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So what is “Systems Biology”?So what is “Systems Biology”?

 Computational Systems Biology

 ... aims to develop and use efficient algorithms, 
data structures and communication tools to 
orchestrate the integration of large quantities of 
biological data with the goal of modelling ... to 
create accurate real-time models of a system's 
response to environmental and internal stimuli.

http://en.wikipedia.org/wiki/Computational_systems_biology 

http://en.wikipedia.org/wiki/Computational_systems_biology


MetabolismMetabolism

http://www.genome.jp/kegg/atlas/ 

http://www.genome.jp/kegg/atlas/


Systems biology – kinetic modelSystems biology – kinetic model

 Differential equation 
based:

 
 Set up for all 

molecular species in 
system:

1

3

2

d [ fructose ]
dt

=v1v 2−v 3

http://metacrop.ipk-gatersleben.de 

d S
dt

=N⋅v

vector of species concentrations

stoichiometric matrix

vector of reaction rates

http://metacrop.ipk-gatersleben.de/
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Systems biology – rate equationsSystems biology – rate equations

 Enzyme-kinetic rate 
law for all reactions

 E.g. hexokinase

 Highly nonlinear

v hk=

Vmax hk⋅
[Glc ]
KmGlc

⋅
[ ATP]
K mATP

1[ ATP]
K mATP

1[Glc ]
K mGlc


[Fru ]
KmFru


[Glc6P ]
K i Glc6P


[Fru6P ]
K i Fru6P 

http://metacrop.ipk-gatersleben.de
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Systems biology – analysis methodsSystems biology – analysis methods

 Time-dependent evolution of system

 numerically integrate                  (e.g. LSODA)

 initial condition S
0

 trajectory (t,S(t))

 Steady-state analysis

 numerically solve                     (e.g. HYBRD)

 Control analysis (sensitivity analysis)

 D

 Stability analysis

d S
dt

=N⋅v

d S
dt

=N⋅v=0

∂ y
∂ p

where y=state variable vector ; p=parameter vector
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Python and Systems BiologyPython and Systems Biology
 Computational SysBio relies on numerical analysis

 Availability of NumPy/SciPy makes Python stand head 
and shoulders above other glue languages (e.g. Perl)

 Heavy reliance on existing Fortran libraries (LAPACK, 
MINPACK)

 Other SysBio software also has Python interfaces
 libSBML (http://sbml.org/Software/libSBML)

 SBW (http://sbw.sourceforge.net)

 PySBML (http://pysbml.googlecode.com)

 SloppyCell (http://sloppycell.sourceforge.net)

 ScrumPy (http://mudshark.brookes.ac.uk)

http://sbml.org/Software/libSBML
http://sbw.sourceforge.net/
http://pysbml.googlecode.com/
http://sloppycell.sourceforge.net/
http://mudshark.brookes.ac.uk/
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PySCeS, the PySCeS, the PyPython thon SSimulator for imulator for CeCellular llular SSystemsystems

COPASI SBW - Jarnac PySCeS

Our design principles:

 Functionality: useful to us (and others)

 Accessibility: available for a wide range of users in the broader 
community; not restricted to a specific operating system or hardware 
platform

 Flexibility: software should be extensible allowing for advanced use 
beyond its initial specifications
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PySCeS overviewPySCeS overview

LAPACK

MINPACK

SUNDIALS

libSBML

NLEQ2

PITCON

Elasticities MCA

Structural Simulation

Steady state

Stability

Continuation

PySCeS MDL SBML

ScanningOptimization

PlottingSymbolic

Python

NumPy

SciPy
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Model input with the PySCeS MDLModel input with the PySCeS MDL
 Parsers developed using David Beazley's PLY

Description: PySCeS test model
Species_In_Conc: True

Compartment: C1, 1.0, 3
Compartment: M1, 1.0, 2

FIX: x0 x3 

R1@C1: x0 = s0
C1*(k1*x0 – k2*s0)

k1 = 7.0
k2 = 1.0

R2@M1: s0 = x3
M1*(k3*s0 - k4*x3)

k3 = 5.0
k4 = 1.0

x1@C1 = 10.0
x3@M1 = 1.0
s0@M1 = 1.0
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Model input: SBML (sbml.org)Model input: SBML (sbml.org)

 SBML import and export using libSBML and PLY

SBML compatible softwareModel databases

http://biomodels.net 

http://jjj.biochem.sun.ac.za 

http://biomodels.net/
http://jjj.biochem.sun.ac.za/
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Instantiating a modelInstantiating a model
In [1]: import pysces

***********************************************************************
* Welcome to PySCeS (0.5.0) - Python Simulator for Cellular Systems   *
*                http://pysces.sourceforge.net                        *
* Copyright(C) B.G. Olivier, J.M. Rohwer, J.-H.S. Hofmeyr, 2004-2008  *
* Triple-J Group for Molecular Cell Physiology                        *
* Stellenbosch University, South Africa                               *
* PySCeS is distributed under the GNU General Public Licence          *
* See README.txt for licence details                                  *
***********************************************************************

In [2]: mod = pysces.model('moiety_branch')

Using model directory: C:\mypysces\pscmodels
C:\mypysces\pscmodels\moiety_branch.psc loading .....

In [3]: mod.doLoad()

Parsing file: C:\mypysces\pscmodels\moiety_branch.psc
Calculating L matrix . . . . . . .  done.
Calculating K matrix . . . . . . .  done.
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PySCeS structural analysisPySCeS structural analysis

 Non-linear root finding requires calculation of both left and right 
nullspaces, typically of non-square matrices

 Currently implemented using LU factorisation via 
(scipy.linalg.(c/f)lapack.dgetrf), column reordering and Gauss-Jordan 
elimination

In [4]: mod.showN()

Stoichiometric matrix (N)
         R1      R2      R3      R4
S2    -1.0     1.0     0.0     0.0
S1     1.0     0.0    -1.0    -1.0
S3     1.0    -1.0     0.0     0.0

In [5]: mod.showNr()

Reduced stoichiometric matrix (Nr)
         R1      R2      R3      R4
S1     1.0     0.0    -1.0    -1.0
S2    -1.0     1.0     0.0     0.0
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Time course (Time course (ddSS//dtdt =  = N.vN.v))
 LSODA fast but ageing (scipy.integrate.odeint)

 SUNDIALS CVODE (ctypes interface, PySundials, 
http://pysundials.sourceforge.net )

 2D plotting with Matplotlib

CVODELSODA

http://pysundials.sourceforge.net/
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Steady state (Steady state (ddSS//dtdt =  = N.v = 0N.v = 0))
 Important for analysing control and regulation of cellular systems

 Non-linear root finders

 Direct:
 HYBRD (SciPy) 
 NLEQ2 (http://www.zib.de/Numerik/numsoft/ANT/nleq2.en.html)

own interface with f2py
 KINSOL from SUNDIALS (own interface with ctypes)

 Integration for long t:
 LSODA, CVODE

 Direct solvers preferred: parameter scans need millions of solves

http://www.zib.de/Numerik/numsoft/ANT/nleq2.en.html
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Example 1: Cellular regulation with Example 1: Cellular regulation with 
PySCeS/KrakenPySCeS/Kraken

A four enzyme linear system with negative feedback

Reaction 1

V f

K s

⋅S− P
K eq


1 S

K s


P
K p


Reactions 2 and 3

Olivier et al. (2006) IEE-Proc Syst Biol 153:335
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PySCeS/KrakenPySCeS/Kraken
 Embarrassingly parallel high 

level analysis (e.g. parameter 
scans)

 Only standard library 
components

 Extensible design

TCP/IP

Scheduler

Job Job Job Job

Data reassembly

File server

Node admin

Data storage

Analysis

Node status

Data storage

Analysis

Node status

Performance on a 500000 point scanPerformance on a 500000 point scan

speedup = time(1 node) / time(n nodes)

efficiency = speedup / # of nodes
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3D Rate characteristics3D Rate characteristics

(B) 500000 point magnification profiling 
the isola and double hysteresis

(A) 2.2 million point scan showing the bifurcation topology

Red states are unstable (positive Eigenvalues of Jacobian)

Visualised with MayaVI2 powered by Enthought.com
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Disentangling the instabilityDisentangling the instability

1 2 3SS AA BB PP
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Example 2: Sucrose accumulation in Example 2: Sucrose accumulation in 
sugarcanesugarcane

 Sugarcane 
accumulates large 
quantities of sugar as 
the plant matures

 Build model to identify 
steps controlling this 
process

Uys et al. (2007) Phytochemistry 68:2375
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MethodsMethods

 Metabolism within an 
internode regarded as 
constant

 Reference steady-state 
model of sucrose 
metabolism

 Internode specific 
parameters

 from internode 3 (young) to 
10 (mature tissue)
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Current and future developmentsCurrent and future developments

 PySCeS/Mariner

 web-application framework using soaplib

 A better low-res 3D-plotting solution
 Symbolic control analysis (using Maxima)
 Parameter fitting and optimisation

 integration of global and local methods
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PySCeS/MarinerPySCeS/Mariner
 A web services module for PySCeS

 consume other available SOAP-based web resources

 expose PySCeS SOAP services

PySCeS

client
(ZSI)

ZSI: http://pywebsvcs.sourceforge.net 
soaplib: http://trac.optio.webfactional.com/wiki/soaplib 

http://sys-bio.org 

server
(soaplib)

Mariner

PySCeS
client

?

http://pywebsvcs.sourceforge.net/
http://trac.optio.webfactional.com/wiki/soaplib
http://sys-bio.org/
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