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COURSE SPECIFICATION
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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be

A Y14E B 2/Bioinformatics

W) % Department of Biology

BIO306

4

E\bAZ LR Major Core Courses (4115 E %\l Bioinformatics)
L& Major Elective Courses (EELS: . AW+ K% Il Bioloical Sciences,

Biotechnology)

%7 Spring

FRFEXUIE English & Chinese

44 & Department of Biology
H4ke ZHAI Jixian, zhaijx@sustech.edu.cn

A4 To be announced
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Lectures |Tutorials Lab/Practical |Other (Please specify) |Total
32 64 96
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Pre-requisites  or  Other|BIO309 iI-5/:%)%* Computational Biology
Academic Requirements

JFEERE. HE%EIHN
Courses for which this course | None ¢
is a pre-requisite

HREBRERARENYR | yone &
Cross-listing Dept.

RN K # ¥ H P SYLLABUS
#22 H¥5 Course Objectives

This is a practical course in Bioinformatics which will emphasize how to use the computer as a tool for biomedical
research. Prerequisites include a thorough understanding of theoretical and practical aspects of molecular biology, and
some University level mathematics and statistics, but no prior knowledge of computer programming or computer
hardware is necessary.

RIS HRAEDE B RAE, XTI SRR R - AUV MR R TR .. ARIER R ZRIRA R > T
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-LD

Xl

ik % 3 R Learning Outcomes

1. KB EEE D TP HE, 1S DNAJIF . RNA I .

2. Linux gmf2

3. EPE KRB PE Lk AT SR R IR i R

A FEDKALEORS, 75 DR 2E 0 U o 3 s o R RIS OR R 2 ] X 3

5. X} DNA W7 BEAT oI xS . Biid ik, &R Ak

6. AT K FRIE S

7. BEATHE A B AR AT

1.process high throughput sequencing data, including DNA sequencing, RNA sequencing.
2.programming in Linux

3.Perform sophisticated searches over enormous databases, interpret their results
4.Perform genomic comparisons, display genes and large genomic regions in Genome Browser
5.Perform sequence alignment, data filtering, variants calling in DNA sequencing data

6.Perform gene expression analysis

7.Perform proteomics data analysis

RENERHFEER (ERES UIOE, WRENANMATURTSC E SRk, #HHIEHR
EHAO

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.)
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1 BE R 2R A S5 B AR SRS (7 IR 2R)

TR R, #eeea, For 55096

1.2 B[R 22 5 AEE B A0t Tt

1.3 B HH 3 54MME B A M E G )=

1.4 B2 B Y 5 HOR SN 1) &

7.Scientific research thinking and technological strategy of genomics (FANG Xiaodong)
1.1 introduction: objectives, teaching methods, assessments and learning guides

1.2 advances in genomics and bioinformatics

1.3 classic cases of genomics and bioinformatics

1.4 scientific thinking and formulation of technical strategies

2 EHUEER (145, linux+gafe, L) (FHEZ)

2.1 Linux 245 github

2.2 Linux ZiH#E/E S shell fif2: ##E5 gqsub

2.3 perl i & Hife 5 FAF R AL B IENERIA K

2.4 python & = 4ife

25 RIEF G SR E: gtk 58T AL T A

2.6 B o AR RS . BEHUL SRR, TR A

3.Computer basics (1+5, Linux + programming, practical operation) (WANG Chongzhi)
2.1 Linux system and open source software: github

2.2 basic Linux operations and shell programming: clustering and gsub

2.3 perl and string processing: regular expressions

2.4 python programming

2.5 R based statistics and drawing: statistical inspection and data visualization tools
2.6 data analysis process building: modularization and routing, engineering ideas

3 HBATABEREN A (3+3, B 248 FE 1+5548 3) , BFRFE AU (E5ED
31 FFIASE . O B SRR A

3.2 5£#: 1. (U fasta. fastq. bam. vcf #zA 4
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3.3 Dyfie st Sk o i i

3.4 5:# 2. {4 newick # A 24

3.5 WA R, EA. mE. B FR. . Bk
3.6 5:#% 3: GenBank. KEGG. GO. dbSNP. OMIM. TCGA

3.Introduction to common software and database (3+3, software 2+ database 1+ practical operation 3), including
common file format (WANG Chongzhi)

3.1 sequence assembly, comparison and related software

3.2 operation 1: introduction of fasta, fastq, bam and VCF formats

3.3 functional analysis and evolutionary analysis softwares

3.4 operation 2: introduction of newick format

3.5 commonly used biological databases: nucleic acid, protein, pathway, mutation, disease, tumor, species
3.6 operation 3: GenBank, KEGG, GO, dbSNP, OMIM, TCGA

AAEERGER: BEHABENE, B RO RN F R, T e s bR AR S B B LR
blast/soap/soap2; FikFEE . S WA, WA (E5RED

41 WS A RS AR, A e, AU

4.2 [ FESR AR S A T BIAHLRI . SRR AR Y

43 AL 5 241 blast

4.4 JFHIE RS O 240 11 SOAPaligner. bwa

4.5 R 5 R IIE

4.6 motif I 5%

4. Common bioinformatics algorithms: introduction of common algorithms, to deepen the understanding of the algorithms
through the adjustment of softwares, how to optimize parameters Alignment: blast/soap/soap2; Algorithm principle, key
parameters, how to optimize, how to evaluate (WANG Chongzhi)

4.1 biological problems and mathematical modeling: homology and similarity, speciation and canceration, pattern
discovery

4.2 problem solving and algorithm implementation: divide and conquer, dynamic programming, markov model
4.3 sequence alignment principle and key parameters I: blast

4.4 alignment principle and key parameters II: SOAPaligner, bwa

4.5 tree building and clustering algorithm

4.6 motif recognition algorithm
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S5 REUREMATE (2+4) (EHFD

5.1 MR EE

5.2 MRt

5.3 Galaxy #4543

5.4 FERIRKIEE — D lifie

5.5 LB L WHIZEYME B =-F

5.6 ALy FE AR it iE

5.Big data and cloud computing (2+4) (WANG Chongzhi)
5.1 biological big data

5.2 biological cloud computing

5.3 Galaxy system installation

5.4 build your first cloud process

5.5 comparison of several common biological cloud platforms
5.6 optimize or extend your cloud processes

6.De novo FEE A4 (1+45) (FEZE)

6.1 JE D] 2H 20 25 ) e A

6.2 4135 NI 5

6.3 FEI A4S B R R 4

6.4 A4 $RIRAR. QUAST Bft:

6.5 B[R AHyT R LB R 4 40 #r

6.6 ZHE R AL A% 5 4 H

6.De novo genome analysis (1+5) (WANG Chongzhi)

6.1 modeling of genome assembly problems

6.2 assembly software and application scenarios

6.3 genome assembly: single bacterial genome

6.4 assembly evaluation: indicator system and QUAST software
6.5 genome annotation and comparative genome analysis

6.6 macronomic assembly and analysis




; As MLY%

/ %/ SOUTHERN UNIVERSITY OF SCIENCE AND TECKNOLOGY
i

7. A NFE R 20 2 (5K 35)

7.4 NI A 2 AE HE BT /I D 52

7.2 NZEEE IR0 B4 o pr

7.3 URAKEMRHL?

7.4 L5758 R BRI R =

7.5 s TII o ) 22 FE DR XU P

7.6 HEiE T NS HE R A2

7.Personal genomics (ZHANG Lu)

7.1 History of personal genomics and precision medicine

7.2 Data analysis for human genomic sequencing

7.3 Where are you come from?

7.4 Prioritize disease causal mutation

7.5 Polygenic Risk Score for disease prediction

7.6 Lifestyles and Genomics

8. N ZEHE R 21 22 (T %)

8.1 NZH R FE K 2H 22 %/ (HapMap, 1000 Genomes, UK Biobank)
8.2 NRIED A ) R B M S A%

8.3 BRI (L 451

8.4 T NHEHI S AN R BEIT 7L

8.5 Z: A ZH+X (PheWAS, TWAS, EWAS)

8.6 H M A4

8.Human Population Genomics (ZHANG Lu)

8.1 Introduction of human population genomics (HapMap, 1000 Genomes, UK Biobank)
8.2 Key concept and algorithms in human population genomics
8.3 Genetic structure of populations

8.4 Population based association study to complex diseases

8.5 Genomics+X (PheWAS, TWAS, EWAS)
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8.6 Famous software introduction
9.F M L2 (2+4) (FEH=E)
91 KUBEMAE mEEFAR

9.2 XWBAERT T HAR: HFEEM (DNA. RNA)  AEABM (FFEW) . EER-ZREAE (TF, enhancer %) X
A =4i4EH) (2C, 3C,HIC) , BS-seq. ChIP-seq. HiC-seq. ATAC-seq

9.3 LpLs#: BRI S okt

9.4 LHLSEH: BMAL s S5 2 570

9.5 bHLSEHR: EEESESITLE

9.6 e it RMAW I Rt H5iig

10.Epigenetics (2+4) (WANG Chongzhi)

9.1 epigenetic research and high-throughput techniques

9.2 epigenetic research techniques: base modification (DNA, RNA), histone maodification (various modifications), protein-
nucleic acid interaction (TF, enhancer, etc.) and three-dimensional structure (2C, 3C,HiC), bs-seq, chip-seq, hec-seq,
atac-seq

9.3 actual operation: data quality control and analysis software installation

9.4 computer operation: modification site annotation and difference analysis

9.5 computer operation: information integration and statistical drawing

9.6 comprehensive practice: design and discussion of the research scheme of apparent omics
107345 (1+5) (EEH)

10.1 FEAMFHA: mRNA. ncRNA. sRNA. F&fR4l

10.2 B L4135 54400 SNP R, SSR i, A 28842

10.3 Kk @525 1: SEQC, ERCC, TPM, Suilfii 5% ffsiE

10.4 BB 0T GO KEGG 48, HLRIEM%E

10.5 ncRNA. sRNA. F&fRZLNIT 53 B

10.6 ¥ AW LT it 5itie

10.Transcriptome (1+5) (WANG Chongzhi)

10.1 transcriptome sequencing technology: mRNA, ncRNA, sRNA, degradation group

10.2 transcriptome assembly and structure analysis: SNP detection, SSR prediction, variable splicing

10.3 expression quantitative and differential analysis: SEQC, ERCC, TPM, statistical test and multiple correction
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10.4 pattern clustering and enrichment analysis: GO, KEGG enrichment, co-expression network
10.5 ncRNA, sRNA and degradation group sequencing analysis
10.6 design and discussion of transcriptome research scheme
MERERA (1+5) (HF)

1M1 BRRH AR KR P

11.2 Hlfe o 2 5 2 B R 4

1.3 YR dlsrfr: MetaPhlAn2

1.4 LR TR S AT

1.5 BT KB Hr

1.6 LR A Hras R i

11.Metagenome (1+5) (ZHOU Yong)

11.1 history of macronomics

11.2 data quality control and macronomic assembly

11.3 analysis of species composition: MetaPhlAn2

11.4 microecological function analysis

11.5 correlation analysis of environmental factors

11.6 visualization of metagenomic analysis results

12 B EYER Y (148 (5D

12.1 Jiiveg 3k R LT 9 o A

12.2 Jiyeg e A 4 P

12.3 iR by B4 58 LR BE VR TT

12.4 i SRAZATE DL K AL

12.5 JigidtAy,

12.6 /iR A g Bk PR 21

12.7 e Se e oI

12.8 IR 5 miE )

12.9 AIEHEFI : BEFC S 04 75 Rt
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12. Tumor bioinformatics (1+8) (ZHOU Yong)

12.1 history of tumor genome research

12.2 tumor genome atlas

12.3 identification of tumor markers and targeted therapy
12.4 tumor mutation spectrum and its mechanism

12.5 tumor evolution

12.6 tumor single cell genome

12.7 tumor immune microenvironment

12.8 tumor and intestinal microorganism

12.9 public data: research topic and analysis scheme design.
13. RG2Sy B A AT AL (5K 3% )

13.1 AW 25 1R 8B fRT A

13.2 R ML SR

13.3 EEA-EH M EAEH M4

13.4 JE R4 Y 4%

13.5 B FIEE L5 M

13.6 AT LA R4

13.Network analysis and visualization for system biology (ZHANG Lu)
13.1 Introduce types of biological networks

13.2 Key concept in complex network

13.3 Protein-Protein Interaction network

13.4 Gene Regulatory Network

13.5 Gene Set Enrichment and network analysis

13.6 Dimensionality reduction for visualization

14. BLas 57 I 7R HE DR 402 v 1) R FH (7K )

14.1 HLE 7 2T B RS

14.2 Bl 2 AE SR e ) R

14.3 HLas o > ARG N7 L1 AR 5 o A L
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14.5 PRFES: 2RI 2% v i) L H

14.Machine learning in genomics (ZHANG Lu)
14.1 Key concept in machine learning

14.2 Machine learning in de novo assembly

14.3 Machine learning in electronic health record
14.4 Deep neural network in genomics

14.5 Deep learning for network biology

15,545, Wit &R OFmeR £558 KB A 5
156.1 VRAE B A 4

15.2 /NS> R

15.3 AR E Bk L2 10 S0kt

16.Summary, discussion and Q&A (FANG Xiaodong, WANG Chongzhi, ZHANG Lu, ZHOU Yong)
15.1 course review and summary

15.2 group discussion on topics

15.3 final Q&A and thesis selection

16. 22 1 fom

16.Students’ presentation

bt R B 5% %k Textbook and Supplementary Readings

Next-Generation DNA Sequencing Informatics, ISBN-13: 978-1936113873ISBN-10: 1936113872

BRFEPE ASSESSMENT
THE TR PG TR HSERSRSGESL BT E- i
Type of Time % of final Penalty Notes
Assessment score
H & Attendance
WRERI 10
Class
Performance
NIE 53
Quiz
WAETH Projects
SERMENL 40
Assignments
B
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20.

21.

Mid-Term Test

BARER 50

Final Exam

BIARME
Final
Presentation

He (TREFE
BUE P PP T
=0

Others (The
above may be
modified as
necessary)

id4+ 773 GRADING SYSTEM

MA. +=2%%%)| Letter Grading
OB. it GE/AEE) Pass/Fail Grading

iR fE##t REVIEW AND APPROVAL
AERBRECSTUTHENERSHET

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

FRBEEAEY RAR AR IR AL H R EL .
This Course has been approved by Undergraduate Teaching Steering Committee of Department of Biology.
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