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FBER Biology, Developmental Biology)
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# 2 H#5 Course Objectives

Systems Biology is an elective course. It is designed to help students
thoroughly understand the concepts and the ways of thinking in systems biology,
cutting edge systems biology research projects, and the scientific background
of systems biology research methods in various biological researches. It will
expose them to the rigorous scientific research methods and multidisciplinary
research approaches. It is also a general course to inspire their curiosity,
improve knowledge in biological science.
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(¥ Jj 1% Teaching Methods

Systems biology is a course that requires students with thorough knowledge in
biology and logical reasoning, competence in mathematics and computational
skills. This course normally designed to teach students with strong math and
physics background. However, these students usually lack the biological sense
to grasp the big questions in systems biology.
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This course is designed to group studies for students with strong biology
background with students with strong background in computer science or
engineering. It will integrate the teachings of basic concepts with case studies,
focused on the fundamental thinkings as well as the big pictures. The

students, as small groups of 3-4, will present cutting edge research papers,
working on systems biology course projects including imaging processing, data
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analysis, mathematic modelling and computational simulations. The project
report will be finished independently. In addition, they will also independently
write a review paper to establish the possible connections between their
research interests/directions with systems biology.
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After finishing this course, the students are expected to:
(1) Establish the systematic thinking of biological problems
(2) Establish the understanding of scientific background, biological
questions, and systems biology theoretical and experimental methods
through student of classic systems biology studies.
(3) Obtain preliminary capability to perform systems biology mathematic
simulation
(4) Establish their interests in biology and related disciplines, improve their
capability to communicate with scientists from other disciplines.
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2N Course Contents

Section 1 Part 1: Single reaction,

Introduction, Michaelis-Menten kinetics
Fay B R

fai s KRB 5%

Section 2 MATLAB tutorial, equilibrium binding, cooperativity and ultrasensitivity
MATLAB /148, ~FHTZE & B A A O R

Course Project #1: two out of three problems: simulation of Michaelis-
Menten kinetics without MATLAB ODE solver; analysis of origins of
degradation and dilution in gene expression; analysis the process and
guantification of RNAI
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Section 3 Part 2: Simple network, complex function
Positive feedback and multistability, stability analysis, computer simulation
session,
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Section 4 Synthetic switches, more complex network with bistability
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Section 5

Biological oscillators
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Section 6

Simulation of biological oscillator, computer simulation session
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Section 7

Journal Club on recent research of biological oscillations
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Section 8

Course Project #2, modeling of gene regulatory circuits, gene expression
noise, fitting experimental data
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Section 9

Part 3: Small network high performance

Bacteria chemotaxis, behaviour, components, network, performance
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Section 10

Diffusion, Fick’s law, image process of real bacteria chemotaxis images
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Section 11

Course Project #3, modelling and simulation of cell random motion,
chemotaxis, image processing and data analysis of experimental data,
simulation of pattern formation
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Section 12

Part 4: Larger network, less details
Research of gene regulation networks: painstaking experiment-based
networks vs large scale data-based networks
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Section 13

Network modeling and experimental design, differential equation-based
studies
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Section 14

Network modeling and experimental design, infer network from large
scale data
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Section 15

Part 5: Spatial interactions and pattern models
Turing’s pattern formation model, computer simulation session
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Section 16

Recent experimental evidences of Turing’s model
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Section 17 Theory and experimental evidences of morphogen gradient
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Section 18 Part 6: Growth and differentiate, noise and robustness

scRNA-seq, spatially resolved transcriptomics and characterization of
embryo development
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Section 19 Proliferation dynamics and regulation of populations
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PP Course Assessment

Overall Scoring: Pass/Fail, #4AMr: — 2

Scoring on final literature review (thesis introduction style 40%) , project presentation reports, journal club
and project report (40%), class attendance (20%), final score at or higher than 60% will be pass, otherwise
will be fail.
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bt K H e 2%k Textbook and Supplementary Readings

There 1s no textbook. Most recent scientific literatures will be
provided to students as supplementary reading materials.
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