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Abstract
An evolutionary argument heavily promoted by the BioLogos organization as evidence of broad-

scale vertebrate macroevolution is the idea that the human genome contains the 150 base remnant 
of an egg-yolk related vitellogenin (vtg) gene acquired through descent from a common ancestor 
shared with chicken. However, research described in this report shows that the alleged vtg fragment 
in human is not a pseudogene remnant at all, but a functional enhancer element in the fifth intron 
of a “genomic address messenger” (GAM) gene. This GAM gene produces long noncoding RNAs 
that have been experimentally shown to selectively inhibit the translation of known target genes, a 
majority of which are implicated in a variety of human diseases. Messenger RNAs from this gene are 
also expressed in a variety of human brain tissues. The alleged 150 base vtg sequence contains a 
variety of highly conserved mammalian transcription factor binding domains, nucleosome depleted 
open-active chromatin, is hypo-methylated, associates with RNA polymerase 2 in long-range chromatin 
interactions, and binds the Mafk transcriptional regulator. These combinatorial data clearly show that it 
is a functional enhancer element in a GAM gene expressed in the human brain—strongly challenging 
the idea that this sequence is an egg-laying pseudogene genomic fossil.  
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Introduction
Lipoproteins are vital elements in a wide repertoire 

of biological processes in animals, playing key roles in 
cell structural support, enzymatic pathways, and cell 
transport activities. A subset of these lipoproteins 
are processed in the cell by a diverse set of proteins 
called large lipid transfer proteins (LLTP). The 
LLTPs have traditionally been divided up into three 
general classes 1) vitellogenins (Vtg), 2) the cytosolic 
large subunit of the microsomal triglyceride transfer 
protein (MTP), and 3) apolipoproteins (Apo). The 
apolipoproteins can be further categorized into 
subgroups which include vertebrate apolipoprotein 
B (ApoB), crustacean apolipocrustacein (ApoCr), 
and insect apolipophorin II/I precursor (ApoLp-II/I) 
(Hayward et al. 2010; Wu, Hui, and Chu 2013). 

In non-mammalian vertebrates, the development 
and establishment of nutritional reserves in the egg 
yolk are a key factor required for the development of 
the embryo (Amdam et al. 2003; Byrne, Gruber, and 
Ab 1989). In living oviparous (egg-laying) terrestrial 
taxon, especially reptiles and birds, vitellogenins (vtg) 
play a key role in either transporting or providing 
the nutritional substrate for proteins, lipids, 
phosphorous, and calcium in relation to formation of 
the egg yolk (Romano et al. 2004).  

In the grand evolutionary story, it is believed that 
egg-laying creatures share a common ancestry with 
placental animals in which the role of vtg proteins 
were replaced with the development of the placental 
interface and after birth, continued nutritional 
sustenance via lactation (Brawand, Wahli, and 

Kaessmann 2008; Oftedal 2002; Rothchild 2003; 
Wu, Hui, and Chu 2013). Along these lines, it is 
believed by some evolutionists that the human 
genome should contain the remnants of vtg genes—
genomic fossils of an ancient egg-laying past. In 
fact, the BioLogos organization, a religious group 
of evolutionary scientists and liberal theologians, 
has been promoting this idea as high level evidence 
of the grand Darwinian evolutionary hypothesis 
(Venema 2010, 2012a, b). Interestingly, BioLogos 
is probably the only evolutionary group that puts 
such a high level of focus on this hypothesis as key 
evidence for evolution. Nevertheless, because of 
the BioLogos outreach and propaganda targeted 
to the evangelical Christian community to accept 
hypothetical evolutionary speculation as established 
scientific fact (Luskin 2014), a more thorough 
investigation of the vitellogenin pseudogene claims 
is warranted.

The primary evidence for the BioLogos claims of 
an ancient egg-laying evolutionary past in the human 
genome is specifically based on research described 
in a paper by Brawand, Wahli, and Kaessmann 
published in 2008. The details of the original claims 
of sequence similarity by Brawand, Wahli, and 
Kaessmann are reevaluated using a more recently 
developed algorithm. But more importantly, the 
particular region of the genome in question allegedly 
containing the vtg fragment is more thoroughly 
investigated in light of seven years of new gene 
expression and chromatin state research performed 
by the biomedical genomics community.
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Materials and Methods
All genomic sequences were downloaded from the 

UCSC genome browser website using either the web 
interface or a Perl script written by author Tomkins.  
Pairwise DNA alignments were performed using 
the Geneious software package with the following 
parameters: global alignment with free end gaps, cost 
matrix of identity 1.0/0.0, gap open penalty of 3, and 
a gap extension penalty of 3. These parameters were 
employed due to the low homology of the sequences 
being aligned. All gene prediction, ENCODE related 
data, gene expression data, and other similar 
biochemical data and annotations were determined 
using information publicly available in the UCSC 
genome browser (genome.ucsc.edu).

Results
Sequence similarity 

The sequence identified by Brawand, Wahli, and 
Kaessmann (2008) as being a vtg pseudogene is 
only 150 bases long and listed in the UCSC genome 
browser at the genome coordinates of chr1:79254632-
79254781 (version hg19). The sequence homology 
of this 150 base fragment to the alleged ancestral 
chicken vtg1 gene region is so low that standard 
DNA alignment algorithms (e.g. BLASTN) are not 
able to align it. Brawand, Wahli, and Kaessmann 
first identified the vtg pseudogene fragment with the 
software WU-BLAST (now deprecated), a tool used 
to find regions of sequence similarity with minimum 
loss of sensitivity. Then, they compared the candidate 
vtg region alignments to those of random genomic 
background sequence in which it was statistically 
shown that it was more significantly similar to 
vtg1 of chicken. They then concluded that it was an 
authentic vtg gene pseudogene fragment. However, 
they never definitively reported what the actual level 
of sequence identity was to chicken vtg1 (exon 3) to 
which it apparently shared homology.

To ascertain what the real level of sequence 
identity of the alleged vtg pseudogene fragment 
was to the chicken vtg1 genomic sequence, both 
were downloaded from the UCSC genome database.  
The chicken vtg1 genomic region, not including 
five prime promoter sequence, is 42,637 bases long 
(chr8:17537100-17579736) and is a large and complex 
gene with 35 exons. Thus, a mere 150 base fragment 
of alleged similarity is but only 0.35% of the actual 
size of a real functional vtg1 gene in chicken and 
hardly representative of anything approximating a 
real pseudogene. Nevertheless, sequence similarity 
of the alleged vtg fragment compared to the chicken 
vtg gene was undertaken.

When the human vtg pseudogene fragment was 
aligned using very liberal gapping parameters (see 
Materials and Methods) to the chicken genomic 

sequence, sequence identity was only 62%. Genomic 
DNA surrounding this fragment was sequentially 
increased three-fold in size (symmetrically) and 
each fragment aligned up to 36,450 bases of human 
genomic DNA. Sequence identity dropped as the 
fragment size increased, eventually leveling off to 
about 39% identity for a region of 36,450 bases. This 
very low level of sequence similarity is most likely 
due to the large amount of repetitive sequence 
associated with a broad diversity of somewhat 
conserved vertebrate transposable elements as 
shown in Fig. 1A.  

The alleged vtg fragment is located inside a 
functional gene

Outside the questionable sequence identity for this 
DNA fragment representing a real vtg pseudogene, 
is the fact that the 150 base sequence in question is 
located inside a functional gene (figs. 1 and 2). There 
are multiple lines of combinatorial evidence that 
indicate this to be the case.

The first line of evidence is that the gene prediction 
software Genscan (Burge and Karlin 1998) employed 
on the human genome, as shown in the UCSC 
genome browser, has predictively annotated a gene 
of six exons spanning the alleged vtg fragment, 
which is situated in the last intron (figs. 1 and 2).  
Bolstering the fact that this is a functional sequence, 
is gene expression data that runs across the entire 
length of the predicted gene (fig. 2). More specifically, 
highly specialized gene expression experiments have 
functionally identified these expressed sequences in 
this gene as belonging to a group of novel “genomic 
address messenger” or “GAM” genes (Bentwich 
2007). These GAM genes have been demonstrated 
to selectively inhibit the translation of known target 
genes, a majority of which are implicated in a variety 
of human diseases.  

In addition to the GAM gene study, another 
research project identified expressed sequences 
from this gene associated with the human brain 
(the frontal cortex region) based on RNA extracted 
from a 57 year old male (Maunakea et al. 2010). In 
confirmation of the RNA sequencing studies for this 
GAM gene in human brain tissue, the HBT (Human 
Brain Transcriptome) project at the Department 
of Neurobiology Yale University School of Medicine 
also deposited data in the UCSC genome browser 
from extensive microarray studies showing that this 
particular GAM gene is not only expressed in the brain 
tissues of mature humans, but also in the developing 
fetus (Kang et al. 2011; Pletikos et al. 2014).

Thus, there is strong evidence that this gene 
produces a type of long noncoding RNA that is 
involved in post-transcriptional gene regulation in 
neural tissue. Long noncoding RNAs are proving to 
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be key regulators of nearly all aspects of chromatin 
function/organization, gene expression, cell 
signaling, and other cellular processes (Amort et al. 
2013; Batista and Chang 2013; Clark et al. 2013; 
Geisler and Coller 2013; Liebers, Rassoulzadegan, 
and Lyko 2014; Maass, Luft, and Bahring 2014; 
Mercer and Mattick 2013; Morris and Mattick 
2014; Nie et al. 2012; Rinn and Chang 2012; St 
Laurent, Savva, and Kapranov 2012; Tomkins 
2015; Yoon, Abdelmohsen, and Gorospe 2013).

Further bolstering the fact that a predicted 
gene with a functionally specified sequence 
surrounds the alleged vtg fragment, are multiple 
lines of combinatorial chromatin marks that 
show it is functionally active (fig. 1). These lines 
of evidence—including transcriptionally active 
histone modifications (H3K27Ac, H3K4me3), 
open and accessible chromatin depleted of 
nucleosomes, and a wide diversity of transcription 
factor binding (including RNA polymerase2)—
all unequivocal combinatorial chromatin state 
hallmarks of functional gene sequence (Djebali et 
al. 2012; Gerstein et al. 2012; Kimura 2013; Li et 
al. 2012; Neph et al. 2012; Sandstrom et al. 2014; 
Thurman et al. 2012; Tomkins 2013a, b; Zentner 
and Henikoff 2013; Zhu et al. 2013).

While much of the epigenetic data for this gene 
encompassing the alleged vtg fragment was derived 
from a variety of human cell lines, a significant 
portion of the data also came from a genome-
wide epigenetic study of postmortem tissue taken 
from the frontal cortex gray matter of a 57 year 
old human male as mentioned above (Maunakea 
et al. 2010).  This diverse data set produced by 
Maunakea et al.  not only included gene expression 
data from the GAM gene surrounding the alleged 
vtg fragment but also contained a wide variety 
of transcriptionally active histone modifications 
associated with functional gene sequences. So not 
only is this gene implicated in post-transcriptional 
gene regulation as a noncoding RNA, but we also 
have extensive data showing that it is involved in 
neurological processes in both the embryonic and 
mature human brain.

The alleged vtg fragment is a 
transcription factor binding domain

Not only is the alleged vtg fragment positioned 
inside an expressed long noncoding RNA 
gene associated with selectively inhibiting 
the translation of known target genes 
being expressed in brain tissue, but it also 
represents a functional sequence associated 
with transcription factor binding (fig. 3).  
This contention is based on multiple lines of 
bioinformatic and biochemical evidence. Fi
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The first line of evidence that the alleged vtg 
fragment contains functional features is that five 
different highly conserved mammalian transcription 
factor motifs are identified in the middle of the 150 
base sequence for the following factors: FREAC3, 
FREAC2, FOX04, FOX FOX03, FOX01, and SRY 
(fig. 3). This particular track in the UCSC genome 
browser demarcates transcription factor binding 
sites conserved in the human-mouse-rat alignment 
where a binding site is determined to be conserved if 
its score meets the threshold for its binding matrix in 
all three taxa. This data is largely bioinformatically 
resolved, but is often corroborated by chromatin 
marks and other biochemical data (Buck-Koehntop 
and Defossez 2013; Chen et al. 2015; Choy et al. 2010; 
Fournier et al. 2012; Neph et al. 2012; Sheffield et 
al. 2013; Thurman et al. 2012; Whitfield et al. 2012) 
as is the case for this region of the human genome. 
In fact, the entire 150 base sequence of the alleged 
vtg fragment is characterized by a central dip 
(lowering) in cytosine methylation directly within 
the predicted binding domains mentioned above, 
combined with open-active chromatin profiles 
associated with nucleosome depletion (fig. 3). All 
of these chromatin state hallmarks are indicative 
of the predicted binding sites being active and 
functional.

Not only is this alleged vtg region replete with 
transcription factor binding sites and accompanying 
active-open chromatin marks, but biochemical data 
for polymerase 2 binding associated with long-
range chromatin interactions is also documented 
in this region along with evidence of binding for 
the transcription factor MafK (fig. 3). The Maf 
proteins (MafF, MafG, or MafK) behave as either 
transcriptional repressors or activators and are key 
molecular switches functioning in enhancer elements 
within or outside genes. A classic example is the role 
of Maf proteins interacting with NFE2 proteins in 
the locus control region (enhancer-like region) of the 
beta globin genes (Noordermeer and de Laat 2008; 
Toki et al. 1997). 

When Maf proteins serve as transcriptional 
activators, they help to recruit other transcription 
factors to specific DNA-binding sites such as those 
within this alleged vtg fragment. These data, 
combined with the location of the alleged vtg region 
towards the three prime end of this GAM gene 
suggests a key role for the alleged vtg sequence in 
long range chromatin interactions associated with 
both the regulation and transcription of the gene. 
In fact, chromatin interaction analysis of paired-end 
tags (ChIA-PET) tracks showing that this region 
is involved in long range chromatin interactions 
associated with RNA polymerase2 and gene 
transcription are shown in Fig. 3.

These enhancer sites within and around active 
genes are part of the three-dimensional looping of 
chromatin and the binding of cis-regulatory regions 
involved with transcription (Dickel, Visel, and 
Pennacchio 2013; Harmston and Lenhard 2013; 
Sanyal et al. 2012). In stark contrast to the claims 
that this 150 base region is nothing but a pseudogene 
remnant, these data clearly show that instead it is 
an important enhancer element within a GAM gene 
expressed in neural tissue.

Evaluating alleged genomic synteny 
of the vtg fragment

One of the supporting arguments for the vtg 
pseudogene fragment being authentic is that it 
shares gene neighborhood synteny with chicken. 
When this was investigated, it was found that 
gene synteny surrounding the chicken vtg1 gene 
(~360,000 bases) compared to the region surrounding 
the alleged vit1 fragment in human, was completely 
different except for the presence of the LTD1 gene 
which was about three times the distance (~100,000 
bases) from the alleged vit fragment as its homolog 
is in chicken (~38,000 bases). Most importantly, the 
functional chicken vtg1 gene, covers over 42,000 
bases of genomic sequence. However, the fact that 
the alleged vtg fragment is a functional enhancer 
element inside an active GAM gene completely 
unrelated to vitellogenin protein production renders 
the argument of synteny null and void to begin with.

Summary
The whole evolutionary argument for pseudogenes 

being nothing but dead genomic fossils is now 
coming under serious scrutiny by both creationists 
and evolutionists alike (Ala et al. 2013; Bergman 
2013; Taulli, Loretelli, and Pandolfi 2013; Tomkins 
2013b, 2014; Wen et al. 2012). As genomics 
research progresses, it is becoming clear that many 
pseudogenes produce regulatory noncoding RNAs 
that are key players in human health and disease. 
In fact, in a recent report defining ENCODE 
data related to pseudogenes, only 20% of the 
annotated pseudogenes in humans lack any signs 
of experimentally defined biochemical activity (Sisu 
et al. 2014). As ENCODE research progresses, 
this number will probably continue to decrease. 
Nevertheless, the alleged vtg pseudogene fragment 
in human does not really qualify as a pseudogene 
since it is such an incredibly small and dissimilar 
feature compared to the supposed ancestral sequence 
from which it allegedly was derived. 

The BioLogos organization promotes hypothetical 
broad-scale vertebrate macroevolution as real science 
(Luskin 2014). One of the chief arguments they put 
forth as evolutionary proof is the idea that the human 
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genome contains the 150 base remnant of an egg-
yolk related vitellogenin (vtg) gene acquired through 
descent from a common ancestor shared with chicken. 
However, research described in this report shows that 
the alleged vtg fragment in human is only 62% identical 
to its alignable counterpart in the chicken vtg1 gene 
(exon 3). Moreover, the actual chicken vtg1 gene is 
42,637 bases long (not including promoter sequence) so 
the alleged vtg fragment in human actually represents 
less than 1% of the original ancestral gene. Even in 
an evolutionary sense, to say that a pseudogene can 
be identified by only 0.35% of the original sequence is 
quite a stretch of the Darwinian paradigm.

However, the real story is that the alleged 150 
base vtg sequence is not a pseudogene remnant at all, 
but a functional enhancer element in the fifth intron 
of a “genomic address messenger” (GAM) gene. 
This particular GAM gene produces long noncoding 
RNAs that have been experimentally shown to 
selectively inhibit the translation of known target 
genes, a majority of which have been implicated in 
a variety of human diseases. Messenger RNAs from 
this particular gene are also known to be expressed 
in a variety of human brain tissues in both fetal and 
mature subjects in three separate studies.  

All of the combinatorial data presented in this 
report clearly show that the alleged vtg pseudogene 
fragment is a functional enhancer element in a GAM 
gene expressed in the human brain—overturning the 
idea that this sequence is an egg-laying pseudogene 
genomic fossil.  
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