Bridging Structure and Evolution

Evolutionary Discovery of

Molecular Structures

Kyle Harrington
DEMO Lab, Computer Science
Brandeis University




Micrographs to 3D structures

3D reconstruction

Rendering of experimentally-
derived ribosome structure
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Projection Matching Methods
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Our Representation

* Volumes of density as spheres
— Variable number of spheres
— Variable radius




Evaluating a candidate model

 Computing fitness of a model
— Simulate microscope imaging
— Ray-trace from imaging plane




Mutation

* Mutation randomly perturbs candidate model




Example: Structure Search




Goodness of Fit

Local optima problem

# of models evaluated




Evolutionary algorithm

A

e Evolution acts in parallel
* Proteins evolved in parallel

Free Energy

ClipartOf.com/439850

Protein Space



Populations of models

* Individual models may favor different features




Fitness Landscapes

* Fitness landscape describes the distribution of
phenotypes by fithess value

* Local optima
* Multiple peaks
* Deceptive optima

Images courtesy of M. Frame



Evolving Structural Models
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Brevis

e http://brevis.golemics.org
e New standalone IDE
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1:E(ns brevis.example.swarm

156 (:use [brevis.graphics.basic-3D]

o [brevis.physics collision core space utils]
21 [brevis.shape box sphere cone]

22 Ibrevis core osd vector]))

## Swarm

![](img/brevis_example_swarm.png?raw=true)
Swarm simulations are models of flocking behavior in collections of organisms.
These algorithms were first explored computationally in:

Reynolds, Craig W. “Flocks, herds and schools: A distributed behavieral model." ACM SIGGRAPH Computer Graphic

Todo:
- auto-centering of camera (and skybox?)
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## Globals

000 Bravis - REPL Input I Brevis - REPL Output

1 nil
#'brevis.example.swarm/num-bird:

#'brevis.example.swarm/avoidance-distance

#'brevis.example.swarm/speed

#'brevis.example.swarm/max-aceeleration

#'brevis.example.swarm/bird?

#'brevis.example. swarm/random-bird-position

#'brevis.example.swarm/make-bird

#'brevis.example. swarm/random-bird

#'brevis.example.swarm/bound-acceleration

#'brevis.example.swarm/fly

nil

nil

#'brevis.exanple. swarm/bump

#'brevis.example.swarm/land

nil

nil

#'brevis.example.swarm/initialize-simulation

#'brevis.example.swarm/-main

nil
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