BIOINFO SEMINAR/SYSTEMS BIOLOGY (2009)  

Thursdays 3-5pm , Kaplun Building, Room 319

Teachers: Martin Kupiec, Eytan Ruppin

  1. Overall description & Requirements:

Course format: Every week two students will each give (independently) a 30 min long talk (using Powerpoint).  The talk will describe one paper from the provided list (the first one).  Each presenter is expected to read a few additional papers to become familiar with the subject presented.  The papers are listed in item 3 below. All students in the audience will read the papers assigned for each week and will be expected to participate in an active discussion following each presentation. 

Grades will be based on 1) Active participation in discussions; 2) Quality of presentation.

Note: On each subject, the first paper is to be read by all the class. Additional papers on the subject may appear, and we recommend that you read as many as possible (the presenter HAS to read them). 

     2. Presentations’ Program

 Introduction, Orientation: What is Systems Biology? What is Computational Systems Biology? How does this course work? – two introductory talks by Martin and Eytan.

· 1.  Genomics and Cancer, Cancer signatures – Adi Shabi

Will cover (13) Cancer signatures:
Bild AH et al. (2006) Oncogenic pathway signatures in human cancers as a guide to targeted therapies. Nature 439(7074):353-357. 

· 2.  Diagnostics and Prognosis (14) - Mor Lurie-Weinberger 
Will cover  Chuang, HY, Lee, E, Liu, YT, Lee, D, and Ideker, T. Network-based classification of breast cancer metastasis. Mol Syst Biol. 3:140 (2007).

· 3.  (6) Genome wide screen in mammalian cells – Liat Perlman 

Schlabach, MR et al (2008) Cancer Proliferation Gene Discovery Through Functional Genomics. Science 319:620-624.

· 4. Large scale protein interaction studies  - Noam Chen
Will cover Trying to catch ALL the possible physical interactions among proteins
(7) Bandyopadhyay S, Kelley R, Krogan NJ, Ideker T. Functional maps of protein complexes from quantitative genetic interaction data. PLoS Comput Biol. 2008 Apr 18;4(4):e1000065

· 5. (9) Network integration of genetic perturbation data: - Renana
R. Shachar, L. Ungar, M. Kupiec, E. Ruppin, R. Sharan . A systems-level approach to mapping the telomere-length maintenance gene circuitry . Molecular Systems Biology (MSB), doi:10.1038/msb.2008.13, March 2008.

 See also

9b.Toward Accurate Reconstruction of Functional Protein Networks.
Nir Yosef, Lior Ungar, Einat Zalckvarb, Adi Kimchib, Martin Kupiec, Eytan Ruppin and Roded Sharan (Preprint, submitted).
· 6. Genetic regulatory circuits (15) ChIP-chip (Location analysis) – Yael Silberberg Harbison et al. (2004) Transcriptional regulatory code of a eukaryotic genome. Nature 431, 99-104.

See also

15b. Simon I et al. Serial regulation of transcriptional regulators in the yeast cell cycle (2001). Cell 106 (6):697-708.

15c. Tsong AE (2006) Evolution of alternative transcriptional circuits with identical logic. Nature 443(7110):415-420.
· 7.  A systems approach to mapping DNA damage response pathways – Paul Roit,

(16) Workman CT, Mak HC, McCuine S, Tagne JB, Agarwal M, Ozier O, Begley TJ, Samson LD, Ideker T. A systems approach to mapping DNA damage response pathways. Science. 2006 May 19;312(5776):1054-9.

· 8. Integrated genomic and proteomic analyses of a systematically perturbed metabolic network, and multiple-knock analysis – Oded Magger
Will cover; (2) Ideker T, Thorsson V, Ranish JA, Christmas R, Buhler J, Eng JK, Bumgarner R, Goodlett DR, Aebersold R, Hood L. Integrated genomic and proteomic analyses of a systematically perturbed metabolic network. Science. 2001 May 4;292(5518):929-34 and  (12) Going beyond synthetic lethality:

D. Deutscher, I. Meilijson, M. Kupiec, E. Ruppin.  Multiple knockouts analysis of genetic robustness in the yeast metabolic metwork. Nature Genetics, 38(9), 993-998, 2006.

· 9. Combining heterogeneous data -  Ori Folger will cover the papers 

(17) Compendium
Tanay, A.  et al. (2005) Integrative analysis of genome-wide experiments in the context of a large high-throughput data compendium. Mol. Sys. Biol. doi:10.1038/msb4100005

And 

17b. Covert et al. (2004) Integrating high-throughput and computational data elucidates bacterial networks. Nature 429, 92-96. 
· 10. (18) Phenome-Interactome – Regina Ring

K. Lage, E.O. Karlberg, Z.M. Storling, P.I. Olason, A.G. Pedersen, O. 

Rigina, A.M. Hinsby, Z. Tumer, F. Pociot, N. Tommerup, Y. Moreau, S. 

Brunak. A human phenome-interactome network of protein complexes implicated 

in genetic disorders. Nature Biotechnology, 25(3):309-16, 2007.
· 11. Applications of genome-scale metabolic reconstructions, Tomer Benyamini will cover the review paper (23)   Feist, A.M. and Palsson, B.Ø., The growing scope of applications of genome-scale metabolic reconstructions using Escherichia coli., Nature Biotechnology, 26(6): 659 - 667 (2008), and will also review the OptKnock approaches developed by the Costas Maranas group (see their lab homepage). 
·  12. Livnat Gerby will cover (24)  Shlomi, T., Cabili, M.N., Herrgard, M.J., Palsson, B.O. and Ruppin, E., Network-based prediction of human tissue-specific metabolism, Nature Biotechnology, 26: 1003-1010 (2008).
 3. List of papers for the seminar


Whole genome transcriptional profiling – I 

· Using DNA microarrays to learn about cells and genes

1) Hughes TR, et al., Functional discovery via a compendium of expression profiles. Cell. 2000 Jul 7;102(1):109-26.

See also

1b. A genome-wide transcriptional analysis of the mitotic cell cycle. Cho et al. (1998), Mol. Cell 2: 65-73.

1c. Pilpel Y, Sudarsanam P, Church GM. Identifying regulatory networks by combinatorial analysis of promoter elements. Nat Genet. 2:153-9. 2001

2) Ideker T, Thorsson V, Ranish JA, Christmas R, Buhler J, Eng JK, Bumgarner R, Goodlett DR, Aebersold R, Hood L. Integrated genomic and proteomic analyses of a systematically perturbed metabolic network. Science. 2001 May 4;292(5518):929-34.


See also

2b. Arava et al. Genome-wide analysis of mRNA translation profiles in Saccharomyces cerevisiae. Proc Natl Acad Sci U S A. 2003 Apr 1;100(7):3889-94.
Whole genome transcriptional profiling – II (response to environment)

· Using DNA microarray to learn about how cells respond to the environment
3) Gasch AP et al. 2000. Genomic expression programs in the response of yeast cells to environmental changes. Mol Biol Cell. 11:4241-4257. 


See also:

3b. Causton HC et al. 2001. Remodeling of yeast genome expression in response to environmental changes.  Mol Biol Cell. 12 :323-337. 

4)  Focus on next-generation sequencing Prepare for the deluge - p1099, doi:10.1038/nbt1008-1099 (and associated mini-papers).

Nagalakshmi U, Wang Z, Waern K, Shou C, Raha D, Gerstein M, Snyder M.

The transcriptional landscape of the yeast genome defined by RNA sequencing.

Science. 2008 Jun 6;320(5881):1344-9.

See also

4b. Huang Q et al. The plasticity of dendritic cell responses to pathogens and their components. Science. 2001 Oct 26;294 (5543):870-5. 

4c. A. Kaufman, G. Dror, I. Meilijson, E. Ruppin.  Gene expression of C. elegans neurons carries information on their synaptic connectivity.   PLoS Computational Biology, 2(12), e167, doi:10.1371, 2006.

4d. T. Tuller, M. Kupiec, E. Ruppin. Determinants of protein abundance and translation efficiency in S. cerevisiae . PLoS Computational Biology, 3(12): e248, doi:10.1371/journal.pcbi.0030248, 2007



Genome-wide mutation creation 

· Things you can do if you have a collection of ALL the possible knockouts in an organism 
5) The Yeast KO collection
 Giaever et al. Functional profiling of the Saccharomyces cerevisiae genome. Nature 418:387-391. 2002

See also

5b) Hillenmeyer ME, Fung E, Wildenhain J, Pierce SE, Hoon S, Lee W, Proctor M, St Onge RP, Tyers M, Koller D, Altman RB, Davis RW, Nislow C, Giaever G. The chemical genomic portrait of yeast: uncovering a phenotype for all genes. Science. 2008 Apr 18;320(5874):362-365.

6) Genome wide screen in mammalian cells:

Schlabach, MR et al (2008) Cancer Proliferation Gene Discovery Through Functional Genomics. Science 319:620-624.


See also

6b. Baetz K. et al. Yeast genome-wide drug-induced haploinsufficiency screen to determine drug mode of action. Proc Natl Acad Sci U S A. 2004 101(13):4525-4530.
6c. Lum et al. Discovering modes of action for therapeutic compounds using a genome-wide screen of yeast heterozygotes. Cell. 2004 Jan 9;116(1):121-37. 

Large scale protein interaction studies

· Trying to catch ALL the possible physical interactions among proteins
7) Bandyopadhyay S, Kelley R, Krogan NJ, Ideker T. Functional maps of protein complexes from quantitative genetic interaction data. PLoS Comput Biol. 2008 Apr 18;4(4):e1000065

Yeast two hybrid:

7b. Ito T et al. A comprehensive two-hybrid analysis to explore the yeast protein interactome. Proc Natl Acad Sci U S A. 2001 Apr 10;98(8):4569-74.


See also 

7c. Uetz P, et al. A comprehensive analysis of protein-protein interactions in Saccharomyces cerevisiae. Nature. 2000 Feb 10;403(6770):623-7.

7d. Complex hunting: 

Gavin AC, et al. Proteome survey reveals modularity of the yeast cell machinery. Nature. 2006 440:631-636. 

7e. Krogan NJ et al. Global landscape of protein complexes in the yeast Saccharomyces cerevisiae. Nature. 2006 Mar 30;440(7084):637-43.
8) Modeling cellular machinery through biological network comparison (R. Sharan & T. Ideker) Journal: Nature Biotechnology 24, pp. 427-433, 2006.

 And also cover

Protein networks in disease (T. Ideker & R. Sharan)

Journal: Genome Research, 18, pages 644-652, 2008.

9) Network integration of genetic perturbation data:

R. Shachar, L. Ungar, M. Kupiec, E. Ruppin, R. Sharan . A systems-level approach to mapping the telomere-length maintenance gene circuitry . Molecular Systems Biology (MSB), doi:10.1038/msb.2008.13, March 2008.

 See also

9b.Toward Accurate Reconstruction of Functional Protein Networks.
Nir Yosef, Lior Ungar, Einat Zalckvarb, Adi Kimchib, Martin Kupiec, Eytan Ruppin and Roded Sharan (Preprint, submitted).

Large scale genetic interaction mapping

· Trying to catch ALL the possible genetic interactions among genes
10) Synthetic lethality : 

Tong AH et al. Global mapping of the yeast genetic interaction network. Science 303(5659):808-13 (2004).

See also

10b. Pan, X et al., A robust toolkit for functional profiling of the yeast genome. Mol Cell. 2004 16(3):487-96.

10c. Decourty L, et al. (2008) Linking functionally related genes by sensitive and quantitative characterization of genetic interaction profiles. Proc, Natl. Acad. Sci. USA 105 5821–5826

11) Synthetic fitness analysis:

Onge et al. Systematic pathway analysis using high-resolution fitness profiling of combinatorial gene deletions. Nat Gen 2007 39: 199-206.

See also:

11b. Collins et al. (2007) Functional dissection of protein complexes involved in yeast chromosome biology using a genetic interaction map. Nature  446, 806-810.
12) Going beyond synthetic lethality:

D. Deutscher, I. Meilijson, M. Kupiec, E. Ruppin.  Multiple knockouts analysis of genetic robustness in the yeast metabolic metwork. Nature Genetics, 38(9), 993-998, 2006.


Genomics and Cancer

· How to use new technologies in cancer detection and treatment
13) Cancer signatures:
Bild AH et al. (2006) Oncogenic pathway signatures in human cancers as a guide to targeted therapies. Nature 439(7074):353-357. 


See also:

13b. Liu et al. (2006) A genome-wide screen reveals functional gene clusters in the cancer genome and identifies EphA2 as a mitogen in glioblastoma. Cancer Res. 66:10815-10823.

13c. Watanabe et al. (2007) Gene Expression Signature and the Prediction of Ulcerative Colitis -Associated Colorectal Cancer by DNA Microarray. Clin Cancer Res. 13:415-420.

14)  Diagnostics and Prognosis
Chuang, HY, Lee, E, Liu, YT, Lee, D, and Ideker, T. Network-based classification of breast cancer metastasis. Mol Syst Biol. 3:140 (2007).

   See also

· 14b. Lu et al. (2006) A gene expression signature predicts survival of patients with stage I non-small cell lung cancer. PLoS Med. 3(12):e467

· 14c. Garber, ME (2001) Diversity of gene expression in adenocarcinoma of the lung. Proc Natl Acad Sci U S A. 98(24): 13784–13789.
· 14d. I Fishel, A. Kaufman, E. Ruppin. Meta analysis of gene expression data: A predictor based approach. Bioinformatics, 23, 1599-1606, doi:10.1093/bioinformatics/btm149, 2007


Genetic regulatory circuits

What is the logic of life?

15) ChIP-chip (Location analysis)
Harbison et al. (2004) Transcriptional regulatory code of a eukaryotic genome. Nature 431, 99-104.


See also

15b. Simon I et al. Serial regulation of transcriptional regulators in the yeast cell cycle (2001). Cell 106 (6):697-708.

15c. Tsong AE (2006) Evolution of alternative transcriptional circuits with identical logic. Nature 443(7110):415-420.
16) Workman CT, Mak HC, McCuine S, Tagne JB, Agarwal M, Ozier O, Begley TJ, Samson LD, Ideker T. A systems approach to mapping DNA damage response pathways. Science. 2006 May 19;312(5776):1054-9.

And, more philosophically:

16b. Milo R, Shen-Orr S, Itzkovitz S, Kashtan N, Chklovskii D, Alon U (2002). Network motifs: simple building blocks of complex networks. Science 298: 824-827.

16c. Alon U (2007) Network motifs: theory and experimental approaches. Nature Reviews Genetics 8, 450-461

Combining heterogeneous data

17) Compendium
Tanay, A.  et al. (2005) Integrative analysis of genome-wide experiments in the context of a large high-throughput data compendium. Mol. Sys. Biol. doi:10.1038/msb4100005

See also:

17b. Covert et al. (2004) Integrating high-throughput and computational data elucidates bacterial networks. Nature 429, 92-96. 
 18) Phenome-Interactome
K. Lage, E.O. Karlberg, Z.M. Storling, P.I. Olason, A.G. Pedersen, O. 

Rigina, A.M. Hinsby, Z. Tumer, F. Pociot, N. Tommerup, Y. Moreau, S. 

Brunak. A human phenome-interactome network of protein complexes implicated 

in genetic disorders. Nature Biotechnology, 25(3):309-16, 2007.

              Evolutionary Systems Biology

19). Roguev A, Bandyopadhyay S, Zofall M, Zhang K, Fischer T, Collins SR, Qu H, Shales M, Park HO, Hayles J, Hoe KL, Kim DU, Ideker T, Grewal SI, Weissman JS, Krogan NJ. Conservation and rewiring of functional modules revealed by an epistasis map in fission yeast. Science. 2008 Oct 17;322(5900):405-10. Epub 2008 Sep 25.
20) Large scale reconstruction and phylogenetic analysis of metabolic environments. 
(E. Borenstein, M. Kupiec, M.W. Feldman, E. Ruppin) Proceedings of the National Academy of Sciences (PNAS), 105(38), September, 2008.
See also: 

20b. Tischler et al. (2008) Evolutionary plasticity of genetic interaction networks Nature Genetics 40:390-391.

21). E. Borenstein, E. Ruppin.  Direct evolution of genetic robustness in microRNA (). Proceedings of the National Academy of Sciences (PNAS), 103(17), 6593-6598, 2006.

22) Raijman D, Shamir R, Tanay A. Evolution and selection in yeast promoters: analyzing the combined effect of diverse transcription factor binding sites.

PLoS Comput Biol. 2008 Jan;4(1):e7.

            Large-scale metabolic modeling

23)   Feist, A.M. and Palsson, B.Ø., The growing scope of applications of genome-scale metabolic reconstructions using Escherichia coli., Nature Biotechnology, 26(6): 659 - 667 (2008).

24)  Shlomi, T., Cabili, M.N., Herrgard, M.J., Palsson, B.O. and Ruppin, E., Network-based prediction of human tissue-specific metabolism, Nature Biotechnology, 26: 1003-1010 (2008).
