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一、 The Present and Future of Biology 
a. Reductionism 

 



b. Integration and Reconstruction 

 

• System-level understanding of a biological system 

Genome (DNA)

Transciptomics

Transcriptome (RNA)

Proteomics

Proteome

Metabolomics

Metabolome

Physiology

Physiome
 



 



 



 



 



二、 Gene Regulation and Network 
 
 

1. Gene regulation Signal Detection 

 

2. Microarray and Gene Expression Network 

 

 

 

 

 

 

 

 



 



 



 



 
 



 



 



 

 

 

 

 

 



Regulation Signal Detection of Yeast Cell Cycle by Microarray Data 
 
 

The dynamic of the ith  gene is described by the following equation 
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where iλ denotes the characteristic of gene ( )txi , which is related to half life, and the 

regulation signal ( )tg i  is expressed by the following function 
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After iλ  and ija  are estimated, then the regulation signal ( )tg i  of the ith  gene is 

obtained as ( )tg i  is seen to match the onset and ceasing of experiment results. 

 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 

Experimental expression profile of genes in yeast cell cycle 



 
 
 
 
 
 
 
 
 
 
 
 
 

The regulation signals during the Dictyostelium development 
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三、 Evolution and Control 
1.Assume a trait P can be controlled by a dynamic diffusion gradient as follows 
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1. 地中海貧血症 

2. 黑皮膚  )(),,( xHYxFX == θ&  

 

McKeithan Network 
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Kinetic Proofreading in T-cell Signal 
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T: Concentration of T-cell receptor 

M: Concentration of a peptide-major 

histocompatibility complex (MHC) 

oC : Initial ligand-receptor complex 

iC : Concentrations of various intermediate 

complexes 

NC : Concentration of final complex. 



 
 
 



四、 System control of Bio-molecular System 
A system-level understanding of a biological system can be derived insight into four key properties. 

1. System structures: a. Network of gene interactions and Biochemical pathways. 

                     b. Mechanisms (Interaction) of intracellular and multicellular 

structure. 

2. System dynamics: a. Metabolic analysis of system behaviors 

                     b. Sensitivity analysis of system behaviors 

                     c. Dynamic analysis of system behaviors 

3. The Control Method: Mechanisms that systematically control the state of cell can be 

modulated to minimize malfunction and provide potential therapeutic targets for 

treatment of disease. 

4. The Design Method: Strategies to modify and construct biological systems having desired 

properties can be derived based on definite design principles and simulations, instead of 

blind trial-and –error. 


