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Introduction 

Ribosomal frameshift is a translational mechanism used for 

producing alternative amino acid sequences from mRNAs by 

changing the reading frame. This mechanism is widely used 

by viruses and bacteria where relatively short genomic codes 

can produce a wide range of proteins by frameshifting. 

Finding those frameshifts can lead to discovery of new 

proteins in various organisms, from bacteria to humans. Here 

we present a new approach for detecting potential frameshifts 

by conservation score calculation on amino acids.   
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Figure 1. The MATLAB generated graph of conservations scores for HIV 1 genetic 

fragment (a) and the graph after moving average for window size 13. 

Figure 2. The MATLAB generated graph showing conservations scores for Zika 

Virus genetic fragment (a) and the graph after moving average for window size 9. 
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𝐶𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑠𝑐𝑜𝑟𝑒 =
 𝐴𝑖 × 𝐵𝐿𝑂𝑆𝑈𝑀(𝐴𝑖 , 𝐴𝑐𝑜𝑚𝑚)
𝑛
𝑖=1

𝑛 × 𝐴𝐶𝑜𝑚𝑚 × 𝐵𝐿𝑂𝑆𝑈𝑀62(𝐴𝑐𝑜𝑚𝑚, 𝐴𝑐𝑜𝑚𝑚 )
 

The Calculation method 

The synthesis of Protein from the genome is achieved by 

several steps. First the DNA is transcripted into  mRNA 

which is then translated by the Ribosome to amino acid 

sequences. The genome contains 4 letters, ATCG, and the 

RNA consists of AUCG. Each codon which corresponds 

to an amino acid consists of 3 nucleotides (table 1).  

Since changing a frame of reading changes completely 

the assembly of amino acids, keeping one frame or 

switching to another frame in a fixed position is very 

important for the survival of the cells (Scheme 1).  

We theorized that Ribosomal frameshifts can be tracked 

by Cross examination of several species and detecting 

trends of conservation scores. A high conservation score 

is usually attributed to genes, where mutations can be 

fatal and would not be inherited to the next generation. 

If, however, a frameshift occurs we expect a high 

conservation score for the new frame.  

    

Previously, conservation score was calculated on nucleotides. However, because 

usually more than one nucleotide combination encodes for an amino acid we 

decided to calculate the conservation score directly on the amino acid 

sequences. For this purpose we translated the nucleotide sequences to amino 

acids in all 3 frames.  

We hypothesize that a frameshift can be detected by the intersection of 2 frames, 

where one frame goes down in conservation scores and the second rises.  

For conservation score directly on amino acids the following equation was 

developed:    

Results 
After developing the conservation score we chose 2 code fragments, 

from HIV and Zika Viruses for frame shift detection. As we found 

out raw graphs are very difficult to examine because of background 

noises (Figures 1,2 a), so we used the moving average as a strategy 

for signal smoothing.  

We found that after applying it, the frames could be easily 

distinguished. In the Zika sequence it was evident that the first 

frame dominates on the others, and is always preferred. So, we 

concluded that in the present segment, no frameshifts occurs. 

(Figure 2 b)  

But, in the HIV fragment, an intersection of frames exists. The first 

frame which is dominating the conservation score up until around 

amino acid 450 goes down and the third frame dominates the rest of 

the segment.  

This site can be a potential frameshift site (Figure 1 b).  

Potential 
frameshift site. 

Suggestions for the future 
• Develop an automated detection of potential frameshift 

sites for large volumes of data.  

• Generalize and expand the conservation score calculation 

method taking into consideration additional information 

like evolution trees of species.  

Table 1. Amino acid table. 
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