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‘ Background

COBRA amatlabtoolbox for reconstruction and
constraintbased analysis of genonseale metabolic
networks.

Developed and maintained by thalssoriab, UCSD.

COBRA.O ¢ 2007
. Becker et al.Nature Protocol2007

Cobra2.0¢ 2011
. Schellenbergeet al.,Nature Protocol2011
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Code overhaul, many new algorithm implementations
. C20dza 2F O2REe&eQa al ¢t}
openCOBRAasourceforgeproject

- Bug tracker etc.

Cobra for PythoncbbraPy is currently under
development

Supports SBMIoolbox4.0.1
- Easier to import &xpoermodels



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

COBRA

Toolbox 2.0

M Version 1.0
M Version 2.0
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FBA

Visualization

» Growth rate optimization : -

* Gene deletionpstudies LB el

* MOMA * Overlay data

* Robustness analysis * Flux distributions
* Flux variability analysis * Metabolite

'« Geometric FBA concentrations

Reconstruction

* Create subModels
* Tissue specific models
* Model curation tools

Gap filling

* detectDeadEnds
* gapFind
* growthExpMatch

Monte Carlo sampling

* Artificially centered hit and
run sampling (ACHR)

» Parallelized ACHR

Solver support

* LP, MILP, QP, MIQP, NLP
* Gurobi, TomLab, CPLEX, GLPK, QPNG
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Fluxomics

* 13C data fitting and
flux estimation

» Experimental design

* Read SBML
* Write SBML, Excel, text

Metabolic engineering

Eica o

* OptKnock
* OptGene

* Genetic design through
local search (GDLS)

* Example scripts
* |Installation validation
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What use is COBRA to our group?

Readymade implementations of standard methods of the
discipline
. OptKnockiMAT, ACHR Sampling etc.
Open source
- Adapt code for our own needs
[ SINYy FNRY 20KSNXQa SELISNRS
. Get ideas
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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 ideast detailed
descriptions of the specific algorithms

Speakers:

- Allon Introduction + ACHR Samplingaoplesdunctional states
+ GeometrieFBA

- Keren Integration ofomicsdata into genomescale models
- Raphy Gap filling
- Matt: Visualizations
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Part I:
Exploring the functional

solution-space of a genome-

I

scale model
Allon Wagr
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/Aﬁially Centered Hit & Run
(ACHR) Sampling

Goal: Sample the solution space S uniformly
Hit-and-Run algorithms:

1. Choose an arbitrary point x° € S (m = 0).

2. Choose a random direction u

3. Choose a random point x,,,4.1 = X;,; £ Au

4. Return to step 2.

ACHR — a heuristic for faster convergence

e Kaufman & Smith, Operations Research 1998

e Approximate the center 5§ of §S.
e Choose directions u from the center
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Sampling in Cobra0

ACHR implementation was completely overhauled
- Multithread support added

Lots of problems still exist

- Numerical instability

. Sampling along loops
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Sampling in Cobra0 (cont.)

How do we know how much to sample to achieve
uniform distribution over S?
“Mixing fraction” heuristic

e Consider a set of initial samples {x°, x1, ..., xX}.

* Take the median of each flux.

e |f uniform sampling is achieved, every flux has 50%
probability to cross its respective median.

e The Mixing Fraction is the ratio of coordinates that have
crossed their respective median (the closer to 0.5 the
better).
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Geometric FBA

Smallbone& SimeonidisJournal of Theoretical Biology
2009
Motivation: Instead of sampling, can we define a unique

solution that isreproducible and representatiof the
solution space?

- Problematic, loss of silent phenotypes
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representation theorem, the o KX

solution space Is the sum of a -os . k

convex huland apointed T o L
0.5 0 ;

cone o < 05
- The cone represents loops |

- The hullc interesting
potential solutions!

- Our representative solution
will bethe center of thehull

- The center is uniquely
defined

<t
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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

aLI NAAY2yA2dza az2fdziazyacé

L. dzi oKIFO Aa OUOKS oA2f23A0!I
a2zftdziAzy aLJ OSéK
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Loop Elimination

Loops represent thermodynamicailyfeasible solutions

Loops can seriously upset constralp#sed 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 f F 0Qa &az2ftdziAzyay
- [ A Ndalgotufam for loop elimination in signaling networks
- b 2 [ fdxBAcoming paper
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LL.COBRALpoplessLobra)

- Schellenberger et al., Biophysical Journal 2011.
It is impractical to rely on knowledge of AG,
* Poor coverage, poor accuracy
Instead, a naive “guess” G, of AG,. is made
A set of MILP constraints ensures:
e sign(G,) = sign(AG,)
* no negative cycles exist
* This is enough to eliminate all futile cycles

- The LL-constraints can be incorporated into every optimization
program

* LL-FBA, LL-MOMA etc.
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Criticism of LICOBRA

Problems (in my experience):

- Extreme numerical instability

particularly trickle flows
- Computationally costly

In my experience, quadraticAIMOMA is too costly to be used
- LL-constraints cannot be incorporated into ACHR sampling

. This is where loops are most pronounced

l dZOK2NBEQ &adzZa3SaitAazya 2y K2g (2 K

- Nailve implementation

More sophisticated implementations might have avoided the instability
and cost problems.

- A completely differenapproach:Murabito et al.,Journal of
TheoreticaBiology2009

Low impact so far
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