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The miracle of life

How does the oocyte become the baby and how does the baby become a girl



-- Almost

Genome: the “manual of life”
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GCAGCACGCCCACCTGCTGGCAGCTGGGGACACTGCCGGGCCCTCTTGCTCCAACA
GTACTGGCGGATAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAA
CCCTAACCCTAACCCTAACCCTCCTAACCCTAACCCTAACCCTAACCCTAACCCTA
ACCCAACCCTAACCCTAACCCTAACCCTAACCCCCCTAACCCCTAACCCTAACCCT
AACCCTAACCCTAACCTAACCCTAACCCTAACCCTAACCCTAACAACCCTAACCCT
AACCCTAACCCCTAACCCTAACCCTAAACCCTAAACCCTAACCCTAACCCTAACC

Life is so simple but so mysterious
Human genome has 3.1 billion bases
97% of the genome were called junks
~2.9% of the bases encode genes

They contain the regulatory elements that encode instruction
on when, where, which, and how much proteins to make



The universal code: Other species’ genomes
The Tree of Life
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Human Genetic Variations
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GCAGCACGCCCACCTGCTGGCAGCTGGGGACACTGCCGGGCCCTCTTGCTCCAACA
GTACTGGCGGATAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAA
CCCTAACCCTAACCCTAACCCTCCTAACCCTAACCCTAACCCTAACCCTAACCCTA
ACCCAACCCTAACCCTAACCCTAACCCTAACCCCCCTAACCCCTAACCCTAACCCT
AACCCTAACCCTAACCTAACCCTAACCCTAACCCTAACCCTAACAACCCTAACCCT
AACCCTAACCCCTAACCCTAACCCTAAACCCTAAACCCTAACCCTAACCCTAACC

How do you decode the instructions in this “manual of life"?

If you print 100 character per line and 50 lines per page, it
will have 600000 pages

The biological data is a big data



Genbank growth
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Opportunities and challenges hand-in-hand:

the driving forces of bioinformatics
High-throughput data o

— Huge amount

— Explosive growth

— Low signal-to-noise ratio .
— Multiple types N

Sequences [milions)

— U es

| - s Pors

Requirements for the methods

— Data needs to be stored in efficient ontology-based
database systems

— The huge amount of data requires efficient algorithms
— Exponential growth requires scalable methods

— The low signal-to-noise ratio requires accurate methods
— Multiple types of data require data integrative methods




What is bioinformatics?

Bioinformatics: an interdisciplinary field that develops

and applies computer and computational technologies
to study biomedical questions

* As atechnology, bioinformatics is a powerful technology to
manage, query, and analyze big data in life sciences.

* As a methodology, bioinformatics is a top-down, holistic, data-
driven, genome-wide, and systems approach that generates

new hypotheses, finds new patterns, and discovers new
functional elements.



Bioinformatics is an interdisciplinary field

% Medical/Clinical

Systems/Biology
Synthetic Biology , Informatigs

Bloinformatics/
Computational



The Bio- in Bioinformatics

Genotype > Phenotype
DNA/ RNA Proteins Molecular Cells Phy§iology/
Genome Networks Disease

Sequence alignment
Database similarity search

Protein interaction
networks

Motif finding Transcriptional Population genetics
S regulation networks Human genetics
Gene f|nd|-ng Differential ekaBolic and
Computational €xpression signaling networks
& comparative  Co-expression Network dynamics
genomics NCRNA
Evolution Virtual cell
DNA Mass spec protein simulations
methylation identification

Structure prediction
Structure alignment



The —informatics in Bioinformatics

> -
Data Discovery
Data Data Data Modeling/
Management Computation Mining Simulation
Databases Algorithms Biological Predictive models
Ontologies Software tools discoveries Systems simulation

Meta-data Web servers
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Examples of contributions to

computer sciences

Neural networks
Genetic programming
WAN

u/.aﬁfarf—np News — Windows Internet Explorer
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Juniper to Acquire Peribit for WAN Optimization

Juniper Nyg#orks agreed t0
approxinigtely $337 million in

quirz Penhit Netwarks, a developer of WAN optimization tachnology, for
ash. stock and assumed stock options

Penbit WA cptimization architecture uses comprassion saquence caching, latency raduction,
bandwidth management, path optimization, and vicibility tools to improve congestad enterprise VWAN

Fenbit, which was founded in 2000, 68
onhBa DMNA pattern matching algonthms

pped a Wolecular Sequence Reduction (MSR) technology that
acogniza rapetitive bits of data traversing a point-to-point

The sequence caching technology records patierns across packets, sescions, and fiows and store tham
on hard disk so that. if repaated later, they can be identfiad and remaovad from data streams even when
they are separated by hundreds of gigabytes of data sent days or weeks apart, and even when the
transmitted files have been modified. Peribit also developed a Packet Flow Acceleration (PFA)
technology that addresses poor application pafformance caused YWAIN latancy. YWAR latency tends to
delay the acknowladgemanis between 'end and receive endpoints and this impedes an appl cation's
ahhty to send additional data while it's in & "wait state." Penbit's PFA technology sccelerates short
flows by optimizing the TCP session inifialization. For large bulk data transfers, PFA minimizes the TCP
idle time during which the saner ie unable to transfer more data due to WAN latency. This results in an
optimized data flow from sander to recawer and a significant raduction in the total time to completion for
the data transfer.

Perbit's products have heen installed in over 300 entemrises worldwide v

@ TB € Internet H00% -




Table 1. Ten mstitutions that pioneered and fostered computation in biology

Institutions Country

Birkbeck College. University of London UK

Boston University USA

European Molecular Biology Laboratory (EMBL) DE and EMBL
states

Institute of Protein Research, Academy of Sciences.

Puschino

Laboratory of Molecular Biology (LMB). MRC
Cambridge

Los Alamos National Laboratory (LANL)

National Biomedical Research Foundation (NBRF),

Georgetown U
Stanford University
University of California San Francisco (UCSF)
University College, University of London (UCL)

Former USSR

UK

USA
USA

USA
USA
UK

Ouzounis & Valencia, Bioinformatics, ‘03



Current Bioinformatics Journals

* Bioinformatics

«  BMC Bioinformatics * Journal of Mathematical Biology

*  BMLC Systems Biology * Journal of Theoretical Biology

* Briefings in Bioinformatics * PLos Computational Biology

: : . * Source Code for Biology and Medicine
* Bulletin of Mathematical Biology o S - _
, e  Statistical Applications in Genetics and Molecular Biology
* Cancer Informatics

* Computational Biology and Chemistry
* Computers in Biology and Medicine
* Database: The Journal of Biological Databases and Curation

*  |EEE/ACM Transactions on Computational Biology and Bioinformatics * Nucleic Acids Research
 Genome Research

 Nature Methods
 Nature Biotechnology

* Journal of Bioinformatics and Computational Biology
* Journal of Biomedical Informatics

* Journal of Computational Biology

* Journal of Integrative Bioinformatics
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Bioinformatics in China: A Personal Perspective

Liping Wei'*, Jun Yu?**

1Center for Bioinformatics, National Laboratory of Protein Engineering and Plant Genetic Engineering, College of Life Sciences, Peking University, Beijing, People’s
Republic of China, 2 CAS Key Laboratory in Genome Sciences and Information, Beijing Institute for Genomics, Chinese Academy of Sciences, Beijing, People’s Republic of

China

[n this personal perspective, we recall
the history ol bioinformatics and compu-
tational biology in China, review current
research and education, and discuss [uture
prospects and challenges. The field of
bioinformatics in China has grown signif-
icantly m the past decade despite a delayed
and patchy start at the end of the 1980s by
a few scientists from other disciplines, most
noticeably
where China’s traditional strength has
been. In the late 1990s and early 2000s,
rapid expansion ol the field was [ueled by

physics  and  mathematics,

ton ol bioinformatics research i1s becom-
ing more significant within the hfe sciences
in China. Comparing it with the situaton

worldwide, we observe that the number of

bioinformatics publications from China is
growing faster than the number of bioin-
formatics publications worldwide
(Figure 1A versus 1D). Additionally, the
number of PubMed publications from
China has also been growing faster than
the total number of PubMed publications
(Figure 1B versus |E]. Furthermore, we

observe that, very interestingly, for each

Copyrigl’wt © Peking University

and Technology (MOST). Despite the
difliculties, starting rom the end of the
1980s bioinformatics resecarch was pio-
neered by a few scientists from other
disciphnes, most noticeably physics and
mathematics where China’s  traditional
strength has been, applying theoretical
frameworks and analytical tools from thewr
original specialty to study biwlogical ques-
tions.

A great example ol these early scientists
was Bailin Hao, who, tramned in the former
Soviet Union. was at the time alreadv an
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Rapid growth since 1990s

* Driving force #1: internet

— 1994: full TCP/IP internet connection between China and the rest of the world

was established.

» Adial-up X.25 connection between the Institute of High-Energy Physics (IHEP) in Beijing and
the Stanford Linear Accelerator Center (SLAC).

— On May 17th 1994, the official connection to FIX-West was announced and the
U.S.-based Energy Sciences Network (ESnet) agreed to carry China IP traffic.
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* Driving force #2: genomics

— China National Human Genome Center (Shanghai and Beijing), Beijing
Genomics Institute (BGl), Beijing Institute of Genomics, CAS

— 1% of human genome sequencing
— Sequencing of rice and many other genomes

"SOC )

ERAXERABLAHRPL
Chinese National Human Genome Center, Beijing



* Driving force #3: increased research funding
— Ministry of Science and Technology (MOST): “863” and “973” grants

— Natural Science Foundation of China (NSFC): young investigator
awards and research grants

@) hEARAMEHER AL

Ministry of Science and Technology of the People’s Republic of China

~

National Natural Science Foundation of China




* Driving force #4: critical mass of researchers & students



Pioneers in the late 80s and early 90s

m Original background Research in bioinformatics

Bai-Lin Hao Theoretical physics Phylogeneticanalysis with k-strings
Run-Sheng Chen Biophysics Small RNAs and noncoding RNAs
Chun-Ting Zhang Theoretical physics Z-score forDNA sequence analysis
Yandali Automation control Gene expression regulation

Yunyu Shi Biophysics Structural biology and bioinformatics
Liaofu Luo Theoreticalphysics Genome evolution

Dafu Ding Mathematics Protein structure modeling and design
ZhirongSun Automation control Molecular network and pathway analysis
Luhualai Chemistry Docking and drug design

XiaochengGu Biophysics Protein structureanalysis

JingchulLuo Biology Plant transcriptionregulation and evolution
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Bioinformatics degree programs in Mainland China

City
Beijing

Beijing

Beijing

Beijing

Beijing

Chengdu
Chongging

Guangzhou
Hangzhou

Harbin

Hefei

University/Institute

Peking University

Tsinghua University

Chinese Academy of Sciences

China Agricultural University

Beijing Normal University

Sichuan University

Chonggqing University of Posts and
Telecommunications

Sun Yat-sen University
Zhejiang University
Harbin Medical University

University of Science and Technolog
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School/Center

Center for Bioinformatics, School of Life Sciences;
Center for Quantatitive Biology

Department of Biological Sciences and
Biotechnology; Institute of Bioinformatics,
Department of Automation

Beijing Institute of Genomics; Center of Systems
Biology, Institute of Biophysics; Center of Molecul
ar

Systems Biology, Institute of Genetics and
Developmental Biology

College of Biological Sciences

College of Life Sciences, Laboratory of
Computational Molecular Biology

School of Life Sciences

College of Bio-information

Center for Bioinformatics, College of Life Sciences
School of Life Science, Institute of Bioinformatics

College of Bioinformatics Science and Technology

School of Life Sciences

Degrees

PhD

PhD

PhD

PhD, Master

Master

PhD, Master

Bachelor

PhD, Master
Bachelor

Master,Bachel
or

PhD, Master



Nanjing
Nanjing

Nanjing

Nanjing
Shanghai

Shanghai

Shanghai
Shanghai

Shanghai
Shanghai
Tianjin
Tianjin
Wuhan

Wuhan

Xiamen
Xi'an

Yangling

Nanjing University
Nanjing Agricultural University

Southeast University

China Pharmaceutical University
Fudan University

Shanghai Institute for Biological
Sciences

Tongji University
Shanghai Jiao Tong University

East China Normal University
Shanghai Jiao Tong University
Nankai University

Tianjin University

Huazhong Agricultural University

Huazhong University of Science and

Technology
Xiamen University
Xi'an Jiaotong University

Northwest Agriculture and Forestry

University

MRk
H ARl 2

PN

BN
CEERN

School of Life Science

Center for Bioinformatics, College of Life Sciences
State Key Laboratory of Bioelectronics, School of
Biological Science & Medical Engineering

School of Life Science and Technology

School of Life Sciences

A A B 5T Key Laboratory of Systems Biology

[R5 Ko
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R
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PEALR MBI

School of Life Science

Department of Biomedical Engineering, College of
Life Science and Biotechnology

School of Life Sciences

School of Life Sciences

College of Life Sciences

Tianjin University Biolnformatics Centre

School of Life Sciences

School of Life Science and Technology

Department of Chemistry
School of Life Science, Institute of Bioinformatics

Center for Bioinformatics, College of Life Sciences

PhD, Master
Master

PhD, Master

PhD, Master
PhD, Master

PhD

PhD, Master, BS
Master

PhD, Master
Master

PhD, Master
Master

Master, Bachelor

PhD, Master, BS

PhD, Master
PhD, Master

PhD, Master
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