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Abstract
Background: We present the Biological Observation Matrix (BIOM, pronounced “biome”) format: a JSON-based file
format for representing arbitrary observation by sample contingency tables with associated sample and observation
metadata. As the number of categories of comparative omics data types (collectively, the “ome-ome”) grows
rapidly, a general format to represent and archive this data will facilitate the interoperability of existing
bioinformatics tools and future meta-analyses.
Findings: The BIOM file format is supported by an independent open-source software project (the biom-format
project), which initially contains Python objects that support the use and manipulation of BIOM data in Python
programs, and is intended to be an open development effort where developers can submit implementations of
these objects in other programming languages.
Conclusions: The BIOM file format and the biom-format project are steps toward reducing the “bioinformatics
bottleneck” that is currently being experienced in diverse areas of biological sciences, and will help us move toward
the next phase of comparative omics where basic science is translated into clinical and environmental applications.
The BIOM file format is currently recognized as an Earth Microbiome Project Standard, and as a Candidate Standard
by the Genomic Standards Consortium.
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Background
Advances in DNA sequencing have led to exponential
increases in the quantity of data available for “comparative
omics” analyses, including metagenomics (e.g., [1,2]), comparative genomics (e.g., [3]), metatranscriptomics (e.g.,
[4,5]), and marker-gene-based community surveys (e.g.,
[6,7]). With the introduction of a new generation of
"benchtop sequencers" [8], accessible to small research,
clinical, and educational laboratories, sequence-based comparative omic studies will continue to increase in scale. The
rate-limiting step in many areas of comparative omics is no
longer obtaining data, but analyzing that data (the
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“bioinformatics bottleneck”) [9,10]. One mechanism that
will help reduce this “bioinformatics bottleneck” is
standardization of common file formats to facilitate sharing
and archiving of data [11].
As with the increasing prevalence of high-throughput
technologies in the biological sciences, the categories of
comparative omics data, which we collectively term the
“ome-ome”, are rapidly increasing in number (Figure 1).
Researchers are relying on more types of omics data to investigate biological systems, and the coming years will bring
increased integration of different types of comparative
omics data [2,12]. A common data format will facilitate the
sharing and publication of comparative omics data and
associated metadata and improve the interoperability of
comparative omics software. Further, it will enable rapid
advances in omics fields by allowing researchers to focus
on data analysis instead of on formatting data for transfer
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Figure 1 Growth of the “ome-ome”, or the types of “omic”
data, over time based on mentions in Medline abstracts. Chao1
analysis indicates that there may be over 3,000 “omes”: however,
given the well-known limitations of such non-parametric
extrapolation techniques, we can only wonder how many “omes”
remain to be discovered as technological advances usher in a new
era of “ome-omics”.

between different software packages or reimplementing
existing analysis workflows to support their specific data
types.
Despite the different types of data involved in the various comparative omics techniques (e.g., metabolomics,
proteomics, or microarray-based transcriptome analyses), they all share an underlying, core data type: the
“sample by observation contingency table”, or the matrix
of abundances of observations on a per-sample basis. In
marker gene surveys, this table contains counts of OTUs
(Operational Taxonomic Units) or taxa on a per-sample
basis; in metagenome analyses, counts of orthologous
groups of genes, taxa, or enzymatic activities on a permetagenome basis; in comparative genomics, counts of
genes or orthologous groups on a per-genome basis; and
in metabolomics, counts of metabolites on a per-sample
basis. Many tools have been developed to analyze these
contingency tables, but they are generally focused on a
specific type of study (e.g., QIIME for marker gene analysis [13], MG-RAST for metagenome analysis [14],
VAMPS for taxonomic analysis [15]). However, many
techniques are applicable across data types, for example
rarefaction analyses (i.e., collector curves). These are frequently applied in microbiome studies to compare how
the rate of incorporation of additional sequence observations affects the rate at which new OTUs are observed.
This allows us to determine whether an environment is
approaching the point of being fully sampled (e.g., [13]).
Rarefaction curves could similarly be applied in comparative genomics to study the rate of discovery of new
gene families, as done in [16]; a researcher could compile a contingency table of genomes (samples) by genes
(observations) and use a rarefaction curve to determine
how quickly new gene families were accumulating as
new genome sequences are added. A standard format
for biological sample by observation contingency tables
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will support the use of bioinformatics pipelines for different data types than those they were initially designed
for (e.g., QIIME could be applied to generate rarefaction
curves for proteomic data, or MG-RAST could output
metatranscriptome tables). Adoption of this standard
will additionally facilitate the adoption of future analysis
pipelines, as users can then directly apply those pipelines
to their existing data.
In many existing software packages (e.g., [13,14]), contingency tables are represented as tab-separated text, but
minor syntactic differences prevent easy exchange of data
between tools. For example, differing representation of
samples and observations as either rows or columns, and
the mechanism for incorporating sample or observation
metadata (if possible at all), cause the formats used by different software packages to be incompatible. Additionally,
in many of these applications a majority of the values
(frequently greater than 90 %) in the contingency table are
zero, which is taken to mean that the corresponding “observation” was not observed in the corresponding sample. The
fraction of the table that has non-zero values is defined as
the "density", and thus a matrix with a low number of nonzero values is said to have a low density. As data sets continue to increase in size, “dense” representations of these
tables, where all values are represented (in contrast to
“sparse” representations, where only non-zero values are
represented), result in an increasingly inefficient use of disk
space. For example, marker gene survey OTU tables with
many samples (such as the one presented in Additional file
1: Table S1 containing 6,164 samples and 7,082 OTUs) can
have as few as 1 % non-zero values. As the collection of
samples becomes more diverse, these tables become even
sparser and their size (both on disk and in memory)
becomes a considerable barrier to performing metaanalyses.
Sample and observation metadata are essential for the
interpretation of omics data, and for facilitating future
meta-analyses. Two projects have recently arisen to
address the need for metadata standards: MIxS [17],
which defines what metadata should be stored for
diverse sequence types, and ISA-TAB [11], which defines
a file format for storing that metadata. A standard file
format for representing sample by observation contingency tables could compliment these existing standards
by providing a means for associating MIxS-compliant
metadata provided in ISA-TAB format with samples and
observations.
The Biological Observation Matrix (BIOM, pronounced
“biome”) file format has been developed with input from
the QIIME, MG-RAST, and VAMPS development groups.
The BIOM file format is based on JSON [18], an open
standard for data exchange. The primary objectives of the
BIOM file format are presented in Additional file 2. In
addition to consolidating data and metadata in a single,
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standard file format, the BIOM file format supports sparse
and dense matrix representations to efficiently store these
data on disk. The OTU table with 6,164 samples and 7,082
OTUs mentioned above contains approximately 1 % nonzero values. Because zero-values are not included in the
sparse BIOM-formatted file, representing the same information in this format requires 14 times less space than with
a tab-separated text file (Supplementary File 1). As a sparse
matrix increases in size or decreases in density (e.g., in an
Illumina sequencing run versus a 454 sequencing run), this
difference in file size will further increase.
To support the use of the BIOM file format, the format specifications and an open-source software package,
biom-format, are available at http://biom-format.org.
Included with the format specification is a format validator, and included in the software package is a script to
easily convert BIOM files to tab-separated text representations (which can be useful when working with spreadsheet programs) and Python objects to support working
with this data. Additional file 3 presents a comparison of
QIIME software for processing a contingency matrix as
a 2D array (derived from QIIME 1.4.0) versus using the
biom-format objects (derived from QIIME 1.4.0-dev).
The biom-format software package will additionally
serve as a repository where other developers can submit
implementations of these objects in other languages.

Data description
To compare the relative size of storing sample by observation contingency tables in sparse BIOM-formatted files
versus tab-separated files, we extracted 60 QIIME OTU
tables from the QIIME database. Each observation (OTU)
in these tables contains a single metadata entry corresponding to the taxonomy assigned to the OTU, and the tabseparated files were formatted in “Classic QIIME OTU
table” format (i.e., the format generated by QIIME 1.4.0
and earlier). Example files in both BIOM format and classic
QIIME OTU table format are available in Additional file 4:
Data 1.
Analyses
The OTU tables selected for this study ranged in size from
6 samples by 478 OTUs (BIOM size: 0.10 MB; classic
QIIME OTU table size: 0.06 MB) up to 6,164 samples by
7,082 OTUs (BIOM size: 12.24 MB; classic QIIME OTU
table size: 175.76 MB). In the latter case, at approximately
1 % density there are 100-fold fewer counts in the sparse
OTU table, but the file size is only 10-fold (rather than
100-fold) smaller for BIOM-formatted versus tab-separated
text. This discrepancy arises because the matrix positions
must be stored with the counts in the sparse representation
(as row number, column number, value; see Additional file
5) but are implied in tab-separated text. The file compression ratio (tab-separated text file size divided by BIOM file
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size) that is achieved when representing contingency tables
in sparse versus dense formats is therefore a function of the
density of the contingency table. In the data presented in
Figure 2, the density ranges from 1.3 % non-zero values to
49.8 % non-zero values, with a median of 11.1 %. The file
compression ratio increases with decreasing contingency
table density for this data set (compression ratio = 0.2 ×
density-0.8; R2 = 0.9; Additional file 6: Figure S1).
At small file sizes, tab-separated text files represent
OTU tables more efficiently than BIOM-formatted files,
but starting at approximately 0.2 MB the sparse BIOM
representation becomes more efficient (Figure 2). This
extra overhead incurred with the sparse representation
is negligible (on the order of kilobytes) in cases where
the dense representation is more efficient. As contingency table density increases, as may be the case with
certain types of comparative omics data, users can format their files in dense BIOM format to avoid inefficiencies with sparse representations. We find that dense
representations become more efficient than sparse representations at a density of around 15 % (Additional file 6:
Figure S1, Additional file 1: Table S1).
In general, a simple tab-separated format will be slightly
more efficient for storage than the dense BIOM file format,
but will not provide a standard way to store sample and observation metadata or provide interoperability across comparative omics software packages; thus, the BIOM file
format will still be advantageous. Similarly, compressing
tab-separated text files representing sample by observation
contingency tables (e.g., with gzip) can result in a similar
degree of compression as converting a dense matrix

Figure 2 Size of sparse BIOM formatted file versus size of
QIIME “classic” OTU Table formatted file, for 60 independent
microbiome studies currently stored in the QIIME database at
http://www.microbio.me/qiime.
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representation to a sparse representation, but would not
provide the additional benefits of the BIOM file format.

Discussion
The biom-format software package has been designed
with three main objectives: to be a central repository for
objects that support BIOM-formatted data in different
programming languages, to have minimal external dependencies, and to provide an efficient means for representing biological contingency tables in memory along
with convenient functionality for operating on those
tables. At present we provide Python 2 (2.6 or greater)
objects in both dense and sparse representations to allow
for efficient storage across a range of densities of the
underlying contingency table data. Our goal is to make
the biom-format project an open development effort so
that other groups can provide objects implemented in different programming languages (ideally with APIs as similar as possible to the Python API).
Managing a community development effort is a challenge. To address this, we will maintain a code repository
on GitHub [19] which is currently used for managing many
successful collaborative software projects such as IPython,
homebrew, and rails. The core BIOM development group
will review new additions (in the form of pull requests) and,
when they are fully documented and tested, will merge
them into the biom-format repository.
A challenge in achieving community adoption of a new
standard is convincing users and developers to overcome
the learning curve associated with it. To address this, we
have fully documented the BIOM file format standard, as
well as the motivations for it, on the BIOM format website
(http://biom-format.org). The biom-format software
project contains a conversion script that allows users to
easily move between BIOM-formatted files and tab-separated text files. This allows users to interact with their data
in ways they traditionally have (e.g., in a spreadsheet program). To reduce the barrier-to-entry for using the biomformat software, the Python objects in the biomformat package are designed to be easily installable on
any system running Python 2.6 or 2.7. To achieve this,
biom-format relies only on the Python Standard
Library and NumPy (a common dependency for scientific
Python applications which is installed by default on Mac
OS X and many versions of Linux).
The introduction and refinement of high-throughput sequencing technology is causing a large increase in both the
number of samples and the number of observations
involved in comparative omic studies (e.g., [6,20]), and
sparse contingency tables are therefore becoming central
data types in these studies. For example, it is not uncommon to find hundreds of thousands of OTUs in modern
microbial ecology studies (unpublished observation based
on preliminary analysis of the initial Earth Microbiome
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Project [20] dataset). Whether these observations represent
new biological findings or sequencing error is a contested
topic [21-23], but certain poorly characterized environments are hypothesized to contain large reservoirs of yet
unknown OTUs [24]. We expect both the number of samples and the number of observations involved in comparative omic studies to continue to grow over the coming
years, and an efficient representation of this data that can
be easily interrogated across different bioinformatics pipelines will be essential to reducing the bioinformatics bottleneck. Similarly, integrating metadata in BIOM formatted
files, ideally based on standards such as MIxS and ISATAB, will facilitate meta-analysis across different data types.
The number of categories of comparative omic data (e.g.,
genomic, metabolomic, pharmacogenomic, metagenomic)
is increasing rapidly, and the need to develop software tools
specific to each of these data types contributes to the bioinformatics bottleneck. The BIOM file format provides a
standard representation of the “sample by observation contingency table”, a central data type in broad areas of comparative omics, providing the means to generally apply
tools initially designed for analysis of specific “omes” to diverse “omic” data types. The BIOM file format is currently
recognized as an Earth Microbiome Project Standard and a
Candidate Standard by the Genomics Standards
Consortium, and is being adopted by groups developing
comparative omics analysis software. We can embrace the
proliferation of omics techniques by using standards such
as the BIOM file format to reduce the gap in availability of
bioinformatics tools for new domains of omics research.
Taken together, these advances are an additional step toward the next phase of comparative omics analysis, in
which fundamental scientific findings will increasingly be
translated into clinical or environmental applications.

Methods
Growth of the ome-ome

In order to evaluate the growth of the “ome-ome” over time
we searched a local installation of MEDLINE abstracts
(through 2010) and tabulated the number of distinct terms
ending in “ome” or “omes” on an annual basis. A list of
false positive terms was compiled from the Mac OS ×
10.7.4 built-in dictionary, and an initial pass over MEDLINE to identify irrelevant terms ending in ome that are
not part of the standard English lexicon (e.g., “trifluorome”,
“cytochrome”, “ribosome”). While some false positives are
still present, the number of unique “ome” terms being
referenced in the biomedical literature is growing rapidly.
BIOM file format

The BIOM file format version 1.0.0 is based on JSON,
an open standard for data exchange for which native
parsers in several programming languages are available.
JSON was chosen as the basis for the BIOM format as it
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is a widely accepted and lightweight transmission format
used on the Internet since 1999. It is directly translatable
into XML if necessary, but embodies less complexity
and overhead (in terms of the amount of supporting information that must be included in a valid file).
Several representative BIOM-formatted files and classic
QIIME OTU table files used in the analysis presented in
Figure 2, Additional file 1: Table S1, and Additional file 6:
Figure S1 are provided in a zip file as Additional file 4: Data
1. A full definition of the BIOM format is available at
http://biom-format.org.
The BIOM project consists of two independent components. The first component is the BIOM file format specification, which is versioned and available at http://biomformat.org. A BIOM validator script is additionally
packaged with the format specification, and allows users to
determine if their files are in valid BIOM format. The second component of the BIOM format project is the biomformat software package, which contains general-purpose
tools for interacting with BIOM formatted files (e.g., the
convert_biom.py script, which allows for conversion between sparse and dense BIOM-formatted files, and for conversion between BIOM-formatted files and tab-separated
text files), an implementation of support objects for BIOM
data in Python, and unit tests for all software. We hope that
the development of similar support objects in other programming languages will become a community effort,
which we will manage using the GitHub environment.

Availability of software
The biom-format project is hosted on GitHub and available at http://www.biom-format.org. The project page can
be found at http://github.com/biom-format. biomformat is platform independent, and requires Python
2.6 or 2.7. It is available under GPL v3, and is free for all
use. Version 1.0.0 of the biom-format project is available as Supplementary File 2, and available for download
on the project page at: https://github.com/downloads/
biom-format/biom-format/biom-format-1.0.0.tgz.
Note from the Editors
A related discussion by Jonathan Eisen on the issues surrounding this work is published alongside this article [25].
Additional files
Additional file 1: Table S1. OTU table statistics for data included in
Figure 2, Additional File 6: Figure S1, and Additional File 7: Data 2.
Additional file 2: Initial goals of the biom-format project.
Additional file 3: Comparison of QIIME OTU Table collapsing code with
native QIIME OTU table data structures (Panels A-D) and biom-format
Table objects (Panel E). Panels A-D (combined) provide the same
functionality as Panel E.
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Additional file 4: Data 1. Representative OTU tables in BIOM and
classic QIIME OTU table format.
Additional file 5: Example BIOM-formatted data. This is an example of a
sparse BIOM-formatted OTU table. While type is a required entry in BIOM
tables, the BIOM format itself does not change for different data types
(e.g., OTU Table, function table, metabolite table). This information is
included to allow tools that use BIOM files to determine the data type, if
desired. Additional examples are available at: http://biom-format.org/
documentation/format_versions/biom-1.0.html#example-biom-files.
Additional file 6: Figure S1. Matrix density versions compression ratio.
Additional file 7: Data 2. Version 1.0.0 of the biom-format software
package.
Abbreviations
BIOM: Biological Observation Matrix; QIIME: Quantitative Insights Into
Microbial Ecology; MG-RAST: Metagenomic Rapid Annotation using
Subsystem Technology; VAMPS: Visualization and Analysis of Microbial
Population Structures; OTU: Operational Taxonomic Unit; API: Application
Programmer Interface; JSON: JavaScript Object Notation; GPL: GNU Public
License.

Competing interests
The authors have declared no competing financial interests.
Acknowledgements
This work was supported in part by Amazon Web Services, the Alfred P.
Sloan Foundation, and the Howard Hughes Medical Institute. “Ome-ome”
data was obtained from a local install of MEDLINEW, a database of the U.S.
National Library of Medicine, in the Larry Hunter Laboratory at the University
of Colorado Denver. We thank Bill Baumgartner for supplying the MEDLINEW
data for this study. We additionally thank William A. Walters for assistance
with testing of the biom-format project.
Author details
1
Biofrontiers Institute, University of Colorado, Boulder, CO, USA. 2Department
of Chemistry & Biochemistry, University of Colorado, Boulder, CO, USA.
3
Second Genome, San Bruno, CA, USA. 4Department of Computer Science,
Northern Arizona University, Flagstaff, AZ, USA. 5Argonne National
Laboratory, Argonne, IL, USA. 6Marine Biological Laboratory, Woods Hole, MA,
USA. 7Howard Hughes Medical Institute, Boulder, CO, USA.
Authors’ contributions
All authors designed the BIOM format and provided feedback on the
manuscript. DM, JCC, JK, JRR, and JGC developed the biom-format
software. DM, JCC, RK, and JGC wrote the manuscript. DM, JCC, RK, and JGC
conceived of the project. All authors read and approved the final manuscript.
Authors’ information
DM, JCC, JK, JRR, JS, DW, RK, and JGC have development and/or leadership
roles in QIIME. AW and FM have development and/or leadership roles in
MG-RAST. SH and JH have development and/or leadership roles in VAMPS.
Received: 1 March 2012 Accepted: 12 July 2012
Published: 12 July 2012
References
1. Qin J, Li R, Raes J, Arumugam M, Burgdorf KS, Manichanh C, Nielsen T, Pons
N, Levenez F, Yamada T, Mende DR, Li J, Xu J, Li S, Li D, Cao J, Wang B,
Liang H, Zheng H, Xie Y, Tap J, Lepage P, Bertalan M, Batto JM, Hansen T, Le
Paslier D, Linneberg A, Nielsen HB, Pelletier E, Renault P, Sicheritz-Ponten T,
Turner K, Zhu H, Yu C, Li S, Jian M, Zhou Y, Li Y, Zhang X, Li S, Qin N, Yang
H, Wang J, Brunak S, Doré J, Guarner F, Kristiansen K, Pedersen O, Parkhill J,
Weissenbach J, Weissenbach J, Bork P, Ehrlich SD, Wang J, MetaHIT
Consortium: A human gut microbial gene catalogue established by
metagenomic sequencing. Nature 2010, 464(7285):59–65.
2. Reyes A, Haynes M, Hanson N, Angly FE, Heath AC, Rohwer F, Gordon JI:
Viruses in the faecal microbiota of monozygotic twins and their
mothers. Nature 2010, 466(7304):334–338.

McDonald et al. GigaScience 2012, 1:7
http://www.gigasciencejournal.com/content/1/1/7

3.

4.

5.

6.

7.

8.
9.
10.

11.

12.
13.

14.

15.
16.

17.

Markowitz VM, Chen IM, Palaniappan K, Chu K, Szeto E, Grechkin Y, Ratner A,
Jacob B, Huang J, Williams P, Huntemann M, Anderson I, Mavromatis K,
Ivanova NN, Kyrpides NC: IMG: the Integrated Microbial Genomes
database and comparative analysis system. Nucleic Acids Res 2012,
40:D115–122.
Zakrzewski M, Goesmann A, Jaenicke S, Jünemann S, Eikmeyer F,
Szczepanowski R, Al-Soud WA, Sørensen S, Pühler A, Schlüter A: Profiling of
the metabolically active community from a production-scale biogas
plant by means of high-throughput metatranscriptome sequencing.
J Biotechnol 2012, 158(4):248–258.
Helbling DE, Ackermann M, Fenner K, Kohler HP, Johnson DR: The activity
level of a microbial community function can be predicted from its
metatranscriptome. ISME J 2011, 6(4):902–904.
Caporaso JG, Lauber CL, Costello EK, Berg-Lyons D, Gonzalez A, Stombaugh
J, Knights D, Gajer P, Ravel J, Fierer N, Gordon JI, Knight R: Moving pictures
of the human microbiome. Genome Biol 2011, 12(5):R50.
Muegge BD, Kuczynski J, Knights D, Clemente JC, González A, Fontana L,
Henrissat B, Knight R, Gordon JI: Diet drives convergence in gut
microbiome functions across mammalian phylogeny and within
humans. Science 2011, 332(6032):970–974.
Glenn TC: Field guide to next-generation DNA sequencers.
Mol Ecol Resour 2011, 11(5):759–769.
Desai N, Antonopoulos D, Gilbert JA, Glass EM, Meyer F: From genomics to
metagenomics. Curr Opin Biotechnol 2012, 23(1):72–76.
Angiuoli SV, White JR, Matalka M, White O, Fricke WF: Resources and costs
for microbial sequence analysis evaluated using virtual machines and
cloud computing. PLoS One 2011, 6(10):e26624.
Sansone SA, Rocca-Serra P, Field D, Maguire E, Taylor C, Hofmann O, Fang
H, Neumann S, Tong W, Amaral-Zettler L, Begley K, Booth T, Bougueleret L,
Burns G, Chapman B, Clark T, Coleman LA, Copeland J, Das S, de Daruvar A,
de Matos P, Dix I, Edmunds S, Evelo CT, Forster MJ, Gaudet P, Gilbert J,
Goble C, Griffin JL, Jacob D, Kleinjans J, Harland L, Haug K, Hermjakob H, Ho
Sui SJ, Laederach A, Liang S, Marshall S, McGrath A, Merrill E, Reilly D, Roux
M, Shamu CE, Shang CA, Steinbeck C, Trefethen A, Williams-Jones B,
Wolstencroft K, Xenarios I, Hide W: Toward interoperable bioscience data.
Nat Genet 2012, 44(2):121–126.
Turnbaugh PJ, Gordon JI: An invitation to the marriage of metagenomics
and metabolomics. Cell 2008, 134(5):708–713.
Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K, Bushman FD, Costello
EK, Fierer N, Peña AG, Goodrich JK, Gordon JI, Huttley GA, Kelley ST, Knights
D, Koenig JE, Ley RE, Lozupone CA, McDonald D, Muegge BD, Pirrung M,
Reeder J, Sevinsky JR, Turnbaugh PJ, Walters WA, Widmann J, Yatsunenko T,
Zaneveld J, Knight R: QIIME allows analysis of high-throughput
community sequencing data. Nat Methods 2010, 7(5):335–336.
Meyer F, Paarmann D, D'Souza M, Olson R, Glass EM, Kubal M, Paczian T,
Rodriguez A, Stevens R, Wilke A, Wilkening J, Edwards RA: The
metagenomics RAST server - a public resource for the automatic
phylogenetic and functional analysis of metagenomes.
BMC Bioinformatics 2008, 9:386.
VAMPs: The Visualization and Analysis of Microbial Population
Structures. http://vamps.mbl.edu.
Wu D, Hugenholtz P, Mavromatis K, Pukall R, Dalin E, Ivanova NN, Kunin V,
Goodwin L, Wu M, Tindall BJ, Hooper SD, Pati A, Lykidis A, Spring S,
Anderson IJ, D'haeseleer P, Zemla A, Singer M, Lapidus A, Nolan M,
Copeland A, Han C, Chen F, Cheng JF, Lucas S, Kerfeld C, Lang E, Gronow S,
Chain P, Bruce D, Rubin EM, Kyrpides NC, Klenk HP, Eisen JA: A phylogenydriven genomic encyclopaedia of Bacteria and Archaea. Nature 2009,
462(7276):1056–1060.
Yilmaz P, Kottmann R, Field D, Knight R, Cole JR, Amaral-Zettler L, Gilbert JA,
Karsch-Mizrachi I, Johnston A, Cochrane G, Vaughan R, Hunter C, Park J,
Morrison N, Rocca-Serra P, Sterk P, Arumugam M, Bailey M, Baumgartner L,
Birren BW, Blaser MJ, Bonazzi V, Booth T, Bork P, Bushman FD, Buttigieg PL,
Chain PS, Charlson E, Costello EK, Huot-Creasy H, Dawyndt P, DeSantis T,
Fierer N, Fuhrman JA, Gallery RE, Gevers D, Gibbs RA, San Gil I, Gonzalez A,
Gordon JI, Guralnick R, Hankeln W, Highlander S, Hugenholtz P, Jansson J,
Kau AL, Kelley ST, Kennedy J, Knights D, Koren O, Kuczynski J, Kyrpides N,
Larsen R, Lauber CL, Legg T, Ley RE, Lozupone CA, Ludwig W, Lyons D,
Maguire E, Methé BA, Meyer F, Muegge B, Nakielny S, Nelson KE, Nemergut
D, Neufeld JD, Newbold LK, Oliver AE, Pace NR, Palanisamy G, Peplies J,
Petrosino J, Proctor L, Pruesse E, Quast C, Raes J, Ratnasingham S, Ravel J,
Relman DA, Assunta-Sansone S, Schloss PD, Schriml L, Sinha R, Smith MI,

Page 6 of 6

18.
19.
20.

21.

22.
23.

24.
25.

Sodergren E, Spo A, Stombaugh J, Tiedje JM, Ward DV, Weinstock GM,
Wendel D, White O, Whiteley A, Wilke A, Wortman JR, Yatsunenko T,
Glöckner FO: Minimum information about a marker gene sequence
(MIMARKS) and minimum information about any (x) sequence (MIxS)
specifications. Nat Biotechnol 2011, 29(5):415–420.
JSON: JavaScript Object Notation. http://www.json.org.
GitHub. http://www.github.com.
Gilbert JA, Meyer F, Jansson J, Gordon J, Pace N, Tiedje J, Ley R, Fierer N,
Field D, Kyrpides N, Glöckner FO, Klenk HP, Wommack KE, Glass E, Docherty
K, Gallery R, Stevens R, Knight R: The Earth Microbiome Project: meeting
report of the "1 EMP meeting on sample selection and acquisition" at
Argonne National Laboratory October 6 2010. Stand Genomic Sci 2010,
3(3):249–253.
Kunin V, Engelbrektson A, Ochman H, Hugenholtz P: Wrinkles in the rare
biosphere: pyrosequencing errors lead to artificial inflation of diversity
estimates. Environ Microbiol 2010, 12(1):118–123.
Reeder J, Knight R: The 'rare biosphere': a reality check. Nat Methods 2009,
6(9):636–637.
Sogin ML, Morrison HG, Huber JA, Welch DM, Huse SM, Neal PR, Arrieta JM,
Herndl GJ: Microbial diversity in the deep sea and the underexplored
"rare biosphere". Proc Natl Acad Sci USA 2006, 103(32):12115–12120.
Quince C, Curtis TP, Sloan WT: The rational exploration of microbial
diversity. ISME J 2008, 2(10):997–1006.
Eisen JA: Badomics words and the power and peril of the ome-meme.
GigaScience 2012, 1:6.

doi:10.1186/2047-217X-1-7
Cite this article as: McDonald et al.: The Biological Observation Matrix
(BIOM) format or: how I learned to stop worrying and love the omeome. GigaScience 2012 1:7.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

