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Why databases?

How many crystal structures have been published each year? Search
the COD database:
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WHERE year IS NOT NULL AND
GROUP BY year ORDER BY year DESC
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Discoveries in ,raw* data

Zheng from the NEB team lead by Roberts used the raw

sequencing data to discover active restriction endonucleases
(Zheng et al. 2008):
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https://doi.org/10.1093/nar/gkn883

Importance of data

A group from China made a discovery biochemical pathways for
drug addiction without even making and experiment (Li et al.

2008):
@ PLos | S%MLS%'I;ATIONAL

& OPENACCESS B PEER-REVIEWED

RESEARCH ARTICLE

Genes and (Common) Pathways Underlying Drug Addiction

Chuan-Yun Li, Xizeng Mao, Liping Wei [

Published: January 4, 2008 « http://dx.doi.org/10.1371/journal.pebi. 0040002

“““ =

Abstract
Author Summary Abstract
Introduction
Drug addiction is a serious worldwide problem with strong genetic and environmental
Results
Discussion

influences. Different technologies have revealed a variety of genes and pathways underlying
however, each individual technology can be biased an

Search Q

advanced search
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Save Citation

52,365 2
View Share

Download PDF  +

@ Check for updates.

Subject Areas

Addiction

http://slidegur.com/doc/3077570/introducing-bioinformatics-databases
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https://doi.org/10.1371/journal.pcbi.0040002
https://doi.org/10.1371/journal.pcbi.0040002
http://slidegur.com/doc/3077570/introducing-bioinformatics-databases

Amounts of data

High Energy Physics

@ LHC generates 1 Terabyte per second.
http://blogs.discovermagazine.com/cosmicvariance/2006/09/27 /lhc-factoids/
2009-12-07

@ ,When it starts in 2007 the LHC will ... produce 15 million
Gigabytes of data a year” (15 PB/year ~ 15 x 10'° bytes/year

-S.G)
http://www.physorg.com/news10895.html
2009-12-07
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Amounts of data

Sequences

@ ,Release 57.11 of 24-Nov-09 of UniProtKB/Swiss-Prot
contains 512994 sequence entries, comprising 180531504
amino acids abstracted from 184920 references.“ (1.81 x 10%

a.r., 5.13 x 10° seky - S.G.)
http://www.expasy.ch/sprot/relnotes/relstat.html
2009-12-07

@ ,As of Tuesday Dec 01, 2009 at 4 PM PST there are 61808

Structures*®
http://www.rcsb.org/pdb/statistics /holdings.do
2009-12-07
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Amounts of data

Crystallography

@ ,Cambridge Structural Database 1 January 2010 Total No.
of structures 501857

http://www.ccdc.cam.ac.uk/products/csd/statistics/
2010-12-20

@ ,Currently there are 126492 entries in the COD*
http://www.crystallography.net/
2010-12-20

@ ,Currently there are 509531 entry in the COD*
http://www.crystallography.net/
2024-01-03
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Scientific data sources

@ Generic data archives (Data Dryad, FigShare, MIDAS,
Zenodo ...);
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Scientific data sources

@ Generic data archives (Data Dryad, FigShare, MIDAS,
Zenodo ...);

e Zenodo https://doi.org/10.5281/zenodo.3560693

e Zenodo https://zenodo.org/record /3841841
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Scientific data sources

@ Generic data archives (Data Dryad, FigShare, MIDAS,
Zenodo ...);
e Zenodo https://doi.org/10.5281/zenodo.3560693
— poster (PDF)...
e Zenodo https://zenodo.org/record /3841841
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Scientific data sources

@ Generic data archives (Data Dryad, FigShare, MIDAS,
Zenodo ...);

Zenodo https://doi.org/10.5281/zenodo.3560693
— poster (PDF)...

Zenodo https://zenodo.org/record/3841841

- linked COVID-19 data (Turtle .ttl)...
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Scientific data sources

@ Generic data archives (Data Dryad, FigShare, MIDAS,
Zenodo ...);
e Zenodo https://doi.org/10.5281/zenodo.3560693
— poster (PDF)...
e Zenodo https://zenodo.org/record /3841841
—linked COVID-19 data (Turtle .ttl)...

© Specialised data archives (PDB, COD, NCBI, SwissProt,
EuropePMC, PubMed (!));
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Scientific data sources

@ Generic data archives (Data Dryad, FigShare, MIDAS,
Zenodo ...);
e Zenodo https://doi.org/10.5281/zenodo.3560693
— poster (PDF)...
e Zenodo https://zenodo.org/record /3841841
— linked COVID-19 data (Turtle .ttl)...

© Specialised data archives (PDB, COD, NCBI, SwissProt,
EuropePMC, PubMed (!));
https://www.crystallography.net/cod/1557684.cif
https://www.crystallography.net/cod/1544162.html
https://www.pdb.org/pdb/files/ 1KNV.cif
https://www.rcsb.org/structure/2IXS
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The Protein Data Bank

Three major repositories in different continents, governed by
the wwPDB consortium:

https://www.wwpdb.org/

@ VAUDATION - DEPOSITON ~  DICTIONARIES - DOGUMENTATION - TASKFORES - FIP ~  STATITICS - ABOUT~ () 7af28
71, the Data Bank archive (PDE) :
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Protein Data Bank Jspan
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The Protein Data Bank: RCSD PDB

https://www.rcsb.org/
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A Structural View of Biology November Molecule of the Month

This resource is powered by the Protein Data Bank archive-information about the
3D shapes of proteins, nudleic acids, and complex assemblies that helps
students and reseachers understand all aspects of biomedicine and agriculture,
from protein synthesis to health and disease

#» Deposit
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The Protein Data Bank: PDBe

https://www.ebi.ac.uk/pdbe/

Protein Data Bank in Europe I ¢

Bringing Structure to Biolagy P S |
PDB services | PDBe tra ‘About PDBe.
New PDBe-KB COVID-19 Data Portal Popular
T ournew porta! - I News
6DBe:KB, ‘SARS-CoV-2 structures, to help researchers easly identify important structural eatures to reemen rems
COVID-19. Support the development oftreatments and vaccines.
Data pportthe development of reauments and PoBerold Taining
Poris Vs the PDBE-KB COVID-19 dats portal pozeris Contact us
— PoseChem

PDBe REST AP

POBe Is the European resource fo the colletion, organisation and dissemination of data on biological macromolecular structures.
Reag mare bout POBE.

Featured structure e
#D5 Component Library

What the cat dragged in..

At 2 time when we are constantly aware of our hiealh and our relationship with the.
o{d microblal world It s perhaps easy to forget that our urry friends are just as vuinerable to e o

their own assoriment of microbial pathogens.
perhes A5 0f 17 November 2021 the PDB contains 184202 entries
Renc more. (atest PDB entries, chemistry, blology) and EMDE contains
17470 entries (latest map releases, latest updates).
U Se—

Previous featured structures
G5 Protein Data Bank.
B8 @PDBeuope
News Events ‘Alcohol dehydrogenases (ADH) are enzymes that
break down oxic sconol compounds o safe, e
rotein structure data,  There is no upcoming events found. You can view the past leculen. O 34t APORS s ren 3 ADHIB,
events by cicking here Which catayses conversion of etanol n our bodes:
pdbe.org/Thdy3d

3D-Beacons Network:
allin one place

16 Septamber, 2021

AlphaFold's protein structure predictions
now available to explore

23y, 2021

A Tribute to Prof. Richard R. Emst

S



https://www.ebi.ac.uk/pdbe/

The Protein Data Bank: PDB;j

https://pdbj.org/
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The Protein Data Bank: the FTP site

http://ftp.wwpdb.org/pub/pdb/[accessed: 2021]
https://files.wwpdb.org/pub/pdb/[accessed: 2024-01-03T07:56+00:00]

PDB - FTP Archive over HTTP

Name Last modified Size

Parent Directory
compatible/
data/

derived data/
doc/

holdings/
refdata/
software/
validation reports/
advisory.txt
1s-1R

README

DYoo ERRREEE A

welcome.msg

For more information about PDB file downloads please see the wwPDB website.
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PDB contents

PDB contains macromolecular structures solved by:
@ X-ray crystallography
e CryoEM
e NMR

Saulius Grazulis Sources of Data Vilnius, 2024 14 /35



The AlphaFold prediction database

https://deepmind.com/research/open-source/alphafold-protein-
structure-database

DeepMind > rescecn > Aphredprto e rabase

AlphaFold Protein
Structure Database

2020).
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Raw diffraction data

https://proteindiffraction.org/

#Home OAbou MBrowse lalStaslcs  &Submitdela  E3News wiog

m»‘mmmmsmem Integrated Resource for Reproducibility in Macromolecular
g Crystallography

This project is being funded by the Targeted Software Development award
1.U01 HGO08424-01 as part of the BD2K (Big Data to Knowledge) program of the
National Institute of Health. The project is developing tools for “wrangling" data from
protein diffraction experiments. We are also crealing a growing repository of diffraction
experiments used to etermine protein structures in the PDB, contributed by the CSGID,
SSGCID, JCSG, MCSG, SGC, and other large-scale projects, as well as individual
research laboratories.

Currently indexed projects: 5815
Currently indexed datasets: 9246

Data downloaded from IRRMC may be freely used under the Creative Commons license
CCO (Public Domain Dedication Waiver). IRRMC strongly urges users who download
data to credit the source data by using the DOI in any publications and/or derived data
that make use of the downloaded data.

B & B9 O @

b
Ew \ =
i ey
e | B
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Raw diffraction data

https://data.sbgrid.org/

Eﬂ?ﬁﬂd £ Publcaton Dia.  Abous  GotHelps  ForDepostorst  Q

The SBGrid Data Bank

We support publication of X-ray diffraction, MicroED, LLSM datasets, as ) e
well as structural models. All visitors can access our Laboratory and

Institutional Collections. Al structural biologists are invited to deposit

datasets.

669 91

= G

Deposit Explore
ie communil
 with SBDB recei
anding page here

RECENTLY PUBLISHED DATASETS

s

S


https://data.sbgrid.org/

Small angle scattering database

https://www.sasbdb.org/

& cosaloraphy Openoac: X g2 8

c @ o

vvvvvv atoukou: X | {3 saxsonsmallanlescatis X | ) smallanclescaweringnic X |+

SASB)B

‘Small Ango Scateing Bclagea Data Bark

Curated repository for small angle scattering data and models

i
o
mx

Varkud 5mM MgCI2

Browse the contents according o
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Electron microscopy densities

https://www.ebi.ac.uk/emdb/

4 EMBLEBI & Servies ¢ Reseach & Traing @ Aboutus

« EMDB

% Exampls: 1001, Apeertn, Tomogaphy, Rossmamn G, SATA
Electron Microscopy Data Bank

Deposition

EMBL-EBI

& FTP Archive

EMDB (the Elsctron Microscopy Data Bank) is a public repository for electron cryo-microscopy maps and fomograms of Quick Links
macromolecular complexes and subcelular siructures. It covers a variely of techniques, including single-partice analysis, electron
tomography, sub-tomogram averaging, fibre difiraction and electron crystallography. More... st

As of 17 November 2021, EMDB contains 17470 eniries (latest entries, irend) W Talks & Tutorials

& EMDB Gitatons
EMDB News € EvPRR

+ WWPDB i sifching 1 version 3 of the EMDB data modsl. From © February 2022 the oid data model (v1.9.6) wil no longer be & PPB®
supported. Read the wwPDB announcement for more details.

@ Biolmage Archive
+ EMDB now has a dedicated Talks & Tutorlals page whoro w have collected short videos that ntroduce key functionalty of e o
the new website as wellas recorded talks from EMDB sta =

« EMDB has also moved to a new location. What do | need to know?

o)

@ EM Navigator

@ 3D EMHistory

—
+= -
Browse EMDB SARS-CoV-2 entries Deposit data
Explore EMDB ewo-zszes

Recent Entries (show al)

{20

2024
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COD and TCOD databases

What is COD and TCOD?

Coo Do

- I WWW. http://www.crystallography.net/tcod
http. 2 ;szg}i)s(;[(?(}leongtng hy.net/COd > 2900 entries (ready to grow to > 107?)

http://mpod.cimav.edu.mx/
> 300 entries
http://www.crystallography.net/pcod
> 108 entries (ready to grow to > 108?]

ROD

http://solsa.crystallography.net/rod/
> 1100 entries

(Grazulis et al. 2009; Grazulis et al. 2012; Pepponi et al. 2012; Fuentes-Cobas et al.
2017; Mendili et al. 2019)
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The COD database

The COD (https://www.crystallography.net/) is the largest
to-date open access database of experimental crystal
structures (Grazulis et al. 2009; Grazulis et al. 2012)
@ Contains crystal data for compounds:
e organic
e metal-organic and organometallic
e inorganic (including minerals, also from AMCSD)

experimentally determined structures

covers most peer-reviewed journals, updated daily
over 500 000 records at the moment

curated, both automatically and manually

versioned
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A typical COD record

http://www.crystallography.net/cod/1559914.html (deposited 2021-11-21)
C Oo Crystallography Open Database

COD Home

Information card for entry 1559914

Home
What's new? )
1559913 << 1559914 >> 1559915

Accessing COD Data
D Preview
Search
Search by structural

formula

Add Your Data

Deposit your data
Manage depositions.

Manage/release
prepublications
COD Wiki
Obtaining COD
License
Querying COD
Citing COD
COD Mirrors,
Advice to donators
Useful links
Chemical name ‘hexane-1,6-diaminium tetrachloro-palladium(i)
Formula C6 H18 Cl4 N2 Pd
Calculated formula C6 H18 Cl4 N2 Pd
Title of publication Experimental and Theoretical Evidence of Attractive Interactions between Dianions:
[PACI4]2-...[PACI4]2-
Authors of publication Zierkiewicz, Wiktor; Michalczyk, Mariusz; Maris, Thierry; Wysokinski, Rafal; Scheiner,
Steve
Journal of publication Chemical Communications
Year of publication 2021
a 7.2281 + 0.0007 A
b 8.1281 * 0.0005 A
c 11.7212 + 0.0012 A
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CIF - Crystallographic Interchange Framework

Created and maintained by the International Union of
Crystallography, IUCr (Hall et al. 1991).
examples/data/2100858-head.cif:

data_2100858

loop_

_publ_author_name

'Buttner, R. H.'

'Maslen, E. N.'

_publ_section_title

Structural parameters and electron difference density in BaTiO~3~

H

_journal_issue 6

_journal_name_full 'Acta Crystallographica Section B'
_journal_page_first 764

_Jjournal_page_last 769

_Jjournal_volume 48

_journal_year 1992

_chemical_compound_source 'synthetic, from a mixture of KF:KMo04:BaTi03'
_chemical_formula_sum 'Ba 03 Ti'
_chemical_formula_weight 233.24

_symmetry_cell_setting tetragonal
_symmetry_space_group_name_Hall 'P 4 -2'
_symmetry_space_group_name_H-M 'P 4 mm'

_cell_length_a 3.9998(8)

_cell_length_b 3.9998(8)

_cell_length_c 4.0180(8)
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Semantic descriptions

o CIF - dictionaries

@ XML, JSON - schemas

@ SQL - schemas

@ Semantic networks (RDF);
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Controlled vocabularies

examples/dictionaries/cif-core-example.cif:

data_cell_length_
loop_ _name '_cell_length_a'
'_cell_length_b'
'_cell_length_c'

_category cell
_type numb
_type_conditions esd
_enumeration_range 0.0:
_units A
_units_detail 'angstroms'

_definition
Unit-cell lengths in angstroms corresponding to the structure
reported. The values of _refln_index_h, *_k, *_1 must
correspond to the cell defined by these values and _cell_angle_
values. The values of _diffrn_refln_index_h, *_k, *_1 may not
correspond to these values if a cell transformation took place
following the measurement of the diffraction intensities. See
also _diffrn_reflns_transf_matrix_.

SEIIE is 3 ilnius, 2024



Self-describing data

Three levels are always enough!

dictionary

XML instance
uer
query CIF document JSON
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Quality criteria

@ IUCr quality criteria

o IUCr list of data validation criteria

ftp:/ /ftp.iucr.org/pub/dvntests

e IUCr requirements for publications
@ COD quality criteria
v v Correct syntax;
v Validation using data dictionaries;
v Validation using data statistics;
v Validation using first physical principles;

Saulius Grazulis Sources of Data Vilnius, 2024


ftp://ftp.iucr.org/pub/dvntests
https://journals.iucr.org/e/services/notesforauthors.html

IUCr data validation criteria

IUCr criteria example (ftp://ftp.iucr.org/pub/dvntests):

data validation criteria
AUTO CHECK LIST-Version: 2000.06.09

Full list of validation algorithms

CHECK: [CHEMS] _chemical_formula_sum
TESTS:

1. in the order C, H followed by alphabetic [CHEMS_01]
2. classify as organic, inorganic, metal-organic [CHEMS_02]

EXAMPLE(S): 'C18 H19 N7 08 S'

CHECK: [CHEMW] _chemical_formula_weight
FORMAT: F.2
TESTS:

1. agrees with _chemical_formula_sum [CHEMW_01]
2. agrees with _atom_site_ data [CHEMW_03]

Saulius Grazulis urces of Data Vilnius, 2024
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COD data checks

COD data validation policy:
@ Syntax checks:
$ cifparse 7234818.cif
© Semantic (dictionary) checks:
$ cif_validate -D cif_core.dic 7234818.cif

© Database specific tests:
$ cif_cod_check 7234818.cif
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COD data deposition Web site

£ Crystallography Open Databas... | 52
Data block 739121:

» _journal name full is undefined

» neither _journal year nor _journal volume is
defined

» _journal page first is undefined

Tip: if you need to add bibliography common to all structures in this file, you can
add a data_global section below, and the data will be distributed into all other

sections.
Fetch bibliography by DOI (http://www.doi.org):
| Save and check | |10.1021/0m9010406 | |_Fetch Pubmed @/ crossref
Your CIF File contents:
data_global
o

P_
_publ_author_name
‘lee, Chen-Shiang’

_publ section title

Facile C-N Bond Cleavage Promoted by Cuprous Oxide: Formation
of C-C-Coupled Biimidazole from Its Methylene-Bridged Congener

_journal_issue
journal name_full

9rganonetallics
journal_page first 299
“journal volume 29
journal year 2010

data_714906

_chemical_formula sum '(16 H20 CL4 Cu2 NB*

_chemical_formula_weight 593.28




COD data deposition Web site

3 Applications Places System /)@

©0©6 crystallography Open Database: CIF Validator - Mozilla Firefox

+C O @1 http:/www.crystallography.net/store.php?f=0&CODSESSION=ZY0IgBDUSKTYEI-KIIS,grO5404.

Google $§Google (LT) 3COD COD(T)

PDB «/PDBe SPubMed [6)SG TnMy Moodle S4IUCr2011 \Wikipedia
1 Crystallography Open Databas... 4

Crystallography Open Database
Validation and Deposition Interface

Deposit structures Finish

Deposit to COD all valid files

Statu: Actions

File [om9010406_si_002.cif] is correct




Types of identifiers

@ A centralised registry:
e COD identifiers (e.g. COD 2000000);
PDB identifiers (e.g. PDB 1KNV);
DOI (e.g. 10.1093/nar/gkn883);
ARK (Archival Resource Key,
e.g. ark:/53355/cl010066723)
URI (e.g. https://www.w3.org/Provider/Style/URI.html)
ISSN, ISBN, PMID, PMCID, ...

© Randomised identifiers
e UUID (e.g. 90376010-a315-11ea-adba-6bb1c61159af)

o Cryptographic checksums (e.g. git commit
42a03a255612b8d43ecd77bb0acc02def888f688, 42a03a2);
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Take home messages

@ Data provenance is important for reproducible research;
© Unique stables identifiers help tracking data;

© Comprehensive metadata are needed for reproducibility;
© Let’s use standard well-defined data formats;

@ Document your computation work flow.
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Thank you!

Coordinates 2207377.cif
Original IUCr paper  HTML

http://en.wikipedia.org/wiki/Topaz http://www.crystallography.net/2207377.html
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| Fuentes-Cobas, Luis E. et al. (Aug. 2017). “The representation of coupling interactions
in the Material Properties Open Database (MPOD)”. In: Advances in Applied Ceramics
116.8, pp. 428-433. por: 10.1080/17436753.2017.1343782.

\ Grazulis, Saulius et al. (2009). “Crystallography Open Database — an open-access
collection of crystal structures”. In: Journal of Applied Crystallography 42,
pp. 726-729. por: 10.1107/50021889809016690. URL:
http://dx.doi.org/10.1107/50021889809016690.

\ Grazulis, Saulius et al. (2012). “Crystallography Open Database (COD): an open-access
collection of crystal structures and platform for world-wide collaboration”. In: Nucleic
Acids Research 40, pp. D420-D427. por: 10.1093/nar/gkr900. URL:
http://nar.oxfordjournals.org/content/40/D1/D420.abstract.

\ Hall, S. R. et al. (1991). “The crystallographic information file (CIF): a new standard
archive file for crystallography”. In: Acta Crystallographica Section A 47, pp. 655-685.
DoI: 10.1107/5010876739101067X. URL:

http://dx.doi.org/10.1107/5010876739101067X.

| Li, Chuan-Yun et al. (Jan. 2008). “Genes and (common) pathways underlying drug
addiction”. In: PLoS Computational Biology 4.1. Ed. by Peter D. Karp, e2. 1ssN:
1553-7358. por: 10.1371/journal.pcbi.0040002. URL:
http://dx.doi.org/10.1371/journal.pcbi.0040002.
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