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SNP-SIG Meeting Programme - July 15th 2011, Vienna (Austria) 
 
08:30 – 08:45 Welcome from the committee 
SI: Annotation & prediction of structural/functional impacts of coding SNPs 
08:45 – 09:40 Highlight Speaker: Mauno Vihinen, Tampere University (Finland) 

Genetic variations: origin, effects and prediction. 
09:40 – 10:05 Christian Schaefer. Technische Universitat Munchen (Germany) 

Can we predict structural change upon point mutation? 
10:05 – 10:30 Gilad Wainreb. Tel Aviv University (Israel) 

Protein stability: A single recorded mutation aids in predicting the effects 
of other mutations in the same amino acid site. 

10:30 – 10:45 Coffee Break 
10:45 – 11:10 Piero Fariselli. University of Bologna  (Italy) 

Predicting cancer-associated germline variations in proteins. 
11:10 – 11:35 Alain Laederach. University of North Carolina, Chapel Hill (USA) 

Effects of disease-associated SNPs on the structure of the transcriptome. 
11:35 – 12:10 Keynote: Burkhard Rost, Technische Universitat Munchen (Germany) 

Trivial step from predicting the effects of SNPs to medicine. 
12:10 – 12:25 Company Presentation: Frank Schacherer, BIOBASE GmbH. 

Manually curated databases for SNP analysis. 

12:25 – 13:30 Lunch Break and Poster Session with the Authors 

SII: SNPs & Personal Genomics: GWAS, populations and phylogenetic analysis 
13:30 – 14:25 Highlight Speaker: Atul J. Butte, Stanford University (USA) 

Clinical Assessment Incorporating a Personal Genome. 
14:25 – 14:50 Konrad Karczewski. Stanford University (USA).  

Assessing Functional and Clinical Significance of Regulatory Variants. 
14:50 – 15:15 Joel Dudley. Stanford University (USA). 

Evolutionary meta-analysis reveals ancient constraints affecting missing 
heritability and reproducibility in disease association studies. 

15:15 – 15:30 Coffee Break 
15:30 – 15:55 Adam Frankish. Wellcome Trust Sanger Institute, Hinxton (UK) 

Is Understanding Alternative Splicing Important in Interpreting the 
Potential Functional Effects of SNPs? 

15:55 – 16:20 Sudhir Kumar. Arizona State University, Tempe (USA). 
Comparative Genomics as an Evolutionary Telescope for Genomic 
Medicine to Peer into the Universe of Human Mutations. 

16:20 – 16:55 Keynote: Steven Brenner, University of California, Berkeley (USA). 
CAGI Experiments 

16:55 – 17:45 Round Table Discussion  
17:45 – 18:00 Closing remarks from the committee 
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GENETIC VARIATIONS:   
ORIGIN, EFFECTS AND PREDICTION 
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Each individual has millions of genetic variations in 
their genome. This information can now be efficiently 
revealed with next generation sequencing techniques. 
As some variations are associated with diseases it 
would be important to be able to identify them. Due to 
the large amount of data this is not possible with 
experimental methods. Computational approaches are 
needed to study and analyze variations and to 
prioritize likely pathogenic or neutral cases. The 
origin of genetic variations and mechanisms behind 
them will be discussed. These concepts are needed to 
be able to systematically classify variations and their 
effects. Variation Ontology (VariO) is developed to 
facilitate systematic variation effect description. Many 
existing methods are devoted to recognizing harmful 
variations. This is an important prediction task, which 
can be extended to study of consequences and effects 
of harmful variants. Performance of certain prediction 
tools will be discussed based on large scale tests of 
experimentally verified cases. Our experiences from 
the use and development of prediction tools as well as 
variation database curation and development will be 
discussed with view for the future.  

CLINICAL ASSESSMENT 
INCORPORATING 

A PERSONAL GENOME 
!
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Dr. Butte’s lab at Stanford builds and applies tools 
that convert more than 30 billion points of molecular, 
clinical, and epidemiological data measured by 
researchers and clinicians over the past decade into 
insights into diagnostic and therapeutic potential. Dr. 
Butte, a bioinformatician and pediatric 
endocrinologist, will highlight his recent work on the 
first clinical evaluation of a patient presenting with a 
personal genome. 
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GENETIC VARIATIONS:   
ORIGIN, EFFECTS AND PREDICTION 
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Non-synonymous single nucleotide polymorphisms 
(nsSNPs) refer to point mutations in coding regions of 
the DNA that change the amino acid within the gene 
product. Once the protein gets expressed, nsSNPs 
could have an effect on its stability and/or function or 
not. There exists a plethora of methods that predict the 
outcome of an occurring nsSNP. Usually, change in 
protein stability is deduced from the change of free 
energy (ddG) between wildtype and mutant structure 
imposed by the amino acid exchange. Here we 
propose a more direct way to measure structural 
change. We compile a data collection out of the 
Protein Data Bank (PDB) consisting of a set of 
structurally superimposed protein fragment pairs that 
share identical flanking regions in sequence and one 
mismatch amino acid in their center. By measuring the 
root mean square displacement (RMSD) between two 
fragments, we infer the structural effect posed by the 
central mismatch. With the dataset at hand, we aim to 
machine-learn the structural displacement due to a 
nsSNP by sequence-derived features alone. We tackle 
that problem as follows: By setting discrete RMSD 
thresholds to define structural effect/no-effect, we 
view the given task as a classification problem.  

 
 
 

PROTEIN STABILITY: A SINGLE 
RECORDED MUTATION AIDS IN 

PREDICTING THE EFFECTS OF OTHER 
MUTATIONS IN THE SAME  

AMINO ACID SITE 
!

?+1&=!@&+(6-A.;!!B+)6!@)1:!;!C&+D!/7,<-(&EF;!!
GH-7!I-,)'9<;!!J+6!3-(KL&1.!
!("&2(<,+,()*+,&'-+./0(B-'#&2(

&$#+24(C#+*'&=9.#57#>7+20(*+'=9.#5&D7.#57#>7+2(

We introduce an approach for predicting the 
change in a protein’s stability that arises from a 
single-site amino acid substitution starting from 
sequence or structure . The approach uses available 
data on mutations occurring in the same position and 
in other positions. Our algorithm, named Pro-Maya 
(Protein Mutant stAbilitY Analyzer), combines a 
newly developed collaborative-filtering–based 
algorithm, Random Forests regression, and a diverse 
set of descriptors. The algorithm was benchmarked on 
two previously utilized datasets of mutations and on a 
(third) validation set. The results indicate that using 
known !!G values of mutations at the query position 
improves the accuracy of !!G predictions for other 
mutations in that position. Our predictions in such 
cases are significantly more accurate than those of 
similar methods, achieving, e.g., a Pearson correlation 
coefficient of 0.79 on the validation set.  
Pro-Maya is freely available via web server at 
http://bental.tau.ac.il/ProMaya. 
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PREDICTING CANCER-ASSOCIATED 
GERMLINE VARIATIONS IN PROTEINS 
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Various computational methods are presently 
available in order to classify whether a protein 
variation is disease-associated or not. However data 
derived from recent technological advancements make 
it feasible to extend the annotation of disease-
associated variations in order to include specific 
phenotypes. By this, a better characterization of the 
genes that may increase the risk of inherited 
Mendelian diseases is possible. Here we describe a 
new implementation based on support vector 
machines that takes as input the protein variant and 
the protein function, as described by its associated GO 
terms. When a cross-validation approach is adopted, 
the method well discriminates within germline 
variants those that are likely to be cancer-associated, 
scoring with 90% accuracy and 0.61 Matthews 
correlation coefficient on a set comprising 6478 
germline variations (16% are cancer-associated) in 
592 proteins. Furthermore the method is capable of 
correctly excluding some 96% of 3392 somatic 
cancer-associated variations in 1983 proteins not 
included in the training/testing set.  

EFFECTS OF DISEASE-ASSOCIATED 
SNPS ON THE STRUCTURE OF THE 

TRANSCRIPTOME 
!
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Given the high percentage of the genome that is 
transcribed, we postulate that for some observed 
genetic associations the disease phenotype is caused 
by a structural rearrangement in a regulatory region of 
the RNA transcript. To identify such mutations we 
have performed a genome wide analysis of all known 
disease-associated Single Nucleotide Polymorphisms 
(SNPs) from the Human Gene Mutation Database 
(HGMD) that map to the untranslated regions (UTRs) 
of a gene. Rather than using minimum free energy 
approaches (e.g. mFold), we use a partition function 
calculation that takes into consideration the ensemble 
of possible RNA conformations for a given sequence. 
We identified in the human genome over 50 disease-
associated SNPs that significantly alter the global 
conformation of the UTR to which they map. For six 
disease-states (Hyperferritinaemia Cataract Syndrome, 
"-Thalassemia, Cartilage-Hair Hypoplasia, 
Retinoblastoma, Chronic Obstructive Pulmonary 
Disease (COPD), and Hypertension) we identified 
multiple SNPs in UTRs that alter the mRNA structural 
ensemble. Using a Boltzmann sampling procedure for 
sub-optimal RNA structures, we are able to 
characterize and visualize the nature of the 
conformational changes induced by the disease-
associated mutations in the structural ensemble. We 
observe in several cases (specifically the 5’ UTRs of 
FTL and RB1) SNP induced conformational changes 
analogous to those observed in bacterial regulatory 
Riboswitches when specific ligands bind. We propose 
that the UTR and SNP combinations we identify 
constitute a “RiboSNitch,” that is a regulatory RNA in 
which a specific SNP has a structural consequence 
that results in a disease phenotype. Using our 
Capillary Automated Footprinting Analysis (CAFA) 
approach, we performed high-throughput SHAPE 
chemical mapping on the FTL 5’ UTR (wild-type and 
6 disease-associated mutations) to confirm the 
existence of a human RiboSNitch in the FTL gene. 
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ASSESSING FUNCTIONAL AND 
CLINICAL SIGNIFICANCE  

OF REGULATORY VARIANTS 
!
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Many genomic variants are discovered outside of 
genes, where their functional consequences are more 
difficult to characterize. However, as many of these 
variants are associated with disease1, it is likely that 
they affect molecular physiology at the level of gene 
regulation. We investigate the role of variants in 
regulatory regions, on both transcription factor 
cooperativity as well as disease pathophysiology. 
First, we developed the Allele Binding Cooperativity 
(ABC) test and the ALPHABIT pipeline, which 
utilizes variation in transcription factor binding among 
individuals to discover combinations of factors and 
their targets. We find some factors that have been 
known to work with NF!B (E2A, STAT1, IRF2), but 
whose global co-association and sites of cooperative 
action were not known, and discover one co-
association (EBF1) that had not been reported 
previously. Second, we demonstrate a systematic 
approach to combine disease association, transcription 
factor binding, and gene expression data to assess the 
functional consequences of variants associated with 
hundreds of human diseases. We find that disease-
associated SNPs are enriched in NF!B binding regions 
overall, and specifically for inflammatory mediated 
diseases, such as asthma and atherosclerosis. Using 
genome-wide binding variation information, we find 
regions of NF!B binding correlated with disease-
associated variants in an allele-specific manner. 
Furthermore, we show that this binding variation is 
often correlated with expression of nearby genes, 
which are also found to have altered expression in 
independent profiling of the variant-associated disease 
condition. In this systematic approach, we close a 
major loop in biological context-free association 
studies and assign putative function to many disease-
associated SNPs.  

EVOLUTIONARY META-ANALYSIS 
REVEALS ANCIENT CONSTRAINTS 

AFFECTING DISCOVERY AND 
REPRODUCIBILITY IN DISEASE 

ASSOCIATION STUDIES 
!
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Genome-wide disease association studies contrast 
genetic variation between disease cohorts and healthy 
populations to discover single nucleotide 
polymorphisms (SNPs) and other genetic markers 
revealing underlying genetic architectures of human 
diseases. Despite many large efforts over the past 
decade, these studies are yet to identify many 
reproducible genetic variants that explain significant 
proportions of the heritable risk of common human 
diseases. Here, we report results from a multi-species 
comparative genomic meta-analysis of 6,720 risk 
variants for more than 420 disease phenotypes 
reported in 1,814 studies, which is aimed at 
investigating the role of evolutionary histories of 
genomic positions on the discovery, reproducibility, 
and missing heritability of disease associated SNPs 
(dSNPs) identified in association studies. We show 
that dSNPs are disproportionately discovered at 
conserved genomic loci in both coding and non-
coding regions, as the effect size (odds ratio) of 
dSNPs relates strongly to the evolutionary 
conservation of their genomic positions. Our findings 
indicate that association studies are biased towards 
discovering rare variants, because strongly conserved 
positions only permit minor alleles with lowest 
frequencies. Using published data from a large case-
control study, we demonstrate that the use of a 
straightforward multi-species evolutionary prior 
improves the power of association statistics to 
discover SNPs with reproducible genetic disease 
associations. Therefore, long-term evolutionary 
histories of genomic positions are poised to play a key 
role in reassessing data from existing disease 
association studies and in the design and analysis of 
future studies aimed at revealing the genetic basis of 
common human diseases. 
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IS UNDERSTANDING ALTERNATIVE 
SPLICING IMPORTANT IN INTERPRETING 
THE POTENTIAL FUNCTIONAL EFFECTS 

OF SNPS? 
!
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The ultimate goal for studies that identify variation in 
the human genome is to accurately predict the effects 
of variants on phenotype. We propose that knowledge 
of alternative splicing (AS) is essential in providing 
context for assessment of functional effect and may 
identify AS transcripts that affect the interpretation of 
functional impact. For example: an AS transcript 
skipping an exon can lead to the exclusion of the SNP 
from the mature mRNA; a novel AS transcript can 
putatively “rescue” the functional potential of a locus 
by encoding a transcript with less severe predicted 
effects; identification of an AS transcript can allow a 
functional prediction to be made where not previously 
possible. As such, the comprehensiveness of the 
variant’s impact can be assessed, determining whether 
its effects should be considered at the level of the 
individual transcript or the whole locus. When 
considering the impact of AS it is important that the 
most accurate and complete geneset available is 
utilised. The GENCODE consortium are producing 
the reference gene annotation for the human 
ENCODE project. Manual GENCODE annotation is 
generally built using EST, mRNA or protein support; 
however, RNA_seq data has recently been introduced 
into the annotation pipeline. As part of the analysis of 
the Loss of Function variants for the 1000 Genomes 
project we have annotated and analysed genes 
containing 885 variants. Of the 597 variants confirmed 
to affect protein-coding loci, 213 were subject to AS, 
confirming the importance of AS in functional 
prediction. 

COMPARATIVE GENOMICS AS AN 
EVOLUTIONARY TELESCOPE FOR 

GENOMIC MEDICINE TO PEER INTO THE 
UNIVERSE OF HUMAN MUTATIONS 
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CLUSTERING DISEASE CONNECTIONS 
USING DMDM: DOMAIN MAPPING OF 

DISEASE MUTATIONS 
!
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Domain mapping of disease mutations 
(DMDM) is a database in which each disease 
mutation can be displayed by its gene, protein or 
domain location. By aggregating disease 
mutations and polymorphisms from all proteins 
containing a given domain, DMDM’s unique 
domain view highlights molecular relationships 
between different diseases that might not be 
observed with traditional gene-centric 
visualization tools. To examine the relationships 
between diseases connected at varying levels of 
specificity (ex. between Parkinson disease and 
Severe Combined Immunodeficiency, or more 
generally between neurological and 
immunological disorders), we are now 
developing methods for clustering diseases based 
on their protein domain associations. To 
benchmark these methods, we performed an 
initial clustering of disease names. We are 
currently evaluating methods to cluster diseases 
by their phenotype similarity in order to group 
diseases with similar molecular mechanisms and 
to assess our domain-based cluster methodology. 
Our website, DMDM, is available at 
http://bioinf.umbc.edu/dmdm and can be used to 
identify protein domain sites with high incidence 
of disease mutations. 

 
 

 
COMPREHENSIVE NSSNP DATABASE 

WITH PREDICTIONS AND ANNOTATIONS 
OF IMPACT 
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In the past few years, a plethora of databases 
emerged containing single nucleotide polymorphisms 
(SNPs); dbSNP may be the most popular one. Non-
synonymous SNPs (nsSNPs) change the amino acid in 
the gene product and either could have an effect on 
protein structure and/or protein function or are neutral 
in that sense. Most nsSNPs, however, lack 
experimental annotations about their functional impact 
and most human nsSNPs also have no annotation 
about their disease-associated role. Here, we introduce 
a rich database based on dbSNP. While data from 
human are clearly the most prevalent, we also report 
nsSNPs from 13 other organisms. Apart from data 
taken from dbSNP, we also provide nsSNPs from 
other databases like SwissProt, OMIM and PMD. 
Amino acid annotations from SwissProt around 
observed nsSNPs augment the available information. 
The impact on function of each nsSNP is predicted 
using SIFT and SNAP. The modular design of 
database and management scripts allows for easy 
integration of further databases and predictors, a web 
front end offers convenient retrieval of information. 
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FINDING DETERMINANTS OF KINASE 
SPECIFICITY AND KINASE-SUBSTRATE 

NETWORK REWIRING IN CANCER!
!
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Despite the increasing number of cancer genomes 
sequenced, our interpretation of how genetic 
mutations perturb signalling networks pushing the cell 
towards a cancerous phenotype is still limited. 
Mutations in cancer can perturb and rewire kinase-
substrate networks by affecting the so-called 
determinants of specificity, a largely unidentified 
group of residues in the kinase domain that regulate 
substrate specificity. Here, by developing and 
deploying a novel information-theoretic approach, 
several of these determinants of specificity present in 
the kinase domain of all eukaryotic protein kinases are 
uncovered. The vast majority of determinants of 
specificity identified by our method were located in 
the C-lobe, consistent with its role in substrate 
binding, and often in or around key functional 
elements such as the catalytic loop or the activation 
segment, suggesting that kinase domain activation and 
substrate specificity could be closely related. After 
integration with mutation data, the identification of 
these determinants will shed new light on how 
mutations may facilitate signalling network rewiring 
by promoting protein kinases to change their 
specificity and phosphorylate different substrates. Our 
results could be an important contribution to our effort 
to understand kinase-substrate networks and how they 
are rewired in complex diseases.  

 
 

POSSIBILITIES AND LIMITATIONS FOR 
THE PREDICTION OF DISEASE RELATED 

MUTATIONS IN THE HUMAN KINOME!
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Human Protein Kinases are involved in a wide 
variety of physiological functions. Most of the many 
mutations described in this protein family are tolerated 
without significant disruption of their structure or 
function. Interestingly, a number of them are 
associated to human diseases, including cancer, and 
deserve particular attention. Here we present the basis 
for the development of a computational method for the 
prediction of the impact of mutations in the function 
of protein kinases. The study was carried out in a set 
of 3492 well-characterized disease and neutral kinase-
mutations extracted from Uniprot. We explored the 
significance of disease-associated kinase mutations in 
terms of sequence-derived characteristics at different 
levels, including: a) at the gene level, the membership 
to a Kinbase group and Gene Ontology terms. b) at the 
domain level, the occurrence of the mutation inside a 
PFAM domain, and c) at the residue level, several 
properties including amino acid types, functional 
annotations from Swissprot and FireDB, specificity-
determining positions, etc. We analyzed the 
independent significance of these properties and their 
combination, with a Support Vector Machine (SVM). 
Interestingly, the family-specific features appear 
among the most discriminative information sources, 
which justifies the development of a kinase-specific 
predictor. Our study aims to broaden the knowledge 
on the mechanisms by which mutations in the human 
kinome contribute to disease with a particular focus in 
cancer. In addition, we discuss the benefits and pitfalls 
of using the information available for the development 
of a kinase-specific predictor with regard to other 
current prediction methods. 
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LARGE-SCALE COMPUTATIONAL 
IDENTIFICATION OF REGULATORY SNPS!

!
/1A-60)!>+H&.!

!)*+,&'-+./(6:(126'+3#0();<(
&$#+24(#'+,#95:27&35(

rSNP-MAPPER is a web-based tool to identify SNPs 
that potentially affect a Transcription Factor Binding 
Site to a significant extent (regulatory SNPs, or 
rSNPs). rSNP-MAPPER builds on MAPPER, a 
previously developed application for the 
computational detection of TFBSs in DNA sequences. 
We have provided MAPPER with the ability to 
analyze two variants of the same sequence (each 
containing one allele of a SNPs), determining whether 
the substitution results in a significant change in the 
TFBS predictive score. The application's provides an 
intuitive and flexible interface. The user may search 
for potential rSNPs in the promoters of one or more 
genes, that can be specified as a list, or chosen from 
the members of a pathway. Alternatively, the user may 
specify a set of SNPs to be analyzed by uploading a 
list of SNP identifiers or providing the coordinates of 
a genomic region; rSNP-MAPPER will determine 
which SNPs lie within a TFBS and compute the 
corresponding score changes. Finally, the use can 
provide two alternative sequences (wildtype and 
mutant): the system will analyze them to determine 
the location of variants, to identify potential TFBSs, 
and to determine the effect of the variants on the 
TFBS scores. rSNP-MAPPER is optimized to 
efficiently perform all these operations on a large 
scale, allowing for the fast annotation of thousands of 
SNPs. We present the architecture of rSNP-MAPPER, 
and we describe its usage through several examples 
that demonstrate its ability to correctly identify 
previously known rSNPs, or to predict new ones with 
high confidence.  

A LARGE SCALE ANALYSIS IN THE 
HUMAN PROTEOME DETECTS 

CORRELATION AMONG DISEASE 
ASSOCIATED MUTATIONS AND 

PERTURBATION OF PROTEIN STABILITY!
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Technological advancements constantly increase 
the number of mutations that need annotation in 
translated regions of the human genome. Single 
residue mutations in proteins are known to affect 
protein stability and function. As a consequence they 
can be disease associated. Available computational 
methods starting from protein sequence/structure 
predict whether residue mutations are conducive to 
disease or alternatively to instability of the protein 
folded structure. However the relationship among 
stability changes in proteins and their involvement in 
human diseases still needs to be established. Here we 
try to rationalize in a nutshell the complexity of the 
question by generalizing over information already 
stored in public databases. For this we derive for each 
Single Aminoacid Polymorphysm (SAP) type the 
probability of being disease-related (Pd) and compute 
from thermodynamic data three indexes indicating the 
probability that it is conducive to decreasing (P-), 
increasing (P+) and perturbing the protein structure 
stability (Pp). Statistically validated analysis of the 
different P/Pd correlations indicates that Pd best 
correlates with Pp. Pp/Pd correlation values are as 
high as 0.49, and increase up 0.67 when data 
variability is taken into consideration. This is 
indicative of a medium/good correlation among Pd 
and Pp and corroborates the assumption that protein 
stability changes can be associated to disease at the 
proteome level. All the probabilities are listed in a 
feature table useful to label SAPs as disease/protein 
perturbation frequently or less frequently associated in 
the current data bases. 
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SNPS&GO: PREDICTING THE 
DELETERIOUS EFFECT OF HUMAN 
MUTATIONS USING FUNCTIONAL 

ANNOTATION!
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High-throughput data from large-scale 
sequencing and genotyping techniques allow to 
analyze a huge amount of genetic variation from 
whole human genome. Single Nucleotide 
Polymorphisms (SNPs), which are the main cause of 
human genome variability, can also be involved in the 
insurgence of many diseases. In particular missense 
SNPs, occurring in coding regions and causing single 
amino acid polymorphisms (SAPs), can affect protein 
function and lead to genetic pathologies. In this work, 
we present SNPs&GO (Calabrese at al., Human 
Mutation 2009), a new web server for the prediction 
of deleterious SAPs using protein functional 
annotation. We implemented two different SVM-
based methods relying either on protein sequence or 
structure information. Both algorithms have been 
extensively tested on a large set of mutations extracted 
from SwissVar database (Mottaz et al., Bioinformatics 
2010). Selecting a balanced dataset of SAPs, the 
sequence-based approach reaches 81% overall 
accuracy, 0.63 correlation coefficient and 0.89 area 
under the receiving operating characteristic curve 
(AUC). For the subset of mutations that can be 
mapped on protein structures known with atomic 
resolution (at the Protein Data Bank), the structure-
based method results in 85% overall accuracy, a 
correlation coefficient of 0.70, and AUC of 0.92. In 
conclusion, SNPs&GO is a valuable tools that 
includes in unique framework information derived 
from protein sequence, structure, evolutionary profile, 
and protein function. In a recent study (Thusberg et 
al., Human Mutation 2011), SNPs&GO has been 
scored as one of the best algorithms for prediction of 
deleterious SAPs.  
Avaliablity: http://snps.uib.es/snps-and-go 

 
 

COMPARE H. SAPIENS + H. 
NEANDERTHALENSIS BY PREDICTING 

SNPS EFFECTS!
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We analyzed features that are unique to human 
with respect to Neandertal.We started from a set of 78 
nucleotide substitutions (nsSNPs) where modern 
humans are fixed for a derived state and where the 
Neandertal carry the ancestral state. We applied SNAP 
to these mutations in order to predict changes that 
affect protein function and infer phenotypic 
differences between humans and Neandertals. In 
particular, for each nsSNP encountered in 72 human, 
chimpanzee and Neandertal proteins, we predicted the 
effect of all non-native mutations. Our results are still 
very preliminary; we focus on very few cases of 
proteins for which the predicted sensitivity to change 
differed substantially, proteins that show high 
sequence identity between human and chimpanzee, 
and that SNP shows different functional effects among 
the organisms predicted by SNAP. Neandertal 
proteins with very high similarity between human and 
chimpanzee could show phenotypic differences. 
Sometimes resemble human proteins in terms of their 
sensitivity to mutations and sometimes they seem to 
be more chimpanzee proteins. For example SSH2, a 
protein phosphatase, differs from chimpanzee in its 
interaction hotspots. On the other hand ACCN4, an 
acid sensing ion channel implicated in synaptic 
transmission, pain perception as well as 
mechanoperception, by our analysis is more similar to 
the human protein. Our major challenge is getting 
further remain the incompleteness of Neandertal: 10% 
have been sequenced. This number implies that not a 
single Neanderthal protein is properly known. Should 
we use human to fill white spaces or chimpanzee? Or 
a hybrid? Next, we will address these. 
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THE FUNCTIONAL IMPORTANCE AND 
DETECTION OF REGULATORY 

SEQUENCE VARIANTS!
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The convergence of high-throughput technologies 
for sequencing individual exomes and genomes and 
rapid advances in genome annotation are driving a 
neo-revolution in human genetics. This wave of 
family-based genetics analysis is revealing causal 
mutations responsible for striking phenotypes. By 
mapping the reads to the human genome reference and 
by searching for variations relative to the reference, a 
list of small nucleotide variations and structural 
variations is obtained. Analysis is required to reveal 
those variations most likely to contribute to a disease 
phenotype within a family. Existing software score the 
severity of changes that arise in protein encoding 
exons. However, most mutations within a family are 
situated in the 98% of the genome that controls the 
developmental and physiological profile of gene 
activity - the sequences that control when and where a 
gene will be active.  Functional contributions of cis-
regulatory sequence variations to human genetic 
disease are numerous. With full genome sequencing 
becoming accessible to medical researchers, the need 
to identify potential causal mutations in regulatory 
DNA is becoming imperative. We are implementing a 
software system to enable genetics researchers to 
characterize regulatory DNA changes within 
individual genome sequences. We are combining 
reference databases of known regulatory elements, 
experimental archives of protein-DNA interactions 
and computational predictions within an integrated 
analysis package. With our software, researchers will 
have greater capacity to identify variations potentially 
causal for disease. The poster introduces the 
challenges and approaches of regulatory sequence 
variation analysis. 

 
 

LARGE-SCALE PROTEIN FLEXIBILITY 
ANALYSIS OF SINGLE NUCLEOTIDE 

POLYMORPHISMS, USING MOLECULAR 
DYNAMICS SIMULATIONS!
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Proteins are intrinsically flexible molecules, thus 
function is often associated to flexibility. 
Experimental methods to determine protein flexibility 
are expensive and often time consuming. Over the 
past few years an efficient complementing method, 
molecular dynamics simulations, more and more 
proved to be a powerful tool to yield information on 
protein dynamics. We have recently proven that 
careful biology-driven MD simulations can be used to 
predict the impact of single amino acid mutations on 
protein flexibility and function, at a level of accuracy 
comparable to experimental techniques. The question 
remains whether it will be possible to fully automate 
this process in the context of a large-scale analysis, 
and to what extent additional structural information, 
beyond that derived by sequence analysis of single 
nucleotide polymorphisms (SNPs) only, is useful. For 
this we created several comprehensive datasets of 
non-synonymous SNPs mapped to high-resolution and 
above average quality crystal structures from the PDB. 
In the context of the European SCALALIFE project 
up to 28,000 different mutations found in 1,600 
individual crystal structures are simulated in 
duplicates for 10 ns each, using the GROMACS 
package. A comprehensive analysis pipeline has been 
established, investigating protein flexibility and 
stability, alteration of hydrogen-bond networks, active 
site integrity, changes in global and local energy and 
other structural effects. This pipeline has previously 
been successfully applied in the context of clinically 
relevant proteins. The results of this study, the 
automatic protocol and set of analysis tools will help 
in the future to understand individual phenotypes in 
clinical contexts. 

 



!

! ^$!

CLASSIFICATION OF MISMATCH REPAIR 
GENE MISSENSE VARIANTS!
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Lynch syndrome accounts for approximately 2 to 
5 % of colorectal cancers. The syndrome is caused by 
germline mutations in mismatch repair (MMR) genes, 
MLH1, MLH3, MSH2, MSH6, PMS1, PMS2 and 
TFGBR2. MMR is a DNA repair system that 
recognizes and repairs base-base mispairs and 
insertion-deletion loops arising in DNA replication 
and recombination. Thousands of MMR variants have 
been discovered, but their relevance to the cancer is 
usually unknown. Here, we utilize bioinformatics 
prediction methods to classify MMR variants. We 
identified from literature 168 functionally tested 
MMR missense variants of which 82 were pathogenic. 
The InSiGHT database for Lynch syndrome data 
contains over 600 variants with unknown effect.  
We used Pathogenic-Or-Not-Pipeline 
http://bioinf.uta.fi/PON-P for the prediction and 
analysis of these variants. Since the performance of 
the individual predictors was not as good as we 
wanted, we developed a consensus predictor based on 
several tolerance prediction methods. With this 
predictor, we were able to classify over 200 
previously unknown MMR missense variants as 
pathogenic or neutral. The results can be used to 
prioritize variants for further experimental validation 
and may help in the diagnosis of Lynch syndrome and 
other gastric cancers. 

FUNCTIONAL ANNOTATION OF 
REGULATORY VARIANTS: A SYSTEMS 

BIOLOGY APPROACH TO 
TRANSLATIONAL BIOINFORMATICS!
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Many genomic variants are discovered outside of 
genes, where their functional consequences are more 
difficult to characterize. However, as many of these 
variants are associated with disease, it is likely that 
they affect molecular physiology at the level of gene 
regulation. We investigate the role of variants in 
regulatory regions, on both transcription factor 
cooperativity as well as disease pathophysiology. 
First, we developed the Allele Binding Cooperativity 
(ABC) test and the ALPHABIT pipeline, which 
utilizes variation in transcription factor binding among 
individuals to discover combinations of factors and 
their targets. Second, we demonstrate a systematic 
approach to combine disease association, transcription 
factor binding, and gene expression data to assess the 
functional consequences of variants associated with 
hundreds of human diseases. In this systematic 
approach, we close a major loop in biological context-
free association studies and assign putative function to 
many disease-associated SNPs. In this way, we apply 
findings from systems biology in a translational 
approach. 
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COMPUTATIONAL METHODS AS FIRST-
PASS FILTER FOR MISSENSE 

MUTATIONS IN ATM GENE- A ROAD 
TOWARDS PHARMACOGENOMIC 

APPROACH!
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With the recent availability of the complete 
genome sequence and the accumulation of variation 
data, determining the effects of missense variants will 
be the next challenge in mutation research. In addition 
to the molecular approaches, which are laborious and 
time-consuming, it is now possible to apply 
computational approaches to filter out mutations that 
are unlikely to affect protein function. Alternatively, 
bioinformatics approaches, based on the biochemical 
severity of the amino acid substitution, and the protein 
sequence and structural information, can offer a more 
feasible means for phenotype prediction. Deleterious 
missense mutations of ATM gene are accountable for 
various forms of cancer associated disease. Yet, 
distinguishing deleterious mutations of ATM from the 
massive number of non-functional variants that occur 
within a single genome is a considerable challenge. In 
this approach, we present the use of computational 
methods to explore the mutation-structure-function 
relationship. In other respects, we attempted these 
methods to work as first-pass filter to identify the 
missense mutations worth pursuing for further 
experimental research. This review surveys and 
compares variation databases and in silico prediction 
programs that assess the effects of deleterious 
functional variants on protein functions. We also 
introduce a combinatorial approach that uses machine 
learning algorithms to improve prediction 
performance. 

PATHOGENIC-OR-NOT-PIPELINE (PON-
P): INTEGRATION OF PREDICTORS FOR 

DISEASE RELEVANCE!
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This work deals with the prediction of whether a 
non-synonymous single nucleotide polymorphism 
leads to disease or not. This is an important scientific 
problem, with potential applications in such areas as 
molecular diagnosis, prioritization of experiments and 
screening of variations. This work utilizes a unique 
approach in an effort to improve on the current 
performance limitations of predictors in this problem 
domain. The importance of this work to this particular 
conference is further highlighted by the fact that the 
SNP-special interest group one-day meeting is 
organized specifically to address the same problem 
dealt with in this work, which will also be the focus of 
the second special session in this meeting. The results 
of this work, and their implications would be of high 
interest to researchers in many fields. 
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WHOLE GENOME SEQUENCING: FROM 
ENU-INDUCED MUTATIONS TO MOUSE 

MODELS OF HUMAN DISEASE!
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Phenotype-driven screens after chemical 
mutagenesis of males with N-ethyl-N-nitrosourea 
(ENU) at MRC Harwell have been incredibly 
productive. Nevertheless, identification of the 
causative mutations by conventional linkage analysis 
and sequencing of genes in the minimal genetic 
interval remains a bottleneck. We have been using 
next generation sequencing (NGS), using the Illumina 
Genome Analyser 2x platform, to accelerate the 
process of mutation detection. A custom sequence 
analysis pipeline has been developed to capture and 
analyse causative mutations. The pipeline is based on 
existing packages (i.e. Bowtie, Samtools, CASAVA, 
nFold3, etc.) and custom developed components. The 
first part of the pipeline is used to align reads to the 
C57BL/6J reference sequence, automatically identify 
unique variants, populate a custom sequence database 
and identify low and high confidence single 
nucleotide polymorphisms (SNPs). The second part 
includes assessment of the impact of putative 
mutations on splicing efficiency, predicted protein 
structure and phenotype. The EuroPhenome database 
at MRC Harwell captures high-throughput phenotypic 
data from a number of projects such as EUMODIC 
and in the future from the Harwell Ageing Screen. The 
NGS data from our pipeline will be integrated with 
phenotyping data in EuroPhenome and enable us to 
investigate the impact on mouse phenotypes and 
ultimately predict the likelihood of this as a model for 
human disease. We will present the re-sequencing 
pipeline, the identification of unique variants and the 
possible impact of any SNPs on phenotype. 

TESTING FOR JOINT ASSOCIATION OF 
ALL SNP PAIRS!
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Despite the success of genome-wide association 
studies (GWAS) in providing insight into mechanisms 
of disease, the associated loci usually account for only 
a fraction of the expected heritability of each 
condition studied. This implies that more may be 
learned from GWAS data by going beyond the one-
SNP-at-a-time association approach. In studying 
complex traits, it is useful to look for associations with 
pairs of loci. The standard logistic regression test for 
joint effects requires iterative methods for determining 
maximum likelihood estimates (MLEs), which makes 
testing all possible pairwise combinations from 
common high-throughput genotyping platforms 
extremely computationally demanding, and limits the 
wider application of this approach. Loglinear 
categorical data analysis methods with closed-form 
solutions for MLEs are well known and have recently 
been applied to GWAS data, reducing computation 
time and making it feasible to test all locus pairs. We 
have proposed a refinement to this method which 
reduces the number of computations by nearly two 
thirds. We used likelihood ratio tests of loglinear 
models with a step-wise model selection procedure to 
test all 150 billion possible two-locus pairs of a 550k 
SNP study for joint association with generalized 
vitiligo. Using a stringent multiple testing adjustment, 
we detected a small number of significant pairs where 
the two SNPs of every pair detected are in close 
proximity to one another. SNPs in most regions 
detected showed no trend toward significance in 
single locus tests, but these loci have clear biological 
relevance to the condition studied. 
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IMPROVING THE DETECTION OF 
DELETERIOUS MUTATIONS 

INTEGRATING THE PREDICTIONS FOUR 
WELL-TESTED METHODS!
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In the past few years the number of human 
genetic variations deposited in the web available 
databases has been increasing exponentially. The last 
version of dbSNPs (build 132) contains about 20 
million validated Single Nucleotide Polymorphisms 
(SNPs). SNPs make up most of human variation and 
are often the primary causes of disease. The coding 
region non-synonymous SNPs (SAPs) result in amino 
acid changes and may affect protein function causing 
severe genetic diseases. Although several methods for 
the detection of SAPs have been implemented, the 
increasing amount of annotated data is now offering 
the opportunity to develop more accurate algorithms. 
Here we present an approach for the prediction of the 
effect that integrates four methods including 
PANTHER, PhD-SNP, SIFT and SNAP. We first 
tested the accuracy of each method using a dataset of 
35,986 annotated mutations from 2,269 proteins 
extracted in October 2009 from SwissVar database. 
The four methods reached overall accuracies ranging 
between 64% and 76% and a correlation coefficient 
from 0.38 to 0.53. We then developed an SVM-based 
approach that takes as input a ten elements vector 
derived for the output of the 4 methods. When tested 
using a cross-validation procedure, the integrated 
method reaches 80% overall accuracy and 0.60 
correlation coefficient resulting in 4% higher accuracy 
and 0.07 higher correlation coefficient with respect to 
the best method.  
Availability: http://snps.uib.es/meta-snp 
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PROTEIN-LEVEL EFFECTS OF 
MUTATIONS IN OVARIAN CANCER, 
ACUTE MYELOID LEUKEMIA AND 

GLIOBLASTOMA MULTIFORME!
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The heterogeneity of mutation profiles in cancer 
patients calls for detailed annotation of the putative 
downstream effects of mutations. A subset of the 
somatic mutations is expected to function as drivers, 
and identifying variants responsible for tumor 
progression among dozens, or even hundreds within a 
patient, is not a trivial task. Protein-level annotation of 
mutations may reveal functions beyond the analysis of 
genes enriched in mutations, providing molecular 
level explanations for the roles of missense mutations 
in cancer progression. By elucidating protein-level 
effects of missense mutations common patterns among 
cancers can be found.  Coding variants identified from 
exon-capture and whole genome sequencing of tumor 
samples have been bioinformatically characterized by 
a suite of applications to identify variants likely to 
disrupt molecular function or clinical phenotype and 
hypothesize their molecular effects. Based on a 
training set of disease causing mutations and neutral 
polymorphisms, the program MutPred utilizes a 
Random Forest method to predict functional variants 
using proteomic, genomic and bioinformatic 
attributes. Since these attributes are based on known 
and predicted protein functional sites, the disrupted 
function can be quantitatively hypothesized. The 
MutPred scores and functional attributes identify 
variants likely to drive tumor progression and are also 
utilized further with other genomic data in pathway 
analysis. PARADIGM is a probabilistic graphical 
model that integrates genomic and functional genomic 
data to infer tumor-specific alterations in gene activity 
in the context of known gene pathways. The protein-
level interpretations of mutations are used to extend 
the PARADIGM model of gene disruptions beyond 
deletions and amplifications. 
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Bioinformatic study of the effects of disease-
related SNPs is well established and several tools for 
annotation and prediction of the effects of these 
variants have been developed. Due to large-scale 
genotyping and sequencing efforts, increasing 
amounts of knowledge about genetic variants 
associated with diseases, complex phenotypes as well 
as drug response and metabolism is accumulating in 
the literature and databases, that will be invaluable 
data for personal genetics applications and also for 
clinical setting.  

Little is known about the nature of 
pharmacogenetics variants as compared to disease-
causing mutations and neutral polymorphisms, and 
whether the same methods can be utilized in studying 
and predicting disease-causing variants and 
pharmacogenetic SNPs. We have annotated the 
protein level consequences of pharmacodynamic and 
pharmacokinetic variants in PharmGKB by 
bioinformatics methods and elucidated features that 
differentiate a pharmacogenetic variant from other 
types of genetic variants. We analyzed a set of 352 
SNPs from 222 proteins that have been annotated in 
the SwissVar database. We found that 92% of them 
were annotated as neutral polymorphisms and only 
74% of them were correctly annotated by mutation 
prediction algorithms. This suggests that about one 
over four mutations could have some functional effect. 
In the near future, the results of this analysis are 
aiming to provide the characteristic features that can 
be used to define a pharmacogenetic variant 
fingerprint, further utilized in the development of 
methods for discovering new variants with putative 
pharmacogenetic effects, and to hypothesize new 
biomarkers for predicting drug response. 

 
 

PREDICTING THE FUNCTIONAL IMPACT 
OF PROTEIN MUTATIONS: APPLICATION 

TO CANCER GENOMICS!
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As large scale re-sequencing of genomes reveals 
many protein mutations, especially in human cancer 
tissues, prediction of their likely functional impact 
becomes an important practical goal. Here, we 
introduce a new functional impact score (FIS) for 
amino acid residue changes using conservation 
patterns. The evolutionary information in these 
patterns is derived from aligned families and sub-
families of sequence homologs within and between 
species using a combinatorial entropy formalism. We 
tested the score on a large set of human protein 
mutations for its ability to separate disease-associated 
variants (~19,200), assumed to be strongly functional, 
from common polymorphisms (~35,600), assumed to 
be weakly functional, and obtained an area under the 
receiver-operating-characteristic curve of ~0.86. From 
analysis of ~10,000 cancer mutations of COSMIC, we 
conclude that  recurrent mutations, mutations in 
multiply mutated genes and mutations annotated as 
cancer genes tend to have significantly higher 
functional impact scores than control sets. We report a 
ranked list of ~1000 top human cancer genes 
frequently mutated in one or more cancer types; and, 
an additional ~1000 candidate cancer genes with rare 
but likely functional mutations. In addition, we 
estimate that ~5% of cancer-relevant mutations 
involve switch of function, rather than simply loss or 
gain of function.  The computational protocol is 
implemented as a public server: 
http://mutationassessor.org. The server provides links 
to multiple sequence alignment and 3D structures, to 
various biological and cancer annotations. The service 
is built to process output of sequencing machines, and 
it is capable of quickly processing thousands of 
variants (through WEBAPI). 
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SNPEFFECT 4.0: MOLECULAR AND 
STRUCTURAL PHENOTYPING OF 

HUMAN SNPS AND DISEASE 
MUTATIONS!
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Single nucleotide polymorphisms (SNPs) are, 
together with copy number variation, the primary 
source of variation in the human genome and are 
associated with altered response to drug treatment, 
susceptibility to disease, and other phenotypic 
variation. Linking structural effects of non-
synonymous SNPs to functional outcomes is a major 
issue in structural bioinformatics, and many tools and 
studies have shown that specific structural properties 
such as stability and residue burial can be used to 
distinguish neutral variations and disease associated 
mutations. The SNPeffect database uses sequence- 
and structure-based bioinformatics tools to predict the 
effect on the molecular phenotype of proteins. It 
integrates Tango (an aggregation predictor, 
http://tango.crg.es/); Waltz (a predictor of amyloid 
forming sequences, http://waltz.switchlab.org/); 
Limbo (a predictor for chaperone specificity, 
http://limbo.switchlab.org/); and FoldX 
(http://foldx.switchlab.org/) that reports the !!G, the 
change in free energy upon mutation. In that way, 
FoldX predicts the effect of SNPs in two categories of 
functional properties: (1) structural and 
thermodynamic properties affecting protein dynamics 
and stability and (2) the integrity of functional and 
binding sites. The database already contains the 
annotations for the UniProt set of human disease and 
polymorphism mutations, but users can also submit 
their own set of mutations for analysis. 

 

ANALYSIS OF STRUCTURAL AND 
FUNCTIONAL IMPACTS OF BRUTON 

TYROSINE KINASE MUTATIONS!
!
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A NOVEL COMBINED SCORE PREDICTS 
THE EFFECT OF NON-SYNONYMOUS 

SNPS ROBUSTLY!
!
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PROTEIN STRUCTURE ANALYSIS OF 
MUTATIONS CAUSING INHERITABLE 

DISEASES. AN E-SCIENCE APPROACH 
WITH LIFE SCIENTIST FRIENDLY 

INTERFACES.!
!
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CONSIDERING PROTEIN 
CONFORMATIONAL DIVERSITY 

IMPROVES DISEASE ASSOCIATED 
MUTATIONS PREDICTION!
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Great efforts have been made in the last years to 
predict the effect of point mutations in protein native 
conformation in relation to disease phenotypes. Most 
available methods suited to predict/compute the effect 
of a single side chain substitution on protein stability 
take as input the protein structure. However, protein 
function highly depends on the presence of an 
ensemble of different conformations describing the 
functional native state. Here we explore the effect of 
protein structural conformational diversity on 
predicting whether a mutation that is annotated as 
disease associated is also affecting the protein 
stability. For this purpose, we adopted a data base of 
protein structures and their associated conformers as 
derived from CATH 
[PCDB;http://www.pcdb.unq.edu.ar]. 312 proteins 
with associated conformers are endowed with 5642 
disease associated and 235 polymorphic mutations, 
respectively, as annotated in UniProtKB(September 
2010). For each mutation in each protein we computed 
the Gibbs free energy variation (DDG) using I-
Mutant[http://gpcr.biocomp.unibo.it/~emidio/I-
Mutant/I-Mutant.htm] and Fold-X[http://foldx.crg.es] 
and compared the values obtained with a single 
structure or with a compilation of different conformers 
per protein. We found that the explicit consideration 
of protein conformational diversity increases the 
predictive power of DDG measures as derived from 
ROC plots and accuracy calculations. These results 
are in accordance with the fact that a conformational 
ensemble description of a protein better describes the 
protein function and increase the reliability to explore 
the possible causes of function lost and disease 
phenotypic occurrence. 

TOWARDS LINKED OPEN GENE 
MUTATIONS DATA!
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HUNTING CANCER PREDISPOSITION 
GENES BY THE WHOLE EXOME 

SEQUENCING IN RELATIVES FROM AN 
AFFECTED FAMILY: SNPS IN FOCUS!
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A whole exome sequencing of constitutional DNA 
from two relatives of a family with high incidence of 
cancer is presented. Based on this example we 
consider a potential of the Next Generation 
Sequencing (NGS) study for identifying familial 
cancer predisposition gene. We present the data 
analysis workflow with a special emphasis on the 
SNPs detection, inference of identical by descent 
chromosomal regions based on the detected SNPs and 
analysis of possible sources of the false positive SNP 
calls. 

SNP FUNCTION PORTAL VERSION 2: 
NOVEL VARIANTS, BETTER USABILITY 

AND OPEN ARCHITECTURE!
!
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We overhauled the SNP Function Portal to provide 
extensive function annotation for novel variants 
identified in deep sequencing data analysis, better 
usability of search results and open architecture for 
users to load and share their custom annotations. 
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