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Genomic Object Net Project
－Miyano lab. ,  Human Genome Center, U. of Tokyo
－Matsuno lab., Faculty of Science, Yamaguchi U.

Genomic Object Net version 1.0

• hybrid functional Petri net architecture
- allows us to model biopathways easily and 

naturally

XML Technology
- biopathway description in XML format
- XML visualization of simulation results

http://www.GenomicObject.Net/



Hybrid Petri Net
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Lambda Phage Genetic Switch



lac Operon Gene Regulatory Mechanism 
and Glycolytic Pathway





Apoptosis induced by Fas ligand



HFPN model of Apoptosis



Regulatory Pathway for Cell Cycle of Budding Yeast



HFPN Model of Budding Yeast Cell Cycle



Circadian Rhythm by E-CELL
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Kinetic Equations

Circadian Rhythm in Drosophila
(Leloup and Goldbeter,1998)

Equations for tim mRNA and TIMi are obtained

by substituting Pi  to Ti (i=0,1,2) and suffix p to t.



making E-CELL file

Type path ID Name
Substance /CELL/CYTOPLASM A Substance A
Substance /CELL/CYTOPLASM B Substance B
Substance /CELL/CYTOPLASM C Substance C
Substance /CELL/CYTOPLASM D Substance D
Substance /CELL/CYTOPLASM E Substance E

Type Class path ID Name
Reactor MichaelisUniUniReactor /CELL/CYTOPLASM A-0 Isomerization of  A

Reactor MichaelisUniUniReversibleReactor /CELL/CYTOPLASM B-0 Isomerization of  B
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Reactor(rd-file)

Rule file (Spread Sheet)

MichaelisUniUniReversibleReactor.rd

MichaelisUniUniReactor.rd
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Differential EquationsBiological Pathways
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Top-down approach

biological  
pathway map

tuning parameters
with repeating
simulations

Bottom-up approach

describe a structure
of biological pathway 

describe the model with 
differential equations

correct parameters
of biological reactions

mathematical model
of biological pathway



Lambda phage genetic switch feedback mechanism



Lambda phage genetic switch feedback mechanism



lac operon genetic switch control



lac operon genetic switch control



Modeling of the protein production process
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lac Operon Gene Regulatory Mechanism 
and Glycolytic Pathway



グルコースもラクトースもグルコースもラクトースも
ある時ある時
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Positive regulation and Negative regulation
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Beginning of the lac
operon transcription
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Usage of hybrid functional Petri net 



HFPN model of lac operon genetic control mechanism



マウス概日リズム遺伝子制御機構
（山口大・理・井上研との共同）



１６の微分方程式 HFPNで表現

微分方程式によるモデル化 (Leloup & Goldbeter,  2003)



新ＨＦＰＮモデル
Ｌｅｌｏｕｐ ＆Goldbeter
ベースＨＦＰＮモデル



Gene Regulatory mechanism of Drosophila
Circadian Clock



Gene Regulatory mechanism of Drosophila
Circadian Clock



マウス概日リズム遺伝子制御機構のハイブリッドペトリネットモデル

Bmal1mRNAのピークはPermRNAの

ピークの間に来て欲しい

Cryをノックアウトすると．．．

Bmal1mRNAは振動しないで欲しい
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CryCry ノックアウトノックアウト



Drosophilaで知られている反応「PER/TIM→dClk」を付け加えた
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Bmal1mRNAのピークがPermRNAの

ピークのほぼ中間に位置

Cryをノックアウトすると．．．

Bmal1mRNAの振動が止まった

「PER/CRY→Bmal1」があると予想される
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Sato, T.K., et al., A functional genomics strategy 
reveals Rora as a component of the mammalian 
circadian clock, Neuron, 43, pp.527-537, 2004.

Akashi, M., Takumi, T., The orphan nuclear receptor 
RORα regulates circadian transcription of the 
mammalian core-clock Bmal1, Nature Structural
Molecular Biology, Published online: 10 April 2005, 
http://www.nature.com/nsmb/journal
/vaop/ncurrent/abs/nsmb925.html.



RorRorの導入の導入



RorRorの導入（仮説：の導入（仮説：PER/CRYPER/CRYとの三量体化）との三量体化）



Genomic Object Net

http://genome.ib.sci.yamaguchi-u.ac.jp/~gon/

GON Pathway DB

http://www.GenomicObject.Net/


