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e Context

e [SPyB

o  Electron Microscopy for single particles
m  Data model

o ICAT

o  Electron Microscopy for tomography
m Data model

e User interfaces

e Conclusions
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The ESRF: European Synchrotron Radiation Facility

Fourth generation high energy synchrotron
~40 beamlines

o  ~10 for structural biology

1 Titan Krios (CM01) and soon CM02

Proposal system
Public and private beamtime
Mail-in service and remote access



Data Management

1)  Proposal and Sample Declaration 3) Data Acquisition
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5) Data Publication

4) Data analysis

2) Sample Tracking
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e [SPyB

o O O O

Information System for Protein crYstallographic Beamlines
Tailored-made LIMS solution for MX/SB
Born at the ESRF ~2004
Collaboration
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ISPyB extension for BioSAXS (2014)
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ISPyB for BioSAXS, the gateway to user autonomy in solution scattering experiments

Upgraded ESRF BM29 beamline for SAXS on macromolecules in solution
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S B CMO1: a facility for cryo-electron microscopy at the European Synchrotron
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. ISPyB Data Model
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. ISPyB Data Model ,
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EM Tables

2018
o Extension of MX tables
o  Collaboration
m  Diamond Light
Source

o  Public discussions
https://github.com/ispyb/ispyb-database-modeling/issues/14

>i——H

j Movie
movield INT(11)
dataCollectionld INT(11)
movieNumber INT(11)
movieFullPath VARCHAR(255)
positionX VARCHAR(45)
positionY VARCHAR(45)
micrographFullPath VARCHAR(255)

xmiMeta DataFullPath VARCHAR(255)
dosePerimage VARCHAR(45)
createdTimeStamp TIMESTAMP

micrographSnapshotFullPath VARCHAR(255)

H———g

] MotionCorrection v
motionCorrectionld INT(11)
movield INT(11)
firstFrame VARCHAR(45)
lastFrame VARCHAR(45)
dosePerFrame VARCHAR(45)
doseWeight VARCHAR(45)
totalMotion VARCHAR(45)
averageMotionPerFrame VARCHAR(45)
driftPlotFullPath VARCHAR(512)
micrographFullPath VARCHAR(512)
micrographSnapshotFullPath VARCHAR(512)
comectedDose Micrograph FullPath VARCHAR(512)
patchesUsed VARCHAR(45)
logFileFullPath VARCHAR(512)
createdTimeStamp TIMESTAMP

] CTF v
CTFid INT(11)
motionCorrectionld INT(11)
spectralmageThumbnailFullPath VARCHAR(512)
spectralmageFullPath VARCHAR(512)
defocusU VARCHAR(45)
defocusV VARCHAR(45)
angle VARCHAR(45)
crossCorrelationCoefficient VARCHAR(45)
resolutionLimit VARCHAR(45)
estimatedBfactor VARCHAR(45)
logFilePath VARCHAR(512)
createdTimeStamp TIMESTAMP




2018

2020

EM Tables

Extension of MX tables

Collaboration

m Diamond Light Source

Public discussions
https://qithub.com/ispyb/ispyb-database-modeling/issues/14

Particle picking included

https://qithub.com/ispyb/ispyb-database-modeling/issues/64

== ParticleClassification_has_CryoemInitialModel

13 particleClassificationld
13 cryoeminitialModelld

== CryoemInitialModel AutoProcProgramAttachment

cryoeminitialModelld

13 autoProcProgramAttachmentld

s resolution
123 numberOfParticles

ParticleClas:
% particleClassificationld
123 classNumber

ication

ParticlePicker

1% particlePickerld

133 autoProcProgramid
roc fileType

roc fileName

rac filePath

@ recordTimeStamp
123importanceRank

aee classimageFullPath
particlesPerClass

123 rotationAccuracy

123 translationAccuracy
3 estimatedResolution

1% firstMotionCorrectionld
~oe particlePickingTemplate

verallFourierCompleteness avc summarylmageFullPath

programlid

articleDiameter
umberOfParticles o

articleClassificationGroupld
3 classDistribution

== ParticleClassificationGroup

1% particleClassificationGroupld

173 particlePickerld

123 programld

asc type

123 batchNumber

123 numberOfParticlesPerBatch
123 numberOfClassesPerBatch
asc symmetry

MotionCorrectionDrift

1% motionCorrectionDriftld
125 motionCorrectionid P
123 frameNumber
123 deltaX
123 deltaY

AutoProcProgram

13jautoProcProgramld

f~ec processingCommandLine
aec processingPrograms

123 processingStatus

aec processingMessage

~| @ processingStartTime

| @ processingEndTime

aee processingEnvironment
@ recordTimeStamp

123 processingjobld

123 dataCollectionld

MotionCorrection

13 motionCorrectionld

123 dataCollectionld
autoProcProgramld
mageNumber

123 firstFrame
123lastFrame
123dosePerFrame

123 doseWeight
123totalMotion

Ol123 averageMotionPerFrame

aoc driftPlotFullPath

arc micrographFullPath

are micrographSnapshotFullPath
23 patchesUsedX

patchesUsedY

aoc fftFullPath

auc fitCorrectedFullPath

asc comments

123 movield

1z ctfld

123 motionCorrectionld
123 autoProcProgramid
123 boxSizeX

boxSizeY
minResolution
maxResolution
3minDefocus
maxDefocus

23 defocusStepSize

123 astigmatism

123 astigmatismAngle
123 estimatedResolution
123 estimatedDefocus
123 amplitudeContrast
123 ccValue

e fftTheoreticalFullPath
Arc comments

Credits: Karl Levik (DLS)


https://github.com/ispyb/ispyb-database-modeling/issues/14
https://github.com/ispyb/ispyb-database-modeling/issues/64

2018

2020

2022

EM Tables

Extension of MX tables
Collaboration
m Diamond Light Source

Public discussions
https://qithub.com/ispyb/ispyb-database-modeling/issues/14

Particle picking included

https://qithub.com/ispyb/ispyb-database-modeling/issues/64

Cryo-ET and electron diffraction

https://qithub.com/ispyb/ispyb-database-modeling/issues/73
https://hackmd.io/RCfRD-FaTCagTxeTwVHIaA?view

[ Bookmark A Subscrit

Electron Tomography Data(base) Model

In this document we suggest a possible data model for storing Electron Tomography data. The
model ties into the existing ISPyB database model (Delageniére et al., 2011) where possible,
and introduces new tables where appropriate.

The model

' MotionCorrection | '

© Movie |
' B i
= [ ; 3 MotionCorrectionDrift
DataCollectionGroup * + Fimaga TiltimageAlignment
*  BLSession ' | BeamLineSetup

Before an experiment is conducted the physical sample information is already set up and stored
in ISPyB. This could cover information such as DNA/RNA sequence data, references to known
PDB or CSD structures and substructures, sample risk assessment information, and sample
container metadata, such as the position of the sample within a dewar and identifying barcodes.
None of this is further covered in this document, but serves as an example of the benefits of
tying into the already existing ISPyB data model.

As the electron microscope is prepared by staff for users a seamLinesetup entry is used to
record the microscope settings that are not routinely modified by users. This setup is tied to a
BLSes record, which contains information such as the start and end date of the user

session, and links into user data and the underlying scientific proposal.

When a physical sample is finally loaded into the electron microscope a pat P

entry is created. This entry represents a number of individual, consecutive tilt experiments on a

single phy5|cal sample loaded into the electron microscope.

A D ionGroup entry does not directly reference to any files on disk, but does refer to
sample and session information, as outlined above, and is linked to by an arbitrary number of
NataCallectian records

Credits: Markus Gerstel (DLS)


https://github.com/ispyb/ispyb-database-modeling/issues/14
https://github.com/ispyb/ispyb-database-modeling/issues/64
https://github.com/ispyb/ispyb-database-modeling/issues/73
https://hackmd.io/RCfRD-FaTCagTxeTwVHIaA?view

Data Policy (2015) and updated on 2024

e For all peer-reviewed and in-house experiments

©)

Capture of raw and processed data and metadata

Preserve data for at least 10 years and metadata forever

3 years embargo period where data are only accessible to the
experiment team

> 3 years data become public and accessible for everyone

Implementation of the FAIR principles Edable Acoess,ble nteroperaue

R
O & fo O

eusable




| fomesenices

Search Service
Search engine for Big Data

Search
Capabilities

Data and Metadata

Data Catalog
https://data.esrf.fr Service Identifiers

Download Data Persistent

Electronic
Loogbook

Data Service fi

Explore and Download data Persistent Identifiers

Electronic Logbook Make your data findable and
Annotate your experiments searchable



https://www.draw.io/?page-id=1622d65d-c77d-c4b6-e0e7-3c11208c8684&scale=auto#G1j_DAWHjOUJpqig-MXERAr4CO2XF0u0AW

Electron Tomography in ICAT

Evaluation of using ICAT for CryoET

Based on the work done on ISPyB
Relying on Nexus format (when possible)
No tables but datasets

No columns but metadata parameters

O

@)
@)
@)

Tilt Angle dataset

sampleName
EM_voltage (V)

EM_magnification (NA)
EM_images_count (NA)
EM_position_x (NA)
EM_position_y (NA)
EM_dose_initial (NA)
EM_dose_per_frame (NA)
EM_spherical_aberration (mm)
EM_amplitude_contrast (%)
EM_sampling_rate (A/pixel)
EM_tilt_angle (°)

EM_grid_name (NA)

Motion Correction

EMMotionCorrection_total_motion (NA)
EMMotionCorrection_average_motion (NA)
EMMotionCorrection_frame_range (NA)
EMMotionCorrection_frame_dose (NA)

EMMotionCorrection_total_dose (NA)

CTF

EMCTF_resolution_limit (NA)
EMCTF_correlation (NA)
EMCTF_defocus_u (NA)
EMCTF_defocus_v (NA)
EMCTF_angle (NA)

EMCTF_estimated_b_factor (NA)



. Ul: ISPyB vs Data portal
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1159
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Resoton Linit: 264
Correlatos 0074
Onoc 17232

Octocus V16590
g 1534

Data Portal ~ Data

Investigation

@ Experiment

Grid
insectcells-leica-g2-2.Posit..

Datasets
Viewas

Sample: | insectcels-eica-g2-2. Position 1._testd Position 1.2

<4 Backtogrid

Constant acquisition parameters

gridname :g2-2  voltage : 300000 spherical aberration: 27 amplitude contrast : 0.1

Filter by angle

ejandr

DEMARIA ~

Raw data Motion correction CTF

Dose nitial 00 Average motion 141

Dose per frame 05 Frame dose -10

Images count 6 Frame range 6 Angle 5466

Magnification 33000 Totaldose -10 Correlation 0005011

Sampling rate 135 Total motion 847 Defocusu 38890.37

Titt angle 700 Defocus v 3854166
Estimatedb factor 020
Resolution it 19972

e 1  Position 1 testd/Position 1.2/041

ICAT



. Ul: ISPyB vs Data portal

Almy propo

5. DataPortal

ejandro DE MARIA =

«Bscktogrdsaures

Investigation

© Experiment Sample: | insectcells-leica-g2-2_Position 1 testd Position_1.2
BB B sow(s ] we w
44 Back togrid
Mot 100 [res— a

Tine: 2. 2023253:22PM e e B Logbox Constant acquisition parameters
P on Meiame.20 o
e — - @ Prepare gridname 1§22 voltage:300000  sphericalaberration:27  amplitude contrast : 0.1
vastres O3
ame: 101 Oefocus V: 13280 Grid
o insectcells-leica-g2-2_Positi.
re—
Datasets
Viewas
E ¢
° 0L RA DATA s i 2 e 25800 Raw dat. Moti . p—
@ 0 RAW DATA'Dsa graph 4. are_14602580/Data/Foillole 14459873 Data, 14638623 14638625 20221213, 180724 fractions.iff awidata otion correction
s Mo caection aw
Tine: Jun 2,2023 25321 PM TotalMotiore 9724 Resolution Limit: 264
— A Motame: 162 0074
T e —
s Dose initial 0o Average motion 141
Tliowo72 ogests 4 Dose per frame 05 e b
TR Sr— Images count 6 Framerange 6 pie sass
Magnification 33000 Total dose: -10 Correlation 0005011
Sampling rate 135 Total motion 847 Defocus u 3889037
Tiltangle 700 Defocusv 38541.66
Estimated bfactor 020
Resolution imit 19972
8  Positon_1testé/Position 1. 2/041 Restore

e Final users do not care how data is persisted

o Scicat, ICAT, ISPyB, ...?
e They care about understanding their data
o Standard vocabulary/ontology
e Experimental team needs to follow the experiment in real team



. Ul: ISPyB vs Data portal
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. Conclusion

e |[SPyBisa

@)
@)

Tailored-made trusted solution where what and how needs to be defined
Extension or evolution of the experiments require changes in the data model

e |CATisa

@)
@)

O

Generic solution which need to define only what you need to store

New techniques or extensions does not imply changes in the data model (but its content)
Inline with FAIR principles

e In general, for further development on a model:

O

Take into account your needs and interaction with other systems: proposals, sample
tracking, etc...
Define a set of metadata that need to be associated to each acquisition/processing
m Lot of work has already been done and might be a good starting point
Make use of a standard ontology (Interoperability) when possible
Manage public, private and embargoed data/metadata
FAIRness
m Handle persistent identifiers (e.g: doi)
m Interface to tape system and sharing capabilities
m E-Logbook
m Manage private and public data with embargo period



Thanks!



Backup slides



Workflow for on-line data processing of CM01 tomography data collections

Automatic processing:
Motion correction
CTF

Particle picking
2D classification
Raw data archived
One experiment ~ 30000 movies / 10 TB
Processed data available in ISPyB
To do : 3D reconstruction
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o ISPyB e ICAT

Information System for Protein Generic metadata catalog
crYstallographic Beamlines Developed at STFC

o  Tailored-made solution for MX/SB Extended at the ESRF

o Developed at the ESRF Main features

m  Sample tracking

m  Electronic logbook
m Tape interface

m DOI

I — A %
ESRF LS [CAT g

The European Synchrotron FaCi"tieS COUHC“

o O O O




