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Science

From Latin scientia: ‘knowledge’

Exploration
Discovery
Interpretation
Inspiration
Information
Data

Facts
Knowledge
Communication
Understanding



International Union of
Crystallography

A commitment to scientific communication

1948 — IUCr founded; Acta Crystallographica launched; Structure Reports launched;
Commission on Crystallographic Nomenclature; Commission on Crystallographic Data
1952 — International Tables for X-ray Crystallography published

1967 — Union Member of CODATA (founded in 1966)

1970s — Commission on Crystallographic Data reports to Executive Committee on
structural databases: Powder Diffraction File (founded 1938); Cambridge Structural
Database (1965); Protein Data Bank (1971); Nucleic Acid Database (1991); Inorganic
Crystal Structure Database (1978); CRYSTMET (1974) etc.

1978 — Computing and Data Commissions call for a standard file structure (SCFS)
1987 — Executive Committee calls for new standard to allow electronic submission to
journals

1991 — CIF format adopted; used in journal submissions and database (CSD) import
1993 — COMCIFS founded to maintain the CIF standard

2011 — Working Group convened by Executive to consider routine deposition of
diffraction images and other raw data sets



eneral

Frame hypothesis
Perform experiment
Collect raw data
Reduce/process data
Derive model

Validate model
Submit paper
Peer review

Publish article
(Archive/disseminate data)

A paradigm for scientific
communication

X-ray crystallography

Structure/function e.g. pharma

X-ray diffraction from single crystal/powder
— X-ray diffraction images (~ 1 GB)
—> Structure factors (~ 1-10 MB)
—> Structure solution/refinement packages
— PLATON/checkCIF
—> Submit paper in CIF format
— Includes checkCIF/database searches
— As PDF/rich HTML, with CIF, s.f.s

—> (imgCIF), coreCIF/mmCIF, PDB, CSD



Data flow in crystallography
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Crystallographic Information
Framework

A unifying set of ideas for the definition and
exchange of crystallographic data

1991 — Crystallographic Information File format
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Crystallographic Information File format
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Abstract Introduction
There is an increasing need in many branches of science

The specification of a new standard Crystallographic  for a uniform but fiexible method of archiving and ex-

Information File (CIF) is described. Its development is
based on the Self-Defining Text Archive and Retrieval
(STAR) procedure [Hall (1991). J. Chem. Inf. Comput.
Sci. 31, 326-333]. The CIF is a general, flexible and
easily extensible free-format archive file; it is human
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changing data in electronic form. Rapid advances in com-
puter technology, coupled with the expansion of local,
national and international networks, have fuelled the need
for such a facility. The variety and relative inflexibility
of existing data exchange formats have inhibited their ef-



Crystallographic Information
Framework

Crystallographic Information File format

data_I
_chemical_name_systematic 'Biphenyl1-2,4,4"',6-tetracarboxylic acid monohydrate'
_chemical_formula_moiety "C16 H10 08, H2 O
_chemical_formula_sum "C16 H12 09'
_chemical_formula_weight 348.26
_symmetry_cell_setting monocTlinic
_symmetry_space_group_name_H-M "P 21/c'’
_symmetry_space_group_name_hal]l "-p 2ybc’
Toop_
_symmetry_equiv_pos_as_Xyz
'X, y, z' '-x, y+1/2, -z+1/2' '-x, -y, -Z' 'x, -y-1/2, z-1/2'
_cell_Tlength_a 5.638(4)
_cell_Tength_b 16.160(11)
_cell_Tength_c 16.798(12)
_cell_angle_alpha 90.00
_cell_angle_beta 92.524(12)
_cell_angle_gamma 90.00

_cell_volume 1528.9(19)
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A unifying set of ideas for the definition and
exchange of crystallographic data

1991 — Crystallographic Information File format
1991 — Data dictionaries separating semantics from syntax
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Framework

Data dictionaries separating semantics from
syntax

data_refln_phase_calc

_name '_refln_phase_calc'
_category refln

_type numb

_list yes
_list_reference '_refln_index_'
_units deg

_units_detail 'degrees'’

_definition
The calculated structure-factor phase in degrees.
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Framework

A unifying set of ideas for the definition and
exchange of crystallographic data

1991 — Crystallographic Information File format
1991 — Data dictionaries separating semantics from syntax
1996 — CIF mandatory submission format for Acta C
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CIF mandatory submission format for Acta
Crystallographica Section C

Acta Cryst. (1996). C52, xvii—xviii

Editorial

1,4-Didecyloxybenzene

This year will see several important changes to the
publication and presentation of Acta Crystallographica
Section C. These include the mandatory requirement
that submissions be electronic, the availability on the
Internet of Contents information for each issue and
the introduction of a listing of unpublished structures
deposited in the Cambridge database. I would like to use
this opportunity to give the reasons for introducing these
changes, as they will significantly affect both readers and
authors of this journal.

Editor: S. R. Hall

New Notes for Authors in this issue
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A unifying set of ideas for the definition and
exchange of crystallographic data

1991 — Crystallographic Information File format

1991 — Data dictionaries separating semantics from syntax
1996 — CIF mandatory submission format for Acta C
1997-8 — PDB management by RCSB; mmCIF
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Research Collaboratory for Structural Biology takes over
management of Protein Data Bank and re-engineers
database using the macromolecular CIF (mmCIF) schema
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Crystallographic Information
Framework

A unifying set of ideas for the definition and
exchange of crystallographic data

1991 — Crystallographic Information File format

1991 — Data dictionaries separating semantics from syntax
1996 — CIF mandatory submission format for Acta C
1997-8 — PDB management by RCSB; mmCIF

2000 — imgCIF/CBF formats for X-ray diffraction images
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imgCIF/CBF formats for X-ray diffraction images
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Crystallographic Information
Framework

A unifying set of ideas for the definition and
exchange of crystallographic data

1991 — Crystallographic Information File format

1991 — Data dictionaries separating semantics from syntax
1996 — CIF mandatory submission format for Acta C
1997-8 — PDB management by RCSB; mmCIF

2000 — imgCIF/CBF formats for X-ray diffraction images
2011 — Diffraction Data Deposition Working Group
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Diffraction Data Deposition Working Group.
Chair: John Helliwell

1. The Living Publication has existed for-many y:ears for crystallographers
John R. Helliwell and Brian McMahon ECM27 Wo rkshop’ Bergen,

2. Continuous improvement of macromolecular crystal structures Norway, 6 AUgUSt 2012
Thomas C. Terwilliger

3. Should the crystallographic community require the archiving of raw diffraction
data from a crystal, a fibre or a solution?
John R. Helliwell and Brian McMahon



Crystallographic Information
Framework

A unifying set of ideas for the definition and
exchange of crystallographic data

1991 — Crystallographic Information File format

1991 — Data dictionaries separating semantics from syntax
1996 — CIF mandatory submission format for Acta C
1997-8 — PDB management by RCSB; mmCIF

2000 — imgCIF/CBF formats for X-ray diffraction images
2011 — Diffraction Data Deposition Working Group

2013 — DDLm Workshop, U. Warwick
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DDLm incorporates algorithmic methods

save_refln.phase_calc

_definition.id '_refln.phase_calc'
Toop_

_alias.definition_id '_refln_phase_calc'

_definition.update 2013-04-27

_description.text

The phase of the calculated structure-factor.

data_refln_phase_calc

. : _hame.category_id refln

—name —reflin_phase_calc _hame.object_1id phase_calc
RO refin _type.purpose Measurand
~Lype numb _type.source Derived
_list yes _type.container Single
—~list_reference _ , _type.contents Real

, —refln_index_ _enumeration.range 0.:360.
T LS _ deg _units.code degrees
_units_detail 'degrees'’ Toop

_definition
: The calculated structure-factor
phase in degrees.

_method.purpose
_method.expression
Evaluation

phase = Atan2d ( _refln.B_calc, _refln.A_calc )
If(phase < 0.) _refln.phase_calc = phase + 360.
Else _refln.phase_calc = phase

save_



Frame hypothesis

Perform experiment
Collect raw data
Reduce/process data
Derive model

Validate model \

Submit paper

Peer review

Publish article
(Archive/disseminate data)

Pushing back the boundaries

X-ray crystallography

—> Structure/function e.g. pharma

—> X-ray diffraction: single crystal/powder
> X-ray diffraction images (~ 1 GB)

—> Structure factors (~ 1-10 MB)

—> Structure solution/refinement packages
—> PLATON/checkCIF

— Submit paper in CIF format

—> Includes checkCIF/database searches
—> As PDF/rich HTML, with CIF, s.f.s

— ImgCIF, coreCIF/mmCIF, PDB, CSD
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