
Additional file 1: Workflow for high-throughput gene-expression studies 

The pipeline is a supervised machine learning workflow consisting in 3 main consecutive phases: 

Initially (Phase 1), the case selection was carefully carried out to avoid biased and irreproducible results. 

Moreover, tumour processing was particularly challenging because in paediatric patients the amount of tissue 

might be very small.  

In Phase 2, the main aim of our statistical analysis is to select those variables (probe sets) that allow for an 

optimal classification according to both histotype and brain site of origin. This problem is known as binary 

classification problem. A classifier is a rule assigning a patient to one of two classes and its quality is 

measured by the expected misclassification error on old as well as new patients. In our case the aim is not 

only to build a classifier but also to verify which are the most discriminative probe sets. Though such a 

problem is well known in statistics and algorithms are available, the application to microarray data analysis 

poses non trivial problems, the main reason being the large number of variables (genes) compared to the 

small number of examples (patients). In this kind of regime avoiding overfitting becomes crucial and 

statistical methods to assess the reliability of the obtained results are needed. Note that our goal is to have 

some confidence on the classification performance of the obtained classifier and the stability of the obtained 

list. To this end, we apply a machine learning method based on regularization (l1l2) to select the candidate 

probe-sets. l1l2 is multivariate, correlation aware and sparsity inducing and it is cast in a selection-bias free 

framework that also provides a good prediction performance [1,2] and a stability score based on frequency. 

In general, the number of genes produced by the analysis should be sufficiently small to be potentially useful 

for clinical diagnosis/prognosis or as candidates for functional analysis to determine whether they could 

serve as useful targets for therapy. In order to reduce the probe-set list at a reasonably acceptable length to be 

successively validated, we select a subset of genes following a functionally based criterion based on the 

information provided by all the databases in use. This enables us to distinguish those genes mostly 

represented in the majority of the relevant pathways. 

The Phase 3 consists of a validation process to confirm the results and verify their generalization ability. We 

validate in silico as well as on the biological level, by means of independent techniques [3], providing 

experimental verification of gene-expression signatures [4,5]. The genes are indeed analyzed by means of 

qPCR, the gold-standard for the validation of microarray based studies [6-8], because it measures the same 

mRNA variables that were measured by the microarray, as opposed to other techniques (i.e. Western 

blotting) that investigate the protein level. This allows us to avoid measurement bias related to post-

translational modification that might influence the proteome expression but not the transcriptome. 
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