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Recent advances in high throughput ’omics’ technologies enable quantitative measurements
of expression or abundance of biological molecules of a whole biological system. The tran-
scriptome, proteome and metabolome are dynamic entities, with the presence, abundance and
function of each transcript, protein and metabolite being critically dependent on its temporal
and spatial location.

With mixOmics, we are currently establishing a global analytical framework to extract rele-
vant information from high throughput ’omics’ platforms such as genomics, proteomics and
metabolomics. Specifically, the statistical methodologies developed and implemented in the
R package focus on the so-called multivariate projection-based approaches, which can handle
such large data sets, deal with multicollinearity and missing values. These methodologies en-
able dimension reduction by projecting these large data sets into a smaller subspace, to capture
the largest sources of variation in the biological studies. These techniques enable exploration,
visualisation of the data and lead to biological insights.

Principal Component Analysis (PCA) is a commonly used dimension reduction technique to
highlight expression patterns that might be due to biological variation, or systematic platform
bias in a single data set. Recently, we have proposed another variant based on Independent
Component Analysis (IPCA) [1|. By applying Lasso penalisation 2] on the PCA or TPCA com-
ponents, we further reduce the dimension of the data by selecting the relevant information (the
measured biological entities) related to the biological study. Both approaches are unsupervised,
i.e. the focus is to identify the genes, proteins or metabolites with similar information without
taking into account experimental knowledge on class labels of the samples. A supervised ap-
proach was also developed based on Partial Least Square Discriminant Analysis (PLS-DA) [3]
to select discriminative biological entities across several groups of samples.

Whilst single omics analyses are commonly performed to detect between-groups difference from
either static or dynamic experiments, the integration or combination of multi-layer information
is required to fully unravel the complexities of a biological system. Data integration relies on
the currently accepted biological assumption that each functional level is related to each other.



Therefore, considering all the biological entities (transcripts, proteins, metabolites) as part of
a whole biological system is crucial to unravel the complexity of living organisms.

To that purpose, we have developed integrative approaches, such as regularized Canonical
Correlation Analysis (rCCA) [4], sparse PLS [5,6] to highlight or understand the relationship
between two types of biological entities. We have demonstrated on several biological studies
that this integrative analyses of large scale omics datasets could generate new knowledge not
accessible by the analysis of a single data type alone.

All methodologies are implemented in mixOmics along with S3 methods for an easy use of the
package and an easy interpretation via graphical tools [6]. Our website gives more information
about the methodologies and how to use the package (http://www.math.univ-toulouse.fr/
~biostat/mixOmics/). For the non R specialist, a web application was also developed and
made available to the research community (http://mixomics.qfab.org).

In this presentation, I will cover the recent developments of mixOmics, illustrate the use of
the methodologies to various biological studies and demonstrate the usefulness of the graphical
tools to give biological meaning to the obtained results.
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