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Sessions Topics Headings Co-
patgp . |Instructors
1,2 Basic concepts in systems e Philosophical frameworks and historical -
biology aspects of systems biology
(02.11.16) e Top-down and bottom-up approaches
e Systems Biology: holistic, quantitative,
predictive

e Big data generation vs. big data analysis
e Big data integration

3,4 Dynamic Modeling of e What are models? Pooya
Biological Systems — | e Mathematical modeling frameworks Borzou
(02.11.26) e Differential Equations

e Mass action law

e Kinetics of biochemical reactions

e Phase plane

e Introduction to ODE solvers

e Parameter estimation

e Limitations of dynamic modeling

e (Case Study 1: SPADAN: A pipeline for the
construction of holistic ODE models

5,6 Dynamic Modeling of e Case Study 2: Stochastic Petri Net Pooya
Biological Systems — I Modeling of Hypoxia Pathway Predicts a Borzou
(02.11.30) Novel Incoherent Feed-Forward Loop
Controlling SDF-1 Expression in Acute Farnoush
Kidney Injury Kiyanpour

e Case Study 3: Modeling the TGF beta
pathway with ODEs highlights the
importance of intrinsic regulatory circuits

e Case Study 4: Agent-based modeling and
bifurcation analysis reveal mechanisms of
macrophage polarization and phenotype
pattern distribution

7,8 Microarray Data Analysis e Basics of microarray technique Farnoush
e GEO database Kiyanpour
(02.12.07) e Data Normalization

e False Discovery
e Clustering
e Principle component analysis




9,10

(02.12.14)

Time-Course Gene
Expression Data

Why time matters

Tools for time-course transcriptomics
data

Interpretation of time-course data
Noise in gene expression

Noise in biological systems: good or bad?

Noise reduction motifs

Farnoush
Kiyanpour

11,12

(02.12.21)

Gene Set Enrichment
Analysis

Gene Ontology

One-Dimensional Random Walk, GSEA

GO enrichment analysis
Pathway enrichment analysis
Transcription factor and kinase
enrichment analysis

Farnoush
Kiyanpour

13, 14
(03.01.20)

Biological Networks- |

Graph theory

Modules

Motifs

Construction of interaction networks
Analysis of biological networks

Farnoush
Kiyanpour

15, 16
(03.01.27)

Biological Networks-II

Pitfalls in the construction of biological

networks
Case Study 1: A systems approach

identifies novel drug targets for diabetic

nephropathy

Case Study 2: metaheuristics algorithms

for identification of driver nodes
Case Study 3: Weighted correlation
network analysis (WGCNA)

Case Study 4: DIDL for big data
integration

Farnoush
Kiyanpour

17,18

(03.02.03)

RNA-Seq Data Analysis-I

Introduction to next-generation
sequencing technique

RNA-seq data

Linux for biologists

Basireh
Bahrami

Farnoush
Kiyanpour

19, 20

(03.02.10)

RNA-Seq Data Analysis-II

Data preparation and quality control
assessment

Alignment

Expression analysis

Basireh
Bahrami

Farnoush
Kiyanpour




21,22 RNA-Seq Data Analysis-lll e Principles of single-cell RNA-Sequencing ~ Zahra
(03.02.17) e How to obtain data Hamidifarid
e How to perform quality control
assessment
e How to perform clustering Farnoush
e How to identify clusters’ annotations Kiyanpour
e Pseudo-balk analysis
e Enrichment analysis
23,24 Proteomics Data e Introduction to proteomics Farnoush
Analysis-I e Proteomics data acquisition Kiyanpour
(03.02.24) e Data quality control
e Principles of proteomics data analysis
25, 26 Proteomics Data e Practice of proteomics data analysis Farnoush
Analysis-II (MaxQuant and Perseus) Kiyanpour
(03.02.31) e Clinical Knowledge Graph
27,28 Metabolomics Data e Introduction to metabolomics Zahra
Analysis-| e Metabolomics data acquisition Ramezani
(03.03.07) e Data quality control
Farnoush
Kiyanpour
29, 30 Metabolomics Data e Practice of metabolomics data analysis Zahra
(03.03.21) Analysis-II (AMDIS and MetaboAnalyst) Ramezani
Farnoush
Kiyanpour
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Handbook of Systems Biology, Walhout and Dekker
Mathematical Modeling in systems Biology, Ingalls

Systems Biology: Introduction to pathway modeling, Sauro
Dynamic Systems Biology Modeling and Simulations, DiStephano



