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Abstract

The specification of a new standard Crystallographic
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
casily extensible free-format archive file; it is human
ind machine readable and can be edited by a simple

Introduction

There is an increasing need in many branches of science
for a uniform but fiexible method of archiving and ex-
changing data in electronic form. Rapid advances in com-
puter technology, coupled with the expansion of local,
national and intemnational networks, have fuelled the need
for such a facility. The variety and relative inflexibility
of existing data exchange formats have inhibited their ef-
fective use. This is true even in fields where the basic

Hall, S. R., Allen, F. H. & Brown, I. D. (1991). The Crystallographic Information File (CIF): a New
Standard Archive File for Crystallography. Acta Cryst. A47, 655-685
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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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tor the types of data to be aeposited ar sper ways of checking
= validity and consistency of the data will be developed in cooperation
1 the experimental community for each category of structure data ar-

ed by the PDB.

1 9 9 6 - I nt ro d u Ct i O n Of m m C I F 30] Macromolecular Crystallographic Information File

By PHILp E. Bourng, HELEN M. BERMAN, BRIAN MCMAHON,
Kerrn D. WATENPAUGH, JOHN D. WESTBROOK,
and PaurLa M. D. FITZGERALD

roduction

The Protein Data Bank (PDB) format provides a standard representa-
1 for macromolecular structure data derived from X-ray diffraction and
clear magnetic resonance (NMR) studies. This representation has served
: community well since its inception in the 1970s' and a large amount
software that uses this representation has been written. However, it is
ely recognized that the current PDB format cannot express adequately
large amount of data (content) associated with a single macromolecular
cture and the experiment from which it was derived in a way (context)
is consistent and permits direct comparison with other structure entries.
icture comparison, for such purposes as better understanding biological
iction, assisting in the solution of new structures, drug design, and struc-
e prediction, becomes increasingly valuable as the number of macromo-
ilar structures continues to grow at a near exponential rate. It could be
ied that the description of the required content of a structure submission
d be met by additional PDB record types. However, this format does
permit the maintenance of the automated level of consistency, accuracy.
« reproducibility required for such a large body of data.
A variety of approaches for improved scientific data representation is
ing explored.? The approach described here, which has been developed
ler the auspices of the International Union of Crystallography (TUCr),
» extend the Crystallographic Information File (CIF) data representation
d for describing small-molecule structures and associated diffraction
criments. This extension is referred to as the macromolecular Crystallo-

& f ). Brice ' B P

Bourne, P. E., Berman, H. M., McMahon, B., Watenpaugh, K. D., Westbrook, J. & Fitzgerald, P. M. D.
(1997). The Macromolecular Crystallographic Information File (mmCIF). Methods Enzymol. 277, 571-590
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3. Specification of the Crystallographic Binary File (CBF/imgCIF)

BY H.J. BERNSTEIN AN

2.1, Introduction
The Crystallographic Binary File (CBF) format is a comple-
mentary formal to the Crystallographic. Information File (CIF)
(Hall ex al., 1991) supporting efiicient storage of large quani-
ties of experimental data in a self-describing binary formal, The
Information File GmgCIF) is
I debugging and archiving of
tand m.m,m inclusion
of i ms and molee gs. into
CIFs for publication, The binary CBF format is .mm for han-
dling Targe images within laboratorics and for interchange among
¢ groups. For smaller blocks of binary data, either for-
be suitable. The ASCI imgCIF format is appropriate
for inierchange o[ e mages 3 m for long-term archivis

CB suppont efficient storage of raw experimen-
e wit o of

2

enables vy e . and encour-
ages economical use of disk space. It may be coded asily and is
partable across platforms. It and extensible so that
new data structures can be added without affecting the present def-
initions.

“These goals are achieved by a simple file format, combi
CIF-fike file header with compressed binary information, The e
header cansists of ASCII text giving information about the
data as CIF tag-value paies and tables. Eaeh binary image is pre-
sented as @ 1et-ield value, Githe as raw ocles of binary data
in s CBF data set, o as an AS
binary information in a true ASCII ngCIP
based encoded format uses e-mail MIME (Ml u,llrptm, Tntemet
Mail Extensions) conventions to mmm the binary data (Freed
& Borenstcin, 1996a.b.c: Fr . 1996: Moore. 1996). The
present version of the format tries o deal only with simple Carte-
sian data. These arc essentially the ‘raw” diffraction data that ypi-
re stored in commercial formats o ual formats inter-
o parculr nstutes, Oher forms of huuly image dua coud
be accommodated. It is hoped that CBF will
laboratory or institute formats for *ho m ‘dn-lumr systems,
will be used as an inter-program data-ex. and will
be offered as an output chaice by ommercildeector mamtscon

hin whi |h|mr) dats snd

images are stored. The categories and data items that are used to

desribe beam and caipment ancs. rastering methodologis, and

image compression techniques are de:
2C

ASlr:HERDERT . DEANSTE, Depstin of Moo Conptr
jence, Krany  Cepler, Dowling Colege. e Hour Bivd, Oubdale, NY
11768, USA! ANDAE P, HaMERSLEY, ESRFEMBL, Grecbi, & e Juks
Horonitz, France.

D A. P HAMMERSLEY

232 CBF and imgCIF
CEF am IneCIF v sopcos o the e fs CIFs
a separale
huury Tormat 1 allow the combinaion of peeudo-ASCIL sec-
In the binary-file CBF format, the
closely 10 the CIF standard but must use

CIF dici.
c to describ-
ing image data in both CBF and imgCIF data sets, Thus 8 CBF or
seluses data names from the CBEAmgCIF dictionary

The general structure oo CBFar imgCIF data set is shown i
Example 2.3.2.1. After a special comment to identify the file type
(a so-called ‘magic number’) and any other inftal comments, the
data sct begins with a_blockname’ which gives the name
of the data block. Tags and values that deseribe the and
how they were \ollccmd ‘come next, For efficiency in processing. it

This m;omm..ml.m:m is a requirement for the binary
1t is optional for the ASCII imgCIF format. The
image data are given as the value of the 19g _array d
The image data are given in a text field. using MIME conventions
1o deseribe the encoding.

23.2.1. A simple example

Before describing the format in full, we start by showing a sim-
ple but important and complete use of the format: that of storing
a single detector image: in a file tagether with a small amount of
auxiliary information. This is intended 1o be a useful example that
can be understood without re the full definitions.

unple will be presented and discussed in mm sections.
The circled numerals (e.g. (D) are included (0 allow us lo-comment
on portions of the example. They are nol part of the CBF/imgCIF
format

“The line marked by (D, starting with a hash character (#), is &
CIF and CBF comment line. As a first linc, the pattern of threc
hashes followed by “CBE helps to identify the data set s o CBF.
IUis a sa-called ‘magic nurber'. The lext s#8car: VERSTON must
be present as the very first fine of every CBF file. Following

Bernstein, H. J. & Hammersley, A. P. (2006). Specification of the Crystallographic Binary File (CBF/imgCIF). In
International Tables For Crystallography Vol. G: Definition and exchange of crystallographic data. Dordrecht: Springer
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2016 — Introduction of CIF2.0

Synopsis - Version 2.0 of the CIF format is described, and a formal specification is

provided.

Abstract - Version 2.0 of the CIF format incorporates novel features implemented in STAR
2.0. Among these are an expanded character repertoire, new and more flexible forms for
quoted data values, and new compound data types. The CIF 2.0 format is compared with both
CIF 1.1 and STAR 2.0, and a formal syntax specification is provided.

Keywords: CIF; CIF 2.0
1. Introduction

- e

Bernstein, H. J., Bollinger, J. C., Brown, |. D., Grazulis, S., Hester, J. R., McMahon, B., Spadaccini, N. & Westrip, S. P.
(2015). Specification of the Crystallographic Information File (CIF) format, version 2.0. J. Appl. Cryst. Submitted
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'C' 0.0033 0.0016

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4° Mitchell, L. A. &

'H' 0.0000 0.0000 Holliday, B. J. (2014)
"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4" 6 B A/ 6

'H' 0.0061 0.0033 -Bromo-N-(6-

'International Tables Vol C Tables 4.

%)
[=)]
[&4)

and 6.1.1.4'  bromopyridin-2-yl)-
N-[4-(2,3-dihydro-

thieno([3,4-

'c' 0.0106 0.0080
'"International Tables Vol C Tables 4.

R
[=1]
m

and 6.1.1.4"
'5' 0.1246 0.1234

‘st 0 2801 2 4;;;ternational Tables Vol C Tables 4.2.6.8 and 6.1.1.4" b][1,4]dioxin—5-
o =u. < =

‘International Tables Vol C Tables 4.2.6.8 and 6.1.1.2'  Yyl)phenyl]pyridin-2-
_computing data collection '<ixCrvstalClear</i> (Rigaku, 2008)°' amine. Acta Cryst
_computing cell refinement '<ix»CrystalClear</i> (Rigaku, 2008)°' E70. 0797
_computing_data_ reduction 'gixCryvstalllear</i> (Rigaku, 2008)°' , 0 .
_compu g_structure_solution '<ix»SIR87</i> (Rltomare <i>eft sl.</i», 194839)°

_computing_structure_refinement
'¢i»SHELXL97</i> (Sheldrick, 2008) within <i>FinG¥</i» (Farrugia, 2012)°"
_computing _molecular_ graphics
'¢ix»0ORTEP-3 for Windows</i> (Farrugia, 2012) and «<i>POV-RA¥</i> (Cason, 2004)°
_computing publication material
'¢i>SHELXL97</i» (Sheldrick, 2008) and <i>publCIF</i» (Westrip, 2010)°'
loop_
_atom_site_type_symbol
_atom site label
_atom site fract =
_atom =gite fract vy
_atom site fract =z
_atom _site_U_iso_or equiv
_atom_site_adp_ type
_atom =site _calc flag
_atom site refinement flags
_atom site occupancy
_atom site symmetry multiplicity
_atom_site_disorder assembly
atom_site_disorder_ group

om0 mm 0 omol

Rendered using Mercury [Macrae, C. F. et al. (2009). J. Appl. Cryst. 41, 466-

Cl 0.41439(12) 0.8677(3)

C2 0.5672(11) 0.7710(3)

.3436(3) 0.

.3635(3) 0.

0254 (13) Uani d

0223 (12) Uani d

4]

H1 0.401% 0.2100 0.2558 0.030 Uiso calc R 1 1
Q
a

C3 0.7454(12) 0.6007(5)
H3L 0.8736 0.5675 0.3141 0.029 Uiso
H3E 0.5491 0.5663 0.348% 0.029 Uiso

Ca 0.8723(12) 0.5774(5) 0.4210(3) O.

H4n 0.8982 0.4962 0.4385 0.02%9 Uiso
H4B 1.0666 0.6133 0.4177 0.029 Uis=o

C5 0.5503(10) 0.7210(5) 0.4403(3) O.

470]

.3458(3) 0.

0244 (13) Uani d
cale R 11
cale R 11
0238(12) Uani d
calc R 11
calc R 11
0188 (11) Uani d

Rendered using publcif [Westrip, S. P. (2010). J. Appl. Cryst. 43, 920-935]
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'"International Tables Vol C Tables 4.2.
.0000 0.0000 Holliday, B. J. (2014).
'"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4"
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'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4°' bromopyridin-Z-yI)—
.010& 0.0060 .
'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' N-[4-(2,3-dihydro-
.1246 0.1234 thieno[3,4-
o 2001 2 4;Zg[;te:t:nat.:l'.on.al Tables Vol C Tables 4.2.6.8 and 6.1.1.4" b][1,4]dioxin—5-
=u. < =
‘International Tables Vol C Tables 4.2.6.2 and 6.1.1.4'  Yl)phenyl]pyridin-2-
ta collection '<ixCrvstalClear</i> (Rigaku, 2008)°' amine.Acta Cryst.
inement '<irxCrystalClear</i> (Rigaku, 2008)°' E70 797
reduction 'gixCryvstalllear</i> (Rigaku, 2008)°' , 0 .
lution '<ix»SIR87</i> (Rltomare <i>eft sl.</i», 194839)°

inementc
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File Edé Selection Display View Calculate SolidForm Databases Help CIF Edt Prepint Tools Help
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I
Refinement on F* Secondary atom site location: difference Fourier map
Crystol Structures._ Spacegn
Least-squares matrix: full Hydrogen site location: inferred from neighbouring sites
+ st RIF? > 20(F%)] =0.051 H-atom parameters constrained
1 Pl
Refcode Lists wR(F%) =0.128 w= U[0%F) + (0.0638P)]
ConQuest Hits where P=(Fo’ +2F.)3
Mercury Fles
5=1.00 (AVO)zmax = 0.001
3521 reflections. APmz=1062 A~
271 parameters APmin=—0.83 A~

0 restraints

? constraints

C1
H1
Cc2
Diplay Optins — _
iy Options c3
7] wee vew
& - | show hy ]
=5 T ShortContact < (um oF vdW rad) Contact.. now hydrogens |71 Deoth cue p—
i genc Defoul dotid —_— 7] Show cellaxes 2Cioping 6 Mgl Srucnres
Muta centre Label atoms. $§ Structres... H3B
P

Reset

Structure Navigater | Searches

Bress the left mouse button and move the meuse to rotate the structure

Rendered using Mercury [Macrae, C. F. et al. (2009). J. Appl. Cryst. 41, 466- Rendered using publcif [Westrip, S. P. (2010). J. Appl. Cryst. 43, 920-935]
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x

0.4149 (12)

04019

0.5672 (11)
0.7454 (12)

0.8736
0.5491

Primary atom site location: structure-invariant direct methods

¥
03677 (5)
09100
0.7710 (5)
0.6007 (5)
03675
05663

Extinction correction: none

Eatinction coefficient: ?

Refinement of F against ALL reflections. The weighted R-factor wR and goodness of fit 5 are based on F°, conventional R-factors R are based on F, with F st to zero for negative F-. The
threshold expression of F* > (F7) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F are statistically about
twice as large as those based on F. and R-factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A%)

z T
03436 3) 00254 (13)
02958 0.030%
03635 3) 00223 (12)
03458 (3) 00244 (13)
03141 0.029%
03489 0.029%

of

viewlog
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HEADER
TITLE

COMPND
COMPND
COMPND
COMPND
COMPND
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE

N

DNA BINDING PROTEIN 02-MAR-15  4YIF
CRYSTAL STRUCTURE OF RVOB80
MOL_ID: 1;

2 MOLECULE: UNCHARACTERTZED HTH-TYPE TRANSCRTIPTIONAT, REGULATOR RVO880;

3 CHAIN: A, B, C, D, E, F;
4 FRAGMENT: UNP RESIDUES 2-143;
5 ENGINEERED: YES
MOL_ID: 1;
ORGANISM SCIENTIFIC: MYCOBACTERIUM TUBERCULOSIS;
ORGANISM TAXID: 83332;
STRAIN: ATCC 25618 / H3TRV;
GENE: RV0880, MTCY31.08;
EXPRESSION SYSTEM: ESCHERICHIA COLI BL21(DE3);
EXPRESSION SYSTEM TAXID: 469008;
EXPRESSION SYSTEM STRAIN: BL21(DE3);
EXPRESSION SYSTEM VECTOR TYPE: PLASMID;
EXPRESSION SYSTEM PLASMID: PET-282
MARR FAMILY, DNA SINDING PROTEIN, REPRESSOR, MYCOBACTERIUM
2 TUBERCULOSIS
X-RAY DIFFRACTION
¥.R.GAO,N.FENG,D.F.LI,L.J.BI
1 10-JUN-15 4YIF o]
AUTH  Y.R.GAO,N.FENG,T.CHEN,D.F.LI,L.J.BI
TITL  STRUCTURE OF THE MARR FAMILY PROTEIN RVO880 FROM
TITL 2 MYCOBACTERIUM TUBERCULOSIS

CwE e W W N

REF ACTA CRYSTALLOGR., SECT.F v. 71 741 2015
REFN ESSN 2053-230X
DOTI 10.1107/52053230X15007281
RESOLUTION. 2.00 ANGSTROMS.
REFINEMENT.
PROGRAM : PHENIX (PHENIX.REFINE: 1.8.4_1496)
AUTHORS : PAUL ADAMS, PAVEL AFONINE,VINCENT CHEN, IAN

DAVIS, KRESHNA GOPAL,RALF GROSSE-RUNSTLEVE,
LI-WEI HUNG,ROBERT IMMORMINC,TOM IOERGER,
ATRLIE MCCOY,ERIR MCEEE,NIGEL MCRIARTY,
REETAL PAI,RANDY READ,JANE RICHARDSON,
DAVID RICHARDSCN,TOD ROMO,JIM SACCHETTINI,
NICHOLAS SAUTER, JACOB SMITH, LAURENT
STORONI, TOM TERWILLIGER, PETER ZWART

REFINEMENT TARGET : ML

DATA USED IN REFINEMENT.

W W LW W W W W W W W W W W RN

RESOLUTION RANGE HIGH (ANGSTROMS) : 2.00
RESOLUTION RANGE LOW (ANGSTROMS) : 37.11
MIN (FOBS/SIGMA_FOBS) : 1.360
COMPLETENESS FOR RANGE (%) = 94.0
NUMBER OF REFLECTIONS : 54371

PDB structure 4YIF

data 4YIF
_entry.id 4YIF

_audit_conform.dict_name mmeif_pdbe.die

“audit_conform.dict_version 4.054

_audit_conform.dict_location  http://mmcif.pdb.org/dictionaries/ascii/mmecif_pdbx.dic
¥

Loop_

_database_2.database_id
_database_2.databass_code

PDB 4YIF

WWEDE D_1000207521

¥

_database_PDB_rev.num 1
“database_PDB_rev.date 2015-06-10
“database_PDB_rev.date_original = 2015-03-02
_database_FDB_rev.status ?

_database_PDE_rev.replaces 4YIF
_database_PDB_rev.mod_type 0
_pdbx_database_status.status_code REL
_pdbx_database_status.status_code_sf REL
_pdbx_database_status.status_code_mr ?
_pdbx_database_status.entry_id 4YIF
_pdbx_database_status.date_begin_release_preparation .
_pdbx_database_status.SG_entry N
_pdbx_database_status.deposit_site RCSE
_pdbx database_status.process_site RCSB
_pdbx_database_status.methods_development_category 2
_pdbx database_status.pdb format compatible b4
loop_

_audit_author.address
“audit_author.name
audit_author.pdbx_ordinal

7 'Gao, Y.R.' 1
? 'Feng, N.' 2
? 'Li, D.F.' 3
? 'Bi, L.J.' 4
¥

_citation.abstract ?
_citation.abstract_id Cas 2
_citation.book_id ISEN ?
_citation.book_publisher 2
_citation.book_publisher_city ?
_citation.book_title ?
_citation.coordinate_linkage ?
_citation.country us

_citation.database_id Medline 2
_citation.details ?
_citation.id primary

_citation.journal_abbrev 'Acta Crystallogr.,Sect.F'

Rendered using Jmol [Hanson, R. M. (2010). J. Appl. Cryst. 43, 1250-1260]
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Gao, Y.R., Feng, N., Chen, T., Li, D. F. & Bi, L.J. (2015). Structure of the MarR family
protein Rv0880 from Mycobacterium tuberculosis. Acta Cryst. F71, 741-745.

k?:ml version="1.0" encoding="UTF-8" ?>

<PDBx:datablock datablockName="4YIF"

"http://pdbml.pdb.org/schema/pdbx-v42.xsd
http://www.w3.org/2001/XMLSchema-instance"

x3i:schemalocation="http://pdbml.pdb.org/schema/pdbx-v42.xad pdbx-

<PDBx:atom_siteCategory>
<PDBx:atom_site id="1">
<PDBx:B_iso_or_equiv>61.04</PDBx:B_iso_or_equiv>
<PDBx:Cartn_x>30.188</PDBx:Cartn_x>
<PDBx:Cartn_y>-17.284</PDBx:Cartn_y>
<PDBx:Cartn_z>47.960</PDBx:Cartn_z>
<PDBx:auth_asym id>A</PDB:

uth_asym_id>

<PDE: uth_atom id>N</PDBx:auth atom id>

<PDB: uth_comp_id>SER</PDBx:auth comp_id>
<PDB: uth_seq id>4</PDBx:auth_seq id>

<PDE: roup PDB>ATOM</PDB

<PDE: abel alt id xsi:ni

<PDE: abel asym id>A</PDBx:label asym id>
<PDE: abel atom id>N</PDBx:label atom id>
<PDE: abel comp id>SER</PDBx:label comp id>
<PDE: abel entity id>1</PDBx:label entity id>

<PDBx:label_seq_id>25</PDBx:label_seq_id>
<PDB: ccupancy>1.00</PDBx:occupancy>
<PDBx:pdbx_PDB_model num>1</PDBx:pdbx_PDB_model num>
<PDBx:type_symbol>N</PDEx:type_symbol>
</PDBx:atom_site>
<PDBx:atom_site id="2">
<PDBx:B_iso_or_equiv>60.75</PDBx:B_iso_or_equiv>
<PDBx:Cartn_x>30.886</PDBx:Cartn_x>
<PDB: artn_y>-17.907</PDBx:Cartn_y>
<PDB: artn_ z>49.084</PDB
<PDE: uth asym id>A</PDB uth_asym id>
<PDE: uth atom id>CA</PDBx:auth_atom id>
<PDE: uth comp_ id>SER</PDBx:auth comp id>

<PDE: uth_seq id>4</PDBx:auth seq id>

<PDB

<PDB

<PDB L
<PDBx:label atom_id>CA</PDBx:label atom_ id>
<PDB: abel_comp_id>SER</PDBx:label_comp_id>

<PDBx:label_entity_id>1</PDBx:label_entity_id>
<PDBx:label_seq_id>25</PDBx:label_seq id>
<PDBx:occupancy>1.00</PDBx:occupancy>
<PDBx:pdbx_PDE_model_num>1</PDBx:pdbx_PDE_model num>
<PDBx:type_symbol>C</PDBx:type_symbol>
</PDBx:atom_site>
<PDBx:atom_site id="3">
_iso_or_ equiv>57.54</PDBx:B_iso_or_ equiv>
artn x>29.948</PDB artn x>
artn_y>-18.061</PDBx:Cartn_y>




The irrelevance of format

Gao, Y.R., Feng, N., Chen, T., Li, D. F. & Bi, L.J. (2015). Structure of the MarR family
protein Rv0880 from Mycobacterium tuberculosis. Acta Cryst. F71, 741-745.

PDB structure 4YIF

¢ = (= o 4VIF.cif - ction of 1 models> = & zapped
File Edit Display View Tools Mac Help File Edit Display View Tools - He File Edit Display View Tools Macr

- D -

| |E| e P | == ! | | y = BB P

492 x 491 0/23.1 : 1.1 492 x 491

Rendered using Jmol [Hanson, R. M. (2010). J. Appl. Cryst. 43, 1250-1260]




loop_
_array_element_size.array_id
_array_element_size.index
_array_element_size.size
image_1 1 150.0e-6&
image_1 2 150.0e-6

loop_
_array_intensities.array_id
_array_intensities.binary id
_array_intensities.linearity
_array_intensities.gain
_array_intensities.overload
_array_intensities.undefined
image_1 1 linear 1.55 240000 0

loop_

_array data.array id

_array_data.binary id

_array data.data
image 1 1

——CIF-BINARY-FORMAT-SECTION-—

Content-Type: application/octet-stream;
conversions="x-CEF_PACKED"

Content-Transfer—-Encoding: BASEG4

X-Binary-Size: 3745758

X-Binary-ID: 1

X-Binary-Element-Type: "signed 32-bit integer"

Content-MD5: lzsJ]WPfol2GY12V+QSXrw==

ELhQAARRARRARRAARRARRARARARRARARARRARARAARDHCRZHCRRGQQWC ZSGUARUFAThS 9308
/91rMvpiEXwlpwoceMIBYH] 78x7uSnszkeh7qm3XRé]k/Aa4x3Ecx3Ecx3Ecx3EcBzEEgRpW
/y8xGarlBaqzXkcCowT4AwT TfpAWSS£2vP606A/ SD8ZnixLE4/WMCzCgEAhgVNnv3wskB8009
EFaSG/3Gfq946GwL]HNE+gdindgflfol+EGN2LQIANeVRESr¥yChwlye/ v/ TLuHsdxHMdxHMdx
HMdxGAURAGrasHhIh6ccYh] VMEHSXx] g3wxeVNQ4 sPPCAXNNMrb/ BESAD] dtYzBLES+VIMET
+YsPmIJ/MPhvQe2GugexRTXFtT4PX1+0givhe8A3zpxUjbvWDe/r85cB8f6aYofNLIWwKBEvg
n31¥ClkRjj4jdnBzxNvezx04wyrbs8xAQLzwEDIo] GARAHMdxHMdx HMdxHMdxGASgvsmn+2/ &
gNivVYec]JWyISLsifRdreREUSoLAYenEjgvRirPEh3ELks1TMcOBxyPcePTr/ VETStFvQIOH
hz4x5hpl/QfmmOMcDl/JB368uTB41P/4wa2/eCTay1i8f/ foIJQHBfxEXOM4XR1vDrAAY SUqg+
Qx3TIXwCV2aTfkqlocD7RgiWtgHI7ThNzPChkznmOL4RUDlgyI+mShAHkcx3Ecx3Ecx3Ecx1EQ
QWCeWEXyHOcl8/ yvb/RYQnSIMIMAXV4ANNEUAS T TdTZwHiERkhvk3aL3g/meB+FEvhUAMDzMS 80
2plbREWSUhS0sCq2I5C/ Ta9Fs4SrgRYRMHTA2aADfYpsNtqSHhfe] jx92cQSG6T3vi6urTi9
HIHijajmFloLvixLBgR8gikicwchtmFCK3v4+L058n]zBXrEO3DgEsAChvzGgFnnNxsmHHFE
iigogWysjl4gxMCBazE0421042zi042z104ygElULtBvFO9JO1 ZHERAHDLreQRWGANE6gl 7 GVhED
Hpil/ SMx SUBxRDQ+gNoEfbr2 vOPER4TM] + BEIWECMSpRR] 4qEA51cGEPMTEbzObtAnDzzHSYYN
ES=gT466JI14h3EEYOpGEpXEn/ TmEMT+0h T fr4Pg+MgBkOl yvN4TOXC]YR2ZXeCRQOLWCEFD
Z0hwgzc4PrLtwp2I40yQfED67a8LEn/ /hESglgxL/ 7 6HYCULRaLvSwLEZS+5cPI7SvCAGrUS
1nYR9T2042zi042z10421i04yDSt/FgSHTSk/UnUd1EPErSYOHPS 2z xwHeVCUcdfg+AHExD3rJ+
XyBejPiyb¥3vijloTo2kBwnIQF3£f2xkGvEfusghEER/kjwR/ 09X EDQNER+Z/MENTN] +wx+2em
QU+Q3n33/35A80k2PFi+oHwfg/dCohbF1l/9UnS201E3xRkJQhzcahe40Ar 3NmOmi FUYXbHx=8
S0CUT15EmERCIwPAN4020X/ pgBngIViipe LwEDDH2 £/ Tq2rvYkUP315JApPgeROMIbAE3 0vML
4XNi12HSv4]0gTELIAX4/j0IT7]0I7]O0I7iMAPDIEIBTRSEw3HAEgT4uyQkFR1yPz1sIAfpgdRSH
BGuS5JLMgEN1CfnvOOADDXIDEmM3BE+WFZnwnFCyPOPTe+RsREDNEvt Y zFnUM53rnyBdg/ BEP
SwBRS0oT880hdgne5ul3/wexUIAGTIe0££3XhAmT j ThkHXnH+a0eQQEnl8kD3ymhmHFeuDgaH Snp
ZxaEzJed4G5MyUZ4mEB+fgrtoacNIFHCErl17PloplEJ+¥mVez09moiAuyBUY/ tStYZ2aME+Qa
RaD7£8kdod95Q0ekMECTrwbh7/UeU3V1B2iPQG+ohSo/j0I7j0I7j0I7TMIpBULUg/ O0s5YRa3

imgCIF format

The irrelevance of format

Example MAR image file example.mar2300

loop
_array slement size.array id
_array element_size.index
_array eslement_size.size
image_1 1 150.0e-6
image_1 2 150.0e-6&

loop

_array intensities.array id

_array_ intensities.binary_id

_array_intensities.linearity

_array intensities.gain

_array intensities.overload

_array_intensities.undefined
image_1 1 linear 1.55 240000 0

loop

_array_data.array_id

_array data.binary id

_array_data.data
image_1 1

i

——CIF-BINARY-FORMAT-SECTION-——

Content-Type: application/octet-stream;
conversions="x-CEF PACKED"

Content-Transfer-Encoding: BINARY

¥-Binary—Size: 3745758

¥-Binary-ID: 1

X-Binary-Element-Type: "signed 32-bit integer"

Content-MD5: lzsJjWPEoll2GY1l2V+QSKrw==
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CIF as a data model

1991: CIF Initial decoupling of syntax/semantics
1995: DDL1: machine-readable semantics
1996: mmCIF Relational data model

2000: imgCIF (Handling of binary data)

2013: DDLm: dynamic (methods) data model

2016: CIF2.0 (Extended character set, data types)



CIF as a data model

 DDL (dictionary definition language) is the mechanism in
the CIF world for describing relationships between
defined data objects

 DDL (data description language) is the mechanism in the
relational database world for characterising relationships
between items in the database

* The two perform very similar functions



FEEEREERRRERRERRRER
#¥ WDC_IUCE _ROLE ##§
FEEEREFR AR ERRERSIES

save WDC IUCR ROLE
_category.description
H The WDC_TUCR_ROLE records the holders of offices or named
positions within the International Union of Crystallography,
its Committees and Commissions.

_category.id wdc_iucr_role

_category.mandatory code no

_category_key.name '_wde_iucr_ role.id’
loop_

_category_group.id "wdec_group’

"person_group’
loop_

_category examples.detail

_category examples.case

Example 1 — based on IUCr staff entries for the World Database 1lth edition

loop
_wde_iuer_role.person_id
_wdec_iucr_role.position
_wde_iucr_role.body

002456 President B
006282 Member "Promotions Committes’
006189 "Coordinating Secretary’
'Committee for the Maintenance of the CIF Standard'
006185 Member "Electronic Publishing Committee’
006189 Editor
; International Tables for Crystallography Vol. G: Crystallographic
Information

save_ wdc_iucr_role.body
_item description.description
The name of an IUCr Committee, Commission or other body.

item.name N

_item.category_id

_wdc_iucr_role.body'
wdc_iucr_role

_item.mandatory_code no
_item type.code char
leoop

_item_enumeration.value '"Executive Committee’

'Finance Committee"

'Sub-committee on the Union Calendar’

; Sub-committee on Electronic Publishing,

Dissemination and Storage of Information

CIF as a relational data model

World Database of Crystallographers (WDC

WDC initially implemented as a STAR database
Updated as an InterBase RDBMS

Database Wiew Server Object Help

-0/

ﬁ Home
-0 Localhost
E

platon.iucr.org
@) person_db
- Domains
Exceptions
unctions
Generators (8)
Procedures (1)
Roles (1)
System tables (42)
Tables (20)
-E] ADDRESS
B ALK
B coMM_INTS
B CoM_TO_PERSON
B country
--[F EDITOR
|
B
B
B
E|

FAX
GINTS_TO_PERSON
INTS_GEN
INTS_5CI
TUCR_ROLE

-€, PERSON_ID Integer

{A&] TUCR_ROLE Varchar(255)

" [A] BODY Varchar(255)

LANGUAGE

OTHER_ROLE
PERSON

PHONE

PRIVILEGE

PURCHASE

SA_PERSON

SINTS_TO_PERSON

SUBI_AREA

riggers (53)

@ Views

[©] chub

i i [ Y i R o i

Il

PERSOM: Table TUCR_ROLE:DDL <

4

Summary | Constraints | Triggers | Indices | Privileges | Dependencies | DDL

CREATE TAELE IUCR_ROLE

{
PERSON _ID Integer,
IUCR ROLE Varchar(255),
BODY Varchar (255)

)i

ALTER TABLE IUCR ROLE ADD

FOREIGN KEY (PERSON ID) REFERENCES PERSON (PERSON ID) ON UPDATE CASCADE ON DELETE
GRANT DELETE, INSERT, REFERENCES, SELECT, UPDATE

ON IUCR ROLE TC SYSDBA WITH GRANT CPTION;

GRANT DELETE, INSERT, REFERENCES, SELECT, UPDATE
ON IUCR ROLE TO WEBUSER:

4| |

[Nebuser@p{abon‘iucr‘org:J’out.lﬁrebird!dbﬁlas,fpersonfc |wabuser@plamﬂ.iucr.org:.Joptfﬁrebird}dbﬁlesjpersomdb‘gdb (NONE) v




entity
e id -

formula_weight
details
src_method
type

entity poly

—e entity id
nstd_chirality
nstd_linkage
nstd_monomer
number_of monomers
type

type_details

entity poly seg
e entity id

chem comp

BE X I

model details
model source
mon_nstd_class
mon_nstd_details
men_nstd_flag
mon_nstd_parent
name
number_atoms_all
number_atoms_nh
one_letter_code
type

atom site
. 1
footnote_id
label alt_id
label” asym_id
label atom_id
- label comp_id

label entity_id

entity link
—entity seq num 1
—entity_seq_num_2
—entity id_1
—entity id 2
e link id—

o nIum * label_seqg_id
® MOM_id esremesssssssssssesssesessanadissssnnanas type_symbol
hetero anisoc_B
aniso U

Cartn_x,Cartn_y,Cartn_z
fract x, fract_y,fract_z
occupancy

{...many others...)

chem link

details

> o 1

details

The family of categories (in the mmCIF dictionary) used to
describe polymer chemical entities; from Fitzgerald, P. M.
D. et al. (2006). Classification and use of macromolecular
data. In International Tables For Crystallography Vol. G:
Definition and exchange of crystallographic data.

Dordrecht: Springer

CIF as a relational data model

Protein Data Bank

PDB schema based on the mmCIF dictionary

Ve
. b
-
-
—
B

o
=
==y
|

-
il
1

Global schema map of the entire PDB relational database;
from Schierz, A. C., Soldatova, L. N. & King, R. D. (2007).
Nature Biotechnology, 25, 437-442



Structure of a CIF dictionary definition

e =S
/ [} Data Item _entity.formula_ x '\,
&« C & [ mmcif. wwpdb.org/dictionaries/mmcif_pdbx_v40.dic/Ttems/_entity.formula_weight.html e =

Data ltem _entity.formula_weight

Browse: Dictionary Category Groups Data Categories Data ltems Supporting Data

General o

ltem name _entity formula_weight
Category name eniity
Attribute name formula_weight

save__entity.formula_weight Required in PDB entries - no .
R 'tem descr-i p't'| on descr-i p't'| on Used in current PDB entries Yes, in about 100.0 % of entries
1 L .
; Formula mass in daltons of the entity.
; Item Description o
_item.name '_entity.formula_weight' Formula mass in daltons of the entity
_item.category_id entity
_item.mandatory_code no Data Typs &
Toop_
item_range.maximum Data type code  foat
. - o o Data type detail float item types are the subset of numbers that are the floating numbers.
1 tem_r'ange .minimum 5 1.0 Primitive data type code numb
1 i 0 1 i 0 Regular expression  -2(([0-2]+)[.]2|([8-9]*[.][@-2]+)) ([(][0-2]+[}])?([eE][+-]?[8-2]+)?
_item_type.code float
save_ Allowed Boundary Conditions o
Minimum Value Maximum Value
1.8
40
© wwPDB

As it appears in the mmCIF dictionary (easy for computers to read) As it appears on the PDB website (easier for people to read?)



Structure of a CIF dictionary definition

data_cell_volume

_hame '_cell_volume'
_category cell

_type numb
_type_conditions esd
_enumeration_range 0.0:

_units AA3A
_units_detail 'cubic angstroms'

_definition
: Cell volume V in angstroms cubed.

V=ab c [1- cosA2A(alpha) - cosA2A(beta) - cosA2A(gamma)
+ 2 cos(alpha) cos(beta) cos(gamma) ] Al/2A

a = _cell_length_a
b = _cell_length_b
C = _cell_length_c
alpha = _cell_angle_alpha
beta = _cell_angle_beta
gamma = _cell_angle_gamma

A more complex example. The relationships with other data items are described — but not in a form
that a computer program can do anything with.



Structure of a CIF dictionary definition

save_cell.volume

_definition.id '_cell.volume'
Toop_

_alias.definition_id '_cell_volume'

_definition.update 2013-03-07

_description.text

Volume of the crystal unit cell.

_hame.category_id cell
_hame.object_id volume
«  Spadaccini, N. & Hall, S. R. (2012). _type.purpose Measurand
Extensions to the STAR File Syntax. J. —type.source Derived
Chem. Inf. Model. 52, 1901-1906. —type.container Single
o _type.contents Real
*  Spadaccini, N. &.Hfall, S.R. (291.2.). _enumeration. range 0.0:
DDLm: A New Dictionary Definition _units.code angstrom_cubed
Language. J. Chem. Inf. Model. 52, Toop_
1907-1916. _method.purpose
«  Spadaccini, N., Castleden, I. R., Du —method. expression
Boulay, D. & Hall, S. R. (2012). dREL: Evaluation

A Relational Expression Language for ’
Dictionary Methods. J. Chem. Inf.
Model. 52, 1917-1925.

with v as cell_vector
_cell.volume = v.a * ( v.b A v.c )

save_

But in the new DDLm, methods are introduced that can be interpreted and executed by computer
programs: allows validation of data or retrieval of absent data provided more primitive data values
are present.



Structure of a CIF dictionary definition

save_refln.F_complex

Toop_
_method. purpose
_method.expression

Evaluation
with r as refln # reflection packet in scope
fc = complex (0., 0.)
h = r.hkl
Loop a as atom_site { # Summation over atom sites
X = a.fract_xyz
f = (r.form_factor_table[a.type_symbol]*

)}

.symmetry_multiplicity*a.occupancy)

B = a.matrix_beta

Loop s as symmetry_equiv { # Summation over symmetry
fc += f * Exp(-h*s.R*B*s.R*h) *
ExpImag(TwoPi*(h*(s.R*x+s.T)))

}
}
refin.F_complex = fc # evaluate defined item
save_

asymmetric symmetry

—B;(sy) —2mheR,r.
Another, more complicated example: structure factor F(h) = Z fj (S) Z e ) k)e “
J k



Existing CIF dictionaries
‘Official’: managed by COMCIFS

cif _core.dic 14.1 crystallographic core

cif_core_restraints.dic 1.4.1 restraints or constraints in least-squares refinement of crystal
structures

cif_pd.dic 1.4.1 powder diffraction

cif_ms.dic 1.4.1 incommensurately modulated crystal structures

cif_rho.dic 1.4.1 results of electron density studies

cif_twinning.dic 1.4.1 crystallographic twinning

cif_img.dic 2.1.3 diffraction images

cif_sym.dic 2.13 crystallographic symmetry

ddl_core.dic 1.4.1 dictionary definition language

ddl_core_2.1.6.dic 2.1.6 relational dictionary definition language

cifdic.register 14 register of dictionaries distributed by IUCr



Existing CIF dictionaries

‘Official’: managed by wwPDB

PDBx/mmCIF 2.1.15 PDB Exchange Dictionary supporting data files in the PDB archive

NMR-STAR.dic 2.1.x NMR structures in the BioMagResBank archive

mmcif nef.dic 2.1.x NMR exchange format

mmcif_sas.dic 2.1.x small-angle scattering

mmcif_em.dic 2.1.x 3D electron microscopy data

mmcif_img.dic 2.1.x PDB maintained version of diffraction image data description
mmcif_sym.dic 2.1.x PDB maintained version of crystallographic symmetry
mmcif_biosync.dic 2.1.x features of synchrotron facilities and beamlines
mmcif_mdb.dic 2.1.x Homology models and homology modelling methodologies

mmcif_ddl.dic 2.1.15 relational dictionary definition language



Existing CIF dictionaries

‘Private’: distributed by IUCr

cif_iucr.dic 14.1 private data items used by the IUCr in journal publishing

cif_ccdc.dic 1.4.1 private data items used by the Cambridge Crystallographic Data
Centre

cif_compat.dic 1.4.1 legacy CIF Dictionary of deprecated terms



Putative CIF dictionaries

Reserved namespaces registered with IUCr

B+S, BplusS, pdb2cif  H. J. Bernstein crystmol CrystMol software EBI Molecular Structure Database Group
CCP4 CCP4 software suite csd Cambridge Structural Database ndb Nucleic Acids Database
H5, NX support of HDF5 and NeXus  dft density functional theory calculations nottingham University of Nottingham
integration
NIEHS Natl Inst. of Environmental ebi EBI macromolecular harvest deposition  oxford U. Oxford CRYSTALS software
Health Sciences file
SSAD Sulfur SAD Database edchem Edinburgh University Chemistry parvati PARVATI validation server
acihd ACI Heidelberg gsas GSAS powder refinement system pdb, pdbx Protein Data Bank
amcsd American Mineralogist gsk GlaxoSmithKline phenix PHENIX software suite
Crystal Structure Database
anbf Australian National Beamline iims Integration of 3D Electron Microscopy publcif publCIF editor software
Facility with X-ray and NMR methods
asd Active Site Database itgb Inst. Tecnologia Quimica e Biologica da rayonix Rayonix (Mar USA) instruments

Univer. Nova de Lisboa, Oeiras, Portugal

bruker Bruker AXS iucr IUCr journal use rcsb Research Collaboratory for Structural
Bioinformatics

ccdc Cambridge Crystallographic  mdb database of model structures of shelx SHELXL solution and refinement programs
Data Centre biological molecules

cgraph Oxford Cryosystems montpellier University of Montpellier tcod Theoretical Crystallography Open
Crystallographica package Database

cod Crystallography Open mpod, prop Material Properties Open Database vrf checkCIF validation reply form entries
Database

wdc entries in World Directory of  xtal Xtal program system

Crystallographers



Potential CIF dictionaries

Proposed, under development or abandoned

magCIF magnetic structures; under development by Commission on
Magnetic Structures

Xasformat, xasCIF efforts to define a data standard for X-ray absorption
spectroscopy; input from Commission on XAFS

MPOD Materials Properties Open Database ontology

Lattice topology e.g. following descriptive model of TOPOS software



Data flow in crystallography

Chemistry
databases
(CCDCQ)

IUCr
journals

Experiment (Structure
Data :
(synchrotron . solution and
reduction _
or laboratory) refinement
(laboratory) Other Biological structure
g journals databases
(PDB)
- 2
v v
® ® @® retained by scientist
Raw experimental data (e.g. diffraction images) M archived at facility (~6 months)

n deposited

’ published/disseminated
W validated

Reduced/processed data (e.g. structure factors)
Derived data (e.g. coordinates, a.d.p.s)




Data flow beyond crystallography

Chemistry
databases

I

I

1 1ucr
1

Scientific resource Experiment. - stucre
® TeCh nlq ue or laboratory) reduction refinement

(laboratory) Biological structure
*  Probe (X-ray, neutron, electron) | l databases
* Equipment -
*  Beamline *
*  Funding ° P4
e Time

. Scale



Data flow beyond crystallography

Scientific context for the

experiment

* Theory

* Invention

* Development
*  Synthesis

*  Preparation

Chemistry
databases

I

I

1 1ucr
1

Structure
solution and
refinement
(laboratory)

or laboratory)

Scientific resource [E""”‘““ ’ ‘D

(synchrotron .
) reduction
*  Technique

Biological structure

*  Probe (X-ray, neutron, electron) | l u databases

. Equipment ) M

*  Beamline *
*  Funding ° ®

* Time

. Scale



Motivation
*  Curiosity
. Mission

*  Exploitation
*  Serendipity
. Literature

J Patents

Scientific context for the

experiment

* Theory

* Invention

* Development
*  Synthesis

*  Preparation

Data flow beyond crystallography

IT infrastructure
Word size, Byte order

Management .

J Funder
J Research Framework
*  Principal Investigator

Encoding
Lossiness
Volume

Software dependencies

Knowledge

*  Semantic Web

o Literature

*  Text mining

* Theory generation

Archiving

*  Accountability *  Bit-rot

Reliability

*  Equipment maintenance .

* Calibration .

*  Regression testing .

e  Statistical analysis
ity (S

e e

1UCr

Scientific resource [ Expernent
° Tech nlq ue or laboratory)

H

Structure
solution and
refinement

Data
reduction

*  Probe (X-ray, neutron, electron)
. Equipment

* Beamline

*  Funding

* Time

* Scale

|

(laboratory)

Biological structure
databases

Chemistry
databases

Repositories
Digital Libraries
Curated databases

Credit

o Citation
. Reputation
. Recognition, Prizes
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