
Supplementary Methods 

 

Gene Ontology analysis 

A non-redundant set of genes represented by RefSeq mRNAs not present 

in COSMIC was used as the non-cancer gene dataset.  A non-redundant list of 

GO annotation terms for each gene was determined by the following: (1) 

annotations provided by the European Bioinformatics Institute 

(http://www.geneontology.org/cgi-

bin/downloadGOGA.pl/gene_association.goa_human.gz) were downloaded, (2) 

for each annotation, the appropriate ontology tree was traversed upward to 

retrieve all parent terms, (3) this list was made non-redundant, and (4) the list 

was limited to those terms present in the GO Slim dataset 

(http://www.geneontology.org/GO_slims/goslim_generic.obo).  For each term, its 

frequency of use in the cancer dataset was compared to that in the non-cancer 

dataset and a log-odds score was calculated as log2(frequency used in cancer/ 

frequency used in non-cancer).  For a gene of interest, all the associated GO 

annotation terms were collected as above, and only those that intersected with 

the terms in the GO slim list were retained. 

 

Random forest classifier 

A random forest (RF) classifier uses multiple decision trees (a forest of 

them) to build a predictive model that can be used to classify novel data.  In the 

decision tree method, given a set of data points from known classes and a 



number of descriptive features for each data point, a decision tree is built by 

recursively splitting the data points on the basis of these descriptive features.  

Each splitting decision is optimized to best segregate the data into groups by 

class.  The set of splitting decisions can be visualized as a tree and used to 

predict the class of a new data point given its descriptive features.  The random 

forest method improves on this procedure by building a large number decision 

trees (a forest of them) using random subsets of the training data for each.  The 

resulting forest of trees can then be used to ‘vote’ the most likely class of new 

data points.  This use of random subsets of the training data avoids the problem 

of over fitting in which the classifier too closely follows the peculiarities of the 

training data to accurately classify new datasets (see COSMIC website). 

The RF classifier was built using the package randomForest 4.5-16 

(http://stat-www.berkeley.edu/users/breiman/RandomForests) for the R statistical 

environment (http://www.r-project.org) to classify variants as cancer or non-

cancer.  The classifier was trained on 385 cancer mutations and 1434 non-

cancer mutations using the SIFT score, LogR.E-value score, and GO log-odds 

score for each variant.  The classifier was built using the parameters ntree = 

1000 and mtry = 2.  For those novel variants that contained a change outside of a 

known Pfam domain, no LogR.E-value score could be generated, and 

consequently, a second classifier was built using just SIFT and GOSS data.  

Files containing the training sets used in this analysis are freely available on the 

website http://share.gene.com. 



The Out Of Bag (OOB) error rate is an important measure of accuracy and 

is calculated by applying each individual classification tree to a subset of training 

data points not used in the construction of the tree.  The frequency with which 

this subset of data points are misclassified in these tests is the OOB error rate.  

This approach gives an unbiased estimate of how accurate the classifier will be 

on test datasets and serves as a form of internal cross validation. 

 

Mass Spectromtery Genotyping 

All DNA oligonucleotides were purchased from Integrated DNA 

Technologies, Coralville, Iowa.  AmpliTaq Gold PCR Master Mix (Applied 

Biosystems) was used in all PCR reactions.  Single base pair extension was 

performed using Thermosequenase and iPLEX nucleotides (Sequenom).  Ten 

nanoliters of reaction product were dispensed on a 384-format SpectroCHIP 

(Sequenom) prespotted with 3-hydroxypicolinic acid using a MassARRAY 

nanodispenser (Sequenom).  Data were collected using a matrix-assisted laser 

desorption ionization/time of flight mass spectrometer (Sequenom).  Primer 

extension data was analyzed using MassARRAY Typer 3.4 software 

(Sequenom). 

 


