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Abstract
0RGHUQ JHQRPLFV SURYLGHV WKH DELOLW\ WR VFUHHQ WKH '1$ RI D ZLGH YDULHW\ RI RUJDQLVPV WR VFUXWLQL]H
EURNHQPHWDEROLFSDWKZD\V7KLVZHDOWKRIGDWDKDVUHYHDOHGZLGHVSUHDGJHQHWLFHQWURS\LQKXPDQDQG
RWKHU JHQRPHV /RVV RI WKH YLWDPLQ & SDWKZD\ GXH WR GHOHWLRQV LQ WKH *8/2 /JXORQRODFWRQH R[LGDVH 
JHQHKDVEHHQGHWHFWHGLQKXPDQVDSHVJXLQHDSLJVEDWVPLFHUDWVSLJVDQGSDVVHULQHELUGV&RQWUDU\
WR WKH SRSXODUL]HG FODLPV RI VRPH HYROXWLRQLVWV DQG QHRFUHDWLRQLVWV SDWWHUQV RI *8/2 GHJUDGDWLRQ DUH
WD[RQRPLFDOO\UHVWULFWHGDQGIDLOWRVXSSRUWPDFURHYROXWLRQ&XUUHQWUHVHDUFKDQGGDWDUHSRUWHGKHUHVKRZ
WKDWPXOWLSOH*8/2H[RQORVVHVLQKXPDQFKLPSDQ]HHDQGJRULOODRFFXUUHGLQGHSHQGHQWO\LQHDFKWD[RQ
DQGDUHDVVRFLDWHGZLWKUHJLRQVFRQWDLQLQJDZLGHYDULHW\RIWUDQVSRVDEOHHOHPHQWIUDJPHQWV7KXVWKH\
DUH DQRWKHU H[DPSOH RI VHTXHQFH GHOHWLRQV RFFXUULQJ YLD XQHTXDO UHFRPELQDWLRQ DVVRFLDWHG ZLWK
WUDQVSRVDEOH HOHPHQW UHSHDWV 7KH  EDVH KXPDQ *8/2 UHJLRQ LV RQO\  DQG  LGHQWLFDO
FRPSDUHGWRFKLPSDQ]HHDQGJRULOODUHVSHFWLYHO\7KHEDVHVSUHFHGLQJWKHKXPDQ*8/2JHQH
ZKLFKFRUUHVSRQGVWRWKHSXWDWLYHDUHDRIORVVIRUDWOHDVWWZRPDMRUH[RQVLVRQO\DQGLGHQWLFDOWR
FKLPSDQ]HHDQGJRULOODUHVSHFWLYHO\7KHVH'1$VLPLODULWLHVDUHLQFRQVLVWHQWZLWKSUHGLFWLRQVRIWKHFRPPRQ
DQFHVWU\SDUDGLJP)XUWKHUJRULOODLVFRQVLGHUDEO\PRUHVLPLODUWRKXPDQLQWKLVUHJLRQWKDQFKLPSDQ]HH³
QHJDWLQJWKHLQIHUUHGRUGHURISK\ORJHQ\7D[RQRPLFDOO\UHVWULFWHGJHQHGHJUDGDWLRQHYHQWVDUHHPHUJLQJ
DVDFRPPRQWKHPHDVVRFLDWHGZLWKJHQHWLFHQWURS\DQGV\VWHPDWLFGLVFRQWLQXLW\QRWPDFURHYROXWLRQ
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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
VXIÀFLHQW WR PDLQWDLQ WKHLU KHDOWK 7KH\ VHUYH DV
precursors to cofactors that function with enzymes in
both central and secondary metabolic pathways. In
IDFWWKHÀUVWVXFKFRPSRXQGGLVFRYHUHGZDVODEHOHG
a “vital amine” (where we get the term “vitamin”) that
ZDVLVRODWHGIURPULFHKXVNV WKLDPLQH9LWDPLQ%1)
DQGSUHYHQWHGWKHGLVHDVHEHULEHUL )XQN $Q
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
RIHXNDU\RWLFOLIHLVWKHZLGHVSUHDGGHFD\RISDWKZD\V
for vitamin-synthesis (Helliwell, Wheeler, and Smith
  7KLV SDUDGLJP LV RI JUHDW LPSRUWDQFH WR WKH
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
GLVHDVH )X HW DO  7HQQHVVHQ HW DO  

Another important component of the creationist
model of origins is the idea of molecular discontinuity
EHWZHHQ XQUHODWHG WD[RQ 7RPNLQV DQG %HUJPDQ
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,
DQG 3DJH  <DQJ   7KH DQWLR[LGDQW
vitamin C is a watersoluble molecule that protects
RUJDQLVPV IURP R[LGDWLYH VWUHVV 1RZDN &DUWHU
and Schnellmann 2000) and is essential to collagen
production. Production of collagen is necessary to
SUHYHQW GHYHORSPHQW RI WKH SDWKRORJ\ NQRZQ DV
scurvy (Gropper and Smith 2012). Other documented
functions of vitamin C include its participation in the
synthesis of carnitine, neurotransmitters, and the
FDWDEROLVP RI W\URVLQH &RPEV  *URSSHU DQG
6PLWK3DGK3RKDQNDHWDO 
Biosynthesis of vitamin C is a multi-step process
that starts in mammals with glucose as an initial
VXEVWUDWH /LQVWHUDQG9DQ6FKDIWLQJHQ 7KH
WHUPLQDO HQ]\PH LQ WKH SDWKZD\ LV /JXORQRǄ
ODFWRQH R[LGDVH ZKLFK FDWDO\]HV WKH ÀQDO VWHS ÀJ
  7KH JHQH WKDW HQFRGHV WKLV HQ]\PH LV W\SLFDOO\
symbolized in the literature as GULO, GLO, or
Gulo—the gene that is the focus of this report.
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Fig. 1. Depiction of the biochemical pathway for vitamin
C biosynthesis in vertebrates.

Loss of GULO gene function primarily impacts
WKH FHOOV DELOLW\ WR PDNH YLWDPLQ & /LQVWHU DQG
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
SKRVSKDWHSDWKZD\DQGRWKHUSURFHVVHV %5(1'$
GDWDEDVH KWWSZZZEUHQGDHQ]\PHVRUJ  7KXV
the standard belief among scientists is that the GULO
gene may be “predisposed” to being lost or mutated
(pseudogenization) compared to other genes because
LWPDNHVDQHQ]\PHWKDWLVDOOHJHGO\XQQHFHVVDU\IRU
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
SHUYDVLYHLQWKHFHOOWKDQSUHYLRXVO\WKRXJKW7KHUH
is recent evidence from research using a naturally
occurring mouse GULO deletion mutant showing that
multiple categories of gene expression in the nucleus
DUHPDUNHGO\DIIHFWHGE\GULOLQDFWLYDWLRQ -LDRHW
DO0RKDQHWDO 7KXVWKHGHDFWLYDWLRQ
of the GULO gene may be more closely related to the
LGHDRIFHOOXODUQHWZRUNRSWLPL]DWLRQDQGQRWZKDW
is minimally required for the biochemical survival of
WKHRUJDQLVP7KLVLGHDZLOOEHUHYLVLWHGODWHULQWKLV
report in the summary and discussion.
Evolutionary Anomalies of GULO Gene Loss
and Degradation
7KH
PDFURHYROXWLRQDU\
HQLJPDV
DQG
contradictions related to vitamin C biosynthesis exist
DWDYDULHW\RIOHYHOVLQWKHEURDGVFKHPDRIOLIH7KH
ÀUVWLVWKHIDFWWKDW\HDVWVSODQWVDQGDQLPDOVDOO

use different pathways to synthesize it, so there is no
clear ancestral pattern of origin for it in the alleged
WUHH RI OLIH DQG LW KDV DULVHQ VXGGHQO\ LQ PDMRU
WD[RQRPLF JURXSV 7KH \HDVWV SURGXFH D YLWDPLQ &
variant called D-erythroascorbate from D-arabinose,
plants synthesize vitamin C from GDP-D-mannose,
DQG YHUWHEUDWH DQLPDOV PDNH YLWDPLQ & IURP
WKH ÀQDO SDWKZD\ VXEVWUDWH 8'3'JOXFXURQDWH
+DQFRFN*DOSLQDQG9LROD/LQVWHUHWDO
/LQVWHUDQG9DQ6FKDIWLQJHQ6PLUQRII 
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
VWUXFWXUH IURP WKRVH LQ YHUWHEUDWHV ,W LV XQNQRZQ
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
FKDQJHG WZLFH IURP WKH NLGQH\ WR WKH OLYHU GXULQJ
vertebrate macroevolution—at least once in birds
DQGRQFHLQPDPPDOV %LUQH\-HQQHVVDQG+XPH
 &KDWWHUMHH  'URXLQ *RGLQ DQG 3DJH
  9LWDPLQ & LV SURGXFHG LQ WKH NLGQH\V RI
QRQWHOHRVW ÀVKHV DPSKLELDQV DQG UHSWLOHV EXW LQ
the livers of mammals. And among bird taxa, it is
a complete mixture and long-standing evolutionary
HQLJPD9LWDPLQ&LVSURGXFHGVROHO\LQWKHNLGQH\V
RIVRPHELUGVMXVWWKHOLYHUVLQRWKHUVERWKOLYHUVDQG
NLGQH\VLQRWKHUVDQGLQDYDULHW\RIWD[RQWKHUHLV
QR GHWHFWDEOH V\QWKHVLV &KDXGKXUL DQG &KDWWHUMHH
 'URXLQ *RGLQ DQG 3DJH  0DUWLQH] GHO
5LR5R\DQG*XKD 
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
QRQWHOHRVW ERQ\ ÀVK VSHFLHV DUH DEOH WR V\QWKHVL]H
YLWDPLQ&ZKLOHQRNQRZQWHOHRVW UD\ÀQQHG ÀVKKDV
this capability, which is associated with the complete
absence of the GULO gene (Drouin, Godin, and Page
 :RQJ HW DO  <DQJ   7KH FRPSOHWH
ODFNRIGULOJHQHVLQDOOVWXGLHGWHOHRVWÀVKJHQRPHV
WKXVIDULVKLJKO\VLJQLÀFDQWEHFDXVHWKH\PDNHXS
DERXW  RI DOO ÀVK WD[RQ <DQJ HW DO   7KH
NH\ TXHVWLRQ IURP D JUDQG HYROXWLRQDU\ SHUVSHFWLYH
is how did these genes completely disappear during
PDFURHYROXWLRQLQWHOHRVWÀVKHVDQGWKHQUHDSSHDULQ
other metazoan lineages later on? Another interesting
DQRPDO\LVWKDWWKHYDULRXVJHQHVWKDWW\SLFDOO\ÁDQN
GULO in mammal and bird genomes are dispersed
WKURXJKRXWWKHJHQRPHVLQWHOHRVWÀVKHVLQYDULDEOH
taxonomically restricted patterns (Yang 2013).
'HVSLWHWKHLUFRPSOHWHODFNRIDGULO gene, teleost
ÀVKVXFFHVVIXOO\REWDLQWKHLUYLWDPLQ&UHTXLUHPHQWV
IURPWKHLUQRUPDOGLHWDU\LQWDNHLQWKHZLOG
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7KH ORVV RI YLWDPLQ & V\QWKHVLV LQ YDULRXV
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
VXSSRVHGO\ GHULYHG IURP DQFHVWRUV ZLWK EURNHQ
GULO genes—contradicting the standard dogma for
bird evolution (Drouin, Godin, and Page 2011).
7KH LQLWLDO DVVHVVPHQW RI EDWV VXJJHVWHG WKH\
ODFNHG WKH DELOLW\ WR V\QWKHVL]H YLWDPLQ & %LUQH\
-HQQHVV DQG $\D]   +RZHYHU VHYHUDO UHFHQW
studies have shown that approximately two thirds
of different bat species have functionally expressed
GULOJHQHV &XLHWDOD&XLHWDOE 7KH
YDULRXVEDWWD[RQWD[DWKDWODFNWKHDELOLW\WRPDNH
vitamin C have varying levels of deletion degradation
in their GULO genes and the patterns of sequence
variation show that they are lineage independent
HYHQWV 7U\LQJ WR H[SODLQ WKH GLVFRQWLQXRXV GULO
deletion patterns within a common descent paradigm
KDVSURGXFHGDYDULHW\RIGLIÀFXOWFRQWUDGLFWLRQVIRU
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
 1LVKLNLPL .DZDL DQG <DJL  1LVKLNLPL
HWDO2KWDDQG1LVKLNLPL ,QDGGLWLRQ
naturally occurring scurvy and osteogenic disease
pathologies related to GULO inactivating mutations
and large-scale deletions have been documented in
UDWVPLFHDQGSLJV +DUULVHWDO+DVDQHWDO
-LDRHWDO.DZDLHWDO0RKDQHWDO
 7KXVGHJUDGDWLRQRIWKHGULO gene in a wide
array of mammals and birds is a relatively common
occurrence.
7KHGULO gene lies within a gene-dense region in
all vertebrate genomes studied thus far (Yang 2013).
5HODWHGWRWKLVIDFWLVWKHHYROXWLRQDU\DQRPDO\WKDW
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
RULJLQV WKH PDMRULW\ RI QHZ JHQHV DUH EHOLHYHG WR
have arisen via the duplication of existing sequences,
even though their individual functions may be
FRPSOHWHO\GLIIHUHQW $VVLVDQG%DFKWURJ,QQDQ
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and Kondrashov 2010). In regard to the GULO locus,
the evolutionary mystery recently noted in a study
by Yang (2013), is why the GULO gene was not also
duplicated along with all of its genomic neighbors.
Human GULO is Degenerate
and Chromatin Repressed
In humans, the GULO gene locus appears to be a
EURNHQ JHQH VXIIHULQJ PDMRU GHOHWLRQV RI NH\ H[RQV
associated with a functional mammalian GULO
JHQH ÀJ$ 2YHUWKHSDVW\HDUVRIPHVVHQJHU
51$ VHTXHQFLQJ IURP D ODUJH GLYHUVLW\ RI KXPDQ
tissues and cell lines, no GULO transcripts have
EHHQGHWHFWHG <DQJ 7RFRQÀUPWKLVVWDWXVDOO
six exon sequences in the human GULO pseudogene
obtained from the Ensembl database (ensembl.org),
ZHUHTXHULHGDJDLQVWWKHFXUUHQWQXFOHRWLGHDQG(67
collections at NCBI and no hits for expressed human
GULO sequences were obtained.
7UDGLWLRQDOO\WKHKXPDQGULO pseudogene has
been compared to the functional rat GULO gene
1LVKLNLPL.DZDLDQG<DJL1LVKLNLPLHWDO
 2KWD DQG 1LVKLNLPL   $FFRUGLQJ WR WKH
8&6& JHQRPH EURZVHU JHQRPHXFVFHGX  DQG WKH
5DW*HQRPH'DWDEDVH UJGPFZHGX WKHUDWGULO
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
FRQÀJXUDWLRQ FKU UHJLRQ S LQ KXPDQ  :KLOH
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
DGLIIHUHQWFKURPRVRPDOFRQÀJXUDWLRQ FRPSDUHGWR
humans and apes) and represents a unique design
SDWWHUQVSHFLÀFWRURGHQWV PRXVHGULO 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
RWKHUWKDQUDW 7DEOH ,QDGGLWLRQKXPDQH[RQV
2 and 6, were only partially similar to rat, and
overall only 24.9 and 20.2% similar (respectively) to
WKHLU FRUUHVSRQGLQJ UDW H[RQV 7DEOH   7KXV WKH
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
SULPDU\DUJXPHQWIRULQKHULWHGPLVWDNHVLQKXPDQ
HYROXWLRQ 7KH HUUDQW QDWXUH RI WKLV HYROXWLRQDU\
DUJXPHQWZDVSUHYLRXVO\DGGUHVVHGE\7UXPDQDQG
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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Fig 2. Structure of the human GULO pseudogene. (A) Comparison of the human GULO pseudogene region to the
rat functional GULOVHTXHQFH DGDSWHGLQSDUWIURPGDWDLQ<DQJ  DQGWKH8&6&JHQRPHEURZVHU ([RQ
of the rat GULO gene is missing in other non-rodent mammals. (B) Comparison of several vertebrate GULO gene
WUDFNVWRWKHIXQFWLRQDOUDWGULO sequence showing the highly conserved nature of the exons (data extracted from
WKH8&6&JHQRPHEURZVHU 

rat exon 10, the overall similarity is only 83.5%
7DEOH   2QFH DJDLQ JLYHQ WKH PDUNHG VHTXHQFH
GLIIHUHQFH WKH TXHVWLRQ RI XVLQJ UDW DV D GHÀQLWLYH
standard becomes questionable. Furthermore, the
VWULNLQJHYROXWLRQDU\GLVFRQWLQXLW\EHWZHHQKXPDQV
and apes outside this alleged single base anomaly
(based on the rat GULO) documented in this report
EHORZ QXOOLÀHVWKHVLPSOLVWLFJURVVO\RYHUVLPSOLÀHG
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),
DUH JHQHUDOO\ ZHOO FRQVHUYHG ÀJ %  7KXV LW LV
reasonable to assume that the presence of similar
GULO H[RQ VHTXHQFHV LQ WD[D ZLWK EURNHQ GULO
genes and defunct vitamin C pathways, represent
degenerate gene sequences. A consensus functional
GULO gene in mammals encodes two basic functional
SURWHLQGRPDLQVDVVKRZQLQÀJ$ <DQJ 7KH
SXWDWLYH ORVV RI NH\ H[RQ HQFRGLQJ VHJPHQWV IURP
both these functional regions in the human GULO is
DOVRLOOXVWUDWHGLQÀJ$

Table 1. 7KH '1$ VHTXHQFH LGHQWLW\ IRU HDFK KXPDQ
*8/2 H[RQ FRPSDUHG WR WKH WRS KLW WR D IXQFWLRQDO
*8/2VHTXHQFHLQWKH1&%,QXFOHRWLGHGDWDEDVH7KH
UDW *8/2 LGHQWLWLHV IRU HDFK H[RQ DUH DOVR VKRZQ
,GHQWLWLHVLQFOXGHERWKLQVHUWLRQVDQGGHOHWLRQV
Creature with
Highest
Functional
Sequence
Identity

Identity
for
prior
col.

Rat
GULO
exon
identity

Northern
Greater
Galago

87.4%

85.4%

Greater
False
Vampire Bat

68.1%

24.9%

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%

Human
GULO exon

Length
(bases)

1

101

2

96

3
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Human ENCODE information mined from the
8&6& JHQRPH EURZVHU UHYHDOV WKH SUHVHQFH RI
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 polycombrepressed (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.
$OVR ÁDQNLQJ WKH GULO pseudogene are regions
of chromatin state insulator demarcation that
RYHUODS ELQGLQJ VLWHV IRU WKH &7&) SURWHLQ 7KH
PXOWLIXQFWLRQDO&7&)SURWHLQLVLPSOLFDWHGLQGLYHUVH
regulatory functions, which includes transcriptional
activation and repression, chromatin insulation,
genomic imprinting, and spatial organization in the
JHQRPH .DSUDQRYDQG6W/DXUHQW3KLOOLSVDQG
Corces 2009). Based on current three-dimensional
PRGHOV RI KRZ WKLV FRQFHSW ZRUNV WKH &7&) VLWHV
ÁDQNLQJ WKH GHJHQHUDWH 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
DEHUUDQW WUDQVFULSWLRQ RU LQÁXHQFH RI LQWDFW
UHJXODWRU\HOHPHQWVZLWKLQWKHEURNHQGULO 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
HSLJHQHWLFDOO\ WDJJHG ZLWK PDUNHUV WKDW UHDG WKH
pre-existing repressed chromatin state, such as the
trimethylation of histone H3 at lysine 27, otherwise
NQRZQ DV +.PH PDUNV 3LUURWWD  <XDQ
et al. 2012). Indeed, the human GULO pseduogene
FRQWDLQV DQ H[WHQVLYH +.PH KLVWRQH SURÀOH
across the entire 28,800 base region that would
faithfully maintain and recruit the defunct damaged
GULO region for polycomb repression over succeeding
FHOO GLYLVLRQV 7KHVH +.PH KLVWRQH PDUNV DUH
not only required for the long-term multigenerational
PDUNLQJRIUHSUHVVHGUHJLRQVEXWWKH\DOVRVWDELOL]H
the binding of the DNA to the polycomb repressive
FRPSOH[ /LHWDO3LUURWWD 
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
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on current models of chromatin functionality and
JHQHUHJXODWLRQ .DSUDQRYDQG6W/DXUHQW9DQ
%RUWOHDQG&RUFHV 7RWKHULJKW GRZQVWUHDP 
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
7KH GULO pseudogene has been promoted as
supposed proof of human evolution from a common
ancestor with apes. One recently popularized idea
E\)DLUEDQNVFODLPHGWKDWLQUHJDUGVWRWKHEURNHQ
GULO gene, “All primates have the same highly
mutated fragment so the gene probably was disabled
before different primate lineages diverged from their
FRPPRQDQFHVWRUµ )DLUEDQNVS )DLUEDQNV
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
VHYHUDO H[RQV LV  EDVHV ORQJ ÀJ $  $V ZH
shall soon see, DNA similarity over the entire GULO
UHJLRQ LV PDUNHGO\ ORZHU WKDQ )DLUEDQNV ELDVHG
estimate that used less than 2% of the total GULO
pseudogene sequence.
Before discussing current research of the GULO
JHQH UHJLRQ LQ KXPDQV LW LV LPSRUWDQW WR ÀUVW
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
RIÀYHGLIIHUHQWH[RQVLQWKHKXPDQDQGDSHGULO
genes, compared to rodents. In particular, they
DQDO\]HG WKH WUDQVSRVDEOH HOHPHQW 7(  FRQWHQW RI
the various GULO gene regions since deletion-based
LQDFWLYDWLRQRIJHQHVLVODUJHO\DVVRFLDWHGZLWK7(V
and unequal recombination associated with their
UHSHDWV 7HL[HLUD6LOYDHWDO8GGLQHWDO 
0XFK WR WKH UHVHDUFKHUV· GLVPD\ WKH RYHUDOO 7(
content of mouse, rat, and guinea pig GULO genes
YDULHG ZLGHO\ DQG WKH 7( FRQWHQW LQ KXPDQV DQG
primates was not amenable to phylogenetic analyses
due to its evolutionarily discordant nature. Despite
WKH IDFW WKDW 7(V DUH DSSDUHQWO\ RQH RI WKH PDLQ
genomic drivers of deletion events in the genome, the
researchers (Lachapelle and Drouin 2011) concluded
WKDWWKHOLQHDJHVSHFLÀF7(LQVHUWLRQSDWWHUQVZKLFK
GHÀHGWKHVWDQGDUGLQIHUUHGHYROXWLRQDU\PRGHOIRU
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primates, did not contribute to the loss of exons in the
GULOJHQH7KXVWKHLUHYROXWLRQDU\SUHVXSSRVLWLRQV
FDXVHGWKHUHMHFWLRQRIRWKHUZLVHVWURQJJHQRPLFGDWD
WKDW LPSOLFDWHG 7( UHODWHG XQHTXDO UHFRPELQDWLRQ
at the GULO locus (resulting in exon deletion) that
occurred in taxonomically restricted events.
7KHFRQFOXVLRQVE\/DFKDSHOOHDQG'URXLQ  
based on evolutionary presuppositions were similar
WRDQHDUOLHUEXWOHVVH[KDXVWLYHVWXG\E\1LVKLNLPL·V
research group which showed that evolutionarily
FRQIXVLQJ SDWWHUQV RI 7( IUDJPHQWV ZHUH SUHVHQW
in exon-deletion areas of human and ape GULO
SVHXGRJHQHV ,QDL 2KWD DQG 1LVKLNLPL 
1LVKLNLPL HW DO  2KWD DQG 1LVKLNLPL  
Clearly, the inactivated GULO JHQH DQG LWV 7(
content should be evaluated more closely in relation
to the issue of human and primate origins, despite
WKHODFNRIHYROXWLRQDU\FRPPRQDQFHVWU\VLJQDWXUHV
Comparative Analysis of the
Human and Ape GULO Genes
7KH UHSRUWV RI KLJK '1$ VLPLODULW\ DFURVV WKH
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
UHJXODWRU\ UHJLRQV  )DLUEDQNV  .DZDL HW DO
 1LVKLNLPL HW DO  2KWD DQG 1LVKLNLPL
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
DQG LPSRUWDQW JHQH ÀJ %  &RPSDUHG WR WKH 
conserved exons of the consensus mammalian GULO
gene, humans and apes have allegedly lost exons 1, 2,
DQG <DQJ 7KLVGRHVQRWLQFOXGHH[RQ
1 of the rat GULO which appears to EH absent in
other mammals.
7KHDUHDVRISXWDWLYHH[RQGHOHWLRQFRQWDLQDZLGH
YDULHW\ RI 7(V DQG 7( IUDJPHQWV 6,1(V /,1(V
/75VDQG'1$HOHPHQWV 0DQ\RIWKHVH7(SDWWHUQV
are taxonomically restricted among humans, chimps,
and gorillas in their presence and absence fragment
VLJQDWXUHV ÀJ $  , FDOO WKHVH DUHDV RI LQWHUHVW
´GHJHQHUDWH]RQHVµRU'=V ÀJ$ÀJ 7KHUHDUH
four such areas corresponding to the putative loss of
GULOH[RQV7KH\DUHODEHOHG'='='=DQG
'=DVVKRZQLQÀJ$OOGHJHQHUDWH]RQHVH[FHSW
'=FRQWDLQFOHDUUHJLRQVRIJHQRPLF7(ODQGVFDSH
differences that are taxonomically restricted, thus
providing no discernible patterns supporting common
DQFHVWU\RIKXPDQVDQGDSHV7KLVLVVKRZQLQÀJ
3A and was noted previously in several evolutionary
UHSRUWV 'URXLQ *RGLQ DQG 3DJH  /DFKDSHOOH
and Drouin 2011).
When the complete sequences of all four
degenerate zones are compared between humans,
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chimps, gorillas, orangutans, rhesus macaque, and
baboon, there are obvious taxonomically restricted
gaps and deletion patterns that also provide a clear
SLFWXUHRIGLVFRQWLQXLW\ ÀJ% 
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
DQFHVWU\" 7KHVH KXPDQ H[RQ VHTXHQFHV DFWXDOO\
vary widely in DNA sequence identity compared to
ÀYH GLIIHUHQW DSH WD[D LQ WKH UDQJH RI ²
7DEOH +RZHYHUZKHQHDFKJURXSRIKXPDQDQG
ape exons is placed in similarity-ordered trees, the
only set of sequences that produced the standard
LQIHUUHGSK\ORJHQ\ZDVIRUH[RQ ÀJ$ ZKLFKLV
the primary exon chosen by evolutionists as a target
IRUFRPSDUDWLYHDQDO\VHV 1LVKLNLPLHWDO2KWD
DQG1LVKLNLPL7UXPDQDQG%RUJHU 7KH
RWKHUH[RQVHTXHQFHVDOOSURGXFHPDUNHGO\GLIIHUHQW
trees that are decidedly taxonomically incongruent
according to the inferred human-ape evolutionary
WUHH7KLVSHUYDVLYHHYROXWLRQDULO\GLVFRUGDQWWUHQG
observed when constructing sequence-based trees,
not only among humans and apes, but across the
HQWLUH VSHFWUXP RI HXNDU\RWLF OLIH LV UHIHUUHG WR DV
LQFRPSOHWH OLQDJH VRUWLQJ 7RPNLQV DQG %HUJPDQ
2013).
Table 2. 7KH '1$ VHTXHQFH LGHQWLW\ IRU HDFK KXPDQ
GULOH[RQFRPSDUHGWRÀYHGLIIHUHQWDSHWD[RQ '1$
VHTXHQFHVH[WUDFWHGIURPWKH8&6&JHQRPHEURZVHU 
Identities include insertions and deletions.
Percent Sequence Identity
Compared to Human
Human
Length
GULO
Chimp Gorilla Orangutan Baboon Rhesus
(bases)
exon
1

101

99.1

97.1

91.1

91.1

2

96

98.0

100
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

Adding to the story of evolutionary discontinuity
among the exon sequence comparisons, is the fact that
single nucleotide polymorphisms (SNPs) in the human
GULOH[RQVDUHPLQLPDO ÀJ% 7ZRH[RQVKDYH
]HUR613VDQGWKHRWKHUVKDYHRQO\WR613V7KH
PDMRULW\ RI KXPDQ GULO SNPs are in the intronic
UHJLRQV 7KXV WKH HYROXWLRQDULO\ GLVFRUGDQW H[RQ
based phylogenetic trees cannot be blamed on excessive
sequence variability in these regions associated with
the standard neutral model of evolution.
&RQWUDU\ WR )DLUEDQN·V FODLPV RI  KXPDQ
chimp GULO similarity based on the comparison
of a very small highly similar DNA fragment of 564
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A.

B.

Fig. 3. Structure of the human GULO regions associated with putative exon loss demarcated as degenerate zones
'=VVHHÀJ  $ 9DULDEOHWUDQVSRVDEOHHOHPHQWODQGVFDSHRIWKHÀUVWWKUHHGHJHQHUDWH]RQHVIRUKXPDQVFKLPSV
DQGJRULOODV '=VKRZHGQRPDMRUGLIIHUHQFHV  % 6HTXHQFHKRPRORJ\WUDFNVRIÀYHGLIIHUHQWDSHWD[RQFRPSDUHGWR
each of the four human DZs in the GULOSVHXGRJHQH$OOGDWDLQWKLVÀJXUHWDNHQIURPWKH8&6&JHQRPHEURZVHU

bases, the entire 28,800 base GULO region in human
KJFKU ZKLFKFRQWDLQVWKH
SXWDWLYH UHPQDQWV RI VL[ H[RQV DQG ÀYH LQWURQV LV
only 84% identical compared to chimpanzee using
the previously established technique of optimized
VHTXHQFHVOLFHVDQGWKH%/$671DOJRULWKP 7RPNLQV
2013b). Even more interesting is the comparison with
gorilla using the same technique, which yielded 87%
LGHQWLW\ 7KHVH VLPLODULWLHV DUH FOHDUO\ RXWVLGH WKH
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
ORVV RI WKH ÀUVW WZR FRQVHQVXV PDPPDOLDQ H[RQV
in the GULO gene and perhaps contain remaining
IUDJPHQWV RI WKH JHQH SURPRWHU ÀJ   &RPSDUHG
to chimp and gorilla, this segment was only 68%
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Chimp

Chimp
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Orangutan
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SNP Distribution in the human GULO pseudogene

Fig. 4. $ 6LPSOH'1$VLPLODULW\WUHHVIRUKXPDQDQGÀYHDSHWD[RQEDVHGRQVHTXHQFHLGHQWLW\RIWKHVL[H[RQVLQ
the GULOSVHXGRJHQHOLVWHGLQ7DEOH % )UHTXHQF\RI613VDFURVVWKHKXPDQGULO pseudogene (data from the
8&6&JHQRPHEURZVHU 

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.
7KHFRPSDUDWLYHWUDQVSRVDEOHHOHPHQWODQGVFDSH
of the upstream 13,000 base region demarcated as
degenerate zone 1 (DZ-1), is characterized by multiple
7( IUDJPHQW GLIIHUHQFHV EHWZHHQ KXPDQV FKLPSV
DQGJRULOODV ÀJ$ ,QDEURDGHUFRPSDULVRQZKLFK
includes rhesus and baboon, the degradation of DZ-1
is clearly taxonomically restricted and evolutionarily
GLVFRQWLQXRXV ÀJ% 
Summary and Conclusions
2QH RI WKH NH\ DUJXPHQWV XVHG E\ VRPH
proponents of evolutionary dogma is that the human
and chimpanzee GULO pseudogenes are examples

RI LQKHULWHG VKDUHG JHQHWLF PLVWDNHV +RZHYHU DV
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.
7KHEDVHVXSVWUHDPRIWKHKXPDQGULO
region corresponding to the putative area of loss
IRUDWOHDVWWZRPDMRUH[RQVLVRQO\DQG
identical to chimpanzee and gorilla, respectively.
7KHLQGLYLGXDOVL[H[RQUHJLRQVZKLFKDUHJHQHUDOO\
very similar among humans and various apes,
each independently exhibit completely different
and discordant phylogenetic patterns of similarity
IRUDOOEXWRQHH[RQ$JHQHUDOODFNRIKXPDQ613V
in these exons indicates that incomplete lineage
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sorting based on alleged ancestral polymorphisms
LVQRWDOLNHO\H[SODQDWLRQ
 7KH WUDQVSRVDEOH HOHPHQW 7(  FRQWHQW IRU HDFK
region of putative exon loss is taxonomically
restricted
and
evolutionarily
discordant
EHWZHHQ KXPDQV DQG HDFK DSH WD[RQ 8QHTXDO
recombination associated with transposable
element repeats can lead to disruptive deletion
HYHQWV LQ WKH JHQRPH DQG OLNHO\ GLG LQ WKHVH
regions.
0DQ\ SVHXGRJHQHV LQ WKH KXPDQ JHQRPH DUH
SURYLQJ WR EH KLJKO\ IXQFWLRQDO DQG NH\ UHJXODWRUV
of gene and genome function—producing important
QRQFRGLQJ 51$V 7RPNLQV D 7RPNLQV F
Wen et al. 2012). However, there are other instances
ZKHUH SVHXGRJHQHV OLNHO\ UHSUHVHQW EURNHQ JHQHV
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
XQLWDU\ VHTXHQFHV KDYH EHHQ EURNHQ DQG WKH ORVW
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 nonoptimal situation involving toleration of the mutation
event. In reality, the loss of a seemingly isolated
JHQHVHTXHQFHFDQKDYHODUJHUELRFKHPLFDOQHWZRUN
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
VXSSOHPHQWDWLRQ -LDR HW DO   7KLV LV GHVSLWH
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
/HHHWDO &OHDUO\DGHTXDWHYLWDPLQ&LQWDNH
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,
LWFRXOGKDYHRFFXUUHGSULRUWRWKH*HQHVLVÁRRGDQG
then passed on as a pervasive trait in the genetic
ERWWOHQHFNLQKXPDQVDQGYDULRXVDQLPDOV
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
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the events typically are associated with complete or
SDUWLDOORVVRIH[RQV7KLVLQGLFDWHVWKDWWKHJHQHPD\
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
ELUGV &XL HW DO D &XL HW DO E 'URXLQ
*RGLQDQG3DJH+DUULVHWDO+DVDQHWDO
-LDRHWDO.DZDLHWDO/DFKDSHOOH
DQG'URXLQ1LVKLNLPL.DZDLDQG<DJL
<DQJ   7KXV FRQWUDU\ WR SRSXODU RSLQLRQ
promoted by a variety of evolutionary propagandists,
GULO gene dysfunction appears to be a wide-spread
IHDWXUH DPRQJ QRW MXVW KXPDQV DSHV DQG JXLQHD
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
'URXLQ *RGLQ DQG 3DJH  /DFKDSHOOH DQG
'URXLQ 7KHTXHVWLRQWKHQDULVHVDVZK\WKH
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
UHDOO\GRQ·WNQRZZKDWWKHRULJLQDOJHQHVORRNHGOLNH
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
JHQRPHDVDIUDPHZRUN 3UDGR0DUWLQH]HWDO
7RPNLQV 7KXVWKHDSHJHQRPHVDUHELDVHGWR
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
SUHGLVSRVHGWKHPWRWKHHIIHFWVRIHQWURS\7KHGULO
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
DQFHVWU\7KHVDPHVRUWRIGULO 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
NLQGV DV GR KXPDQV FUHDWHG LQ WKH LPDJH RI *RG 
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
ZH QRZ NQRZ WKDW WKHUH DW OHDVW VL[ H[RQV DQG DV
documented in this report, closely match functional
GULO H[RQV LQ YDULRXV DQLPDO WD[D 7DEOH   ,Q
DGGLWLRQ &ULVZHOO·V K\SRWKHVLV ZDV SURSRVHG MXVW
SULRU WR WKH ÀUVW SXEOLF UHOHDVH RI GDWD IURP WKH
(1&2'(SURMHFW
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
WKLV UHSRUW WKH EXON RI HYLGHQFH LQGLFDWHV WKDW WKH
human GULO gene is pseudogenized via deletions
occurring as a result of unequal recombination
associated with transposable element repeats.
7KHVH H[RQ GHOHWLRQ HYHQWV DUH WD[RQRPLFDOO\
restricted in humans and in each of the different ape
species tested. And in combination with an extreme
ODFN RI VHTXHQFH VLPLODULW\ RYHU WKH HQWLUH GULO
locus, utterly negate the idea of macroevolutionary
common ancestry.
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