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Introduction
Vitamins are organic compounds which organisms 

must acquire from their environment because 
they cannot synthesize them, at least not at levels 

precursors to cofactors that function with enzymes in 
both central and secondary metabolic pathways. In 

a “vital amine” (where we get the term “vitamin”) that 
1) 

organism that requires dietary vitamins is referred 
to as a vitamin “auxotroph”. Patterns of vitamin 
auxotrophy across the schema of life are complicated 
and often involve complex patterns of organismal 
interdependence (Helliwell, Wheeler, and Smith 
2013).

An emerging theme from the continuing 
progression of genomics research across the spectrum 

for vitamin-synthesis (Helliwell, Wheeler, and Smith 

creationist model of genetic entropy which postulates 
that genomes are in a continual state of degradation 
over time, not forward progressing evolution (Sanford 
2010). Indeed, several recent reports have shown that 
a considerable amount of recently acquired variation 
in the human exome (protein coding regions) the 
past 5000 to 10,000 years is associated with heritable 

Another important component of the creationist 
model of origins is the idea of molecular discontinuity 

2013). As will be demonstrated in this report, the 
enigma of the GULO pseudogene analyzed in the 
light of new genomic evidence most closely aligns 
with a creationist model incorporating both of these 
paradigms.

Degradation of the vitamin C pathway is an 
enigmatic case because many vertebrate species 
are able to synthesize this vitamin (Drouin, Godin, 

vitamin C is a water soluble molecule that protects 

and Schnellmann 2000) and is essential to collagen 
production. Production of collagen is necessary to 

scurvy (Gropper and Smith 2012). Other documented 
functions of vitamin C include its participation in the 
synthesis of carnitine, neurotransmitters, and the 

Biosynthesis of vitamin C is a multi-step process 
that starts in mammals with glucose as an initial 

symbolized in the literature as GULO, GLO, or 
Gulo—the gene that is the focus of this report.  
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Loss of GULO gene function primarily impacts 

Van Schaftingen 2007). In contrast, losing the 
function of genes for other enzymes in the vitamin 
C pathway directly affects the production of many 
important biomolecules in the cell because they are 
multifunctional (Linster and Van Schaftingen 2007). 
For example, losing gene function for gluconolactonase 
not only affects the synthesis of L-gulono-1,4-lactone, 
but also affects caprolactam degradation, the pentose 

the standard belief among scientists is that the GULO 
gene may be “predisposed” to being lost or mutated 
(pseudogenization) compared to other genes because 

other biochemical pathways.  
Although not life threatening when supplemented 

by external sources of vitamin C, the effects from 
loss of GULO function may be more complicated and 

is recent evidence from research using a naturally 
occurring mouse GULO deletion mutant showing that 
multiple categories of gene expression in the nucleus 

GULO

of the GULO gene may be more closely related to the 

is minimally required for the biochemical survival of 

report in the summary and discussion.

Evolutionary Anomalies of GULO Gene Loss 
and Degradation

 
contradictions related to vitamin C biosynthesis exist 

use different pathways to synthesize it, so there is no 
clear ancestral pattern of origin for it in the alleged 

variant called D-erythroascorbate from D-arabinose, 
plants synthesize vitamin C from GDP-D-mannose, 

In addition, it was recently found that GULO genes 
exist in the urochordate sea squirt and achordate 
sponge (Yang 2013). However, these invertebrates 
both possess GULO genes distinctly different in 

at this time what the exact nature of the vitamin C 
pathway is in these organisms.

Another evolutionary anomaly is that the main 
organ in which vitamin C is synthesized supposedly 

vertebrate macroevolution—at least once in birds 

the livers of mammals. And among bird taxa, it is 
a complete mixture and long-standing evolutionary 

Other anomalies are found when examining the 
presence and absence of vitamin C synthesis from a 
broad evolutionary perspective. Of particular note is 
the growing data set showing that cartilaginous and 

this capability, which is associated with the complete 
absence of the GULO gene (Drouin, Godin, and Page 

GULO

is how did these genes completely disappear during 

other metazoan lineages later on? Another interesting 

GULO in mammal and bird genomes are dispersed 

taxonomically restricted patterns (Yang 2013). 
GULO gene, teleost 

UDP-glucose
pyrophos-phorylase

UDP-glucose
dehydrogenase

UDP-D-GlucoseD-Glucose-1-P

UDP-D-GlucuronateD-Glucuronate
UDP-glucuronidase

Gluconolactonase
L-Gulono-1,4-lactoneL-Gulonate

Glucoronate
reductase

L-gulonate
3-dehydrogenase L-Ascorbic acid

L-gulonolactone oxidase
GULO

3-Keta-L-gulonate
Pentose synthesis pathway

Fig. 1. Depiction of the biochemical pathway for vitamin 
C biosynthesis in vertebrates.
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passerine birds is due to instances of taxonomically 
independent deletion mutations in the GULO gene 
(Drouin, Godin, and Page 2011). Because these 
GULO mutations in birds do not follow the inferred 
evolutionary pattern of bird evolution, they are said 
to be recent events in terminal lineages. However, at 
least 11 different passerine bird genera with intact 
functional GULO genes have postulated lineages 

GULO genes—contradicting the standard dogma for 
bird evolution (Drouin, Godin, and Page 2011).

studies have shown that approximately two thirds 
of different bat species have functionally expressed 
GULO

vitamin C have varying levels of deletion degradation 
in their GULO genes and the patterns of sequence 
variation show that they are lineage independent 

GULO 
deletion patterns within a common descent paradigm 

a coherent model of bat evolution (Cui et al. 2011b). 
Loss of vitamin C pathway function and GULO 

gene degradation has also been detected in guinea 
pigs, great apes, and humans (Lachapelle and Drouin 

naturally occurring scurvy and osteogenic disease 
pathologies related to GULO inactivating mutations 
and large-scale deletions have been documented in 

GULO gene in a wide 
array of mammals and birds is a relatively common 
occurrence.

GULO gene lies within a gene-dense region in 
all vertebrate genomes studied thus far (Yang 2013). 

the gene neighborhood surrounding the GULO locus 
is rearranged across the vertebrate spectrum of life, 
and the patterns cannot be readily resolved into the 
standard inferred evolutionary lineages (Yang 2013). 
Another interesting discovery related to this issue is 
the fact that the genes surrounding GULO are each 
members of gene families with alleged copies located 
in other regions of the host genome, yet GULO is a 
unitary gene—not a member of a gene family (Yang 
2013). In the standard evolutionary model of gene 

have arisen via the duplication of existing sequences, 
even though their individual functions may be 

and Kondrashov 2010). In regard to the GULO locus, 
the evolutionary mystery recently noted in a study 
by Yang (2013), is why the GULO gene was not also 
duplicated along with all of its genomic neighbors.

Human GULO is Degenerate 
and Chromatin Repressed

In humans, the GULO gene locus appears to be a 

associated with a functional mammalian GULO 

tissues and cell lines, no GULO transcripts have 

six exon sequences in the human GULO pseudogene 
obtained from the Ensembl database (ensembl.org), 

collections at NCBI and no hits for expressed human 
GULO sequences were obtained. 

GULO pseudogene has 
been compared to the functional rat GULO gene 

GULO 
gene (chr15, region p12) is oriented and transcribed on 
the minus strand. Interestingly, the human and ape 
GULO pseudogenes are oriented in the plus strand 

the rat GULO gene may serve as a general guide 
to exon presence and absence in degraded GULO 
genes in other mammals, the rat GULO is clearly in 

humans and apes) and represents a unique design 
GULO is on chr15, 

minus strand).   
When the six human GULO exons were each 

individually blasted against the nucleotide database 
at NCBI, the top hit to a functional GULO gene 
for all six exons was always a mammalian species 

2 and 6, were only partially similar to rat, and 
overall only 24.9 and 20.2% similar (respectively) to 

comparative use of the rat GULO gene with human 
has obvious limitations.

Interestingly, it is an alleged single base insertion 
deletion in the rat GULO DNA sequence in exon ten 
(compared to humans and apes) that is used as the 

Borger (2007) who questioned the validity of using 
the rat GULO gene as a standard for comparison. 
In fact, when comparing the complete 164 base 
sequence of human exon 5 that corresponds to 
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rat exon 10, the overall similarity is only 83.5% 

standard becomes questionable. Furthermore, the 

and apes outside this alleged single base anomaly 
(based on the rat GULO) documented in this report 

evolutionary argument that this pseudogene 
supports macroevolution.

When the functional rat GULO gene is broadly 
compared across diverse metazoan taxon, the 
exon regions of the gene (except for rat exon 1), 

reasonable to assume that the presence of similar 
GULO GULO 
genes and defunct vitamin C pathways, represent 
degenerate gene sequences. A consensus functional 
GULO gene in mammals encodes two basic functional 

both these functional regions in the human GULO is 

Fig 2. Structure of the human GULO pseudogene. (A) Comparison of the human GULO pseudogene region to the 
rat functional GULO
of the rat GULO gene is missing in other non-rodent mammals. (B) Comparison of several vertebrate GULO gene 

GULO sequence showing the highly conserved nature of the exons (data extracted from 

13,000 bases 28,800 bases

DZ-1 DZ-2 DZ-3 DZ-4?

A

Human GULO
Pseudogene
(chr8, p21.2, plus strand)

Rat GULO

FAD binding domain D-arabinono-1,4-lactone oxidase (ALO) domain

1 2 3 4 5 6

41 2 3 5 6 7 8 9 10 11 12

B Rat GULO sequence conservation
and comparative mammalian profile
(chr15, p12, minus strand)

Human
GULO exon

Length 
(bases)

Creature with 
Highest 
Functional 
Sequence 
Identity 

Identity 
for 
prior 
col.

Rat 
GULO 
exon 
identity

1 101 Northern 
Greater 
Galago

87.4% 85.4%

2 96 Greater 
False 
Vampire Bat

68.1% 24.9%

3 107 Pratt’s 
Roundleaf Bat

80.7% 71.6%

4 151 Chinese 
Tree Shrew

84.1% 79.5%

5 164 African 
Bush Elephant

87.5% 83.5%

6 129 White 
Rhinoceros

87.6% 20.2%

Table 1. 
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Human ENCODE information mined from the 

epigenetic damage control systems in place to silence 
activity at the alleged degenerate GULO locus and 
insulate it from neighboring genes. Chromatin 
state mapping shows that the region is polycomb-
repressed (discussed below) and transcriptionally 
inactive—corresponding with a complete absence of 
expressed human GULO transcripts. Low activity 
chromatin state signals, typically associated 
with heterochromatic regions of the genome, also 
characterizes the human GULO pseudogene. 

GULO pseudogene are regions 
of chromatin state insulator demarcation that 

regulatory functions, which includes transcriptional 
activation and repression, chromatin insulation, 
genomic imprinting, and spatial organization in the 

Corces 2009). Based on current three-dimensional 

GULO locus would cause 
it to form a chromatin loop and position the GULO 
pseudogene region inside a transcriptionally 
repressive chromatin complex called a Polycomb 
Body—hence the region is polycomb-repressed (Li et 
al. 2013).  

Of particular importance to inactivating any 

GULO locus, 
is the fact that this repression must be heritable 
and maintained over numerous cell divisions. In 
accord with this requirement, the region must be 

pre-existing repressed chromatin state, such as the 
trimethylation of histone H3 at lysine 27, otherwise 

et al. 2012). Indeed, the human GULO pseduogene 

across the entire 28,800 base region that would 
faithfully maintain and recruit the defunct damaged 
GULO region for polycomb repression over succeeding 

not only required for the long-term multigenerational 

the binding of the DNA to the polycomb repressive 

Based on current ENCODE data, the dynamic 
and fault tolerant machinery of the human genome 
has recognized and epigenetically silenced any intact 
regulatory features within the GULO locus in a 
manner that is faithfully reproduced and protects 
the expression of neighboring genes. If the GULO 
locus was not effectively silenced, it is possible that 
neighboring genes would be negatively affected based 

on current models of chromatin functionality and 

of the GULO locus is the CLU gene encoded on 
the minus strand, and to the left (upstream) is the 
EPHX2 gene encoded on the plus strand. Both genes 
are functional and actively expressed in the human 
genome (data not shown). So the GULO locus is 
the only gene targeted for epigenetic silencing in 
an otherwise transcriptionally active region of 
the chromosome.

Patterns of GULO Evolutionary Discontinuity 
In Humans and Apes

GULO pseudogene has been promoted as 
supposed proof of human evolution from a common 
ancestor with apes. One recently popularized idea 

GULO gene, “All primates have the same highly 
mutated fragment so the gene probably was disabled 
before different primate lineages diverged from their 

also claims that the human and chimpanzee version 
of the GULO pseudogene are 98% identical based 
on the blast results of a 565 base fragment from the 
gene, despite the fact that the entire GULO locus in 
humans, not counting the leading upstream sequence 
(~13,000 bases) associated with the apparent loss of 

shall soon see, DNA similarity over the entire GULO 

estimate that used less than 2% of the total GULO 
pseudogene sequence.

Before discussing current research of the GULO 

note a recent research paper on this topic by two 
evolutionary scientists (Lachapelle and Drouin 
2011). In this effort, the researchers attempted to 
ascertain the molecular basis for the apparent loss 

GULO 
genes, compared to rodents. In particular, they 

the various GULO gene regions since deletion-based 

and unequal recombination associated with their 

content of mouse, rat, and guinea pig GULO genes 

primates was not amenable to phylogenetic analyses 
due to its evolutionarily discordant nature. Despite 

genomic drivers of deletion events in the genome, the 
researchers (Lachapelle and Drouin 2011) concluded 
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primates, did not contribute to the loss of exons in the 
GULO

at the GULO locus (resulting in exon deletion) that 
occurred in taxonomically restricted events.  

based on evolutionary presuppositions were similar 

research group which showed that evolutionarily 

in exon-deletion areas of human and ape GULO 

Clearly, the inactivated GULO
content should be evaluated more closely in relation 
to the issue of human and primate origins, despite 

Comparative Analysis of the 
Human and Ape GULO Genes

GULO gene region in human, compared to apes are 
primarily based on the comparison of selected exon 
sequences and not the entire sequence (let alone 

1999). It is the high level of sequence conservation in 
these select exonic regions across diverse vertebrate 
taxa that strongly suggest that the human GULO 
pseudogene exons are the signature of a once viable 

conserved exons of the consensus mammalian GULO 
gene, humans and apes have allegedly lost exons 1, 2, 

1 of the rat GULO which appears to absent in 
other mammals.

are taxonomically restricted among humans, chimps, 
and gorillas in their presence and absence fragment 

four such areas corresponding to the putative loss of 
GULO

differences that are taxonomically restricted, thus 
providing no discernible patterns supporting common 

3A and was noted previously in several evolutionary 

and Drouin 2011). 
When the complete sequences of all four 

degenerate zones are compared between humans, 

chimps, gorillas, orangutans, rhesus macaque, and 
baboon, there are obvious taxonomically restricted 
gaps and deletion patterns that also provide a clear 

What about the intact six GULO exons that are so 
highly conserved among vertebrates, several of which 
have been used as evidence of human-ape common 

vary widely in DNA sequence identity compared to 

ape exons is placed in similarity-ordered trees, the 
only set of sequences that produced the standard 

the primary exon chosen by evolutionists as a target 

trees that are decidedly taxonomically incongruent 
according to the inferred human-ape evolutionary 

observed when constructing sequence-based trees, 
not only among humans and apes, but across the 

2013).  

Adding to the story of evolutionary discontinuity 
among the exon sequence comparisons, is the fact that 
single nucleotide polymorphisms (SNPs) in the human 
GULO

GULO SNPs are in the intronic 

based phylogenetic trees cannot be blamed on excessive 
sequence variability in these regions associated with 
the standard neutral model of evolution.

chimp GULO similarity based on the comparison 
of a very small highly similar DNA fragment of 564 

Percent Sequence Identity 
Compared to Human

Human
GULO 
exon

Length 
(bases) Chimp Gorilla Orangutan Baboon Rhesus

1 101 99.1 100 97.1 91.1 91.1

2 96 98.0 98.0 94.8 92.8 88.6

3 107 98.2 85.0 98.2 74.8 74.8

4 151 99.4 90.8 97.4 94.1 92.8

5 164 97.6 97.0 94.6 91.5 90.3

6 129 97.7 98.5 99.3 95.4 93.8

Table 2. 
GULO

Identities include insertions and deletions.
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bases, the entire 28,800 base GULO region in human 

only 84% identical compared to chimpanzee using 
the previously established technique of optimized 

2013b). Even more interesting is the comparison with 
gorilla using the same technique, which yielded 87% 

evolutionary paradigm and gorilla is more similar 

to human in the GULO region than chimpanzee—
negating the inferred order of phylogeny.

A region comprising 13,000 bases upstream of the 
6-exon human GULO sequence was also analyzed for 
similarity to chimpanzee and gorilla. Hypothetically, 
this upstream segment would correspond to the 

in the GULO gene and perhaps contain remaining 

to chimp and gorilla, this segment was only 68% 

A.

B.

Fig. 3. Structure of the human GULO regions associated with putative exon loss demarcated as degenerate zones 

each of the four human DZs in the GULO
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and 73% identical, respectively. Once again, these 
similarities are clearly outside the evolutionary 
paradigm and gorilla is much more similar in this 
upstream region than chimpanzee—negating the 
inferred order of phylogeny.  

of the upstream 13,000 base region demarcated as 
degenerate zone 1 (DZ-1), is characterized by multiple 

includes rhesus and baboon, the degradation of DZ-1 
is clearly taxonomically restricted and evolutionarily 

Summary and Conclusions

proponents of evolutionary dogma is that the human 
and chimpanzee GULO pseudogenes are examples 

demonstrated in this report, overall evidence for 
common ancestry across the entire human GULO 
locus with chimps and other apes is completely 
negated by the following discoveries:
1. Compared to chimpanzee and gorilla, the 28,800 

base GULO region in humans is only 84% and 87% 
identical to chimpanzee and gorilla, respectively. 

GULO 
region corresponding to the putative area of loss 

identical to chimpanzee and gorilla, respectively.

very similar among humans and various apes, 
each independently exhibit completely different 
and discordant phylogenetic patterns of similarity 

in these exons indicates that incomplete lineage 

B.

Fig. 4.
the GULO GULO pseudogene (data from the 

Exon 1 Exon 2 Exon 3

Exon 4 Exon 5 Exon 6

Human Human Human

Human Human Human

Gorilla

Chimp

Baboon

Rhesus

Orangutan

Chimp

Gorilla

Orangutan

Baboon

Rhesus

Chimp

Orangutan

Gorilla

Baboon

Rhesus

Chimp

Orangutan

Baboon

Rhesus

Gorilla

Chimp

Gorilla

Orangutan

Baboon

Rhesus Rhesus

Baboon

Chimp

Gorilla

Orangutan

A.

SNP Distribution in the human GULO pseudogene
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sorting based on alleged ancestral polymorphisms 

region of putative exon loss is taxonomically
restricted and evolutionarily discordant 

recombination associated with transposable
element repeats can lead to disruptive deletion

regions.

of gene and genome function—producing important 

Wen et al. 2012). However, there are other instances 

that are tolerated by the organism, which would be 
expected under a model of genetic entropy (Sanford 
2010). In the case of vitamin pathway genes 
across the spectrum of life, there are widespread 
documented instances where these seemingly 

vitamin is supplemented externally through diet or 
a host relationship (Helliwell, Wheeler, and Smith 
2013). 

However, the ability of an external source to 
supplement the biochemical loss of a vitamin should 
primarily be viewed as basic survival and a non-
optimal situation involving toleration of the mutation 
event. In reality, the loss of a seemingly isolated 

effects and lower system optimization. In the study of 
mice who have had their entire GULO gene deleted 
from a naturally occurring mutation and are prone 
to spontaneous bone fractures (sfx mutants), at least 
269 protein coding genes were found to be aberrantly 
regulated in diverse tissues even with vitamin C 

the fact that the mice appeared to grow normally 
and had no differences for internal organ weights, 
except for the spleen that weighed less than normal. 
Interestingly, a previous study had also detected the 
inability of vitamin C supplementation to negate 
certain physiological pathologies in sfx mutant mice 

can negate many problems associated with GULO 
loss, but the consequences may be less than optimal. 
Perhaps this mutation is in part, playing some role 
in the loss of human longevity as documented in the 
early chapters of Genesis in the Bible. Hypothetically, 

then passed on as a pervasive trait in the genetic 

Another important aspect of consideration for the 
GULO gene degradation found in humans is the fact 
that it occurs frequently in mammals and birds, and 

the events typically are associated with complete or 

be predisposed to the effects of genetic entropy. At 
present, exon degradation and deletion events in the 
GULO gene have been documented in humans, apes, 
pigs, rats, mice, guinea pigs, bats, and passerine 

promoted by a variety of evolutionary propagandists, 
GULO gene dysfunction appears to be a wide-spread 

pigs, but terrestrial animal life in general. But most 
importantly, patterns of GULO DNA sequence 
degradation are taxonomically restricted and do not 
support the macro-evolutionary model of origins.

While the exon deletion events in both humans 
and apes appear to involve the same exons, the 
transposable element signatures surrounding the 
events are clearly non-similar and taxonomically 
restricted as noticed in this report and several others 

same exons were apparently deleted, even though 
the deletion events are unique, not only between 
humans and apes, but also between each of the 
different ape taxon. First, it should be noted that we 

in their pristine created state or how similar they 
were between taxa. Second, there are several gaps in 
the ape GULO gene sequences and all ape genomes 
are still being assembled based on using the human 

be more similar to human due to the way they are 
assembled and annotated.

Perhaps the anomaly that the same alleged exons 
were deleted is due to the fact that the transposable 
element features located in the intervening introns 

GULO 
regions between human, chimpanzee, and gorilla 
do share similar genetic code—a common feature 
in engineered systems with similar function and it 
would be expected that the gene regions encoding 
common biochemical pathway enzymes would 
have a high level of similarity. Nevertheless, the 
apparent deletion signatures and remaining genetic 
landscapes are clearly not supportive of common 

GULO gene degradation 
has also been observed in many different passerine 
bird and bat taxon as well, and according to the 
opinion of this author, all represent different created 

and the various types of ape taxons.  
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In 2007, Criswell proposed from a creationist 
perspective that the GULO pseudogene may serve 
some other functional purpose and not represent a 
degraded gene (Criswell 2007). However, he provided 
no analysis of the available human transcriptome 
data that was well developed and publicly available 
at the time to support this idea. He also stated that 
only four exons were in the human GULO gene, yet 

documented in this report, closely match functional 
GULO

As demonstrated in this report, the GULO region 
is clearly chromatin repressed in a heritable fashion 
and not transcriptionally active. Based on the 
current state of genomic information presented in 

human GULO gene is pseudogenized via deletions 
occurring as a result of unequal recombination 
associated with transposable element repeats. 

restricted in humans and in each of the different ape 
species tested. And in combination with an extreme 

GULO 
locus, utterly negate the idea of macroevolutionary 
common ancestry.
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