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METABOSTAT: POST ION-IDENTIFICATION ANALYSIS OF LC- AND GC- MS METABOLOMICS DATA
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Metabolomics data analysis is a multiple step procedure that requires the development of new computational tools. Subsequent to the identification of ions and the detection of their intensities across samples by a peak-picking/retention time (rt)-warping program, the researcher has to interpret the results at several levels including: quality control (QC), biostatistics, and metabolite annotation. In the case of QC, the main task is to select the trustable ion-profiles and to remove the artifacts resulting from inaccuracies of the peak-picking/rt -warping procedure. The basic biostatistical question is what biological factors influence the behavior of the ions intensity across samples. The third level dealt by the analysis is the detection of clusters of ions that represent a single metabolite. The MetaboStat program uses multiple detection of ion-profiles data provided by any peak-picking/peak-alignment program and facilitates Metabolomics data analyses at three levels: 

1. Identification of trustable ions, ion-profiles that are robust under random perturbation of parameters used by the peak-picking/peak-alignment procedure.

2. Detection of “metabolites”, each metabolite is a group of ions that are (i) eluted at the same narrow retention time interval; (ii) have highly correlated profiles; and (iii) the group is enriched with isotope pairs.

3. Estimation of the statistically significant effects of applied biological factors and their interactions for each ion and each metabolite.

The algorithmic core of MetaboStat exploits the following ideas:

1. Quantile normalization of ion-intensities inside each group of replicates.

2. Clustering of ion-profiles in the PCA space. The nested clustering is generated by a recursive identification of the local neighborhoods in PCA-space that are enriched by ion-profiles. Under different initial limitations this procedure is applied to the identification of trustable ions and to the detection of metabolites as ion groups.

3. The ANOVA-equivalent multiple linear regression analysis of ion intensities against orthogonal contrasts is used for detection of the per-ion significant biological effects and their interactions.

4. The significant effects for metabolites (groups of ions) are identified via Wald statistics based “voting” of individual ion-profiles of the metabolite either “for” or “against” significance of every effect (contrast) of the ANOVA model.
The current version of the MetaboStat program presents all trustable ions as lines of the Excel table. Lines are grouped into a series of putative metabolites with the information about ions of a particular metabolite; isotopes, adducts and neutral losses. Each ion (line) contains information on the effects of applied biological factors and if their interactions are significant for given ion. A separate table presents a similar information about metabolites. The intensities of every metabolite are presented by intensities of its most probable ion. The program generates visual pictures for distributions of samples in a variety of 2D PCA subspaces, and calculates FDR estimation for all factorial effects. 

In the next version it is planed to add a user friendly interface to the program, a more accurate procedure for metabolite detection, and several new statistical procedures such as detection of discriminating metabolites and ones for linking the program outcome to other databases of Metabolomics data. 
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