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Overview

1. Intro - data pipelines in science operations
a. DataJoint Elements
2. Building scientific pipelines - interactive tutorials

a. Pipeline for electrophysiology
b. Pipeline for motion sequencing (MoSeq) - demo

c. General DataJoint tutorials

3. Pipeline Operations
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Open-Source Data Pipelines for Neurophysiology

shatoint Plaments


https://docs.datajoint.com/elements/

SCIOPS IN PRACTICE

Modular pipelines

Common language

A flexible open standard for scientists to
define all aspects of a study — so it can
be understood, validated, shared, and
automed.

Standardized modules

Validated open-source modules.
Integration, interfaces, customization

Uniform processes

Navigation, automation, queries,
visualization, sharing, publishing
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Multimodal data pipeline
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Open-source tools and informatics resources
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Element Array Electrophysiology

https://github.com/datajoint/element-array-ephys
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https://app.diagrams.net/?page-id=Tw7RO3SuSPjc51ZuZZ26&scale=auto#G10M-D7AtjPFdSDH_8nHTYalyuwwKmnoNE

Element Array Electrophysiology

https://github.com/datajoint/element-

array-ephys
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Element Calcium Imaging

Calcium Imaging

https://github.com/datajoint/element-calcium-imaging
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Events & trials
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obtained from the segmentation step
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Miniscope Calcium Imaging

https://github.com/datajoint/element-miniscope
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Element DeepLabCut

https://github.com/DeepLabCut/DeepLabCut

Video Management
Analysis  Model Training
Pose Estimation

Mesoscale Activity Project
Mathis Lab @ EPFL
Projects Lu Lab @ Indiana U
Rose Lab @ Bonn U
Moser Group

Datajoint

Device
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model.VideoRecording model.Model train.TrainingTask train.VideoSet.File

model.VideoRecording.File model.Model.BodyPart model.ModelEvaluation train.ModelTraining
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model.PoseEstimation.BodyPartPosition



Facemap Element

https://github.com/datajoint/element-facemap
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Interactive Tutorial
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element-array-ephys
https://github.com/datajoint/element-array-ephys
- Create a fork

- Start Codespace (~10min)


https://github.com/datajoint/element-array-ephys

Neuropixels probe

https://www.neuropixels.orq/

https://open-ephys.org/neuropixels

nature

Explore content v About the journal v Publish with us v Subscribe

nature > letters > article

Letter | Published: 09 November 2017

Fully integrated silicon probes for high-density
recording of neural activity

James J. Jun, Nicholas A. Steinmetz, Joshua H. Siegle, Daniel J. Denman, Marius Bauza, Brian Barbarits,

Albert K. Lee, Costas A. Anastassiou, Alexandru Andrei, Cagatay Aydin, Mladen Barbic, Timothy J. Blanche

Vincent Bonin, Jodo Couto, Barundeb Dutta, Sergey L. Gratiy, Diego A. Gutnisky, Michael Hausser, Bill

Karsh, Peter Ledochowitsch, Carolina Mora Lopez, Catalin Mitelut, Silke Musa, Michael Okun, ... Timothy D.

Harris®  + show authors

Nature 551, 232-236 (2017) ‘ Cite this article

89k Accesses ‘ 1165 Citations ‘456 Altmetric | Metrics

https://www.nature.com/articles/nature24636
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https://www.neuropixels.org/
https://open-ephys.org/neuropixels

0P Publishing Prog. Biomed. Eng. 4 (2022) 022005 https://doi.org/10.1088/2516-1091/ac6b96

Spike Sorting Progress in Biomedical Engineering
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Array Electrophysiology

https://github.com/datajoint/element-

array-ephys
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Hands-on tutorial

Today’s goal is to give a high level description of tables and dependencies, and a quick
tutorial to learn how to flow your data through the element-array-ephys pipeline.




element-moseq

nature neuroscience

Explore content v About the journal v Publish with us v Subscribe

nature methods

Explore content v About the journal v Publish with us v

nature > nature neuroscience > resources > article

Resource | Published: 21 September 2020

Revealing the structure of pharmacobehavioral space
through motion sequencing

Alexander B. Wiltschko, Tatsuya Tsukahara, Ayman Zeine, Rockwell Anyoha, Winthrop F. Gillis, Jeffrey E.
™

Markowitz, Ralph E. Peterson, Jesse Katon, Matthew J. Johnson & Sandeep Robert Datta

Nature Neuroscience 23, 1433-1443 (2020) ‘ Cite this article

21k Accesses ‘ 123 Citations | 78 Altmetric ‘ Metrics

Abstract

Understanding how genes, drugs and neural circuits influence behavior requires the ability to
effectively organize information about similarities and differences within complex behavioral
datasets. Motion Sequencing (MoSeq) is an ethologically inspired behavioral analysis method
that identifies modular components of three-dimensional mouse body language called
‘syllables’. Here, we show that MoSeq effectively parses behavioral differences and captures

nature > nature methods > articles > article

Article | Open access ‘ Published: 12 July 2024
Keypoint-MoSeq: parsing behavior by linking point
tracking to pose dynamics

Caleb Weinreb, Jonah E. Pearl, Sherry Lin, Mohammed Abdal Monium Osman, Libby Zhang, Sidharth

Alexander Mathis, Mackenzie W. Mathis, Talmo Pereira, Scott W. Linderman & & Sandeep Robert Datta =

Nature Methods 21, 1329-1339 (2024) ‘ Cite this article

25k Accesses ‘ 13 Citations | 16 Altmetric ‘ Metrics

Abstract

Keypoint tracking algorithms can flexibly quantify animal movement from videos obtained in
awide variety of settings. However, it remains unclear how to parse continuous keypoint data
into discrete actions. This challenge is particularly acute because keypoint data are
susceptible to high-frequency jitter that clustering algorithms can mistake for transitions
between actions. Here we present keypoint-MoSeq, a machine learning-based platform for

identifying behavioral modules (‘syllables’) from keypoint data without human supervision.



Keypoint-MoSeq

MoSeq applies unsupervised machine learning algorithms to segment
continuous mouse behavior into interpretable behavioral motifs (like rears,
turns and pauses) called “syllables” from pose estimation data.

_ 1. Model Training
Analysis | 5 Model Inference

SN -~
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MoSeq Model Training pipeline

° Project setup
[¢]
[¢]
[¢]

° Model fitting
(e]
(e]

o

o

° Visualization

Edit the config file
Load data
Fit PCA

Setting kappa
Initialization
Fitting an AR-HMM
Fitting the full model
Sort syllables by frequency
Extract model results
[ [Optional] Save
results to csv

Apply to new data

Trajectory plots
Grid movies

Syllable Dendrogram

moseq_train.KeypointSet

moseq_train.KeypointSet.VideoFile

moseq_train.PreFitTask

moseq_train.PreFit

Video & data management

moseq_train.Bodyparts

moseq_train.PCATask

moseq_train.PCAPrep

moseq_train,PCAFit

moseq_train.FullFitTask moseq_train.LatentDimensiQ

moseq_train.FullFit

moseq_train.SelectedFullFit
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https://keypoint-moseq.readthedocs.io/en/latest/modeling.html
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#edit-the-config-file
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#load-data
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#fit-pca
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#model-fitting
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#setting-kappa
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#initialization
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#fitting-an-ar-hmm
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#fitting-the-full-model
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#sort-syllables-by-frequency
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#extract-model-results
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#optional-save-results-to-csv
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#optional-save-results-to-csv
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#apply-to-new-data
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#visualization
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#trajectory-plots
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#grid-movies
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#syllable-dendrogram

A

MoSeq Model Inference pipeline

moseq_infer.Model moseq_infer.VideoRecording report.TrainReport
° Project setup
: . o moseq_infer.InferenceTask moseq_ infer.VideoRecording.File
o Edit the config file
o Load data
o Fit PCA mosegq_infer.Inference
° Model fitting
gees— - P e
o Setting kappa < report.InferenceFilesResults ) moseq_infer. i i < report.InferenceReport > moseq_infer.Ir i ce
R e e
o Initialization
e} Flttlng an AR-HMM report.InferencefFil Resul sV report.InferenceReport.Trajectory,
o Fitting the full model
o Sort syllables by frequency ) \L J

o Extract model results
[ [Optional] Save
results to csv

o Apply to new data

° Visualization
o Trajectory plots
o Grid movies
o Syllable Dendrogram
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https://keypoint-moseq.readthedocs.io/en/latest/modeling.html
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#edit-the-config-file
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#load-data
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#fit-pca
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#model-fitting
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#setting-kappa
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#initialization
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#fitting-an-ar-hmm
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#fitting-the-full-model
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#sort-syllables-by-frequency
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#extract-model-results
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#optional-save-results-to-csv
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#optional-save-results-to-csv
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#apply-to-new-data
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#visualization
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#trajectory-plots
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#grid-movies
https://keypoint-moseq.readthedocs.io/en/latest/modeling.html#syllable-dendrogram
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The computational data pipeline - in DataJoint

eventBehaviorRecording

subjectSubject

session Session

probe.Pobe
model.VideoRecording model.Model scan.Scan phn(;:me&y,ﬁberPhotomeh‘y ephys.Probelnsertion
trial. Block event BehaviorRecording Fie wial Trial model.| Task model Model. BodyPart scan.Scaninfo imaging.Pr gTask iberf ephys.EphysRecording
trial Block Atirbute tial BlockTrial rial Trial Attrbute trial. TrialEvent oseEsti imaging.Processing Trace  photomety Fberf ephys. EphysFie  ephys.ClusteringTask ephys.LFP
model PossEstimation BodyPartPostion imaging.Segmentatic imaging MotionCorrection ephys Clustering ephys. LFPElectiode
ging Fluorescence epnyf.Curaneuclusnemg
g.Ac ephys.WaveformSet ephys CumtedQusterng. Unit ephys.QualityMetrics
Imaghg Actwity Trace ophys opnys. Waveform  ephys QualtyMetrics Waveform  ophys.QualtyMetrics. Cluster
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Where is your code?
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Where is your code?

= O betnardasa,. [ sabatini-datajgintpipelie, | CL Typeltesesreh
e The code management process for this = o cue @ 1 il © adions @ proecs © secury 2 s
project uses Git and GitHub &

e Github repositories
https://github.com/bernardosabatinilab/s = ™"~ 7 o S Aane

71 sabatini-datajoint-pipeline Pubiic 57 EditPins ~ O Watch 6

a ba‘ti N i_d a'taj (o) i n't_p i pel i nhe 6 jbwallace123 Merge pull request #41 from ... ..  d2c9149 5daysago {0 422 commits
BB TOML-metafile-scripts  adding doc, requirements, and update TOML last month
Bn  docker reverted docker compose for standard worker 3 months ago
B docs Update How To.rst 3 weeks ago
BB notebooks cleaning up plotting 5 days ago
B nvidia-driver-scripts Merge branch 'main’ of https://github.com/b... last year
B webapps Update docker-compose.yaml 2 months ago



How to collaborate with the code

e Depending on the guideline for each

individual lab
e We recommend the “GitHub standard fork

and pull request workflow”

https://zenodo.org/badge/latestdoi/186890040

Github.com (Cloud)

CENTRAL REPO

Forkl TPuII Request

ISER 2 USER 3 YOUR FORK

y N

( Your Local Computer
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@ e — ()

® —> o — o
Edits Edits

DT
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https://zenodo.org/badge/latestdoi/186890040

You wrote the code!
How about organizing your data?
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Where is your data?

e Raw data files are

o located on-premise storage
o uploaded and stored as files on the cloud - Amazon Web Service (AWS)

e Processed data are stored directly with the the database (MySQL) - located on
the cloud - AWS

e Data access are granted and managed via database credentials

e With valid credentials, ones can access the data via datajoint-python or
datajoint-matlab



How/where to run your code?
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How are the computations orchestrated and executed?

e Execution of the computation steps in the pipeline can be done in local
environment or on the cloud
e DataJdoint keeps track of executed jobs and remaining jobs

e Resources to manage

o Containerized environments - Docker
o Compute resources - labs’ workstation, on-prem servers/HPC, cloud VMs



How are the computations orchestrated and executed?

ﬁ)cally on your laptop \

e codebase installed
e scripttorun
“.populate()

\

ﬁrchestrated across muItipD

computers

e codebase installed

e scripttorun
“.populate()

e containerized
environment (Docker)

\ /

gchestrated with cloud \

\

computing

codebase installed

script to run ".populate()

containerized
environment (Docker)

Cloud resource provider

(AWS, Azure, GCP)

DevOps resources (e.g.

Kubernetes, Terraform,
etc.)

/




To put it all together

e GitHub

e Pipeline code
e Docker

Personal laptop

File system

Network drive DataJOInt Lab’s workstations

Cloud object storage HPC
(AWS S3) Cloud computing

e Local MySQL server

e AWS RDS
e Percona cluster

) Datajoint



