
ABSTRACT 

URKASEMSIN, GANOKON.  Gene Discovery in Hereditary Cerebellar Cortical 
Degeneration of Scottish Terriers. (Under the direction of Dr. Natasha J Olby, and Dr. Jorge 
A Piedrahita). 
 

Hereditary cerebellar degeneration is a heterogeneous group of ataxia-associated 

neurodegenerative diseases with a wide range of clinical and pathological manifestations, 

constituting an important emerging problem affecting purebred dogs, particularly the 

Scottish Terrier. Yet, this breed has different clinical and pathological features from other 

breeds with ataxia syndromes, indicating a different genetic background. In Scottish 

Terriers, hereditary cerebellar degeneration has been recognized in this breed in the last 

decade. Therefore, this study was aimed to: (1) describe the clinical and histopathological 

manifestations in a large cohort of affected Scottish Terriers with cerebellar cortical 

degeneration, (2) estimate the disease prevalence and determine the possible mode of 

inheritance, (3) identify the genetic locus, and (4) ultimately develop a genetic test for this 

disease in the breed.  

Initially, owners of 62 affected (case) dogs were contacted for a description of clinical 

signs, age of onset, disease progression, videotapes of gait, brain magnetic resonance 

imaging (MRI), pedigrees, blood samples (for DNA extraction), and brains for 

histopathological examination. Gait abnormalities were noted in the first year of life in 76% 

of dogs, and progressed slowly. Clinical signs included wide based stance, dysmetria, 

intention tremor, and difficulty negotiating stairs and running. Cerebellar atrophy was 

detected on MRI. Prevalence of disease was estimated at 1 in 1,335 American Kennel Club 

registered Scottish Terriers. Pedigree and litter analysis results were consistent with an 

autosomal recessive mode of inheritance.  

Brain histopathology revealed cerebellar cortical degeneration characterized by a 

loss of Purkinje neurons, thinning of molecular and granular layers and polyglucosan bodies 



(PGBs) in the molecular layer. Counts of Purkinje neurons and PGBs demonstrated a 

significant degeneration of Purkinje neurons which was more profound dorsally than 

ventrally, and significantly more PGBs in the ventral half of the vermis. 

Immunohistochemically, PGBs in affected dogs stained positive for neurofilament 200 kD 

and ubiquitin and were negative for other neuronal markers. Ultrastructurally, PGBs were 

non-membrane-bound amorphous structures with a dense core.  

To identify the chromosomal region associated with the disease, genome-wide 

microsatellite genotyping (22 cases and their 71 control relatives) and single nucleotide 

polymorphism (SNP) genotyping (46 cases and 60 controls) were performed. Linkage 

analysis on the microsatellite genotyping data revealed a significantly linked region to the 

disease on chromosome X (CFA X) (LOD score=5.6, at 41.0-117.2 Mb), but not on 

autosomes.  Association analysis on the SNP genotyping data confirmed a significant 

association on CFA X (Praw=5.249 x10-9, Pgenome=3.076 x10-5, Bonferroni=7.497 x10-5), 

and also narrowed the region of interest down from 76.2 Mb to 6.7 Mb. Re-evaluation of 

available pedigrees suggested either an X-linked recessive trait or dominant with incomplete 

penetrance trait. However, the over-representation of female controls as opposed to less 

female cases appears to be more consistent with a recessive X linked trait.  To determine 

candidate gene(s) for the disease, targeted capture microarray technology of the region of 

interest and High-Throughput Sequencing (HTS) were performed in a subset of 6 case and 

control dogs. The HTS revealed 96 intronic variants segregating with the disease as an X-

linked recessive trait. The candidate gene, HPRT1, contained 18 variants. Mutations of 

HPRT1 cause Lesch-Nyhan syndrome characterized by gouty arthritis and neurological 

disorders of which cerebellar ataxia and pathology are a component in humans. Other 

candidate genes are SLC9A6 and SMARCA1, which have been associated with the mental 

retardation syndromes in humans with a component of cerebellar ataxia. In order to develop 

a genetic test, five of 18 variants in HPRT1 gene and upstream were Sanger sequenced in 



23 cases and 65 controls, with none of the variants segregating with the disease. 

Sequencing of additional variants on HPRT1, SLC9A6 and SMARCA1 is needed. 
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CHAPTER 1 

Literature Review of Hereditary Ataxia 

Literature Review 

The cerebellum is a complex part of the central nervous system (CNS) containing 

one of the most complicated neuronal networks in the brain. The cerebellum has neuronal 

connections with several parts of the brain, which allows it to function as an important brain 

center integrating and modulating inputs from somatomotor, somatosensory, special 

senses, and visceral systems, and from centers involved in emotions and cognitive 

functions. In response to inputs from all the above, the cerebellum then produces 

coordinated tasks1, such as fine-adjustment of movements and control of gait2.  

Anatomically, the cerebellum consists of a narrow midline region, called the vermis, 

and two hemispheres. The cerebellum is located above the brainstem and caudal and 

ventral to the occipital lobe of the cortex, and cerebellar peduncles attach it to the brainstem. 

Altogether, it occupies about 9.32% of the total brain3. The cerebellum is comprised of a 

central core of white matter surrounded externally by a grey matter cortex. The cerebellar 

white matter consists of deep cerebellar nuclei and efferent and afferent fibers of the 

cerebellar cortex. The cerebellar cortex is composed of three layers: (1) the molecular layer 

is the most external cortical layer of neurons consisting of stellate cells, basket cells, and 

several dendrites and axons, (2) a single layer of Purkinje neurons lie below the molecular 

layer, and their dendrites extend out into the molecular layer, and (3) deep to the Purkinje 

cells there is a thick layer of smaller neurons also called granular cells, and a smaller 

number of Golgi cells2. Only axons from Purkinje neurons convey information away from the 

cortex by passing the granular layer to terminate at the cerebellar nuclei or at the vestibular 
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nuclei1. Mossy fibers (axons from brainstem and spinal cord) and climbing fibers (axons 

from olivary neurons in the medulla oblongata) are the two major types of afferents that 

reach the cerebellum. Mossy fibers usually synapse at the cerebellar nuclei in the white 

matter and at the granular neurons in the cerebellar cortex. Climbing fibers synapse at the 

cerebellar nuclei and on the dendrites of Purkinje neurons in the molecular layer2. 

In terms of histopathology, the cortical cerebellum and its neuronal layers are highly 

susceptible to insult, particularly the Purkinje neurons, and therefore constitute a common 

target for neurodegenerative disease processes. In human medicine, neurodegenerative 

disorders of the cerebellum, such as the hereditary ataxias especially the spinocerebellar 

ataxia (SCA), are an important group of disorders with a significant financial burden on 

health care systems. Hereditary ataxias are a heterogeneous group of diseases and can be 

classified as either sporadic cases or inherited as autosomal dominant or recessive, X-

linked, or maternal (mitochondrial) modes4 (Table 1, 2, 3, and 4). Hereditary ataxias can 

also be classified according to their mechanism as channelopathies, abnormal protein 

folding and degradation, defective DNA repair, mitochondrial disroders, and metabolic 

dysfunction5.  

A large variety of rodent models have been developed in order to understand the 

etiopathogenesis of hereditary cerebellar ataxias. For example, leaner, rolling, rocker, 

wobbly, and tottering mice6, and groggy rat7 have been used to study an intrinsic 

mechanism for channelopathy-based ataxias. These rodents have different mutations in the 

CACNA1A gene encoding the Ŭ1A subunit of voltage-gated Cav2.1 Ca2+6. The CACNA1A 

gene is also highly expressed in neuronal tissues (cell bodies, dendrites, and presynaptic 

terminals) and especially in the cerebellum, particularly in the Purkinje neurons8. Recent 

findings suggests that the Purkinje neuron channel Cav2.1- Ŭ1A -knockout is sufficient to 
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cause cerebellar ataxia in mice9. Mutations in this gene can cause spinocerebellar ataxia 

type 610, episodic ataxia type 2, and familial hemiplegic migraine11 in humans. Another 

example of a channelopathy causing cerebellar ataxia occurs when the expression of the 

transmembrane Ŭ-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) receptor 

regulatory proteins (TARP) is severely reduced in the stargazer mutant mouse, particularly 

the TARP-ɔ2 ï or stargazin - coded by the CACNG2 gene12. The downregulation of TARP-

ɔ2 was linked with cerebellar ataxia and absence epilepsy, and a major loss of functional 

glutamate receptors of the subtype AMPA has been reported on inhibitory Purkinje cells, 

stellate cell, basket cell and granular cells13. These AMPA glutamate receptors (AMPARs) 

are heterotetrameric transmembrane proteins formed by combinations of four glutamate 

receptor subunits, GluA1ï414. As previously mentioned, Purkinje cells constitute the only 

output from the cerebellum but they also include inhibitory projection neurons. Purkinje cells 

also receive excitatory input from mossy fibers through the parallel fibers of the granular 

neurons and from climbing fibers, and they predominantly express only one member of each 

TARP subclass; stargazin (ɔ2) of class I and ɔ7 of class II sub-types15. Purkinje cells have 

GluA2/3-containing synaptic AMPARs16 and express TARPs ɔ2 and ɔ717 while the stellate 

cell and basket cell in the cerebellum have GluA2-lacking calcium-permeable (CP) synaptic 

AMPARs, containing GluA418. Researchers recently found 52% losses of GluA2/3 at parallel 

fiber-Purkinje neuron synapses examined in TARPɔ2-KO mice (the stargazer mouse model) 

by post-embedding immunogold-labeling13. Previous to this latter study, mossy fibersï

granular cells synapses in the ataxic stargazer (stg) cerebellum devoid GluA2/3 labeling, 

whereas the same synapses in non-ataxic +/stg littermates labeled in large quantities. In 

fact, the granular neurons are unique in being dependent upon stargazin as their sole TARP 

responsible for delivery of synaptic AMPARs. Physiologically, this unique feature makes 
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mossy fiber to granular cell synapses lose all synaptic AMPARs, and therefore become 

functionally silent15. On the other hand, recent in vitro studies have indicated that the 

inhibitory Purkinje cells19 and stellate cells20 also have a compromised synaptic AMPAR 

function in stargazer model, which may also contribute to the ataxic phenotype.  

Other rodent models such as, moonwalker mice (TRPC3 gene)21, sticky mouse 

(AARS gene)22, Purkinje cell degeneration mouse (AGTPBP1 gene), recoil wobbler mouse 

(GRM1 gene)23, Staggerer mouse (RORA gene)24, and other rodent models specific for 

human ataxia have also been used to investigate the underlying causes of Purkinje cell 

degeneration and the synaptic innervation pre-processes in the cerebellum. Although a 

number of genes with a variety of mutations have been identified as the underlying disease 

mechanism in humans (Table 1, 2, 3, and 4), there are still several ataxia-related clinical 

syndromes of which the etiopathogenesis and genetic causes remain unknown4, 25.  
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Table 1 Autosomal dominant neurodegenerative cerebellar ataxia disorders
4, 25-33

. Pink highlights 
represent the diseases with relatively pure cerebellar ataxia. 
 

Human autosomal 
dominant ataxia 

Human 
chromo
some 

Dog 
chromo
some 

Gene Gene product Mutation 

Abnormal protein folding and degradation 

Spinocerebellar ataxia 
type 1 (SCA1) 

6 35 ATXN1 ataxin-1 
Translated 
CAG repeat 
expansion 

SCA2 12 26 ATXN2 ataxin-2 
Translated 
CAG repeat 
expansion 

SCA3/MJD Machado-
Joseph disease 

14 8 ATXN3 ataxin-3 
Translated 
CAG repeat 
expansion 

SCA6 19 20,7 CACNA1A 
voltage-dependent P/Q-type calcium 
channel subunit alpha-1A 

Translated 
CAG repeat 
expansion 

SCA7 3 20 ATXN7 ataxin-7 
Translated 
CAG repeat 
expansion 

SCA17 6 12 TBP TATA-box-binding protein 
Translated 
CAG repeat 
expansion 

Dentatorubral 

pallidoluysian atrophy 

(DRPLA) 

12 27,5 ATN1 atrophin-1 

Translated 
CAG/CAA 
repeat 
expansion 

Mitochondrial dysfunction 

Leigh syndrome 9 9 SURF1 surfeit locus protein 1 Point mutation 

Optic atrophy and 
deafness  

3 23 OPA1 
dynamin-like 120 kDa protein 
mitochondrial 

Point mutation 

Progressive external 

ophthalmoplegia with 

mitochondrial DNA 

deletions (PEO) 

17 9 POLG2 
DNA polymerase subunit gamma-2 
mitochondrial 

Point mutation 

15 3 POLG1 Polymerase-gamma gene Point mutation 

4 16 SLC25A4 ADP/ATP translocase 1 Point mutation 

10 28 C10orf2 twinkle Point mutation 

Chanelopathies 

SCA13 19 6, 21 KCNC3 
potassium voltage-gated channel 
subfamily C member 3 

Point mutation 

Episodic Ataxia type 1 
(EA1) 

12 27 KCNA1 
potassium voltage-gated channel 
subfamily A member 1 

Point mutation 

EA2 19 20,7 CACNA1A 
voltage-dependent P/Q-type calcium 
channel subunit alpha-1A 

Point mutation 

EA5 2 19 CACNB4ɓ4 
voltage-dependent L-type calcium 
channel subunit beta-4 

Point mutation 
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Table 1 Continued 

 

Human autosomal 
dominant ataxia 

Human 
chromos

ome 

Dog 
chromos

ome 
Gene Gene product Mutation 

Others 

SCA8 13 22 ATXN8OS ATXN8OS 

3ô 
Untranslated 
CTG repeat 
expansion 

SCA10 22 10 ATXN10 ataxin-10 
Intronic 
ATTCT repeat 
expansion 

SCA12 5 2,4 PPP2R2B 
serine/threonine-protein phosphatase 
2A regulatory subunit B beta isoform 

5ô 
Untranslated 
CAG repeat 
expansion 

SCA31 16 5 BEAN1 

brain expressed, associated with 
neural precursor cell expressed, 
developmentally down-regulated 4 
(NNED4), 1 

Intronic 
TGGAA/TAAA 
repeat 
expansion 

SCA36 20 24,X,2 NOP56 nucleolar protein 56 

Intronic 
GGCCTG 
repeat 
expansion 

Adult-onset autosomal 
dominant 
leukodystrophy (ADLD)  

5 11 LMNB1 lamin-B1 duplication 

SCA5 11 18 SPTBN2 
spectrin beta chain brain, 2Beta-III 
spectrin 

Point mutation 

SCA11  15 30 TTBK2 tau-tubulin kinase 2 Point mutation 

SCA14 19 1,6  PRKCG protein kinase C gamma type Point mutation 

SCA15/16 3 20 ITPR1 
inositol 1 4 5-trisphosphate receptor 
type 1 

Point mutation 

SCA23 20 24 PDYN prodynorphin Point mutation 

SCA28 18 7 AFG3L2 ATPase family gene 3-like 2 Point mutation 

SCA27 13 22 FGF14 fibroblast growth factor 14 Point mutation 

SCA35 20 24 TGM6 transglutaminase 6 Point mutation 

Unidentified type of 
spinocerebellar ataixa 

16 5 PLEKHG4 
puratrophin-1 or Purkinje cell atrophy 
associated protein 

Point mutation 

EA6 5 4 SLC1A3 excitatory amino acid transporter 1 Point mutation 

Unknown 

EA3 1 Unknown Unknown Unknown Unknown 

EA4 Unknown Unknown Unknown Unknown Unknown 

EA7 19 Unknown Unknown Unknown Unknown 

SCA4 16 Unknown Unknown Unknown Unknown 

SCA18 7 Unknown Unknown Unknown Unknown 

SCA19/22 1 Unknown Unknown Unknown Unknown 
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Table 1 Continued 

 

Human autosomal 
dominant ataxia 

Human 
chromos

ome 

Dog 
chromos

ome 
Gene Gene product Mutation 

Unknown 

SCA20 11 Unknown Unknown Unknown 

260-kb 
duplication in 
the pericentric 
region 

SCA21 7 Unknown Unknown Unknown Unknown 

SCA25 2 Unknown Unknown Unknown Unknown 

SCA26 19 Unknown Unknown Unknown Unknown 

SCA29 3 Unknown Unknown Unknown Unknown 

SCA30 4 Unknown Unknown Unknown Unknown 

 

Table 2 Autosomal recessive neurodegenerative cerebellar ataxia disorders
4, 25, 34-37

. 

 

Human autosomal recessive 
ataxia 

Human 
chromo
some 

Dog 
Chromo

some 
Gene Gene Product Mutation 

Mitochondrial disorder 

Friedreich's ataxia (FRDA) 9 1 FXN frataxin mitochondrial precusor 

Intronic 
GAA repeat 
expansion, 
point 
mutation 

Autosomal recessive cerebellar 
ataxia type 2 (ARCA2) 

1 7, 1 ADCK3 
chaperone activity of bc1 
complex-like mitochondrial 

Point 
mutation 

Autosomal recessive progressive 
external ophthalmoplegia (PEO) 

15 3 POLG1 
DNA polymerase subunit 
gamma-1 

Point 
mutation 

Sensory ataxic neuropathy, 
dysarthria, ophthalmoplegia 
(SANDO) 

15 3 POLG1 
DNA polymerase subunit 
gamma-1 

Point 
mutation 

Alpers Huttenlocher syndrome 
(AHS) 

15 3 POLG1 
DNA polymerase subunit 
gamma-1 

Point 
mutation 

Mitochondrial neuro-gastro-
intestinal encephalomyopathy 
(MNGIE) 

15 3 POLG1 
DNA polymerase subunit 
gamma-1 

Point 
mutation 

Mitochondrial recessive ataxia 
syndrome (MIRAS) 

15 3 POLG1 
DNA polymerase subunit 
gamma-1 

Point 
mutation 

Myoclonus epilepsy, myopathy and 
sensory ataxia (MEMSA) 

15 3 POLG1 
DNA polymerase subunit 
gamma-1 

Point 
mutation 

Infantile-onset spinocerebellar 
ataxia (IOSA) 

10 28 C10orf2 
twinkle protein mitochondrial 
isoform D 

Point 
mutation 

Diabetes insipidus, diabetes 
mellitus, optic atrophy, deafness 
syndrome (DIDMOAD, Wolfram 
syndrome) 

4 13 WFS1 wolframin 
Point 
mutation 

4 32 
CISD2 or 
WFS2 

CDGSH iron-sulfur domain-
containing protein 2  

Point 
mutation 

Leigh syndrome 3 20 PDHB 
pyruvate dehydrogenase E1-
beta  

Point 
mutation 
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Table 2 Continued 

 

Human autosomal recessive 
ataxia 

Human 
chromo
some 

Dog 
Chromo

some 
Gene Gene Product Mutation 

Metabolic stress 

Ataxia with vitamin E deficiency 
(AVED) 

8 29 TTPA 
alpha-tocopherol transfer 
protein 

Point 
mutation 

Abetalipoprotenaemia (ABLP) 4 32 MTTP 
microsomal triglyceride 
transfer protein large subunit 
precursor 

Point 
mutation 

Defective DNA repair           

Ataxia telangiectasia (AT) 11 5 ATM serine-protein kinase ATM 
Point 
mutation 

Ataxia telangiectasia-like disorders 
(ATLD) 

11 21 MRE11A 
meiotic recombination 11 
homolog A 

Point 
mutation 

Ataxia with oculomotor apraxia, 
type1 (AOA1) 

9 11 APTX aprataxin 
Point 
mutation 

Ataxia with oculomotor apraxia, 
type2 (AOA2) 

9 9 SETX probable helicase senataxin 
Point 
mutation 

Spinocerebellar ataxia with axonal 
neuropathy 1 (SCAN1) 

14 8 TDP1 
tyrosyl-DNA 
phosphodiesterase 1 

Point 
mutation 

Others 

Autosomal recessive spastic ataxia 
of Charlevoix-Saguaney 
(ARSACS) 

13 25 SACS sacsin 
Point 
mutation 

Marinesco Sjogren's syndrome 
(MSS) 

5 11 SIL1 
nucleotide exchange factor 
SIL1 precursor 

Point 
mutation 

Cayman ataxia 19 1 ATCAY caytaxin 
Point 
mutation 

Polyneuropathy, hearing loss, 
ataxia (PHARC) 

2 23 ABHD12 
monoacylglycerol lipase 
ABHD12 

Point 
mutation 

Early-onset cerebellar ataxia with 
retained tendon reflexes 

9 1 FXN frataxin  
Intronic 
GAA repeat 
expansion 

Autosomal recessive cerebellar 
ataxia (ARCA1) 

6 1 SYNE1 nesprin-1  
Point 
mutation 

Late-onset Tay-Sachs disease 15 30 HEXA 
beta-hexosaminidase subunit 
alpha  

Point 
mutation 

Refsum's disease 

10 2 PHYH 
phytanoyl-CoA dioxygenase 
peroxisomal precursor 

Point 
mutation 

6 1 PEX7 
peroxisomal biogenesis factor 
7 

Point 
mutation 

Cerebrotendious Xanthomatosis 
(CTX) 

2 37 CYP27A1 
sterol 26-hydroxylase 
mitochondrial precursor 

Point 
mutation 

Autosomal recessive 
spinocerebellar ataxia type 10 
(SCAR10) 

3 23 ANO10 anoctamin-10 
Point 
mutation 

Ataxia with epilepsy and mental 
retardation 

3 33 KIAA0226 Rundataxin 
Point 
mutation 

Juvenile-onset spino-cerebellar 
ataxia and epilepsy (SCAE) 

16 unknown unknown unknown unknown 
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Table 3 X-linked disorders with cerebellar ataxia. Pink highlights represent the diseases that are 

considered as a neurodegenerative disorder
4, 38-43

. 

 

Human X-linked 
disorder with 

cerebellar ataxia 

Human 
chromosomal 

locus 

Dog 
chromosomal 

locus 
Gene Gene product Mutation 

X-linked Leigh syndrome  
chrX:19362011  
-19379825 

chrX:15291768  
-15307494 

PDHA1 
pyruvate 
dehydrogenase E1  

Point 
mutation 

X-linked lissencephaly 
with ambiguous genitalia 

chrX:25021813  
-25034065 

chrX:20497217  
-20509007 

ARX 
Aristaless-related 
homeobox 

Point 
mutation 

CASK syndrome  
chrX:41374189  
-41782287 

chrX:35884501  
-36244469 

CASK 
Calcium/Calmodulin 
dependent serine 
protein kinase 

Point 
mutation 

Oligophrenin-1 
syndrome 

chrX:67262186  
-67653299 

chrX:55377327  
-55908921 

OPHN1 oligophrenin-1 
Point 
mutation 

X-link sideroblastic 
anemia with ataxia 
(XLSA/A) 

chrX:74273105  
-74376132 

chrX:61359945  
-61523487 

ABCB7 
ATP-binding cassette 
sub-family B member 7 

Point 
mutation 

X-linked Opitz/GBBB 
syndrome 

chrX:10413350  
-10851809 

chrX:7041201    
-7198729 

MID1 midline-1 
Point 
mutation 

X-linked lissencephaly 
type I 

chrX:110537007
-110655460 

chrX:87469155  
-87586087 

DCX 
neuronal migration 
protein doublecortin 

Point 
mutation, 
duplication 

Oral-facial-digital type I/ 
X-linked Joubert 
syndrome 

chrX:13752832-
13787480 

chrX:10098404  
-10151431 

OFD1 
oral-facial-digital 
syndrome 1 protein 

Point 
mutation 

Candidate gene for X-
linked mental retardation 
in 12 families 

chrX:128580478
-128657460 

chrX:103732870
-103805637 

SMARCA1
/ SNF2L 

SWI/SNF related, 
matrix associated, actin 
dependent regulator of 
chromatin, subfamily a, 
member 1 

unknown 

Lesch-Nyhan Syndrome 
(LNS) 

chrX:133594175
-133634698 

chrX:108177629
-108214917 

HPRT1 
hypoxanthine-guanine 
phosphoribosyltransfer
ase 

Point 
mutation 

X-linked Angelman-like 
syndrome or 
chistiansone  syndrome 

chrX:135067586
-135129428 

chrX:109487347
-109534427 

SLC9A6 
sodium/hydrogen 
exchanger 6 isoform a 
precursor 

Point 
mutation 

X-linked visceral 
heterotaxy 

chrX:136648346
-136654259 

chrX:110890225
-110896083 

ZIC3 
zinc finger protein ZIC 
3 

Point 
mutation 

Fragile X syndrome 
chrX:146993469
-147032647 

chrX:119319444
-119357536 

FMR1 
fragile X mental 
retardation 1 protein 

5' 
untranslated 
CGG repeats 
expansion 

Fragile X-associated 
tremor/ataxia syndrome 
(FXTAS)  

chrX:146993469
-147032647 

chrX:119319444
-119357536 

FMR1 
fragile X mental 
retardation 1 protein 

5' 
untranslated 
CGG repeats 
expansion 

X-linked hydrocephalus 
chrX:153126971
-153141399 

chrX:124752308
-124766310 

L1CAM 
neural cell adhesion 
molecule L1 

Point 
mutation 

X-linked mental 
retardation, Fried type 
(MRXSF) 

chrX:15843929  
-15873100 

chrX:12031672-
12061963 

AP1S2 
Adaptor protein 
complex 1 complex 
subunit sigma-2 

Point 
mutation 

Rett syndrome 
chrX:153287264
-153363188 

chrX:124908283
-124976606 

MECP2 
methyl-CpG-binding 
protein 2 

Point 
mutation 

Oto-palato-digital type II 
chrX:153576900
-153603006 

chrX:125105202
-125127243 

FLNA filamin-A 
Point 
mutation 

Hoyeraal-Hreidarsso 
chrX:153991031
-154005964 

chrX:125859717
-125870907 

DKC1 
H/ACA 
ribonucleoprotein 
complex subunit 4 

Point 
mutation 
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Table 4 Maternally mitochondrial inherited disorders with cerebellar ataxia
4
. 

 

Human mitochondrial disease with ataxia Gene coding mutation 

Mitochondrial encephalomyopathy, lactacidosis, stroke-like 
episodes (MELAS) 

tRNAs, Respiratory Complex (RC) 
subunits 

Point mutation 

Myoclonic epilepsy and ragged red fibers (MERRF) tRNAs Point mutation 

Multiple systemic lipomatosis (MSL) tRNAs Point mutation 

Mitochondrial diabetes and deafness syndrome (MIDD) tRNAs Point mutation 

Leberôs hereditary optic neuropathy (LHON) RC subunits Point mutation 

Neurogenic muscle weakness, ataxia, and retinitis pigmentosa 
(NARP) 

RC subunit Point mutation 

Maternally inherited Leigh syndrome (MILS) RC subunits Point mutation 

Pearson syndrome (PS) RC subunits, RNAs 
Duplication/large 
deletion 

Kearns Sayre syndrome (KSS) RC subunits, RNAs 
Duplication/large 
deletion 

 

In fact, several neurodegenerative diseases in humans, such as Alzheimers disease 

and hereditary ataxia are clinically and histopathologically comparable to spontaneous 

diseases of dogs44. The inherent structure of modern dog breeds with extensive inbreeding 

and population bottlenecks from selective breeding practices, can enrich genetic risk factors 

and make diseases more detectable by genetic studies. Domestic dogs are also known to 

serve as companion animals, and consequently, they also have been exposed to many of 

the same environmental conditions as humans including living space, and food sources. 

These may result in common disease risk factors and pathogenesis between humans and 

dogs45. Moreover, hereditary cerebellar degeneration is also a common neurodegenerative 

disorder that affects a broad range of species, and it is a major concern in purebred dogs, 

including Scottish Terriers2, 46. The group of neurodegenerative ataxias affecting the 

cerebellar cortex is primarily classified as cerebellar cortical abiotrophy in veterinary 

medicine. Cerebellar abiotrophy is a collective term that implies an inherited intrinsic 

metabolic disorder that causes progressive neuronal (Purkinje cell) death2. Taken together, 
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all these facts make the cerebellar cortical region very attractive for clinical research 

purposes in veterinary medicine. Along with the obvious benefits to dogs, identifying the 

genetic cause of hereditary cerebellar degeneration may also provide insightful 

etiopathogenic mechanisms for the hereditary ataxias in humans. 

In Scottish Terriers, the first case report describing the cerebellar cortical 

degeneration condition was published in 200147. Subsequently, cerebellar cortical 

degeneration has emerged as an important problem in the Scottish Terrier breed, which 

lead to these dissertation studies in a large cohort of Scottish Terriers with hereditary 

cerebellar cortical neurodegenerative disease. Clinical and brain histopathological 

information was collected on this cohort of affected (case) Scottish Terriers. DNA from this 

dog breed was also collected in order to perform molecular genetic analysis aiming to 

identify the genetic basis of the hereditary cerebellar cortical degeneration. Results and 

conclusions of these studies in affected Scottish Terriers are described and discussed in 

detail in the following chapters (chapter 2 through chapter 7) of this dissertation. In 

summary, the chapters below will target the following aims:  

Chapter 2: To Report the clinical and histopathological manifestations and estimate the 

prevalence of hereditary cerebellar cortical degeneration in a cohort of Scottish Terriers, and 

to identify the mode of inheritance of the disease in a preliminary pedigree analysis, in which 

the analysis was performed by a separate investigator.  

Chapter 3: To quantify Purkinje neurons and polyglucosan bodies, as well as to describe 

the immunohistochemical and ultrastructural features of the polyglucosan bodies in control 

and case dogs with hereditary cerebellar cortical degeneration.  
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Chapter 4: To identify a genetic region linked to the hereditary cerebellar cortical 

degeneration in Scottish Terriers using genome-wide microsattelite genotyping and linkage 

analysis (family-based). 

Chapter 5: To confirm and ñfine-mapò the region found in chapter 4 and to identify the 

candidate genes for the disease by genome-wide single nucleotide genotyping, association 

analysis (population-based), and haplotype analysis. 

Chapter 6: To localize the gene causing the disease and develop a genetic test by using 

targeted capture high-throughput sequencing of the candidate region found in chapter 5, 

and conventional sequencing of the variants that segregated with hereditary cerebellar 

cortical degeneration of Scottish Terriers. 

Chapter 7: In this last chapter, the main conclusions of all dissertation studies will be 

presented. Additionally, future research directions will be discussed to further elucidate the 

genetic basis of hereditary cerebellar cortical neurodegenerative diseases. 
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