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The Origins and Genetic Functions of Pseudogenes

Jerry Bergman*

Human genome mapping has identified
enormous sections of DNA that do not
code for proteins. This observation has
been heralded as support for evolution-
ary naturalism (Wells, 2011). Called
junk DNA (or non-informational DNA),
it includes DNA sequences such as in-
trons, repeated sequences, and pseudo-
genes (Bergman, 1994, 2001; Doolittle,
1993). Pseudogenes are a specific type
of DNA; although very similar to pro-
tein coding genes, they are believed to
be damaged genes and, as a result, no
longer able to encode for protein (Chen
etal., 2002). Although pseudogenes lack
promoters and/or enhancers and appear

to have crippling mutations such as
frame shifts or premature stop codons,
they “do tend to retain their character-

Abstract

seudogenes are genes that ostensibly lack the transcription or transla-
Ption machinery required to produce protein. They are often used
by Darwinists as evidence for the wasteful process that resulted from the
evolution of the genome and, indirectly, as evidence for common descent
because they appear to be evolutionary leftovers of past evolution life-forms.

Recent research indicates that some or many pseudogenes do have a func-

tion, and several functions are discussed.

istic intron-exon structure,” which gives
a hint of their function (Pink etal., 2011,
p. 792).

Pseudogenes are an important topic
in the creation-evolution controversy be-
cause neo-Darwinists commonly argue
that a creator would not have created
pseudogenes. Rather, they are the re-
sult of a blind, purposeless mechanism,
such as evolution. Specifically, neo-
Darwinists postulate that pseudogenes
are evolutionary relics, molecular fossils
that have accumulated during deep time
and therefore can be used to help deter-
mine evolutionary history or phylogeny
(Lee, 2003). This view interprets them
as “long-dead genes ... that litter our
chromosomes ... vestiges of old code as-
sociated with defunct [genetic] routines”
(Gerstein and Zheng, 20006, p. 49).
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History of
Pseudogene Research
Pseudogenes were first reported in the
literature by Jacq et al. (1977). In the
years since this report, large numbers
of pseudogenes have been identified in
humans and a wide variety of other spe-

cies. All animals, especially mammals,
contain a large number of pseudogenes,
but only a few putative pseudogenes
have been identified in bacterial ge-
nomes (Andersson and Andersson,
2001, p. 829). The current estimate is
that about 20,000 pseudogenes exist in
humans alone, close to the number of
functional genes (Svensson et al., 2006;
Hirotsune et al., 2003). Because pseu-
dogenes have sequences very similar to
functional genes, they are often labeled
“dead” or “disabled” genes (Hernandez et
al., 1998). Normal genes contain DNA
sequences that help to regulate or con-
trol the timing of various gene activities.

Pseudogenes appear to lack some or
all of these controlling elements, such
as a promoter site (RNA polymerase
binding site for the start transcriptions),
various regulators that control the level



Volume 49, Spring 2013

309

of protein produced, the specific code
for the amino acid sequence of the pro-
tein produced during translation, and
start and stop codons to control transla-
tion (Balakirev and Ayala, 2003; Gibson,
1994). Many pseudogenes also appear
to contain extra stop codons (or prema-
ture stop signals) or have abnormal or
missing flanking regulatory elements
(Gibson, 1994).

It is theorized that these pseudo-
genes resulted from damage to the
original genes by mutations, such as
frame shifts, insertions and deletions.
These mutations can result in gene
nonfunctionality. They can also cause
modifications that damage regulatory
elements, especially initiation and termi-
nation sequences. As a result, the gene
no longer produces functional proteins.

New research demonstrates that the
regulatory DNA sequences are not al-
ways in the normal location close to the
gene, or that they can always be readily
identified. The fact that some of these
signals are located a great distance from
the gene presents a major difficulty in
determining if a gene is a pseudogene.
When these regulatory sequences are
identified, technically the gene is not a
pseudogene, even though it may still be
identified as one. Consequently, we now
recognize that there is nota clear distinc-
tion between genes and pseudogenes
(Zheng and Gerstein, 2007).

Their similarity to functional genes
has prompted Darwinists to consider
pseudogenes evolutionary relatives of
normally functioning genes (a reason for
their extensive study). Richard Dawkins
concludes that pseudogenes “are genes
that once did something useful but
have now been sidelined and are never
transcribed or translated” (Dawkins,
2009, p. 332). In addition, he concluded
that, “What pseudogenes are useful for
is embarrassing creationists. It stretches
even their creative ingenuity to make up
a convincing reason why an intelligent
designer should have created a pseu-
dogene—a gene that does absolutely

nothing and gives every appearance of
being a superannuated version of a gene
that used to do something” (Dawkins,

2009, p. 332).

Origin of Pseudogenes

Contrary to Dawkins’ assumptions,
pseudogenes are not contradictory to
creation. The creation model accounts
for genome degradation (Sanford, 2005).
Thus, it anticipates the existence of
some genes that have subsequently lost
function since their original creation.
This includes the pseudogenes that are
categorized as disabled pseudogenes.
These pseudogenes are complete genes
that appear to be damaged by mutations
that prevent transcription or translation.
A classic example is the L-gulono-Y-
lactone oxidase (GLO) gene in primates
and humans that is missing several of the
exons to code for a functional enzyme
necessary for the manufacture of vitamin
C (Cooper, 1999; Nishikimi et al., 1994).

However, not all pseudogenes can
or need to be accounted for by degra-
dation. One popular theory proposes
that many pseudogenes arose by gene
duplication from genetic mistakes, such
as an unequal crossover, resulting in an
extra copy of a functional gene, which
is not immediately eliminated from the
genome (see Bergman, 20006). If it did
not have a detrimental effect on the
organism, the duplicated gene could
subsequently accumulate mutations.
Mutations that occur in pseudogenes are
assumed to be neutral (or near neutral).
Thus, the organism would survive even
though the mutation load in these genes
is assumed to have slowly increased
over time.

For this reason, mutations would
be expected to accumulate in pseudo-
genes. The older the pseudogene, the
more mutations it would contain. The
gene duplication possibility for their
origin has been suggested because most
pseudogenes were not known to have a
function and because pseudogenes are

often similar to known functional genes.
Gene duplication that results in useful
genetic changes may have occurred, but
this does not explain the origin of the
original gene.

Types of Pseudogenes

Two basic classes of pseudogenes have
so far been identified: unprocessed and
processed pseudogenes (Wen etal., 2012).

Unprocessed
Unprocessed pseudogenes appear to
be copies of active genes. The most
common examples are alpha-globin
and beta-globin pseudogenes. These
unprocessed or duplicated pseudogenes
are often found in clusters near similar,
but functional, genes on the same chro-
mosome (Brown et al., 1996).

This pseudogene type usually con-
tains the same introns and flanking
regulatory sequences as do functional
genes (Doolittle, 1993). Expression of
these pseudogenes is assumed to be
prevented by the lack of transcription
initiation sequences or premature stop
codons that result in truncated proteins
during translation. Another difference
that also may exist between unprocessed
pseudogenes and functional genes is that
the former contains many putative point
mutations, deletions, and insertions

(Thiele et al., 2003).

Processed
Processed or retrotransposed pseudo-
genes may be another source of pseudo-
genes (Jackers etal., 1996). They are be-
lieved to result from a reverse transcrip-
tion of processed mRNA, which results
from retrotransposition followed by an
insertion of the copy DNA somewhere
else into the genome (Fairbanks and
Maughan, 2006). Retrotransposons are
products of transcription (i.e., RNA) that
then serve as the template for production
of DNA. These DNA sequences are
then reintegrated into genomic DNA,
thus resulting in a duplicated gene.
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These so-called processed pseudogenes
are commonly found on chromosome
locations that are different from their
functional counterparts.

Transcripts of DNA, called messen-
ger RNA (mRNA), carry the instructions
for the protein synthesis machinery in
the cell. The mRNA sequence con-
sists of exons, which code for specific
proteins. These exons are separated on
the RNA strand by noncoding spacer
sequences called introns. Processing of
mRNA involves removing the intron se-
quences and splicing the exons together
to form an edited mRNA copy (Kandul
and Noor, 2009). This processed copy is
then used for the translation of proteins.
Some pseudogenes have introns thatare
removed after transcription, suggesting
that they once were functional genes.
It also suggests that they are still func-
tional, even if that function is currently
unknown.

Processed pseudogenes are believed
to be produced after the mRNA is edited
to remove the introns. The mRNA is then
copied back into DNA by a reverse tran-
scription process. The copy of mRNA,
called copy DNA or ¢cDNA, is then
integrated back into the chromosome. A
specific non-pseudogene example is the
L-1 family of repetitive DNA sequences
(Jurka, 1989). Why this processing occurs
is still unknown, but if past experience is
any guide, the existence of this complex
process indicates these pseudogenes have
an important function.

Processed pseudogenes can produce
complete copies of a specific coding
sequence and may also contain ad-
ditional inserted sequences. However,
these pseudogenes lack certain other
sequences necessary for protein transla-
tion. Because processed pseudogenes are
produced from processed mRNA, they
lack introns and the necessary upstream
regulatory sequences (those existing in
front of the gene) required for genes to
direct and control protein assembly.

Conversely, exceptions exist, but
these altered pseudogenes often termi-

nate in a series of adenines (a poly-A-tail ),
as do functional genes. Most of these
pseudogenes are also flanked by direct
repeats: structures associated with mov-
able genetic elements. These elements
may play a role in assisting the process of
splicing pseudogenes into chromosomes

(Gibson, 1994).

Pseudogenes
in the Origins Debate
Pseudogenes are of major interest in the
origins debate. Although they closely
resemble functional genes, they have
no assigned, known function. Darwinists
have assumed this means they have no
function. Therefore, as Dawkins con-
cludes, this is evidence for evolution and
against intelligent design. Miller (1994,
p- 25) argues:
Intelligent design cannot explain
the presence of non-functional
pseudogenes unless it is willing to
allow that the designer made serious
errors, wasting millions of bases of
DNA on a blueprint full of junk and
scribbles. Evolution, in contrast,
can easily explain them as nothing
more than failed experiments in a
random process of gene duplica-
tion in a genome of evolutionary
remnants.

In other words, an intelligent de-
signer would not create an organism
with a large number of useless parts, and
these worthless genes are evidence that
the genome was not designed. Hence, a
creator did not play a role in the origin
of the genome.

Evolutionists also argue that the
origin of pseudogenes is largely a result
of chance, the outworking of natural
law, the contingencies of history, and the
deficiencies of the entire genetic system.
This view, however, is changing as a
result of continuing discoveries within
molecular biology and genetics. Some
commentators conclude the molecular
revolution has produced more scientific
knowledge in the past three decades

than has accumulated in science’s entire
history, and if this trend continues, our
view of the genome will no doubt con-
tinue to be revolutionized (Willingham
and Gingeras, 2006).

In addition, some Darwinists also
argue that beside duplicated genes,
pseudogenes also provide an additional
mechanism for evolutionary change.
They argue that pseudogenes could
allow for the existence of nonlethal
mutations because the pseudogene no
longer serves a genetic role in the organ-
ism. This permits the pseudogene to
accumulate mutations that will not be
deleterious to the organism. Thus, these
mutations could evolve the pseudogene
into a new functional gene that would
confer a survival advantage to the organ-
ism. In other words, these Darwinists
argue that mutated pseudogenes would
not be lethal because the psuedogene
is not necessary for life, but selection
would favor it if enough mutations oc-
curred so that the gene could become
beneficial. In this way pseudogenes
could evolve to become useful genes.

However, true pseudogenes cannot
be selected for by natural selection
because by definition they lack a select-
able function. For the psuedogene to
be selected, other mutations also must
occur to cause the former psuedogene
to be translated and obtain selectable
activity (e.g., transcription/translation).
If a gene can be translated, it is not a
pseudogene and is assumed to have a
function. A gene that cannot be tran-
scribed will not be translated and will
not undergo positive selection. So if a
pseudogene evolved that was useful in
the organism, it must also evolve the ap-
propriate control sequences required for
regulation and proper function. It could
not undergo positive selection until all
of the required proper control sequences
first existed. If a new beneficial gene was
able to acquire the control mechanisms
to restore function, as evolutionists as-
sume, so could a myriad of currently
harmful genes.
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Another problem with the evolution-
ary interpretation of pseudogenes is that
many genes are pleiotropic (meaning the
gene produces proteins that affect more
than one function in the cell—see Berg-
man, 2010). Changing one gene will,
consequently, affect other proteins and
functions in the cell. In addition, most
biological structures and biochemical
systems, such as blood clotting, require
many genes and thus are polytrophic,
meaning all of the necessary parts must
exist in a highly integrated functional
setin order for the system to work (Behe,
1996). Thus, whether pleiotropic or
polytrophic, single genes have interact-
ing effects on the organism’s phenotype.
This interaction makes pseudogene
evolution far more complicated than the
mere reactivation by a few key mutations.

Pseudogene Patterns in Life

Researchers have found that unpro-
cessed pseudogenes exist in a wide vari-
ety of organisms. When genes for equiva-
lent proteins are compared in different
species, the coding sequences often
differ in both expected and unexpected
ways. Likewise, the more taxonomically
similar the two species are, often the
more similar are their pseudogene DNA
sequences. This is true in general and
for specific enzymes, although some
major exceptions exist in spite of this
overall pattern. Another argument for
their function is the fact that
Pseudogenes are pervasive, and usu-
ally abundant, in all eukaryotic or-
ganisms ... In human, about 12,000
DNA sequences show evidence
of pseudogenes ... comparative
analysis of processed pseudogenes
in the mouse and human genomes
has surprisingly demonstrated that
60% of the processed pseudogenes
are conserved in both mammalian
species. The high abundance and
conservation of the pseudogenes in a
variety of species indicate that selec-

tive pressures preserve these genetic

elements, and suggest that they may
indeed perform important biological
functions (Wen etal., 2012, p. 27).

Gene conservation is one of the
strongest arguments for their function.
If they were nonfunctional, mutations
would accumulate, and they would not
be conserved in the genome.

Comparisons of DNA sequences
from primates, including humans and
chimps, reveal a considerable number
of pseudogenes that are very similar both
in their sequence and positional relation-
ship to other genes. The best-known
example is the eta-globin gene, which
is part of the B-like globin gene family.
Eta-globin is classified as a pseudogene
because it has no known start codon and
several stop codons.

Evolutionists attempt to explain
the sequence similarities of both genes
and pseudogenes as a result of their
inheritance from a common ancestor.
The often-minor differences are attrib-
uted to the accumulation of mutations
that have occurred since the species
diverged from their hypothetical com-
mon ancestor. Conversely, creation
explains the sequence similarities due
to common designs required because
they serve similar functions. Chimps,
gorillas, and humans all have the exact
same number of beta-globin genes, and
they are arranged on the chromosome
in the same order, a similarity that is a
strong indication of functionality (Lalley
etal., 1989).

Sometimes overlooked in the evo-
lutionist’s conclusions is the fact that
the function of only a small number
of proteins is fully understood, and se-
quence differences in many cases could
reflect primarily differences required
for the proteins to function properly
in the various biological environments
existing in different life-forms. The dif-
ferences also could be the result of the
regulatory needs of different animals.
Likewise, pseudogenes would be logi-
cally similar if they have functions that
constrain variation. The similarity of life

is especially strong at the cellular level —
the basic, undifferentiated eukaryotic
cell found in all animal life is almost
identical. Too much variation could
cause malfunction, resulting in disease
or even death.

Similarity Indicates Function
The fact that many pseudogenes are
highly conserved (similar in both
so-called primitive and advanced life-
forms)—and many are very similar in
humans and other organisms—supports
the conclusion that most of them have a
function. Italso supports the conclusion
that the genome is a complex, organized,
designed system and not a haphazard
accumulation of genes that originally
formed as a result of mutations in an
ancestral life form and then were inher-
ited largely unchanged for eons down to
our generation.

Similar pseudogene sequences in
two related animals are considered to
be orthologous, having originated from
a common ancestor (Woodmorappe,
2000, Gibson, 1994, p. 91). This similar-
ity in different animals is used by both
Darwinists and creationists to argue that
pseudogenes have a function. The fact
that pseudogenes “exhibit evolutionary
conservation of gene sequence, reduced
nucleotide variability, excess synony-
mous over nonsynonymous nucleotide
polymorphism, and other features that
are expected in genes or DNA sequences
that have functional roles” is evidence
that they have one or more functional
roles in the organism (Balakirev and
Ayala, 2003, p. 123).

The question of pseudogene func-
tion is inextricably tied up with the
role of all noncoding DNA, including
introns, satellite DNA (highly repeti-
tive short DNA sequences), and other
repetitive sequences (Elder and Turner,
1995). Estimates of the amount of non-
protein-coding DNA range from close to
5% for some bacteria, to 70% for some
roundworms, to about 95% for humans

(Gibson 1994, p. 104). Bacteria and vi-
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ruses are said to have wall-to-wall genes.
A significant fact is that, in general, the
“higher” the life-form, the greater the per-
cent of non-protein-coding DNA it has
in its genome. The fact that more com-
plex life-forms tend to have proportion-
ally more noncoding DNA indicates that
it has a function (Zheng and Gerstein,
2007), often being transcribed to regula-
tory microRNA (Djebali et al., 2012) or
other regulatory features (Birney, 2012).
The ENCODE project has documented
several levels of function in many
pseudogenes (Birney, 2012), including
transcription, contradicting the once
common conclusion that
most pseudogenes lost transcribed
activity either due to their integra-
tion into the silent region of the
genome or due to mutation of the
promoter or auxiliary regulatory
elements. However, recent increas-
ing evidence has demonstrated that
pseudogenes represent a significant
proportion of the “transcriptome” in
various organisms ... Evidence of
expression of pseudogenes has been
demonstrated not only in animals
but also in plants (Wen et al., 2012,
pp- 28-29).

Useless Gene Hypothesis

The useless gene hypothesis is critical
for evolutionary assumptions about
pseudogenes, but the theory tends to
break down when the earlier putatively
“less-evolved” organism stage is evalu-
ated. For example, Escherichia coli se-
quence evaluations reveal wall-to-wall
genes (4,253 genes and only 4.5 million
base pairs of DNA). Humans have three
billion base pairs and only about 23,000
genes (Mishra, 2010, p. 16). In bacteria,
the ratio of protein-coding genes to base
pairs of DNAis 1 to 1,050; in humans it
is 1 to 100,000, a 95-times greater level
(Zheng and Gerstein, 2007, p. 220).

If we were to assume that most
pseudogenes are functionless, our un-
derstanding of genetics indicates that
we would not expect that they would

arise by the process of gene duplication
gone awry. One reason this is evidence of
deterioration, not evolutionary progress,
is the fact that repetitive DNA (such as
triplet repeat expansion disorders) is
often associated with diseases such as
Huntington’s disease.

The function of many of the repeti-
tive classes of non-protein-coding DNA
is now understood. For example, one
set of moderately repeated DNA codes
is now known to code for transfer RNA
and ribosome RNA (Zubay, 1995 p. 641).
The genes that code for the five differ-
ent histone types are usually clustered
together on the genome, and this cluster
forms a tandemly repeated array contain-
ing up to one hundred copies. Similarly,
even globin and immunoglobulin genes
are arranged as tandemly repeated ar-
rays. These discoveries have reduced the
amount of alleged junk DNA. In short, if

pseudogenes are dysfunctional, why
are they so highly expressed? Two
possibilities may explain it. One
possible explanation is that these
pseudogenes are only incidental
byproducts in the transcription
events of other genes, because they
are under the effect of the same
promoters. An alternative explana-
tion, which we are more inclined
to accept, is that the pseudogene
transcripts are in fact functional
but not random products. More
and more accumulating examples
support this alternative explanation

(Wen etal., 2012, p. 29).

Some Known Functions
As DNA research has progressed, func-
tions for noncoding DNA have gradually
been determined, and evidence that
some or even most pseudogenes are
functional has accumulated (Wen et al.,
2012). Unprocessed pseudogenes are
usually found on the same chromosome
in clusters near similar but functional
sequences, indicating both order and
function. A major factor influencing this
view is the discovery that, although the

control system is generally just upstream
of the coding exons, more and more
exceptions are now known (Willingham
and Gingeras, 20006).

Gene control is now recognized as
enormously complex, and the distribu-
tion of regulation factors in the genome
is so widespread that the gene concept,
as a discrete region of DNA, has now
been rejected (Pearson, 2006). As Bala-
kirev and Ayala (2003, p. 123) conclude,

“Pseudogenes that have been suitably in-
vestigated often exhibit functional roles,
such as gene expression, gene regulation,
and generation of genetic (antibody,
antigenic, and other) diversity.”

The observation that some genes
that were once classified as pseudogenes
have now been determined to have a
function indicates that many more may
be functional. An example is the chicken
calmodulin gene, once considered
nonfunctional but now known to have a
function (Adams et al., 1992; Ohya and
Yasuhiro, 1989). Some pseudogenes are
transcribed but not translated, indicat-
ing a function for the transcript other
than making protein. Studies of mouse
pseudogenes indicate as many as 50%
can be transcribed (Zheng and Gerstein,
2007). Tam et al., (2008, p. 534) found
a subset of pseudogenes that generate
endogenous, small interfering RNAs
(endo-siRNAs), which

are often processed from double-
stranded RNAs formed by hybrid-
ization of spliced transcripts from
protein-coding genes to antisense
transcripts from homologous pseu-
dogenes. An inverted repeat pseu-
dogene can also generate abundant
small RNAs directly. A second class
of endo-siRNAs may enforce repres-
sion of mobile genetic elements,
acting together with Piwi-interacting
RNA:s.

Furthermore, whole classes of small
RNAs are used for regulation by block-
ing the translation of mRNA, and some
may originate from pseudogenes (Guo
etal., 2009).
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Another possible potential function
of pseudogenes is to bond to active
genes during DNA replication to help
stabilize the DNA. Some pseudogenes
are involved in gene conversions or in
recombination with functional genes to
produce more mRNA transcript varia-
tions; a design used in order to create
protein variations (Balakirev and Ayala,
2003). Willingham and Gingeras (2006,
p- 1215) concluded the “widespread oc-
currence of noncoding RNAs—unanno-
tated eukaryotic transcripts with reduced
protein coding potential —suggests that
they are functionally important.” Some
pseudogenes serve as “reservoirs of ge-
netic variability,” and this discovery has
opened up a whole new area of research
that may help to explain the enormous
variety of life existing in the living world.

Pseudogenes are also postulated to
have many other functions, including
assisting active genes, gene silencing,
and regulating development (Zheng and
Gerstein, 2007). Much of this research
is still ongoing, and the results are still
very tentative. For example, evidence
that pseudogenes may have a specific
and important gene regulatory role has
been derived from several studies. Fur-
ther research, though, has questioned
the findings of at least one study, that by
Hirotsune etal., (2003) discussed below.

The Hirotsune Study
In 2003, evidence that a mouse pseu-
dogene had regulatory role in devel-
opment was reported. Hirotsune et al.
(2003) obtained a line of transgenic
mice that died soon after birth because
of multiple organ failure. Subsequent
investigations concluded that transcrip-
tion of the MkrnI-psl pseudogene was
disrupted in these mice by an insertion
of the sex-lethal gene. In wild-type mice,
Mkm1-psIpseudo-RNA was believed to
be essential for the stability of a mRNA
isoform produced from the parental
gene makorin 1. The proposed function
of Mkm1-pslwas also supported by the

finding that abnormal development of
the transgenic mice could be reduced by
Mkml-psl or Mkrnl by overexpression.
The evidence was sufficiently compel-
ling that the researchers concluded they
had identified a functional mammalian
pseudogene.

However, in a follow-up study, Gray
etal. (2000) found evidence that Mkrn1-
pslwas not transcribed and the transcript
originally attributed to Mkrm1-pslwas an
overlooked mRNA isoform at the Mkrn1
locus. Furthermore, in the samples
studied, it was found that the 5’-regions
of both Mkrnl-psl alleles were fully
methylated, also indicating this pseudo-
gene was likely not transcribed. These

“contradictory results underscore the dif-
ficulty in evaluating the functional status
of a pseudogene” (Zheng and Gerstein,
2007, p. 220).

Because a large number of proteins
in a cell interact, either the interac-
tion must be functional or at least the
proteins cannot impede the roles of
other proteins and cause adverse reac-
tions. Consequently, a change in one
protein often requires a change in a
great number of other proteins. This is
necessary to ensure that each protein’s
interactions with other proteins either
has neutral or beneficial effects on the
cell. Likewise, it now appears that some
or many pseudogenes have a function
that requires compatibility with the rest
of the organism (Woodmorappe, 2000,
2003a, 2003b, 2003c). For this reason
Zheng and Gerstein (2007) conclude
that the boundary between pseudogenes
and other genes is rather ambiguous.

Sometimes a functional mRNA is
produced from what was assumed to be
a pseudogene. This assumption is based
up the presence of start codons that are
either cryptic or located at a consider-
able distance from the gene’s open
reading frame. The extra stop codons
in many pseudogenes may function as
regulation elements that are selectively
removed to allow for variation in the
gene’s expression. One study of a pseu-

dogene found transcription begins after
a stop codon, the new reading frame
assumed to result from a reading frame
formed by a frame shift mutation, which
removed the stop codon. This new
reading frame coded for a functional
protein receptor (Balakirev and Ayala,
2003, p. 124).

Some pseudogenes could be func-
tional genes that in humans were deac-
tivated for reasons such as regulation or
the result of a mutation. Thus,

Pseudogenes may recover the full
original function of the genes from
which they derive. Pseudogene func-
tion has been restored in vitro by
mutagenesis transfection, or in vivo
by site-specific (or intermolecular)
recombination (Balakirev and Ayala,
2003, p. 137).

When we learn more details of the
role each gene has in a cell, or at least
the function of the protein they encode,
we will more readily ascertain what DNA
sequences, if any, are in fact functionless.
Only when the entire DNA genome
is fully analyzed will it be possible to
determine the percentage (if any) of
DNA that is actually noncoding or lacks
a function. As Balakirev and Ayala (2003,
p- 137) write,

How pervasive are “functional”
pseudogenes? Many pseudogenes
have been identified in all sorts of
organisms on the grounds that they
are duplicated genes that exhibit stop
codons or other disabling mutations
in their DNA sequences, so that they
cannot have the full function of
the original genes from which they
derived. In many of these cases, how-
ever, it remains unknown, because
it has not been investigated, whether
the pseudogenes, described only on
the basis of DNA sequences, may
have acquired regulatory or other
functions, or play a role in generat-
ing generic variability.

There are now indications that much
DNA does not have a coding function,
but most all of it has other roles in the
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cell. Although the function of all human

DNA is not yet known, it is clear that
there is no evidence for significant
stretches of DNA with no function.
Frequently, genes with related func-
tions are clustered. These clustered
genes are usually transcribed into
single expression units (messenger
RNA’s) containing the information
for the synthesis of several function-
ally related proteins (Zubay, 1995,
p. 642).

This same pattern of gene clustering
also exists in the most “primitive” bacte-
ria known (Zubay, 1995 p. 642. See also
the ENCODE research, such as Djebali
etal., 2012).

Because geneticists have not yet
discovered a use for many pseudogenes
does not prove that none exists. It sim-
ply shows that we do not yet know the
function of many DNA transcripts. Behe
concluded that evolutionists claiming
pseudogenes have been proven to be
useless are not able to cite scientific lit-
erature for support of this claim because
evidence for this view “is nowhere to be
found” (Behe, 1996, p. 26). As Mounsey
etal. (2002, p. 770) noted, “proving that
a gene is totally nonfunctional, and is
therefore definitely a pseudogene, is im-
possible.” Balakirev and Ayala (2003, p.
137) concluded that “some functionality
[of pseudogenes] has been discovered in
all cases, or nearly, whenever this pos-
sibility has been pursued with suitable
investigations.” Pink etal. (2011, p. 792)
adds that, although

some pseudogenes are transcription-
ally silent, others are active, raising
the question of whether their non-
coding transcripts are a spurious
use of cellular energy or instead
harnessed by the cell to regulate
coding genes. This question is par-
ticularly pertinent given the recent
flurry of evidence suggesting that
long noncoding RNAs play a critical
role in regulating genomic function.

This observation may explain the

fact that some putative pseudogenes

are named after the functional gene
they resemble. For example, the 4,846
bp pseudogene named the CEL-like
gene (CELL) has a “striking homology”
to the CEL gene, except the CELL
pseudogene lacks exons 2-7 found in
the CEL gene (Lidberg et al., 1992, p.
630). This putative pseudogene, as well
as many other presumed pseudogenes, is
transcripted. Thus, these examples chal-
lenge the original pseudogene definition
that they are damaged genes. Rather,
experimental verification suggests that
such a definition seems to apply to only
a “tiny proportion of the large number
of pseudogenes present in a variety of
genomes” (Zheng and Gerstein, 2007,
p- 219). Some putative pseudogenes
are linked together, which also suggests
that they have a function (Lamerdin et
al., 1996; Schutte etal., 2000; Savelyeva
etal., 1998).

The fact that some pseudogenes are
selectively transcribed indicates that they
were misnamed and should be reclas-
sified (Zheng and Gerstein, 2007). In
short “the list of DNA sequences that
have no effect on the organism has
steadily decreased as knowledge of the
operation of the genome has increased”
(Gibson, 1994, p. 104; also see Djebali
etal., 2012). This research is critical, for
example, because of the evidence that
pseudogenes are important in cancer
causation, and it

has been shown that pseudogenes
are capable of regulating tumor sup-
pressors and oncogenes by acting as
microRNA decoys. The finding that
pseudogenes are often deregulated
during cancer progression warrants
further investigation into the true
extent of pseudogene function. In
this review, we describe the ways in
which pseudogenes exert their effect
on coding genes and explore the
role of pseudogenes in the increas-
ingly complex web of noncoding
RNA that contributes to normal
cellular regulation (Pink etal., 2011,
p. 792).

Pseudogenes as
Evidence of Dysgenetics

Some of the differences found in
both genes and pseudogenes can be
explained as the accumulation of muta-
tions that have occurred since Creation
(Woodmorappe, 2004). The creationist
view postulates that the original cre-
ated organism was mutation-free, and
its once-perfect genomic system has
since degenerated, leading to some
useless DNA sequences and numerous
imperfect copies of genes. Mechanisms
that could create pseudogenes include
mutations, unequal crossing over that
disrupts functional DNA sequences, and
inappropriate transposition.

For this reason the existence of
nonfunctional pseudogenes does not dis-
prove design of the original genome. At
most, it proves that some designed genes
were corrupted as a result of mutations
or mistakes in some genetic processes.
Mistakes in gene copying commonly
occur, and although the vast majority
are corrected, some well-documented
examples of non-corrected genes exist in
the medical literature (Jorde etal., 1997).
Up to two-fifths of all pregnancies now
result in miscarriages, often because of
DNA damage; a problem that indicates
human DNA is now enormously corrupt
compared to the original creation (e.g.,
see Meisenberg and Simmons, 2006, p.
153). Evidence that some pseudogenes
are damaged genes also includes their
involvement in disease.

Ultimately, some pseudogenes may
no longer have a function due to genome
deterioration. Evolution cannot explain
how or why these pseudogenes (and the
entire genome) originally evolved. In
contrast, the Creation model explains
that these genes were originally created
with functions, but have subsequently
lost these functions as genomic de-
generation occurred following the Fall
and the Curse (Genesis 3). In order for
damaged genes, such as pseudogenes, to
become functional (as proposed by some
evolutionists), many complex proteins
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thatare compatible with the pseudogene
are required to have evolved also. These
include helicases and other proteins
that pry apart the two DNA strands and
align the transcription machinery at the
proper location, and enzymes that stitch
the nucleotides together into the appro-
priate polymer. Proteins are needed to
strengthen the polymer (single-stranded
binding proteins), and other proteins are
required to insert the pseudogene copy
back into the DNA (Adams etal., 1998).

A Creationist Perspective
The close similarity of putative damage
in pseudogenes in different life-forms
called “shared mistakes” is used to argue
for evolution based on the analogy that
identical typo errors or other mistakes
in printed texts argue for plagiarism.
Thus, identical putative errors in genes
argues for a mistake in the postulated
common ancestor that was passed down
to its progeny (Woodmorappe, 2004). In
support of this view, Dawkins (2009, p.
336) wrote that the “very existence of
pseudogenes—useless, untranscribed
genes that bear a marked resemblance
to useful genes—is a perfect example of
the way animals and plants have their
history written all over them.”

Neo-Darwinists argue that “God
would not create similar non-functional
sequences in humans” and other ani-
mals, such as chimps; thus, a common
ancestor is the better explanation
(Gibson, 1994, p. 91). Aside from the
difficulty of judging what God would
do, a mutation in a similar pseudogene
may be in the same location in two
animals for many reasons, such as it is
actually functional or because a similar
genetic mutation occurred due to the
presence of a mutational hot spot (i.c.,
site of frequent mutations) at that loca-
tion (Andersson and Andersson, 2001).

Many pseudogenes, such as those
that lack promoters or contain evidence
of a frame shift or nonsense mutations
or loss of splice sites, do appear to be

evidence of genetic degeneration. The
latter explanation conforms to the
Genesis Fall causing degeneration, not
the Darwinian progression view. Dete-
rioration is a prediction of the Creation
model, while evolutionary advancement
is a prediction of neo-Darwinism (Wil-
laims, 1981, pp. 114-119). As Zheng
and Gerstein (2007, p. 219) note, the
discovery that some pseudogenes are
functional raises questions:
How should the concept of ‘non-
functional” be interpreted in defin-
ing pseudogenes? How could this
finding be amalgamated with the
established evolutionary theory,
which often uses pseudogenes as
nonfunctional and neutrally evolv-
ing DNAs for estimating various pa-
rameters in evolution. The scientific
community, especially those dealing
with molecular evolution and gene
or pseudogene annotation, began to
ponder these questions.

Possible functions for pseudogenes
are reported almost monthly (Pink
et al., 2011; Herndndez, et al., 1998;
Baertsch et al., 2008; Cooper and Keh-
rer-Sawatzki, 2008; Jegga and Aronow,
2008). The title of a recent article on
this topic “Pseudogenes Are Not Pseudo
Any More” is a good summary of the
current state of the research (Wen et

al., 2012, p, 27).

Conclusions

Arguing for evolutionary naturalism
on the basis of DNA sequences that do
not have a known function is an argu-
ment from ignorance (Balakirev and
Ayala, 2003). Now that we know many
pseudogenes are transcribed and have
been determined to have a function,
the most that can be concluded is that
the function of many pseudogenes is
currently unknown. As the history of
the neo-Darwinism vestigial organ argu-
ment has documented, it was difficult to
determine the uses of many structures
until more knowledge about anatomy

and physiology was gained (Bergman
and Howe, 1990).
Until the entire human genome has
been carefully and fully studied (a feat
that may still be decades from comple-
tion), it is premature at this early stage
of genome research to conclude thatany
gene or structure is completely without
function (Zheng and Gerstein, 2007).
Pseudogenes that have been carefully
investigated often exhibit functional
roles, such as gene expression, gene
regulation, generation of genetic
(antibody, antigenic, and other)
diversity. Pseudogenes are involved
in gene conversion or recombination
with functional genes. Pseudogenes
exhibit evolutionary conservation
of gene sequence, reduced nucleo-
tide variability, excess synonymous
over nonsynonymous nucleotide
polymorphism, and other features
that are expected in genes or DNA
sequences that have functional roles
(Balakirev and Ayala, 2003, p. 123).

As aresult, the following conclusion has

now been supported by the evidence.
Pseudogenes have long been labeled
as “junk” DNA, failed copies of
genes that arise during the evolu-
tion of genomes. However, recent
results are challenging this moniker;
indeed, some pseudogenes appear to
harbor the potential to regulate their
protein-coding cousins. Far from be-
ing silent relics, many pseudogenes
are transcribed into RNA, some
exhibiting a tissue-specific pattern
of activation. Pseudogene transcripts
can be processed into short interfer-
ing RNAs that regulate coding genes
through the RNAI pathway (Pink et
al,, 2011, p. 792).

The latest conclusion is that the
published evidence has shown that
pseudogenes are not only tran-
scribed, but also post-transcription-
ally modulate their cognate genes
by three distinct mechanisms: (1)
natural antisense RNA suppression;

(2) RNA interference by producing
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siRNAs; and (3) acting as decoys of
stabilizing or disabling/inhibiting
factors (Wen et al., 2012, p. 29).

Only when the various functions
of each gene are fully understood can
viable conclusions about uselessness
be hypothesized. Even then, “proving
that a gene unit is totally nonfunctional,
and therefore definitely a pseudogene,
is impossible” (Mounsey et al., 2002, p.
772). The discovery that some sequences
labeled pseudogenes do perform genetic
functions justifies the assumption that
many, if not most, pseudogenes may
eventually be found to have a function.
Current research continues to support
this conclusion. As Zheng and Gerstein
(2007, p. 222) concluded, the “diverse
ways thata genome sequence can realize
its biological function have made it dith-
cult to define a nonfunctional sequence.”

The evolutionary view, involving
mutational and natural selection, pre-
dicts a mechanism that facilitates, or at
least allows, the evolution of the genome.
This would involve transformation from
one hypothetical pregene to the millions
of different genes existing in the living
world by known, plausible, naturalistic
processes. This evolutionary idea would
include a naturalistic means of produc-
ing new genes that are functional, and
yet not detrimental, to allow some of
these genes to confer a survival advan-
tage to the organism.

As more and more animal and plant
genomes are sequenced and analyzed, it
is becoming increasingly clear that the
design view fits the data much better.
It is “clear that a whole genome is less
like a static library of information than
an active computer operating system
for a living thing” (Gerstein and Zheng,
2006, p. 49). A design view predicts the
entire genome was originally functional
and that it is dominated by information,
stability, design, purpose, and order, but
has degraded somewhat over time (Wil-
liams, 1981). This complex system is
evidence for order, design, and purpose
for most pseudogenes, even in their pres-

ent, post-Fall condition (Pitman, 2012).

It is now recognized that
the study of functional pseudogenes
is just at the beginning. There
remain many questions to be ad-
dressed, such as the regulatory ele-
ments controlling the cell or tissue
specific expression of pseudogenes.
But, definitely, the so-called pseudo-
genes are really functional, not to be
considered any more as just “junk” or
“fossil” DNA. Surely many functional
pseudogenes and novel regulatory
mechanisms remain to be discovered
and explored in diverse organisms
(Wen etal., 2012, p. 31).

The research so far has falsified
Dawkins’s boast that pseudogenes are
useful only for embarrassing creationists.
We do not need to stretch our “creative
ingenuity to make up a convincing rea-
son why an intelligent designer should
have created a pseudogene,” as Dawkins
claims. We need only to understand the
current scientific literature, and con-
tinue to increase our understanding of
the genome and how it functions.
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