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Additional file 3: Supplementary Methods 

1. Selection of positive training gene set for BRCA 

For selecting positive training genes regarding BRCA, three public databases including the OMIM, 

CGC, and NCG were searched by keyword of breast cancer, and 39 genes were selected. These genes 

are approved as drivers at least in two databases. Moreover, the ZFHX3 gene has been mentioned as a 

prognostic marker in breast cancer in the Human Protein Atlas, and by adding it to this list, 40 genes 

(Fig. 3a) were selected as positive training set [see Additional file 4, Table S4]. 

2. Selection of negative training gene set for BRCA 

Lack of sufficient information about passenger genes makes it difficult to select negative genes. There 

is no approved list of passenger genes, and one common approach is to select negative genes from pool 

of remaining genes (those that are not selected as driver) by considering some additional criteria. Similar 

to other works, here we assume a gene as  passenger if (a) the gene mutation rate across all samples is 

not counted more than once (1/983) in initial mutation file, and (b) it does not overlap with known and 

candidate driver genes introduced in the OMIM, CGC, NCG, and HCMDB associated with all cancers 

[15]. By this strategy, 2151 genes (Fig. 3b) were collected as the negative set [see Additional file 4, 

Table S5]. 

3. Selection of positive training gene set for MBCA 

mailto:hosseini@pnu.ac.ir


2 
 

There are limitations to select the positive training set of genes for metastatic cancers. Data is small, 

and many studies are underway. To overcome this limitation, we assume a gene can be considered as a 

driver if it is mentioned in the CGC, OMIM, and NCG as a known gene associated with breast cancer. 

By this assumption, 240 genes were selected. Among them, 45 genes are confirmed in the HCMDB as 

genes with significant role in all metastasis tumor progression studies. Finally, 37 genes (Fig. 3c) with 

mutation count more than three times across all samples in the initial mutation file were considered as 

a positive set concerned with MBCA [see Additional file 4, Table S6]. 

4. Selection of negative training gene set for MBCA 

For selection of the negative genes for MBCA, there are also the complexities. It was assumed a gene 

is a passenger concerning MBCA if (a) the mutation count across all samples is no more than once 

(1/450) in the initial mutation file, and (b) it does not interfere with known and candidate driver genes 

introduced in the OMIM, CGC, NCG, and HCMDB associated with different cancers [15]. As a result, 

3473 genes (Fig. 3d) were introduced as negative by this plan [see Additional file 4, Table S7]. 

 


