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1. Introduction 
 
Recently, vast amount of high-throughput genomics, metabolic and proteomics in vivo/vitro 
results are obtained from wet lab. For example, single microarray experiment can takes the 
snapshot of expression patterns of genes in a cell (e.g. more than 10,000 genes in human) and 
around 5,000 entries are stored in public database in NCBI and increasing every day.  
Related with this situation, there is a growing need to understand the life as systems by using 
those vast amounts of measured data in systems biology that derived from bioinformatics. 
 
 
2. Role of Systems Biology 
 
One of the main directions of systems biology is to capture the pathway level understanding 
in a cell. In a cell, the pathway consists of multiple regulation layers, i.e. metabolic pathways, 
gene regulatory networks, cell signaling networks, and microRNA regulatory networks. 
One of the approaches is to create dynamic pathway models by compiling known regulations 
in biological literatures and simulate them. By using this approach, various features in 
pathway models have been analyzing, e.g. bifurcation analysis and robustness analysis. 
Unfortunately, there are limitations since most of the pathway models are incomplete by 
containing unrevealed regulations in a cell. Man-made systems such as electrical circuits and 
machinery can be made over and over once there are parts and blueprints, since the system is 
known from the beginning. This gap is the most challenging part for understanding a pathway 
in a cell. 
 
3. Data Assimilation 
 
To solve this difficulty, data assimilation (DA) approaches in statistics are emerging to be a 
promising solution for biological pathway modeling and simulation. The DA can be applied 
to an incomplete simulation model and the incomplete part is complemented from observed 
data. In geophysics, the solution is applied and the high performance is recognizing, e.g. 
tsunami and typhoon simulation.  
The major big differences between pathway models in systems biology and geophysics 
models are usually (i) the unknown parameters are much larger in pathway models, (ii) the 
observed time points are much less in pathway models, and (iii) the spatial regulation has 
more impact on the geophysics simulation model, instead biochemical regulation has more 
impact on the pathway simulation model.  
Additional merit of the DA is the method of model selection. By using this method, one can 
select the best hypothesized pathway model among models with different hypothesized 
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regulations. We report the concept and performance of this approach to several pathway 
models, (a) circadian clock model with gene regulatory networks and signal transduction 
pathways in mouse and (b) epidermal growth factor signal transduction pathway in human 
[1.2]. 

 
(a) Circadian clock in mouse on Cell Illustrator. 

 
(b) EGF signal transduction pathway on Cell Illustrator. 
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