M.Sc (5-yr Integrated) Systems Biology

New Course Contents 2015 -2016 Batch onwards

SEMESTER: 9 (Jul – Nov) (FIFTH YEAR)

56. SB 501 Comparative Systems Modeling: 4credits
1. Introduction

Systems Biology is an approach that integrates quantitative analysis, mathematics, engineering, computer science, along with biology, physics and chemistry. This course is offered in continuation to ``Mathematical Modeling of Biological Systems (SB 453) (MMBS)" and further explores a systems approach to biological processes. The course is designed to be both theoretical and computational, and opens avenues for experimental studies.

Students will be exposed to a range of modeling tools and techniques, augmenting what was covered in MMBS with additional topics that are currently used in the study of biological systems at a range of spatial and temporal scales. A case--based approach is taken in the course that will introduce students to a variety of advanced topics in Genomics, Networks, Synthetic Biology, as well as to modeling strategies in the study of Evolution, Animal Behaviour and (introductory) Computational Neuroscience.

Students will get a good understanding of the field of Systems Biology and it will provide a valuable introductory overview for students planning to pursue research in modeling biological systems.

     2. Recommended Background

Undergraduate level a) Calculus, c) Linear Algebra d) Chemical kinetics e) Statistics and Probability f) Biology g) Ability to code in at least one programming language (FORTRAN, C++, R or MATLAB).

     3. Course Outline


1. Markov Chains and Hidden Markov models [4 hours]:
    a) Introduction to Markov chains and Hidden Markov models, b) Mathematical Description, c)     

   Applications: Gene Prediction, Protein Folding, Sequence alignment and Comparative analysis of  

   Biological Networks.

2. Metagenomics [4 hours]: 
    a) Introducing Metagenomics b) Experimental techniques c) Data Analysis d) Bio-informatics for     

    Metagenomics, e) Applications and case studies.

3. Metabolic Networks and Flux balance Analysis [4 hours]: 
    a) Introduction, b) Mathematical representation of metabolism, c) Flux balance, d) Formulating an FBA    

    problem, introducing constraints, optimization, e) Computational tools for FBA, examples of FBA    

    using model networks.

4. Machine Learning [4 hours]:
    a) Introduction, b) Types of learning (Supervised, unsupervised), c) Types of classifiers, d) Error    

    estimation, e) Support Vector Machines and Artificial Neural Networks, f) Clustering, g) Example of    

    Machine Learning Problems in Biology.

5. Synthetic Biology [8 Hours]: 
    a) Introduction to Synthetic Biology, b) Parts, Devices and Systems, c) Modeling Synthetic Biology    

    Systems d) iGEM, Modules and Bio Bricks e) Transcriptional, Translational, Post Translational and    

    Hybrid approaches. f) Examples: Toggle switch, repressilator, genetic switch board, etc.,

6. Modeling evolution and animal Behaviour [8 hours]:
    a) Evolutionary Game Theory : Evolution, Game theory, Dominant and dominated strategies,  

    Evolutionary Stable Strategy, Prisoners' Dilemma, Hawk and Dove game, Eusociality, Spatial Games,    

    Games in Graphs. b) Modeling Natural selection, Genetic drift and Mutation for finite and infinite      

    populations.

7. Modeling Neuronal systems [8 hours]:
    a) Introduction to Neuroscience, b) Biology of neurons and synapse, c) Models of single neurons    

    (Hodgkin-Huxley, FitzHugh-Nagumo and Morris-Lecar), d) Models of synaptic interactions   

    (Excitatory and Inhibitory).

8. Applications to Biological Models [8 hours]:
    Selection of topics from a) Circadian rhythms, b) Quorum sensing, c) Chemotaxis, d) Wound healing,   

    e) Homoeostasis, f) Apoptosis, g) The phage λ genetic switch, h) Kinetic proofreading.
4. Reading Material

    Books: 
    The following are list of suggested books for the course and later reading.
1.   Synthetic Biology , A Primer, by P. S. Freemont and R. I. Kitney (Eds), Imperial College Press, 2012.   

       ISBN:  9781848168633.

2. Evolution and the Theory of Games, by J. Maynard Smith. Cambridge University Press. ISBN:   

      0521288843.

3. Evolutionary Dynamics, by M. A. Nowak. Belknap Press. ISBN: 9780674023383.

4. Principles of population genetics, by D. L. Hartl and A. G. Clark. W. H. Freeman and Company. ISBN:   

       9780878933082.

5. Theoretical Neuroscience: Computational and Mathematical Modeling of Neural systems, by P. Dayan    

      and L. F. Abbott. The MIT Press. ISBN 0262041995

6. Biological Sequence Analysis: Probabilistic Models of Proteins and Nucleic Acids, by R. Durbin, S. Eddy,  

      A. Krogh and G. Mitchison. Cambridge University Press, 1998. ISBN: 9780521629713

7. A Genetic Switch: Phage Lambda Revisited, by M. Ptashne. Cold Spring Harbor Laboratory Press. ISBN:   

     9780879697167

8. Genes and Signals, by M. Ptashne. Cold Spring Harbor Laboratory Press. ISBN: 97808796963377

9. Machine Learning, by T. M. Mitchel. McGraw-Hill. ISBN: 9780070428072.

10. An Introduction to Systems Biology, by U. Alon. Chapman and Hall/CRC, 2007. ISBN: 9781584886426.

11. Computational Modelling Of Gene Regulatory Networks - A Primer, by Hamid Bolouri. Imperial   

      College Press, 2008. ISBN: 9781848162211.

12. Mathematical Biology, by J. D. Murray. Springer. ISBN: 0387952284.

Research Articles: 
The following is a partial list of suggested research articles for the course and others will be suggested depending on instructor's preference.

1. Light-Driven Changes in Energy Metabolism Directly Entrain the Cyanobacterial Circadian Oscillator by  

       M. J. Rust et al., Science 331 (2011) 220.

2. Quorum sensing: cell-to-cell communication in bacteria, by C M Waters and B L Bassler, Annu. Rev. Cell   

       Dev. Biol. 21 (2005) 319-46.

3. Stochastic Simulation of Chemical Kinetics by Daniel T. Gillespie, Annual Review of Physical Chemistry   

       58 (2007) 35-55.

4. Accelerating the Gillespie Exact Stochastic Simulation Algorithm Using Hybrid Parallel Execution on    
     Graphics Processing Units by Ivan Komarov, Roshan M. D'Souza mail, PLOS ONE (2012) 7(11).

5. Responding to chemical gradients: bacterial chemotaxis by Victor Sourjik, Ned S. Wingreen, CurrOpin    

     Cell Biol. 24(2) (2012 Apr) 262-8.

6. Dynamics of cooperativity in chemical sensing among cell-surface receptors by Monica L. Skoge, Yigal    

     Meir, Ned S. Wingreen, Phys Rev Lett. 107(17) (2011).

7. Entrainment of the mammalian cell cycle by the circadian clock : Modeling two coupled cellular   
     rhythms. by Gérard C, Goldbeter A, PLoSComput. Biol. 8 (5) (2012).

8. Systems biology of cellular rhythms. byGoldbeter A, Gérard C, Gonze D, Leloup J-C, Dupont G, FEBS   

     Lett. 586 (2012).

9. Speed, dissipation, and error in kinetic proofreading by Murugan A, Huse DA, Leibler S, PNAS 109(30)    

     (2012).

10. Synthetic Biology: Integrated Gene Circuits by NagarajanNandagopal et al., Science 333 (2011) 1244.

11. Mixed Messages: How Bacteria Resolve Conflicting Signals by Jonathan W. Young and Michael B.    

     Elowitz, Molecular Cell Previews 42 (2011) 405-406.
57. Elective – I from any Science Schools – 2credits

58. Elective – II any from School of Life Sciences – 2credits

59. SB506 Laboratory Techniques (Comparative systems modeling) – 2credits

60. SB507 Seminars (To be evaluated by a panel of faculty) – 2credits

61A. Project - 6credits
SEMESTER: 10 (Jan – April) (FIFTH YEAR)

62B.   SB551 Project - 16credits

63.     Electives from any Science School - 2credits

64.    SB552 Comprehensive Viva -2credits

