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In silico Ribosome Biogenesis
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Correcting for gene copies?

rrnD operon distributions




Stochastic Simulations with 2 Gene Copies
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Explicit Replication Model Matches
Experimental mRNA Distributions
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Measuring and Simulating DNA Replication
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Dividing Cell in Lattice Microbes - Slow Growing E. coli
Correcting for DNA Replication

T. Earnest, J. Cole, J. Peterson, T. Kuhiman, ZLS “Ribosome biogenesis in replicating cells: integration of experiment
and theory” in Special Issue “Single Molecule and Super-resolution Microscopy of Biopolymers" (2016 submitted)



Improving Multi-GPU Performance
“Old” —January 2014 Hallock, et al. Parallel Comp.

Benchmark System Runtimes - NCSA Forge (Eight M2070s) Benchmark System Runtimes - Cirrascale Eval (8x K40)

10000 T T T

o N
k=
- S 1000 |-
=
o
—
g 100
T n
o
[
=
®© N
>
- R R A R A A A T R e R A R A [ a1 N
w
—
[
o
2 .
| /e YT T T TN T T R N R W L > 1L
(]
- - 01 | -
= = = 1 GPU, 8nm, 12.5us 1 GPU, 16nm, 50uS =t [ = = = 1 GPU, 8nm, 12.5us 1 GPU, 16nm, 50us = |
- = 2 GPUs, 8nm, 12.5ps 2 GPUs, 16nm, 50US =eie= [ = = 2 GPUs, 8nm, 12.5us 2 GPUs, 16nm, 50us =eie=
= ® = 4 GPUs, 8nm, 12.5pus 4 GPUs, 16nm, 50uS ===gum = ® = 4 GPUs, 8nm, 12.5us 4 GPUs, 16nm, 50US =@
8 GPUs, 8nm, 12.5us 8 GPUs, 16nm, 50us ] i 8 GPUs, 8nm, 1|2.5us | 8 GPIUs, 16nm, 50us ]
| | | 0.01
1 8 64 512 4096 1 8 64 512 4096
Simulation Volume (pm3) Simulation Volume (pm3)

» Today -2 hr cell cycle of ~1000 rxns, 251 species in ribosome biogenesis in
dividing cell requires 1 day using GTX980 / TitanX, Cuda 7.0 and LM 2.3a

« Program Lattice Microbes and PyLM with tutorials available at
http://www.scs.illinois.edu/schulten/Im/




Faclilities for GPU Parallel Computing
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s LQttiC@ IMlicrobe Tutorials on the Cloud

Simple Rxns, Lac Genetic Switch, Min OSc
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Modeling Yeast in Lattice Microbes
PyLM Shapes Demonstration by Joe Peterson



Challenges in Modeling Eukaryotic Cells
Full MPI version — Lattice Microbes
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