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Challenge: Can regulatory SNPs be predicted using sequence and
bioinformatics? How important are relative genomic features and the
annotations on nearby genes in making predictions? Using a training set
of experimentally validated disease-causing requlatory SNPs from the
Human Gene Mutation Database (HGMD) and background SNPs from
dbSNP, we set out to answer these, and other questions.
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Definition of cis-acting SNPs Features Investigated
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Training sets

Two training sets were defined, Paired and
Unpaired. The paired set is designed to test how

good SNP based features are for rSNP prediction.

The unpaired set is designed to test how good
gene based features and SNP based features are
for rSNP prediction.

Evaluation Approach

We tried SVM / Random Forest / Bayes
Network.

The RF algorithm, implemented in WEKA
(Waikato Environment for Knowledge Analysis),
was chosen with the generation of 100 trees
because of better performance. 10-fold cross-

Entire Bootstrap
dataset sample

Out of bag
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Statistical Analysis

The training set is highly imbalanced (bSNPs >> rSNPs). To collect statistics of
our approach, we collected 500 samples of a gold standard negative (GSN)
randomly selected from the extensive bSNP set. Classification were performed
against 500 training sets obtained using the GSN set and the rSNPs.

. rSNP__ |

]

For the overall performance of the model, we reported the average value for AUC,
specificity/sensitivity or other measurements.
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Four approaches for evaluation of the relative importance of features
1. information gain (univariate filter),
2. correlation-based feature selection (multivariate filter) ,
3. individual Area under the Curve (AUC) of a Reciever

Operator Characteristics (ROC) Plot for each feature
under the same classification method as the whole model,

4. AUC index

For the it" feature, we calculate the decrease of the AUC from the model with the full
feature set to the model with the feature set of which the ith feature is excluded. The value
indicates the importance of the it feature.

Taking those methods together, we can find feature dependence, and indentify truly
important features.
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Results and Discussion

R1, For the unpaired dataset, we obtain an AUC (0.889+-0.011), sensitivity(0.843+-0.015) and
specificity(0.755+-0.019) for overall performance.

R2, For the unpaired dataset, we found the best features are: Functional complexity, maximum
value of gene expression, protein-protein interaction complexity and distance to TSS. It is
interesting that most of the best features come from associated gene.

R3, For the paired dataset, that all the gene features were not included, the overall

performances are only AUC(0.735+-0.017), sensitivity(0.670+-0.024) and specificity(0.667+-
0.020). Few SNP based features are important except distance to TSS.

P1, The randomly selected background dataset in this study is problematic and likely contains
regulatory SNPs.

P2, Functional annotation is important, but it is perhaps not surprising as regulatory SNPs likely
come from functionally well characterized genes.



