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The World Federation for Culture Collections (WFCC)-MIR-
CENWorldDataCentre forMicroorganisms (WDCM)was set
up as a data centre ofWFCC and UNESCOWorld Network of
MicrobiologicalResourcesCentres (MIRCEN). TheWDCMis
a vehicle for networking microbial resource centres of
various types of microorganisms. It also serves as an
information resource for the customers of the microbial
resource centres (http://www.wdcm.org/). The WDCM was
established in 1966 by the late Professor V.B.D. Skerman in
Australia, later moved to Japan in 1986 and since 2010 is
based in China under the Directorship of Dr Juncai Ma.
Current databases at theWDCM are the Culture Collections
Information Worldwide (CCINFO), Global Catalogue of
Microorganisms (GCM) and the WDCM Reference Strain
Catalogue. In addition, Analyzer of Bio-resource citations
(ABC) and Statistics on Patented Microorganisms are
available (http://www.wdcm.org/databases.html). In this
article the status of the GCM and its associated 10K type
strain sequencing project that currently provides services
to taxonomists for standard genome sequencing and
annotation will be communicated.

In the 50-year history of the WDCM, the capabilities and uses of
information technologies have expanded greatly, with high-
throughput sequencing technology leading to an exponential
increase in DNA sequence data. Microbiology and biotechnology
are sciences that rely on DNA sequence data that is vital for
determination of the genetic make-up and functional roles of
microorganisms in nature1. Culture collections in this context have
an important function as data and information repositories thus

serving academia, industry and the public. As a result, theWDCM is
now facilitating the application of cutting-edge information tech-
nology to improve the interoperability of microbial data, promote
the access to and use of data and information, and to coordinate
international cooperation between culture collections, scientists
and other user communities. Curators and scientists from culture
collections not only share data but also design and implement the
generated data platforms that meet the changing requirements of
microbiologists.

Culture Collections Information Worldwide (CCINFO) is a regis-
tration system andmetadata archive for culture collections around
theworld.WFCCrecommends thateveryculturecollection register
in the CCINFO database before providing public services. CCINFO
serves as a metadata recorder. It provides a unique identifier for
each culture collection and lists the species names of collections’
holdings. Currently, 783 culture collections from 76 countries have
registered with CCINFO and 131 of these collections have regis-
tered with WFCC (http://www.wfcc.info/) as affiliate members
representing 49 countries. The foundational structure of the
WDCM ensuring information transfer from key organisations is
highlighted in Figure 1. Using the unique strain numbers and
speciesnames,WDCMdevelopedABC, adatamining tool to extract
information from public resources such as Pubmed, WIPO, Ge-
nome Online database and NCBI nucleotide sequence database.
After catalogue information is submitted from individual culture
collection, WDCM automatically links this catalogue information
with the available knowledge on each strain extracted by ABC,
which is subsequently accessible to the public through the Global
Catalogue of Microorganisms (GCM). Currently, 127 collections
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from 48 countries are part of the GCM and information on the
447 512 strains and 54 736 species is available. The original isolation
places of the isolates are also listed: Asia, 44; Africa, 46; Europe, 42;
North America, 17; Oceania, 9; and South America, 13. Such
information is of importance for accessing, tracking, monitoring
and benefit sharing, and compliance with the Nagoya Protocol
(https://www.cbd.int/abs/). The GCM can aid culture collections

in monitoring the utilisation of their microorganisms. GCM can
also facilitate access to strains that might otherwise have been
unavailable prior to becoming a part of GCM such as recent acces-
sibility into the 1000 strains at the VietnamType Culture Collection.
GCMhas alsoprovided support to 40 different culture collections to
create their online catalogues (Figure 2). Moreover, regional orga-
nisations such as the Asian Network of Research Resource Centres
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Figure 1. Key organisations feeding information into WDCM.
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Figure 2. GCM guided online catalogue creation by different culture collections (for the acronyms please refer to http://gcm.wfcc.info/strains.jsp?
strain_number=&strain_name=Bacillus%20subtilis&marklog=strainnamelist).
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(ANRRC) and the Asian Consortium for the conservation and
Sustainable Use of Microbial Resources (ACM) are using the data
stored in the GCM to create their online catalogues.

In the advance stage of the GCM 2 development the following
points are targeted: (1) From strain data to ‘omics’ data and to
improved database platform, (2) from database to knowledge
base and to improved personalised services to microbiologists,
(3) from data search to analysis to cloud-based analysis pipeline
integrated.

In addition, the GCM has initiated an international project titled
‘The global catalogue of microorganisms 10K type strain sequenc-
ing project’ to close the genomic gaps for the validly published
prokaryotic and fungi species2. This project has two core subpro-
jects: (1) to sequence 10 000bacterial and archaeal type strains; and
(2) to sequence selected fungal type strains. The outcomes of the
project will close currently existing large gaps in the available
genomic sequence information published for bacterial and archae-
al species. This gap is even larger for fungal type strains. The GCM
led and internationally coordinated effort will facilitate the gener-
ationof amorecomprehensivegenomic informationplatformtobe
used for research via in-depth genome mining. Information to be
generated on the taxonomic, phylogenetic, and functional genes of
microorganisms will be of immense value for the advancement of
biological sciences and biotechnology.

In this project, the genomes of 10 000 type strains will be
sequenced (http://gcm.wdcm.org/typestrain/) with the WDCM
covering the costs for sequencing services, database system and
data analysis. Upon completion, raw data and analysed results will
also be published online and made freely available. So far,
25 collections from 16 different countries have agreed to take
part in the project (Table 1).

The project has established standard operational procedures for
DNA extraction, sample submission, sequencing, and data proces-
sing to ensure that all genetic resources, data, and metadata
associated with type strains are appropriately obtained, recorded,
and stored. A project proposed by the WDCM, ‘CD 20170:
Specification on Data Integration and Publication in Microbial
Resource Centers’, is currently under development and will
meet the standards of the International Organization for
Standardization (ISO).

International Working Groups have been established to provide
expert advice during the selection of type strains for genome
sequencing. In addition, SOPs, database establishment and intel-
lectual property rights and legal issues have been clarified. WDCM
will only use strains and DNA samples provided by formal colla-
borators, for sequencing, data mining and integration into the data
platform for microbial resources. Collaborative research agree-
ments were also put into place.

All sequencing is currently being conducted at the BGI and IMCAS,
which has the largest sequencing capacity in the world at >30 Tb/
day with Sequencers (295+): BGISeq-500, Illumina/HiSeq,
Illumina/MiSeq, AB/3730xi, Roche/454, PacBio RS, Sequel, Bionano
Irys System, Life Tech/Ion Torrent. Out of the 719 type strains
received to date, 465 of them have been genome sequenced.

The GCM type strain sequencing project encourages all culture
collections to participate in this international collaborative project.
Interested parties should be willing to provide DNA for type strains
held in their collections. All microbiologists and institutions from
related fields are welcome to submit subprojects for genomic data-
related research questions. In addition, theWDCMhas established
a MOU with the International Journal of Systematic and Evolu-
tionaryMicrobiology and the Bergey'sManual Trust inMarch 2019
and will provide free services for genome sequencing and anno-
tation required for description of new species and publication3

(Figure 3).

In the light of the above presented information, we nowwould like
to bring the focus to Australia and ask the Council of Heads of

Table 1. 10K genome sequencing project participant collections.

ATCC, USA

BCCM/IHEM, Belgium

BCRC, Chinese Taipei (Taiwan)

CAIM, Mexico

Westerdijk Institute (former CBS, The Netherlands)

CCM, Czech Republic

CCUG, Sweden

CECT, Spain

CICC, China

CIP, France

CGMCC, China

FGSC, USA

ICMP, The Netherlands

JCM, Japan

KCTC, Korea

KACC, Korea

KMM, Russian Federation

MUM, Portugal

NCTC, UK

NBRC, Japan

NCAIM, Portugal

PCU, Thailand

TBTR, Thailand

UCD-FST, USA

VKM, Russian Federation
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AustralianCollections ofMicroorganisms (CHACM),whowere part
of theoriginal AustralianMicrobial Resources InformationNetwork
(AMRIN)4, to work closely with the GCM to establish their online
catalogues.We look forward to the fulfilmentof Skerman’s visionof
theGCMand to revitalise it in Australia by following in the footsteps
of Professor Lindsay Sly who created the AMRIN and CHACM as a
vision for the future interlinked-development of microbial collec-
tions in Australia (also see article by Sly5).
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Figure 3. Genome sequencing and annotation services to be provided
by the WDCM for the IJSEM.
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