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Abstract
In this work we study predicting the effect of nonsynonymous SNPs on several cancers. We trained
classifiers on both sequential and structural
features extracted from the affected genes and
cross validated the predictions made by the trained
classifiers. Specifically, we investigated how the
prediction performance can be improved by
connecting SNPs in the context of haplotype and
interacting sites. We found that accuracy was
consistenly enhanced by combining sequential and
structural features, with increase ranging from a
few percentage points up to more than 20
percentage points. The results for putting SNPs in
the context of interacting sites were less consistent.
Compared to individual SNPs, these that appear
together in haplotype showed stronger correlation
with one another and with the phenotype, and
therefore led to better prediction performance.
Although some similar effect has been expected for
connecting SNPs to interacting sites in proteins, the
performance actually got worse. This decrease in
prediction accuracy may be caused by the small
data set, as many affected proteins in the study do
not have known interacting sites.

2 Data and Method
The data set includes 4056 SNPs collected from SWISSPROT for 4 types of cancer: acute myeloid leukemia (1131
polymorphism vs 268 detrimental), breast cancer (1087 vs
145), colorectal cancer (983 vs 131), and esophageal cancer
(961 vs 94). The ground truth is collected using HumSavar
from Uniprot release 2015_09. Feature vector has 21 features
(3 sequential and 18 structural) constructed using FoldX,
Panther for subPSEC scores, and Fathmm for cancer-specific
pathegenicity weights. Haplogtype information was collected
from HapMap and UCSC genome browser. Interacting sites are
collected from 3DID database (release: June 2015). Support
vector machines with linear, polynomial (degree = 2) and
RBF kernels and Random Forest were used. The
performance was evaluated in 10 fold cross-validation with
presicion, recall and ROC score.

3 Results
In Table 1, ROC scores are listed for using sequential
features (ROC1), structural features (ROC2) and combined
(ROC3) for SVM with linear (SVM1), RBF (SVM2), and
polynomial (SVM3) kernels, and for random forest (RF). It
is clear that performance is consistently enhanced when
both sequential and structural feartures were used.
Table 1: Performance comparison

1 Introduction
Missense non-synonymous single nucleotide polymorphism
(nsSNP) is considered as one of the most common types of
variation, causing a change in amino acid in the
corresponding protein sequences. It is of great interest to
develop computational methods for detecting SNPs and
predicting their phenotypic effects. Such methods include
enzyme activity predction, detection of disease potential,
and alanine scanning technique to study protein-protein
interaction, which replaces every single residue with alanine
to observe free energy change between the wild type and the
mutant. We propose to investigate using both sequential and
structural features, connecting SNPs to known interacting
sites and haplotypes in order to improve prediction
performance.
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SVM 1

0.63

0.50

0.74

SVM 2

0.76

0.70

0.81

SVM 3

0.58

0.60

0.67

RF

0.90

0.82

0.92

For connecting SNPs with interacting sites, the performance
in general decreased, e.g., accuracy dropped to 0.68 for RF,
which was the best as compared to SVM with three different
kernels. For pairing up SNPs based their occurrence in
haplotype, data is only available for acute myeloid leukemia
(1109 pairs polymorphic vs 316 pairs detrimental). RF
achieved 0.95 ROC score for haplotype pairs versus 0.79
-15
ROC score for individual SNPs, with p-value =7.8 x 10
over 10-fold cross validation.

