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In the past decade, high-throughput sequencing (HTS) has revolutionized scientific discoveries and
breakthroughs. The sheer volume of sequencing data, consisting of just four nucleotide bases (A, T, G, and
(), holds an immense wealth of information yet hidden in plain sight. Bioinformatics has emerged as an
indispensable field, playing a pivotal role in managing, processing, and analyzing this vast amount of data.
By leveraging computational algorithms and their design, bioinformatics addresses complex problems in
biology and related disciplines. Furthermore, the development of pipelines and implementations (tools) is
integral to computational biology — a field closely linked with bioinformatics. Together, these disciplines
play a crucial role in transforming plain data to valuable biological insights by deciphering the information
in nucleotide (DNA or RNA) sequences. While we have yet to realize the full potential of HTS and
bioinformatics, their application has been widely and clearly demonstrated during the COVID-19
pandemic. For instance, the epidemiological surveillance of SARS-CoV-2 and the emergence of its
variants were made possible with bioinformatics and computational biology — raising public awareness
that science is indispensable and has important and practical roles in our society. While bioinformatics can
be abstract and conceptual, its understanding and appreciation require practical implementation through
dexterity. This course is designed to introduce bioinformatics to secondary school students as a practical
science with theories and concepts largely anchored on general biology and chemistry. The concept of
sequence alignment will be leveraged as a core component emphasizing on how it can be used to tackle
different problems in biology such as mutations and evolution among others. The course will be
implemented as lectures supplemented with hands-on drills (pen-and-paper exercise or tool-based
exercise) as follow-through to provide concrete demonstrations or illustrations of relevant concepts.
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Course Content:

13 August 2024
(Tuesday)

10:00 am — 12:30 pm

Lecture 1
o Introduction to Genomics and Bioinformatics

e  DNA Structure and the Canonical Watson-Crick Base Pairing

e  The Central Dogma of Molecular Biology

e  Bioinformatics: Computational Analysis of Biological Sequences
. Research Paradigms: Hypothesis-driven and Data-driven Approach
Lab 1: Pen-and-paper Exercise: Central Dogma of Molecular Biology
Case Discussion 1: Exceptions to the Central Dogma of Molecular Biology
Assessment 1: Short-answer exercise

15 August 2024
(Thursday)

10:00 am — 1:00 pm

Lecture 2

e  Computational Infrastructure: Hardware and Software (Tools)

e  Biological Databases

e  Knowledge Discovery in Databases (KDD)

e  Types of Biological Databases Based on Contents

Lab 2

e  Accessing Biological Database/s (NCBI)

e  Exploring Its Features: Features Most Relevant to Life Sciences

e  Retrieval of Information: DNA/Protein Sequence/s

Case Discussion 2

e A Specialized Database on SARS-CoV-2 (COVID-19): NCBI Virus DB

e Bioinformatics Tools Developed During the Pandemic (Non-exhaustive list): What are the motivations for their
design and development?

Web-based teaching 2: [ab-based/hands-on workshop (Lab 2)

Assessment 2: Short-answer exercise

20 August 2024
(Tuesday)

10:00 am — 1:00 pm

Lecture 3
. Sequence Alignment: Pairwise and Multiple Sequence Alignment
. Applications of Sequence Alignment: Detecting Variations, Types, and Implications
. Are all variations bad?
e How does nature leverage variations?
e How does bioinformatics leverage variations?
Lab 3: Online Sequence Alignment: DNA, DNA-to-Protein Translation
Case Discussion 3: Special Case of Alignment: Structural Alignment (e.g., proteins)
Web-based teaching 3: Lab-based/hands-on activity (Lab 3)
Assessment 3: Short-answer exercise

22 August 2024
(Thursday)

10:00 am — 1:00 pm

Lecture 4: Phylogenetics and Molecular Evolution and Their Applications

Lab 4

. Pen-and-paper Exercise: Sequence-based Distance and Phylogeny

. Using Online Phylogenetics Tool to Infer Phylogeny

. Supplemented with Case Discussion 4 on SARS-CoV-2 Variants

Case Discussion 4: What are SARS-Cov-2 variants? How did the World Health Organization
(WHO) come up with this classification?

Web-based teaching 4: Lab-based/hands-on activity (Lab 4)

Assessment 4: Short-answer exercise

27 August 2024
(Tuesday)

10:00 am — 12:30 pm

Lecture 5

. Debriefing and Integration of Concepts

. Bioinformatics: Its Past, Present and Future
. Q&A

29 August 2024
(Thursday)

10:00 am — 1:00 pm

Make-up Class

Date 13, 15, 20, 22, 27, 29* August 2024 (14 hours)
Time 10:00 am — 12:30 pm/1:00 pm
Teaching Mode Face-to-Face (The Chinese University of Hong Kong)
Enrolment 25-30
Expected Applicants | Students who are advancing to or studying S4 — S6
Tuition Fee HKD 3,140.00
Credit 1 Academy Unit(s)
Students can accumulate credits which will be regarded as “Other Learning Experience” when applying University.
Grading Methods Certificate Assessment Attendance Credit(s)
Distinction Certificate of Distinction Pass >75% 1
Pass Certificate of Merit Pass >75% 1
Attended Certificate of Attendance Fail >75% 0
Fail N/A Fail N/A 0
Remarks: Students are requested to bring laptops/notebooks or tablets with them for this course.

* This date is reserved for make-up classes in case there is any cancellation of classes due to unexpected circumstances.




