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The miracle of life 

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



Genome: the “manual of life”  ‐‐ Almost 

 mitochondrial DNA 
 
 
 
 
 
  epigenetics 
 
 
 

environments/nurture 
 
 
 

   chance 



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 

http://commons.wikimedia.org/wiki/File:Simplified_tree.png 



Human Genetic Variations 



• 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 

GCAGCACGCCCACCTGCTGGCAGCTGGGGACACTGCCGGGCCCTCTTGCTCCAACA
GTACTGGCGGATAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAA
CCCTAACCCTAACCCTAACCCTCCTAACCCTAACCCTAACCCTAACCCTAACCCTA
ACCCAACCCTAACCCTAACCCTAACCCTAACCCCCCTAACCCCTAACCCTAACCCT
AACCCTAACCCTAACCTAACCCTAACCCTAACCCTAACCCTAACAACCCTAACCCT
AACCCTAACCCCTAACCCTAACCCTAAACCCTAAACCCTAACCCTAACCCTAACC 
 



 Genbank growth 
 
 
 
 
 
log2(bp) = ‐1.2×103 + 0.59y 
R2 = 0.97, p‐value < 2.2×10‐16 

Doubling every 20 months 

Data Source: ftp://ftp.ncbi.nih.gov/genbank/gbrel.txt 



Next‐Generation Sequencing: Your genome, one day, $3000! 



 Opportunities and challenges hand‐in‐hand: 
  the driving forces of bioinformatics 
•   High‐throughput data 

– 

– 

– 

– 

Huge amount 
Explosive growth 
Low signal‐to‐noise ratio 
Multiple types 

ftp://ftp.ncbi.nih.gov/genbank/gbrel.txt •   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 
 
 
 
 
 
    



Bioinformatics: an interdisciplinary field that develops  
and applies computer and computational technologies  
to study biomedical questions 

•   As a technology, 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. 

What is bioinformatics? 



Bioinformatics is an interdisciplinary field 

Biology Medicine 

Systems Biology 

Synthetic Biology 

Medical/Clinical 

 Informatics 

Bioinformatics/ 

 Computational 

  Biology 
Computer 

Sciences 
Physics 

Mathematics    Statistics 
 
 
 
 
 
  



Protein interaction 
networks 
Transcriptional 

Gene finding 
Metabolic and 

expression signaling networks 
Co-expression Network dynamics 
ncRNA 

Virtual cell 
simulations 

 DNA/ 

Genome 

 The Bio‐ in Bioinformatics 
 

Genotype Phenotype 

RNA Proteins 
Molecular 

 Networks 
Cells 

Physiology/ 

 Disease 

Population genetics 
Human genetics 

   Sequence alignment 
  Database similarity search 
     Motif finding 

        regulation networks 
    Differential 
Computational 
& comparative 
 genomics 
Evolution 
DNA                                              Mass spec protein 
methylation                                            identification 
      Structure prediction 
      Structure alignment 
 
 
        



The –informatics in Bioinformatics 

Data 
 
 
 
 
  Data 

Management 
 
 
 

 Databases 

 Ontologies 
 Meta-data 

 Data 

Computation 
 
 
 

Algorithms 

Software tools 
Web servers 

  Data 

 Mining 
 
 
 
 
Biological 

discoveries 

Discovery 
 
 
 
 
   Modeling/ 

  Simulation 
 
 
 
 
 Predictive models 
 Systems simulation 
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Examples of contributions to  
computer sciences 
 
•    Neural networks 
 
•    Genetic programming 
 
•    WAN 



Ouzounis & Valencia, Bioinformatics, ‘03 



Current Bioinformatics Journals 
• 

• 

• 

• 

• 

• 

Bioinformatics 

BMC Bioinformatics 

BMC Systems Biology 

Briefings in Bioinformatics 

Bulletin of Mathematical Biology 

Cancer Informatics 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Journal of Mathematical Biology 

Journal of Theoretical Biology 

PLoS Computational Biology 

Source Code for Biology and Medicine  

Statistical Applications in Genetics and Molecular Biology 

•    Nucleic Acids Research 
•    Genome Research 
•    Nature Methods 
•    Nature Biotechnology 

Computational Biology and Chemistry 

Computers in Biology and Medicine 

Database: The Journal of Biological Databases and Curation 

IEEE/ACM Transactions on Computational Biology and Bioinformatics 

Journal of Bioinformatics and Computational Biology 

Journal of Biomedical Informatics 

Journal of Computational Biology 

Journal of Integrative Bioinformatics 
  



A B C 

 China? 
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A B C 

D E F 



     Rapid growth since 1990s 
 

•   Driving force #1: internet 
 
 –  1994: full TCP/IP internet connection between China and the rest of the world  
  was established.  
   •   A dial‐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. 





•   Driving force #2: genomics 
 

 –  China National Human Genome Center (Shanghai and Beijing), Beijing  
  Genomics Institute (BGI), Beijing Institute of Genomics, CAS 
 
 –  1% of human genome sequencing  
 
 –  Sequencing of rice and many other genomes 



•   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 



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



Name 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 

JingchuLuo Biology Plant transcriptionregulation and evolution 

Pioneers in the late 80s and early 90s 



Based on 
Google Map 



City University/Institute School/Center Degrees 

Beijing Peking University 北京大学 Center for Bioinformatics, School of Life Sciences;  
Center for Quantatitive Biology 

PhD 

Beijing Tsinghua University 清华大学 

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

PhD 

Beijing Chinese Academy of Sciences 中科院 

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

PhD 

Beijing China Agricultural University 中国农业大学 College of Biological Sciences PhD, Master 

Beijing Beijing Normal University 北京师范大学 College of Life Sciences, Laboratory of  
Computational Molecular Biology 

Master 

Chengdu Sichuan University 四川大学 School of Life Sciences PhD, Master 

Chongqing Chongqing University of Posts and  
Telecommunications 

重庆邮电大学 College of Bio‐information Bachelor 

Guangzhou Sun Yat‐sen University 中山大学 Center for Bioinformatics, College of Life Sciences PhD, Master 

Hangzhou Zhejiang University 浙江大学 School of Life Science, Institute of Bioinformatics Bachelor 

Harbin Harbin Medical University 哈尔滨医科大学 College of Bioinformatics Science and Technology Master,Bachel
or 

Hefei University of Science and Technolog
y  
of China 

中国科学技术大学 School of Life Sciences PhD, Master 

Kunming Yunnan University 云南大学 School of Life Sciences Master 

Lanzhou Lanzhou University 兰州大学 School of Life Sciences Master 

Bioinformatics degree programs in Mainland China 



 Nanjing 
 Nanjing 
 
 Nanjing 
 
 Nanjing 
Shanghai 

Nanjing University 
Nanjing Agricultural University 
 
Southeast University 
 
China Pharmaceutical University 
Fudan University 

南京大学 
南京农业大学 
 
东南大学 
 
中国药科大学 
复旦大学 

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 

PhD, Master 
Master 
 
PhD, Master 
 
PhD, Master 
PhD, Master 

Shanghai 
Shanghai Institute for Biological  
Sciences 

上海生命科学研究所 Key Laboratory of Systems Biology PhD 

Shanghai 
 
Shanghai 
 
Shanghai 
Shanghai 
    Tianjin 
    Tianjin 
   Wuhan 
 
   Wuhan 
 
  Xiamen 
     Xi'an 
 
 Yangling 

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 

同济大学 
 
上海交通大学 
 
华东师范大学 
上海大学 
南开大学 
天津大学 
华中农业大学 
 
华中科技大学 
 
厦门大学 
西安交通大学 
 
西北农林科技大学 

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 BioInformatics 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, BS 
 
Master 
 
PhD, Master 
Master 
PhD, Master 
Master 
Master, Bachelor 
 
PhD, Master, BS 
 
PhD, Master 
PhD, Master 
 
PhD, Master 
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