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1= Jonathan Pevsner, Bioinformatics and Functional Genomics (2nd edition,
Wiley-Blackwell, 2009)
222 HA]: Bioinformatics (Oxford)
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1. Introduction
2. Access to information
3. Pairwise sequence alignment
4. BLAST
5. Advanced database searching
6. Multiple sequence alignment
7. Molecular phylogeny and evolution
WEHFZIERE |8, Bioinformatic approaches to RNA
E2 9. Gene expression data analysis
=245 [ 10. Proteomics
11. Protein Structure
12. Functional Genomics
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Prescott’s Microbiology (by Willey, Sherwood & Woolverton, 8™ edition, 2011).
McGraw Hill Higher Education




Week | Date = Content , Lecturer
2/18 |The Evolution of Mlcroergamsms and Microbiology (1) R
1 Microscopy and Specimen Preparation (2)
221 |Bacteria and Archaea (3) KGR
2/25 |Eukaryotic Cell Structure and Function (4) SRk
2 Microbial Nutrition (6)
“ 2028 |FEse s aEE
3/4 |Microbial Growth (7) PRk E
3 3/7 |Control of Microorganisms in the Environment (8) - f 38
4 3/11 |Introduction to Metabolism (9) Bk
3/14 |Catabolism: Energy Release and Conservation (10) B
_ 3/18 |Anabolism: The Use of Energy in Biosynthesis (11) k=
S ECEEST0) B
3/25 |Microbial Taxonomy and the Evolution of Diversity (17) ERFk S
6 7378 [The Archaea (18) Bkt
4/1  |Bacteria: The Deinococei and Nonproteobacteria Gram Negatives s s
7 (19) i)
44 |FeAE - BER
4/8  |Bacteria: The Protecbacteria (20) =i $= 3
8 4/11 |Bacteria: The Low G+C Gram Positives (21) oo
Bacteria: The High G+C Gram Positives (22) "
4/15 |The Protis_ts (23) sk
SEEEEE || o The Fungi (Eumycota) (24)
o 4/18 Blogeochf:mlcgl Cy_chng (26) SRk
2 Methods in Microbial Ecology (27) !
s ||, 92 850 _ B
4/25 |Human Diseases Caused by Fungi and Protozoa (39) gk
4/29 |Viruses and Other Acellular Infectious Agents (5) 2oy
W ™55 |The Viruses @5) %A
" 5/6  |The Viruses (25) o
5/9  |Microbial Interactions (30) FH=HE
. 5/13 |Epidemiology and Public Health Microbiology (36) FHE
13 5/16 |Human Diseases Caused by Viruses and Prions (37) o
14 320 |&#G) S
14 5/23  |Pathogenicity of Microorganisms (31) RELEL
5/27 |Nonspecific (Innate) Host Resistance (32) RILEF
I5 5/30 |Nonspecific (Innate) Host Resistance (32), continued o g
Specific (Adaptive) Immunity (33) IS
6/3 |]F— (31,32) R
16 Specific (Adaptive) Immunity (33), continued A
6/6 |Antimicrobial Chemotherapy (34) REEY
6/10 | = (33,34) sacds
17 Clinical Microbiology (35-1)
6/13  |Clinical Immunology (35-2) RIEE:
6/17 /&= (35) o2 3L A
8 Human Diseases Caused by Bacteria (38) e
6/20 |Human Diseases Caused by Bacteria (38), continued Eormi R
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F32 | Application of Luminescence in Life Sciences and Technology
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FRE10292H 18 HE 6 A 14 HRE (101 S22, KRR

THIEERE:

1. Processes and energetics for excitation, radiation relaxation, and non-radiation
relaxation.

. General methodologies for light measurement and quantification.

. Principles and applications of absorption, fluorescence, and phosphorescence.

L B

. Bioluminescence: principles, bioluminescent systems (luciferases and
fluorescent proteins), biochemistry, and applications.

. Chemiluminescence: principles and applications.

. Advantages and disadvantages of various luminescent systems.

W

7. Literature Examples.
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1. An Introduction to Systems Biology: Design Principles of Biological Circuits, by
T Uri Alon (Chapman & Hall/CRC Mathematical & Computational Biology), 2006.
S 2. Engineering Genetic Circuits, by Chris J. Myers, Adam Arkin (Chapman &

Hall/CRC Mathematical & Computational Biology), 2009.
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1. Introduction to systems and synthetic biology

2. Basic molecular and cellular biology, chemical reactions (MATLAB I)

3. Chemical reactions, stability of steady states, cooperativity I (MATLAB 1I)

4. Chemical reactions, stability of steady states, cooperativity II (MATLAB III)

5. Noise and stochastic analysis I (MATLAB IV)

6. Noise and stochastic analysis IT (MATLAB V)

7. Parts, devices to systems; standardization, modularity, and robustness
(MATLAB VI)

8. Molecular cloning (restriction enzyme, BioBrick standard, G-level assembly)
(MATLAB VII)

9. Midterm exam

10. Area I: noise

11. Area II: simple circuits

12. Area ITI: pathway rewiring

13. Area IV: spatial patterning

14. Area V: evolution

15. Student project presentation I

16. Student project presentation 11

17. Student project presentation I1I

18. Student project presentation IV
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The vast advancement in technology and accumulation of information nowadays has enabled us to
study biology with great details in time and space resolution, and in the molecular level.
Understanding of biology at the systems level has become possible in many cases. The dynamical
aspect of these studies often include a mathematical model to describe and to predict the behavior of
e system. The construction, evolution and prediction of these biological models are closely related
to a branch in mathematics — nonlinear dynamics. To help students better understand the literatures in

this area, this course is divided into two parts:

1. Inthis course, we will learn the fundamental mathematics of nonlinear dynamics by
following “Nonlinear dynamics and chaos™ written by Strogatz, which is a very readable
book with the simplest possible mathematical ingredients. For mathematics that is beyond
the basic freshman Calculus, I plan to use the first few chapters in O'Neil's book. In

particular, the following subjects will be covered:

1. Solving ordinary differential equations both numerically (for general cases) and

analytically (for a limited number of cases).

e

Basic linear algebra. A brief review on vectors, matrices and determinants. The
goal is to be able to find eigenvalues and eigenvectors for a given matrix, and to
understand their meanings.

3. Stability analysis of linear and nonlinear dynamics. Students will learn to search for
fixed points, sketch flows in phase space and to judge for the stability of these fixed
points.

4. Bifurcations in one-dimension and higher dimensions. Bifurcations lead to changes

of systems behavior with a change of a system parameter (condition). Important

bifurcations including the saddle-node, transcritical, pitchfork and Hopf
bifurcations will be introduced with examples and exercises.

5. Elementary nonlinear analysis for limit cycles that govern oscillatory behavior of a




system, and periodic oscillation is seen in many important biological systems.
6. Applications/examples in the area of ecology and molecular biclogy.

We will study several interesting papers published in recent years, which involves
quantitative observation in biological systems and a model description or even prediction
with nonlinear dynamics. Alon’s book contains a good number of examples in a

well-organized layout.

1. Feed-forward loops and their biological implications.

8

Positively feedback loops and their roles in biology. Examples include the MAPK.
protein regulatory network, regulation of the Gal gene expressions in yeast, and the

Lac genes in E. coli.

(98]

Negatively feedback loops and their roles in biology. Examples include the
regulation of NF-kB activity via the expression of its inhibitors and the circadian
clock gene network.

4. The sources and characters of noises in biological systems. Numerical methods for
simulation involving noises. Recent observations in single-cell experiments and

their implications.
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=3

ZEEH
AR P SR IS - N RFREEEREEEEEIRE -
tHiee
Bx o BE BT

P | iCIass setup. Introductory information. Central dogma in
=18 02723 | X :

‘ :molecular biology. Survey on mathematical backgrounds.
e s fhﬁchaelis—Menten kinetics Appendices A and B (Alon) Basic |
=23 0301 | . ) . ) : : :

functions, differential and integration. Taylor expansion.
2133  03/08 Ordinary differential equations(O'Neil) Linear Algebra(O'Neil)
I _ Linear Algebra(O'Neil) Solving Linear ODEs with eigen
=433 0315 .

values and eigen vectors. (Strogatz chapter 3)
2538 0322 Bifurcation analysis T (Chapters 2-3 Strogat)
263 0329 Bifurcation analysis II (Chapters 3-4 Strogatz)
. Z7HE 0405 Recess
AT — '
= 5583  04/12 Review for Midierm
smpoaEE| 2093 0419 Midterm

= 10#H 04/26  Two-dimensional flows (Chapter 6 Strogatz)
21143 05/03 Limit Cycles (Chapter 7, Strogatz)
#1238 05/10 Other modeling techniques: Boolean networks

=138 :05/17 ‘Other modeling techniques: Stochastic simulations
%= 1438 i05/24 iNetwork motifs (Alon) Feedforward loops I

E155 i05/31 iFeedfonvard loops II (Alon) Literature reviews

= 16148 '706107 ?Literature reviews or term projct reports

E17H 0614 ?Literature reviews or term project reports
%187 0621 Final exam
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Statistical methods and Algorithms in High-Throughput Genomic Data

L
Analysis
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B i R EERRRE R e atat o AR RS B P TR A DA
BEAEE () £y RS EREEFRENGET A 2) BEE - iEt
BRI RNEAS BN ERAERRERE L - BT IEREVERIES S 5
[R5 s B2 AR s R i S S — i SR B B e [ R ARSI ARG T 2K
BRErEE - Ay 24 MEE - Sel B MR ST SNEARgRiE—
AENS 780 G AHE2Y - Analysis of high-throughput genomic data has now
become a routine in modern biomedical research. In this course, we will go over
statistical methods and algorithms that are commonly used in genomic data
analysis. The course is targeted to two categories of students: (1) biological
background students who want to obtain more solid training of statistical methods
(2) quantitative students (e.g. math, statistics or computer science) who are
interested in genomic applications. In addition to formal lectures, the class
atmosphere is to encourage interdisciplinary communications and collaboration
experiences through a series of computing labs, homework problem sets and a final
project. Biological students and quantitative students will be paired to brainstorm

and learn from each other in these dynamic course activities.
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% 1 3## Introduction of basic molecular biology and genetics; Introduction of
next-generation sequencing technology (FtE%5)

25 2 3 Introduction of array technology (gene expression array, SNP array,
miRNA array, methylation array and protein adrray) ; Human Genome Project
=> Hapmap=>1000 Genome Project (£z )

= 333 (Labl) Examples and exercises of Bioconductor and NCBI databases.
Homework 1 distributed; Basic concepts in statistical genetics and linkage
analysis (15 05H)

22 4 38 Genetic association analysis; Copy number analysis and rare variant
analysis (/0

%5 5 i3 Gene-gene / gene-environment interaction analysis; (Lab2) Examples
and exercises for the last four lectures. Homework 2 distributed. (5GH])

25 6 ## Proteomic data analysis (JTE45)

25 7 ## Complex network analysis (&2 & #K)

£5 8 7E(Lab3) Examples and exercises for the last four lectures. Homework 3
distributed. (FtFEZF)

25 9 3 Data Preprocessing (normalization, transformation, filtering, missing
value imputation etc) ; Dimension reduction (34 Z3k)

25 10 38 Detecting differentially expressed genes; Supervised machine learning
(& B0

%5 11 38 (Lab4) Examples and exercises for the last four lectures. Homework 4
distributed. (% Z)

Z 12 & Unsupervised machine learning; Pathway (gene set) analysis (& Z3)
£5 13 3 Parallel computing packages in R; Horizontal genomic meta-analysis
§-F-29)

25 14 8 (Lab5) Examples and exercises for the last four lectures. Homework 5
distributed

£5 15 ## Vertical integrative analysis (& Z)

%5 16 # Dynamic programming (& Z4%)

éﬁ 17 & 18 #3 Student final project presentation I, IL, IIT (ftT/25 ~ B ~ =
n = Lbﬁ)
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Most graduate schools teach students how to survey the scientific literature,
identify meaningful scientific questions, and devise experiments to solve the
problems. However, few graduate schools offer formal instruction to help
. __|students developing a good sense of historical perspectives and essential on-job
AR AL Successful

(27050 7F)

skills, which are critical elements for becoming a good scientist.
formulation of critical concepts often results in significant advancement and major
paradigm shift in science. Learning how these specific ideas evolved in a
historical context can be quite educational and therefore beneficial to students
aspiring to develop a career in sciences.

e HiR

Students will be asked to read short stories and/or papers, watch documentary
films, if available, of pivotal individuals interviewed by distinguished fellow
scientists in the field, present the learned lessons, and participate in lively
discussions led by the instructor and/or invited scientists. It is hoped that, through
these exercises, students can extract from these pioneering scientists a few
long-lasting lessons, which in turn shall provide a deeper understanding as to how
an individual scientist, functioning in the global scientific community,
accomplishes the watershed breakthrough. The other half of this course will
include a series of well cropped lectures aiming to guide students on acquiring
essential skills to become a functional scientist. These include, but not limited to,
skills regarding how to give an effective talk, write a fundable proposal, form a
vibrant research team, and become a successful practicing scientist. A major
effort in this half will focus on sharpening the proposal-writing skills, which is
arguably one of the weakest points for students in Taiwan.
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Week
1 Introduction and lectures on essential skills
N . 2-4 Lectures on essential skills (continued
T lls (continued)

o 5 Lectures on proposal writing and dissection of model proposals
éﬁm/fﬁiﬂ 6 Group discussion of formulating specific aims
RS 7-8 Presentation of specific aims and group discussions

9-14 Student presentation of selected scientists and their key experiments
14-16 Dialogues with invited scientists on their career paths
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Lecturer
Week | Contents
(EE)
!
1-2 | Introduction TES
3-4 | Aneuploidy 2EHR
5-6 | DNA repair & recombination HRIR
| 7-8 | Chromosome dynamics (1) EHE
9-10 | Chromosome dynamics (l1) FEES
Gene amplification, rearrangement, genome
11-12 BFEEE
stability
13-14 | Epigenetics mEE
BT
15-16 | Epigenetics
=AR
17-18 | Genome evolution F
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#37 | Mass Spectrometry-based Proteomics and Protein Modification Analysis

ERs==ti] 101/2

s .| (=R ) BChem 5027
MR APT EALRIEE MERTR i

Fan ] BRI AT Era /A (FEEESE ) BAG U080
HEZ(FD) 2 KEE =

I

This course aims to teach the fundamentals of biological mass spectrometry with
particular focus on applications to proteomics and analysis of protein modifications.
The course will begin with an introduction to the general aspects of mass
spectrometry-based peptide sequencing and protein identification, along with
recent technological developments in the context of advancing quantitative shotgun
proteomic analysis. Current perspectives in global versus directed analysis, speed
versus depth in proteomic coverage, will be discussed. This will then be followed by
introducing the practical aspects of MS analysis of select protein modifications, at
both the levels of single targeted protein of interest and the proteomic scale. Topics
include phosphoproteomics; lysine modifications such as acetyiation, methylation,
ubiquitination, and SUMOylation; cysteine modifications such as oxidation,
glutathionylation and S-nitrosylation; and glycosylation. The last further
accompanied by an overview of MS-based glycomics and glycoproteomics.

After more than a decade in practice, MS-based proteomics and analysis of myriad
post-translational modifications (PTM) have become an essential technique to be
used in all fields of biological sciences. This course aims to let life science students
who often have no background in mass spectrometry to have a sound
understanding of the basic principles, current advances and limitations of this
experimental approach in the age of omics and systems biology. Emphasis is more
on how biochemists and cell biologists can benefit from using MS to delineate the
various cross talks among a wide range of PTM imposed on key proteins and that
how experimental design and targeted analysis may often be more beneficial than
global screening in gaining insights into the signaling network. This course is also
aimed at complementing the main thrust of 44{Lf7 in tackling the molecular
aspects of PTM, as an elective graduate course for those who want to have a better

appreciation of the technical aspects after taking the core course on PTM (EHEE




el A B4 EA &) offered at 4={EFT. However, it can also be taken as a
stand-alone course by keen and well-prepared undergraduates intending on
tackling the biochemistry and functioning of proteins. This course will deemphasize
the core MS instrument and technique aspects in favor of the biochemistry,
molecular and cell biology perspectives, which will thus complement MS-related
course offered by Chemistry Department.

Opens to life science Master and PhD Students, as well as keen senior
undergraduates major in Biochemistry, who have a basic knowledge of protein

EFEELE | chemisiry and structures, and the commonly found modifications. No absolute
£ prerequisite is set but will be advantageous and encouraged to have first taken one
T or more of the core courses offered at Z4={LF7 in the first semester eg EEH'SZE
AR E ;4575 4{E22. Chemistry graduates interested in biology and major
in chemical biology are also encouraged and accepted.
T= Will not be based on any single major textbook but relying instead on most recent
seEEg review articles, which will be introduced as compulsory reading during the course.
HEr
Wk | Topics
1 | Overview and Fundamentals of Biological Mass Spectrometry
Part |. Advances in Shotgun Proteomics
2 | Understanding Peptide Centric MS-based Protein ID and Proteomics
3 | Fundamentals of Quantitative Shotgun Proteomics |
4 | Fundamentals of Quantitative Shotgun Proteomics Il
5 | Deep Proteome Coverage vs Directed or Targeted Analysis
6 | Current Advances in Proteomics Technology and Informatics
7 | Recap Tutorial and Seminars
HGREER Part Il. Advances in global scale PTM analysis
E4 8 | 3™ Generation Proteomics and Modification Analysis

9 | Phosphorylation and Phosphoproteomics

10 | Lysine Modifications

11 | Seminars on Ubiquitination versus SUMOylation

12 | Cysteine Modifications

13 | Seminars on S-nitrosylation versus S-glutathionylation
14 | Glycosylation and Glycomics

15 | Practice and Prospects for Glycoproteomics

16 | Seminars on Site-specific glycosylation analysis

17 | Final Recap and Closing Discussion Seminar
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