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Employment
2021– Senior Scientist, Computational Biology & Machine Learning, Novo Nordisk.

Machine learning / deep learning based integrative data analysis / target identification

2017–2021 Research Scientist, Allen Institute for Cell Science.
Computational biology and machine learning – integrative methods for single cell modeling

2016–2017 Postdoctoral Fellow, Institute for System Biology.
Hood & Price Lab – personalized medicine & wellness, mouse and human genomics

Education
2011–2016 Ph.D., Carnegie Mellon–University of Pittsburgh Program in Computational Biology.

Systems Biology & Machine Learning

2004–2005 M.S., University of Washington.
Physics

2000–2004 B.A, Reed College.
Physics

Computational Skills
Languages, Python, Julia, R, Matlab, Mathematica, Fortran, C, C++, Bash, git, LATEX.
Specifically, I have strong abilities and interests in:
{ Machine learning / GPU-driven deep learning on single cell image and sequencing data
{ Open data & open science: reproducible and efficient data analysis / ML pipelines: from novel algorithms

to data wrangling and code/data/model versioning, machine provisioning and distributed compute, etc.
{ Python ML stack: NumPy/SciPy/pandas/Numba/PyTorch/JAX/scikit-learn/Dask/Prefect/Quilt...
{ R: tidyverse, sparse modeling, graph learning, causal inference applications
{ Julia: tight loop simulation and analysis algorithms

Projects
Open and reproducible data-centric workflows.
Truly open science demands transparent, reproducible workflows that version code and data together. Unfortu-
nately, research workflows are often a mess, especially when working across large, diverse teams. We built a
simple project template with preconfigured integration hooks to make it easy to do things the right way. If you
work primarily in Python and are interested in versioning code & data, cookiecutter-stepworkflow
may be of interest to you. actk is an example of a workflow built on this template that processes terabytes of
imaging data as input to downstream deep learning workflows.
Cell states beyond transcriptomics.
Quantitative co-analysis of RNA abundance and sarcomere organization in single cells and an integrated
framework to predict subcellular organization states from gene expression. We establish a framework for
multi-dimensional analysis of single cells to study the relationships between gene expression and subcellular
organization and to develop a more nuanced description of cell states.
Integrated Cell Modeling.
We’ve been working to build 3D multi-channel integrated models of single cells. We use conditional generative
adversarial networks (GANs) and variational autoencoders (VAEs) to fuse data from multiple fluorescence
microscopy experiments into a coherent model of sub-cellular structure localization in single cells.
Sparse Time-Series Models.
This project aims to integrate data across time-points to build sparse regression models for time-series data,
such that the sparse regressors at neighboring time points vary smoothly. This would be useful for e.g. RNA-
seq experiments with multiple time-points, if you wanted to predict the set genes driving a phenotype, and see
how that set changes over time.

mailto:donovanr@alumni.reed.edu
http://donovanr.github.io
https://github.com/AllenCellModeling/cookiecutter-stepworkflow
https://github.com/allencellmodeling/actk


Integrated Workflow for Transcription Factor Binding Site Prediction.
In an effort to find the best candidate transcriptions factors to input to the Price Lab’s transcriptional regulatory
network inference tools, I constructed a machine learning pipeline to integrate an array of genome-scale data
and predictive tools to output a single high confidence prediction of transcriptional activity at arbitrary sites
across the genome.
Graphical Models for Free Energy Estimation.
Computationally estimating how strongly two biomolecules bind together is often either overly time consuming
(e.g. molecular dynamics) or overly empirical (e.g. docking). Alternatively, using graphical models of proteins
to compute the Bethe free energy of binding can be both fast and accurate.
Weighted Ensemble Systems Biology.
By applying weighted ensemble sampling to stochastic models of biological processes, we achieved orders
of magnitude speed-ups in simulating events of interest in these complex systems. Our first paper dealt with
non-spatial models, and our second paper addresses models of spatially resolved cellular processes.
Quantitative Evolution and the ATP Synthase.
Using simple state-based models of proton transport and free energy transduction, we probe the optimality of
the curiously engineered rotary mechanism of the ATP synthase, using models that are entirely agnostic to
structure and are optimized over all unknown parameters that are thermodynamically permissible.
Stochastic Models of Cellular Heterogeneity.
Simple stochastic models can recapitulate the population-level heterogeneity of protein abundance found in,
for example, colonies of E. coli. This work employs a non-spatial model of gene expression, stochastically
simulated with a modified Gillespie algorithm that takes into account cell division.
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Invited Talks
2017 Reed College, Joint Physics, Biology, and Statistics Seminar.

Deep Learning the Integrated Cell
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