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Abstract Nature selected certain regions of the genome
for encoding proteins. Most of the sequences were used to
encode only RNA. What happened to the remaining sec-
tions of the genome? It is possible that some sequences
were retired and retained as non-functional entities called
pseudogenes. Though several evolutionary prospects with
functional endpoints exist, we looked at the possibility of
hypothetical proteins correlating with the emergence of
pseudogenes and potential of such genes to make novel
synthetic molecules. In this commentary, we consider two
key aspects: (1) does any correlation exist between hypo-
thetical proteins and pseudogenes and (2)—can we make
novel and functional proteins from pseudogenes?
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A hypothetical protein (HP) is a protein whose existence is
predicted but the proof of its expression remains uncertain.
Interestingly, many HPs in the recent past have been
known to be expressed in vivo. With various methods
known to identify components in cell membrane, the
functional significance of large number of proteins, espe-
cially those that (a) do not have function, (b) are not
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expressed, (c) are unique or common among genomes,
merit detailed study (Sivashankari and Shanmughavel
2006). Majority of genomic regions encoding hypothetical
proteins are non-characterized thereby making orphan
genes, interesting candidates for study (Dujon 1996). Most
of these regions are predicted by computational methods
due to non-similarity to known proteins or EST (Expressed
Sequence Tag) sequences. The undiscovered regions or
proteins whose functions are not known could be of great
interest because some of these regions might contribute to
the development of human disease (Bianchi et al. 1999).
The post annotation experience indicates that many pro-
teins turn out to be obsolete end products, thus giving rise
to the formation of pseudogenes. Currently, a broad spec-
trum of computational biology tools can be utilized to
check whether a functional molecule can be made from
sequences considered non-coding (Dhar et al. 2009). Fur-
thermore, some hypothetical pseudogenes or spurious open
reading frames that are translated could be their protein
product equivalents with important regulatory functions.

Classification scoring systems to find bona fidelity

While manual annotation is followed by computational
predictions, deciphering function of candidate pseudogenes
in exploring the putative pathways is important. Our pre-
vious studies were aimed to find whether or not any
structural templates for mitochondrial proteins harbor
domains that were significant in their expression (Unpub-
lished). Although community is engaged in carrying out
protein interaction studies, experiments are time consum-
ing and a consensus on this topic is still missing. Compu-
tational evidence exists to show that hypothetical proteins
could have functional homologs (Galperin and Koonin
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2004). Furthermore, confidence in the form of reliability
scores could help understand, if the classifiers employed
for predicting functions using bioinformatics methods,
are indeed correct. Although classifiers are based on the
manual annotation and predictions, scoring patterns of
pseudogenes and hypothetical proteins matching with
non-coding regions and their putative synthetic products
is a challenge. To fulfill this aim, we believe there is a
need for developing a computational approach in the
form of a feature selection that is in consensus with the
experiments for checking whether or not any non-coding
regions of these pseudogenes are artificially made in the
laboratory. Due to contextual annotation, several works
apart from feature selection in the recent past have
caught interest. Apart from genomic context analysis
which provides functional clues about hypothetical pro-
teins, a wide variety of methods, viz. K-nearest neigh-
bors (Lan et al. 2013), minimum-redundancy maximum-
relevance (Wang et al. 2013) have been employed in the
recent-past.

Can we make synthetic products from hypothetical
pseudogenes?

Can a pseudogene, whose existence has been predicted but
no experimental evidence exists, be ‘synthetically expres-
sed’ in an organism? Recent experimental evidence sug-
gests that novel proteins can be made from sequences
historically considered junk (Dhar et al. 2009). Thus, it
would be interesting to artificially make synthetic proteins
from hypothetical proteins that show strong correlation
with pseudogenes, which will allow us to understand their
potential function. Our recent (unpublished observations)
on 28 synthetic protein sequences from GenBank show that
these proteins can be functionally related to mitochondria
and also strengthen the premise of making functional
proteins with unknown domains whose structures are not
deciphered. Based on this, we reason that proteins con-
taining Domain of Unknown Function or pseudogene like
features can be considered concomitant homologues to
some synthetic proteins. For example, Fanconi Anemia
(FA) genes considered ‘hypothetical’ were shown to be
related to breast cancer genes even though some of their
counterparts have been linked to pseudogenesis (Knies
et al. 2012). There was nothing in common with any other
genes until when breast cancer gene BRCA2 was shown to
be similar with Fanconi Anemia gene FANCDI1 (Fortugno
2007). As a result, annotations using functional and com-
parative genomic studies have shown a great potential for
genes where multiple independent pseudogenes may result
in genomic instability, thus rendering significant disad-
vantage to the survival of the organism.
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Fig. 1 An example of Pseudogene derived from a protein having
functional features. Here, we have taken an example of a Major
Facilitator Superfamily (MFS) profile which is shown in violet colour
and Sugar transport proteins signature 1 and 2 shown in green colour.
The structure was visualized using Discovery Studio

An example with respect to the functional entity could
be attributed to bacterial small MutS region (Smr) like
proteins that are linked to DNA repair. These proteins are
similar to the C terminal regions of MutS1 proteins which
are bona fide ATPase domains. In principle, when the Smr
proteins were ‘hypothetical’, there were three prepositions
of these proteins, viz. Smr domains alone, the MutS pro-
teins with Smr domains at the C terminal region and the
MutS proteins with C-terminal ATPase domains which are
quite similar to the Smr domains present in MutS1 proteins
with the latter linked to pseudogeny. Can there be new
derivatives of Smrs’ synthesized in the laboratory with
specific sequence inserts of the hypothetical genes-turned-
pseudogenes?

To conceptualize the possibility of making a functional
protein from pseudogenes, we computationally predicted
the structure of a pseudogene derived protein, viz. Major
Facilitator Superfamily (Fig. 1). Major Facilitator Super-
family (MFS) proteins are quite common across 17 distinct
families within the MFS. Whether or not these proteins
corroborate gene duplication events to generate conserved
motifs, transmembrane, hypothetical proteins turning out to
be pseudogenes is unclear. When the 3D structure of MFS
was predicted using I-TASSER, the C-score for the struc-
ture was found to be —0.12, which is within the typical
range (—5 to 2) for a reliable prediction whereas (negative)
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total energy (—7,686.523 kcal/mol) for the structure sug-
gests that the structure is a stable one (Zhang 2008).

We argue in support of a need for using sequence and
structural homologs to find a good correlation between
hypothetical proteins and pseudogenes leading to synthesis
of novel proteins. With recent studies on human genome
deciphered from nearly hundred novel proteins through
pseudogenesis that are linked to cancer, there is a need to
construct visual representations of ‘pseudogenecity and
synthetome’ on a cloud of protein interaction networks
(Branca et al. 2014). We believe these will help check bona
fidelity of identifying pseudogenes from hypothetical pro-
teins and address an important question: Is there a need for
assessment of protein annotation data to identify the extent
of pseudogenicity?
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