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1 1.1 Overview on Physics

Fundamental |Of System Biology
lof Physics of 1.2 High-Throughput Vv 4
System Technolpgles: Next
Biology Generation Sequencing
Technologies,
Transcriptomics,
Proteomics, and
Metabolomics
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1.3 Biological Networks:
Transcriptional Regulatory
Networks, Protein-Protein
Interaction Networks,
Metabolic Networks,
Signaling Networks

1.4 Mathematical
Modeling for
Understanding Complex
Biological Processes:
Modeling Metabolic
Processes, Modeling gene
regulatory networks
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2. Network
Properties and
Measures
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2.1 Overview

2.2 Graph Theory and
Definitions

2.3 Network Measures:

Local Network Measures, v

Global Network Measures
2.4 Network Models:
random networks,
small-world networks,
scale-free networks

2.5 Integration of
Networks and Data
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3. Basic
Concepts of
Transcription
al Networks
(TN) and
Relevant
Motifs
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3.1Basic Concepts of
Transcriptional Networks
3.2 The Input Functions:
The Hill Function, The
Logic Input Function, The
Multi-dimensional Input
Function

3.3 Response Time of a
Simple Gene Regulation,
Dynamical Patterns of
Signaling Networks

3.4 Network Motifs and
Relevant Functions
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4. Network
Motifs of
Autoregulatio
n (AR) and
Feed Forward
Loop (FFL)
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4.1 Negative AR (NAR)
Motif Speeds up the
Responses of
Transcription Networks
4.2 NAR Motif Enhancing
Stability in Gene
Networks
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4. Network
Motifs of
Autoregulatio
n (AR) and
Feed Forward
Loop (FFL)

4.3 Coherent FFL (cFFL)
Motif as a Sign Sensitive
Delay Element

4.4 cFFL Motif
Prolonging Flagella
Expression in E. Coli

4.5 Incoherent FFL (iFFL)
Producing a
Pulse-Generating Gene
Expression Program

4.6 IFFL Accelerating the
Response Time of the Gal
System in E. Coli
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5. Motifs of
Single Input
Module (S1M)
and Toggle
Switch
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5.1 SIM Motif Serves as a
Time Program of Gene
Expression in a Flagella
Pathway

5.2 SIM Motif Serves as a

Just-in-Time Transcription|,,

Program in Metabolic
Pathways

5.3 An All-or-None
Genetic Switch

5.4 Genetic Toggle Switch
in E. Coli

5.5 Noise and the
Architecture of Gene
Circuits
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|6. Circadian
Oscillatory
Motif
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6.1 An Oscillatory Motif
in TN

6.2 Noise-limited
Circadian Clock

6.3 Case 1: Ordered
Phosphorylation Governs
Three-Protein Circadian
Clock

6.4 Case 2: Light-Driven
Cyanobacterial Circadian
Oscillator

7. Robustness
in Biological
Networks
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Robustness in
Biochemical Networks
7.1 Robustness in Simple
Biochemical Networks
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7.2 Robustness in
Bacterial Chemotaxis

7.3 Interactions between
Receptors Produce Ultra
Sensitivity and Thermal
Robustness of Signaling in
7. Robustness |Bacterial Chemotaxis

in Biological Y Gz
Networks Robustness in
Development

7.4 Robustness of
Developmental Precision
in the Drosophila Embryo
7.5 The Limits to
Positional Information
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8.1 A New Mechanism for
Reducing Errors in
Biosynthetic Processes:
8. Kinetic the Principle of Kinetic
Proof-reading |Proofreading

8.2 Kinetic Proofreading
in Signal Transduction
8.3 Kinetic Proofreading
of Gene Activation by
Chromatin Remodeling
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: 9.1 Adaptive Evolution of
9. Adapt
apuve E. coli to Optimal Growth

Evolution and . n
9.2 Optimality and

\ BEY

Optimality . )
Evolutionary Tuning of
the Expression Level of a
Protein
Fi A ﬁﬁﬁ:@i.&%&%#ﬁ
L8k
10. Overview |10-1 Architecture of the
lof Human Human Regulatory i
Disease Network v e
k Medicine:
Networks 10.2_ Networ )
Basic Concepts
10.3 Cancer Genome
Analysis
KE & Bt
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Lecture notes will be posted every week following the class. Workshop exercises will be given to
improve the students’ skill of computer analysis. The problem sets will occasionally be essays in
which you will write a short review article that summarizes the main findings of a paper of interest.
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Homework 60% (four times), and performance in workshop 40%

ARE 222 REMAE L FAE(rRt R R ERE THRER)
Lecture notes and relevant papers will be posted every week.
See the course website: http://www.jyhuang.idv.tw/Physics of System Biology.aspx
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(Office Hours)
On every Friday afternoon.|Rm 412, Tien’s To be arranged via e-mail
Photonic Research
Center
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	備註：
	1. 其他欄包含參訪、專題演講等活動。
	2. 請同學遵守智慧財產權觀念及勿使用非法影印教科書。

