of Planck’s radiation law in thermometry, Planck’s postulate   (4)

	2. Photons-particle like properties of radiation Photoelectric effects , Einstein quantum theory of     

    Photoelectric effects, Compton effects Dual nature of electromagnetic radiation (4)

	3. Bohr’s model of the atom Thomson’s and Rutherford’s model, Bohr’s model, Atomic spectra, Franck    

    Hertz Experiment. (4)

	4. Discovery of Spin Anomalous Zeeman effect and Stern  Gerlach  Experiment (2)

	5. Wave Particle Duality De Broglie’s hypothesis, Davison  Experiment, Matter waves Heisenberg    

    Microscope, Double Slit experiment with electrons, Uncertainty principle, Some consequences of  

    uncertainty principle,  (5)

	6. Schrödinger’s Equation Time-independent potential and time-independent Schrödinger equation.    

     Stationary states, Born’s interpretation of wave functions, Expectation values, Free particle and particle in a   

    box, Normalization of Eigen function. (10)

	7. Special Theory of Relativity

	    Inertial frame, Galilean covariance of Newton’s second law, Inconsistency with electromagnetic theory,    

    Michelson-Morley experiment, Interpretation of null results of Michelson-Morley experiment, Postulates of    

   special theory of Relativity, (4)

	    Lorentz transformation, Relativity of simultaneity, Length contraction and time dilation and their   

    consequences, Transformation of velocity and acceleration, Fizeau’s experiment, Relativistic momentum,    

    Equivalence of mass and energy. Energy and Momentum, Four vectors, Relativistic dynamics   (12)

	    Books recommended:
    1. Quantum Physics: Eisberg and Resnick

    2. Special relativity : by Resnick



23.  Chemistry 4: CY 251 Basic Organic Chemistry  (3 credits)

Nomenclature of organic compounds..Major classes –aliphatic, aromatic, alicyclic and heterocyclic compounds. Isomerism. Stereochemistry. Conformational analysis .Strained molecules. (10h) Hydrocarbons (alkanes, alkenes, alkynes) – substitution  and addition reactions. (5h) Alcohols and ethers. (3h) Carbonyl compounds – oxidation, reduction reactions. (5h) Compounds with conjugated double bonds- dienes and □□ – Unsaturated compounds – tautomerism (5h) Aromatic compounds- substitution  reactions. (8h)

24.  SB251   Molecules & Information Processing (Molecular Biology) 3 credits 

Flow of information in Biological Systems, Typical rules governing the synthesis of DNA, RNA and Proteins (E. coli as a model) The DNA language/chemistry, structure and the machinery of replication. Genomes, Gene-density, C value Paradox, Cot values     8 h. DNA Replication, Replication of chromosome ends. Repetitious DNA, Mobile/Transposan elements, mechamisms of transposition, Tm (melting temperature) of DNA and its practical application of DNA topology, Topoisomerases and Linking number. Chemicals that affect DNA structure, DNA sequencing, Methods  14 h. Regulatory elements in DNAs and mRNAs. Different types of (RNAs tRNA, mRNA, rRNASn RNAs, Micro RNAs and Silencing RNAs). RNA synthesis in brief in prokaryotes and eukaryotes, Co and post transcriptional modifications like alternative splicing, 5’Cap and ply A addition etc.,  Genetic code, and the machinery and mechanics of cytosolic and secretary protein synthesis.  14 h.

Books recommended: Molecular Biology of Gene:  Watson et al., Molecular Cell Biology: By Darnell, Lodish, Baltimore. Concepts of Genetics William S Klug and M. R. Cummings

25. MM252 Maths 4B (Algebra: Group theory and vector spaces)  4 credits
6.1 Group theory (20 Lectures) 

       Groups, examples, subgroups, order of an element in a group, cyclic groups, cosets, normal subgroups,     permutation groups, quotient groups, Lagrange's theorem. Group homomorphisms, isomorphisms, fundamental theorem of group homomorphism and applications.

6.2 Vector spaces, Linear transformations (15 Lectures) 

       Vector space, examples, subspace, spanning set, linear dependence, linear independence, basis, dimension, sum of two subspaces, linear transformations, isomorphism, co-ordinates, _nite dimensional vector spaces are isomorphic to Rn, rank-nullity theorem, dimension of quotient spaces, matrix of a linear transformation (stick to 2 x 2 or 3 x 3 case). 

6.3 Rings, integral domains and fields (5 Lectures) 

       Definitions and examples of rings, commutative rings, subrings, ideals, integral domains and fields with various examples. 

References 
1. Contemporary abstract algebra, Joseph Gallian, Cengage 2012. 

2. Topics in algebra, I.N. Herstein, Wiley and Sons, 1975. 

3. Linear algebra, Kenneth Ho_man and Ray Kunze,Pearson, 1971. 

4. Linear algebra: a geometric approach, S. Kumaresan, Prentice hall of India, 2004. 
    26.  ELECTIVE:  MM251 Math 4A (Analysis) (4Credits)

      5.1 Continuity (15 Lectures) 

           Continuity (stick to sequential and ϵ, δ definition), examples of continuous functions,     

           some basic properties of continuous functions including intermediate value theorem. 

      5.2 Differentiation (15 Lectures) 

           Limit of a function, Differentiation, chain rule, mean value theorems and their    

           applications, Taylor's theorem, l'Hospital rule, maxima-minima problems in one variable  

           case, curve tracing. 

      5.3 Integration (10 Lectures) 

           Integration, Riemann's original definition and applications to summation of infinite series,  

           Statement of fundamental theorem of calculus. 

       References 
1. R.G.Bartle and D.R.Sherbert,Introduction to Real Analysis, Wiley and Sons, 2011. 

2. Richard R. Goldberg, Methods of Real Analysis, Wiley and Sons, 1976. 

3. Tom M.Apostol, Mathematical Analysis, Pearson, 1974. 

4. Ajit Kumar and S. Kumaresan A Basic course in Real Analysis, Chapman and Hall, 2014. 

27. ELECTIVE:  SB253 Evolution and Diversity (2 credits)

Origin of life, evolution by Natural Selection, speciation and phylogeny.Prokaryotic domain: bacteria and archea

Evolution of plants, colonization of land and evolution of seed plants

Evolution of animals and animal body plan

Diversity in microbial, plant, fungal and animal kingdoms.

Text books:

Life: The Science of Life by Sadava et al. (9th Edition; older editions may suffice)

Biology by Raven, Johnson, Mason et al. 10th edition (older editions may suffice) 

      28. ELECTIVE: SB 254 Neuroscience of behavior (2 credits)

Syllabus:

Module 1: Neurons as the Building Blocks of Behavior: Basic Neurobiology, Neurons, Hodkin-    

Huxley model,  Synaptic transmission, Neurotransmitters in vertebrate and invertebrate            systems and functional equivalence; Computation at the synapse; Neuronal circuits .
Module 2: Sensory Worlds: Transduction and perception of stimuli; Cases of echolocation in bats:  

                 circuits of echolocation, function of the circuit, timing in circuits;  Feature analysis in toads:                      

                 Edge detection and other feature detection for prey predator identification  in visual   

                 pathway of  toads. How decision in visual pathway affects behavioral choice. 

Module 3: Motor Strategies: Circuits mediating  flight in locust; Principle of control and visual    

                  feedback in flight; Escape behavior in crayfish; Principles of mechano-sensation and    

                 circuits mediating. Hennemans size principle. Optimal control principle in neuromuscular   

                  control.

Module 4: Behavioral Plasticity: Classical and operand conditioning; STDP, LTP, Hebbian principle;   

                  Associative learning in honeybees. Rescolawagner model, TD learning and reinforcement    

                  learning. Temo and Spatial navigation in rats: Place code in hippocampus, entorhinal               

                  cortex and hippocampal network with underlying grid cells and place cell network.

Reference:  Behavioral Neurobiology: The Cellular Organization of Natural Behavior: Thomas J.         

                     Carew; Sinauer

29. ELECTIVE: Statistical Thermodynamics/ mathematical methods for Physics)     (4 Credits)

        Statistical Thermodynamics  - 4 credits

	Topics

	1. Micro-Macro Synthesis :Micro world described by classical and quantum mechanics; nature of micro- scopic laws : determinism; time reversal invariance; (6)

	2. Macro world described by thermodynamics; time’s arrow; direction of in-creasing entropy; (6)

	3. Thermodynamics : Thermal equilibrium; temperature; binary relation; reflexive, symmetric and transitive; equivalence relation; zero-th law of thermodynamics; adiabatic work; internal energy; heat; first law of thermodynamics;Carnot engine; exact and inexact differentials; entropy; the second law of thermodynamics; (10)

	4. Legendre transform; Helmholtz free energy; enthalpy; Gibbs free energy;

            Maxwell relation; brief introduction to Boltzmann transport equation and his H-theorem   

              microstates; macrostates; Boltzmann entropy; Gibbs entropy; equivalence of statistical entropy   

              and thermodynamic entropy; Gibbs paradox; isolated system; ergodicity; classical and quantum    

            counting of microstates:   (10)

	5. Sackur Tetrode equation; derivation of ideal gas law; equi-partition; closed system; canonical ensemble; canonical partition function; free energy; fluctuations of energy and specific heat; microscopic interpretation of heat and work; Maxwell demon. (12)

	Books recommended:
1. F Rief, Fundamentals of statistical and thermal physics, McGraw Hill (1965)
2. Kersen Huang, Introduction to statistical physics, CRC Press (2009)

3. D V Schroeder, An introduction to thermal physics, Pearson (2000)

4. H C van Ness, Understanding thermodynamics, Dover (1969)

5. H B Callen, Thermodynamic and an introduction to thermo statistics, Wiley India (2005)


              Mathematical Methods for Physics (in place of Math 4B)

	Topics

	1. Overview of Elementary Calculus  (4)

	2. Matrices, Vector spaces, Basis, Eigenvalues and Eigenvectors, Schur’s Lemma, Cayley Hamilton theorem, Matrix Diagonalization (10)

	3. Sturm Liouville Theory: Orthogonal Functions, Self Adjoint ODE’s Gram Schmidt Orthogonalization. Completeness of Eigen functions, Rodrigues formula, Special functions (introduction)   (10)

	4. Introduction to Tensors: Covariant, contra- variant tensors, tensor calculus, symmetric and Anti-symmetric tensors. Applications of tensors to physical problems (10)

	5. Elementary concepts in group theory and group representations. Discrete groups.    

Symmetric groups. Matrix Representations. Character tables. Reducible and irreducible representations. Brief Introduction to Rotation Groups. Physical applications. (10)

	Books recommended:
1. Main Text. Mathematical methods for Physicists , Arfken, George B and Weber Hans J  and    

     Harris (Academic Press) 7 edition (2000)

2. Group Theory and Its Physical Applications, Falicov, L.M ( University of Chicago Press)
3. Tensor Analysis for Physicists J.A. Schouten ( Dover)

4. Classical theory of fields by Landau and Lifschitz.

5. Schaum  Outline Series , “Calculus”, “Linear Algebra” and “Group Theory” ( to be used as

     supplementary material, not as textbooks)

6. A brief on Tensor analysis By James D. Simmonds ( Springer 1994)




30.   ELECTIVE (CY253): Basic supramolecular Chemistry (2Cr)
31.  ELECTIVE (CY254): Basic Polymer Chemistry (2Cr)

32.  Biology Lab SB252:  Structure and Function of Macromolecules Lab (1.5 credits)

1) Estimation of Protein by Bradford. Compare sensitivity

2) Estimation of DNA and RNA by chemical methods: orcinol and DPA.

3) Estimation of Phosphate by Fiske and Sabbarow method

4) Isolation of plasmid DNA; separation on agarose gel

5) Isolation of Protein and Separation on protein gel

6) Growth curve for bacteria andestimation of doubling time (learn to make media, streak colonies, inoculate etc)

Phys Lab PY252:  Heat & Thermodynamics Lab (1.5 Credits)
List of experiments:
1. Gas laws: Boyles law 

2. Gas laws: Charles law 

3. Constant volume gas thermometer 

4. Electric Joule heating 

5. Seebeck effect and thermocouple 

6. Thermal conductivity of a poor conductor (Lee’s method) 

7. Thermal conductivity of a good conductor (Searle’s method) 

8. Specific heat capacity – Method of mixtures 

9. Phase change – Latent heat
 Chem Lab: CY252 Identification of Organic compounds Lab (1.5 credits)

Preparation and purification of organic compounds –melting point –boiling point. Characteristic  

reactions of functional groups. Identification of unknowns – chemical and spectral methods.

