Breakout Session 4: Track A

Google Cloud Pipeline for Mouse Behavior and
Frailty Assessment for the Aging Research
Community

Dr. Vivek Kumar (Moderator)
Associate Professor, The Jackson Laboratory



Google Cloud Pipeline for Mouse
Behavior and Frailty Assessment for the
Aging Research Community

Vivek Kumar, PhD
Associate Professor
@vivekdna

ODSScloud program Pl meeting
Jan 17-18, 2024

KUMAR LAB
RO IR IR

forward genetics, behavior, addiction

\/ox The Jackson
Laboratory

Leading the search
for tomorrow’s cures



https://twitter.com/i/flow/login?redirect_after_login=%2Fvivekdna

Key Individuals: Brian Geuther, Leinani Hession, Gautam Sabnis, Keith Sheppard, Glen Beane




N PN ;&i‘

3 Develop better pre-
¥, clinical animal models

‘545 Neuropsychiatric
' Neurodevelopmental



Simple Model

Genetics

Nervous
system

Behavior




How do we study behaviors in mouse models?




Current methods

* Subjective

« Standardization

* Fragmented studies
« Lack proper validity

INCREASED VARIABILITY
POOR REPRODUCIBILITY AND REPLICABILITY
DECREASED TRANSLATABILTY

\IOX THE JACKSON LABORATORY



NEWS

Mutant mice show inconsistent
beha\nors in different labs |

OOOOOOO

Misbehaving mice

CPIMION / VIEWPOINT

Dromises and limitations of mouse
mModels of autism

Why animal research
needs to improve

29 SEPTEMBER 2011 | VOL 477 | NATURE | 511

BY JACQUELINE CRAWLEY 10 MAY 2011

Preclinical Success To Clinical Failure: Do We Have A Model
Problem Or An Endpoint Problem?

Published online 30 March 2010 | Nature | doi:10.1038/news. 2010.158

Why studying autism in mice may be s i 02 20

doomed to fail Animal studies paint misleading
picture




Toward a Science of Computational Ethology
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Can we do better?
Use computer vision + machine learning

. Increased reproducibility and replicability
o Standardized pipeline
o Objective measurements

. Allow reuse of data

. Highly scalable

. Increased translatability




Kumar Lab Publications

» Action detection (elLife, 2021)

« Mouse tracking (Nature Comm. Biol, 2019)
» Nociception assay (Mol. Pain 2020)

« Gait and posture (Cell Reports, Jan 2022)

. Sleep states (Sleep, 2021)

« Frailty Index (Nature Aging, August 2022)

» Social Interaction (unpublished)

Accuracy, scalability, replicability




Video Processing for analysis
Custom NN with pose, identity tracking

C
HE JACKSON LABORATORY




Long Term Monitoring Dataset

800x800 px

30fps

8bit grey

1 hour video chunks

Total video count is 10944
Each video is 10-15Gb
Total dataset is ~150Tb
Located in Dropbox

THE JACKSON LABORATORY



Visual Frailty Index

Biological age can be determined by frailty indexing in man and mouse.
Mouse assay is cumbersome and affected by tester.

Leinani Hession, Gautam Sabnis, Gary Churchill
Nature Aging (2022)




Approaches to behavior annotation
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Solution: Develop an automated visual frailty index

2 month 34 month

We are very accurately able to predict frailty score from the video




Visual Frailty Index
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Models

. Input Manual Fl items < Video features

Model | FRIGHT vFI

Prediction] Chronological Age Biological Age
(Frailty Index)




Prediction of Chronological Age from
clinical items or from video
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Prediction of Frailty from video
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Error is
1 item out of 27 or
2 - 0.5 items out of 27




Cloud pipeline to process video data
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Thank you.
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