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Abstract 
 
By the end of next year there will be complete genome sequences of at least draft quality for more than 
1,000 bacteria and archaea and 100 eukaryotes 1 as well as even larger numbers of viruses, organelles 
and plasmids. With the quantity of genomic information increasing at an exponential rate it is 
imperative these data be captured electronically, in a standard format.  Standardization activities must 
proceed within the auspices of open-access and international working bodies. To tackle the issues 
surrounding the development of better descriptions of genomic investigations we have formed the 
Genomic Standards Consortium (GSC).  Here, we introduce the “Minimum Information about a 
Genome Sequence” specification with the intent of promoting participation in its development and to 
discuss the resources that will be required to develop improved mechanisms of metadata capture and 
exchange.  As part of its wider goals, the GSC also supports improving the ‘transparency’ of the 
information contained in existing genomic databases.   
 
 
A wealth of genomic and metagenomic sequences 
 
At the beginning of the genomic era, few could have imagined the wealth of data we have amassed in a 
single decade.  With the rapid pace at which new genome sequences are appearing, the need to consider 
how best to ensure suitable stewardship of this data for the long-term has never been more pressing.    
 
 
Our genome collection: More than the sum of its parts 
 
The analysis of genomic information is having an impact on every area of the life sciences and beyond.  
A genome is the entire genetic complement of an individual and, as such, is a necessary pre-requisite to 
understanding the molecular basis of phenotype, how it evolves over time, and how we can manipulate 
it to provide new solutions to critical problems.  Such solutions include potential cures for disease, drug 
therapies, industrial products including the biodegradation of xenobiotic compounds, and even 
renewable energy sources.  With improvements in the technology of sequencing, the growing interest 
in metagenomic approaches, and the proven power of comparative analysis of groups of related 
genomes, the day can be envisioned when it will be commonplace to sequence tens to hundreds of 
genomes, or more, as part of a single study.  At current rates of genome sequencing, it has been 
estimated that more than 4,000 bacterial genomes will be available soon after 2010 1. 
 
Given the importance of the growing genome collection, the capital investment in its creation, and the 
benefits of leveraging its value through diverse comparative analyses, it seems obvious that we should 
make every effort to describe it as accurately and comprehensively as possible.  There is an increasing 
interest from the community in doing so, for three main reasons.  The first is the ‘grassroots’ interest of 
a growing number of isolated researchers in testing hypotheses about the features observed in genomes 
using comparative evo- and eco-genomic approaches 2.  The second is the growing need to supplement 
the content of a variety of databases with high-level descriptions of genomes that allow useful 
grouping, sorting, and searching of the underlying data.  The third is the growth in the number of 
genomes from environmental isolates and metagenomes – vast data sets of DNA fragments from 
environmental samples - that are being sequenced.  The type of data generated by such studies will 
dwarf current stores of genomic information, making improved descriptions of genomes of utmost 
importance. 



 
Currently, both top-level descriptors and genome descriptions are incomplete due to numerous factors.  
First and foremost, through hindsight we now know the minimum quality and quantity of information 
that is required to make each description precise, accurate and useful.  For example, even for bacterial 
and archaeal species with validly published names, strain names were not routinely captured in genome 
annotation documents prior to the sequencing of large numbers of genomes from the same species 3, 
but clearly such information is now considered essential.  Through empirical observations, we are 
expanding our view of the types of information that are of critical importance for testing particular 
hypotheses 4, exploring new patterns 2, and quantifying inherent sampling biases 2.   
 
We are also being forced to re-think our concept of the minimum information required to adequately 
describe a genome sequence as the number of habitats and communities sampled using metagenomic 
approaches continues to grow.  Without adequate description of the environmental context and 
experimental methods used to generate these data sets they will be of less value for researchers wishing 
to conduct subsequent comparative genomic studies or link genetic potential with the diversity and 
abundance of organisms.  In fact, given the vast number of yet to be cultivated microbes, we are now 
questioning whether a DNA-centric approach, where the genes of microbes are linked to the habitats 
(locations) in which they are represented, is more useful than the species-centric view 5 , 6. Finally, 
sequencing technology is advancing rapidly and the new family of methods currently being unleashed 2, 

7-9 will force the adoption of additional descriptors (e.g. the depth of sequence coverage, quality and if 
any ‘finishing’ was employed) in order to be able to distinguish amongst them.   
 
Most often such metadata is found only in the primary literature (on a per-genome or per-sample basis) 
or in reference works, such as the widely recognized ‘gold standard’ for bacteria and archaea, Bergey’s 
Manual 10 (on a per-species basis).  The distributed and patchy nature of this information and the 
difficulties of curating even a few pieces of information for what are now very large collections of 
genomes make the vision of a single definitive source of rich genomic descriptions highly desirable.   
 
 
The need for co-ordinated efforts 
 
Facilitating and accelerating the process of collecting relevant metadata would clearly reduce ongoing 
replication of effort and maximize the ability to share and integrate data within the genomics 
community.  The obvious solution is to develop a consensus-based approach. 
 
 
The Genomic Standards Consortium 
 
The GSC is an open-membership working body which formed in September 2005 11. The goal of this 
international community is to promote mechanisms that standardize the description of genomes and the 
exchange and integration of genomic data  The GSC community brings together (1) evolutionists, 
ecologists, molecular biologists, and other researchers analyzing collections of genomes, (2) 
bioinformaticians producing genomic databases, (3) those physically responsible for sequencing 
genomes and (4) computer scientists, ontology experts, and members of other standardization 
initiatives.  These include key members of the International Nucleotide Sequence Database 
Collaboration (INSDC) who are responsible for the DDBJ/EMBL/GenBank databases 
(http://www.insdc.org/).  The guidance of the DDBJ/EMBL/GenBank will be critical to the success of 
this initiative both because they are the official stewards of the public collection of genomes and 
because they make every effort to ensure their resources evolve in accordance with community needs.   

http://www.insdc.org/


 
 
 
Re-evaluating and extending the minimum information collected about genome sequences 
 
 
The GSC is working to formalize a revised set of core descriptors for genomes through the generation 
of a “Minimum Information about a Genome Sequence” (MIGS) specification.  MIGS provides an 
extension of the minimum information already captured by the INSDC.  The MIGS checklist (v1.1) is 
available from the consortium’s website (http://gensc.sf.net) and is briefly overviewed here. The 
information required to comply with MIGS is routinely reported in primary genome publications (or is 
referenced therein).  However, this information needs to be formalized and made available in electronic 
form to improve its accessibility 12.   
 
Since originally proposed 12, the MIGS specification has been simplified and updated by the GSC 
through an iterative process of revision to contain: (1) only curated information that can not be 
calculated from raw genomic sequence, and (2) core descriptors specific to the major taxonomic groups 
(eukaryotes, bacteria/archaea 13, plasmids, viruses, organelles and metagenomes). MIGS is structured 
into an ‘Investigation’ composed of a ‘Study’ and an ‘Assay’, according to the Reporting Structures for 
Biological Investigations (RSBI) working group’s recommendation for the modularization of checklists 
14, 15.  Under ‘Study’ sit the concepts Organism, Phenotype, Environment and under ‘Assay’ are Sample 
Processing and Data Processing.  At its core, MIGS aims to support unencumbered access to genomic 
reagents (e.g. strains) 16, place the complete genome collection into geospatial and temporal context 
(latitude, longitude, altitude/depth, date and time of sampling), and provide essential details of the 
experimental method used (e.g. sequencing method). MIGS also provides a framework for the capture 
of additional information deemed ‘minimum’ to specific communities.  For example, the ”Minimum 
Information about a Metagenomic Sequence” (MIMS) specification has recently been introduced as an 
extension of MIGS 17. 
 
The way in which genomes are described in our public databases has directly evolved from how we 
describe even the shortest and simplest pieces of DNA sequences without special attention to 
information such as the geographical origin of the sequence.  Significant efforts are underway by the 
INSDC to adapt and extend the infrastructure for describing genomes through the Genome Project 
Metadata initiative 18. The INSDC efforts are open to evolution, albeit at a conservative pace 18, and 
aim to incorporate as much, if not all, of the MIGS specification covered by the Genome Project 
Metadata initiative.  A mapping between INSDC features and MIGS has been developed for the 
purpose of placing MIGS information into INSDC documents and is available on our website.  Any 
fields which are not already formally defined by the INSDC Feature Table Document 
(http://www.insdc.org/feature_table.html) will be represented within a structured comment block in 
INSDC records 18.   
 
 
 
 
A Genome Catalogue – capturing input from the genomics community 
 
The development of any checklist must be an open and iterative process that involves a balanced group 
of participants.  Further, this development process must be supported by providing mechanisms for 
achieving compliance if a checklist is to be adopted as a tool for the standardization of a particular area 



of knowledge.  Such mechanisms involve an appropriate reporting structure for capturing and 
exchanging data (file formats), software, databases, and the development of appropriate controlled 
vocabularies and/or ontologies for defining the terms used in the annotations 11. The GSC is working 
towards these combined goals and has created an online system for capturing MIGS-compliant genome 
reports (gensc.sf.net). 
 
In brief, we have implemented the MIGS checklist as an XML schema (migs.xsd) and built a freely 
available Genome Catalogue system (GCat) (gensc.sf.net).  GCat is designed to generate forms 
automatically and ‘on-the-fly’ from this schema for the sake of data input.  It also allows users to view 
and search genome descriptions as they accumulate during the process of refining the MIGS checklist.  
The GCat system is generic and could be applied to the capture of more expressive metadata for 
subsets of genomes.  Indeed, it is flexible enough to support the implementation of any checklist that 
can be structured as an appropriate XML schema.  The GSC is also working in the area of controlled 
vocabulary and ontology development through the collation of controlled vocabularies already in use in 
the community and through contributions to the Ontology for Biomedical Investigations (OBI, 
previously known as the Functional Genomics Investigation Ontology (FuGO)19).  As a part of this 
process we have engineered GCat to make use of existing controlled vocabulary terms and to accept 
new terms that emerge from the community.   
 
 
 
Increasing the transparency and value of information in genomic databases 
 
By design, MIGS only contains primary, curated information.  This is because secondary, or derived, 
information that can be calculated from a genome sequence is subject to frequent change, can be 
generated using multiple methods, and should be acquired directly from those producing the 
calculations.  Still, access to computed information (e.g. in the simplest cases G+C content or the total 
number of predicted proteins) should be made as easily accessible as possible.   
 
Genomic sequences and their initial annotations must be submitted to the INSDC 
(http://www.insdc.org/open_letter.txt) (and subsequent high quality, curated annotations derived from 
empirical observations to the Third Party Annotation dataset 20) but there are an ever-increasing 
number of genomic databases containing a wide range of additional computations.  While is not part of 
the goals of the GSC to endorse any particular method of analysis or database, it is in the interest of the 
genomic community to see the transparency of such resources increase for the sake of accurate 
downstream interpretation of the data and integration.   
 
The first issue is that of exchanging calculated information. This could be facilitated in part, by the 
wide-spread adoption of a common exchange format, for example the Generic Feature Format Version 
3 (GFF3) file format (http://song.sourceforge.net/gff3.shtml). There are numerous tools that support the 
reformatting of a variety of file types into GFF3, so generation of appropriate files by database 
providers would be straightforward.  The availability of a wide suite of tools for downstream analyses 
of files in GFF3 format also means that users could combine the weight of evidence from many sources 
when examining a particular genome.  This could reveal instances of systemic bias and therefore lead 
to better genomic annotations, as more composite features would be available and conflicting 
annotations could be highlighted for resolution.   
 
Exchanging data, though, also relies on exploiting common standards for the generation of 
computational analyses and supporting data downloads is not enough, regardless of format.  Data 

http://www.insdc.org/open_letter.txt


resources should be further expected, within reason, to provide clear specifications for how the data are 
generated (e.g. computations like gene prediction, operon and ortholog computations, etc.).   One 
example of this type of documentation is provided in AboutIMG, a web-based description of the 
Integrated Microbial Genomes (IMG) system 21.  
 
Hopefully, in the future it will be far simpler to combine various genomic features, exact details of how 
they were generated and enough information about the provenance (or ‘origin’) of the analyses to be 
able to transparently share data from multiple sources.  Such interoperability, especially when provided 
by participating databases in a way that would enable automatic harvesting of the data (e.g. if available 
through web service technology), would multiply the individual value of these databases many times 
over and open up new opportunities to examine genome sequences in unprecedented detail.  
 
 
The Future 
 
The effort required to achieve the degree of transparency advocated here is considerable but offers 
significant, obvious, and immediate benefits.  We argue that the cost of achieving such standardization 
is trivial compared to the sums spent generating the data.  The capture of information in MIGS will not 
only facilitate comparative genomic analyses but also enhance the available descriptions of 
downstream ‘omic experiments based on these genomes.  It was also enhance the much larger “halos” 
of 16S rRNA sequences that are now available for many sequenced genomes and metagenomes. For 
example, the genome sequence of the marine bacterium Silicibacter pomeroyi 22 is “embedded” in a 
large number of environmental 16S rRNA sequences affiliated with the Roseobacter lineage that is 
accompanied by a fairly extensive literature describing the distribution, ecology, and other properties of 
this group 23. 
 
With its ongoing efforts, the GSC hopes to stimulate interest in and provide a viable mechanism for the 
capture and analysis of additional stores of genomic metadata.  The GSC has a standing call for 
community participation, is keen to modify MIGS in response to constructive suggestions from 
researchers worldwide, solicit MIGS compliant genome reports (including batch uploads) and collect 
relevant controlled vocabulary terms useful in the description of genome sand metagenomes.  GCat 
identifiers have recently been implemented and are available for past or future projects 17 and MIGS-
compliant genome reports are starting to become available online (e.g. 24-27).  We expect a production 
version of MIGS (2.0) to be released by the end of 2007 with an appropriate set of terms formalized 
within OBI 19.  We would hope this milestone would be accompanied by recognition of MIGS by 
journals and implementation of MIGS by a variety of databases. Beyond this milestone, the ‘stable’ 
MIGS specification should still remain flexible enough to allow it to be updated in accordance with 
advances in technology and our biological knowledge of the natural world.  The most up-to-date 
information about GSC activities can always be found at our website (gensc.sf.net). 
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