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Pseudogenes are stretches of genomic DNA that resemble known genetic sequences but 
have lost their ability to produce an active (or putatively active) product, usually a protein, 
due to mutations or other disabling changes. These "genetic fossils" often arise from 
duplication or retrotransposition events, or from once-effective genes that accumulated 
inactivating mutations: premature stop codons, frameshift mutations, missing promoters 
and/or start codons, or truncations that prevent normal transcription/translation. The most 
common approach to identify pseudogenes is the similarity to known or putative proteins. 
However, the accurate annotation of pseudogenes is a significant challenge in genomics, as 
their decaying sequences often fall into a "twilight zone" of similarity to known genetic 
sequences that confounds automated methods. One major limitation is the arbitrary similarity 
thresholds applied, leading to a critical problem: the criteria used to define a significant 
sequence similarity are often not uniform across different studies, resulting in inconsistent 
and frequently incomplete annotations. This lack of a standardized foundation for a 
biologically and statistically-grounded significance motivates the need for a more objective 
approach. To address this, we developed a genome-wide comparative methodology that 
does not rely on pre-existing gene models to discriminate true sequence remnants from 
stochastic background noise, providing a reliable framework for annotating protein-coding 
sequence (CDS) pseudogenes in large-scale genomic projects [Abrahim et al., 2022]. It 
employs a customized, statistically derived filter to confidently identify genomic sequence 
regions that exhibit significant sequence similarity to computationally predicted or 
experimentally verified protein sequences (Barcelos et al., 2025), providing systematic and 
automated discovery of both preserved and degraded CDS genome-widely. Applying our 
approach to the reference genome of E. coli str. K-12 substr. MG1655 [Blattner et al. 1997] 
with the protein sequences in UniProtKB reviewed (Swiss-Prot) database as references, we 
found 3.354 sequences with no observable DNA strand preference, displaying statistically 
significant sequence similarity to functional proteins, ranging from 72 to 11.865 nt in length, 
comprising 386 small ORF (smORF) [Guerra-Almeida et al., 2021] (< 300 nt) and 2.967 CDS 
(>= 300 nt). 
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