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It is well known that prokaryotic organisms produce polycistronic mRNAs containing a 

number of coding sequences (CDSs). Several proteins are translated from such mRNAs. In 

contrast, vast majority of the mammalian mRNAs contain only one CDS encoding a single 

protein. Surprisingly, recent studies have demonstrated that more than one region of some 

mature mammalian mRNAs can be translated. In addition to the annotated CDS region (also 

known as the “reference open reading frame” or “refORF”) these mRNAs contain additional 

alternative ORFs (altORFs) which are located in the 5’ or 3’ untranslated regions (UTRs) or 

even inside the CDS (in this case the altORF is translated in one of the two alternative 

reading frames)[1]. Investigation of such cases is important because it can significantly 

expand our knowledge of the mammalian  proteomes and reveal new patterns of expression 

regulation. Moreover, new genes can originate from the emergence of altORFs[2]. 

Several approaches have been suggested to find altORFs both computationally and 

experimentally. Experimental ways include direct detection of peptides by mass-spectrometry 

methods (MS) [9] and indirect detection from the Ribo-Seq data [10]. Such approaches are 

the most precise, but are limited to the availability of the experimental data. 

Known computational approaches exploit unexpected dN/dS relation [11], search for long 

overlapping ORFs together with “BLASTing” the protein database [12,13] and substitution 

rate measuring together with altORF length distribution model [14]. 



Here we focus on identification of the altORFs which are either completely located inside the 

corresponding refORFs or have a significant overlap with them [3,4,5,6,7]. Interestingly, it 

has been shown that alternative proteins correlate with intrinsic structural disorder [8]. 

Overlapping CDSs are of special interest since such regions are under double selection. This 

restriction influences the codon frequencies and provides an opportunity for an ab initio 

prediction of the dual coding regions (i.e. using the nucleotide sequences alone). 

 Our computational approach of ab initio altORFs detection is based on the analysis of the CP 

(coding potential) and altORFs length distribution. The CP is a measure of probability of a 

nucleotide sequence to code the peptide in either one particular reading frame or in two 

reading frames at the same time. The CP is calculated from the pentaplet usage frequencies. 

Additionally, ORF length distribution gives the probability of an altORF of a given  length to 

occur simply by chance. We are not aware of any other ab initio method that has been 

developed for prediction dual coding regions. 

To test our tool we apply it to 356 human mRNAs containing experimentally validated  dual 

coding regions [15] and 356 randomly selected human mRNAs, for which the expression of 

the alternative protein has never been detected. Classification accuracy of our model 

measured by the area under the curve (AUC) is 68.8%. Thus, we demonstrate that ab initio 

approaches are able to detect dual coding regions.  Since our method only requires nucleotide 

sequences as input it can be applied to a variety of species and the produced predictions can 

be used to study the evolution of the dual coding genes in mammals. 
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