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Computational Systems Biology

The goal of systems biology is a 
predictive understanding of the whole

Szallasi, Stelling, Periwal
System modeling in cellular biology, 

MIT Press, 2006
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Computational Systems Biology
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Computational Systems Biology

• “Präsenzlehre”  vs online teaching
– 2 x 2 h lecturing 
– 2 h class

now: 
• class material on demand via website and/or moodle 
• lectures via video/audio and/or online (zoom)
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Computational Systems Biology: Organisation

• Classical
– Lecture 2 x 2h = 4h lectoring (with questions)
– Class = 2h discussion of 4 tasks per week, students present 

their solutions, discuss solutions presented
– 50% of points for tasks and participation in class

=> admission for the (written) exam
– overall: 9 ECTS = 9 x 30h work per semester 
– i.e. preparation of/and exam 60h, 210/15 = 14h/week 

6h/week in class => 8h/week for the task assignments
– Lecture covers more or less consecutive the topics relevant 

for systems biology

• Corona/Online
– Lecture/inverted class room = (2h+2h) / week 
– oral exam: Presentation and discussion of task results: 30h

=> ~18h/week for tasks and report writing
– Lecture covers the same topics but will be used for 

consultation during working on the tasks or for reference
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Computational Systems Biology: Learning concept

• Classical
– Lecture provides content, which will be practiced in 

classes and examined via written exams

• Corona
– Lecture outlines content: models and methods will be 

applied to larger projects (tasks) and the exam is based 
on written reports about the results of project works 
(4-5 à 3 weeks)



 

12Ralf Zimmer, LMU Institut für Informatik, Lehrstuhl für Praktische Informatik und Bioinformatik,    WS2020/21: Computational Systems Biology (CSB2020)

Computational Systems Biology: Learning concept

• Classical
– Present certain syllabus of topics
– Some feedback and managed learning through class 

assignments and feedback
– Test the learning goals via (written) exam

• Corona
– work together on certain problems using methods from 

the syllabus
– learn about methods and tools, overview and critical 

evaluation through independent work on tasks
– feedback on achieved results and evaluation of applied 

methods
– Assess via presented results 

(the product = learning goal)
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Computational Systems Biology: Learning goals

The goal of systems biology is a 
predictive understanding of the whole

Szallasi, Stelling, Periwal
Systems modeling in cellular biology, 

MIT Press, 2006

whole = system

in contrast to

Reductionist approaches:
one gene, one protein, 
diesease gene, marker gene

predictive = 
quantitative, uncertain, 
mechanistic, causal

in contrast to

qualitative approaches:
theory, descriptive, historic
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Computational Systems Biology: Learning concept

Questions and Applications

• How can knowledge about biological systems be represented and 
integrated by networks? 

(semantic networks, knowledge graphs, Petri nets) 
• How can biological systems be described as completely and 

holistically as possible by networks? 
(network reconstruction and network inference) 

• How can the temporal and spatial organization and behavior of 
systems be analyzed and predicted? 

(kinetics, dynamics simulation, invariants, self-organisation) 
• Modern measurement techniques and 

"genome-wide" =“system-wide” high-throughput methods 
– How can data help to explain systems and networks? 
– Conversely, how can system models help to better understand 

and interpret the data? 
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Computational Systems Biology: Learning concept

The following Topics are covered: 

• Modelling of (biological) systems: Tools and methods
• Petri nets as a modeling framework
• Simulation with differential equations (ODE)
• Stochastic simulation
• Metabolic Control Analysis (MCA) and Flux Balance 

Analysis (FBA)
• Modelling of biological systems
• Network reconstruction and learning in networks: 

Boolean and Bayesian networks
• Evolution of networks and self-organisation of systems
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Krisenmanagement - Krisenpolitik
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Krisenmanagement - Krisenpolitik
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Ulrich Beck: Weltrisiko und Wichtigkeit von Daten und Modell

2008

1986
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Ulrich Beck: Weltrisiko und Wichtigkeit von Daten und Modell

2008

Damals gab es die RAF, heute al-Qaida; 
damals fürchteten wir die Folgen von Tschernobyl, 
heute sagen Wissenschaftler eine Klimakatastrophe voraus. 
Finanzkrisen vernichten weltweit Existenzen, 
die Risiken durchdringen alle Lebensbereiche. 
Zugleich aber eröffnen sich neue Chancen
zur Gestaltung der Welt: 
Schluß mit dem Schüren von Ängsten und der 
Ablösung von bürgerlicher Freiheit durch Sicherheit! 
Für eine aufgeklärte "kosmopolitische Realpolitik"!
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Weltrisikogesellschaft: Risiko und –Wahrnehmung/-Inszenierung
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Der SPIEGEL, 3.11.2020
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Blüten der Pandemie
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FAZ.net 15.4.2020
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FAZ.net 15.4.2020
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Edda Klipp, et al. (5/2020), GCB2020
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Edda Klipp, et al. (5/2020), GCB2020
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Edda Klipp, et al. (5/2020), GCB2020
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FAZ Die Corona Pandemie, So 19.4.2020 9:47
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Mo, 20. April 2020
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Mo, 20. April 2020
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1.10.2020
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RKI 3.11.2020
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RKI 4.11.2020
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Models: https://covid19-scenarios.org/ SIR / SEIR model
Susceptible – (Exposed –)

Infected - Recovered
https://en.wikipedia.org/wiki/Compartmental_models_in_epidemiology#The_SIR_model

https://de.wikipedia.org/wiki/SEIR-Modell

Systems Biology
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Models: https://covid19-scenarios.org/
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Neher Lab: COVID-19 Scenarios: 5.11.2020
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Neher Lab: COVID-19 Scenarios: 5.11.2020
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MaiLab: Virologen-Vergleich

https://youtu.be/u439pm8uYSk

Tagesthemen, 9.4.2020: https://youtu.be/qWslmhvzf_U
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Tasks 

Computational Systems Biology

CSB2020 => CSB2020/21

Algorithmische Systembiologie
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Class CSB2020: Assignment 1
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Class CSB2020: Assignment 1



 

56Ralf Zimmer, LMU Institut für Informatik, Lehrstuhl für Praktische Informatik und Bioinformatik,    WS2020/21: Computational Systems Biology (CSB2020)

Assignments CSB2020

Task 1: warm-up python programming
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Python programming: The pendulum

Von Stündle - Eigenes Werk, CC0, https://commons.wikimedia.org/w/index.php?curid=15537503
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Python programming: The pendulum
https://commons.wikimedia.org/wiki/File:Kraefte_am_Fadenpendel_gro%C3%9F.svg#/media/Datei:Kraefte_am_Fadenpendel_groß.svg



 

59Ralf Zimmer, LMU Institut für Informatik, Lehrstuhl für Praktische Informatik und Bioinformatik,    WS2020/21: Computational Systems Biology (CSB2020)

Python programming: Network motifs, Petri nets
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Fragen ?
…. sonst treffen wir uns 

zur Fragestunde per zoom: Do 11:30

Viel Spass und gesund bleiben ! 

User:  VLG_CSB2020

Password: SARS_CoV-2


