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HERPKHFH G SYLLABUS
# % H#% Course Objectives

RN, HENUREE G 22 1 D7 AR DAL 2 1) A S SRk o 2 RN 2 B AR ) B T A B R R 2
fRAEPIR AR R E AR TR A BN WATRSEMAR G A M E RSO TR IR AR B
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I PR AEE A 20 A 0 2 B R g X B B A 5 AT IR, SRR O I AR R, 08 A SR TR AT
SKERER > o IZURFERE RN R R A BB RL AR 1 BORMATIORL A i Al . SEBIRRE OIS 7T AE W AN T TERRE BT VF
P

Computational biology is an interdisciplinary subject that uses mathematical, computer science and statistical methods to
solve biological problems. This subject mainly focuses on using biological data to develop models to understand
biomedical issues. It is a practical, hands-on tool to study genetics, evolution, genomics, epidemiology and systems
biology. It is a mandatory course for Bioinformatics major, and elective course for all other majors related to biology. It is
designed to help students to understand the major issues concerning genomics, analysis of sequence, biological
database, disease associated gene and evolution. Various existing methods will be critically described and the strengths
and limitations of each will be discussed, with practical assignments utilizing the tools. It is to train students’ vigorous
Scientific Spirit and inspire their scientific curiosity. Prerequisites include an introductory molecular biology course or
permission of the instructor.

ik % > R Learning Outcomes

ARG, AR RENS

(1) B AW 08 AR 7k 3RS B A linux 4, 5810 B R BRANTTIE,  Hs B 4 A S 1 Ja
AT, B M SR BN T i

(2) RIS B I B AT He A LS B Hr o

(3) MTHEAEY L EIRIE R . BEAR T AR A S SRS ) R RIS IR 5t

With the completion of this course, the students will

(1) Understand the common data analytical approaches in computational biology. Master the Linux commands
commonly used in bioinformatics, the principles and methods of sequence alignment, the principles and methods of data
dimensionality reduction and clustering, and the principles and methods of evolutionary analysis.

(2) Develop the capability of independently analyzing biological sequence data

(3) Become more interested in computational biology. Understand the characteristics, driving forces and prospects of

computational biology.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)

1. Introduction of computational biology and course introduction 2. 2+2/Hours: 2+2
1. AR W AT

1.1 The emergence of computational biology/bioinformatics

1A T REAY I EDE B

1.2 Development of computational biology

1.2 AR &

1.3 Major topics in computational biology

1.3 T AW 2 10 T B

1.4 Computational biology and genomics

1.4 THRAEY) B 24 27

1.5 Examples of Computational biology applications

1.5 TH A 2 N S

1.6 Course Introduction: Goals, outline, evaluation/examination and learning guidelines

1.6 LREEN 4. BHhR. R PP/ R 2 5T 1

2. Basic computational skills (Linux + programing) 2z} . 2+2/Hours: 2+2
2. iFEHLERE (Linux+ZmfE)

2.1 Linux system and Open Source Software: GitHub

2.1 Linux RGEATFIREAT: Github

2.2 Terminal and basic Linux operations

2.2 Z LA Linux #1F

2.3 Introduction of programming languages for bioinformatics

2.3 W5 B AR &

2.4 Programming language Perl

2.4 JmFEIE S Perl
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2.5 Programming language Python
2.5 4215 S python
2.6 R Language Statistics and Drawing

26 RIEZ G540

3 Shell JaFEFIAM)15 5%
3.1 Basic shell commands
3.1 34 shell i1 4

3.2 File system

3.2 UM AR4E

3.3 Managing data

3.3 HHA

3.4 Output redirection

3.4 it #H5E 1)

3.5 Software for Linux

3.5 Linux #ft

3.6 Biological data analysis: Modularization and pipeline

3.6 ‘LB . BEHUL AR Zidl

4 Human Genome and Human genome project (HGP)
4 NEERNAS NEERA TR (HGP)

4.1 The basic information about human Genome

4.1 NBERAREAFE

4. 2 HGP initiation and sequencing Strategies

4.2 N2 TR 0 5 3 Al e e ms

4.3 Completion of HGP and its findings

3 Shell Programming and bioinformatics 22N

2+2/Hours: 2+2

205 2+2/Hours: 2+2
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4.3 NI PR AL e sopn = AR 45 SR

4.4 HGP greatly promote sequencing technologies and genomic study

4.4 NREERATHRINORIEEE 70 FrHoR AN R 220 72

4.5 Post HGP era: HapMap, ENCODE, 1000 genome, 3D/4D genome

4.5 J AR AR AR, ENCODE, T A4, =4k/PUA7 5L A4l
4.6 Precision medicine and personalized medicine

4.6 FEHEDE AL R

4.7 Access the human genome database

4.7 NZEIERHH3E ) )

5 Pairwise sequence alignments ZE0F: 2+2/Hours: 2+2
5 B0 7 A1 LT

5.1 Genomes change over time

5.1 JE IR A] 42 1k

5.2 Sequence comparisons

5.2 75 LR

5.3 Dynamic programming alignment

5.3 ZhA ML FIE XS 51

5.3.1 Global alignment (Needleman-Wunsch)
5.3.1 &RFFItL5F (Needleman-Wunsch)
5.3.2 Local alignment (Smith-Waterman)

5.3.2 [{EFHI T (Smith-Waterman)

6 Sequence Similarity Searching 220 2+2/Hours: 2+2
6 FFHIAH I &R
6.1 Approximate alignment is fast

6.1 U LA Eb o 3ok b
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6.2 FASTA Algorithm

6.2 FASTA 5%

6.3 BLAST Algorithm

6.3 BLAST 5%

6.4 Advanced Similarity search

6.4 FPAN IR R

6.5 Interpretation of the BLAST output

6.5 BLAST % ! il Fe

7 Next generation sequencing and its applications 2E0F . 2+2/Hours: 2+2
7 AR R R R

7.1 Next generation sequencing technology

7.1 AR AR

7.2. Reads mapping (Burrows-Wheeler Algorithm)

7.2 HK X (Burrows-Wheeler 5i%)

7.3 Genome sequencing

7.3 BRI AH I

7.4 RNA sequencing

7.4 RNA Il /7

7.5 Epigenomics (ChlP-seq, DNase-seq, MNase-seq, ATAC-seq, BS-seq)
7.5 XMFEK 42 (ChIP-seq, DNase-seq, MNase-seq, ATAC-seq, BS-seq)
7.6 3D genome (Hi-C, CHIA-PET and TracLooping)

7.6 =#EF N4 (Hi-C, CHIA-PET and TracLooping)

8 Multiple Sequence Alignment 2ERF: 2+2/Hours: 2+2

8 Z FFAIILLXS

8.1 Multiple alignment versus Pairwise Alignment
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8.1 Z F7 41 XA e 51 EL o

8.2 Dynamic programming in 3-D

8.2 =4k5hS A

8.3 Progressive Alignment (ClustalW)
8.3 Wit X (CLUSTALW)

8.4 Scoring Multiple Alignments

8.4 Z A LLXTHT 2>

9. Phylogenetics £ 2+2/Hours: 2+2

9 RAKE

9.1 Basics of phylogeny: Characters, traits, nodes, branches, lineages
9.1 RGKBAM: FE. MR 7. L EBR

9.2 Molecular clock

9.2 73 15

9.3 Modeling sequence evolution

9.3 @HLFHIE L

9.4 Distances and clustering algorithm: UPGMA and Neighbor Joining (NJ)
9.4 FRESMIR KL UPGMA Al NJ

9.5 From sequence alignments to trees: Parsimony methods

9.5 WA LT BUBEALIY . A7 2075

9.6 Probability based approach: Maximum likelihood methods

9.6 T MIAMTTIE: RAMMRIE

10 Population genetics 220F: 2+2/Hours: 2+2
10 B iiAL o
10.1 Basic concepts in population genetics

10.1 B IR A7 L A
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10.2 Genetic drift

10.2 BLEEAR

10.2 Hardy-Weinberg Equilibrium (HWE)

10.2 i A-IR AR T (HWED

10.4 Deviations of HWE (Wahlund effect)

10.4 HWE {7 (Wahlund 28D

10.5 HWE in diseases prevalent and prediction
10.5 0 ¥ HWE JAT -5 10 = 1) B

10.6 Genome-wide tests of HWE

10.6 4= R ARSI e A5 A1 A% 118

11 Population stratification/structure 22} 2+2/Hours: 2+2
11 B S JZ AR S5

11.1 The major forces shaping population

1A G R ) 1 B R

11.2 Population substructure

1.2 TS5

11.3 Measure population structure (F-statistics)
1.3 EREARE (F-4itE)

11.4 Approaches for analysis of population structure
11.4 ST REAR 25 1 1) 07 1%

11.5 Analysis of molecular variance (AMOVA)

1.5 73T LEW 07 o b

11.6 Dimensionality reduction

11.6 R4 HT

11.7 Model based approaches

11.7 AL T vk
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12 Identifying disease associated variants £ 2+2/Hours: 2+2
12 RGP AH AL 5+

12.1 Linkage analysis for rare disease

121 FHREB M

12.2 Association analysis

12.2 KIS

12.2.1 Family based association study

12.2.1 5 KA M RIK T

12.2.2 Case control based association study

12.2.2 F T B3k I8 AR SRR 23 H

12.2.3 Association study based on next generation sequencing (NGS)
12.2.3 BT ARUF (NGS) KIS

12.3 Challenge in identifying disease associated variants

12.3 L P A DR 57 ) T e ) 4k e

13 R language 22 2+2/Hours: 2+2
13RIESH

13.1 History of R

131 R L

13.2 Basic principles and concepts

13.2 AR R I S

13.3 Data operation in R (Vectors, matrices, arrays, data frames)
13.3 RIVERRME (&, HFE. B, FdRhD
13.4 Plot figures

134 R %K

13.5 Statistical Analysis of R

13.5 R M4t it 404t
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13.6 Function definition and programing
13.6 BHUE XM GifE
13.7 packages

13.7 &

14 Clustering 2. 2+2/Hours: 2+2

14.1 Why do clustering

14.1 It A58

14.2 Distance Metrics

142 PR

14.2.1 Euclidean distance
14.2.1 B LA RE RS

14.2.2 Pearson Linear Correlation
14.2.2 BUREMATR A 5L

14.3 Clustering algorithms

14.3 K5

14.3.1 Hierarchical agglomerative clustering
14.3.1 JZIRGETREK

14.3.2 Partitioning methods

14.3.2 193771k
15. Dimensionality reduction 2. 2+2/Hours: 2+2
15 B

15.1 Why dimensionality Reduction?
15.1 Jofta e ?

15.2 Two approaches for dimensionality reduction (Feature Selection and feature extraction)

10
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15.2 FEAE PRI CRRIEIESFATRRE SR EO

15.3 Linear reduction

15.3 21tk FE4E

15.3.1 Principal component analysis (PCA)

15.3.1 53t (PCA)

15.3.2 Singular Value Decomposition (SVD)

15.3.2 @ A% (SVD)

15.3.3 Multi-Dimensional Scaling (MDS)

156.3.3 ZYEFRE (MDS)

15.4 Non-linear reduction

15.4 R NEFELE

15.4.1 t-distributed stochastic neighbor embedding (t-SNE)
15.4.1 -7 A BEHLAB IR IR (+-SNED

15.4.2 Uniform Manifold Approximation and Projection (UMAP)

15.4.2 BLIRIEIELAIES. (UMAP)

16 Theory of evolution 220 2+2/Hours: 2+2
16 ALt

16.1 Evolution is a unifying theme in biology

16.1 BEA A 2 )k e T2

16.2 History of “evolutionary thought”

16.2“BEAL BAR K 7 52

16.3 Darwin’s Four Postulates

16.3 ARSIV AME

16.3.1 Individuals within species vary.

16.3.1 ¥t A I AMAAF

16.3.2 Some variations are heritable.

11
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16.3.2 Horh— LR R R AT AL Y o

16.3.3 More offspring are produced than can survive
16.3.3 AR JE R E THE R EA.

16.3.4 Survival and reproduction are nonrandom
16.3.4 77ih A S TE A AR RE AL

16.4 Modern evolutionary theory

16.4 BRI IE

18.  FMRHEESEER Textbook and Supplementary Readings
W2 VPfE ASSESSMENT
19.  PHEER SERBRSTESE  SBLAT 2 iR
Type of % of final Penalty Notes
Assessment score
H & Attendance 10
HERI 20 | encourage you to ask questions
Class during the class, and you will get
Performance credit by doing so.
SRR & 1 B2 0]
NS
Quiz
T H Projects
SRR 30 Completion of assignments
Assignments FRATAEMV AR b 58 115 190
BB
Mid-Term Test
HARER
Final Exam
BIRRE 40 Submit a paper at the end of the
Final term. Do an oral presentation about
Presentation the paper.
TR L R SR 1 30 f— AR T
ZIR SR
He (TREFE
BU5 A VPG T
=0
Others (The
above may be
modified as
necessary)
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MA. +=%%Z% %] Letter Grading
OB. —&ig4# GHE/AEE) Pass/Fail Grading

HRE##t REVIEW AND APPROVAL
FRERBECETUTIHENRR 2 HIUET

This Course has been approved by the following person or committee of authority

KRBALEYMRZAR AR R R RGN .
This Course has been approved by Undergraduate Teaching Steering Committee of Department of Biology.
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