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Background 
·COBRA ς a matlab toolbox for reconstruction and 

constraint-based analysis of genome-scale metabolic 
networks. 

·Developed and maintained by the Palsson Lab, UCSD. 

·COBRA 1.0 ς 2007 

·Becker et al., Nature Protocols 2007 

·Cobra 2.0 ς 2011 

·Schellenberger et al., Nature Protocols 2011 



²ƘŀǘΩǎ ƴŜǿ ƛƴ /h.w! 2.0? 
·Code overhaul, many new algorithm implementations 
·CƻŎǳǎ ƻŦ ǘƻŘŀȅΩǎ ǘŀƭƪ 

·openCOBRA: a sourceforge project 
·http:// opencobra.sourceforge.net/openCOBRA/Welcome.h

tml 

·Bug tracker etc. 

·Cobra for Python (cobraPy) is currently under 
development 

·Supports SBML Toolbox 4.0.1 
·Easier to import & expoer models 

http://opencobra.sourceforge.net/openCOBRA/Welcome.html
http://opencobra.sourceforge.net/openCOBRA/Welcome.html
http://opencobra.sourceforge.net/openCOBRA/Welcome.html


²ƘŀǘΩǎ ƴŜǿ ƛƴ /h.w! 2.0? 
 



What use is COBRA to our group? 
·Ready-made implementations of standard methods of the 

discipline 

·OptKnock, iMAT, ACHR Sampling etc. 

·Open source 

·Adapt code for our own needs 

·[ŜŀǊƴ ŦǊƻƳ ƻǘƘŜǊΩǎ ŜȄǇŜǊƛŜƴŎŜ 

·Get ideas 



¢ƻŘŀȅΩǎ ŀƎŜƴŘŀ 
·NOT a simple, dry recitation of Cobra algorithms 

·Members of the group will present key features related to 
their recent research 
·Giving their personal view and insights 

·Focus is getting acquainted with tools and ideas, not detailed 
descriptions of the specific algorithms 

·Speakers: 
·Allon: Introduction + ACHR Sampling + Loopless functional states 

+ Geometric-FBA 

·Keren: Integration of omics data into genome-scale models 

·Raphy: Gap filling 

·Matt: Visualizations 



Allon  Wagner 



Artificially Centered Hit & Run  
(ACHR) Sampling 
·



Sampling in Cobra 2.0 
·ACHR implementation was completely overhauled 

·Multithread support added 

· Lots of problems still exist 

·Numerical instability 

·Sampling along loops 



Sampling in Cobra 2.0 (cont.) 
·



Geometric FBA 
·Smallbone & Simeonidis, Journal of Theoretical Biology 

2009. 

·Motivation: Instead of sampling, can we define a unique 
solution that is reproducible and representative of the 
solution space? 

·Problematic, loss of silent phenotypes 



The idea 
·By aƛƴƪƻǿǎƪƛΩǎ 

representation theorem, the 
solution space is the sum of a 
convex hull and a pointed 
cone 
·The cone ς represents loops 

·The hull ς interesting 
potential solutions! 

·Our representative solution 
will be the center of the hull 

·The center is uniquely 
defined 



bƻǘ ǎƻ ǉǳƛŎƪƭȅΧ 
·In order to compute the center, we must first determine 

the hull 

·Computationally intractable 

·The authors thus propose a tractable approximation 

·Finds an approximate of the center of the hull of 
άǇŀǊǎƛƳƻƴƛƻǳǎ ǎƻƭǳǘƛƻƴǎέ 

·.ǳǘ ǿƘŀǘ ƛǎ ǘƘŜ ōƛƻƭƻƎƛŎŀƭ ƳŜŀƴƛƴƎ ƻŦ άǘƘŜ ŎŜƴǘŜǊ ƻŦ ǘƘŜ 
ǎƻƭǳǘƛƻƴ ǎǇŀŎŜέΚ 



Loop Elimination 
·Loops represent thermodynamically-infeasible solutions 

·Loops can seriously upset constraint-based methods 
relying on metrics of the solution space 

·Most notably, MOMA 

·ACHR sampling is particularly prone to loop formation 

·Euclidean metrics is distorted by loops 

·hǳǊ ƭŀōΩǎ ǎƻƭǳǘƛƻƴǎΥ 

·[ƛǊŀƳΩǎ algorithm for loop elimination in signaling networks 

·bƻŀΩǎ forthcoming paper 



LL-COBRA (Loopless-Cobra) 
·



Criticism of LL-COBRA 
·Problems (in my experience): 
·Extreme numerical instability 
· particularly trickle flows 

·Computationally costly 
· In my experience, quadratic LL-MOMA is too costly to be used 

·LL-constraints cannot be incorporated into ACHR sampling 
· This is where loops are most pronounced 
· !ǳǘƘƻǊǎΩ ǎǳƎƎŜǎǘƛƻƴǎ ƻƴ Ƙƻǿ ǘƻ ƘŀƴŘƭŜ ǘƘƛǎ ŀǊŜ Ŧŀǳƭǘȅ 

·Naïve implementation 
· More sophisticated implementations might have avoided the instability 

and cost problems. 

·A completely different approach: Murabito et al., Journal of 
Theoretical Biology 2009 
· Low impact so far 



Keren Yizhak 


