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Abstract— Pseudogenes are formed by either gene duplication
or retrotransposition and yet unknown to express any RNA or
produce any protein, which may be due to some defects in their
structure. Because of the non-functional nature, pseudogenes
are considered important resources in the study of evolutionary
history and phylogenetic comparison of genomes. Psuedogenes
whose structure is similar to the normal genes, pose problems
in gene annotation and interfere with PCR or hybridization
experiments. In this paper, we compare structural and functional
properties of pseudogenes of human and mouse.

It was found that 3,277 pseudogenes of humans which had
conserved regions in pseudogenes of mouse shared the same
number of chromosomes. Human and mouse pseudogenes are
very similar to each other based on the effective codon usage
and fraction of codons having guanine or cytosine at the third
codon position. However, the proportion of GC content and
lengths of base pairs were different. The parent genes or proteins
which have more number of pseudogenes may be considered
to be evolving more quickly showing more variability. Further
ribosomal proteins, binding proteins and receptors had more
number of pseudogenes than the other proteins.

Index Terms—pseudogenes, effective number of codons, com-
parative genomics, orthologues.

I. INTRODUCTION

Within the human genome, a little is known of non-coding
DNA sequences. If these sequences do not have any function,
then the questions arise why these are evolutionarily preserved
and why pseudogenes (the faulty replicates of normal genes)
occur in a genome. Despite major advances in the field of
bioinformatics, these questions remain unanswered. Compara-
tive genomics compares the genomes of one organism with one
or more other organisms. It helps us investigate how the overall
structure of genes and genomes has evolved and how these
findings can be related to gene expression and gene regulation.
This new and emerging field of research can be used to study
the pseudogenes, also known as non-functional genes. Pseu-
dogenes look very similar to the genes but with some defects
in structure, that prevents them from functioning normally
like genes. They are created either by reverse transcription
of mRNAs of functional genes by long interspersed nuclear
element 1 (LINE1) giving rise to processed pseudogenes or
by gene duplication giving rise to unprocessed pseudogenes
[1][2][3]. Bescause of their close similarity to the functional
genes, pseudogenes are considered important resources in the
study of evolutionary history and phylogenetic comparison
of genomes and are hence considered as ’genomic fossils’
[4][5][6][7].

Comparison of fruit fly and human genomes revealed that
about 60 percent of genes are conserved between fruit fly and
humans and two-thirds of human genes known to be involved
in cancer have their counterparts in fruit fly [8]. Yet another
surprising finding is that when a human gene associated with
early-onset of Parkinson’s disease (PD) is inserted, fruit flies
display symptoms similar to those of PD patients [8]. This
has raised the possibility of making use of these fruit flies as
a model for testing therapies aimed at curing PD. Comparison
of genomes of four different species of baker’s yeast (S.
cerevisiae, S. paradoxus, S. mikatae and S. bayanus) provided
a good understanding of yeast genome [9]. The results enabled
researchers to filter out the ”noise” and focus on the real
”signals” in genomes and revealed that only five percent of the
human genome is functional. The above research assists in the
extraction of important biological signals hidden in the noise
of vast non-functional regions. Clinical response of dogs is
often similar to humans; Ostrander et al. [10] have discussed
the benefits of comparing the canine genome to the human
genome and suggested the mapping and cloning of a gene for
inherited narcolepsy in a colony of Doberman pinschers. One
of the rare forms of narcolepsy was caused by mutation in
the hypocretin-2 receptor gene [11]. Sleep disorders are very
common in humans and hypocretin deficiency is associated
with most cases of narcolepsy in humans. The narcolepsy gene
is localized to a region of canine chromosome 12 and this
corresponds to a gene poor region of human 6p21.

Zhang et al. [12] found that the number of processed
pseudogenes in mouse is only half of that of humans and
estimated that ∼ 60% are lineage specific, created after the
human and mouse diverged. They also concluded that the
age distribution of processed pseudogenes of mouse closely
resembles long interspersed repeats (LINEs) while that of
humans resembles short interspersed repeats (SINEs). Human
genes which have multiple retrotransposed pseudogenes seem
to have homologues in mouse with multiple pseudogenes [13].

In this paper, we perform a comparative genomics study of
pseudogenes of human and mouse, based on their structural
and functional properties. Because of their similarity to genes,
pseudogenes implicate gene annotation [14][15] and interfere
with PCR or hybridization experiments of the genes [16][17].
Hence, understanding the structure help us differentiate them
from their parent genes. Furthermore, this help understand
the evolution of genes and the correseponding pseudogenes,
and create phylogeny profiles of the genomes. The human
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genome is considered to be very close to the mouse genome
[18], and mice are often used as useful models for studying
human disease. Scientists can perform experiments on mice,
not ethical on humans; the small size and short generation time
of mice make it practical for scientists to experiment with [19].

Our comparison of the pseudogenes of human and mouse
showed that the effective codon usage and fraction of codons
having guanine or cytosine at their third codon position is
similar in the pseudogenes of human and mouse. However,
there was a significant difference in the proportion of GC
content and length of pseudogenes of human and mouse. We
analyzed functions of orthologues of the parents genes of
human and mouse pseudogenes. Orthologues are a group of
proteins having similar functions in different organisms. It is
found that orthologous parent genes of psedogenes tend to
code for ribosomal proteins, binding proteins, and receptors.

II. STRUCTURAL COMPARISONS

Genome annotation is defined as the process of attaching
biological information to sequences and could be in terms of
structural or functional annotation. Structural annotation deals
with identifying the genomic elements such as gene structure,
coding regions, number of exons, number of introns, open
reading frames (ORF), and their localizations.

A. Number of base pairs

The number of base pairs (bp) is often used as a measure
of length of a DNA segment. The human genome consists of
around 3.2 billion base pairs along forty-six DNA molecules
contained in twenty-three pairs of chromosomes [20]. While,
on the other hand the mouse genome consists of around 2.7
billion base pairs along forty DNA molecules contained in
twenty pairs of chromosomes [18]. Genes can vary in size
but their average length is about 3,000 base pairs in length.
Human DNA contains an estimated 30,000 genes. Therefore,
genetic or coding DNA makes up less than 5% of total human
DNA and the remainder of the DNA is non-coding DNA [21].

B. Number of exons

Exon is defined as a region of a gene that contains instruc-
tions for making a protein. The exons are separated by introns
in most genes; the intervening segments of DNA are removed
during splicing. The maximum number of exons per gene for
humans is 312 (TTN coding gene) and for mouse is 146 (NEB
coding gene). Intronless genes are also found in human and
mouse chromosomes [22].

C. GC content

GC content is a characteristic of a genome sequence. GC
pairs in DNA are connected with three hydrogen bonds while
the AT pairs are connected by two. GC pair is stronger
and more resistant to denaturation by high temperatures as
compared to AT pair. Knowing this statistic is important
because genes in some organisms tend to be in more GC
rich regions of the genome. Hence, understanding the GC
distribution helps in assessing the gene potential of a region.

GC content is defined as the proportion of GC base pairs in
the DNA molecule or genomic sequence.

GC =
number of G or C nucleotides in the sequence

total number of nucleotides in the sequence
(1)

The average GC content of human genome is 41%, while that
of mouse is 42%. The distribution is tighter in mouse with
lesser deviations. In case of human genome, the deviations
can range from 33% to 56% [18].

D. Effective number of codons (Nc)

Much of the genetic code is degenerate, i.e., most of the
amino acids can be encoded by more than one codon (triplet
of nucleotides). In bacteria such as Escherichia coli, highly
expressed genes tend to selectively use codons recognized by
the most abundant tRNA species [23]. This similarity between
codon usage bias (the probability that a given codon will be
used to code for an amino acid over a different codon which
codes for the same amino acid) and gene expression level
is also observed in bacteria like Clostridium perfringens and
Haemophilus influenzae [24][25][26]. Highly expressed genes,
such as those encoding ribosomal proteins and histones in S.
pombe, C. elegans, and D. melanogaster, have different biased
patterns of codon usage [28]. However, in X. laevis and H.
sapiens, codon usage in the genes encoding ribosomal proteins
and histones were not significantly biased. This suggested that
the primary factor influencing codon usage diversity in these
species was not translation efficiency.

The effective number of codons Nc is a measure of overall
codon bias and is similar to the effective number of alleles
measure used in population genetics. Hence, the reported value
of Nc varies between 20 and 61. Twenty when only one codon
is effectively used for each amino acid and 61 when codons are
used randomly. If there are no amino acids in a synonymous
family or if the gene is too short or has extremely skewed
amino acid usage, then Nc is not calculated.

E. GC3 content of pseudogenes

Codons coding for same amino acid are synonymous and
usually differ by one nucleotide in the third position. The
different synonymous codons are used at different frequencies
at different genomes [29]. In prokaryotes, a few theories have
been suggested to account for this variation in synonymous
codon usage. In bacteria such as Mycoplasma genitalium,
the primary source of variation seems to be related to the
use of GC-ending codons [30][31]. While, in bacteria such
as Borrelia burgdorferi [32] and Treponema pallidum [33],
there is a base usage skew between the leading and lagging
strands of replication. Genes on the leading strand are seen to
preferentially use GT-ending codons.

GC3 is defined as the fraction of codons that are synony-
mous at the third codon position, which is that they have either
a guanine or cytosine at their third codon position. It can be
calculated as

GC3 =
number of codons with G or C at 3rd position

total number of codons
(2)
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F. Conserved Regions

Pseudogenes of human and mouse can also be compared
by comparing their sequences and looking for the conserved
regions. These findings will further help in investigating their
evolutionary descent and functions of the conserved regions
of the pseudogenes which are presently considered as ”junk”
pieces of DNA [34].

III. FUNCTIONAL COMPARISONS

Functional annotation deals with attaching biological in-
formation to genomic elements, including the biochemical
and biological functions, genomic expression and interactions,
etc. Pseudogenes are similar to normal genes but do not
express any RNA or protein. They can be described as the
crippled copies of known functional genes like LINEs and
SINEs [35][36]. In both mouse and human genomes, similar
types of genes give rise to many processed pseudogenes (also
known as retropseudogenes). These functional genes tend to be
housekeeping genes, which are seen to be highly expressed in
the germ line. In particular, the ribosomal-protein genes form
the largest sub-group [12].

The parent genes of the pseudogenes are functional genes
and code for proteins. A protein which has more number of
pseudogenes are evolving faster than the proteins with less
or zero number of pseudogenes [12]. We compare the protein
products of the parent genes of the pseudogenes of human
and mouse and find their orthologues. This is achieved using
the program CD-HIT [37][38] which produces a set of ’non-
redundant’ sequences as output from a given set of sequences.
Besides, this program also outputs a ’cluster’ file which
contains sequence groups for each ’non-redundant’ sequence
representative. We use the CD-HIT program to produce a
set of closely related protein families of human and mouse
genes from a given set of sequences of human and mouse
pseudogenes.

IV. EXPERIMENTS AND RESULTS

The pseudogene sequences for human and mouse genomes
were obtained from a pseudogene resource [39]. The data con-
tained 7868 known pseudogenes of human and 4476 known
pseudogenes of mouse.

A. Structural comparisons

1) Number of base pairs: Since mouse genome is about
14% smaller than human genome [40] and the numbers of
pseudogenes of human and mouse differ, the distribution
of number of base pairs in each pseudogene in mouse is
normalized by 1000bp (Figure 1). Mean length of human
and mouse pseudogenes were (µl)human = 743.6bp and
(µl)mouse = 726.8bp. Student’s t distribution was used to test
the significance of the result at significance level α = 0.05.
There was a significant difference in length of pseudogenes
of human and mouse (p < 0.05).

Fig. 1. Distribution of lengths of human and mouse pseudogenes (normalized
by 1000 pseudogenes in human)

Fig. 2. The distribution of %GC content in human chromosomes and
pseudogenes in respective chromosomes

2) Number of Exons: Numbers of exons of orthologues
parent genes of human and mouse pseudogenes (orthologues
of human and mouse pseudogenes were found in Sec III B)
were calculated. It was observed that the mean number of
exons per gene is 7.3 and 95.8% of orthologous genes had
less than 15 exons per gene and 0.19% of orthologous genes
were intronless genes.

3) GC content: The mean GC contents of human and
mouse pseudogenes were (µGC)human = 47.569% and
(µGC)mouse = 46.819%. GC content of human chromosomes
compared to those of pseudogenes belonging to the respective
chromosomes are shown in Figure 2. The GC content of
human chromosomes was obtained from the dataset of Venter
et al. [41]. As seen, GC contents were higher in pseudogenes,
indicating their resemblence to genes. Figure 3 shows %GC
content in pseudogenes of human and mouse (at the chro-
mosome level, i.e., GC content of pseudogenes belonging to
respective chromosomes). GC contents of human and mouse
pseudogenes at chromosome level were significantly different
(p < 0.05).

4) Effective number of codons: We use the CodonW pack-
age by John Peden for codon usage analysis [42] to obtain the
effective number of codons (Nc) of sequences. The normalized
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Fig. 3. The distribution of %GC content in pseudogenes of human and
mouse at chromosome level

Fig. 4. Distribution of the number of codons of human and mouse
pseudogenes (the number in humans were normalized per 1000 pseudogenes)

plot of the distribution of Nc is shown in Figure 4. Mean
Nc values of human and mouse pseudogenes were (µc)human

= 49.59 and (µc)mouse = 50.74 respectively. There was no
significant difference in the effective number of codons among
human and mouse pseudogenes.

5) GC3 content of the pseudogenes: We obtained the GC3

values of human and mouse pseudogenes from the CodonW
package by John Peden [42]. The normalized plot is illustrated
in Figure 5. The mean GC3 values of human and mouse
pseudogenes were (µ3)human = 0.477 and (µ3)mouse = 0.469
respectively. There is no difference in GC3 contents of human
and mouse pseudogenes at p < 0.05.

6) Conserved regions: We used Blastz [44] to compare the
pseudogenes of human and mouse and find regions which were
70% conserved and had at least 100bp length [45]. 127,474
regions were seen to be conserved. These regions were further
analyzed to study the synteny. 3,277 pseudogenes of human
which had conserved regions in pseudogenes of mouse shared
the same chromosome number.

B. Functional comparisons

Protein sequences of corresponding functional (parent)
genes of pseudogenes of human and mouse were obtained
from SwissProt protein database [46]. The paralogues (similar
proteins in the same genome) in human and mouse protein
sequences were removed at 90% sequence identity using the
clustering program CD-HIT [37][38]. This program was fur-

Fig. 5. The distribution of GC3 contents of human and mouse pseudogenes
(normalized per 1000 pseudogenes)

Fig. 6. Distribution of orthologous parent genes of pseudogenes of human
and mouse in human chromosomes

ther used to find the clusters of orthologous protein sequences
in human and mouse at 70% sequence identity.

Out of 3737 protein sequences of human and mouse, pro-
duced by parent genes of psuedogenes, there were 546 human
and mouse orthologous proteins at 70% sequence identity. 34
protein sequences had paralogues in human genome and 36
protein sequences had paralogues in mouse genome. The 546
human and mouse orthologous protein sequences were further
analyzed based on their functions and the notable propo-
tions among them belonged to ribosomal proteins (14.8%),
binding proteins (12.3%), receptors (2.7%), transferase (2%)
and oxidoreductase (1.8%). The distribution of these 546
protein sequences in human chromosome is given in Figure 6.
Chromosome 1 has maximum number of orthologous protein
sequences and chromosome Y has the minimum number of
orthologous protein sequences.

V. DISCUSSION AND CONCLUSION

Mouse genome is remarkably similar to human genome
not only in the structure at the level of chromosomes but
also at DNA sequence level [47]. In this work, we compared
human and mouse pseudogenes which were found to be very
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similar to each other on effective codon usage and fraction
of codons having guanine or cytosine at their third codon
position. However, they had different proportion of GC content
and lengths of base pairs. Human pseudogenes of respective
chromosomes have higher GC contents than those of the
respective chromosomes. Pseudogenes are very similar to the
coding genes. Since the genes are rich in GC content [41],
hence the higher GC content of pseudogenes can be explained.

Pseudogenes are very similar to the genes and interfere
with PCR or hybridization experiments that are intended for
the genes [16][17]. Therefore, identification of pseudogenes
are important and our future study will focus on comparing
structural compositions of genes, the pseudogenes and their
parent genes. Pseudogenes are presently considered as ”junk”
DNA [34]. However, there must be some reason behind the
conservation of these ”junk” DNA over millions of years
of evolution. The comparative genomic study of human and
mouse pseudogenes can be further explored to find possible
functions of the pseudogenes.

The ribosomal proteins, binding proteins, and receptors
were the common proteins in human and mouse which are
evolving more quickly than other proteins because they have
higher number of pseudogenes. These finding could help in
evolutionary and phylogenetic study of the two genomes. By
including more number of species, we can obtian a clear
understanding of not only the creation or possible functions of
pseudogenes, but also the evolution of various genomes and
species divergence.
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