Using Galaxy to separate potentially functional and benign SNPs
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The Galaxy software framework provides a variety of tools that can be used to help distinguish SNPs that are potentially deleterious from those that are probably benign.
Here we illustrate results from several of these tools, and show that with appropriate parameter selection they can produce a reasonable emulation of curated classification.
1. Galaxy is a free, powerful computational framework and service that
allows users to run a wide variety of tools on their data in a highly
interoperable manner. It provides a means for SNP analysis, along with a
transparent setting for sharing both the methods used and results.
We illustrate the power of SNP tools in Galaxy by employing several of them to
evaluate a large set of SNPs in the DMD gene and a smaller set in the LMNA gene.
Some mutations in the DMD gene are
Example Galaxy History
known to cause Duchenne’s muscular
dystrophy, while mutations in the LMNA
gene are associated with several diseases.
We evaluate both coding and non-coding
SNPs, predicting which are likely to be
damaging. To assess the effectiveness of
the tools, we compare these results to a
knowledge-based determination from an
expert. In both the test and reference
sets, SNPs of unknown significance are
classified as phenotype-associated.
On the right is a Galaxy history
showing the assortment of tools we used
to classify SNPs obtained from the
corresponding LMDp databases(a) for
these two loci.

2. Some of the tools, such as aaChanges and PolyPhen2, examine the effect of SNPs on amino acids.
For non-coding SNPs, we can use the Regulatory Potential (RP) score(b) to predict whether they are
likely to be functional. And other approaches can be applied anywhere in the genome, such as PhyloP
conservation scores(c) between species. Even the mere occurrence of a SNP in the genomes of more-or-less
healthy people, such as those in the 1000 Genomes Project(d), can have predictive value for non-complex
diseases.
Example: the aaChanges tool shows
good overlap between its
phenotype-associated predictions and
the curated SNP set.
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3. Some of these tools have a score threshold that can be adjusted, i.e. the cutoff value used to
separate the two classes of SNPs. To choose these, we plotted the score distributions of the curated SNPs,
along with those of all the 1000 Genomes SNPs in our two loci (just as a background reference), and selected
a value that appeared to best distinguish the SNPs curated as phenotype-associated from those curated as
benign. We chose to slightly favor sensitivity over specificity. This led to PhyloP and RP score thresholds of
0.35 and -0.005, respectively. For the 1000 Genomes occurrence criterion, we used the frequency count as
the score, and settled on a threshold of 1 (i.e. any SNP appearing in 1000 Genomes at all was classified as
benign, while absent => phenotype-associated). The aaChanges and PolyPhen2 tools do not require any
parameters.

4. Sensitivity and specificity of each of these tools using the chosen thresholds. One
next step would be to use Galaxy to intersect these classifications, since any SNPs placed
repeatedly in the same category are more likely to be correct.
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Screen shot showing how the above threshold for PhyloP is used in the
condition box for filtering (step 9 in the history figure).
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5. Similar analyses can be performed with other software, or by using these same tools outside
of Galaxy. However, using Galaxy has a number of advantages:
1.
2.
3.
4.

Galaxy is free.
Galaxy is a do-it-yourself framework; you choose the tools and datasets you want.
With Galaxy it is easy to experiment and fine-tune the parameter settings as needed.
Workflows make it simple to repeat exactly the same steps on different datasets.
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