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Abstract— Molecular stratification of tumors is essential for 
developing personalized therapies. While patient stratification 
strategies have been successful, computational methods to accurately 
translate and integrate gene signatures across different high-
throughput platforms (e.g., microarray, RNA-seq) are currently 
lacking. We performed comparative evaluation of different data 
discretization and feature selection methods combined with state-of-
the-art machine learning algorithms to derive platform-independent 
and accurate multi-gene signatures for classification of the four 
known subtypes of glioblastoma. Our results show that integrative 
application of feature selection and data discretization is crucial for 
successful platform transition and higher prediction accuracy of the 
derived molecular classifiers.  

Keywords— isoform-level gene expression; data 
discretization; feature selection; platform transition; cancer 
subtype prediction 

I. INTRODUCTION 
High-throughput technologies have been extensively used 

for gene expression profiles.  Application of these 
technologies has been accumulating invaluable data, 
particularly related to a disease. Indeed, the cancer genome 
atlas (TCGA) consortium offers unprecedented opportunity to 
derive robust and accurate gene-signatures for molecular 
classification [1]. The first prominent example is glioblastoma 
multiforme (GBM).  Genomic profiling of GBM has allowed 
scientists to find biomarkers and categorize the disease into 
four subgroups. Despite the technological advances, analyzing 
and integrating the volumes of gene expression data from 
different platforms, however, remains a challenging task.    

Computational approaches have been applied to derive 
multiclass classification models for patient stratification based 
on high-dimensional gene-expression [2]. Having fewer 
number of features in the final model is highly desirable not 
only from the machine learning perspective, but also in 
designing the validation experiments. For this purpose, feature 
selection methods are important in the analysis of high-
dimensional data. In addition, discretization techniques can 
bridge the gap between different platforms for platform 
transition [3]. 

In conjunction with the preprocessing methods, several 
machine learning approaches have been applied to disease 

sample classification mostly focusing on one platform (e.g., 
microarray). Only recently, we developed PIGExClass [3] that 
captures and transfers gene signatures from one analytical 
platform to another. In this work, we explored four popular 
machine learning algorithms to predict the known subtypes of 
GBM patient samples.  

II. METHODS 

A. Dataset 
Isoform-level gene expression estimates and molecular 

subtype information were obtained for 342 and 155 GBM 
samples profiled by Affymetrix exon arrays and RNA-seq, 
respectively. The four molecular subgroups are neural (N), 
proneural (PN), mesenchymal (M) and classical (CL). Gene 
expression profiles for 76 (18 are N; 22 are PN; 16 are M; and 
20 are CL subtype) samples, available from both platforms, 
used to assess classification performance for platform 
transition. See [3] for more details. 

B. Data format 
We processed the gene expression data by fold change 

(FC), and two unsupervised discretization techniques, equal 
width (Equal-W) binning and equal frequency (Equal-F) 
binning, on the continuous FC data. Briefly, FC is a measure 
of a quantitative change of gene expression. Equal-W binning 
algorithm finds maximum and minimum values, and then 
divides the range into the user-defined equal width discrete 
intervals. Equal-F binning algorithm sorts all values in 
ascending order, and then divides the range into the user-
defined intervals so that every interval contains the same 
number of sorted values. 

C. Feature selection methods  
SVM-RFE measures feature’s importance to the data by 

iteratively eliminating one feature at a time [4]. The procedure 
is composed of training the SVM classifier, computing the 
ranking criteria 2

iw  for all features, and eliminating the 
feature with the lowest ranking criterion. This process is 
repeated until a small subset of features is achieved. 
RF_based_FS (RF based feature selection) uses both 
backward elimination strategy and the importance spectrum to 
search a set of important variables [5]. Concisely, multiple 
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random forests were iteratively constructed to search for a set 
of variable in each forest that yields the smallest out-of-bag 
(OOB) error rate.   
D. Classification methods 

SVM is a two-class classifier that constructs a hyperplane 
to separate the data with maximum margin [6, 7]. For the 
multiclass classification problem, we used a set of one-versus-
one classifiers that determines the class by major voting. RF is 
an ensemble learning method based on decision trees with 
binary splits [8]. NB is a simple probabilistic classification 
method based on Bayes’ theorem, used for calculating 
conditional probabilities, with an independence assumption 
[9]. PAM uses the nearest shrunken centroid method [10] that 
computes a standardized centroid for each class and then 
shrinks each of the class centroids by removing genes. A new 
sample is assigned to the nearest centroid. 

E. Accuracy 
We estimated the classification accuracy based on the 

number of correct predictions divided by the total number of 
prediction samples.  

III. RESULTS 
Using the classifiers that built on exon-array, we predicted 

the class labels of 155 TCGA samples based on RNA-seq data 
from which 76 samples are used to evaluate the classification 
accuracy. 

Considering the features selected by SVM-RFE, SVM 
correctly predicted all the test examples followed by RF 
(97.4%), PAM (88.2%), and NB (85.5%) (Fig. 1A and 
TABLE I). Note that only SVM and RF achieved > 90% 
accuracy requiring about 600 genes or more. With no data 
discretization, SVM achieved only 52.7% accuracy. 

With the features chosen from RF_based_FS, SVM 
slightly outperformed with an accuracy of 98.7% followed by 
RF, NB, and PAM with an accuracy of 97.4%, 94.7%, and 
93.4%, respectively (Fig. 1B and TABLE I). However, 
without data discretization SVM achieved 51.4% accuracy 
while the best accuracy achieved by RF was 72.4%. 

 

IV. CONCLUSION 
We presented an integrative application of feature 

selection and data discretization combined with the state-of-
the-art machine leaning methods. Our analysis showed Equal-
F binning led to higher accuracy of classification over FC and 
Equal-W binning when the model was trained on data from 
one platform and tested on the other platform. With Equal-F 
binning, RF_based_FS performed more efficiently than SVM-
RFE. This is particularly obvious when fewer genes are 
considered in classification.  
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Fig. 1.  Accuracy of classifiers with features from SVM-RFE (A) and 
RF_based_FS (B) with the Equal-F binning discretization. Exon-array 
(342 samples) and RNA-seq (155 samples) are used for training and 
testing, respectively. The orange dotted line marks the 90% accuracy. 

TABLE I.          COMPARISON OF CLASSIFICATION METHODS  TRAINED ON 
EXON-ARRAY (342 SAMPLES) AND TESTED ON RNA-SEQ (155 SAMPLES) 
TO PREDICT GBM SUBGROUPS. WE REPORT THE ACCURACY USING ALL 

AVAILABLE FEATURES AND THE BEST ACCURACY OF EACH CLASSIFIER IS 
MARKED IN BOLD. 

Feature 
selection 

SVM-RFE RF_based_FS

Classifier FC 
(%) 

Equal-
W (%) 

Equal-
F (%)

FC 
(%) 

Equal-
W (%) 

Equal-
F (%)

SVM 52.7 50.0 100.0 51.4 36.9 98.7 
RF 63.2 86.9 97.4 72.4 86.9 97.4 
NB 34.3 35.6 85.6 39.5 34.3 94.7 

PAM 47.4 38.2 88.2 36.9 29.0 93.4 
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