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ABSTRACT
THE DETERMINATION OF MUSCLE WASTING
AND LITTER SIZES IN THE M712T ANIMAL MODEL
By
Daniel F Thomas
Master of Science in Biology

Hereditary Inclusion Body Myopathy (HIBM) is a homozygous recessive disorder
characterized by the M712T mutation. Humans who inherit this disorder develop skeletal
muscle wasting, which is largely attributed to a sialic acid deficiency. In order to develop
a treatment for HIBM, a suitable animal model must be developed. Thus, my aim was to
use the rotarod mechanism to determine if mice homozygous for the HIBM disorder
developed a similar phenotype as humans. I also aimed to determine the differences in
litter sizes between affected and normal mice.
I used the rotarod treadmill to assess the muscular strength of three groups: mice
homozygous, heterozygous, and wild-type for the mutant M712T allele. I also compared
the litter sizes of both heterozygous and normal mice breeding pairs. To perform
genotyping on the mice, I used polyacrilamide gel electrophoresis.
I found that there were insignificant differences between the three groups
regarding rotarod performance time. As a group, heterozygotes performed the worst (1.30
seconds), followed by homozygotes (1.37 seconds), and then wild-type mice (1.60
seconds). Also, the strain of the mice dictated the severity of the M712T mutation.
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Regarding litter sizes, normal mice had greater litter sizes than mice heterozygous for the
M712T mutant allele.
Either our rotarod machine is not an ideal indicator of animal strength, or mice
with the M712T mutation do not exhibit the muscle-wasting phenotype. The experiment
should be repeated with a larger sample size, and histology studies should be performed
to confirm the presence of muscle wasting.
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I
Introduction

Hereditary Inclusion Body Myopathy (HIBM) is an inherited muscle wasting
disorder that was first identified in the Iranian-Jewish population as the M712T mutation.
The mutation occurs in the UDP-N-acetyl- glucosamine-2-epimerase/N acetylmannosamine kinase (GNE) gene, and it can be inherited either as a heterozygous
dominant or as a homozygous recessive disorder. The M712T mutation, which is the
focus of this research project, is inherited as an autosomal homozygous recessive disorder
in humans, but regardless of its inheritance pattern, the phenotypic effects are the same in
both the recessive and dominant forms (Nonaka et al., 2008). The pathological effects of
HIBM are unknown to researchers; however, the belief is that a decreased bioavailability
of sialic acid plays a role in the disorder. Evidence reveals that sialic acid deficiency
causes hyposialiation of muscle glycoproteins, which includes O-linked glycans,
specifically polysialic acid on neural cell adhesion molecules (PSA-NCAM). Also, Omannosylated glycosyl residues on a-dystroglycan are affected (Galeano et al., 2007).
The similarity of mutations in different ethnic groups has led to the tentative conclusion
of a founder effect in Iranian Jews. HIBM is due to a defect in sialic acid biosynthesis,
encoded by mutated alleles of the GNE gene. There are approximately 60 novel
mutations that lead to HIBM-like disorders, and they are predominately missense
mutations (82%) (Huizing and Krasnewich, 2009). In the homozygous recessive form,
HIBM is caused by nucleotide transitions that alter the amino acid structure. The M712T
mutation is the most prevalent autosomal recessive cause of the HIBM phenotype;
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however, the compound heterozygous dominant mutation that occurs in the 2-epimerase
and N-acetylmannosamine kinase domains are more common. One of the hallmarks of
the disease are cytoplasmic rimmed vacuoles along with distal and proximal myopathy.
Electron microscopy has also identified intracytoplasmic and intranuclear filamentous
inclusions, along with angulated, atrophic muscle fibers (Broccolini et al., 2011).
Although there are no lab tests that are indicative of HIBM, creatine kinase levels can be
elevated due to muscle tissue destruction, and a myopathic/neuropathic pattern may be
detected by a electromyogram (Galeano et al., 2007; Huizing, 2005). The quadriceps are
spared in many cases, which may allow affected individuals to remain mobile well into
the most advanced stages of the disease.
In classic HIBM, there is an absence of muscular inflammation. However an
instance of HIBM with muscular inflammation has been identified, which shows that
inflammation is not sufficient to exclude a diagnosis of HIBM. Symptoms are commonly
revealed in the second or third decade of life. However, symptoms have been known to
occur as late as the seventh decade. Interestingly, some affected individuals have reported
reduced muscular ability as early as childhood (Broccolini et al., 2011; Krause et al.,
2003). Eventually, the cells containing the rimmed vacuoles are supplanted by fat cells,
and the muscle is replaced by fatty deposits (Malicdan and Nonada, 2008). Paradoxically,
smooth muscle and brain tissue remain unaffected by HIBM in humans.
Research has shown that HIBM and Distal Myopathy with Rimmed Vacuoles
(DMRV) are the same disorder. A similar illness to HIBM is named spontaneous
inclusion body myopathy (SIBM), and the main distinguishing feature is the presence of
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inflammation. SIBM also affects individuals at an older age on average, compared to
those of HIBM. Muscle histology studies from individuals with SIBM show the
presences of tubulofilaments in addition to rimmed vacuoles. The observation of these
vacuoles in cells has also been thought to involve an autoimmune mechanism. However,
inflammation is not sufficient to diagnose SIBM or to distinguish it from HIBM; a case
of HIBM with muscle inflammation has been described in the literature (Krause, et al.,
2003; Huizing and Krasnewich, 2009).
Although sialic acid has been implicated in the development of the disease, the
overlap in sialic acid levels between HIBM subjects and controls makes it unlikely that
sialic acid levels alone are responsible for the muscle wasting (Hinderlich et al., 2004).
Further complicating the role of sialic acid is that smooth muscle tissue remains
unaffected throughout the disease progression in humans. Instead, there appears to be a
defect in skeletal muscle sialic acid metabolism, but the specific step that is disrupted has
yet to be identified. The hallmark quadriceps preservation is not specific to HIBM; it also
occurs in myopathies that are unrelated to the GNE gene (Broccolini et al., 2011).
Furthermore, there are no lab tests that add further credence toward the discovery of the
biochemical pathways. Creatine kinase, which is one marker of skeletal muscle damage,
is not significantly elevated in HIBM patients over controls (Huizing, 2005). Despite the
insufficient evidence, useful animal models are currently being implemented in research
studies, and the strong link between the epimerase domain and HIBM will help to further
guide researchers toward uncovering a precise biochemical pathway in the etiology of
HIBM.

3

GNE
The gene responsible for HIBM is the UDP-N-acetyl- glucosamine-2-epimerase/
N -acetylmannosamine kinase gene (GNE); it occurs on chromosome 9p12–13 and it is
about 62 kb in length (Glucosamine). The mutation concentrated on in this paper is the
M712T mutation, which consists of a T-C shift at the c.2135 nucleotide position; the
result is a methionine to threonine change that occurs at codon 712 (Broccolini et al.,
2011). In a comparison made between the coding sequences of 20 different species, the
GNE gene was found to be highly conserved (please see Appendix A for specific
information about the GNE gene). There are two independent domains: epimerase and
kinase. The epimerase domain converts GlcNac to ManNac and is rate-limiting for the
reaction. The ManNac Kinase domain is twice as metabolically active as the GlcNac 2epimerase domain; it serves to phosphorylate ManNac to ManNac 6-Phosphate
(Hinderlich et al., 2004). In addition to its involvement with embryonic development,
sialic acid is heavily involved in cellular processes, such as cell-to-cell interactions, cell
recognition modulation, target cell adhesion, and metastasis (Krause et al., 2003). It also
is important in maintaining glycoprotein stability. Sialic acid has been implicated as the
chief monosacchride involved in the aforementioned myopathies; however, research has
shown that a decrease in the level of sialic acid may not be solely responsible for HIBM,
and that sialic acid metabolism varies amongst individuals from the human population
(Hinderlich et al., 2004).
Research by the author has shown that GNE is a highly conserved gene across
vertebrates (please see appendix A). Since there exist numbers of mutations in the GNE
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gene that result in the different myopathies, it is clear that even minor disruptions in the
conserved regions of the gene can cause debilitating effects. Huizing and Krasnewich
(2009) have uncovered mutations scattered throughout the GNE gene that lead to HIBM.
However, research has yet to uncover the exact biochemical pathways that are involved
in HIBM. The reason behind the preservation of the quadriceps also remains to be
identified. Furthermore, although the disorder was originally identified in Iranian Jews,
several other racial groups from other parts of the world have been identified with GNE
mutations, which raises the question of where the disorder originated.
Sialic Acid Involvement
Sialic acid, which is also known as 5-N-acetylneuraminic acid (Neu5Ac)
is produced by the GNE gene. First, the UDP-GlcNAc molecule is converted to ManNac,
and in the following step, ManNac is converted to ManNac-6-phosphate (GNE). Sialic
acid is a monosaccharide that is located upon terminal ends of the glycan chains, and the
differentiated sialyation of cell surfaces by the GNE protein is necessary for their proper
functioning (Broccolini et al., 2011). Sialic acid is the most prevalent terminal
monosacchride on the glycolipids and glycoproteins of eukaryotic cells; it is one of 50
carboxylated amino sugars that contain a scaffold of nine carbon atoms. Sialic acid
carries the distinction of being the lone monosacchride of the glycoconjugates to have a
net negative charge, and it is important in cell-to-cell and protein-to-protein interactions
because certain sialic acid cell adjustments assist with cell signal transduction and cell
adhesion. Sialic acid also is involved in cell migration, tissue transformation, metastasis,
inflammation, wound healing, and muscle degeneration (Hinderlich et al., 2004; Jay et
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al., 2008). Researchers have uncovered evidence that links hyposaliation with HIBM.
There also exists strong evidence that the epimerase region is heavily involved in HIBM.
Lymphocytes from affected individuals with HIBM exhibited reduced epimerase function
in one study, and other studies involving hamsters bred with either nonsense or missense
GNE mutations lacked UDP-GlcNAc epimerase activity (Hong et al., 2003). This lends
support to the idea that the epimerase domain is primarily responsible for the HIBM
symptoms (Broccolini et al., 2011). However, defects in other regulative pathways of the
GNE gene may also contribute to disease pathogenesis. Jay et al. (2008) believe that
other GNE mechanisms, like GD3 and GM3, contribute to HIBM pathogenesis.
Furthermore, Jay et al. state that the bifunctional enzyme may control apoptosis, cell
proliferation, gene expression, and modulatory sialytransferases. Conflicting results have
been reported: Hinderlich et al. (2004) failed to find a direct link between sialic acid
production and cell adhesion. These authors found overlapping levels of sialic acid
between normal controls and M712T HIBM homozygous subjects, which led them to the
conclusion that sialic acid levels are not the only cause of HIBM symptoms; instead,
pathways outside of sialic acid synthesis are involved in the disorder. The fact that no
other disorder was present in the 120 participating subjects casts doubt on the existence
of other pathways that cause HIBM. Hinderlich et al. (2004) did leave open the
possibility that the mutation results in hyposaliation in an essential protein required for
muscle phycology.
Further research has added to the likelihood that sialic acids are not chiefly
responsible for the phenotypic affects that arise from HIBM. The biochemical
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pathway(s) that cause HIBM have yet to be elucidated. Although several studies have
identified sialic acid as being a chief contributor to the disorder, it is difficult to access
the levels of sialic acid in the muscle cells, where the data would provide the most
benefit. Research by Hinderlich et al. 2004 found that in recombinant cells, there was no
difference in the GlcNac 2-epimerase domain activity between wild-type and affected
samples. Although ~30% reduction in the ManNac domain was seen in the affected cells,
this was determined by the authors to be within acceptable levels.
The problem of linking sialic acid directly with the HIBM phenotype is illustrated
by research studies by Hinderlich et al. (2004). This group showed that in recombinant
studies, the enzyme activity encoded by mutant and wild-type GNE genes were not
significantly different from one another. Although the enzyme activity of the ManNac
kinase domain was 1/3 lower in the mutant sample, it was well within the acceptable
range. In the lymphoblastic samples, the mutant group had about 1/3 less overall activity
in the GlcNac 2-epimerase domain . The researchers postulated that other cells that had
lower concentrations of sialic acid but are more reliant on it, such as skeletal muscle
cells, could be more sensitive to changes. They also surmised that other factors are
responsible for the phenotypic effects besides sialic acids.
In 2005, Hinderlich et al. directed a follow-up to the aforementioned study that
focused on muscle cell biopsies. The data showed several overlapping values between
healthy and affected subjects, and activity of the epimerase domain varied between
subjects (it is important to note that due to the presence of other kinases, the ManNAc
kinase domain was not measurable ). Although some subjects did show significantly
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reduced epimerase activity, others were well within the acceptable level of variance. This
supports the understanding that the HIBM phenotype is caused by other factors besides
hyposialiation.
Noguchi et al. (2004) did discover a connection between sialic acid levels and
HIBM, but his group’s research involved myofibrils from subjects of Japanese origin who
had mutations other than M712T; thus, the research studies are not directly compatible.
The quadricep-sparing phenotype is not necessarily related to HIBM: myopathies from
mutations in other genes have also been shown to exhibit a similar phenotype
(Broccolini et al., 2011; Salama et al., 2005).
Phenotypic Effects
HIBM is a distal myopathy, which means that the affected muscles are primarily
distal. Myopathies are classified based on age of onset and method of inheritance.
Physical symptoms usually occur between the second and fourth decades of life. During
the early stages of the disease, patients notice differences in their gait, which is partly due
to weaknesses in their tibialis anterior muscles. Affected muscles include the
gastrocnemius, paraspinal, hamstring, and sternocleidomastoid muscles; this has been
confirmed through computer tomagraphy imaging. However, the quadriceps muscles
remain relatively conserved, even in the advanced stages of the disorder. Cardiac and
brain muscle tissue are rarely affected. The symptoms then progress rapidly from this
point, and the proximal muscles may begin to be affected. It is not uncommon for
patients to become non-ambulant 12 years after initial disease onset, which is usually
between 26-57 years of age. Muscle biopsies show rimmed vacuoles with nuclear
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filamentous inclusions. Evidence suggests that type 1 skeletal fibers are the fibers mostly
targeted as the symptoms progress (Nonaka et al., 2008).
Various HIBM Mutations and Severity
Several conditions that were thought to be unique have been found to be the same
or similar to one another; this is due to the ability to localize muscular myopathy
conditions to genetic loci (Malicdan, 2008). The specific mutation focused upon in this
paper is the autosomal recessive M712T mutation in the GNE gene. Amouri et al. (2005)
reported that the p. M712T mutation has been found in all individuals affected by HIBM
who are of middle eastern descent; this mutation is also found in individuals of Tunisian
and Italian descent. Also, a second unique mutation, L379H, was reported in one Tunisian
family. Huizing et al. (2009) discovered evidence of a founder effect in Asian individuals
affected by HIBM. The p.V572L mutation is present throughout various Asian
populations. The other founder mutation, p.D176V, is present solely in the Japanese
population. Another mutation, the HIBM-causing p.A310P mutant allele, also results in
the typical quadriceps-sparing myopathy present in the classic phenotype. However, the
classic phenotype is not always present, even if a mutant allele is known to cause it.
Chun-Chu-Chu and colleagues (2006) examined two Taiwanese siblings who had
heterozygous missense mutations in the epimerase region. Although both siblings had
mutations in the same region, the brother had the typical quadriceps-sparing phenotype,
whereas the sister had muscle wasting in all distal and proximal limbs. The
aforementioned cases are examples of the variations in the HIBM phenotype that can lead
to HIBM symptoms. Research has shown that different GNE mutations result in varying
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effects of cell metabolism, and these mutations may not be functionally equivalent
(Broccolini et al., 2011).Interestingly, a qualitative study by Mori-Yoshimura and
colleagues (2012) showed that out of 71 subjects, affected individuals with heterozygousdominant HIBM had less severe symptoms that arrived at a later onset than those with
homozygous recessive variant. However, questionnaires are an unreliable means of valid
data collection, so this postulation would need further investigation to be accepted as
valid.
The onset of symptoms varies between individuals. It is common for symptoms to
begin around the second or third decades of life; however, individuals with identified
HIBM mutations have remained asymptomatic well into their seventh decade.
Furthermore, there exists strong evidence of epigenesis as individuals with the same
mutation display different levels of severity and different ages of disease onset.
Mice
Animal Model
The mice used in this study served as our model organism for the HIBM disorder.
Mice serve as a suitable animal model because of their small size and ability to quickly
reproduce in large numbers . They have been repeatedly inbred with their siblings over
the years to create mouse models that are virtually identical genetically, which allows for
experiments to be replicated in different mice of the same strain. Also, their genes are
similar to those of humans. Investigators have found that it is the gene expression and
location that primarily separates humans from mice. Furthermore, mice can be bred with
almost any gene defect. There exist two types of animal models: knock-in mice have a
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particular gene or group of genes inserted; knock-out mice have a particular gene or set
of genes deleted (Mice play a critical role, 2006).
Regarding the mice used in the HIBM experiments, there are two variants: the p.
M712T mutant knock-in mouse model and transgenic mice with the p.D176V mutation.
Although the p.D176V mutant mice show the human HIBM phenotype after 40 weeks,
the p.M712T mutant mice instead develop kidney disease, glomerular hematuria, and
podocyte foot processes among the glomerular filtration barrier. Furthermore, C57Bl/6
mice homozygous for the M712T mutation generally do not survive past the first three
days of life. However, a more viable model was produced when Valles-Ayoub and
colleagues crossed the C57Bl/6 model with the FVB strain, which increased the birth
survival and lifespan of the mice. Furthermore, the affected mice began to show muscle
myopathy at 42 weeks of age, which makes them a better model for HIBM (VallesAyoub et al., 2012). As pointed out by Galeano et al., the difficulty in developing a viable
mouse model stems from how mice and humans differ regarding their utilization of sialic
acid in the kidneys. While most mammals utilize the sialic acid Neu5Gc (Nglycolylneuraminic acid), humans instead utilize Neu5Ac; this causes a difference in the
protein glycosylation patterns. However, more research needs to be done in this area.
Mouse Strains
C57Bl/6
The C57 mouse strain is one of the most common types of mouse strains used for
research purposes; it was also the first mouse strain to have its genome sequenced. It
expresses most mutations well, and it is resistant to audiogenic tumors. This strain also
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has low bone density, and it suffers from age-related hearing loss. Interestingly enough,
this mouse has a resistance to anthrax (Jax mice database). These mice served as controls
for our research project as no GNE mutant mice were produced in this strain for our
study. A variant of the C57BL/6J strain is the B6-albino mice; these mice produce no
pigment due to a mutation in the tyrosinase gene, and phenotypically, they are identical to
the common albino mice. These mice are ideal in experiments where the mutation
produces color change in the mice These mice suffer from retinal degeneration at an early
age, but this degeneration stops once the mice enter adulthood (Jax mice database).
FVB
The Friend Virus B (FVB) mouse strain is suitable for purposes that require a
large litter size; these mice have large pronuclei, which makes them ideal for transgenic
injections. Interestingly enough, this strain is homozygous for the Pde6b-rd1 allele, which
causes retinal degeneration that results in blindness before the weaning stage is complete.
FVB mice are resistant to tumors, but are susceptible to squamous cell carcinomas.
FVB.B6
Darvish et al. crossed a B6 mouse heterozygous for the M712T mutation with an
FVB mouse. This backcross yielded mice with attenuated kidney disease and longer
survival rates (Valles-Ayoub et al., 2012a). These mice are known for developing
progressive kidney disease and chronic peritonitis, and they are also useful models for
investigating prostaglandin inflammation and synthesis. I used this model for my research
purposes (Jax mice database).
Mouse Breeding and Litter Size
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Healthy mice have been known for their large reproductive rates, and they can be
bred as early as four weeks of age. Their estrus cycle is approximately every 3-5 days, so
a healthy mouse will become pregnant between 1-5 days of being paired with a male.
After 16 days of pairing, the male mouse should be removed from the female in order to
ensure that no harm is done to the pups by the male (Breeding mice, mating to birth).
There are several ways to test if a mouse is pregnant. First, one can monitor a
mouse to determine the presence of a vaginal plug, which is a mucus secretion that
ensures that mating has taken place. One may also weigh the mouse to detect changes in
body weight; however, not all mice gain a significant amount of weight during their
pregnancies. Although not recommended, one may also feel the mouse’s stomach for
signs of growing pups, but if this is done improperly, the pups may become damaged.
Mice can have variable numbers of pups during their litters depending on their strain,
along with environmental factors. Some pups have large litters of smaller pups; others
have small litters of larger pups, and some have average-sized litter. It is important to
note that there are a large number of disorders that make a mouse appear pregnant when
she is not; thus, a mouse can only be confirmed as having had a pregnancy if she gives
birth (Breeding mice, mating to birth).
There are several complications that may arise during pregnancy. The first is
spontaneous abortion; if a female mouse smells another male’s scent, she may reabsorb
her pups. A female mouse may desire to mate with the male that will give her the best
chance of having a successful litter, and the scent of another male may reopen the
possibility that there may be a more suitable mate. Males have different breeding
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behaviors as well; although most males will eagerly mate with the female, other mice
may take more time to mate with the female, and others may have decreased fecundity
due to low sperm count. These factors may inhibit pregnancy (Breeding mice, mating to
birth).
Transgenic Mice
The exact protocol used by Valles-Ayoub and colleagues to produce a mouse
strain with the M712T gene mutation is classified; however, Galeano et al. (2007)
described a protocol that involved a knock-in technique that targeted exon 12 of the
murine GNE gene, specifically the M712T ATG to ACG mutation. Malicdan et al. (2007)
described a protocol to produce GNE D176V knockout mutants. Knockout mice were
produced by a 17kb mouse genomic fragment that was cloned from the 129Sv/Ev lambda
genomic library, which contained exons 3, 4, and 5. The construct was linearized, and
then was then purified and transfected via electroporation into mouse ES cells. Following
this step, the GNE D176V mouse was created by obtaining cDNA from the skeletal
muscle of a patient with IBL; this was then cloned into a vector. The fragment that
contained the cDNA from the IBM patient was inserted into a vector with gene
expression driven by a CAG promotor. The fragment was then purified and injected into
C57BL/6 mouse oocytes, and then put into receptive mice. The mice were then bred to
create additional mutants (Malicdan et al., 2007).
Several animal models have been developed to try and mimic the HIBM
phenotypic effects seen in humans. However, the mouse HIBM phenotype is remarkably
different. In lieu of the muscle-wasting pathology, mutant homozygous mice with the
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M712T mutation rarely survive past the weaning stage; they succumb to complications
associated with kidney disease (Galeano et al., 2007). Galeano et al. (2007) found in
their study that out of 101 mice from heterozygote matings of GNE knock-in mice, only
one homozygous recessive M712T mouse survived past day 21. Although mouse pups
homozygous for the M712T GNE mutation appeared relatively normal phenotypically,
they were smaller in size than the controls and normally died by day 3. Those that did
survive past the weaning stage showed markers of advanced kidney disease. Histological
analyses of homozygous mouse tissues revealed no skeletal muscle abnormalities;
however, the following abnormalities were detected: petechial kidney hemorrhages; red
blood cell infiltration into the Bowman space; segmental splitting of the lamina densa;
and flattened and mostly-fused feet. However, when homozygous mouse pups were given
5 mg of ManNAc as a daily supplement, their lifespan was extended, and they had fewer
markers of hyposialyiation (Galeano et al., 2007).
Rotarod performance test
According to Brooks and Dunnet (2009), The rotarod performance test is
commonly used to test both balance and endurance in animal models. The rotarod is an
apparatus that suspends a rotating rod over platforms. In most rotarods, the platforms
below feature an auto-stop mechanism that records the time from when the rotarod was
started until the animal falls below. It has become one of the most common assessments
for rodent neurological function. There are two variations of the rotarod: fixed speed and
accelerating; the fixed speed variant is more sensitive, but the accelerating version can
allow for testing to proceed more efficiently (Brooks and Dunnet, 2009). The rotarod is
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used for a myriad of conditions, including the following: animal models for human
diseases, neurodegenerative conditions, drug effects, brain damage, and detecting
differences between various mouse strains (Bohlen et al., 2009). The rotarod was first
described in 1957 by Dunham and Miya; it was found that this device could be used to
detect neurological issues in rodents. Other investigators improved upon the efficiency of
the rotarod. Watzman et al. determined in 1967 that latency was dependent on rotational
rate. Also, Jones and Roberts conducted two studies in 1968 that showed the benefits of
an accelerating rotarod variant. Other investigators, such as Chapillion et al., Crawlet,
and Rustay et al., have directly linked motor skill and neurological health to rotarod
performance. Since rotarods vary amongst manufacturers, it is important that the same
rotarod be used throughout the research period (Bohlen et al., 2009).
Although the rotarod is an important, sensitive, and effective test in assessing the
aforementioned conditions, there are shortcomings to the test: mice may grasp on to the
bar and rotate with it instead of walking on it, and mice may also refuse to participate and
fall as soon as the test is started. Excessive weight and compounding fatigue may also
hinder rodent performance (Brooks & Dunnet, 2009).
Treatments
Currently, no effective treatment exist for the remediation of HIBM symptoms.
There is a hypothesis that administration of free sialic acid may enhance the sialyation of
glycoproteins in the muscle cells of HIBM subjects. Sialyation of glycoproteins could be
accomplished by administering sialic acid in its free form, which can either be introduced
by binding it with glycojugates or to ManNac, a form that is uncharged, not subject to
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feedback inhibition, and crosses membranes easily. Another possibility is providing the
sialic acid precursor: GlcNAc kinase. This kinase is hypothesized to convert
spontaneously from ManNAc into ManNAc-6-phosphate. This was demonstrated after
this method resialyated GNE deficient mouse embryo cells in vivo after the cells’ growth
medium was supplemented with ManNAc. Furthermore, homozygous recessive mouse
pups that normally did not survive past day 3 had their lifespans increased when their
diets were supplemented with 5 mg ManNAc per day. When this supplementation was
provided, 12 homozygous mice survived out of a 102 pup litter, as opposed to 1 pup out
of a 101 pup litter in the untreated group (Galeano et al., 2007). The average number of
expected homozygous mutant pups in this group would be about 25. Prior research has
shown no significant benefit when humans affected with HIBM were treated directly with
sialic acid or corticosteriods (Jay et al., 2009). However, in-vitro laboratory based
research has shown gene therapy as a promising remedy for HIBM patients.
A newly constructed wild-type GNE gene plasmid could be a promising therapy
for those afflicted with HIBM (Jay et al., 2009). The researchers transfected three
different GNE forms into GNE deficient cells: M712T, R266Q, and wild-type. The
transfected cell lines showed expression, whereas those that were untransfected did not.
The R266Q variant showed significantly increased levels of sialic acid expression. There
was no difference demonstrated between the M712T mutant and wild-type variants,
which shows the decreased resialyation capability of the M712T mutant. Through
supplementation with sialic acid metabolites, Mouse animal models bred with an HIBM
mutation failed to develop HIBM symptoms. This result could provide a foundation for
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future research to treat those who have yet to develop the HIBM phenotype (Jay et al.
2009).
Current Research
Presently, HIBM research lacks the following: a valid animal model, information
about the associated biochemical pathway, and an effective treatment (Galeano et al.,
2007). An important step toward developing a cure is the creation of an animal model that
mimics the phenotypic effects that human HIBM patients endure. In order to further
investigate the effects of the M712T mutation, it is necessary to produce a mouse with the
M712T mutation that shows similar phenotypic effects as to humans. However, previous
mouse models for HIBM have exhibited kidney disease as the predominant marker
instead of skeletal muscle wasting. A viable mouse model for the M712T mutation was
first provided by Valles-Ayoub et al (2012). Valles-Ayoub and her group found that
mating B6 mice heterozygous for the GNE mutation with FVB mice resulted in a mixed
inbred FVB: B6 mouse model with adequate survival rates (n=73, mean survival 23.48
weeks +/- 13.99 weeks). Mice homozygous for the mutation showed higher survival rates
when compared to previous studies. 26% of homozygotes survived past the 40 week
mark within the first 2 generations. In the next 3 generations, 44% of the mice survived
past the 40 week mark. Even more promising, the homozygous mice that survived past 42
weeks began to show evidence of muscle pathology. Furthermore, Dr. Valles-Ayoub
suggests that since this M712T mouse model exhibits late-onset muscle deterioration
both in the heterozygous and homozygous states, it is likely to be useful in the
development of treatment (Valles-Ayoub, personal interview, 2013). In order to verify this
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hypothesis, the researcher implemented the rotarod performance test to assess the rate of
muscular strength and endurance between wild-type, heterozygous, and homozygous
mice. The purpose of this research project was two-fold: the first purpose was to compare
the muscular endurance of normal and mutant M712T mice through the use of the rotarod
performance test; the second purpose was to compare the litter sizes of M712T FVB
heterozygotes with those of FVB wild type mice.
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II
Materials and Methods

Materials
Rotarod
We used the Rota Rod 3 Compartments from Kshitij laboratories. This mechanism
rotates either a thin or thick bar and has a variable speed setting from 5 to 25 RPMs. This
rotarod contains Large-Scale-Integration (LSI) chips. There are three lanes on this
particular rotarod, which allows for a maximum of three animals to be placed on the
machine at any one time. Each lane has an individual timer, which reads in seconds and
milliseconds. Both the thin or thick bars contain a knurled surface, which are grooves in
the bar that allow the animal to better grip the surface. The machine also has a platform
underneath that auto-stops the timer when the animal falls off the bar. When all three
animals fall, the machine will turn off. This particular machine is suitable for mice or rats
(Kshitji Innovations).
Housing & Expendables
The mice were housed in plastic containers that provided the mice with ample
room to move and perform all their necessary activities. The floor was lined with wood
shavings, which provided the mice with bedding, while allowing them to build a nest if
necessary. The plastic cages were covered by a metal cage lid, which was lined with bars
so that the animals could access food. Mice were fed lab block (Purina rodent block
#501- Red Barn Supplies), which is a specially formulated meal for laboratory mice.
Each animal was provided with an unlimited supply of water from a bottle that was
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suspended from the metal wire cage lid. Mice who were mating had an additional
insulating lid placed on top of the cage lid in order to keep out foreign odors and noises;
this allowed the mice the maximally favorable environment for mating. All supplies were
provided by the CSUN vivarium, and the vivarium staff cleaned the mice’s cages three
times a week.
Mice
All animal models were shipped to us through the HIBM Research Group
(Reseda, California). On December of 2011, we received an original founding colony
consisting of mice homozygous for the M712T mutation, heterozygous carriers for the
M712T mutation, and wild-type mice. Mice were identified through a unique numeric
identification number, along with an ear-cut that allowed us to visually identify the
mouse. We obtained additional mice through breeding and through an additional
shipment arranged by the HIBM research group (HRG) on January, 2013. Mice were
consistently examined by the CSUN vivarium staff and by the CSUN vivarium
veterinarian. If mice needed to be euthanized, they were done so with Carbon Dioxide
(CO2). The mice used for our project were housed in their own module, and they were
kept on cage racks that ensured that they were properly organized and easy to access.
Methods
Rotarod
Data were collected twice a week over a period of three weeks; thus, there were
six data collection periods total. Each mouse was given two trials on the rotarod, and the
average of the two trials was taken during each session. 20 mice were exercised total (6
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homozygotes, 6 wild-type, and 6 heterozygotes). During each collection period, a mouse
cage was set on the table containing the rotarod. The appropriate mouse was taken from
the cage and placed on the rotarod bar, with the mouse facing forward. The mouse was
given 10 seconds to familiarize itself with the bar. The machine was then turned on to
rotate at 5 revolutions per minute, and the mouse walked on the rotarod until it fell and
stopped the lane timer. The mouse was then given 60 minutes of rest in order to fully
recover from the exercise exertion. The protocol was then repeated to collect data for the
second trial.
Mating
In order to assess the relative fertility of the GNE-mutant mice, male and female
mice heterozygous for the M712T mutation were paired together in order to commence
mating. They were compared with 8 control breeding groups that contained wild-type
mice. Each mating cage was marked with a pink card; the card contained the female’s
name first, followed by the male’s name. This allowed the researchers to quickly
determine the identity of the female. Mice were checked each time their cages were
changed for signs of pregnancy. If a female was determined to be pregnant, then she was
closely monitored until the delivery date was imminent. The male mouse was removed
from the cage before delivery in order to be sure that he did not have an opportunity of
cannibalizing the pups in order to coerce the female into remating with him. Once the
female gave birth, her cage was left undisturbed for a period of three days, which gave
her the stable environment that enhanced the safety of her pups.
Weaning and Tailing
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After a period of four weeks, the mouse pups were removed from their mother’s
care. The four-week mark is important; not only does it ensure that the mice are
developed enough to survive on their own, but it also clearly reveals the mouse’s
genitalia, which allows for accurate sex determination. Since the mice were accustomed
to each other, the males and female were placed together according to sex. Food pellets
were placed on the floor of the cages in case the pups could not reach the food at the top
of the cages. Mice were then identified by a four-digit numeric ID, followed by an ear-cut
designation. They received one of four types of ear-cuts: no cut (N), right cut (R), left cut
(L), or both cut (B). At the same time of receiving their ear cut, each mouse had two
pieces of its tail snipped off: one for our lab to genotype, and one for the HRG lab to
genotype. Pressure was applied to the mouse’s tail until bleeding stopped. The mice were
then left in their cages to continue their growth and development.
Genotyping
DNA extraction & Purification
Snipped mouse tails were placed in a 1.5 ml tube with 500 uL of lysis buffer and 5
uL of proteinase K (20 ug/uL). To ensure that the solution was completely mixed, it was
placed on the vortex (Vortex Genie 2- Fisher Scientific) for 11 seconds. This solution was
then placed in a 55 ˚C water bath for 24 hours; this ensured that the tails were sufficiently
dissolved. Once the tails were dissolved, the solution was placed on a vortex for 11
seconds. The supernatant was then pipetted into a new tube, and the old tube was
discarded. The supernatant was then spun in the centrifuge (Centrifuge 5417cEppendorf) at 13000 RPM for 7 minutes; this was performed to collect debris. The
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supernatant was then pipetted into a new tube. Following this, a 1:1 ratio of isopropanol
to supernatant was added, which was usually less than 500 mL. The solution was then
placed on the vortex and centrifuged at 13000 RPM for 20 minutes. The next step was to
decant the liquid and keep the pellet. Then, 70% ethanol was added in the same 1:1 ratio
as in the prior step. The solution was vortexed, and then centrifuged at 13000 for 20
minutes. After this, the supernatant was discarded, and then the tube containing the pellet
was placed upside-down on top of a paper napkin for a period of at least 7 minutes;
however, sometimes the tube had to be left in the fume hood for a longer period of time
to ensure that no ethanol residue remained. Once this was assured, 50 uL of 3D H20 was
added, and this new solution was vortexed for at least 11 seconds. To ensure that the
pellet completely dissolved, the tube was then placed in a 55 ˚C water bath for 5 minutes,
and then vortexed again for at least 11 seconds.
Nanodrop spectrometry
The Nanodrop 2000c machine (Thermo Scientific) was used to determine the
concentration and purity of each sample. The nanodrop reader operates through the
accompanying computer program. First, when starting the program, the nanodrop reader
needs to be calibrated, which is done automatically by the program. 2 uL of 3D water was
then applied with a micropipette to “blank” the machine. Once this was done, the reader
was wiped clean with lens paper, and 2 uL of DNA sample was applied to the nanodrop
reader. I looked for a positive concentration of DNA that was free of impurities. This
process was performed twice for each sample to ensure reproducibility. Once all samples
were measured, the reader was cleaned, and the program was properly shut down.
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PCR Amplification
First, a PCR worksheet was created to keep all information organized. Separately
labeled PCR tubes (200 uL thin-walled) were created that contained 2.0 uL DNA. The
following reagents were added in a “master mix” per sample: 5.0 uL of PCR quality H20,
10.0 uL of 2X Buffer A (Epicentre), 2.0 uL of primer mix (10 uM, mUae1-1895 Forward:
5‘CTGGAACTGCTTTGGGACTT; mUae1-2200 Reverse:
5‘ATTTGCCTTCGCAGAAACACTGA), and 1.0 uL of RedTaq (Sigma). The amount
added changed depending on how many DNA samples were to be run. 18 uL of this
sample was added to each 2.0 uL sample of DNA; thus, a total sample size of 20 uL per
sample was to be added to the PCR machine (see appendix B for original protocol and
numbered sequences between the primers). We aimed to amplify a 388 base pair region
between the 1895 forward primer and 2200 reverse primer.
Following this, each sample was placed in the PCR machine (Gene Amp PCR
System- Perkin Elmer). The following program was created and run: 1. An initial
denature of 95 ˚C for 60 seconds. 2. 35 cycles of the following: 95 ˚C for 10 seconds, 60
˚C for 8 seconds, 72 ˚C for 60 seconds. 3. Final extension of 72 ˚C for 10 minutes. This
process took about 3.5 hours.
NlaIII Digestion
After the PCR amplification was complete, an enzyme worksheet was created in
order to keep the information as organized as possible. Then, the following reagents were
mixed in a 1 ml tube (per tube): 5.0 uL H20, 2.0 uL 10X Buffer #4, 2.0 uL BSA (100ug/
ml), 4.0 uL PCR product, 1.0 uL NlaIII (10 units, Thermo Scientific). This was repeated
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for each PCR product obtained from the previous step. Next, these solutions were
incubated in a 37 ˚C temperature bath for a period of 4 hours to allow enzyme digestion.
Following this, the tubes were placed in a 65 ˚C heat block for 20 minutes to inactivate
the restriction enzyme.
Polyacrilamide Gel Electrophoresis
Polyacrilamide was chosen as a better matrix for the isolation of my
small, 354-base pair amplicon, rather than agarose. which is a better matrix for
electrophoretic separation of larger fragments of DNA. I used a 7.5% concentration. In
the first lane of each gel, I loaded 1 ul of a DNA ladder (Thermo Scientific, 1 kb Gene
Ruler, 50 ug/ul). In the next three lanes, I loaded PCR products from mice with a
homozygous recessive, heterozygous, and homozygous wild-type genotype, respectively.
Electrophoresis proceeded at 80 V for 75 minutes (Power Pac 200- Biorad). The gel was
stained in 10 mg/ul concentration of ethidium bromide for 5 minutes at room
temperature, de-stained in H2O for 2 minutes, and recorded using a chemiluminescence
machine (Flourchem HD2- Cell Biosciences). This machine contained an
immunoflourescent image capturing program, combined with the accompanying camera,
which was used to capture images.
Data Analysis
Data were analyzed through programs contained in the Apple Numbers program;
graphs and charts were also generated using this same program.
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III
Results
Mouse weights and rotarod times
Mice were exercised over six separate times, and the average was taken of each
testing period. Table 1 contains the sex of each mouse, its mutation, and average of each
trial (A trial represents the number of seconds a mouse was able to stay on the rotarod,
and a period represents each testing day). Each mouse was given two trials per testing
period. Two periods were conducted during each week, and the beginning and ending
weights were recorded. Table 1 shows how each mouse, depending on its genotype,
performed during each testing period. The change in weight from the beginning of the
testing period until the end is also shown; this was done to determine if there was any
significant loss of mass during the course of the study. In order to further elucidate the
effects of each genotype on exercise ability and weight, Table 2 contains the average of
each group, along with the average change in weight of each group. In Table 1, column
one shows the sex of each mouse tested. Column 2 shows the mean rotarod trial time for
each group, which was calculated by taking all 12 trials for each of the six mice, and
dividing it by 72. Column three shows the mean beginning weights for each group, which
was done by adding all six of the mice’s beginning weights from each group, and then
dividing that number by six. Column three shows the concluding weights for each group,
which was done by adding the concluding weights of the six mice from each group, and
dividing that number by six. column four shows the difference in the total beginning and
total ending weights of each group, in order to determine if this number was significant.
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Table 1

This shows the sex of each mouse, its GNE mutation, and the average time during each
testing period. The beginning and concluding weights of the mice are also shown.

Table 2

Here is a table showing the mean rotarod time, beginning weight, concluding weight, and
weight change across each group.

Rotarod Results
Figure 1 contains a line graph that compares the rotarod performances of both the
control group and homozygous mutant mice. Each line represents the mean number of the
rotarod performance times of all the mice in a group. The x-axis represents each of the six
trial periods, and the y axis represents the trial times in seconds. The T-Test value of 0.69
means that there is no significant difference between either of the two groups. The mutant
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mice and the wild-type mice had similar performance results. The main difference is seen
in trial 6, where the wild-type mice averaged approximately 4 seconds, whereas the
homozygous mutant mice average approximately 2.75 seconds.

Figure 1

P=0.74
Figure 1 compares the average weekly rotatod performance time between mutant and
wild-type mice.

Figure 2 contains a line graph that compares the rotarod performances of both the
homozygous group and heterozygous group. Each line represents the mean number of the
rotarod performance times of all the mice in a group. The x-axis represents each of the six
trial periods, and the y axis represents the trial times in seconds. The T-Test value of 0.74
means that there is no significant difference between either of the two groups. The
homozygous mice and heterozygous mice had similar results; however, differences are
seen in trial periods 2 and 3, where the heterozygous mice averaged times of
approximately 1.8 and 1.7, respectively, compared with the homozygous mice that
returned times of approximately 1 second during those trials. The most significant
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difference is seen in trial 6; the homozygous mice averaged approximately 2.5 seconds,
whereas the heterozygous mice averaged 1 second.

Figure 2

P=0.69
Figure 2 compares the average weekly rotatod performance time between mutant and
heterozygous mice.

Figure 3 contains a line graph that compares the rotarod performances of both the
wild-type group and heterozygous group. Each line represents the mean number of the
rotarod performance times of all the mice in a group. The x-axis represents each of the six
trial periods, and the y axis represents the trial times in seconds. The T-Test value of 0.53
means that there is no significant difference between either of the two groups.
Differences are seen in trials 2 and 6. In trial 2, the heterozygous mice averaged a time of
approximately 1.9 seconds, whereas the wild-type mice averaged approximately 1 second
during trial 2. During trial 6, the wild-type mice returned a trial average of approximately
4 seconds, which is significantly higher than the heterozygous mice, which returned a
time of approximately 1 second during this same time period.
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Figure 3

P=0.53
Figure 3 compares the average weekly rotatod performance time between heterozygous
and wild-type mice.

Figure 4 contains a bar graph that compares the average times of each group over
its six trial periods. The mutant group averaged a total time of 1.37 seconds; the
heterozygous group averaged a time of 1.30 seconds; and the wild-type control group
averaged a time of 1.60 seconds. Although the wild-type group returned the greatest
performance time, there was not a significant difference between either of the three
groups.
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Figure 4

Figure 4 shows the average rotarod performance time between each group.
Litter Sizes
Table 3 shows the litter sizes of each control and experimental cage, along with
how many mice survived in each litter. Table 4 shows the average litter size of each
group, along with the average survival rate, survival percentage, and standard deviation.
The wild-type FVB mice had significantly greater average birth rates (11.67 compared to
4.56); they also had much greater rate of survivability (11.67 compared to 2.11).
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Table 3

Number of mice that were born and that survived past
the one week mark in each cage.
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Table 4

Table 4 shows the mean number of mice born and survived between the two groups.

Figure 5 shows a line graph that compares the breeding outcomes of both the
wild-type and heterozygous mutant FVB mice. Only the mouse pups that survived past
the seven day mark were included in this graph. The p value of 9.6x10-8 indicates a
significant difference between the two samples. five of the nine heterozygote samples
failed to have any pups survive in the litter, which is further credence toward the low rate
of survivability seen in the heterozygous mice.
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Figure 5

P=9.6x10-8
Figure 5 compares the litter sizes between each cage in each group
Genotyping
Figure 8 contains a gel result that we used to determine the mutation of each
mouse. Using the procedure described in Chapter 2, I created a gel that showed the bands
that displayed each mouse’s GNE gene genotype.
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Figure 6

Graphical representation of a gel used for genotyping. Lane 1 shows the ladder; lane 2 is
the positive control, the next six lanes are where the restriction enzyme cut the DNA.
NlaIII cuts the wild-type allele at 365 and 254. NlaIII cuts the mutant allele at 354.
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IV
Discussion
Rotarod performance Test
The results of the rotarod performance test show no significant difference between
either of the groups. The data in Table 1 show no additional evidence that would
influence the results. Also, neither group’s weights were significantly altered during the
course of the study period; thus, mass was not gained or lost by the activities they were
performing. In the bar graph that contains the average of each group, I observed that the
wild-type (WT) population, which served as the control group, performed marginally
better than the homozygous (MT) and heterozygous (HT) populations, which served as
the experimental groups. This is primarily because one of the WT mice showed a
significantly greater propensity for rotarod performance than the other mice in its cohort.
Paradoxically, the graph shows that the MT group did better overall than the HT group,
which is different from my expectations. Again, this is because one of the mutant mice
performed greater than the other mice in its group. I expected the MT mice to show
significantly reduced performance, which is why I hypothesized that the MT group would
perform significantly worse than both the HT and WT groups. Regarding the HT group, I
expected that as carriers of the M712T gene mutation, they would perform similarly to
the WT group. Instead, the HT group was the one that exhibited the worst performance.
The results are supported by the line graphs that contain each individual mouse’s
average time. All animals had difficulty staying on the rotarod for any significant length
of time, which creates doubt in the efficacy of the rotarod performance test toward the
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assessment of the mouse population. The line graphs, which show how each mouse
performed during each trial, illustrates that all mice, including the controls, had difficulty
staying on the rotarod. Only one WT mouse showed a significant rotarod performance
time over the other mice.
Since the WT mice performed similarly to the testing group, it opens up a couple
of possibilities. First, there is the possibility that the test results should be taken directly
at face-value. If that is the case, then it can be deduced that the homozygous and
heterozygous mice do not exhibit the muscle wasting phenotype that is found in the
human HIBM population. Adding credence to that idea is that the heterozygous mice
exhibited worse rotarod performance in the sample than homozygous mice; this would
lead to the postulation that the mouse model is flawed and needs to be reevaulated.
However, the observation of the mice does not match the results seen in the rotarod
performance test. Based on the observation of the mice, the homozygous recessive
population has significantly depressed activity when compared to the other two mouse
populations. However, these differences were not illustrated by the rotarod results. There
are a number of reasons why this may not be the case. First, histology studies were not
performed; thus, there is no way of knowing the exact reason behind the lethargy of the
homozygous population. Since mice with the M712T have been identified with having
kidney disease (Valles-Ayoub, et al., 2012), it is uncertain whether they developed kidney
disease, and if this factor had any impact on the performance of the mice. Histology
studies would have allowed us to determine if the skeletal muscle tissue developed the
characteristics seen in human HIBM patients; this would have produced significant
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advances in our knowledge of the M712T GNE mouse model and whether it is
appropriate for further research. Since several homozygous mice were suspected to have
succumbed to kidney disease before the testing period, histology studies of skeletal
muscle and kidney tissue should be a part of any future study performed.
Several doubts surround the actual rotarod mechanism and whether or not it is an
effective tool for measuring differences in strength between the mouse populations. It is
possible that the CSUN machine is not sensitive enough to detect the subtle differences
that could exist between the three populations. First, the machine I used had a minimum
RPM of about 5 revolutions per minute (RPM), which may have been too fast for our
target population and may have prevented the mice from staying on for any length of time
to measure appreciable differences. This is seen in the control population that failed to
stay on the rotarod for any significant length of time. Another factor worth mentioning is
the thickness of the rotarod bar. I used the standard bar that came with the rotarod that
measures at approximately 3 inches in diameter. However, since there is little research
performed on the relation of rotarod thickness to mouse performance, it was difficult to
determine the optimal thickness for the bar. The same holds true for the rotarod speed.
There are few studies that provided a foundation for the proper use of rotarod speed in
IBM mice. In a study by Sugarman and colleagues (2002), an accelerating rotarod was
used, which did show a measurable difference between the homozygous and wild-type
groups. I did not have an accelerating rotarod, which may have been a factor in the
similar times among the groups. This experiment also shows the importance of having a
rotarod that is of suitable technological prowess. The rotarod used in these experiments
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had an unreliable RPM display, which made it difficult to determine the true speed at
which it was operating. Also, since it was not an accelerating rotarod, the mice were
forced to accustom themselves to a sudden increase in speed. Having a rotarod that is
more reliable with more features would make testing more efficient and accurate.
Another significant factor in the results is the failure of the mice to improve
during the course of the testing period. It is common knowledge that exercise increases
endurance. If the mice were of normal physiology, then the normal acclimation that
occurs with exercise and familiarity with the rotarod apparatus should have allowed the
mice, especially the control population, to increase their rotarod times throughout the test
(Holloszy and Booth, 1976). In order to ensure that the mice had sufficient time for
recovery, they were given a one hour rest period between testing; thus, the rest time
should not have been a factor in their inability to increase their performance times. In is
noteworthy to mention that there were two mice with outstanding performances
throughout the groups, and one mouse with a potential neurological abnormality. First,
mouse 8008, despite having both mutant alleles, showed no outward displays of the
HIBM phenotype during observations or during the rotarod testing. The 6000 and 8000
series of mice, which represent the FVB.B6.GNE strain, are more active and energetic
than their FVB-GNE counterparts. This could be a factor as to why 8008 performed well
on the assessment; however, it fails to explain why 8006 did not make the same
improvements in performance as its 8000 brethren. 8003, which was the only 8000
mouse in our wild-type research population, showed a similar response to the rotarod
performance assessment. 8003 showed significant improvement during testing days 4 and
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5. 8003 did have a dramatic reduction during the final testing period, but that may be due
to acclimation to the rotarod mechanism that allowed it to learn that it did not have to
stay on the rotarod for safety. Furthermore, since animals are unpredictable, there are a
number of unknown factors that may have caused 8003 to show reduced performance
during testing day 6. Since 2/3 of the FVB.B6.GNE mice showed increased endurance
during the rotarod testing period, one may deduce that this strain has a greater endurance
capacity than the FVB-GNE strain. Also, it is worth mentioning that 9001 exhibited
unusual behavior throughout its stay at the CSUN vivarium. This mouse normally sat
motionless and did not interact with the other animals. When prompted with human
touch, the mouse often exhibited aggressiveness and over-exaggerated movements. This
mouse failed to reveal any significant rotarod endurance during the testing period. After
consultation with the manager of the vivarium, I came to the conclusion that the mouse
may have a neurological abnormality that may affect its movements, and/or its response
to exercise. Although its performance is in-line with the other mice of its genotype and
strain, it is necessary to mention this as part of due diligence in evaluating the study
results. None of the heterozygous mice in the research population showed any
outstanding results; performances remained approximately constant throughout the
testing period.
Litter size
The wild-type FVB mice showed impressive litter sizes throughout the research
period; litters of 12 or more pups were not uncommon, and this is the reason why FVB
mice are valuable when building a large colony in a short time period. As identified by
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Galeano et al. (2007) and Valles-Ayoub et al. (2012), mice with the GNE mutation have
higher mortality rates and smaller litter sizes. In order to decrease the effects of the
M712T on litter size and pup mortality, the original M712T B6 mutant mice were
backcrossed with the FVB strain. There may be many reasons why the mutation behaves
differently on different genetic backgrounds. First, several studies, such as the one by
Crook et al. (2007), allowed identification of elevated sialic acid levels in women who
are both pregnant and post-partem. Since the exact biochemical pathways that use sialic
acid are unknown, it is difficult to say with any certainty what role sialic acid has during
pregnancy. In the mutant research population, the litter sizes were smaller than the
control group, and the pup’s mortality rate was high. This was unsurprising, considering
that the aforementioned researchers identified the high mortality rate of the homozygous
M712T mice.
However, it is difficult to say with any certainty what caused the pups to die
shortly after birth. It is most certainly due to the sialic acid deficiency identified in prior
research by Galeano et al (2007) and Valles-Ayoub et al. (2012). Also worth mentioning
is that during my observations, I noticed that extremely small litter sizes will not survive.
There were two litters of two pups, with none of the pups from either litter surviving.
According to my observations, it is unusual for this strain to produce small litter sizes,
and it is even more unusual that both small litters failed to survive. I conclude from my
limited data that it appears that a litter size of four or more is needed for any of the pups
to survive. Since there were litter sizes as large as 10 and 9 pups during the research
period, it would be interesting to identify what determines pup sizes in mice with the
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M712T gene mutation. Certain mice may have defects in gamete production, which
would explain why some mice produced no pups or small strains, but this research is
unsubstantiated and would need to be explored in a separate research study. To conclude,
with this mice strain, it appears inevitable that a significant number of mouse pups,
mouse likely homozygotes, will succumb to sialic acid deficiency within 3 days of birth.
Another significant issue is the low pregnancy rate seen in the heterozygous
mating cages. Throughout the research period, I had difficulty expanding the colony
because of the inability of pregnant females to either become pregnant or produce
adequate numbers of healthy pups. During casual observations, I noticed that some
homozygous and heterozygous mice seemed disinterested in mating behaviors, most
likely due to poor health. Whereas the normal FVB mating pairs quickly produced pups
and were eager to mate, about half of our experimental cages failed to produce litters.
This is most likely due to problems in the sialic acid pathway or with gamete production.
It is also interesting to note that in the cages where mutant mice were paired with a
heterozygous mice (not part of the study), no pups resulted. Since the homozygous mice
exhibited significant lethargy, it is difficult to determine if they even engaged in any
reproductive behaviors; there is also the possibility that the mice were sterile and unable
to produce sperm. This is another area that should be examined in a follow-up study: why
homozygous mice fail to produce litters when paired with other mice.
Future Directions
The rotarod data has shown no evidence of a substantial difference between either
of the three groups. I also noticed that many mice fell off the bar the moment that the
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machine was turned on, which provides evidence that they were unable to grip the bar. If
it is true that the M712T mutant mice have a reduced ability to grip the bar, then this
would explain why their rotarod performance was so poor. In order to test if this idea is
accurate, the rotarod test should be repeated with the use of a thinner rotating bar. This
would allow the mice to grip the bar better, which may increase the test sensitivity in
showing a difference between the groups. Another idea would be to use animal treadmill
testing in lieu of the rotarod. For example, the CSUN vivarium contains a rodent
treadmill that applies a shock to the rodent if it reaches the end of the tread, which
encourages it to stay on. Such a device would be easier for the mice to grip while giving
the researcher assurance that the animal is giving a consistent effort. Perhaps the
treadmill could be used in concordance with the rotarod in order to create more relevant
data.
The sample size should be larger. Unfortunately, I encountered many obstacles
that prevented me from having enough homozygous M712T mice to apply advanced
statistical methods. Recommendations from the vivarium staff and colleagues were that a
sample size of eight or more was necessary to apply the advanced statistical tools
necessary to make greater inferences. Unfortunately, the sample size was limited by the
number of mutants in the experimental population. I went through a period where mice
were disappearing from the module in the Vivarium. Since we shared a module with the
mice that were used for feeding and practice purposes, what most likely happened was
our mice were mistaken for scrap mice and were used for those purposes. Although my
colleagues and I quickly solved the problem by moving the mice to a new module, the
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damage done was significant. In the future, it is recommended that researchers do not
share a module with another lab as creating new homozygotes is rather difficult. Based on
my observations, the best way to create more homozygotes may be by mass-breeding
mice that are heterozygous for the mutation, but mice who are homozygous for the
mutation have low survival rates. Since the survival rates identified by Valles et al. (2012)
were 22%, consistent breeding efforts should elicit the eight or more mutant mice
necessary for more thorough analysis.
Histology studies should be a part of any future tests regarding any M712T mice.
As previously mentioned, human individuals with HIBM have a unique skeletal muscle
pathology, and histology studies should be performed in mice with the M712T mutation,
in order to determine if they suffer from this same muscle wasting pattern. Due to cost
and time limitations, I was unable to perform these studies, so I relied on overall body
mass to determine if possible muscle wasting was present. Since I observed no
differences in mass between normal and disordered mice, I have no other indication of
whether there was any loss of muscle mass. Furthermore, since the previous models of
the M712T mice suffered from kidney disease, it is difficult to say if any differences in
performance were the result of muscle wasting, kidney disease, or neither. Further
research should isolate the kidney and skeletal muscle tissue of the mice in the research
population in order to determine if there are any physical markers of the M712T mutation
in the mice. Also, since there is uncertainty as to whether subjects who are heterozygous
for the disorder suffer from any of the phenotypic effects that homozygous patients have,
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it would help to further the knowledge about HIBM if histological studies were taken
from heterozygous mice.
The gels that I obtained were not clear enough to be read properly; the result was
a few mismatched pairings, as some wild-type mice appeared to be heterozygotes. During
the genotyping process, my most clear bands were obtained when I followed the protocol
exactly as described. However, subsequent gels did not have bands clear enough to
accurately determine the mouse’s genotype. I most likely encountered difficulties because
I had to improvise some of the required materials because their high cost. Instead of using
the name-brand reagents described in the protocol, I used materials that were formulated
in the lab. In retrospect, these “home brew” reagents may have been subjected to
contamination or improper formulation, which may have played a role in the gel bands
not appearing as clearly as they could have. However, another possibility includes an
insufficient number of PCR cycles, or it may be associated with the fact that we diluted
the amount of DNA required in the protocol from 20 ng/dl to 10 ng/dl. Unfortunately,
time restraints prevented me from discovering the true cause of my gels not displaying
bands of the necessary clarity. I do suggest that for the clearest bands possible, the
protocol contained in Appendix B should be followed as closely as possible.
Regarding the litter sizes experiment, I was not able to obtain age-matched
controls. Although both groups were from the same strain, the relatively older age of the
experimental group (eight months) may have made a difference in the overall size of the
litter. Research should be performed to determine why some mice produced normal-sized
litters, and why some mice produced extremely small litters that failed to survive. I
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noticed that even outside the research period, litter sizes of one and two have been
correlated with all the pups dying. It would be interesting to determine if this was a series
of random events, or if there is a correlation between small litter size and pup survival
rates, since I observed a correlation between small litter size and premature death in this
study.
Conclusion
My goal during this project was to determine if the rotarod performance test could
be used to detect skeletal muscle wasting in mice affected by the M712T mutation. The
second goal was to determine the difference in litter sizes between FVB mice
heterozygous for the mutation and FVB normal mice. Regarding the first goal, the
outcome still remains inconclusive. I do not know if there are no differences between the
three groups, or if the testing methods lacked the necessary sensitivity and accuracy
needed to detect differences between the groups. Regarding the second goal, I determined
that the normal mice have larger litters with greater survival rates. In summary, more
research needs to be done to determine if the M712T mouse animal model is a suitable
mouse animal model to use in further research in HIBM. I suggest using groups of at
least eight mice, as that is a necessary number to run the advanced statistical tests needed
to add quantitative data.
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Appendix A: GNE Gene Information
GNE Multiple Sequence Alignment
10
20
30
40
50
60
70
80
90
100
....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Platypus MRNA
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Elephant
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Frog
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Anole
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGCAGCACCACCAGAGCCGGATGGAGAGGATGGAGAGCCCGCGGC
Panda
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGAAGAAAAAGAAAATGAGTTCCGTTTGGGCCATTGACTTCA
Rhesus
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Marmoset
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Bunny
ATGAGGGACTGGACCAAGGGAGGTCCTGGTAGGATTGAAGAGGAGAGGACACATTTGGTGGATATTCAGGAGGTGGAATTGACAGAGCTTAGAGGGTATG
Pig
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Hamster
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Rat
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Mouse
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A
Human
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A
Cow
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Chicken
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A
Zebrafish
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Dog
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Monkey
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
HORSE
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Turkey
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Clustal Consensus
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
110
190

120

130

140

150

160

170

180

200

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Platypus MRNA
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGGA
Elephant
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGGA
Frog
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGGA
Anole
GCCTCCCCCGATGGGAGTGGGAGCAGCCCCAGAGCCCGCGCGGTCCCCACGAACTCTATTTCAAGAATCTGTCTAAACAGAAACAAAAGCAAGTAATGGA
Panda
TGGTGTGTACGAATCTGGAGATACCTGGTGGGCATTTGGAATTGTTGGAAGAACTCTATTTTGAGAACCTCTCAAAACAAAAGAAACAAGTC~~~ATGGA
Rhesus
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGGA
Marmoset
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGGA
Bunny
GAATGCGGAACAGAAAAGATAAGGATGTTGAGGCCTTTGGATACATGGAAGAACTCTATTTTAAGAACCTCTCAAAGCAAACAAAAAAACTC~~~ATGGA
Pig
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGGA
Hamster
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGGA
Rat
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGGA
Mouse
TGGAAACACACGCGCATCTCCACAGGGAGCAGAGCTACGCAGGACCTCATGAACTCTATTTTAAGAAACTCTCAAGTAAAAAGAAGCAAGTC~~~ATGGA
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Human
TGGAAACCTATGGTTATCTGCAGAGGGAGTCATGCTTTCAAGGACCTCATGAACTCTATTTTAAGAACCTCTCAAAACGAAACAAGCAAATC~~~ATGGA
Cow
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGGA
Chicken
TGGGCACCAACGTGCCGCCGCGCCGGGAGCCGCCCGCCCAAGGCCCCCATGAACTGTATTTCAAGAATCTTTCAAAACAGAAACAAAAAGAAGACATGGA
Zebrafish
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGGA
Dog
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGGA
Monkey
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGGA
HORSE
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ATGGA
Turkey
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~GAACTGTATTTCAAGAATCTTTCAAAACAGAAACAAAAAGAAGACATGGA
Clustal Consensus
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
210
290

220

230

240

250

260

270

280

300

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Platypus MRNA
GAAGAATGGGAATAACCGAAAGCTTCGGGTTTGTGTTGCTACTTGCAACCGTGCTGATTATTCCAAACTTGCCCCGATTATGTTTGGCATTAAAACAGAG
Elephant
GAAGAATGGGAATAACCGAAAGCTTCGGGTTTGTGTTGCTACTTGCAACCGTGCTGATTATTCCAAACTTGCCCCGATTATGTTTGGCATTAAAACAGAG
Frog
AAAGAATATTAACCAACGGAAGCTACGTGTATGCGTTGCCACTTGTAACAGAGCGGATTATTCCAAATTGGCCCCAATTATGTTTGGTATTAAAGCTGAA
Anole
GAAAAATGGGAACAACCGGAAACTTCGAGTTTGCGTTGCTACTTGTAACCGAGCTGATTATTCCAAACTGGCACCAATTATGTTTGGCATTAAAGCTGAA
Panda
GAAGAATGGGAATAACCGAAAGCTTCGGGTTTGTGTTGCTACTTGCAACCGTGCTGATTATTCTAAACTTGCCCCGATCATGTTTGGCATTAAAATGGAA
Rhesus
GAAGAATGGAAATAACCGAAAGCTGCGGGTTTGTGTTGCTACTTGTAACCGTGCAGATTATTCTAAACTTGCCCCGATCATGTTTGGCATTAAAACTGAA
Marmoset
GAAGAATGGAAATAACCGAAAGCTGCGGGTTTGTGTTGCTACTTGTAACCGTGCAGATTATTCTAAACTTGCCCCAATCATGTTTGGCATTAAAACTGAG
Bunny
GAAGAACGGGAATAACCGAAAGCTGCGGGTTTGCGTTGCTACTTGCAACCGTGCCGATTATTCTAAACTTGCCCCGATCATGTTTGGCATCAAGACGGAA
Pig
AAAGAAGGAGAATAACCGAAAGCTTCGGGTTTGTGTGGCTACTTGCAACCGTGCTGATTATTCTAAACTTGCCCCAATCATGTTTGGCATTAAAATGGAA
Hamster
GAAGAATGGGAATAACCGAAAGCTTCGGGTTTGCGTTGCTACCTGCAACCGTGCAGATTACTCCAAATTGGCCCCGATCATGTTCGGCATTAAGACAGAG
Rat
GAAGAACGGGAATAACCGGAAGCTTCGGGTTTGCGTTGCCACCTGCAACCGAGCCGATTACTCCAAACTGGCCCCCATCATGTTCGGCATTAAGACGGAG
Mouse
GAAGAACGGGAACAACCGAAAGCTCCGGGTTTGCGTTGCCACCTGCAACCGAGCTGACTACTCCAAACTGGCCCCGATCATGTTCGGCATCAAGACAGAG
Human
GAAGAATGGAAATAACCGAAAGCTGCGGGTTTGTGTTGCTACTTGTAACCGTGCAGATTATTCTAAACTTGCCCCGATCATGTTTGGCATTAAAACCGAA
Cow
GAAGAAAGAGAATAACCGGAAGCTTCGGGTTTGTGTTGCTACTTGCAACCGTGCTGATTATTCTAAACTTGCCCCCATCATGTTTGGCATTAAAATGGAA
Chicken
GAAGAATGGAAACAACCGCAAACTTCGTGTTTGTGTTGCTACTTGCAACCGTGCTGATTATTCAAAATTAGCTCCTATTATGTTTGGTATTAAGGCAGAG
Zebrafish
GAAGAATGGAAATAACCGAAAGCTGCGGGTTTGTGTTGCTACTTGTAACCGTGCAGATTATTCTAAACTTGCCCCAATCATGTTTGGCATTAAAACTGAG
Dog
GAAGAATGGGGATAACCGGAAGCTTCGAGTTTGTGTCGCCACTTGCAACCGTGCTGATTATTCCAAACTTGCCCCAATCATGTTTGGCATTAAAATGGAA
Monkey
GAAGAATGGAAATAACCGAAAGCTGCGGGTTTGTGTTGCTACTTGTAACCGTGCAGATTATTCTAAACTTGCCCCGATCATGTTTGGCATTAAAACCGAA
HORSE
GAAGAATGGGGATAACCGGAAGCTTCGAGTTTGTGTCGCCACTTGCAACCGTGCTGATTATTCCAAACTTGCCCCAATCATGTTTGGCATTAAAATGGAA
Turkey
GAAGAATGGAAACAACCACAAACTTCGTGTTTGTGTTGCTACTTGCAACCGTGCTGATTATTCAAAATTAGCTCCTATTATGTTTGGTATTAAGGCAGAA
Clustal Consensus
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
310
390

320

330

340

350

360

370

380

400

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Platypus MRNA
CCTGAGTTCTTTGAACTTGATGTGGTGGTACTTGGCTCTCACCTGATAGATGACTATGGAAATACATATCGCATGATTGAACAAGATGACTTTGACATTA
Elephant
CCTGAGTTCTTTGAACTTGATGTGGTGGTACTTGGCTCTCACCTGATAGATGACTATGGAAATACATATCGCATGATTGAACAAGATGACTTTGACATTA
Frog
CCAGACCGCTTTGTGCTGAGTGTAGTAGTTATAGGCTCTCATCTTATTGATGACTATGGCAATACTTATCGTATGATAGAGCAGGATGATTTCGATATTC
Anole
CCACAGTTCTTTGAGCTTGACGTGGTGGTTCTTGGATCCCACCTGATTGATGACTATGGTAACACTTACCGTATGATTGAGCAGGATGACTTTGACATCC
Panda
CCTGAGTTCTTTGAACTTGATGTGGTGGTACTTGGCTCTCACCTGATAGATGACTACGGGAACACATACCGCATGATTGAACAAGATGACTTTGACATTA
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Rhesus
CCTGAGTTCTTTGAACTTGATGTTGTGGTACTTGGCTCTCACCTGATAGATGACTATGGAAATACATATAGAATGATTGAACAAGATGACTTTGACATTA
Marmoset
CCTGACTTCTTTGAACTTGATGTTGTGGTACTTGGCTCTCACCTGATCGATGACTATGGAAATACATATCGAATGATTGAACAAGATGACTTTGACATTA
Bunny
CCCGAGTTCTTTGAACTTGATGTGGTGGTACTTGGCTCTCACCTGATAGATGACTACGGAAACACCTATCGCATGATTGAACAAGATGACTTTGACATTA
Pig
CCTGAGTTCTTTGAACTTGACGTGGTGGTACTCGGCTCTCACCTGATAGATGACTATGGAAACACATACCGCATGATTGAACAAGATGACTTTGACATTA
Hamster
CCTGCCTTCTTTGAGCTGGATGTGGTGGTGCTGGGCTCTCACCTCATAGATGACTACGGAAACACATATCGAATGATTGAGCAAGATGACTTTGACATTA
Rat
CCTGCGTTCTTCGAGCTCGACGTGGTGGTGCTGGGCTCTCACCTGATCGACGACTACGGAAACACATACCGCATGATTGAGCAGGACGACTTTGACATCA
Mouse
CCCGCGTTCTTTGAGTTGGACGTGGTGGTGCTCGGCTCCCACCTGATTGACGACTATGGAAACACATACCGCATGATTGAGCAAGATGACTTTGACATTA
Human
CCTGAGTTCTTTGAACTTGATGTTGTGGTACTTGGCTCTCACCTGATAGATGACTATGGAAATACATATCGAATGATTGAACAAGATGACTTTGACATTA
Cow
CCTGAGTTCTTTGAACTTGACGTGGTGGTACTTGGCTCTCACCTGATAGATGACTATGGAAACACGTATCGCATGATTGAACAAGATGACTTTGACATTA
Chicken
CCACAGTTCTTTGAGCTTGATGTTGTAGTGCTTGGTTCCCACTTGATTGATGATTATGGTAACACTTATCGCATGATTGAACAAGATGACTTCGATATTC
Zebrafish
CCTGACTTCTTTGAACTTGATGTTGTGGTACTTGGCTCTCACCTGATCGATGACTATGGAAATACATATCGAATGATTGAACAAGATGACTTTGACATTA
Dog
CCTGAGTTCTTTGAACTTGATGTGGTGGTACTTGGCTCTCACCTAATAGATGATTATGGGAACACATACCGCATGATTGAACAAGATGACTTTGACATTA
Monkey
CCTGAGTTCTTTGAACTTGATGTTGTGGTACTTGGCTCTCACCTGATAGATGACTATGGAAATACATATCGAATGATTGAACAAGATGACTTTGACATTA
HORSE
CCTGAGTTCTTTGAACTTGATGTGGTGGTACTTGGCTCTCACCTAATAGATGATTATGGGAACACATACCGCATGATTGAACAAGATGACTTTGACATTA
Turkey
CCACAGTTCTTTGAGCTTGATGTCGTAGTGCTTGGTTCCCACTTGATTGATGATTATGGTAACACTTATCGCATGATTGAACAAGATGACTTCGATATTC
Clustal Consensus
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
410
490

420

430

440

450

460

470

480

500

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Platypus MRNA
ACACCAGGCTACACACGATCGTTAGGGGGGAAGATGAGGCAGCCATGGTGGAGTCAGTAGGCCTGGCCCTGGTGAAGTTACCAGATGTCCTTAATCGCCT
Elephant
ACACCAGGCTACACACGATCGTTAGGGGGGAAGATGAGGCAGCCATGGTGGAGTCAGTAGGCCTGGCCCTGGTGAAGTTACCAGATGTCCTTAATCGCCT
Frog
AAGCAAGGTTACATACAATTGTGAGGGGAGAGGATGAAGCCTCGATGGTTGAGTCAGTTGGCCTTGCTTTGGTAAAGCTTCCAGATGTTTTAAACCGTTT
Anole
ATACCAGGTTACATACAATAGTGAGAGGAGAAGACGAAGCATCCATGGTGGAGTCGGTTGGCCTTGCCTTGGTCAAACTGCCAGATGTTCTCAATCGCCT
Panda
ACACGAGGCTACACACAATTGTTAGAGGGGAAGATGAGGCAGCCATGGTAGAATCAGTAGGCTTGGCCCTAGTGAAGCTACCAGATGTCCTTAATCGCTT
Rhesus
ACACCAGGCTACACACAATTGTGAGGGGAGAAGATGAGGCAGCCATGGTGGAGTCAGTAGGCCTGGCCCTAGTGAAGCTGCCAGATGTCCTTAATCGCCT
Marmoset
ACACCAGGCTCCACACAATTGTGAGGGGAGAAGATGAGGCAGCTATGGTGGAGTCAGTAGGCCTGGCCCTAGTGAAGCTGCCAGATGTCCTTAATCGCCT
Bunny
ATACCAGGCTACATACAATCGTTAGGGGGGAAGATGAGGCAGCCATGGTGGAGTCAGTAGGCCTGGCCCTTGTGAAGCTACCAGATGTCCTTAACCGTCT
Pig
ACACCAGGCTACACACGATTGTCAGAGGGGAAGATGAGGCAGCCATGGTGGAGTCAGTAGGCCTGGCCCTTGTGAAGCTCCCAGATGTCCTTAACCGCCT
Hamster
ACACCAGGCTACACACGATCGTTAGAGGGGAAGATGAAGCAGCCATGGTAGAGTCAGTAGGCCTAGCTCTAGTGAAGCTACCAGATGTCCTTAATCGCCT
Rat
ACACCAGGCTACACACGATTGTTAGAGGGGAAGACGAAGCAGCCATGGTAGAGTCAGTGGGCCTAGCGCTAGTGAAGCTACCGGATGTCCTCAACCGCCT
Mouse
ACACCAGGCTCCACACGATTGTTAGAGGGGAAGATGAAGCGGCCATGGTAGAGTCGGTAGGCCTAGCGCTCGTGAAGCTACCGGACGTCCTCAATCGCCT
Human
ACACCAGGCTACACACAATTGTGAGGGGAGAAGATGAGGCAGCCATGGTGGAGTCAGTAGGCCTGGCCCTAGTGAAGCTGCCAGATGTCCTTAATCGCCT
Cow
ACACCAGGTTACACACGATTGTCAGAGGGGAAGATGAGGCAGCCATGGTGGAGTCAGTAGGCCTGGCCCTTGTGAAGCTACCAGATGTCCTTAATCGCCT
Chicken
ATACAAGATTGCACACTATTGTGAGAGGGGAGGATGAGGCAGCCATGGTGGAATCAGTAGGCCTTGCATTAGTGAAGTTACCAGACGTCCTGAACCGCCT
Zebrafish
ACACCAGGCTCCACACAATTGTGAGGGGAGAAGATGAGGCAGCTATGGTGGAGTCAGTAGGCCTGGCCCTAGTGAAGCTGCCAGATGTCCTTAATCGCCT
Dog
ATACCAGGCTACACACAATTGTGAGAGGGGAAGATGAGGCAGCCATGGTAGAATCAGTAGGCTTGGCCCTAGTAAAGCTACCAGATGTCCTTAATCGTTT
Monkey
ACACCAGGCTACACACAATTGTGAGGGGAGAAGATGAGGCAGCCATGGTGGAGTCAGTAGGCCTGGCCCTAGTGAAGCTGCCAGATGTCCTTAATCGCCT
HORSE
ATACCAGGCTACACACAATTGTGAGAGGGGAAGATGAGGCAGCCATGGTAGAATCAGTAGGCTTGGCCCTAGTAAAGCTACCAGATGTCCTTAATCGTTT
Turkey
ATACAAGATTGCACACTATTGTGAGAGGGGAGGATGAGGCAGCCATGGTGGAATCAGTAGGCCTCGCATTAGTGAAGTTACCAGATGTCCTGAACCGCCT
Clustal Consensus
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Platypus MRNA
GAAGCCTGATATCATGATTGTTCATGGAGACAGGTTTGATGCCCTGGCTCTGGCTACGTCTGCTGCTTTGATGAACATCCGAATCCTTCACATTGAAGGT
Elephant
GAAGCCTGATATCATGATTGTTCATGGAGACAGGTTTGATGCCCTGGCTCTGGCTACGTCTGCTGCTTTGATGAACATCCGAATCCTTCACATTGAAGGT
Frog
GAATCCAGACATAATTGTTGTCCATGGGGATAGATTTGATGCATTGGCCTTGGCTACATCTGCTGCATTAATGAACATTAGGATTCTTCACATAGAAGGC
Anole
GAAGCCTGACATAATGATAGTCCACGGAGACAGGTTTGATGCCCTTGCACTGGCAACTTCTGCAGCCTTAATGAACATTCGAATTCTGCACATTGAAGGT
Panda
GAAACCTGATATCATGATTGTTCATGGAGACAGGTTTGATGCCCTGGCTCTGGCTACATCTGCCGCCTTGATGAATATCCGAATCCTTCACATTGAAGGT
Rhesus
GAAGCCTGATATCATGATTGTTCATGGAGACAGGTTTGATGCCCTGGCTCTGGCCACATCTGCTGCCTTGATGAACATCCGAATCCTTCACATTGAAGGT
Marmoset
AAAGCCTGATATCATGATTGTTCATGGAGACAGGTTTGATGCCCTGGCTCTGGCTACATCTGCTGCCTTGATGAACATCCGAATCCTTCACATTGAAGGT
Bunny
GAAGCCTGACATCATGATTGTTCATGGAGACCGGTTTGATGCCCTGGCTCTGGCTACGTCTGCTGCCTTGATGAACATCCGAATCCTTCATATTGAAGGA
Pig
GAAGCCGGATATCATGATTGTCCATGGAGACAGGTTTGATGCCCTGGCGCTGGCTACATCCGCTGCCTTGATGAACATCCGAATCCTTCACATTGAAGGG
Hamster
GAAGCCTGACATCATGATTGTTCATGGAGACCGATTTGATGCCCTTGCCCTGGCTACATCTGCTGCCTTGATGAACATCCGAATCCTTCACATTGAAGGA
Rat
GAAGCCTGACATCATGATTGTTCACGGAGACCGATTTGACGCCCTCGCTCTGGCTACATCTGCTGCCCTGATGAACATCCGCATCCTTCACATTGAAGGA
Mouse
GAAGCCCGACATCATGATTGTTCACGGAGACCGATTTGACGCCCTTGCTCTGGCTACGTCTGCTGCCTTGATGAACATCCGCATCCTTCACATTGAAGGA
Human
GAAGCCTGATATCATGATTGTTCATGGAGACAGGTTTGATGCCCTGGCTCTGGCCACATCTGCTGCCTTGATGAACATCCGAATCCTTCACATTGAAGGT
Cow
GAAACCTGATATCATGATTGTTCATGGAGACAGGTTTGATGCCCTGGCTCTGGCTACATCTGCTGCCTTGATGAACATCCGAATCCTTCACATTGAAGGC
Chicken
GAAACCTGACATAATGATAGTTCATGGTGACAGATTTGATGCTTTGGCACTAGCCACATCTGCAGCCCTGATGAATATTCGCATTCTTCACATTGAAGGT
Zebrafish
AAAGCCTGATATCATGATTGTTCATGGAGACAGGTTTGATGCCCTGGCTCTGGCTACATCTGCTGCCTTGATGAACATCCGAATCCTTCACATTGAAGGT
Dog
GAAGCCTGATATCATGATTGTTCATGGAGACAGATTTGATGCCCTGGCTCTGGCTACATCTGCTGCCTTGATGAATATCCGAATCCTTCACATTGAAGGT
Monkey
GAAGCCTGATATCATGATTGTTCATGGAGACAGGTTTGATGCCCTGGCTCTGGCCACATCTGCTGCCTTGATGAACATCCGAATCCTTCACATTGAAGGT
HORSE
GAAGCCTGATATCATGATTGTTCATGGAGACAGATTTGATGCCCTGGCTCTGGCTACATCTGCTGCCTTGATGAATATCCGAATCCTTCACATTGAAGGT
Turkey
GAAACCTGACATAATGATAGTTCATGGTGACAGATTTGATGCTTTGGCACTAGCCACATCTGCAGCCCTGATGAATATTCGCATTCTTCACATTGAAGGC
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Platypus MRNA
GGGGAAGTCAGTGGGACCATTGATGACTCTATCAGACATGCCATAACAAAACTGGCTCATTATCACGTGTGCTGCACCCGAAGTGCAGAGCAACACTTAA
Elephant
GGGGAAGTCAGTGGGACCATTGATGACTCTATCAGACATGCCATAACAAAACTGGCTCATTATCACGTGTGCTGCACCCGAAGTGCAGAGCAACACTTAA
Frog
GGTGAAGTCAGTGGAACCATAGATGACTCTATTAGACACTCTATCACGAAACTGGCTCATTATCATGCCTGCTGCACCAGAAGTGCAGAACAGCATCTTA
Anole
GGAGAAGTCAGTGGGACCATAGATGACTCCATTAGGCATGCCATAACCAAATTGGCTCATTACCATGTGTGTTGCACAAGGAATGCAGAGCAACATTTGA
Panda
GGGGAAGTCAGTGGGACCATTGATGATTCTATCAGACATGCCATAACAAAACTGGCTCATTATCATGTATGCTGCACCCGAAGTGCAGAGCAACACCTGA
Rhesus
GGGGAAGTCAGTGGGACCATTGATGACTCTATTAGACATGCCATAACAAAACTGGCTCATTATCATGTGTGCTGCACCCGCAGTGCAGAGCAGCACCTGA
Marmoset
GGGGAAGTCAGTGGGACCATTGATGACTCTATCAGACATGCCATAACAAAACTGGCTCATTATCATGTGTGCTGCACCCGAAGTGCAGAGCAGCACCTGA
Bunny
GGGGAAGTCAGCGGGACTATTGATGACTCCATCAGACATGCCATCACAAAGCTGGCTCACTATCACGTGTGCTGCACCCGCAGTGCAGAGCAGCACCTGA
Pig
GGGGAAGTCAGTGGGACCATTGACGACTCCATCAGACACGCCATAACGAAACTGGCTCATTATCACGTGTGCTGCACCCGGAGTGCCGAGCAGCACCTGA
Hamster
GGAGAGGTCAGTGGGACTATTGATGACTCTATCAGACATGCCATAACAAAACTGGCTCATTACCACGTGTGCTGCACCAGAAGTGCAGAACAACACCTGA
Rat
GGAGAGGTCAGTGGGACTATTGATGACTCTATCAGACACGCCATAACAAAACTGGCTCACTACCACGTGTGCTGCACCAGGAGTGCAGAGCAACACCTGA
Mouse
GGCGAGGTCAGCGGGACCATTGATGACTCTATCAGACACGCCATAACAAAACTGGCTCACTACCATGTGTGCTGCACTAGAAGTGCAGAGCAGCACCTGA
Human
GGGGAAGTCAGTGGGACCATTGATGACTCTATCAGACATGCCATAACAAAACTGGCTCATTATCATGTGTGCTGCACCCGCAGTGCAGAGCAGCACCTGA
Cow
GGGGAAGTCAGTGGGACCATTGATGACTCTATCAGACACGCCATAACAAAACTGGCTCATTATCACGTGTGCTGCACCCGAAGTGCAGAGCAACACCTGA
Chicken
GGAGAAGTCAGTGGGACCATTGACGACTCTATTAGACATGCTATAACCAAACTGGCCCATTACCACGTGTGCTGCACAAGGAGTGCAGAGCAGCATTTGA

57

Zebrafish
GGGGAAGTCAGTGGGACCATTGATGACTCTATCAGACATGCCATAACAAAACTGGCTCATTATCATGTGTGCTGCACCCGAAGTGCAGAGCAGCACCTGA
Dog
GGGGAAGTCAGTGGGACCATTGATGATTCTATCAGACATGCCATCACAAAACTGGCTCATTATCATGTGTGCTGCACCCGAAGTGCAGAGCAACACCTGA
Monkey
GGGGAAGTCAGTGGGACCATTGATGACTCTATCAGACATGCCATAACAAAACTGGCTCATTATCATGTGTGCTGCACCCGCAGTGCAGAGCAGCACCTGA
HORSE
GGGGAAGTCAGTGGGACCATTGATGATTCTATCAGACATGCCATCACAAAACTGGCTCATTATCATGTGTGCTGCACCCGAAGTGCAGAGCAACACCTGA
Turkey
GGGGAAGTCAGTGGGACCATTGACGACTCTATCAGACATGCTATAACCAAACTGGCCCATTACCATGTGTGCTGCACAAGGAGTGCAGAGCAACATTTGA
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Platypus MRNA
TATCCATGTGTGAGGACCATGATCGCATCCTTTTGGCAGGCTGTCCTTCCTATGACAAACTTCTTTCAGCCAAGAACAAGGACTATATGAGCATCATTCG
Elephant
TATCCATGTGTGAGGACCATGATCGCATCCTTTTGGCAGGCTGTCCTTCCTATGACAAACTTCTTTCAGCCAAGAACAAGGACTATATGAGCATCATTCG
Frog
TTGCTATGTGTGAGGACCATGACAGAATCCTTTTGGCTGGATGTCCCTCCTATGACAAACTTCTCAGTGTAAACAATAAGGACTACATGAGTGTTATAAA
Anole
TATCTATGTGTGAAGACCATGATCGGATCCTACTGGCTGGCTGCCCTTCCTATGACAAGTTGCTGTCTTCCAAAAAGAAAGACTACATGAGCATTATCCG
Panda
TATCCATGTGTGAGGACCATGATCGCATCCTTCTGGCGGGCTGCCCTTCCTATGACAAGCTTCTCTCTGCCAAGAACAAAGACTACATGAGCATCATTCG
Rhesus
TATCCATGTGTGAGGACCATGATCGCATCCTTTTGGCAGGCTGTCCTTCTTACGACAAACTTCTCTCAGCCAAGAACAAAGACTACATGAGCATCATTCG
Marmoset
TATCCATGTGTGAGGACCATGATCGCATCCTTTTGGCAGGCTGCCCTTCCTATGACAAACTCCTCTCAGCCAAGAACAAAGACTACATGAGCATCATTCG
Bunny
TATCCATGTGTGAGGACCATGACCGCATCCTGTTGGCAGGCTGCCCTTCCTATGACAAGCTTCTCTCAGCCAAGAACAAAGACTACATGAGCATCATCCG
Pig
TATCCATGTGCGAGGACCACGATCGCATCCTGTTGGCAGGCTGCCCTTCCTATGACAAGCTTCTCTCCGCCAAGAACAAGGACTACATGAGCATCATTCG
Hamster
TATCCATGTGTGAGGACCACGACCGTATCCTTTTGGCAGGCTGCCCTTCCTATGACAAACTGCTCTCAGCCAAGAATAAAGACTATATGAGCATCATTCG
Rat
TCTCCATGTGTGAGGACCACGACCGCATCCTTTTGGCCGGCTGCCCTTCCTATGACAAACTGCTCTCAGCCAAGAATAAAGACTATATGAGCATCATTCG
Mouse
TCTCTATGTGCGAGGACCACGACCGCATCCTGTTGGCAGGCTGCCCTTCCTATGACAAACTGCTCTCCGCCAAGAACAAAGACTATATGAGCATCATTCG
Human
TATCCATGTGTGAGGACCATGATCGCATCCTTTTGGCAGGCTGCCCTTCCTATGACAAACTTCTCTCAGCCAAGAACAAAGACTACATGAGCATCATTCG
Cow
TATCCATGTGTGAGGACCATGACCGCATCCTGCTGGCAGGCTGCCCTTCCTACGACAAGCTGCTCTCCGCCAAGAACAAAGACTACATGAGCATCATTCG
Chicken
TAGCCATGTGTGAAGACCACGACCGCATCCTTTTAGCAGGTTGTCCTTCATATGACAAACTTCTCTCTGCCAAAAATAAGGACTACATGAGTGTTATACG
Zebrafish
TATCCATGTGTGAGGACCATGATCGCATCCTTTTGGCAGGCTGCCCTTCCTATGACAAACTCCTCTCAGCCAAGAACAAAGACTACATGAGCATCATTCG
Dog
TATCCATGTGTGAGGACCATGATCGCATCCTTCTGGCAGGCTGCCCTTCCTATGACAAACTTCTCTCTGCCAAGAACAAAGACTACATGAGCATCATTCG
Monkey
TATCCATGTGTGAGGACCATGATCGCATCCTTTTGGCAGGCTGCCCTTCCTATGACAAACTTCTCTCAGCCAAGAACAAAGACTACATGAGCATCATTCG
HORSE
TATCCATGTGTGAGGACCATGATCGCATCCTTCTGGCAGGCTGCCCTTCCTATGACAAACTTCTCTCTGCCAAGAACAAAGACTACATGAGCATCATTCG
Turkey
TAGCCATGTGTGAAGACCATGATCGCATCCTTTTAGCAGGCTGTCCTTCGTATGACAAGCTTCTCTCTGCCAAAAATAAGGACTACATGAGTGTTATACG
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Platypus MRNA
GATGTGGCTAGGTGATGATGTAAAATCTAAAGATTACATTGTTGCACTACAGCACCCTGTGACCACTGACATTAAGCATTCCATAAAAATGTTTGAATTA
Elephant
GATGTGGCTAGGTGATGATGTAAAATCTAAAGATTACATTGTTGCACTACAGCACCCTGTGACCACTGACATTAAGCATTCCATAAAAATGTTTGAATTA
Frog
AATGTGGCTTGGTGATGATGCTAAGAGTGGGGAGTATATTGTGGCCTTGCAGCACCCAGTAACTACTGATATTAAACATTCAATTAAGATGTTTGAGTTC
Anole
CATGTGGTTAGGTGAAGGTGTAAAACCAAAGGATTATATAGTAGCTTTACAACACCCAGTGACCACAGATATTAAACATTCCATAAAGATGTTTGAATTG
Panda
GATGTGGTTAGGTGATGATGTAAAATCTAAAGATTACATTGTTGCGCTGCAGCACCCTGTGACCACTGACATTAAGCATTCCATTAAAATGTTTGAATTA
Rhesus
CATGTGGCTAGGTGATGATGTAAAATCTAAAGATTACATTGTTGCACTACAGCACCCTGTGACCACTGACATTAAGCATTCCATAAAAATGTTTGAATTA
Marmoset
GATGTGGCTAGGTGATGATGTAAAATCTAAAGATTACATTGTTGCACTACAGCACCCTGTGACCACTGACATTAAGCATTCCATAAAAATGTTTGAATTA
Bunny
AATGTGGCTGGGTGATGATGTAAAGTCTAAAGATTACATTGTTGCACTGCAGCACCCTGTGACCACTGACATTAAGCATTCCATTAAAATGTTTGAACTA

58

Pig
GATGTGGTTGGGTGATGATGTCAAGTCTAAAGATTACATTGTGGCCCTCCAGCACCCTGTGACCACTGACATTAAGCATTCCATAAAGATGTTCGAGTTA
Hamster
GATGTGGCTAGGTGATGATGTAAAATGTAAAGATTACATTGTTGCACTGCAGCACCCTGTGACCACTGACATTAAGCATTCCATAAAGATGTTTGAATTA
Rat
GATGTGGCTAGGTGATGATGTAAAATGTAAAGATTACATTGTTGCCCTGCAACACCCGGTGACCACCGACATTAAGCATTCCATAAAGATGTTCGAACTG
Mouse
GATGTGGCTAGGCGATGATGTAAAATGTAAGGATTACATCGTTGCCCTGCAGCATCCCGTGACCACTGACATTAAGCATTCCATAAAGATGTTTGAGCTA
Human
CATGTGGCTAGGTGATGATGTAAAATCTAAAGATTACATTGTTGCACTACAGCACCCTGTGACCACTGACATTAAGCATTCCATAAAAATGTTTGAATTA
Cow
GATGTGGTTAGGTGATGATGTAAAACCTAAAGATTACATTGTCGCACTTCAGCACCCTGTGACCACTGACATTAAGCATTCTATAAAAATGTTTGAATTA
Chicken
CATGTGGCTGGGTGAAGATGTTAAACCCAGAGACTATATAGTTGCTCTGCAACATCCTGTAACCACAGATATTAAACATTCCATAAAGATGTTTGAACTG
Zebrafish
GATGTGGCTAGGTGATGATGTAAAATCTAAAGATTACATTGTTGCACTACAGCACCCTGTGACCACTGACATTAAGCATTCCATAAAAATGTTTGAATTA
Dog
GATGTGGTTAGGTGATGATGTAAAATCTAAAGATTACATTGTTGCGCTACAACACCCTGTGACCACTGACATTAAGCATTCCATAAAAATGTTTGAATTA
Monkey
CATGTGGCTAGGTGATGATGTAAAATCTAAAGATTACATTGTTGCACTACAGCACCCTGTGACCACTGACATTAAGCATTCCATAAAAATGTTTGAATTA
HORSE
GATGTGGTTAGGTGATGATGTAAAATCTAAAGATTACATTGTTGCGCTACAACACCCTGTGACCACTGACATTAAGCATTCCATAAAAATGTTTGAATTA
Turkey
TGTATGGCTAGGTGAAGATGTTAAACCCAGAGATTATATAGTTGCTCTGCAACATCCTGTAACCACAGATATTAAACATTCCATAAAGATGTTTGAACTG
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Platypus MRNA
ACATTGGATGCCCTTATCTCATTTAACAAGCGGACCCTAGTTCTGTTTCCAAATATTGATGCAGGGAGCAAAGAGATGGTTCGAGTGATGCGGAAGAAGG
Elephant
ACATTGGATGCCCTTATCTCATTTAACAAGCGGACCCTAGTTCTGTTTCCAAATATTGATGCAGGGAGCAAAGAGATGGTTCGAGTGATGCGGAAGAAGG
Frog
ACACTGGATGCACTGCTCTCCTTCAACAAGAAAACACTTATACTTTTTCCAAATATTGATGCAGGAAGCAAAGAAATGGTACGAGTAATGAGGAAAAAGG
Anole
ACTTTAGATGCTCTTATATCTTTTAATAAGATGACATTGGTTTTATTCCCAAATATTGATGCAGGAAGCAAAGAAATGGTTCGAGTAATGAGGAAGAAAG
Panda
ACATTGGATGCGCTTATCTCATTTAACAAGCGGACCCTAGTTCTGTTTCCAAACATTGATGCAGGGAGCAAGGAGATGGTTCGAGTGATGCGGAAGAAGG
Rhesus
ACATTGGATGCACTTATCTCATTTAACAAGCGGACCCTAGTTCTGTTTCCAAATATTGATGCAGGGAGCAAAGAGATGGTTCGAGTGATGCGGAAGAAGG
Marmoset
ACATTGGATGCACTTATCTCATTTAACAAGCGGACCCTAGTTCTGTTTCCAAATATTGATGCAGGGAGCAAAGAGATGGTTCGAGTGATGCGGAAGAAGG
Bunny
ACATTGGATGCACTTATCTCATTTAACAAGCGGACCTTAGTTCTGTTTCCAAATATTGATGCAGGGAGCAAAGAGATGGTTCGAGTGATGCGGAAGAAGG
Pig
ACCTTGGATGCGCTTATCTCATTTAACAAGCGGACCCTAGTTCTGTTTCCAAATATTGATGCAGGGAGCAAAGAGATGGTTCGAGTGATGCGGAAGAAGG
Hamster
ACACTGGATGCACTTATCTCATTTAACAAGAGGACCCTAGTTCTGTTTCCAAATATTGATGCAGGGAGCAAGGAGATGGTTCGAGTGATGCGGAAGAAGG
Rat
ACACTGGATGCTCTTATCTCATTTAACAAGAGGACCCTAGTTCTGTTTCCAAATATCGATGCAGGCAGCAAGGAGATGGTTCGAGTGATGCGGAAGAAGG
Mouse
ACACTGGATGCCCTGATCTCGTTTAACAAGAGGACCCTAGTTCTGTTTCCAAATATCGATGCAGGCAGCAAGGAGATGGTTCGAGTGATGCGGAAGAAGG
Human
ACATTGGATGCACTTATCTCATTTAACAAGCGGACCCTAGTCCTGTTTCCAAATATTGACGCAGGGAGCAAAGAGATGGTTCGAGTGATGCGGAAGAAGG
Cow
ACATTGGATGCACTTATCTCATTTAACAAGCGGACCCTAGTTCTGTTTCCAAATATTGATGCAGGAAGCAAAGAGATGGTTCGAGTGATGCGGAAGAAGG
Chicken
ACACTAGATGCACTCATTTCCTTTAACAAGAGAACACTTGTTCTATTCCCCAATGTAGATGCAGGAAGCAAAGAGATGGTTCGGGTGATGAGGAAGAAGG
Zebrafish
ACATTGGATGCACTTATCTCATTTAACAAGCGGACCCTAGTTCTGTTTCCAAATATTGATGCAGGGAGCAAAGAGATGGTTCGAGTGATGCGGAAGAAGG
Dog
ACATTGGATGCACTTATCTCATTTAACAAGCGGACTCTAGTTCTGTTTCCAAACATTGACGCAGGGAGCAAAGAGATGGTTCGAGTGATGCGGAAGAAAG
Monkey
ACATTGGATGCACTTATCTCATTTAACAAGCGGACCCTAGTCCTGTTTCCAAATATTGATGCAGGGAGCAAAGAGATGGTTCGAGTGATGCGGAAGAAGG
HORSE
ACATTGGATGCACTTATCTCATTTAACAAGCGGACTCTAGTTCTGTTTCCAAACATTGACGCAGGGAGCAAAGAGATGGTTCGAGTGATGCGGAAGAAAG
Turkey
ACACTAGATGCGCTCATTTCCTTTAACAAGAGAACACTTGTTCTATTCCCCAATGTAGATGCAGGAAGCAAAGAGATGGTTCGGGTGATGAGGAAGAAGG
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Platypus MRNA
GCATTGAGCATCATCCCAATTTCCGTGCAGTTAAACATGTCCCGTTTGACCAGTTTATACAATTGGTTGCCCACGCTGGTTGTATGATTGGAAACAGCAG

59

Elephant
GCATTGAGCATCATCCCAATTTCCGTGCAGTTAAACATGTCCCGTTTGACCAGTTTATACAATTGGTTGCCCACGCTGGTTGTATGATTGGAAACAGCAG
Frog
GTGTGGAACACCACCCAAATTTTCGAGCTGTGAAACATGTTCCATTTGAACAGTTTATCCAATTAGTTGCCCATGCCGGATGCATGATTGGAAATAGCAG
Anole
GTGTTGAGCACCACCCAAATTTCCGAGCAGTAAAGCATGTTCCCTTTGACCAGTTCATTCAGTTAGTGGCTCATGCTGGATGTGTGATTGGGAACAGCAG
Panda
GCATTGAGCACCATCCCAACTTCCGCGCAGTTAAACATGTCCCATTTGACCAGTTTATACAGTTGGTCGCCCATGCTGGTTGTATGATAGGGAACAGCAG
Rhesus
GCATTGAGCATCATCCCAATTTTCGTGCAGTTAAACACGTCCCATTTGACCAGTTTATACAGTTGGTTGCCCATGCTGGTTGTATGATTGGGAACAGCAG
Marmoset
GCATTGAGCATCATCCCAATTTTCGTGCAGTTAAACACGTCCCATTTGACCAGTTTATACAGCTGGTTGCTCATGCTGGTTGTATGATTGGGAATAGCAG
Bunny
GCATTGAGCATCATCCCAATTTCCGTGCTGTTAAACACGTCCCGTTTGACCAGTTTATACAGCTGGTTGCCCATGCGGGTTGTATGATTGGAAATAGCAG
Pig
GCATTGAGCATCACCCCAATTTTCGTGCCGTGAAACATGTCCCGTTTGACCAGTTTATACAGCTGGTTGCCCATGCTGGTTGTATGATTGGGAATAGCAG
Hamster
GCATTGAGCATCATCCCAATTTTCGTGCAGTCAAGCATGTCCCATTTGACCAGTTTATACAGCTGGTCGCCCATGCTGGTTGTATGATTGGCAATAGCAG
Rat
GCATCGAGCATCACCCCAATTTCCGCGCAGTCAAGCACGTCCCGTTTGACCAGTTCATTCAGCTGGTCGCCCACGCTGGCTGCATGATTGGGAATAGCAG
Mouse
GCATCGAGCATCACCCCAATTTCCGTGCAGTCAAGCACGTCCCGTTTGACCAGTTCATACAGCTGGTCGCCCACGCTGGCTGCATGATTGGGAATAGCAG
Human
GCATTGAGCATCATCCCAACTTTCGTGCAGTTAAACACGTCCCATTTGACCAGTTTATACAGTTGGTTGCCCATGCTGGCTGTATGATTGGGAACAGCAG
Cow
GCATTGAGCATCATCCCAATTTTCGTGCAGTTAAACATGTCCCATTTGACCAGTTTATACAGCTGGTTGCCCATGCTGGTTGTATGATTGGGAACAGCAG
Chicken
GCATTGAACATCATCCCAATTTTCGGGCAGTGAAGCATGTCCCATTTGACCAGTTCATTCAGCTAGTTGCCCATGCTGGTTGTATGATTGGTAACAGCAG
Zebrafish
GCATTGAGCATCATCCCAATTTTCGTGCAGTTAAACACGTCCCATTTGACCAGTTTATACAGCTGGTTGCTCATGCTGGTTGTATGATTGGGAATAGCAG
Dog
GCATCGAGCATCATCCCAATTTCCGTGCAGTTAAACATGTCCCATTTGACCAGTTTATACAGTTGGTTGCTCATGCAGGTTGTATGATTGGGAACAGCAG
Monkey
GCATTGAGCATCATCCCAACTTTCGTGCAGTTAAACACGTCCCATTTGACCAGTTTATACAGTTGGTTGCCCATGCTGGCTGTATGATTGGGAACAGCAG
HORSE
GCATCGAGCATCATCCCAATTTCCGTGCAGTTAAACATGTCCCATTTGACCAGTTTATACAGTTGGTTGCTCATGCAGGTTGTATGATTGGGAACAGCAG
Turkey
GCATTGAACATCATCCCAATTTTCGGGCAGTGAAGCATGTCCCATTTGACCAGTTCATTCAGCTAGTTGCCCATGCTGGTTGTATGATTGGTAACAGCAG
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Platypus MRNA
CTGCGGGGTTCGAGAGGTTGGAGCTTTTGGAACACCTGTGATCAACCTGGGGACACGTCAGATCGGAAGAGAAACAGGGGAGAATGTTCTTCATGTCCGG
Elephant
CTGCGGGGTTCGAGAGGTTGGAGCTTTTGGAACACCTGTGATCAACCTGGGGACACGTCAGATCGGAAGAGAAACAGGGGAGAATGTTCTTCATGTCCGG
Frog
TTGCGGGGTCCGTGAAGCAGGGGCTTTTGGCACACCAGTCATCAATTTGGGAACTCGTCAGACAGGAAGAGAAACAGGTGAAAATGTTCTTCATGTACGT
Anole
TTGTGGTGTGCGAGAAGTTGGGGCTTTTGGTACCCCAGTCATCAATCTTGGAACACGGCAGATAGGAAGAGAAACAGGTGAAAATGTCCTTCATGTTCGT
Panda
CTGTGGAGTACGCGAGGTTGGAGCTTTTGGAACACCTGTGATCAATCTAGGAACACGTCAGATTGGAAGAGAAACGGGGGAGAATGTCCTTCACGTCCGG
Rhesus
CTGTGGGGTTCGAGAAGTTGGAGCTTTTGGGACACCTGTGATCAACCTGGGAACACGTCAGATTGGAAGAGAAACAGGGGAGAATGTTCTTCATGTCCGG
Marmoset
CTGTGGGGTACGAGAGGTGGGAGCTTTTGGAACACCTGTGATCAACCTGGGAACACGTCAGATTGGAAGAGAAACAGGGGAGAATGTTCTTCATGTCCGG
Bunny
CTGTGGGGTGCGAGAGGTTGGAGCCTTTGGAACACCTGTGATCAATCTGGGAACACGTCAGATTGGAAGAGAAACAGGGGAGAACGTCCTTCACGTCCGG
Pig
TTGCGGGGTACGGGAGGTCGGCGCTTTTGGAACACCTGTGATCAACCTAGGAACACGTCAGATTGGAAGAGAAACAGGGGAGAATGTCCTGCATGTCCGG
Hamster
CTGTGGAGTTCGAGAGGTTGGCGCTTTTGGAACACCCGTGATAAACCTGGGAACACGCCAGATAGGAAGAGAAACAGGGGAGAATGTTCTTCATGTGCGG
Rat
CTGTGGAGTGCGTGAGGTTGGCGCCTTTGGAACCCCTGTGATCAACCTGGGCACGCGGCAGATAGGAAGAGAAACGGGGGAGAATGTTCTTCATGTCCGG
Mouse
CTGCGGCGTGCGAGAGGTTGGCGCTTTCGGAACACCCGTGATCAACCTGGGCACAAGGCAGATAGGAAGAGAAACCGGGGAGAATGTTCTTCATGTCAGG
Human
CTGTGGGGTTCGAGAAGTTGGAGCTTTTGGAACACCTGTGATCAACCTGGGAACACGTCAGATTGGAAGAGAAACAGGGGAGAATGTTCTTCATGTCCGG
Cow
CTGTGGGGTACGAGAAGTTGGAGCTTTTGGAACACCTGTGATCAACTTAGGAACACGTCAGATTGGAAGAGAAACAGGGGAGAATGTCCTTCATGTCCGG
Chicken
TTGTGGGGTCAGAGAAGTGGGAGCATTTGGCACACCTGTCATCAACCTGGGGACACGTCAGACAGGAAGAGAAACAGGTGAAAATGTTCTTCATGTTCGT
Zebrafish
CTGTGGGGTACGAGAGGTGGGAGCTTTTGGAACACCTGTGATCAACCTGGGAACACGTCAGATTGGAAGAGAAACAGGGGAGAATGTTCTTCATGTCCGG
Dog
CTGTGGAGTACGAGAGGTTGGAGCTTTTGGAACACCTGTGATCAATCTAGGAACACGTCAGATTGGAAGAGAAACAGGGGAGAATGTCCTTCATGTCCGG
Monkey
CTGTGGGGTTCGAGAAGTTGGAGCTTTTGGAACACCTGTGATCAACCTGGGAACACGTCAGATTGGAAGAGAAACAGGGGAGAATGTTCTTCATGTCCGG

60

HORSE
CTGTGGAGTACGAGAGGTTGGAGCTTTTGGAACACCTGTGATCAATCTAGGAACACGTCAGATTGGAAGAGAAACAGGGGAGAATGTCCTTCATGTCCGG
Turkey
TTGTGGTGTCAGAGAAGTGGGAGCATTTGGTACACCTGTTATCAACTTGGGGACACGTCAGACAGGAAGAGAAACAGGTGAAAATGTTCTTCATGTTCGC
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Platypus MRNA
GATGCTGACACCCAAGACAAAATATTGCAAGCTCTGCACCTTCAGTTTGGTAAACAGTACCCTTGTTCAAAGATATATGGAGATGGGAATGCTGTTCCCA
Elephant
GATGCTGACACCCAAGACAAAATATTGCAAGCTCTGCACCTTCAGTTTGGTAAACAGTACCCTTGTTCAAAGATATATGGAGATGGGAATGCTGTTCCCA
Frog
GATGCAGATACCCAAAACAAAATAATCCATGCACTTCAGCTCCAGTTTGGAAAACGATATCCCTGTTCAAAGATCTATGGTGATGGAAATGCTGTCCCAC
Anole
GATGCTGACACCCAGGACAAAATACTTCAAGCCCTGCATCTCCAGTTTGGAAAACAGTATCCCTGTTCGAAAATATATGGGGATGGGAATGCTGTTCCAA
Panda
GATGCTGACACCCAAGACAAAATACTGCAAGCGCTGCACCTTCAGTTTGGTAAACAGTACCCTTGTTCAAAGATCTATGGGGATGGGAACGCTGTTCCGA
Rhesus
GATGCTGACACCCAAGACAAAATATTGCAAGCACTGCACCTTCAGTTTGGTAAACAGTACCCTTGTTCAAAGATATATGGGGATGGAAATGCTGTTCCAA
Marmoset
GATGCTGACACCCAAGACAAAATATTGCAAGCACTGCACCTTCAGTTTGGTAAACAGTACCCTTGTTCAAAGATATATGGGGATGGAAATGCTGTTCCAA
Bunny
GATGCTGACACCCAAGACAAAATACTGCAAGCCCTGCACCTTCAGTTTGGCAAACAGTACCCTTGTTCAAAGATATATGGCGATGGAAATGCTGTTCCAA
Pig
GATGCTGATACCCAAGACAAAATATTGCAAGCACTGCACCTTCAGTTTGGGAAACAGTACCCTTGTTCAAAGATATATGGGGATGGAAACGCTGTTCCAA
Hamster
GATGCTGACACCCAAGATAAAATATTACAAGCGCTCCACCTTCAGTTCGGTAAACAGTACCCTTGCTCAAAGATATATGGGGATGGAAATGCTGTTCCAA
Rat
GATGCTGACACCCAAGACAAAATATTACAAGCACTACACCTCCAGTTCGGTAAACAGTACCCTTGCTCAAAGATATATGGGGATGGAAATGCTGTTCCAA
Mouse
GATGCTGACACCCAAGATAAAATATTGCAAGCACTACACCTCCAGTTCGGCAAACAGTACCCTTGCTCAAAGATATATGGGGATGGGAATGCTGTTCCAA
Human
GATGCTGACACCCAAGACAAAATATTGCAAGCACTGCACCTTCAGTTTGGTAAACAGTACCCTTGTTCAAAGATATATGGGGATGGAAATGCTGTTCCAA
Cow
GATGCTGATACCCAAGACAAAATATTGCAAGCGTTGCACCTTCAGTTTGGTAAACAGTACCCTTGTTCAAAGATATATGGGGATGGAAATGCTGTTCCAA
Chicken
GATGCTGACACACAGGATAAAATTCTGCATGCGCTACAGCTCCAGTTTGGTAAGCAGTATCCATGCTCCAAAATATACGGTGATGGTAATGCTGTTCCAA
Zebrafish
GATGCTGACACCCAAGACAAAATATTGCAAGCACTGCACCTTCAGTTTGGTAAACAGTACCCTTGTTCAAAGATATATGGGGATGGAAATGCTGTTCCAA
Dog
GATGCTGATACCCAAGACAAAATACTGCAAGCACTGCACCTTCAGTTTGGTAAACAATACCCTTGTTCAAAGATATATGGGGATGGAAATGCTGTTCCGA
Monkey
GATGCTGACACCCAGGACAAAATATTGCAAGCACTGCACCTTCAGTTTGGTAAACAGTACCCTTGTTCAAAGATATATGGGGATGGAAATGCTGTTCCAA
HORSE
GATGCTGATACCCAAGACAAAATACTGCAAGCACTGCACCTTCAGTTTGGTAAACAATACCCTTGTTCAAAGATATATGGGGATGGAAATGCTGTTCCGA
Turkey
GATGCTGACACACAGGATAAAATTCTGCATGCGCTACAGCTCCAGTTTGGTAAGCAGTATCCATGCTCAAAAATATATGGTGATGGTAATGCTGTTCCAA
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GGATTTTGAAATTTCTCAAATCTATTGATCTTCAAGAGCCACTACAAAAGAAATTCTGCTTTCCTCCTGTGAAGGAGAATATCTCTCAAGATATTGACCA
Elephant
GGATTTTGAAATTTCTCAAATCTATTGATCTTCAAGAGCCACTACAAAAGAAATTCTGCTTTCCTCCTGTGAAGGAGAATATCTCTCAAGATATTGACCA
Frog
GGATTGTGAAGTTTTTAAAATCAATCAGTCTTGACGAGCCACTTCAAAAGAAGTTCTGTTTCCCTCCGGTAAAAGAAAGCATCTCTCAAGATATTGACCA
Anole
GAATTTTGAAGTTCCTTAAATCTATTGACCTCCAAGAACCCCTTCAGAAGAAATTCTGCTTCCCTCCTGTAAAAGAGAACATCTCTCAAGATATTGATCA
Panda
GGATTCTGAAGTTTCTTAAATCTATTGATCTTCAGGAGCCACTACAAAAGAAATTCTGCTTTCCTCCCGTGAAGGAGAATATCTCTCAAGACATTGACCA
Rhesus
GGATTTTGAAGTTTCTCAAATCTATCGATCTTCAAGAGCCACTGCAAAAGAAATTCTGCTTTCCTCCTGTGAAGGAGAATATCTCTCAAGATATTGACCA
Marmoset
GGATTTTGAAGTTTCTCAAATCTATTGATCTTCAAGAGCCACTACAAAAGAAATTCTGCTTCCCTCCTGTGAAGGAGAATATCTCTCAAGATATTGACCA
Bunny
GAATTTTGAAGTTTCTCAAATCTATTGATCTCCAAGAGCCGCTGCAGAAGAAATTCTGCTTTCCTCCAGTGAAGGAGAACATCTCTCAAGACATTGACCA
Pig
GGATTTTGAAATTTCTCAAATCTATTGATCTTCAAGAGCCACTACAAAAGAAATTCTGTTTTCCTCCCGTGAAGGATAACATCTCCCAGGACATTGACCA
Hamster
GGATTTTAAAGTTTCTCAAATCTATTGACCTCCAAGAGCCACTACAGAAGAAATTCTGCTTCCCTCCTGTGAAGGAGAACATCTCTCAAGATATTGACCA
Rat
GGATTTTAAAGTTTCTCAAATCCATCGACCTTCAAGAGCCACTACAGAAGAAATTCTGCTTCCCTCCCGTGAAGGAGAACATCTCTCAGGATATTGACCA

61

Mouse
GGATTTTAAAGTTTCTCAAATCCATTGACCTTCAAGAGCCACTACAGAAGAAATTCTGCTTCCCCCCTGTAAAGGAGAACATCTCTCAAGACATTGACCA
Human
GGATTTTGAAGTTTCTCAAATCTATCGATCTTCAAGAGCCACTGCAAAAGAAATTCTGCTTTCCTCCTGTGAAGGAGAATATCTCTCAAGATATTGACCA
Cow
GGATTTTGAAGTTTCTCAAATCTATTGATCTTCAAGAGCCACTACAAAAGAAATTTTGTTTTCCTCCTGTGAAGGATAACATCTCTCAAGATATTGACCA
Chicken
GAATTTTGAAGTTCCTTAAATCTATTGACCTCAAAGAGCCATTGCAAAAGAAATTCTGTTTTCCTCCTGTCAAAGATAATATCTCTCAAGATATAGACCA
Zebrafish
GGATTTTGAAGTTTCTCAAATCTATTGATCTTCAAGAGCCACTACAAAAGAAATTCTGCTTCCCTCCTGTGAAGGAGAATATCTCTCAAGATATTGACCA
Dog
GGATTTTGAAGTTTCTCAAATCTATTGATCTTCAAGAGCCACTACAAAAGAAATTCTGCTTTCCTCCTGTGAAGGAGAATATCTCTCAAGATATTGACCA
Monkey
GGATTTTGAAGTTTCTCAAATCTATCGATCTTCAAGAGCCACTGCAAAAGAAATTCTGCTTTCCTCCTGTGAAGGAGAATATCTCTCAAGATATTGACCA
HORSE
GGATTTTGAAGTTTCTCAAATCTATTGATCTTCAAGAGCCACTACAAAAGAAATTCTGCTTTCCTCCTGTGAAGGAGAATATCTCTCAAGATATTGACCA
Turkey
GGATTTTGAAGTTCCTTAAATCTATTGACCTCAAAGAGCCATTGCAAAAGAAATTCTGTTTTCCTCCTGTCAAAGATAATATCTCTCAAGATATAGACCA
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TATTCTTGAAACTCTAAGTGCCTTGGCTGTTGATCTGGGTGGGACAAACCTCCGAGTTGCAATAGTCAGCATGAAGGGTGAAGTAGTTAAGAAGTATACT
Elephant
TATTCTTGAAACTCTAAGTGCCTTGGCTGTTGATCTGGGTGGGACAAACCTCCGAGTTGCAATAGTCAGCATGAAGGGTGAAGTAGTTAAGAAGTATACT
Frog
CATTCTGGAAACCTTGAGTGCTTTGGCTGTAGATCTTGGAGGGACAAACCTAAGAATAGGTATCGTCAGTATGACGGGTGAAATAATAAAAAAGTATGTG
Anole
TATCCTAGAAACCCAGAGTGCATTGGCGGTGGATCTAGGAGGAACAAACCTCCGAGTAGCAATTGTTAGCATGAAGGGTGAAATTGTTAAGAAAGATACT
Panda
TATTCTTGAAACTCTAAGTGCCTTGGCTGTTGATCTCGGTGGGACAAACCTCCGAGTTGCAATAGTCAGCATGAAGGGTGAAATTGTTAAGAAGTATACT
Rhesus
TATTCTTGAAACTCTAAGTGCCTTGGCCGTTGATCTCGGCGGGACAAACCTCCGAGTTGCAATAGTCAGCATGAAGGGTGAAATAGTTAAGAAGTATACT
Marmoset
TATTCTTGAAACTCTAAGTGCCTTGGCCGTTGATCTTGGTGGGACGAACCTCCGAGTTGCAATAGTCAGCATGAAGGGTGAAATAGTTAAGAAGTATACT
Bunny
TATTCTGGAAACTCTAAGTGCCTTGGCTGTTGATCTCGGTGGGACAAACCTCCGAGTTGCAATAGTCAGCATGAAGGGTGAAATAGTTAAGAAGTATACT
Pig
TATTCTTGAAACTCTAAGCGCCTTGGCTGTTGATCTTGGTGGGACAAACCTCCGAGTTGCCATAGTCAGCATGAAGGGTGAAATAGTTAAGAAGTATACG
Hamster
TATTCTTGAAACTCTGAGTGCCTTGGCTGTTGATCTTGGAGGAACAAACCTCAGAGTGGCAATAGTTAGCATGAAGGGTGAAATAGTTAAGAAGTACACT
Rat
TATCCTCGAAACTCTGAGTGCCTTGGCTGTTGATCTCGGGGGGACGAATCTGAGAGTGGCGATAGTTAGCATGAAGGGTGAAATAGTTAAGAAGTACACC
Mouse
CATCCTGGAAACTCTGAGTGCCTTGGCTGTTGATCTTGGCGGGACAAACCTGAGGGTGGCAATAGTTAGCATGAAGGGTGAAATCGTTAAGAAGTACACT
Human
TATTCTTGAAACTCTAAGTGCCTTGGCCGTTGATCTTGGCGGGACGAACCTCCGAGTTGCAATAGTCAGCATGAAGGGTGAAATAGTTAAGAAGTATACT
Cow
TATTCTTGAAACTCTAAGTGCCTTGGCTGTTGATCTTGGCGGGACGAACCTCCGAGTTGCAATAGTCAGCATGAAGGGTGAAATAGTTAAGAAGTATACT
Chicken
CATTCTAGAGACACAGAGTGCTTTGGCTGTGGACCTAGGTGGAACAAATCTCCGAGTAGCAATTGTCAGTATGAAGGGTGAAATAGTTAAGAAGTATACC
Zebrafish
TATTCTTGAAACTCTAAGTGCCTTGGCCGTTGATCTTGGTGGGACGAACCTCCGAGTTGCAATAGTCAGCATGAAGGGTGAAATAGTTAAGAAGTATACT
Dog
TATTCTTGAAACTCTAAGCGCCCTGGCTGTTGATCTCGGTGGGACAAACCTCCGAGTTGCAATAGTCAGCATGAAGGGTGAAATTGTTAAGAAGTATACT
Monkey
TATTCTTGAAACTCTAAGTGCCTTGGCCGTTGATCTCGGCGGGACGAACCTCCGAGTTGCAATAGTCAGCATGAAGGGTGAAATAGTTAAGAAGTATACT
HORSE
TATTCTTGAAACTCTAAGCGCCCTGGCTGTTGATCTCGGTGGGACAAACCTCCGAGTTGCAATAGTCAGCATGAAGGGTGAAATTGTTAAGAAGTATACT
Turkey
CATTCTAGAGACACAGAGTGCTTTGGCTGTGGACTTAGGTGGAACAAATCTCCGAGTAGCAATTGTCAGTATGAAGGGTGAAATAGTTAAGAAGTATACC
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CAGTTCAATCCTAAAACCTATGAAGAAAGGATTAATTTAATCCTACAGATGTGTGTGGAAGCTGCAGCAGAAGCTGTAAAACTGAACTGCAGGATTTTGG
Elephant
CAGTTCAATCCTAAAACCTATGAAGAAAGGATTAATTTAATCCTACAGATGTGTGTGGAAGCTGCAGCAGAAGCTGTAAAACTGAACTGCAGGATTTTGG
Frog
CAGCCCAATCCTAAAACATATGAGGACAGAATAGAACTCATTTTAAAAATGTGTGTTGAGGCAGCATCTGAAGCTGTTAAGCTGAACTGCAGGATACTTG
Anole
CAGCTGAATCCCAGAACCTATCAGGAAAGAATAGAAGTGATCCTTAAGATGTGTATAGAAGCTGCATCAGAAGCAGTAAATCTGAACTGCAGAATTCTGG

62

Panda
CAGTTCAATCCTAAAACCTATGAAGAGAGGATTAATTTAATCCTACAGATGTGTGTGGAAGCTGCAGCGGAAGCTGTAAAACTGAACTGCAGAATTTTGG
Rhesus
CAGTTCAATCCTAAAACCTATGAAGAGAGGATTAATTTAATCCTACAGATGTGTGTGGAAGCTGCAGCAGAAGCTGTAAAACTGAACTGCAGAATTTTGG
Marmoset
CAGTTCAATCCTAAAACCTATGAAGAGAGGATTAATTTAATCCTACAGATGTGTGTAGAAGCTGCAGCAGAAGCTGTAAAACTGAACTGCAGAATTTTGG
Bunny
CAGTTCAATCCAAAAACCTATGAAGAGAGGATTAACTTAATCCTACAGATGTGTGTGGAAGCTGCAGCAGAAGCTGTAAAACTGAACTGTAGGATTTTGG
Pig
CAGTTCAATCCTAAAACCTATGAGGAGAGGATTAATTTAATTCTACAGATGTGTGTAGAAGCCGCAGCAGAAGCTGTCAAACTGAACTGCCGGATTTTGG
Hamster
CAGTTCAATCCTAAAACCTACGAAGAAAGGATTAGTTTAATCCTGCAGATGTGTGTGGAAGCTGCAGCAGAAGCTGTGAAACTGAACTGCAGAATTCTGG
Rat
CAGTTCAATCCTAAAACCTATGAGGAAAGGATTAGTCTAATCCTGCAGATGTGTGTGGAAGCGGCAGCAGAAGCCGTGAAGCTCAATTGCAGAATTCTGG
Mouse
CAGTTCAACCCTAAAACCTATGAAGAAAGGATTAGTTTAATCCTGCAGATGTGTGTGGAAGCTGCCGCGGAAGCTGTGAAACTCAATTGCAGAATTCTGG
Human
CAGTTCAATCCTAAAACCTATGAAGAGAGGATTAATTTAATCCTACAGATGTGTGTGGAAGCTGCAGCAGAAGCTGTAAAACTGAACTGCAGAATTTTGG
Cow
CAGTTCAATCCTAAAACGTATGAAGAGAGGATTAATTTAATCCTACAGATGTGTGTAGAAGCCGCAGCAGAAGCTGTAAAACTGAACTGCAGAATTTTGG
Chicken
CAGCTCAACCCTAAAACTTACGAAGACAGACTAGGTTTAATTCTAAAGATGTGTGTAGAAGCTGCATCGGAGGCAGTAAATCTGAACTGCAGAATTTTGG
Zebrafish
CAGTTCAATCCTAAAACCTATGAAGAGAGGATTAATTTAATCCTACAGATGTGTGTAGAAGCTGCAGCAGAAGCTGTAAAACTGAACTGCAGAATTTTGG
Dog
CAGTTCAATCCTAAAACCTATGAAGAGAGGATTAATTTAATCCTACAGATGTGTGTAGAAGCTGCAGCAGAAGCTGTAAAACTCAACTGCAGAATTTTGG
Monkey
CAGTTCAATCCTAAAACCTATGAAGAGAGGATTAATTTAATCCTACAGATGTGTGTGGAAGCTGCAGCAGAAGCTGTAAAACTGAACTGCAGAATTTTGG
HORSE
CAGTTCAATCCTAAAACCTATGAAGAGAGGATTAATTTAATCCTACAGATGTGTGTAGAAGCTGCAGCAGAAGCTGTAAAACTCAACTGCAGAATTTTGG
Turkey
CAGCTCAACCCTAAAACTTATGAAGACAGACTAGATTTAATTCTAAAGATGTGTGTAGAAGCTGCATCGGAGGCAGTAAATCTGAACTGCAGAATTTTGG
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GAGTC~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Elephant
GAGTC~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Frog
GTGTGGGAATTTCTACAGGAGGTCGTGTGAACCCTCGTGAAGGTGTAGTGCTTCATTCCACAAAACTAATACAAGAGTGGAGCTCTGTGGACCTTAGAAC
Anole
GTGTGGGCATTTCTACAGGTGGGCGAGTAAATCCTCGAGAAGGTGTTGTTCTCCATTCCACAAAACTTATTCAAGAATGGAGTTCTGTTGACTTACGGAC
Panda
GAGTAGGTATTTCTACGGGTGGCCGTGTAAATCCTCGGGAAGGAATTGTGCTGCATTCAACCAAACTGATTCAAGAATGGAACTCCGTGGACCTCAGGAC
Rhesus
GAGTAGGCATTTCCACAGGTGGCCGTGTAAATCCTCGGGAAGGAATTGTGCTGCATTCTACCAAACTGATCCAAGAGTGGAACTCTGTGGACCTTAGGAC
Marmoset
GAGTAGGCATTTCCACAGGTGGCCGTGTAAATCCTCGGGAAGGAATTGTGCTGCATTCAACCAAACTGATCCAAGAGTGGAACTCTGTGGACCTCAGGAC
Bunny
GAGTAGGCATTTCCACAGGTGGCCGGGTAAATCCTCGGGAAGGAATTGTGCTGCATTCAACCAAACTGATTCAAGAGTGGAACTCTGTAGACCTCAGGAC
Pig
GAGTAGGCATTTCCACAGGCGGCCGGGTAAATCCTCGGGAAGGAATTGTGCTGCATTCCACCAAACTGATTCAAGAATGGAACTCTGTGGATCTCAGGAC
Hamster
GAGTAGGCATTTCCACAGGTGGCCGTGTGAATCCTCAGGAAGGAATTGTGCTGCATTCAACCAAACTGATACAGGAATGGAACTCTGTGGACCTCAGAAC
Rat
GAGTAGGCATCTCCACAGGTGGCCGTGTGAATCCCCAGGAAGGAGTTGTGCTGCACTCGACCAAGCTGATACAGGAGTGGAACTCTGTGGACCTCAGGAC
Mouse
GAGTAGGCATCTCCACAGGTGGCCGCGTGAATCCCCAGGAAGGAGTTGTGCTGCATTCAACCAAGCTGATCCAGGAATGGAACTCCGTGGACCTCAGGAC
Human
GAGTAGGCATTTCCACAGGTGGCCGTGTAAATCCTCGGGAAGGAATTGTGCTGCATTCAACCAAACTGATCCAAGAGTGGAACTCTGTGGACCTTAGGAC
Cow
GAGTAGGCATTTCTACAGGTGGCCGTGTAAATCCTCGGGAAGGAATTGTGCTGCATTCAACCAAACTGATTCAAGAATGGAACTCCGTGGACCTCAGAAG
Chicken
GAGTAGGTATTTCCACAGGTGGGCGAGTAAACCCTCGAGAAGGAATTGTACTTCACTCCACAAAACTCATTCAGGAGTGGAGCTCTGTAGATCTCCGAAC
Zebrafish
GAGTAGGCATTTCCACAGGTGGCCGTGTAAATCCTCGGGAAGGAATTGTGCTGCATTCAACCAAACTGATCCAAGAGTGGAACTCTGTGGACCTCAGGAC
Dog
GAGTAGGTATTTCTACGGGTGGCCGTGTAAATCCCCGGGAAGGAGTCGTGCTGCATTCAACCAAACTGATTCAAGAATGGAACTCCGTGGACCTCCGGAC
Monkey
GAGTAGGCATTTCCACAGGTGGCCGTGTAAATCCTCGGGAAGGAATTGTGCTGCATTCAACCAAACTGATCCAAGAGTGGAACTCTGTGGACCTTAGGAC
HORSE
GAGTAGGTATTTCTACGGGTGGCCGTGTAAATCCCCGGGAAGGAGTCGTGCTGCATTCAACCAAACTGATTCAAGAATGGAACTCCGTGGACCTCCGGAC
Turkey
GAGTAGGTATTTCCACAGGTGGACGGGTAAACCCTCGAGAAGGAATTGTACTTCACTCCACAAAACTCATTCAGGAGTGGAGCTCTGTAGATCTCAGAAC
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Elephant
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Frog
TCCTCTTTCTGACACACTACATCTACCAGTATGGGTAGACAATGATGGCAATTGTGCTGCACTTGCAGAGAGGAAATTTGGCCAAGGAAAAGGAATAGAG
Anole
TCCCATATCAGATGCTCTGCACTTGCCAGTGTGGGTTGACAATGATGGCAACTGTGCAGCTCTTGCAGAGAGAAAATTTGGACATGGAAAAGGAATAGAA
Panda
CCCCCTCTCTGACACCTTGCATCTCCCCGTGTGGGTGGACAATGATGGCAATTGTGCTGCCCTGGCGGAAAGGAAGTTTGGCCAAGGAAAGGGCCTGGAA
Rhesus
CCCCCTTTCTGACACTTTGCATCTCCCCGTGTGGGTAGACAATGATGGCAACTGTGCTGCCCTGGCAGAAAGGAAATTTGGCCAAGGAAAGGGACTGGAA
Marmoset
CCCCCTGTCTGACACTTTGCATCTCCCCGTATGGGTAGACAATGATGGCAACTGTGCTGCCCTGGCAGAAAGGAAATTTGGCCAAGGAAAGGGACTGGAA
Bunny
TCCCCTGTCTGACACTCTGCATCTCCCCGTGTGGGTAGACAATGATGGCAACTGTGCTGCCCTGGCAGAAAGGAAATTTGGCCAAGGAAAGGGGCTGGAA
Pig
CCCCCTGTCTGACACTTTGCATCTCCCCGTGTGGGTAGACAACGACGGCAACTGTGCTGCTTTGGCAGAAAGGAAATTTGGCCAAGGAAAGGGCCTGGAG
Hamster
ACCCCTCTCTGACACCTTACATCTCCCTGTGTGGGTGGACAATGATGGCAACTGTGCTGCCATGGCAGAAAGGAAGTTTGGCCAAGGAAAAGGACAAGAA
Rat
ACCACTCTCCGACACCCTGCATCTCCCCGTGTGGGTGGACAACGACGGCAACTGCGCTGCCATGGCGGAGAGGAAGTTTGGCCAAGGAAAAGGACAGGAG
Mouse
ACCCCTCTCCGACACCCTGCATCTCCCCGTGTGGGTGGACAATGACGGCAACTGTGCCGCCATGGCAGAGAGGAAGTTCGGCCAAGGAAAAGGACAGGAG
Human
CCCCCTTTCTGACACTTTGCATCTCCCTGTGTGGGTAGACAATGATGGCAACTGTGCTGCCCTGGCGGAAAGGAAATTTGGCCAAGGAAAGGGACTGGAA
Cow
CCCCCTGTCTGACACTTTGCATCTCCCCGTGTGGGTAGACAATGATGGCAACTGTGCTGCCCTGGCAGAAAGGAAATTTGGCCAAGGAAAAGGCCTTGAA
Chicken
CCCAATATCTGATGCTCTGCACTTACCAGTCTGGGTGGACAACGATGGAAACTGTGCTGCTCTAGCAGAAAGGAAATTTGGTCATGGAAAAGGAATAGAA
Zebrafish
CCCCCTGTCTGACACTTTGCATCTCCCCGTATGGGTAGACAATGATGGCAACTGTGCTGCCCTGGCAGAAAGGAAATTTGGCCAAGGAAAGGGACTGGAA
Dog
CCCGCTGTCTGACACCTTGCATCTCCCCGTGTGGGTGGACAATGATGGCAATTGTGCTGCCCTGGCGGAAAGGAAATTTGGCCAAGGAAAGGGCCTGGAA
Monkey
CCCCCTTTCTGACACTTTGCATCTCCCTGTGTGGGTAGACAATGATGGCAACTGTGCTGCCCTGGCGGAAAGGAAATTTGGCCAAGGAAAGGGACTGGAA
HORSE
CCCGCTGTCTGACACCTTGCATCTCCCCGTGTGGGTGGACAATGATGGCAATTGTGCTGCCCTGGCGGAAAGGAAATTTGGCCAAGGAAAGGGCCTGGAA
Turkey
CCCAATATCTGATGCTCTGCACTTGCCAGTCTGGGTGGATAATGATGGAAATTGTGCTGCTCTAGCAGAAAGAAAATTTGGTCATGGAAAAGGAATAGAA
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~~~~~~~~~~~~~~~~~~~~~~~~~~~GGAATTGGTGGTGGCATCATCCATCAGCATGAGTTGATCCATGGAAGCTCCTACTGTGCTGCAGAACTTGGTC
Elephant
~~~~~~~~~~~~~~~~~~~~~~~~~~~GGAATTGGTGGTGGCATCATCCATCAGCATGAGTTGATCCATGGAAGCTCCTACTGTGCTGCAGAACTTGGTC
Frog
GACTTTGTGACTGTTATTACTGGTACAGGGATTGGAGGAGGAGTCATTCATAACCACGAATTGGTTCATGGCAGCTCTTTCTGTGCTGGCGAGCTGGGTC
Anole
AACTTTGTAACGCTCATCACTGGGACAGGTATTGGTGGTGGAATCATTCATCAAAATGAATTAATTCATGGGAGCTCTTTTTGCGCTGCTGAACTTGGGC
Panda
AACTTTGTGACCCTTATCACAGGCACAGGAATTGGCGGGGGGATCATCCATCAGCACGAGCTGATCCACGGAAGCTCCTTCTGTGCTGCAGAGCTTGGCC
Rhesus
AACTTTGTTACACTTATCACAGGCACAGGAATCGGTGGTGGAATTATCCATCAGCATGAATTGATCCACGGAAGCTCCTTCTGTGCTGCAGAACTGGGCC
Marmoset
AACTTTGTTACACTTATCACAGGCACAGGAATCGGTGGAGGAATTATCCATCAGCACGAATTGATCCATGGAAGCTCTTACAGTGCTGCAGAACTGGGCC
Bunny
AACTTTGTGACACTTATCACAGGCACAGGAATAGGTGGTGGCATCATCCATCAGCACGAACTGATCCACGGAAGCTCCTTCTGTGCTGCGGAGCTTGGCC
Pig
AACTTCGTGACGCTTATCACAGGCACAGGAATTGGCGGAGGGATCATCCATCAGCATGAACTGATCCACGGAAGCTCCTTCTGTGCTGCAGAGCTCGGCC
Hamster
AACTTTGTGACACTCATTACAGGCACAGGGATTGGTGGTGGAATCATTCACCAGCATGAGCTGATCCACGGCAGCTCTTTCTGTGCGGCAGAGCTTGGCC
Rat
AACTTTGTGACGCTCATCACAGGGACAGGGATCGGTGGGGGAATCATCCACCAGCACGAGCTGATCCACGGCAGCTCCTTCTGTGCGGCAGAGCTTGGCC
Mouse
AACTTCGTGACGCTCATCACGGGGACAGGGATCGGTGGGGGGATCATCCACCAGCACGAACTGATCCACGGCAGCTCCTTCTGCGCGGCGGAGCTCGGCC
Human
AACTTTGTTACACTTATCACAGGCACAGGAATCGGTGGTGGAATTATCCATCAGCATGAATTGATCCACGGAAGCTCCTTCTGTGCTGCAGAACTGGGCC
Cow
AACTTTGTGACACTTATCACAGGCACAGGGATCGGCGGGGGGATCGTCCACCAGCATGAACTGATCCACGGCAGCTCCTTCTGTGCTGCAGAGCTTGGCC

64

Chicken
AATTTTGTAACACTCATCACTGGTACAGGAATTGGAGGTGGAATCATTCACCAACATGAATTGATCCATGGCAGTTCTTTCTGTGCTGCTGAGCTTGGGC
Zebrafish
AACTTTGTTACACTTATCACAGGCACAGGAATCGGTGGAGGAATTATCCATCAGCACGAATTGATCCATGGAAGCTCTTACAGTGCTGCAGAACTGGGCC
Dog
AACTTTGTGACACTTATCACAGGCACAGGAATTGGCGGGGGGATCATCCATCAACACGAGTTGATCCATGGAAGCTCCTTCTGTGCTGCAGAACTTGGCC
Monkey
AACTTTGTTACACTTATCACAGGCACAGGAATCGGTGGTGGAATTATCCATCAGCATGAATTGATCCACGGAAGCTCCTTCTGTGCTGCAGAACTGGGCC
HORSE
AACTTTGTGACACTTATCACAGGCACAGGAATTGGCGGGGGGATCATCCATCAACACGAGTTGATCCATGGAAGCTCCTTCTGTGCTGCAGAACTTGGCC
Turkey
AATTTTGTAACACTCATCACTGGTACAGGAATTGGAGGTGGAATCATACATCAACATGAATTGATCCATGGCAGTTCTTTCTGTGCTGCTGAGCTTGGGC
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ACCTTGTTGTGTCTTTGGATGGGCCTGATTGTTCGTGTGGAAGCCATGGGTGTATTGAAGCATATGCTTCTGGGATGGCCTTGCAGAGGGAAGCAAAAAA
Elephant
ACCTTGTTGTGTCTTTGGATGGGCCTGATTGTTCGTGTGGAAGCCATGGGTGTATTGAAGCATATGCTTCTGGGATGGCCTTGCAGAGGGAAGCAAAAAA
Frog
ACATCATGGTGTCCTTTGATGGACCAGACTGTATGTGTGGCAGCCGTGGATGTGTAGAAGCATATGCATCAGGAATTGCCCTGCAAAGAGAAGCAAAAAA
Anole
ACATTATGGTCGCTCTCGACGGACCAGAATGCCTCTGTGGGAGCCATGGATGTTTAGAAGCCTATGCTTCTGGAATAGCCTTGCAAAGAGAAGCTAAAAA
Panda
ACCTTGTTGTGTCCCTGGATGGGCCTGATTGCTCCTGCGGAAGTCACGGATGTATTGAAGCCTACGCCTCTGGCATGGCCTTGCAGAGGGAAGCAAAGAA
Rhesus
ACCTTGTTGTGTCTCTGGATGGGCCTGATTGTTCCTGTGGAAGCCATGGGTGCATTGAAGCATACGCCTCTGGAATGGCCTTGCAGAGGGAGGCAAAAAA
Marmoset
ACCTTGTTGTGTCTCTGGACGGGCCTGATTGTTCCTGTGGAAGCCATGGGTGCATTGAAGCATATGCCTCTGGAATGGCCTTGCAGAGGGAGGCAAAAAA
Bunny
ACCTTGTCGTGTCTCTGAATGGGCCCGACTGCTCCTGTGGAAGCCATGGCTGCATTGAAGCATATGCGTCTGGAATGGCCTTGCAAAGGGAAGCCAAAAA
Pig
ACATTGTGGTGTCCCTGGATGGCCCTGACTGTTCCTGTGGGAGCCACGGGTGTATTGAAGCCTATGCCTCTGGAATGGCCTTGCAGAGGGAAGCCAAAAA
Hamster
ACCTCGTGGTGTCTCTGGATGGGCCTGACTGTTCCTGTGGAAGCCATGGCTGTATTGAAGCATATGCTTCTGGGATGGCCTTGCAGAGGGAAGCGAAGAA
Rat
ACCTCGTGGTGTCTCTGGATGGTCCTGACTGCTCCTGTGGAAGCCATGGGTGCATTGAAGCCTACGCCTCTGGAATGGCCTTGCAGAGGGAAGCAAAGAA
Mouse
ATCTCGTGGTGTCCCTGGACGGTCCTGACTGCTCCTGTGGAAGCCATGGGTGCATCGAAGCGTACGCCTCTGGAATGGCCTTGCAGAGGGAAGCAAAGAA
Human
ACCTTGTTGTGTCTCTGGATGGGCCTGATTGTTCCTGTGGAAGCCATGGGTGCATTGAAGCATACGCCTCTGGAATGGCCTTGCAGAGGGAGGCAAAAAA
Cow
ACATTGTGGTGTCCCTGGATGGGCCTGATTGTTCCTGTGGAAGCCACGGGTGCATTGAAGCATATGCCTCTGGAATGGCCTTGCAGAGGGAAGCAAAAAA
Chicken
ATATTGTGGTATCTTTAGATGGACCAGAGTGCCTGTGTGGTAGCCAAGGATGTATAGAAGCATATGCCTCTGGAATAGCATTACAGAGAGAAGCTAAGAA
Zebrafish
ACCTTGTTGTGTCTCTGGACGGGCCTGATTGTTCCTGTGGAAGCCATGGGTGCATTGAAGCATATGCCTCTGGAATGGCCTTGCAGAGGGAGGCAAAAAA
Dog
ACCTTGTTGTGTCTCTGGATGGGCCTGACTGTTCCTGTGGAAGTCATGGGTGTATTGAAGCATATGCCTCTGGAATGGCCTTGCAGAGAGAAGCAAAAAA
Monkey
ACCTTGTTGTGTCTCTGGATGGGCCTGATTGTTCCTGTGGAAGCCATGGGTGCATTGAAGCATACGCCTCTGGAATGGCCTTGCAGAGGGAGGCAAAAAA
HORSE
ACCTTGTTGTGTCTCTGGATGGGCCTGACTGTTCCTGTGGAAGTCATGGGTGTATTGAAGCATATGCCTCTGGAATGGCCTTGCAGAGAGAAGCAAAAAA
Turkey
ATATTGTAGTATCTTTAGATGGACCAGAGTGCCTTTGTGGTAGCCAAGGATGTATAGAAGCATATGCCTCTGGAATAGCATTACAGAGAGAAGCTAAGAA
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Platypus MRNA
GCTACATGATGAAGATCTGCTTTTGGTGGAAGGGATGTCAGTGCCAAAAGATGAAGCTGTGGGTGCACTCCATCTCATCCAAGCTGCAAAACTTGGCAAC
Elephant
GCTACATGATGAAGATCTGCTTTTGGTGGAAGGGATGTCAGTGCCAAAAGATGAAGCTGTGGGTGCACTCCATCTCATCCAAGCTGCAAAACTTGGCAAC
Frog
GCTTCATGATGAGGATATGTTGCTGGTTGAAGGCATGTCTGTGAAGAATGATGAATCTGTAAGTGCAGTTCATCTTATTCAAGCTGCAAAATTTGGCAAT
Anole
ATTACATGATGAGGATTCATTGTTAGTTGGAGGGATGTCTGTAAAGAAGGAAGAGGTAGTAACTGCTGTACATCTGATCCAAGCAGCTAAACTGGGAAAT
Panda
GCTACATGATGAGGACCTGCTCTTGGTGGAAGGGATGTCCGTGCCGAAAGACGAGGTCGTGGGCGCGGTCCACCTCATCCAAGCTGCAAAACTTGGCAAC
Rhesus
ACTCCATGATGAGGACCTGCTCTTGGTGGAAGGGATGTCAGTGCCAAAAGATGAGGCTGTGGGTGCGCTCCATCTCATCCAAGCTGCGAAACTTGGCAAT
Marmoset
GCTCCATGATGAGGACCTGCTGTTGGTGGAAGGGATGTCAGTGCCAAAAGATGAGGCAGTGGGTGCACTCCATCTCATCCAAGCTGCCAAACTTGGCAAT
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Bunny
GCTACATGACGAGGACCTGCTTTTGGTAGAAGGGATGTCAGTGCCGAAAGATGAAGCTGTGGGCGCGCTGCATCTTATCCAAGCTGCAAAACTTGGCAAT
Pig
GCTACACGACGAAGACCAGCTCTTGGTGGAAGGGATGTCCGTGCCCAAAGACGAAGCTGTGGGCGCGCTCCATCTCATCCAAGCTGCGAAACTTGGCAAT
Hamster
GCTCCATGATGAGGATCTGCTCTTGGTGGAAGGGATGTCAGTGCCAAAAGACGAACCTGTGGGTGCCCTCCATCTCATCCAGGCCGCCAAACTTGGCAAC
Rat
GCTCCACGACGAGGACCTGCTCTTGGTGGAAGGGATGTCAGTGCCAAAAGACGAAGCTGTGGGCGCCCTCCATCTCATCCAAGCCGCCAAGCTGGGCAAC
Mouse
ACTCCATGATGAGGACCTGCTCTTGGTGGAAGGGATGTCAGTACCAAAAGACGAAGCTGTGGGTGCCCTCCATCTCATCCAGGCTGCCAAGCTGGGCAAC
Human
GCTCCATGATGAGGACCTGCTCTTGGTGGAAGGGATGTCAGTGCCAAAAGATGAGGCTGTGGGTGCGCTCCATCTCATCCAAGCTGCGAAACTTGGCAAT
Cow
GCTACATGATGAAGACCAGCTCTTGGTGGAAGGGATGTCAGTGCCAAAAGATGAAGCTGTGGGCGCACTCCATCTCATCCAGGCTGCAAAACTTGGCAAC
Chicken
ACTGCATGACGAGGATCTGCTTTTAGTAGAAGGAATGTCAATGAAGAATGAAGAGGTTGTTAGTGCTGCACATCTCATTCAAGCAGCTAAACTTGGAAAC
Zebrafish
GCTCCATGATGAGGACCTGCTGTTGGTGGAAGGGATGTCAGTGCCAAAAGATGAGGCAGTGGGTGCACTCCATCTCATCCAAGCTGCCAAACTTGGCAAT
Dog
GCTACATGATGAAGACCTGCTCTTGGTGGAAGGGATGTCCGTGCCAAAAGACGAGGCCGTGAGTGCAGTCCATCTCATCCAAGCTGCGAAACTTGGCAAC
Monkey
GCTCCATGATGAGGACCTGCTCTTGGTGGAAGGGATGTCAGTGCCAAAAGATGAGGCCGTGGGTGCGCTCCATCTCATCCAAGCTGCGAAACTTGGCAAT
HORSE
GCTACATGATGAAGACCTGCTCTTGGTGGAAGGGATGTCCGTGCCAAAAGACGAGGCCGTGAGTGCAGTCCATCTCATCCAAGCTGCGAAACTTGGCAAC
Turkey
ACTGCATGATGAGGATCTGCTTTTAGTAGAAGGAATGTCAATGAAGAATGAAGAGGTTGTTAGTGCTGCACATCTCATTCAAGCAGCTAAACTTGGAAAC
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Platypus MRNA
GCAAAGGCCCAGAGCATCTTACGAACTGCTGGAACAGCTTTGGGCCTTGGAGTTGTGAATATCCTGCACACTATGAATCCTTCCCTTGTGATCCTCTCTG
Elephant
GCAAAGGCCCAGAGCATCTTACGAACTGCTGGAACAGCTTTGGGCCTTGGAGTTGTGAATATCCTGCACACTATGAATCCTTCCCTTGTGATCCTCTCTG
Frog
ACCAAAGCAAGCAACATTCTCAAAACAGCTGGTACTGCTCTCGGCATTGGTGTCATAAACATTCTCCACACTATAAACCCATCATTGGTGATCTTATCAG
Anole
CCTAAAGCTGAACATATTATCAGAACAGCTGGACAAGCACTGGGCCTTGGAGTGGTGAATATTATGCACACCATTAACCCCTCCCTTGTCATACTTTCTG
Panda
GCGAAGGCCCAGAGCATCTTGAGAACAGCTGGAACGGCTTTGGGTCTTGGGGTGGTGAACGTCCTCCACACCATAAACCCTTCCCTTGTGATCCTTTCCG
Rhesus
GCGAAGGCCCAGAGCATCCTAAGAACAGCTGGAACAGCTTTGGGTCTTGGGGTTGTGAACATCCTCCATACCATGAATCCCTCCCTTGTGATCCTCTCTG
Marmoset
GCGAAGGCCCAGAGCATCCTAAGAACAGCTGGAACAGCTTTGGGTCTTGGGGTTGTGAACATCCTCCATACTATGAATCCCTCCCTTGTGATCCTCTCTG
Bunny
GCAAAGGCCCAGAGCATCTTAAGAACAGCTGGAACAGCTCTGGGTCTCGGGGTGGTGAACATCCTCCACACCATGAATCCTTCCCTCGTGATCCTCTCTG
Pig
GCGAAGGCCCAGAGCATCTTGAGGACAGCTGGAACAGCTTTAGGTCTGGGGGTTGTGAACATCCTCCACACCATGAATCCCTCCCTTGTGATCCTCTCTG
Hamster
GTGAAGGCCCAGAATATCCTACGAACAGCTGGAACTGCTTTGGGACTTGGGGTTGTGAACATCCTCCACACTATGGATCCTTCCCTGGTGATCCTGTCTG
Rat
GTGAAGGCCCAGAGCATCTTACGGACAGCTGGAACTGCTTTGGGACTCGGAGTTGTGAATATCCTCCACACTATGAATCCTTCCCTGGTGATCCTGTCTG
Mouse
GTGAAGGCCCAGAGCATCTTACGAACAGCTGGAACTGCTTTGGGACTTGGGGTTGTGAACATCCTCCACACTATGAATCCTTCCCTGGTGATCCTGTCTG
Human
GCGAAGGCCCAGAGCATCCTAAGAACAGCTGGAACAGCTTTGGGTCTTGGGGTTGTGAACATCCTCCATACCATGAATCCCTCCCTTGTGATCCTCTCCG
Cow
GCAAAGGCCCAGAGCATCTTGAGAACAGCTGGAACAGCTTTAGGTCTTGGGGTTGTGAACATCCTCCACACTATGAATCCTTCCCTTGTGATCCTCTCTG
Chicken
GCAAAGGCAGAAAGCATTCTCAGAACAGCTGGTACAGCACTAGGACTTGGAGTTGTGAACATTCTGCACACCATGAACCCCTCTCTTGTGATCCTTTCTG
Zebrafish
GCGAAGGCCCAGAGCATCCTAAGAACAGCTGGAACAGCTTTGGGTCTTGGGGTTGTGAACATCCTCCATACTATGAATCCCTCCCTTGTGATCCTCTCTG
Dog
GTGAAGGCCCAGAGCATCTTGAGAACAGCTGGAACAGCTCTGGGTCTTGGGGTTGTGAACATCCTCCACACTATAAATCCTTCCCTTGTGATCCTGTCTG
Monkey
GCGAAGGCCCAGAGCATCCTAAGAACAGCTGGAACAGCTTTGGGTCTTGGGGTTGTGAACATCCTCCATACCATGAATCCCTCCCTTGTGATCCTCTCCG
HORSE
GTGAAGGCCCAGAGCATCTTGAGAACAGCTGGAACAGCTCTGGGTCTTGGGGTTGTGAACATCCTCCACACTATAAATCCTTCCCTTGTGATCCTGTCTG
Turkey
ACAAAGGCAGAAAGCATTCTCAGAACAGCTGGTACAGCATTAGGACTTGGAGTTGTGAACATTCTGCACACCATGAACCCCTCTCTTGTGATCCTTTCTG
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Platypus MRNA
GAGTCCTGGCCAATCACTATATCCACATTGTCAAAGATGTCATCCGCCAGCAAGCCTTGCCCTCAGTTCAGGATGTGGACGTGGTGGTTTCGGATTTGAT
Elephant
GAGTCCTGGCCAATCACTATATCCACATTGTCAAAGATGTCATCCGCCAGCAAGCCTTGCCCTCAGTTCAGGATGTGGACGTGGTGGTTTCGGATTTGAT
Frog
GAGTTCTTGCAAACCAGTATGTCAATGTGGTGAAGGACGTGATACGCCAGAGAGGCTTGGCTTCAATCCAGAATGTTGATGTTGTCGTGTCCAGTTTGTC
Anole
GCATCTTGGCAAGCCATTATATCGACGTTGTGAAAGAAGTGATCCAACAGCGGGCCTTGTTTTCTGCACAGACAGTGGATGTGGTTGTCTCAGACCTGGT
Panda
GGGTCCTAGCCAGTCATTACATCCACATCGTCAAAGACGTCATCCGCCAGCAGGCCTTGTCCTCGGTTCAGGATGTGGATGTGGTGGTTTCGGATTTGGC
Rhesus
GAGTCCTGGCCAGTCACTATATCCACATTGTCAAAGACATCATTCGCCAGCAGGCCTTGTCCTCCGTGCAGGACGTGGACGTGGTGGTTTCGGATTTGGT
Marmoset
GAGTCCTGGCCAGTCATTATATCCACATTGTCAAAGACGTCATTCGCCAACAGGCCTTATCCTCCGTGCAGGATGTGGACGTGGTGGTCTCAGATTTGGT
Bunny
GAGTCCTGGCCAGTCACTACATCCACATTGTCAAGGACGTCATCCGCCAGCAAGCCCTGTCCTCGGTGCAGGATGTGGACGTGGTCGTTTCGGATTTGGT
Pig
GAGTCCTAGCCAGTCACTACATCCACACTGTCAAAGATGTCATCCGCCAGCAAGCCCTGTCCTCGGTTCAGGACGTGGACGTGGTGGTTTCGGATTTGGT
Hamster
GAGTCCTGGCCAGTCACTACATCCACATTGTCAAGGACGTCATCCGCCAGCAAGCCTCGTCCTCCGTGCAGGATGTGGACGTCGTGGTTTCAGACTTGGT
Rat
GAGTCCTGGCTAGTCACTACATCCACATTGTGAGGGACGTCATCCGCCAGCAAGCCCTGTCCTCCGTGCAGGATGTGGATGTAGTGGTTTCAGACTTGGT
Mouse
GAGTCCTGGCCAGTCACTACATCCACATCGTGAAGGACGTCATCCGCCAGCAAGCCTTGTCCTCCGTGCAGGATGTGGACGTGGTGGTCTCAGACTTGGT
Human
GAGTCCTGGCCAGTCACTATATCCACATTGTCAAAGACGTCATTCGCCAGCAGGCCTTGTCCTCCGTGCAGGACGTGGATGTGGTGGTTTCGGATTTGGT
Cow
GAATCCTAGCCAGTCACTACATCCACACTGTCAAAGACGTCATCCGCCAGCAAGCCTTGTCCTCGGTTCAGGATGTGGACGTGGTGGTTTCCGATTTGGT
Chicken
GAGTCCTAGCCAGCCACTATGTTAATGCTGTCAAAGATGTGATACATCGACAGGCTCTGTCATCAGTTAAAACTGTGGATGTGGTGGTCTCAAATCTAGC
Zebrafish
GAGTCCTGGCCAGTCATTATATCCACATTGTCAAAGACGTCATTCGCCAACAGGCCTTATCCTCCGTGCAGGATGTGGACGTGGTGGTCTCAGATTTGGT
Dog
GCGTCCTAGCCAGTCACTACATCCACATCGTCAAGGACGTCATCCGCCAGCAAGCCTTGTCTTCGGTTCAGGATGTGGATGTGGTGGTTTCAGATTTGGT
Monkey
GAGTCCTGGCCAGTCACTATATCCACATTGTCAAAGACGTCATTCGCCAGCAGGCCTTGTCCTCCGTGCAGGACGTGGATGTGGTGGTTTCGGATTTGGT
HORSE
GCGTCCTAGCCAGTCACTACATCCACATCGTCAAGGACGTCATCCGCCAGCAAGCCTTGTCTTCGGTTCAGGATGTGGATGTGGTGGTTTCAGATTTGGT
Turkey
GAGTCCTAGCCAGCCACTATATTAATGCTGTCAAAGATGTGATACATCGACAGGCTCTGTCATCTGTTAAAACTGTGGATGTGGTGGTCTCAAATCTAGC
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Platypus MRNA
Elephant
Frog
Anole
Panda
Rhesus
Marmoset
Bunny
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Monkey
HORSE
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AGATCCGGCCCTGCTCGGTGCTGCCAGCATGGTCCTGGACTACACGACTCGTAGGATCTACTAG
AGATCCGGCCCTGCTCGGTGCTGCCAGCATGGTCCTGGACTACACGACTCGTAGGATCTACTAG
AGATCCGGCTCTCCTTGGGGCGGCAAGCATGGTGCTCGATTACACGACACGCAGAACATACTAA
AGATCCTGCCCTGCTTGGAGCTGCTAGCATGGTTCTGGATTATACAACACGCAGGATATACTAA
GGACCCTGCCCTGCTCGGTGCCGCCAGCATGGTTCTGGACTACACAACTCGCAGGATCTGCTAG
TGACCCCGCCCTCCTGGGTGCTGCCAGCATGGTTCTGGACTACACAACGCGCAGGATCTACTAG
TGACCCCGCCCTGCTGGGTGCTGCCAGCATGGTTTTGGACTACACAACTCGCAGGATCTACTAG
TGACCCCGCGCTGCTCGGTGCTGCCAGCATGGTTCTGGACTACACAACTCGCAGGATCTACTAG
GGAACCCGCCCTGCTTGGCGCCGCCAGCATGGTCCTGGACTACACAACACGCAGGATCTACTAG
TGACCCTGCCCTGCTTGGTGCTGCCAGCATGGTTCTGGACTACACAACCCGCAGGATCCACTAG
TGACCCGGCCCTGCTTGGTGCGGCCAGCATGGTTCTGGACTACACGACCCGCAGGATCCACTAG
GGACCCGGCCCTGCTTGGCGCAGCCAGCATGGTTCTGGACTACACAACGCGCAGGATCCACTAG
TGACCCCGCCCTGCTGGGTGCTGCCAGCATGGTTCTGGACTACACAACACGCAGGATCTACTAG
GGAACCTGCTCTGCTCGGCGCCGCCAGCATGGTCCTGGACTACACGACTCGCAGGATCTACTAG
AGACCCTGCTCTTCTCGGAGCTGCTAGCCTGGTACTGGATTATACTACCCGTAGAATATACTAG
TGACCCCGCCCTGCTGGGTGCTGCCAGCATGGTTTTGGACTACACAACTCGCAGGATCTACTAG
GGATCCTGCCCTGCTGGGTGCCGCCAGCATGGTTCTGGACTACACAACTCGCAGGATCTGCTAG
TGACCCCGCCCTGCTGGGTGCTGCCAGCATGGTTCTGGACTACACAACACGCAGGATCTACTAG
GGATCCTGCCCTGCTGGGTGCCGCCAGCATGGTTCTGGACTACACAACTCGCAGGATCTGCTAG
AGACCCTGCTCTTCTTGGAGCTGCTAGCCTGGTACTGGATTATACTACCCGTAGAATATACTAG
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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GNE Protein Models
Swiss Prot
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Appendix B: Materials
Rotarod

Mice

70

FVB-GNE

FVB.B6.GNE

71

Housing, Mouse Chow, and Bedding

72

Identification Card

Protocols
Tail Snipping and Ear Marking
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DNA Extraction

74

Polymerase-Chain-Reaction and Restriction Enzyme Digestion
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7.5% PAG Electrophoresis (PAGE)
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Mini-Protean 3 Cell
10.1x7.3cm thin plate (165-3308)
thick plate (165-3310)
PAGE – General Calculations
Size of gel = Depth x Width x Length

Percentage = Grams / 100 mL

For example, a gel might be 10 x 10 cm squared, and 0.75 mm thick. The volume of the
gel would be 7.5mL (remember that 1cm = 10mm).
Place one of the short glass plates and one of the long glass plates together with a grey
rubber spacer between the plates on each side. Place these two glass slides in the green
holder. Make sure that the glass slides are evenly aligned in the green holder. Place the
green holder along with the glass slides onto the plastic "house." Clamp the plates onto
the poring stand. Pore the gel with catalysts (TEMED and APS) between the plates. After
polymerization, load the gel. Snap the arms of the green holder together, to ensure a tight
seal.
1. Obtain a beaker or flask for each planned gel. The following solutions are to be put in
the beaker/flask
2. Prepare a solution acrylamide:bisacrylamide (store in brown glass at 4˚C) (20:1
acrylamide:bisacrylamide, molar ratio). (For example, 1,000uL (1.0mL) for a 7.5%
gel)
3. For a 7.5% gel, pipette in:
4. 150uL 50X TAE
5. Bring volume to 6.34mL with nH2O
6. Under the fume hood, for a _7.5_mL gel, add 10 uL of TEMED simultaneously with
the addition of 60uL of 10% ammonium persulfate (APS). If the volume is different
from a 7.5mL, increase the catalysts or decrease them proportionally. For example,
for a 9x10x.75 = 6.75mL gel, 6.5/7.5 X 6.0 = 5.2uL of TEMED and 31.2uL of 10%
APS (To make the APS solution: weigh out 0.1 gram of APS and add 1 mL of nH2O.
Make this working solution in a 1.5 mL tube. This can be stored at -20˚C for 2 weeks.
Please be sure to date the tube).
7. Rapidly pour the gel, so that pouring precedes polymerization!
8. Pipette the solution from the beaker or flask between the plates. (Each set up is
different). Be careful not to introduce any air bubbles! Pipette until solution is all the

77

way to the top. Insert the comb(s) (green) immediately into the gel. You will notice
solution pouring out, but that’s okay.

9. Let the gel polymerize for about 45 minutes.
10. Remove the comb(s) gently after the gel has polymerized.
11. Remove the green holder from the gel apparatus together with the plates.
12. Remove the plates from the pouring chamber.
13. Place the plates in the electrophoresis chamber
14. Attach the lead to the electrophoresis chamber
15. Add TAE to fill the container(s) up to the top of the glass plates.
16. Add 2uL of 6x dye (this has dye and glycerol) to 10uL of PCR product and load it to
lane 1.
17. Leave lane 2 empty. Load the control in Lane 3, and experimental samples in lanes
4-10. Again, you could use 2uL of 6x dye and 10uL of sample (for a total of 12uL per
lane).
18. Place the lids on the container(s). Make sure the red lead connects with the red wire
and the black lead connects with the black wire.
19. Run the gel at 90v, this will take about 1hour. Or you can leave it overnight at 5-10v/
hr.
20. Stop running the gel and disconnect cables.
21. Clean your area, wash nondisposable labware, autoclave trash as appropriate,
autoclave clean labware as appropriate, and put everything away.
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