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How do cells work?	





Bioinformatics is an interdisciplinary field 
that develops and improves on methods for 
storing, retrieving, organizing and analyzing 
biological data. A major activity in 
bioinformatics is to develop software tools to 
generate useful biological knowledge.	



Definition	



(from Wikipedia)	





DNA store our 
genetic code	



Proteins perform 
functions	





Central dogma of biology	



Transcription	



Translation	



Function	


(Images not to scale)	

 Protein-protein interactions	



Ribosome	



Transfer RNA	



RNA-Protein interactions	



DNA	



RNA	



Protein	



Etcetera…	





Objective 1: 
Identify functional 
regions of the 
genome	





Objective 2: Cell Modeling	





The 3 domains of bioinformatics	



Genomics	



Structural Bioinformatics	



System Biology	





Genomic	





Genomes	


• Human genome: {A,C,G,T}3 x 109	


• Each of your 1014 cells has two copies	


	


	


	


	

    99% 

identical	



   99.9% 
identical	





Roles of the genome	



•  Genome is a blue print for a cell	


•  Describes how to build proteins	



–  25,000 genes --> 25,000 proteins (+variations)	


–  Each protein has its biochemical function	



•  Describes when to build each protein	


–  Under which situations should a gene be expressed?	



•  Proteins allow:	


–  Cell administration and maintenance	


–  Reaction to stimuli	


–  Protocols for communication between cells	



	





Roles of the genome: development	





Content of the genome - Genes	


•  Gene: region of DNA that encodes one protein	


	


DNA sequences                              Protein sequence	


{A,C,G,T}L                                                        {A,C,D,E,F,G,H,I,K,L,	


	

 	

 	

 	

 	

 	

                   M,N,P,Q,R,S,T,V,W,Y}K	



?	



START	



STOP	





The Programmer - Evolution	


•  Design principles: 	



– Random modifications (variation)	


– Survival of the fittest (natural selection)	



•  3 Billion years of evolution	


•  Today’s species are the current solution of 

the fitness optimization problem	


 	


God doesn’t 	



play dice	


Yes he does!	







Mutations: - Substitutions	


	

      - Insertions	


	

      - Deletions	



Central dogma of comparative genomics	





Unavailable!	









Algorithms to compare and align genomes	


Input                         Output	


ATCGAC        -ATCGAC  !
CATAC         CAT--AC!

(Needleman-Wunsch, 1970)	





Margulies et al., PNAS 2005	



-  Rapid radiation ~75 Myrs ago	



-  Many nearly independent phyla	



-  Many “noisy” copies of ancestor	



-  Accurate reconstruction of    
	

ancestors may be feasible	



Mammalian ���
evolution	





Tree from Margulies et al., PNAS 2005	



Ancestral mammalian genome reconstruction 	


	

 	

 	

 	

 	

[Miller, Haussler, Blanchette]	



Boreoeutherian ancestor	


	


Expected reconstruction accuracy(*): 	


•  From ideal choice of extant mammals 	

99%	



•  From soon-to-be available genomes: 	

96%	



•  With currently available sequences: 	

90%  	

 	

 	

               
	

(full or 2X coverage)	



(*) For >90% of euchromatic genome	



~70 Myrs	



	


Base-by-base reconstruction of 
complete ancestral genomes	


•  Including coding, non-coding, 
repetitive regions	





{C,G},1	

{C,G},1	

{A,C},1	

{A,C},1	



{C},2	

{C},2	



The Parsimony Score and Fitch's Algorithm	



A	

 C	

 C	

 G	



1.  Bottom-up phase	


Compare leaves	


If intersection==Ø :	



assign union & score++	


else :	



 assign intersection 	



+1	

 +1	



0	

 0	



0	

 0	



Sequences	



Phylogenetic tree	



2. Top-down phase	


Compute ancestors	





Why should we care?	



•  See genome evolution happening, rather than just see 
its outcome	


–  Assign directionality to events (indels, substitutions)	


–  Reconstructing the timing of events  	



•  Boreoeutherian ancestor = Ye good olde mammalian stuff	


–  BorEut is an archetypical mammalian genome	


–  None of the species-specific quirks 	


–  Human is ~4 times close to BorEut than to mouse	





One program, many functions	


Neuron (nerve cell) 	

 	

 	

      Muscle cell	



Same 
genome!	





Regulation of gene expression	



Gene                                	



Transcription factor binding sites:	


! Short: 6 to 20 nucleotides	


! No specific signature; each TF has different binding site	


! Can be up to 1 million nucleotides upstream of gene regulated	


☺ Often clustered with other binding sites, forming modules  	





Structural Bioinformatics	





Protein Structure	



A1	

 A2	

 A3	

 A4	

 A5	



Sequence	



Structure	



α-helix	



β-strand	


β-sheet	



Source: http://www.cryst.bbk.ac.uk/PPS2/	

Long-range interactions 
stabilize β–sheet.	





The hardware - ���
Proteins	



	


•  Molecules only obey laws of physics 

and chemistry. 	


•  Cell organization only relies on 

interactions between molecules	


•  Stochastic, dynamic, “chaotic” system	


•  High error rate in interactions	


•  Replicating, self-assembling, self-

repairing system	



Maybe software engineers 
have something to learn here...	





Ab-initio vs knowledge-based methods 

 

•  Ab inito folding (simulation-based method) 
1998 Duan and Kollman 
36 residues, 1000 ns, 256 processors, 2 months 
Do not find native structure 
 

•  Template-based (or knowledge-based) methods 
–  Homology modeling: sequence-sequence alignment, works 

if sequence identity > 25% 
 

–  Protein threading: sequence-structure alignment, can go 
beyond the 25% limit 



Protein Threading 

The Best Match 

DRVYIHPFADRVYIHPFA Query Sequence: 



Threading Example 



Protein Structure Prediction 
•  Stage 1: Backbone 

Prediction 
–  Ab initio folding 
–  Homology modeling 
–  Protein threading 
 

•  Stage 2: Loop 
Modeling 

 

•  Stage 3: Side-Chain 
Packing 

 

•  Stage 4: Structure 
Refinement 

The picture is adapted from http://www.cs.ucdavis.edu/~koehl/ProModel/fillgap.html 



Why are structure useful?���
Structure helps to understand function	



Simulation of a drug entering binging site of a protein	





Why are structure useful?���
Basis for molecular interactions 	





System Biology	





Interaction network alignment	



Yeast	

 Human	





Discovery of functional motifs in PPI	





How do interaction network change with disease?	





•  Mathieu Blanchette!
•  Michael Hallett (Bellini Bld)!
•  Derek Ruths!
•  Jérôme Waldispühl!

Bioinformatics @ SOCS	



McGill Centre for Bioinformatics is located in the Trottier Building	




