
  
Abstract — Self-assembly is ubiquitous in biology but 

challenging to model because it involves enormous networks of 
possible reactions that we cannot experimentally monitor.  
Computer simulations offer a way to explore possible 
pathways, but require physical parameters one cannot directly 
measure.  We developed a strategy to learn assembly models of 
specific viruses by fitting rule-based stochastic simulations to 
indirect measures of bulk assembly.  Here, we examine the 
problem of optimizing these parameter fits with specific 
application to light scattering measurements of virus capsid 
assembly. We find that derivative-free optimization (DFO) 
methods offer important advantages in handling the 
computational challenges of these systems. 
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I. MOTIVATION 
IRUS capsid assembly has attracted considerable 
interest across various modeling fields as a challenging 

model of macromolecular assembly [1]. There is, 
unfortunately, no experimental method to monitor fine-scale 
assembly pathways of large systems with high symmetries 
such as capsids.  Simulation methods have therefore proven 
valuable for exploring possible pathways and understanding 
how they contribute to robust, efficient assembly.  Such 
generic theoretical models, however, could only explore 
spaces of possible pathways, not characterize pathways of 
specific viruses, because they depend on detailed binding 
rate parameters that we cannot directly measure. 

In prior work, we sought to extend these methods to 
models of specific real virus systems by fitting rule-based 
stochastic simulations of assembly [2] to experimental static 
light scattering measurements of bulk capsid assembly in 
vitro [3,4].  Applying this approach to real capsid assembly 
data provided for the first time a way to explore possible 
fine-scale assembly pathways of specific viruses. 
 This approach to simulation-based data fitting nonetheless 
faces substantial challenges due to computationally costly 
simulations, stochastic variation between simulation 
trajectories, and noisy, ambiguous experimental data.  In the 
present work, we explore improved approaches to 
data-fitting in an effort to more efficiently and accurately 
characterize kinetic rate parameters and implied pathways. 
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II. MODELING AND METHODS 
We develop rule models for viral capsid assembly as in 

our prior work and simulate them by a variant of the 
stochastic simulation algorithm.  We then fit rate parameters 
to minimize root mean square deviation (RMSD) between 
simulated and real in vitro light scattering data. To improve 
data fitting, we apply derivative-free optimization (DFO) 
methods, a class of numerical optimization algorithm well 
suited to systems with computationally expensive, noisy 
function evaluations for which gradient-based optimizations 
tend to do poorly.  We compare two DFO methods – 
multi-coordinate search (MCS) [5] and stable noisy branch 
and fit (SNOBFIT) [6] – to a heuristic gradient-based 
method custom developed for this application in our prior 
work [4].  We evaluate the methods by their ability to 
minimize RMSD on real data and to identify true parameters 
on simulated data.  We further explore the consequences of 
inaccuracies in data fitting on pathway selection. 

CONCLUSION 
Application of the available methods to real and 

semi-simulated data suggests that DFO methods improve 
accuracy relative to the prior work. SNOBFIT and MCS 
yield lower RMSD and more precise fitting of simulated 
rates than our prior gradient-based method.  Preliminary 
results, however, suggest that imprecision in the parameter 
fits leads to only minor changes in implied assembly 
pathways, consistent with prior observations that pathway 
selection for real viruses tends to be robust to relatively large 
changes in parameters or presumed assembly conditions. 
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