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Abstract

Cerebellar Abiotrophy (CA) is a neurodegenerative disease in Arabian horses affecting the
cerebellum, more specifically the Purkinje neurons. Although CA occurs in several domestic
species, CA in Arabian horses is unique in that a single nucleotide polymorphism (SNP) has been
associated with the disease. Total RNA sequencing (RNA-seq) was performed on CA-affected
horses to address the molecular mechanism underlying the disease. This research expands upon
the RNA-seq work by measuring the impact of the CA-associated SNP on the candidate gene
MutY homolog (MUTYH) and its regulation, isoform-specific expression and protein localization.
We hypothesized that the CA-associated SNP compromises the promoter region of MUTYH,
leading to differential expression of its isoforms. Our research demonstrates that the CA-
associated SNP introduces a new binding site for a novel transcription factor (Myelin
Transcription Factor-1 Like protein, MYTIL). In addition, CA-affected horses show differential
expression of a specific isoform of MUTYH as well as different localization in the Purkinje and
granular neurons of the cerebellum.
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1. Introduction
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Cerebellar Abiotrophy (CA) is a neurodegenerative disease affecting the cerebellum and is
likely caused by an intrinsic metabolic disorder (Siso et al., 2006). There are incidences of
CA in multiple species (de Lahunta, 1990), including humans. Although there is a common
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mode of inheritance, there is no candidate gene consistently affected across species. In the
horse, CA affects the Arabian breed and manifests itself between days to months after birth,
resulting in apoptosis of Purkinje neurons and secondary loss of granular neurons (Blanco et
al., 2006). CA presents as an ataxic phenotype including uncoordinated limb movement,
head tremors, lack of menace response and difficulty rising (DeBowes et al., 1987). CA in
the horse is associated with a single nucleotide polymorphism (SNP), which is inherited in
an autosomal recessive manner (Brault et al., 2011). The CA-associated SNP is located in
the coding region of the target of Egrl gene (TOEI). However, the gene architecture
surrounding this SNP also places it in the promoter region of MutY homolog (MUTYH)
(Scott et al., 2017). Thus, MUTYH was further characterized in the cerebella of control and
CA affected horses.

MUTYH is a DNA glycosylase that repairs oxidative lesions in DNA. It functions on both
nuclear and mitochondrial DNA to specifically remove adenines that are mis-paired to the
oxidative lesion, 8-oxoguanine (Ohtsubo et al., 2000). MUTYH also can induce apoptosis
under conditions of high oxidative stress in the nucleus or mitochondria (Oka and
Nakabeppu, 2011). Expression of MUTYH is relatively high in the central nervous system
(CNS) and detectable in the cerebellum of mice (Ichinoe et al., 2004) and rats (Englander et
al., 2002). Multiple isoforms of MUTYH are found in the mouse (Ichinoe et al., 2004), rat
(Englander et al., 2002) and human (Plotz et al., 2012), with differential localization of
specific isoforms to the nucleus or to mitochondria. In the CNS, where most of the cells are
post-mitotic, the majority of MUTYH expression is from the mitochondrial isoforms (Plotz
et al., 2012). Although 7OE1 appears to be a likely candidate gene, compromised MUTYH
gene regulation is more satisfactory in explaining the cerebellum-specific
neurodegeneration. Expression of 7TOEZ on the gene and isoform level, as indicated by our
previous RNA-seq data, has also been found to be unchanged between CA-affected and
controls horses (Scott et al., 2017). The variability created through MUTYH and its response
to oxidative damage also permits the flexibility essential in explaining the variable onset and
severity of the CA phenotype.

Although first known for its association with MUT YH-associated polyposis, a syndrome
with increased risk of colorectal cancer (Al-Tassan et al., 2002); MUTY'H has also been
implicated in multiple neurodegenerative diseases. In a Friedreich’s ataxia mouse model,
there was an increase in 8-oxoguanine and MUTYH in the microglia within the cerebellum
(Shen et al., 2016). It was proposed that MUTYH and PARP-1 participated in microglial
activation in response to DNA damage in the cerebellum (Shen et al., 2016). Individuals
with Parkinson’s disease exhibit an increase in mitochondrial MUTYH expression within
the substantia nigra (Arai et al., 2006). Regarding CA in the horse, total MUTYH expression
was found to be unchanged in horses affected by CA (Scott et al., 2017). However, with the
development of a new equine transcriptome (Mansour et al., 2016) and RNA-seq work done
in CA-affected horses (Scott et al., 2017); additional isoforms of MUTYH have been
identified, allowing for a more in-depth analysis of MUTYH isoform usage. We hypothesize
that the CA-associated SNP compromises the promoter region of a MUTYH isoform,
causing differential expression of a subset of the MUT YH isoforms. Here we report the
complete characterization the MUTYH promoter region, quantification of MUTYH isoform
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expression levels, and immunostaining to identify MUTYH localization in CA-affected
cerebella.

2.1. MUTYH promoter methylation and protein binding in CA-affected horses

Bisulphite sequencing revealed that the CA-associated G>A SNP affects the local
methylation pattern. The wildtype site is methylated in control horses, but the affected
horses showed no methylation due to the alteration from a CG site to a TG site (Fig. 1).
Fourteen horses were analyzed, all details of these horses can be found in Supplementary
Table 1.

A pull down of a 50 bp probe centered over the position of the CA-associated SNP from the
promoter region of MUTYH shows a consistent, unique binding of Myelin Transcription
Factor-1 Like protein (MYT1L) exclusively on the MUTYH promoter oligo containing the
CA-associated SNP (Table 1). Additionally, TUBA1B was found to bind the oligo
containing the CA-associated SNP, but not the wild-type sequence, however, it was present
in the control wash as well. Mass spectrometry detected the binding of Myelin Basic Protein
(MBP) to both the wild-type and CA-associated SNP-containing oligos (Supplementary Fig.
1, Table 1). Mass spectrometry was also performed on the washes to elucidate proteins that
may be weakly associated with MUTYH promoter region and, although the washes between
the control and CA-affected promoter are quite similar, the CA-affected wash also uniquely
contained the protein ALDOC, also known as zebrin Il. All mass spectrometry results and
protein identification percentages can be found in Supplementary Table 2.

2.2. Bias in MUTYH isoform usage in CA-affected horses

Transcriptomic analysis of MUTYH usage based on RNA-seq data reveals differential
isoform usage across all tissues (data not shown), and more specifically differential MUTYH
isoform usage in the cerebellum between control and CA-affected horses, with isoforms 1
plus 2 being favored in cerebella from CA-affected horses (Fig. 2A), n = 12, full details of
horses can be found in Supplementary Table 1. The ddPCR analysis confirmed that the
majority of MUTYH expression in the cerebellum originates from MUTYH isoforms 1 plus
2 in CA-affected horses compared to healthy control cerebella (p = .03, Mann-Whitney U
test, two-tailed) (Fig. 2B). While primers could only be designed to determine expression of
MUTYH isoforms 1 plus 2, RNA-seq data demonstrated that the control horses bias
MUTYH isoform 3 and 4 expression (Fig. 2A).

2.3. Localization patterns of MUTYH in CA-Affected horses

In control horses MUT Y'H protein is localized to punctae in the cytoplasmic region of
Purkinje neurons, strongly to the nuclei of granular neurons and to interspersed nuclei of
interneurons in the molecular layer (Fig. 3A), n = 2. In CA-affected horses MUT YH protein
is localized to the cytoplasmic region of Purkinje neurons, often too intensely to distinguish
punctae, and to nuclei of interneurons. However, there are two differential patterns of
MUTYH protein localization in CA-affected horses (Fig. 3B & C), n=8. In some
individuals, mainly the older, less severely affected horses, MUT YH localizes more strongly
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to the superficial layer of granular neurons, closer to the Purkinje neuron layer, and is
heavily expressed in Purkinje neurons that are ectopically located in the granular layer (Fig.
3B). In another group of CA-affected horses, the younger and more severely affected horses,
there is an intense staining of the white matter, presumably in the axons of the Purkinje
neurons projecting into the adjacent white matter, with little staining of granular neurons and
selective staining of Purkinje neurons (Fig. 3C). We are unable to distinguish whether there
is MUTYH staining in the astrocytes or microglia, further staining with co-markers for these
cell types would need to be done to discern this.

We also observed a case of a 19-year-old horse (mare) considered asymptomatic throughout
life as it presented no sign of behavioral and ataxic traits typical of the disease, despite being
homozygous for the CA-associated SNP. This horse had uniqgue MUTYH patterning
differing from controls and similar to a milder CA histological phenotype (Supplementary
Fig. 2). As this is, to our knowledge, the first and only asymptomatic horse characterized on
a molecular and histological level, no conclusion can be drawn regarding this phenotype
known to occur in some horses homozygous for CA-associated SNP. Nevertheless, the
information is useful to have as similar cases may be investigated in the future.

3. Discussion

Cell and subsequent tissue-specific identity is based upon differential usage of the genome.
Avenues to generate cell and tissue-specific gene expression begin with modifying the
accessibility of genomic DNA in a tissue-specific manner, such as the methylation process.
Next, there is the balance between promoter complexity along with temporal and tissue-
specific expression of transcription factors complementing the promoter. Finally, there can
be tissue-specific usage of various isoforms of a gene. MUT Y'H has shown differences in its
promoter, isoform expression, and localization in the cerebella of CA-affected horses.
Crucially, MUTYH gene expression coincides with the tissue specificity, as well as the
spectrum of onset and severity of the CA phenotype.

Methylation patterns in promoters have been associated with transcriptional silencing.
Although exact mechanisms have not been established, observation of increased uniform
methylation negatively correlating with chromatin accessibility (Siegfried et al., 1999) and
occupancy of transcription factor binding sites, by methyl groups, leading to reduced
transcription factor expression (Thurman et al., 2012) have been proposed as potential
mechanisms. The CA-associated SNP not only results in a G>A transversion, but it also
results in the loss of methylated CpG site in the MUTYH promoter. With this loss of
methylation, there was unique binding of the transcription factor MY T1L only to the
MUTYH promoter containing the CA-associated SNP. MY T1L is a member of the a highly
conserved superfamily of zinc finger transcription factors (Kim and Hudson, 1992), most
commonly recognized for its role in transcriptional repression leading to neuronal stem cell
reprogramming (Mall et al., 2017). Although the previously defined binding sequence
associated with MYT1L; AAGTT, was not found in either the CA-associated SNP
containing or wildtype MUTYH promoter, this motif is found in only 30% of MY TIL
targets (Mall et al., 2017). Additionally, the AAGTT motif was more commonly found in
MYTIL targets that were downregulated versus upregulated (Mall et al., 2017). Whether
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MYTIL increases or decreases the expression of certain isoforms of MUTYH has yet to be
determined. Further work characterizing MY T1L binding to the MUTYH promoter is
required.

Within MUTYH expression, there is evidence of tissue-specific isoforms, as well as
environment dependent isoforms. In the rat, Englander et al. (2002) found three isoforms of
MUTYH specific to the brain, of which some are inducible in the presence of 8-oxoguanine.
Brain-specific MUTYH isoforms have also been found in the mouse (Ichinoe et al., 2004),
with some indications of brain-specific isoforms in the horse. While we previously
postulated that total MUTYH expression was down-regulated (Brault et al., 2011) or
unchanged (Scott et al., 2017) in CA-affected horses, the identification of specific isoforms
has allowed us to determine that MUTYH isoforms are differentially expressed in the equine
cerebellum, with isoforms 1 plus 2 (isoforms containing exon 3) having significantly
increased expression in the cerebella from CA-affected animals. Although further work must
be done validating isoforms 3 and 4 expression, it appears to be biased in healthy horses. In
humans, over 15 isoforms of MUTYH have been identified, with presumably different
regulatory mechanisms, as suggested by the three alternate first exons (Plotz et al., 2012).
The different isoforms often differ in their first three exons, with the major differences
amounting to localization in the nucleus or the mitochondria (Plotz et al., 2012; Oka et al.,
2014). These isoforms display a temporal pattern of expression with nuclear isoforms often
being expressed early in life, with a switch to mitochondrial isoforms later (Lee et al., 2004).
Presumably, the usage of different promoters dictating the specific MUT YH isoform
expression is what permits this temporal and spatial restraint. Therefore, a change in the
promoter region of MUTYH may have the largest impacts on a specific tissue during a
narrow time frame, as seen in equine CA. Although a specific MUTYH isoform localizing to
the cerebellum has not been identified, perhaps multiple combinations of temporal and
spatial expression during cerebellum development account for the variable onset and severity
of phenotype seen in equine CA.

MUTYH localization in a healthy equine cerebellum is similar to that documented in the
mouse and rat. Within the rat cerebellum, MUTYH is predominantly in the Purkinje
neurons, moderately present in the granular layer and shows no expression in astrocytes
(Englander et al., 2002). In the mouse, MUTYH is present in the granular, Purkinje and
molecular layer of the cerebellar cortex (McCarthy, 2006). Interestingly in the horse, it
seems as though the nuclear isoform of MUTYH is present in the granular neurons, whereas
the Purkinje neurons show a speckled cytoplasmic stain, perhaps indicative of mitochondria-
localized MUTYH protein. Typically, post-mitotic cells predominantly express the
mitochondrial isoform (Lee et al., 2004); therefore it is unclear why the granular neurons
would harbor the nuclear MUTYH isoform. Despite what seems to be a relatively conserved
distribution of MUTYH protein across species, the CA-affected horses deviate from this
distribution showing two different patterns of MUT YH localization. In the younger, more
phenotypically severe CA-affected horses, there was intense staining of MUTYH protein in
the white matter, along with a lack of granular neuron nuclei staining for MUTYH. This
could strengthen the assumption that the expressed MUTYH protein is localizing to the
mitochondria, especially the mitochondria in the Purkinje neuron axons in CA affected
horses. Instrumental in dysfunctional mitochondria, oxidative damage has been found to
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increase the size and number of motile mitochondria in Purkinje neuron axons (Errea et al.,
2015). Purkinje neurons have also been speculated to be less tolerant of mitochondrial
dysfunction during development due to occlusion of the extensive branch points in their
elaborate dendrites by these mitochondria (Chen et al., 2007). The second pattern of
MUTYH protein localization seen in CA-affected horses included staining of the subset of
granular neurons closest to the Purkinje neuron layer and the strong presence of MUTYH in
the ectopic Purkinje neurons. This selective granular neuron staining for MUTYH may
reflect granular neuron migration under the neurodegenerative conditions of CA. There are
different rates of migration depending on factors such as proliferation of granular neuron
precursors in the external granular layer (Wechsler-Reya and Scott, 1999) or the synaptic
contacts made early on by granular neurons. Granular neurons forming early synapses with
zebrin I-hegative Purkinje neurons have been speculated to migrate faster into the inner
granular layer and establish unique connections with the Purkinje neurons (Consalez and
Hawkes, 2012). Characterizing the granular neurons retaining nuclear MUTYH protein
staining could be useful in elucidating the temporal component of when the CA-associated
SNP is most detrimental to Purkinje neurons. It is unclear whether the different MUTYH
staining patterns seen in CA-affected individuals is due to age or severity of CA phenotype
and thus further work is required. Importantly, the different localization patterns of MUTYH
seen in CA-affected horses compared to healthy controls suggests that MUTYH does have a
role in the CA disease phenotype.

Our research has demonstrated that MUTYH is a candidate gene affected by the CA-
associated SNP on regulatory, gene expression and protein localization levels. Further work
to characterize the remaining Purkinje neurons and their mitochondrial health would help
resolve the pattern and mechanism by which MUT YH affects Purkinje neurons. Particular
emphasis on zebrin I/ expression and how it relates to Purkinje neuron degeneration in
equine CA is the most likely next step to understanding the patterns underlying CA
phenotype. Strengthening the relationships between MUT YH expression, localization and
cerebellar specificity would also be beneficial in understanding the explicit degeneration of
the cerebellum and the variation in phenotype observed within the cerebellar cortex of CA-
affected horses. This research has identified means by which MUTYH expression could be
influenced by the CA-associated SNP in a tissue-specific manner. Further work
characterizing MUTYH in relation to the behavioral phenotype and other cerebellar
molecular markers in CA-affected horses would be beneficial in understanding the
understated molecular heterogeneity present in the cerebellar cortex and variability in the
behavioral phenotype.

4. Methods

4.1. Bisulphite sequencing

Genomic DNA (gDNA) from six controls and six CA-affected cerebella (cerebellar cortex)
were extracted using Quick-DNA Universal kit (Zymo Research, Irvine, CA, USA),
according to manufacturer’s protocol. All samples, along with age, sex and which analyses
were performed on them can be found in Supplementary Table 1. Approximately 500 ng of
gDNA from each sample was bisulphite converted using the EZ DNA Methylation kit
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(Zymo Research). The candidate 100 bp promoter region of MUTYH had primers forward:
GGAGAATATATTAAGATTTGGAAGGAGA and reverse:
AAATACTTCCTAAAACTAACTCCCAACC. The polymerase chain reaction (PCR) was
then performed on 160 ng of bisulphite converted DNA. PCR amplification cycling
conditions consisted of a denaturing temperature of 95 °C for 2 min, followed by 40 cycles
of 95 °C for 30 s, 58 °C for 45 s and 72 °C for 30 s, and a final extension of 72 °C for 5 min.
The PCR reactions contained 5X green GoTaq® Reaction Buffer, 0.2 mM of each dNTP, 2.5
mM MgCl,, 0.5 uM each primer and 1.25 U of GoTag® DNA Polymerase (Promega,
Madison, WI, USA). PCR products were then gel extracted using the QlAquick Gel
extraction kit (Qiagen, Hilden, Germany) and sent for Sanger sequencing (Quintara
Biosciences, San Francisco, CA, USA).

4.2. Extraction of nuclear proteins from equine cerebellum, MUTYH promoter pull down
and mass spectrometry

Whole cerebellum from a healthy five-year-old thoroughbred mare was harvested and
immediately snap-frozen in liquid nitrogen. Forty mg of cerebellar cortex was then cut and
nuclear proteins were isolated using the NE-PER Nuclear and Cytoplasmic Extraction
Reagents (ThermoScientific, Waltham, MA, USA) according to manufacturer’s instructions.
The promoter pull down protocol was adapted from Carey et al. (2010). Briefly, two
biotinylated oligo probes representing a 50 bp seq of the MUTYH promoter with and
without the CA-associated SNP in the middle (AAGCAGGC
GAGGCCCAGGGAGAGGATAGAACGGGTCCTGGCAGCATGACA) were incubated and
bound to streptavidin beads (Pure Biotech LLC, Middlesex, NJ, USA) using a rotator (40
rpm) for one hour at room temperature. These beads were then incubated with cerebellar
nuclear extract on a rotator (40 rpm) for 30 min. Beads were washed twice and oligos along
with bound proteins were resuspended in TEN buffer and removed by boiling for 5 min.
Half of the resulting extracts (20ul) were run on a SDS-PAGE gel, which was then stained
with Coomasie blue reagent. The other half was sent for mass spectrometry (Campus Mass
Spectrometry Facilities, University of California-Davis) and analyzed using Xevo G2 QTof
coupled to a nanoAcquity UPLC system (Waters, Milford, MA). Mass spectrometry data
were recorded for 60 min for each run and controlled by MassLynx 4.1 (Waters, Milford,
MA). Acquisition was set to positive polarity under resolution mode. Mass range was set
from 50 to 2000 Da. Capillary voltage was 3.5 kV, sampling cone at 25 V, and extraction
coneat2.5 V.

4.3. Mass spectrometry data analysis

RAW MSe files were processed using Protein Lynx Global Server (PLGS) version 2.5.3
(Waters, Milford, MA). Processing parameters consisted of a low energy threshold set at
200.0 counts, an elevated energy threshold set at 25.0 counts, and an intensity threshold set
at 1500 counts. The UniProt (www.uniprot.org) equine databank was used for peak
identification. Searches were performed with trypsin specificity and allowed for three
missed cleavages. Possible structure modifications included for consideration were
methionine oxidation and carbamidomethylation of cysteine. For viewing, PLGS search
results were exported in Scaffold v4.4.6 (Proteome Software Inc., Portland, OR). Peptide
identifications were accepted if they could be established at greater than 5.0% probability by
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the Scaffold Local FDR algorithm. Protein identifications were accepted if they could be
established at greater than 99.9% probability and contained at least 1 identified peptide.

Protein probabilities were assigned by the Protein Prophet algorithm (Nesvizhskii et al.,

2003).

4.4. RNA extraction, cDNA synthesis and droplet digital PCR

Whole cerebellum cortex samples were collected from nine CA-affected and six control
horses and stored in RNAlater® (AM7020, Life technologies) for up to one week at 4 °C and
then transferred to —80 °C. RNA was extracted using 1 ml of TRIzol (15596-018,

Invitrogen) per 100 mg of tissue and an electric homogenizer (TissueMiser, Fisher Scientific,
Pittsburg, PA, USA) was used for mechanical shearing. Chloroform was used for phase
separation and RNA was concentrated, eluted, and treated with DNase (Promega, Madison,
WI, USA) on Zymo RNA extraction columns (Zymo Research, Irvine, CA, USA) according
to manufacturer’s instructions. RNA was resuspended in DEPC-treated water and quantified
using a NanoDrop 2000 spectrophotometer (ThermoScientific). cDNA was made with 1 g
of RNA using 200 units of SuperScriptll Reverse Transcriptase (18064, Invitrogen), 0.5 ug
of Oligo (dT) 15 (Promega), 10 mM each dNTP mix (RR02AG, TaKara), 5X first strand
buffer (Invitrogen), 0.01 MDTT (Invitrogen) and 40 units of RNaseOUT (Invitrogen). RNA,
dNTPs, and oligo (dT) 15 were incubated for 5 min at 65 °C then 5x first strand buffer, DTT
and RNaseOUT were added and incubated for 1 min at 42 °C. SuperScriptll Reverse
Transcriptase was then added and contents were incubated for 50 min at 42 °C and then

70 °C for 15 min. cDNA samples were stored in at =80 °C. ddPCR was performed on the
samples mentioned above. One common set of Tagman primers was used with one probe for
total MUTYH and one probe for the isoform containing exon 3, isoforms 1 plus 2
(Supplementary Table 2). A QX200™ ddPCR system (Bio-Rad) was used according to the
manufacturer’s instructions. The ddPCR reaction mixture (25 pl) contained ddPCR supermix
for probes (no dUTP) (catalog number: 186-3023, Bio-Rad), 1.1 ul of each primer/probe
mixture (10 uM of each primer and 5 uM of probe) and 100 ng of template cDNA. Droplets
were generated using the Droplet Generator with 70 pl of droplet generation oil and 20 pl of
above reaction per well. Droplets containing reactions were then cycled through 94 °C for 2
min, followed by 40 cycles of 94 °C for 20 s and 58 °C for 30 s, one cycle of 72 °C for 5
min and held at 4 °C. After completion, the droplets were read using the Droplet Reader and
QuantaSoft software was used to analyze the data.

4.5. Immunohistochemistry

Equine cerebella were fixed in 10% neutral buffered formalin, embedded in paraffin, and
sectioned (5um). Sections were subsequently rehydrated through incubations in xylene and
gradations of ethanol to double distilled water. Heat induced epitope retrieval was performed
using Dako target retrieval solution, pH = 6.0 (Dako, Carpinteria, CA, USA) in a vegetable
steamer for 18 min at 95 °C. Endogenous peroxidase was quenched using 0.3% hydrogen
peroxidase in 70% methanol, and non-specific binding was blocked using 5% normal goat
serum in 1X TBS-T. Avidin then biotin blocks were then applied for 15 min each
(ThermoFisher Scientific, Grand Island, NY, USA). Sections were incubated overnight at

4 °C with rabbit anti-MUTYH (LS-C354036, LifeSpan Biosciences, Inc) diluted 1:100 in
Dako Antibody Diluent (Dako). After washing slides in TBS-T, they were incubated with a
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secondary biotinylated goat anti-rabbit 1gG, diluted 1:400, and a streptavidin-HRP
conjugate, diluted 1:200, for 30 min. each. Slides were developed for 3.5 min with the
peroxidase substrate kit ImmPACT ™ DAB (Vector, Burlingham, CA, USA). Lastly, slides
were counterstained with Modified Mayer’s hematoxylin (ThermoFisher Scientific) for 45 s
and then rinsed with VWR Bluing agent RTU (VWR, Richmond, IL, USA) for 1 min.
Images were observed an Olympus Bx-43 microscope and captured with an Olympus DP-72
camera using DP2-BSW software (Olympus).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the online version, at https://
doi.org/10.1016/j.brainres.2017.10.034.
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CA Affected Control
mC
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Fig. 1.
Differential promoter behavior in CA-affected horses versus control horses. The CA-

associated SNP (in red) changes a wild type methylated CG site into a non-methylated TG
site, mC denotes a methyl group on a cytosine, green T represents cytosines that are not
methylated and thus converted during bisulphite conversion and the blue box in the text
version of the sequence represents the highlighted blue area in the electropherogram. This is
a representative example from a 1-year-old control versus 9-month-old CA-affected horse.
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Fig. 2.

Bias in expression of MUTYH isoforms 1 and 2 in CA-affected horses. RNA-seq data
initially characterized this bias (isoforms are labeled with Arabic numerals on the left,
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expression units are fragments per kilobase per million of reads, fpkm) (A). Using ddPCR, a
significant increase in expression of MUTYH isoform 1 and 2 was seen in CA-affected

horses (p =.0317, Mann-Whitney Utest, two-tailed, n = 15) (B).
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Fig. 3.

Di%‘ferential localization of MUTYH in control (A) and CA-affected horses (B, C). Using the
primary antibody rabbit anti-MUTYH (LS-C354036, LifeSpan Biosciences, Inc) and the
secondary biotinylated goat anti-rabbit 19G, with DAB staining for visualization. Healthy
horses show cytoplasmic staining in Purkinje neurons and nuclear staining in granular
neurons for MUTYH (A). CA-affected horses show two patterns of localization for
MUTYH. One pattern is cytoplasmic staining in Purkinje neurons and nuclear staining for
superficial layer of granular neurons for MUTYH (B). The other pattern is random
cytoplasmic staining in Purkinje neurons, no staining in the granular neurons and intense
staining of the white matter (C).
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Table 1

Proteins identified using mass spectrometry with a peptide FDR threshold of 5% and protein identification
threshold of 100%, as calculated by Scaffold v4.4.6.

Sample Proteinsidentified with Mass Spec, size of protein (kDa)
Control, wash 1 MBP (19), HBB (16), HBA (15), TUBB4A (48), TUBAL1B (50)
Control, pulldown MBP (19)

CA-affected, wash 1 HBB (16), HBA (15), TUBB4A (48), TUBA1B (50), ALDOC (39), F7C1K6-uncharacterized proteins (28), CKB
(43), GAPDH (36)

CA-affected, pulldown  MBP (19), TUBA1B (50), MYTAL (133)
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