Meta-analysis of FTO expression profile

Motivation

Co-expression is a noisy signature for co-functionality and may be misleading if the shared functionality of two genes is very specific (and not co-expressed in the majority of tissues or under the majority of conditions).  On the other hand, the presence of this specificity in co-expression data may be advantageous if we wish to probe whether two genes (or their products) interact only under a subset of conditions.  To determine whether there was any particular functional profile to FTO’s possible interaction with BMP4 we conducted a two-stage analysis.  

In the first stage, a large set of annotated experiments are assembled and in each one, the co-expression of FTO with BMP4 is assessed relative to other genes.  If, for example, FTO and BMP4 are co-expressed preferentially (and significantly) in experiments involving brain tissue, we would infer a joint role that is somewhat specific to the brain.  This relies on variability in the co-expression between FTO and BMP4; if they were perfectly co-expressed (e.g., a complex-like interaction) across all experiments, then there would be no functional preference.  If the interaction is even somewhat specific, we would not even expect FTO and BMP4 to be  co-expressed in the aggregate of all experiments.  Methodologically, this almost exactly resembles enrichment analysis, except instead of a ranked list of genes (with corresponding functional annotations), we have a ranked list of experiments (with corresponding functional annotations). We then identified a list of 165 genes that had the same profile across experiments as BMP4 did with FTO.  Note that this does not mean these genes will tend to be co-expressed on average.

In our second stage of analysis, our intent was to determine if this list of genes could be seen to have a specific co-expression role.  In particular, we looked for whether this set of genes was co-expressed (or exhibited significant modularity) in brain co-expression data vs non brain co-expression data in previously constructed networks.  

Methods

For analysis of FTO's expression profile, we assembled 721 publicly available expression experiments constituting 34019 individual microarrays from the Gemma system1 and conducted coexpression analysis as described in 2.   Briefly, the correlation between FTO's expression profile and each of 14184 genes present on at least 500 expression data sets (each using many individual microarrays) was analyzed for each data set.  Correlations were then replaced with ranks, to give an expression profile similarity score between FTO and each other gene for each data set.  Each data set was separately annotated by one of up to 128 terms (such as tissue type), and each of those terms was present on at least 5 of the experiments (and up to 25).  This allowed us to examine if FTO exhibited changes in the similarity of its expression profile with other genes depending on experimental annotation.  This closely resembles gene function enrichment analysis (e.g. 3) and we applied the same methodology to test for enrichment across data set annotations.

Some further details are available at http://www.chibi.ubc.ca/FTO.

Results and Discussion

Using our experimental annotations and treating FTO's coexpression score with BMP4 as a ranking of those data sets, produced a ranking of data sets with “Adipose Tissue” as the most significantly enriched data type (p<0.01, see supplemental website for experiment lists).  That is, FTO and BMP4 were most coexpressed in adipose tissue.  This is largely expected given the role of FTO in adipose tissue, and serves as partial validation that coexpression signatures map in expected ways to experimental annotations.  The only other comparably enriched annotation (p<0.01) was “Behavioral activity”, indicating that the positive interaction between FTO and BMP4 may vary between adipose tissue and behavioral activity (including neurological function).  

[bookmark: _GoBack]In order to capture cases where FTO and BMP may be involved with strong but divergent effects, we tested for enrichment of the ranks of the absolute value of coexpression values.   In this case “embryonic” data sets exhibited the most significant change in coexpression similarity (p<0.01), suggesting that FTO and BMP4 may interact variably (but strongly) in embryonic tissue.  One possibility is that FTO and BMP4's embryonic interaction is partially driving the subsequent enrichment split between adipose tissue and behavioral activity.  To test this, we divided the data sets into prenatal and postnatal categories and examined FTO's coexpression profile with all other genes in these two classes of data.  In the top 3 (out of 3044) significantly enriched Gene Ontology categories, the list of postnatally FTO-linked genes was enriched (after multiple test correction, p<0.05) for “nervous system development”, while prenatally FTO-linked genes were most closely enriched with molecular functions (e.g., transcriptional activities).

We next examined the set of genes whose interaction strength with FTO was significantly correlated with BMP4's correlation strength with FTO (r>0.25, p<0.01).  This set of 165 genes was again significantly enriched for nervous system development within its top 10 GO terms (corrected p<0.01).   This subnetwork of genes exhibited significant modularity (p<0.01, permutation test) in a network constructed from the brain derived expression data  but not one derived from non-brain derived expression data (size and platform matched).  FTO exhibits particularly strong interaction with the proto-cadherin alpha gene cluster (see supplementary figure 1).  An important caveat for this analysis is that FTO and BMP4 do not themselves exhibit significant co-expression within this sub-network (indeed, BMP4 is not co-expressed strongly in general within this data).

Supplementary Figure 1.  A subnetwork of genes which show similar expression to FTO as BMP4 shows to FTO, when tracked across experiments.  The subnetwork shown are those genes connected in the top 0.5% of all genes within a coexpression network constructed from brain-data., where these genes show significantly low external connectivity and high internal connectivity.  We note that FTO is particularly strongly coexpressed with the proto-cadherin alpha gene cluster (PCDHA).
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