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Personal Statement:
My expertise is building deterministic and stochastic models of the molecular control systems that underlie
various aspects of cell physiology, including the cell cycle control system in yeast, drug sensitivity and resistance in
breast cancer cells, circadian rhythms, cell differentiation in the immune system, stem cell dynamics in the shoot
apical meristem of plants, and the growth, division and differentiation of alphaproteobacteria. My group builds
comprehensive, accurate, predictive models of these control systems and uses these models to understand the
observations and data collected by our experimental colleagues. Deterministic models are formulated in terms of
nonlinear differential equations describing the temporal dynamics of the reaction network, and, when
appropriate, including spatial transport and diffusion of molecules. Stochastic models are formulated in terms of
elementary chemical reactions and transport processes, simulated by Gillespie’s stochastic simulation algorithm,
or, for more complex networks, by chemical Langevin equations.
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Current and/or Recently Completed Research Grants: (as applicable)
NIH-GMS

R01-GM078989

PI: John Tyson

June 2006 – April 2020

Title: Stochastic Models of Cell Cycle Regulation in Eukaryotes
The goals of this long-running project are to build accurate stochastic models of cell cycle regulation in budding
yeast cells and to test these models experimentally. The current renewal of this project focuses on robustness
of cell cycle checkpoints in the face of molecular noise, in wild-type yeast cells and in mutant strains that are
compromised in checkpoint function.
NSF-CIS

CCF-1526666

PI: Yang Cao

July 2015 – June 2018

Title: Algorithmic Foundations of Hybrid Stochastic Modeling and Simulation Methods with Applications to Cell
Cycle Models
The goals of this project are to develop hybrid deterministic-stochastic methods for simulating models of
molecular regulatory networks in cells, to design efficient simulation algorithms, and to test the modeling
methodology on cell cycle regulation in yeast. Role: CoPI
NIH-NCI

R01-CA201092

PI: William Baumann

August 2016 – July 2020

Optimizing Targeted Breast Cancer Therapy by Mathematical Modeling and Experimental Studies
The goals of this project are to the responsiveness of breast cancer cells to endocrine therapy by experimental
studies (carried out by Ayesha Shajahani at Georgetown Univ Medical College) and by mathematical modeling
(carried out by Bill Baumann and JJT at Virginia Tech). Role: CoPI
NSF-MCB

MCB-1615287

PI: Kathleen Ryan (UC Berkeley)

September 2016 – August 2019

Collaborative Research: Identifying and modeling the advantages of regulating protein abundance in
Caulobacter crescentus
The goals of this project are to understand the advantages of periodic synthesis and degradation of proteins
during the cell division cycle of a bacterium by a combination of experimental studies (carried out by Kathleen
Ryand at Univ Calif Berkeley) and by mathematical modeling (carried out by Yang Cao and JJT at Virginia Tech).
Role: CoPI

NIH-NCI

U54 CA149147

PI: Robert Clarke (GUMC)

April 2010 – February 2015

Title: ER-related Activities Affect Breast Cancer Susceptibility and Responsiveness to Endocrine Therapy
The goals of this Cancer Systems Biology Center were to study the molecular basis of breast cancer cell
responsiveness to endocrine therapy and the mechanisms by which these cancer cells become resistant to
therapy, by a combination of experimental studies (carried out at Georgetown Univ Medical College), big-data
analysis (carried out at GUMC and VT-NoVa), and mathematical modeling (carried out at VT Blacksburg, by Bill
Baumann and JJT).
NIH-GMS

R01 GM095955

PI: T.M. Murali

January 2011 – December 2015

Title: Integrating Top-Down and Bottom-Up Models in Systems Biology with Application to Cell Cycle Control in
Budding Yeast
The goals of this project were to combine top-down analysis of signaling networks in yeast cells (Murali group)
with bottom-up mathematical modeling (Tyson group), in order to derive novel extensions to the deterministic
cell-cycle models in the literature, and then to test these models experimentally (Peccoud lab) by characterizing
the phenotypes of novel mutant strains of budding yeast. Role: CoPI
NSF-DMS

DMS-1225160

PI: John Tyson

September 2012 – August 2015

Title: Integrated Dynamics of Temporal and Spatial Controls in the Cell Division of Caulobacter crescentus
The goal of this project was to build deterministic and stochastic models of the spatiotemporal interactions of
the genes, mRNAs and proteins that control growth, division and differentiation of an alpha-proteobacterium.

