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To identify cooperation between oncogenes we 
transform the data to the co-occurrence space. 

Insertion Co-occurrence (IC): 
A unique combination of insertions observed to 
co-occur in the same tumor.

Common Co-occurrence of Insertions 
(CCI):
A combination of two loci in the genome, 
observed to be inserted in the same tumor 
significantly more frequent than expected by 
chance, across multiple tumors. 

CIS-CIS interaction:
A combination of insertions that occur in the 
same tumor and both fall in a CIS. When 
considering only CIS-CIS interactions 
significant co-occurring insertions may be 
missed. 
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To detect the CCIs, a 2D 
Gaussian kernel convolution is 
applied to the data resulting in 
smooth estimate of the number 
of ICs

The peaks in the estimate of ICs, 
indicate putative CCIs.

Significance is evaluated by 
comparing the peak heights to a 
null-distribution, resulting from 
applying the kernel convolution 
to uniform random data. 

Abstract / Problem description

Viruses can induce oncogenic mutations when inserted near (or within) proto-
oncogenes. Cancer genes can be identified by determining the loci of viral 
insertions from tumors induced by retroviruses. Most often, multiple co-
occurring mutations are needed for a cell to develop into a tumor.
We propose a 2D Gaussian Kernel Convolution method to discover the 
cooperating oncogenes from publicly available retroviral insertional 
mutagenesis data.
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Multidimensional analysis of retroviral insertional mutagenesis data results in the discovery of 
cancer genes that may cooperate in tumorigenesis. Apart from known interactions, also novel 
interactions are identified.

The Venn diagrams show that the interactions could only be discovered by doing a 
multidimensional analysis, since the CCIs are not fully contained in the set of CIS-CIS 
interactions, that resulted from a 1D analysis. 
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An extensive amount of insertional 
mutagenesis data is compiled in the 
public Retroviral Tagged Cancer Gene 
Database (RTCGD). The database 
contains approximately 4000 insertions 
from 1076 tumors. 

Common Insertion Site (CIS): 
A region in the genome that carries 
insertions in multiple independent 
tumors significantly more frequent than 
expected by chance. CISs can be 
detected by using a 1D Gaussian kernel 
convolution.
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