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ModelCIF: An extension of PDBx/mmCIF data representation for computed structure
models

SUPPLEMENTARY MATERIAL

Methods

Extending PDBx/mmCIF for computed structure models

ModelCIF is an extension of PDBx/mmCIF [1, 2] for describing macromolecular structures
modeled by computational methods. The definitions in ModelCIF are the result of collaborations
and discussions among the ModelCIF working group members (wwpdb.org/task/modelcif) and
are based on examples of computed structure models (CSMs) obtained from modeling resources
such as SWISS-MODEL repository [3], RoseTTAFold [4, 5], ModelArchive
(https://www.modelarchive.org), ModBase [6], I-TASSER [7, 8], and AlphaFoldDB [9]. These
collaborative efforts have culminated in the creation of version 1.4.4 of the ModelCIF dictionary
extension released in December 2022
(https://mmcif.wwpdb.org/dictionaries/mmcif_ma.dic/Index/). ModelCIF is licensed under
Creative Commons Zero v1.0 Universal (CCO 1.0) license.

ModelCIF dictionary development (GitHub)

The ModelCIF dictionary is developed as a collaborative project on a public GitHub repository
(https://github.com/ihmwg/ModelCIF). The complete ModelCIF dictionary extension file is
available under the distribution (i.e., “dist”) directory (mmcif_ma.dic) within the repository. This
complete and distributable form of the extension is constructed from the concatenation of the
individual source dictionary components found under the “base” directory
(https://github.com/ihmwg/ModelCIF/tree/master/base); thus, these “base” files are what are
directly modified by maintainers, which are then combined to generate the complete distributable
extension file (using the “build” scripts in https://github.com/ihmwg/ModelCIF/tree/master/scripts).
Any additions or modifications arising from the discussions in the ModelCIF WG are incorporated
in the source dictionary files on GitHub, followed by a full update and release of the dictionary.
Whenever ModelCIF is updated, the latest PDBx/mmCIF dictionary is pulled from the
corresponding Git repository (https://github.com/wwpdb-dictionaries/mmcif_pdbx) to ensure
compatibility and compliance with the latest PDBx/mmCIF definitions. Importantly, upon each
update, the ModelCIF version number is incremented and metadata regarding the revision history
is included.

ModelCIF validation and maintenance (GitHub, mmCIF resources website, PDBx/mmCIF
dictionary tools)

Following the introduction of any new modifications and version updates to ModelCIF, the
resulting fully-formed dictionary undergoes a series of quality checks to ensure the dictionary is
formatted properly, is free of any syntax errors, and successfully validates a set of example model
files. Some of these checks are performed while building the concatenated dictionary file from the
source “pbase” files described above. In addition, PDBx/mmCIF software tools (e.g.,
https://github.com/rcsb/cpp-dict-pack) are used to further validate the updated dictionary. Only
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upon successful passing of these validation tests is the new version of the dictionary extension
released on GitHub and published on the PDBx/mmCIF resources website, mmcif.wwpdb.org
(i.e., https://mmcif.wwpdb.org/dictionaries/mmcif_ma.dic/Index/).

Results and discussion

Supporting software tools and resources

The following software tools and CSM resources support ModelCIF (also listed in Table 1 in the
main text).

python-modelcif: The python-modelcif library (https://github.com/ihmwg/python-modelicif)
provides a mechanism to describe a structural model as a hierarchy of Python objects. These
objects capture the same information as in the ModelCIF dictionary and can be written out to or
read in from either mmCIF or BinaryCIF [10] files (BinaryCIF format provides improved
compression and parsing performance). The library automatically handles the various object
identifiers used in the ModelCIF dictionary, mapping them naturally to interrelationships between
Python objects, and mapping controlled vocabulary terms defined in the dictionary to Python
subclasses. The library thus generates conformant ModelCIF files “by construction”, although it
is also able to read in and validate files against the ModelCIF dictionary. Convenience Python
application programming interfaces (APIs) are also provided to add additional metadata to output
files, such as citation information from PubMed, reference sequence information from UniProtKB
[11], and metadata about associated files. The library is designed such that it can be embedded
in a modeling or visualization package to support input or output of ModelCIF files, or it can be
used standalone, and it is available under the permissive MIT open-source license. The python-
modelcif library provides scripts to (a) convert ModelCIF files to BinaryCIF format
(https://raw.githubusercontent.com/ihmwg/python-modelcif/main/examples/convert_bcif.py); (b)
validate a ModelCIF file against the dictionary (https://raw.githubusercontent.com/ihmwg/python-
modelcif/main/examples/validate_mmocif.py); and (c) create a minimal ModelCIF file without any
additional metadata (https://raw.githubusercontent.com/ihmwg/python-modelcif/main/util/make-
mmocif.py).

ModelCIF-converters and other tools that support ModelCIF: ModelCIF-converters
(https://git.scicore.unibas.ch/schwede/modelcif-converters) is a growing repository of scripts and
use cases for converting models from legacy PDB format to ModelCIF using python-modelcif and
OpensStructure [12]. The repository also includes a containerized solution for validating ModelCIF
files. In addition, there are other tools that convert PDB format files generated from specific
modeling applications to ModelCIF (https://github.com/salilab/modbase_utils,
https://github.com/ihmwg/modelcif_utils).

wwPDB mmCIF software resources webpage: This website provides a list of software libraries
and tools that support PDBx/mmCIF (https:/mmcif.wwpdb.org/docs/software-resources.html),
many of which also support ModelCIF (e.g., ciftools-java, py-mmcif). These include tools
developed by the wwPDB and the structural and computational biology community.
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ModelArchive: ModelArchive supports the submission of ModelCIF files. The information
necessary for deposition is extracted from the metadata in the ModelCIF file. ModelCIF files are
also mandatory for the deposition of large datasets. Current datasets include structural predictions
of core eukaryotic protein complexes generated by RoseTTAFold [4, 5] in combination with
AlphaFold2 [13] (ma-bak-cepc) [5], structural and functional predictions using ColabFold in
combination with FoldSeek (ma-coffe-slac), structural predictions for Mycobacterium tuberculosis
proteins of relevance for antibiotic resistance obtained using a combination of SWISS-MODEL
[14], AlphaFold-Multimer and small molecule docking (ma-tbvar3d), and AlphaFold2 predictions
of Sphagnum divinum (ma-ornl-sphdiv) [15] and the African swine fever virus (ma-asfv-asfvg). To
assist depositions and to generate correctly formatted ModelCIF files, the ModelArchive team
developed ModelCIF-converters (https://git.scicore.unibas.ch/schwede/modelcif-converters).
ModelArchive furthermore takes advantage of cross-references to UniProtKB [11] included in
ModelCIF files to connect these models within the 3D-Beacons network [16], which provides
unified data access to models from various model providers.

SWISS-MODEL: The ModelCIF format is well suited to provide a single output file for homology
models generated by SWISS-MODEL [14]. Experimental support for ModelCIF files is available
for interactive SWISS-MODEL projects and includes information on templates and alignments
used as well as model quality assessments. Work is in progress to add ModelCIF support to the
SWISS-MODEL Repository [3].

Modeller: The Modeller [17] comparative modeling pipeline supports output of models in
ModelCIF compliant format, including information on the template(s) and alignment(s) used.

Zhang-Group servers: Most protein structure prediction servers from Zhang-Group now support
ModelCIF. For example, I-TASSER related servers [7, 8], QUARK related servers [18, 19], and
the LOMETS [20] server can provide the final predicted model in both PDB format [21] and
ModelCIF format. In addition to the model coordinates information, the ModelCIF-formatted output
also includes multiple sequence alignments, structural templates, deep learning predicted spatial
restraints, and both global and per-residue model quality assessment scores.

AlphaFoldDB: AlphaFoldDB [9] is a database of protein structures predicted using AlphaFold2
[13] and as of October 2022 it contains predicted monomer structures for over 214 million
UniProtKB [11] sequences. AlphaFoldDB uses ModelCIF as the primary data format. It is used
for visualization of the predicted structures on the website and distribution of the data to users.
Since the July 2022 release, all AlphaFoldDB entries are ModelCIF compliant. AlphaFoldDB
ModelCIF files provide the 3D coordinate data together with the predicted LDDT (pLDDT) scores
[22], secondary structure information, a list of template structures provided as extra input to the
AlphaFold2 model during structure prediction, and metadata about the sequence extracted from
UniProtKB. The Predicted Aligned Error (PAE) is currently provided in a separate JavaScript
Object Notation (JSON) file. AlphaFoldDB uses the py-mmcif library (https://github.com/rcsb/py-
mmcif) to convert ModelCIF files to BinaryCIF format for improving storage size and parsing
performance. A subset of the data available in the ModelCIF file is also provided in the PDB format
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for every AlphaFoldDB entry, but only for compatibility with legacy tools. New data and metadata
will be added only in the ModelCIF files going forward. AlphaFoldDB models are available via the
3D-Beacons network [16], which provides unified data access to models from various model
providers.

RoseTTAFold: RoseTTAFold [4, 5] is a three-track neural network model which enables rapid
prediction of atomic structures for single protein chains as well as protein-protein complexes.
RoseTTAFold is the default modeling protocol in the Robetta protein structure prediction server
(https://robetta.bakerlab.org/) [23], but it can also be deployed locally
(https://github.com/RosettaCommons/Rose TTAFold). At the time of publication, RoseTTAFold
module of the Robetta server will support ModelCIF.

Structure visualization tools: CSMs can be visualized using structure visualization tools such
as Mol* [24] and ChimeraX [25]. Both Mol* and ChimeraX support ModelCIF. In addition to
visualizing atomic structures, local model quality score-based coloring is supported. ChimeraX
also supports visualization of target-template alignments described in ModelCIF.
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Examples of data and metadata represented in ModelCIF

Targets, templates, alignments, and external references: Adapted from ModelArchive entry

ma-tbvar3d-18

~ma_target ref db details
~ma_target ref db details
~ma_ target ref db details
~ma_target ref db details
~ma_target ref db details
~ma_target ref db details
~ma_target ref db details
~ma_ target ref db details
(strain ATCC
~ma_target ref db details
~ma_target ref db details

tuberculosis

loop

~ma data.id
_ma_data.name
_ma_data.content type

1 'Template chain 50G1,
2 'CLPC1 MYCTU (PSWPC9)'
3
4

'Model for POWPCO'

_ma_template details
~ma template details
~ma_template details
_ma_template details
~ma_template details
_ma_template details
~ma_ template details
~ma_ template details
~ma_template details
~ma_template details

~ma_template poly segment.
~ma_template poly segment.

~ma_template poly segment

~ma_template poly segment.

~ma_target template poly mapping.

label asym id=A'
target
'Target-template alignment by BLAST'

.target entity id
.db_name

.db code
.db_accession

.seq db_align begin
.seq db_align end
.ncbi taxonomy id
.organism scientific

25618 / H37TRv)'

.seq _db_sequence version date
.seq_db_sequence_ checksum

.ordinal id

.template id

.template origin
.template entity type
.template data id

.target _asym id
.template label asym id
.template label entity id
.template model num
.template auth asym id

id
template id

.residue number begin

residue number end

id

_ma_target template poly mapping.template segment id

~ma_target template poly mapping.target asym id
_ma_target template poly mapping.target seq id begin
_ma_target template poly mapping.target seq id end

1
1

1

UNP

CLPC1 MYCTU
POWPC9

1

848

83332
'Mycobacterium

2014-04-16
4D536FBDA183CD9Y%4

'template structure'

'target-template alignment'’
'model coordinates'

'reference database'

polymer

1

QR ~ > 3
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~ma_template ref db details.template id 1

~ma_template ref db details.db name PDB

~ma_template ref db details.db accession_ code 50G1

~ma_template ref db details.db version date 2019-08-21
~ma_alignment info.alignment id 1

~ma_alignment info.data id 3

~ma_alignment info.alignment length 917

~ma_alignment info.alignment type 'target-template pairwise alignment'
~ma_alignment info.alignment mode local

~ma_alignment details.ordinal id
~ma_alignment details.alignment id
~ma_alignment details.template segment id
~ma_alignment details.target asym id

e e

~ma alignment details.score type BLAST e-value'
~ma_alignment details.score value 0

~ma_alignment details.percent sequence identity 46.784

loop

~ma alignment.ordinal id

~ma_alignment.alignment id

~ma_alignment.target template flag

~ma_alignment.sequence

111

; MFERFTDRARRVVVLAQEEARMLNHNYIGTEHILLGLIHEGEGVAAKSLESLGISLEGVRSQVEEITGQGQQA--P
SGHIPFTPRAKKVLELSLREALQLGHNYIGTEHILLGLIREGEGVAAQVLVKLGAELTRVRQQVIQLLSGYQGKEAA
EAGTGGRGGESGSPSTSLVLDQFGRNLTAAAMEGKLDPVIGREKEIERVMQVLSRRTKNNPVLIGEPGVGKTAVVEG
LAQAIVHGEVPETLKDKQLYTLDLGSLVAGSRYRGDFEERLKKVLKEINTR-GDIILFIDELHTLVGAGAAEGAIDA
ASILKPKLARGELQTIGATTLDEYRKYIEKDAALERRFQPVQVGEPTVEHTIEILKGLRDRYEAHHRVSITDAAMVA
AATLADRYINDRFLPDKAIDLIDEAGARMRIRRMTAPPDLREFDEKIAEARREKESAIDAQDFEKAA-—-————— SLR
DREKTLVAQRAEREKQW-—--—-==-==-=——————————————————— RSGDLDVVAE-—-==—=——=———=———————————
———————— VDDEQIAEVLGNWTGIPVFKLTEAETTRLLRMEEELHKRIIGQEDAVKAVSKAIRRTRAGLKDPKRPSG
SFIFAGPSGVGKTELSKALANFLFGDDDALIQIDMGEFHDRFTASRLFGAPPGYVGYEEGGQLTEKVRRKPEFSVVLE
DEIEKAHQEIYNSLLOVLEDGRLTDGQGRTVDEFKNTVLIFTSNLGTSDIS-KPVGLGFSKGGGENDYERMKQOKVNDE
LKKHFRPEFLNRIDDIIVFHQLTREEIIRMVDLMISRVAGQLKSKDMALVLTDAAKALLAKRGFDPVLGARPLRRTTI
QREIEDQLSEKILFEEVGPGQVVTVDVDNWDGEGPGEDAVEFTFTGTRKPPAEPDLAKAGAHSAGGPEPAAR

212

; —LDRLTNKFQLALADAQSLALGHDNQFIEPLHLMSALLNQEGGSVSPLLTSAGINAGQLRTDINQALNRLPQVEGT
GGDVQPSQODLVRVLNLCDKLAQKRGDNFISSELFVLAAL-ESRGTLADILKAAGATTANITQATIEQOMRGGESVNDQG
AEDQRQ-—-=—==—————— ALKKYTIDLTERAEQGKLDPVIGRDEEIRRTIQVLORRTKNNPVLIGEPGVGKTAIVEG
LAQRIINGEVPEGLKGRRVLALDMGALVAGAKYRGEFEERLKGVLNDLAKQEGNVILEFIDALHTMVGAGKADGAMDA
GNMLKPALARGELHCVGATTLDEYRQYIEKDAALERRFQKVEVAEPSVEDTIAILRGLKERYELHHHVQITDPAIVA
AATLSHRYIADRQLPDKAIDLIDEAASSIRMQIDSKPEELDRLDRRIIQLKLEQQALMKESDEASKKRLDMLNEELS
DKER----QYSELEEEWKAEKASLSGTQTIKAELEQAKIAIEQARRVGDLARMSELQYGKIPELEKQLEAATQLEGK
TMRLLRNKVTDAEIAEVLARWTGIPVSRMMESEREKLLRMEQELHHRVIGONEAVDAVSNAIRRSRAGLADPNRPIG
SFLFLGPTGVGKTELCKALANFMFDSDEAMVRIDMSEFMEKHSVSRLVGAPPGYVGYEEGGYLTEAVRRRPYSVILL

DAVEKAHPDVENILLOVLDDGRLTDGQGRTVDFRNTVVIMTSNLGVRETERKSIGLIHQ—----DNSTDAM-—-—--- EE
IKKIFRPEFINRIDEVVVFHPLGEQHIASIAQIQLKRLYKRLEERGYEIHISDEALKLLSENGYDPVYGARPLKRAT

QOQIENPLAQQILSGELVPGKVIRLEVN-—--——-—- EDRIVAVQ-——=——=———————m oo

’
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Local and global model quality metrics: Adapted from ModelArchive entry ma-tbvar3d-18

~ma _model list.
~ma model list.
~ma model list.
~ma model list.
~ma _model list.

loop

_ma ga metric.
~ma ga metric.
~ma ga metric.
_ma_ga metric.
_ma_ga metric.

ordinal id
model id
model name
data id
model type

id

name
description
type

mode

1

1

'Model for POWPCO'
4

'Homology model'’

1 QMEANDisCo 'Predicted accuracy according to all-atom 1DDT in [0,1]' 'pLDDT
all-atom in [0,1]"' local
2 QMEANDisCo 'Predicted accuracy according to all-atom 1DDT in [0,1]' 'pLDDT
all-atom in [0,1]' global

~ma ga metric global.ordinal id
~ma ga metric global.model id
~ma ga metric global.metric id

O N B

~ma_ga metric global.metric_value .555
loop
~ma ga metric local.ordinal id
~ma ga metric local.model id
~ma_ga metric local.label asym id
_ma_ga metric local.label seqg id
~ma_ga metric local.label comp id
~ma ga metric local.metric id
ma ga metric local.metric value

1 1 A 171 LEU 1 0.520
2 1 A 172 ASP 1 0.550
3 1A 173 GLN 1 0.490
4 1 A 174 PHE 1 0.510
51 A 175 GLY 1 0.660
6 1 A 176 ARG 1 0.590
7 1 A 177 ASN 1 0.720
8 1 A 178 LEU 1 0.700
# .. abbreviated ..
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