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Problem Overview Our Solution: the XPSI Workflow

e Design and build a prototype of a software framework (XPSI) for analysis of XFEL
images that predicts structural properties such as orientation and conformation

e Measure the prediction accuracy and performance of XPSI for protein diffraction
imaging datasets including realistic noise (beam intensity)

The importance of protein structure

® Protein structure determines function |
e Different proteins have different structures 2\
e One protein may exhibit several structures® ¢
(conformations)
e |dentifying and differentiating between protein
structures is critical for: D.P. IMAGES .
- - - Feature Extractions

o Determine cause of diseases [

o Design of drugs Data Sources:

* Simulations
* Experiments

Autoencoder Training

Determining structure from diffraction patterns >

X-ray Free Electron Laser (XFEL) beams create diffraction

A g

r p— = = 3 1 2
patterns that may reveal protein structure | T T T T T | Feature ki s | LATENT
Proteins ¥ Examples of Vectors 5[] | | SPACE
Experimental &2 . : Labels - s = Tl'ra-i.nin KNN-Training
P _ diffraction patterns g Model
SEEUp Data ¥
— | Predictions:
Testin KNN- * Orientation
Data Predictor * Conformation
Chapman, | : : Prediction Error
Science (2007) | Diffraction patterns

XPSI: X-ray Free Electron Laser-based Protein Structure Identifier

Paula Olaya*, Michael R. Wyatt II*, Silvina Caino-Lores™, Florence Tama®, Osamu Miyashita®, Piotr Luszczek*, Michela Taufer*
@ *University of Tennessee, Knoxville, USA

L
INNOVATIVE

COMPUTING LABORATORY

Platform Autoencoder Training
Executed on a Test Prediction Data  Time([s] |test1: It takes 45
single node of the S1Z€ g’i‘;fsr)zo mins to train the

Tellico cluster

e 32-core Power9
node (128 GB
RAM) 2

e 2 x Nvidia V100

autoencoder with

Orientation 39,692 2709.8 39692 samples

[6,0]

Test 2: It takes 90

Orientation + 79,384 5415.6 mins to train the

conformation

[$,0, conf]

KNN Training

autoencoder with
79384 samples

Test 1: 0.0/ s to

Training time Validation time ;... 5n 90% of the

Test Prediction Data Over 20 trials
size
[s] (90%) [s] (10%)
= 1 Orientation 39692 0.07 0.10
[0l
S 2 Orientation+ 79384 0.34 0.66
= conformation

[$,0, conf]

Goal: Design, implement, and validate Validation Error, Results, and Lessons Learned

Validation Errors (20 trials)

a framework for identifying protein structure
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data, and 0.10 s to
validate on 10%
Test 2: 0.34 s to
train on 90% of the
data, and 0.66 s to
validate on 10%

Metrics and Results

Error Degree: The distance
in degrees between two
points on a sphere (¢,0)

Conformation accuracy: The
proportion [%] of correct
predictions among the total
number of cases examined

For High and Low intensity

Test 1: 99% of the data
have an error degree within
2.2°

Test 2:

o 99% of the data have an
error degree within 2.2°
o 100% of the data have a

conformation accuracy
of 100%



