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* Introduction to relevant archives
PDB
EMDB
EMPIAR
Biolmage Archive

Other archives and resources

* What’s in the pipeline?
* (Separate talk on searching/visualising/validating and
depositing data to EMDB and EMPIAR by Osman Salih)
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EMBL-EBI

Archives and other data resources at EMBL-EBI

Structure and bioimage archives at EMBL-EBI

Electron Microscopy
Public Image Archive Biolmage Archive

(EMPIAR)

EMBL-EBI

pdbe.org — emdb-empiar.org — empiar.org — www.ebi.ac.uk/bioimage-archive
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Molecular & Cellular Structure archives at EMBL-EBI

MODELLING IN ICE

In cryo-electron microscopy (cryo-EM), thousands of
raw EM images are collected and computationally
analysed to build up a density map that reflects the
shape of the protein.

RAW IMAGE Where to share data
Electron Microscopy Public
Image Archive (EMPIAR)

Electron Microscopy
Data Bank (EMDB)

This map is then combined with the known protein
sequence to create a final model showing the
placement of atomic groups.

Protein Data Bank

(PDB)

enature

* PDB (est. 1971 at Brookhaven)
Atomistic models and some X-ray and NMR data
155,800 entries and >0.5 TB data
EMBL-EBI involved since 1999
Managed by wwPDB partners since 2003

wwPDB: collaboration on all aspects of the PDB
archive

Policies, procedures, formats, validation
standards, ligands, journals, etc.

Exception: “data-out” (websites, APls, value-
added services, outreach, training, etc.)

Archive is identical at al sites!

EMBL-EBI
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L DWIDE

wwPDB in 2019: 3 core archives, 5 core members @P

PROTEIN DATA BANK
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PDB: one archive — three websites

8 Protein Data Bank in Europe
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PDB: one archive — three websites
[Eap_— i s el
8 Protein Data Bank in Europe

ELLULAR RETINOIC-ACID-BINDING
EX WITH ALL-TRANS

Ligands and Environments
1 Bound sgand:

Mo ettt rouidien

Experiments and Validation Dowtan

" Qsciectn seass +

e s ik
Langth 117 amire acite e "
b kosploadt

S rgamam Rovaten: " e
h-—lw mu.)‘(u!) 02 o

Anatamy of the

bacterivphage T4
Henome -injecting
muchine MeEsa

EMDB -

Electron Microscopy
Data Bank

A TRICK OF THE TAIL

e, e I  eemes
POTENT HOW TO USE UNNATURAL

MIXTURES STEMCELLS ADVANTAGE

Suporwaix ooy s e for em Pty oy

g, K, R
st

3 »
e
ey

LLE




11/09/2019

Molecular & Cellular Structure archives at EMBL-EBI

et SRS  EMDB (est. 2002 at EMBL-EBI)

raw EM images are collected and computationally
analysed to build up a density map that reflects the

shape of the protein, Electron Microscopy Data Bank
E—— Flaciron Meroscopy Publ Cryo-EM volume maps and tomograms
Image Archive (EMPIAR)

9,016 entries and >1.2 TB data

Operated jointly by EMBL-EBI and RCSB PDB
since 2007

Moy PDBJ involved since 2013

To become wwPDB Core Archive and Core
Member in 2019

This map is then combined with the known protein
sequence to create a final model showing the
placement of atomic groups.

MODEL Protein Data Bank
N (PDB)

enature
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Image credit (eft): Niature 561, 565-567 (2018) W PDBIE- Qﬁl{
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The "resolution revolution” in cryo-EM

Resolution distribution for released maps
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EMBL-EBI
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Molecular & Cellular Structure archives at EMBL-EBI

o ooy (o masoncsot | * EMPIAR (est. 2014 at EMBL-EBI)

raw EM images are collected and computationally
analysed to build up a density map that reflects the

shape of the protein, Electron Microscopy Public Image Archive

RAW IMAGE Where to share data

Electron Microscopy Public RaW 2D |mage data (CWO‘EM/E—D, SD VO|ume
B R maps (SXT, 3DSEM, ...) and more

240 entries and 200 TB data
Community-driven initiative
Moy Established as a pilot archive in 2014

Used for validation, teaching/training,
y software/methods development, community
This map is then combined with the known protein challenges, ...

sequence to create a final model showing the
placement of atomic groups.

Establishing new international collaborations

MODEL X Z_;gtg;n Data Bank
] Mirror in Japan: empiar.pdbj.org
Part of EMBL-EBI Biolmage Archive
enature
Image credit (left): Nafure 561, 565-567 (2018) EMBL-EBI

EMPIAR Average entry | Size of largest
Growth of EMPIAR size (GB) entry (TB)
4 6.5

2013 1854
2014 12 258 1.7
Entry size distribution 2015 21 512 4.2
eran 2016 30 764 12.4
> 178 19% J Vs 1ce-1068 1% 2017 189 1.8
2018 777 11.7
(2019 1500 11.3)

Cumulative number of EMPIAR entries released
300

500 GB - 1 TB: 7% ‘

Doubling!

S
8

10GB - 100 GB: 31%

S
8

Entries released

100 GB - 500 GB: 28% - 2013 2015 2017 2019

emdb-empiar.org/emstats EMBL-EBI
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EMPIAR website

© 2 EMPIAR
S EMPlAR EMPIAR-10243
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empiar.org EMBL-EBI

EMPIAR accepts more data types than you may know

BT+
>

* Raw data associated with an EMDB entry

¢ 2D/3D data from 3D imaging modalities not
covered by EMDB (e.g., 3DSEM and SXT =)

* 2D EM data used in integrative/hybrid methods,
associated with a structure deposited in the PDB
or PDB-Dev archive

* Certain reference and benchmark datasets (to be
decided on a case-by-case basis)

¢ Datasets used for certain community challenges
(such as the 2015 Map Validation Challenge)

* Soon: EM/XM parts of CLEM/CLXM experiments

When in doubt, contact empiar-help@ebi.ac.uk EMBL-EBI
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First SBF-SEM datasets archived in 2016

* Four different stages of malaria-parasite-infected red blood cell
¢ Sakaguchi et al., J Struct Bio/193 (2016) 162-171
EMPIAR entries 10052 to 10055

== |mage set

Category:
1mage format:

Frames per image:
Image size:
Pixel type:

= aligned stack: FIB-SEM volume through skeletal muscie tissue

aligned image stack
MRC

No. of images or tilt serfes: 291

1

(1675, 1595)

32 BIT FLOAT

(S0 A 50A)

MRC is of an igned stack of tiffs that are binned by 3 in x and y. Z thickness is ~15 nm.

Volume rendered found in Figures 1 (pa: region in murine skeletal muscie)

Show more

empiar.org/empiar-10070 EMBL-EBI

empiar.org/empiar-10052 (m.m.) EMBL-EBI
EMPIAR-10070
Focused lon Beam-Scanning Electron Microscopy of mitochondrial
reticulum in murine skeletal muscle
reticulum for cellular energy distribution in muscie  Contains:
Glancy B, Hartnell LM, Malide D, Yu ZX, Combs CA, Connelly PS, .
Subramaniam S, Balaban RS EMPIAR-10070 » Volume slicer
Noture 523 617-620 (2015)
PMID: 26223627 -
DOI: 10,1036/nature14614 P
Deposited: 2016-11-16 |
Released: 2016-11-18 inr
Last modified: 2016-11-18 (- { ®
Dataset size: 1.5GB L2 . 3 ° P i
Dataset DOI: 10.6019/EMPIAR-10070 .- N - .
= r
View data in volume  b3ualongmusc20130301 erec —
slicer: +

10
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First SXT dataset archived in 2017

erythrocytes stalled in egress by the inhibitors Compou d E64
vocudle poration precedes its rupture and ragid Contains: el -
hast erythrocyte cytoskeleton collapse in Plasmodium fakiparum L
egress "
Hale VI, Watermeyer JM, Hackett F, Vizcay-Barrena G, van Oolj C,
Thomas JA, Spink MC, Harkiolaki M, Duke E, Fleck RA,

Blackman M), Saibl HR

Proc. Nati. Acad. Sci. U.S.A

DO: 10.1073/pnas. 1619441114

Related EMDB entries:  EMD-3586, EMD-3587, EMD-3606, EMD-3610

Deposited: 2017-02-28 +
Released; 2017-03-15

Last modified: 2017-03-15

Dataset size: 280.6 MB

Dataset DOI: 10.6019/EMPIAR-10087

View data in volume €2_tome02.mre

slicer: 64 _tomod3.mee

== |mage set

== Soft X-ray tomograms of Plasmodium faiciparum infected human erythrocytes stalied in egrass

Category: Soft X-ray tomograms
Image format: MARC
No. of images or tilt series: 2
Frames per image: 1
Image size: (variable, variabie)
Pixel type: SIGNED BYTE
Pixel spacing: (160 A, 160 A)
) [l dota 260.6 M5 [ Download |

¥ B C2_tomod2.mre 131.2 M8
M B E64_tomo03.mec 149.4 MB

empiar.org/empiar-10087 EMBL-EBI

EMin 2018

* 1779 new EMDB releases

* 869 (49%) had associated PDB entry

* 74 (4%) had raw datasets deposited in EMPIAR

EMBL-EBI
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21 September 2000 l International weekly journal of science
"so

Structure
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new journals review

Bioimaging is ubiquitous

.
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Dynamics

Pathology

Lead Discovery
Target Validation
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Biolmage Archive (est. July 2019)

* Workshop at EMBL-EBI (January
2017) recommended establishment of

a bioimage archive

White paper: Nature Methods 15, 849—
854 (2018)

* EMBL-EBI has now established
Biolmage Archive

* EMPIAR already in-house and

relatively mature component of
Biolmage Archive
* Object store as back-end (petabyte .

scale)

Besceatcr Cormon™

Image credit: Spencer Phillips (EMBL-EBI) EMBL-EBI

Biolmage Archive (est. July 2019) =II

BioImage Archive

BioImage Archive

-al images that are useful 1o life science researchers.  F
studie

Sharing and reusing biological images

Our databases hold milions of rooly availablo bioimages. Hore are a couple of examples of how thoy A call for public
have been shared and reused. archives for bioclogical

alping test algorithms

Funders

indimovation  EMBL EE

www.ebi.ac.uk/bioimage-archive EMBL-EBI

13
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T
BioImage Archive E— ﬁ

Home IS ot oasmap | Case studes | FADs

v Rewase:

www.ebi.ac.uk/bioimage-archive EMBL-EBI

\
Archiving CLEM/CLXM data in the Biolmage Archive EIU

* BioStudies f ° S d o
Original 2D or 3D LM data — B]-O tu leSo
Description of image-registration process . _J

ec-CLEM metadata XML file (or list of landmark pairs)
If warping was used, warped image(s) as well

! @ 5 2
-~

“d —1
R — % EMPIAR

Electron Microscopy Public Image Archive

Raw data optional (e.g., tilt series)
BioStudies accession ID (for corresponding LM and registration data)

EMBL-EBI

14
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BioStudies — one package for allthe  owa conen 1

data supporting a study o
& | 6.780.902 s
The B . . . . i .
iy The BioStudies database holds descriptions of biological Sy re
e Studies, links to data from these studies in other databases

~=« at EMBL-EBI or elsewhere, as well as data that do not fit in
the structured archives at EMBL-EBI. Projcts
L

Sep-19: >1,400,000 studies available in BioStudies

-

3 EMPIAR
(https://www.ebi.ac.uk/biostudies/)

. [

SOURCLDATA
s with PRISM
« Yostrent n pe wrh onchocer

Other archives
you may need
Or COmMe across

15
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Other experimental 3D model archives

» NDB - Nucleic acid DataBase n[ﬂm NUCLEIC ACID
DATABASE
Operated by RCSB (1995)

>10,300 structures (Sep-19)

Most structures also in PDB

ndbserver.rutgers.edu
* CSD - Cambridge Structural Database € € )€
Operated by CCDC (1965)
Crystal structures of “small molecules”
>1,000,000 structures * (Sep-19)

www.ccdc.cam.ac.uk

* ccdc.cam.ac.uk/csd-1-million/ EMBL-EBI

BMRB — Biological Magnetic Resonance Data Bank

* Repository of experimental NMR data — mainly assigned chemical shifts
(>13,000 entries, Sep-19)

* Other types of NMR data:

Experimental restraints
Relaxation parameters

Spectral peak lists
Metabolomics by NMR
Free-induction decay (FID) — raw spectral data
* Maintained at Univ Madison, Wisconsin (1996)
Also site in Japan (PDBj-BMRB) Fovic

www.bmrb.wisc.edu EMBL-EBI

(b)

16
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SAS archives SASB)B R

Sl hogle mseoch €0 SASOBP Ly, Mt Akt en
mmm:lm_
D E ™ Curated itory fi I I tt data and model:
BI(\ I S I d urated repository for small angle scattering data and models
9 et . wn

SASS08 curenty contibas
experimartal data sets
1658 mozes

Home Models News Tutorial About
Welcome to BIOISIS

Recent depositions:

Doy I5 o SASDF24 - Full-length X-chromosome linked inhibitor of apoptosis protein (XIAP)

ated (PISF1 residves 1:255 and UZAFSS residues 148-375 3 Uit grotn Kgase XIAP dimec, 113408 Homo sapiens proten Ry 19 -

S Moman $11 ULM-KN-QUAZ,  whic showroryiated on
3 Sorkcieri2, b Vo VI3 iR e e piicing
3 factor compie

Useful Links Recent Deposits

X bufer, pi: 74 O

APBIR (TAP Binding Proten,
MNnnmmwwx
2 MO8 OO

S5 ar of W04 wityow oad
BOSAKS @ EMBL 2OCI0Y) APA DNA-Binging Care wih 20mer
WeSAS0s © SIS

SAS Tool Box (SASTEX;

Recent Posts

ATTER 3.0

Orpanism acromeiocute Spe ek e Daseminaten type

bioisis.net — sasbdb.org EMBL-EBI

SASDAW? - Aptamer AIR-3A 2'FU

SASBDB N

D

oS s

* Maintained by EMBL-Hamburg (est. 2014) | / | ::}:%ﬁ

* Archive for biological SAS SASDAT7 - Aptamer AIR-3 5FU

\

SAXS, SANS, WAXS data \,
T %?:w P Jg
Non-atomistic models (beads) oy structure

RNA Biol

Atomistic models determined solely by SAS Szameitid

Beauchén

methOdS Hahn U
SAS data that supports PDB structures

SASDACS - PsrP functional binding region

The BR domain of P
aggregation: struct]

sasbdb.org
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Future archives?

~ Spatial restraints

o |

o

b ¢ 2 9P C
o gt 2 v A
. s 0‘ o M

R R &G0
X-ray NMR Electron Smali-angle Cross-tinking
crystallography microscopy 2-1ay scattering

Al O
Bl o
Proteomics, Copurification Bioinformatics,
mass spectrometry physics
iy, 3 “WOw =
; % A ;
T dn k>
o 399

AR5

t%

$ ' "E‘v Sampling and analysis

N 3
% ‘}P »ﬁ&"‘v ¥
Z%

RS

Components

Model

Integrative/Hybrid Modelling EMBL-EBI

PDB-derived
non-archival
resources
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biological multimeric state evolutionary relationships
putative interaction interfaces

\\\ T L ;
FOLDS ®

QUATERNARY CRYSTAL PACKING
STRUCTURE IN

CRYSTAL \

RESIDUE SOLVENT
EXPOSUREAND surface

LOCATION OF w¥ b MOLECULAR = patches
MUTANTS, SNP's AND — . e COMPOS(Y}ON OF
CONSERVED RESIDUES P ; SURFACE
PROTEIN LIGAND SHAPE AND ELECTROSTATIC
COMPLEXES PROPERTIES
/ RELATIVE JUXTAPOSITION
NEY TSI OF VARIOUS GROUPS ‘ clefes
&I - (active sites)
ligand and N U~ 1
function sites A -

catalytic clusters

Clues about function from structure

Resources for all or most PDB entries

* PDBSUM, OCA, Jena, MMDB - Summaries of PDB entries
* PDBREPORT - Validation reports

* EDS - Electron density, validation info

* CATH, SCOP - Classification

* PDB_REDO, RECOORD - Re-refined structures

* And many others
See January Database issues of “Nucleic Acids Researcti’

Elgesran Denisity Sarver CATH g

PROTEIN STRUCTURE CLASSIFICATION

EMBL-EBI

19
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Specialised structure databases

° Enzymes

Kinases, HIV proteases, (serine) proteases, carbohydrate-active enzymes,
esterases, ...

* Antibodies

* Allergenic proteins

* Nuclear receptors

* G-protein-coupled receptors
* Viruses

* Membrane proteins

* RNA structure

* Predicted structures

EMBL-EBI

Specialised structure databases

° Ligands

°  Domain definitions

* Quaternary structure
° Interactions

* Active sites

°  Metal sites
*  Surface properties o

° Loops
* Torsion angles
* Dynamics

° Folding pathways

EMBL-EBI

20
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Many PDB-derived databases/resources!

* For 2011-2016, >25% of new databases described in annual MR Database
issues used PDB data (119 of 452)

* In total, >200 databases (of 1685 in Jan-2016 NAR Database collection) use
PDB data, including:

123 structure databases

Nucleic Acids Research

49 sequence databases PRANZS S _ Chosen by the Ed

22 metabolic and signalling
pathways databases

Data from Monica Sekharan, RCSB-PDB (2016) EMBL-EBI

What's in the
pipeline?

21
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What’s in the pipeline? A sneak peek!
- EMDB

New 3D map viewer on entry pages (not requiring Java...)
Validation, validation, validation
New visual analysis pages for all entries
New validation methods (WT-funded UK EM Validation Network)
EM-specific components in wwPDB validation reports

Website redesign
* EMPIAR

More automatic deposition
* Both

Integrating structure and 3D biocimaging data across scales

EMBL-EBI

New 3D map viewer for EMDB

* Current viewer is a Java applet

Map Controls
7 Map 7 Solid Surface
Lavel: e £}

Opacity: g [
Color: FAS00

Background: Grey

Java is not available.
Java has either been disabled, or is not installed.
The applet will not work

OK

www.ebi.ac.uk says

Java is not available.
Java has either been disabled, or is not installed.
The applet will not work

o] e e
Lowet Cokor

Coming soon! (Aim: Nov-2019)

22



11/09/2019

Refreshed visual analysis pages for EMDB entries

Map and 1 fitted model

" 5 ‘ Map with mode! 5irx (Structure of TRPV1 in complex with DkTx and RTX, determined in lipid nanodisc)
Validation Analysis

Coming soon! Also to the wwPDB validation pipeline! (Aim: Nov-2019) EMBL-EBI

Integrating structure and 3D bioimaging data across scales

* We want to link structural information on scales from
molecules to cells (and beyond...)

* Molecular structures are typically represented as atomistic
models

* Lower resolution data usually does not allow construction
of such models

* But if we capture the biologically meaningful objects and
put “labels” on them, we can link them to both higher
resolution data (e.g., PDB entries) and to other low-
resolution objects

* This allows us to study the 3D structure of a system from
the molecular detail to the cellular context — and vice versa

Image credit: Julia Mahamid (EMBL-Heidelberg) EMBL-EBI

23
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Capsids Icosahedral averaging

AT

HSV

Glycoprotein-
decorated envelope

2

Synaptosome entry

Glycoprotein-bilayer

Membrane fusion
complex

Integrating structure and 3D bioimaging data across scales

* Requirements

Data accessible in public archives
PDB, EMDB, EMPIAR, Biolmage Archive, ...

Semantic segmentation of bioimaging datasets

Capture using SAT (Segmentation Annotation Tool)

and EMDB-SFF (Segmentation File Format) and toolkit
(sfftk)

Linking archive entries through annotation

Using established ontologies and accession IDs

Dissemination and visualisation
Developing Volume Browser

Try the Volume Browser prototype: https://bit.ly/2Wblo6U EMBL-EBI

24
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Interactive inspection

Download

Try the Volume Browser prototype: https://bit.ly/2Wblo6U EMBL-EBI

our SAT (Segmentation ANNOtation TOOI)  scewsemes St timis et s cvosere

* Expose through our Volume Browser

Integrating structure and 3D bioimaging data across scales

EMPIAR-10087

° Examp|e: SXT dataset — EMPIAR-10087  soft X-ray tomography of Plasmodium falciparum infected human

erythrocytes stalled in egress by the inhibitors Compound 2 and

Two tomograms with different inhibitors E64
* Worked with Vickie Hale to get P
segmentations and annotate them with D Pk B s Bt

Proc. Natl. Acad. Sci. USA

Deposited: 2017-02-28

Released: 20170315

Last modified: 20170315

Dataset size: 2806 M8

Dataset DOI: 10.6019/EMPIAR-10087

View data in volume €2_tomo02.mrc 664_tomo03.mre
slicer:
==|mage set
==Soft X-ray of P infected human erythrocytes stalled in egress
Category: Soft X-ray tomograms
Image format: MRC

No. of images or tilt series: 2
Frames per image: 1

Image size: (variabe, variable)
Pixel type: SIGNED BYTE

o (1 [data 2806 MB

Volume Browser

Volume Browser

EMPIAR-10087

Volume Browser

EMPIAR-10087

mography of f

Try the Volume Browser prototype: https://bit.ly/2Wblo6U EMBL-EBI

25



11/09/2019

EMD-1547
\Volume Browser 3

GeolL o1 GREN1ADPALES - Single-particls = 10.2A #SC 0.5)

9
-O

Top view

o
Front view
°

* Can also be used for
molecular EMDB
maps to segment
and identify individual
components and link
them to other
structures of the
Ssame component in
PDB and EMDB

Try the Volume Browser prototype: https://bit.ly/2Wblo6U EMBL-EBI

Integrating structure and 3D bioimaging data across scales

* Everything depends on having high-quality annotated segmentations
* We plan to acquire these by

Working with selected depositors to segment and annotate some of their datasets to
showcase what this makes possible

Encourage depositors to segment their data and use SAT to annotate it, and then
deposit it in EMPIAR and EMDB

Organise “segmentathons” where specialists spend a few days doing semantic
segmentation of existing EMDB and EMPIAR datasets

Considering crowd-sourcing, e.g. using Zooniverse

Used successfully, e.g. by Lucy Collinson et al. and by Michele Darrow et al.

Try the Volume Browser prototype: https://bit.ly/2Wblo6U EMBL-EBI
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>

3https://emdb—empiar.org/ https://empiar.org/ '9

8 nttps:/pdbe.org/ hitps://pdbekb.org/ §f3
W https://twitter.com/EMDB_EMPIAR
W https://twitter.com/PDBeurope

EMBL-EBI

Eléﬁ
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