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Quiz #1 (from IsoLasso paper) 
• Consider the following gene and the mapped single end reads 

obtained from a next generation sequencing machine. The 
mapped sequences are shown in red lines. 

• Create the connectivity graph between the exons based on the two 
conditions described in the IsoLasso paper. 

• Which isoforms can be inferred from this connectivity graph based 
on the algorithm described in the IsoLasso paper? 

• Make a guess on which isoform is expressed at the highest level. 
Justify your guess. 

 



Systems Biology 

• The wiring diagram of the cell 

– Highly dynamic 

– Very complex 



Systems biology 

 

Roche Applied 
Science’s 
“Biochemical 
Pathways” series of 
wall charts.   



Systems biology 

 



Signaling pathways 

 



This week 

• SPINE: a framework for signaling-regulatory 
pathway inference from cause-effect 
experiments by Ourfali et al. ISMB/ECCB 2007 



The problem 

• Given a directed network of protein-protein 
and protein-DNA interactions and knockout-
effect data in terms a gene expression 
experiments assign a sign 
(activation/repression) to each node or edge 
in the network that will best explain the gene 
expression experiments.  



Definitions 

• Knockout-pair: If a gene i is effected in terms of 
expression level (p-value  0.02) when a gene j is 
knocked out, i and j are named as a knockout 
pair. 

• The directed network of interactions contain PPI 
and protein-DNA interactions and each 
interaction is assigned a reliability, r(e), and a 
sign, sgn(e), (the sign is the output of the method 
proposed in the paper) 
– 0: activation 
– 1: repression 



Definitions 

• e(s,t) indicates the effect of gene s on gene t on 
wild type, i.e., when no gene is knocked out. 

• A path π starting with s and ending with t and 
consisting of k edges explains a knockout pair (s,t) 
if 
– π is a path on the input graph with no cycles 

– the last edge on the path is a protein-DNA interaction 

– an intermediate gene on the path and the last gene, 
i.e., (pi,t) is also a knockout pair. 

If a path π satisfies these conditions it is called the 
k-explanatory of a knockout pair (s,t) 



Definitions 

• For a path π, s(π) and t(π) indicate its source and 
target. 

• Nπ is the indicator variable denoting whether the 
path explains its source and target as a knockout 
pair. 

• An explanatory path is also said to be consistent if 
it satisfies: 
– the aggregate sign (addition mod 2) along the path is 

equal to e(s,t)  

– Every suffix of that path is also consistent wrt its 
source and target. 



Definitions 

• Mπ is the indicator variable denoting whether 
an explanatory path is consistent 

• The sign is defined for an edge but in the 
paper they assign signs to nodes, meaning 
that all the edges outgoing from that node 
have the same sign as the node. This approach 
reduces the number of variables to be 
inferred. 



Optimization problem 

• Find an assignment of signs to nodes/edges in 
the input network that will maximize the 
expected number of pairs that have at least 
one consistent path. 

– The expectation computation takes edge weights 
into account 

 



More definitions 

• Probability of a path π, p(π), is given by the 
product of reliabilities of its edges. 

• The variable Ks,t indicates that there is at least 
one explanatory path which is consistent.   



Expectation calculation 

• Given a collection of explanatory paths for a 
pair (s,t), Π, the indicator MΠ variable 
indicates whether all these paths are 
consistent with this pair. 

• The probability of all paths in a collection is 
the product of all the edges in these paths. 

– for overlapping paths and edge is counted once 

 



Expectation calculation contd... 

• The probability that at least one path is 
consistent in a set of paths that explain a 
knockout pair is: 



Maximization of Expectation 

• Integer programming formulation 

– Maximize a linear objective function with respect 
to linear constraints 

• Maximize 

• Subject to: 

– Path constraints: determining explanatory paths 
that are consistent 

– Knockout pair constraints: determining the 
expectation of knockout pairs 



Path constraints 

 



Confidence assignment 

• Assign a confidence to each protein showing how 
confident we are on its sign assignment. 

• Find the optimum value using the original sign 
assignment 

• Flip the sign assignment and recompute the 
optimum value. 

• If the difference between these two values are 
greater then a defined threshold we state that 
assignment as a confident assignment. 

• A knockout pair is confidently explained if all the 
nodes along the consistent explanatory path are 
confident nodes. 



Speedup heuristic 

• Infer model variables iteratively in a number of 
runs 

• Each iteration starts with a set of confident 
variables and try to assign signs to the remaining 
variables that maximize the objective function 

• The iterations starts at paths of length 1 and at 
each iteration the maximum explanatory path 
length is increased by 1 until a predefined 
threshold. 



The algorithm 

 



Function: Optimize 

 



Function: MeasureConfidence 

 



Toy example: The input 

 



Explanatory paths and knockout pair 
indicators 

 



The total expectation 

 



Solution (edge assignment) 

 



Solution (node assignment) 

 



Results 

• On yeast network 

• Small and large scale tests 



Small scale experiments 

 



Benefit of using “expectation” 

 



Large scale experiments 

 



Large scale experiments 

 



Alternative Solutions? 

• What about using EM – Expectation 
Maximization? 

• Other optimization algorithms? 



Next week 

• An Efficient Network Querying Method Based 
on Conditional Random Fields by Huang et al., 
Bioinformatics, Sep 2011. 


