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In human medicine, the molecular bases of many inherited disorders have been clarified,
and furthermore, the number of molecularly defined disorders continues to increase. In
veterinary medicine, many naturally occurring, inherited disorders have been reported, but the
molecular bases of many such disorders have yet to be defined. Rapid and accurate genotyping
of inherited disorders is very important for reaching swift diagnoses and improving patient
outcomes, as well as the control and prevention of the disease in populations of pure-bred
animals. In the present study, molecular investigations of GMI1 gangliosidosis, Canavan
disease, and Krabbe disease were performed in dogs and cats. The objectives of my thesis are
to formulate effective strategies for the control and prevention of GM1 gangliosidosis in the
Shiba Inu breed of dogs (Chapter 1) and discuss the significance and distribution of feline
GM1 gangliosidosis caused by the ¢.1448G>C mutation of the f-galactosidase (GLBI) gene
(Chapter 2), and in addition to clarifying the molecular bases of canine Canavan disease
(Chapter 3) and feline Krabbe disease (Chapter 4).

Chapter 1: GMI gangliosidosis is a fatal, progressive neurodegenerative lysosomal
storage disease caused by mutations in the GLBI gene. A real-time PCR-based genotyping
assay has been developed for detecting the pathogenic mutation c.1647delC in the canine
GLBI gene in the Shiba Inu dogs with GM1 gangliosidosis. In the present study, a molecular
epidemiological survey was conducted using a genotyping assay among 590 clinically
unaffected Shiba Inu dogs from all over Japan. The number and native district of the affected
dogs identified between 1997 and 2013 were also surveyed retrospectively. Of the 590 dogs
examined, 6 dogs (1.02%, 6/590) were carriers: 3 dogs (2.27%, 3/132) were from the Kinki
district, while the other 3 dogs from the Hokkaido, Kanto, and Shikoku districts. The
retrospective survey revealed 23 affected dogs, among which 19 dogs (82.6%) were born
within the last 7 years. Of the 23 affected dogs, 12 dogs (52.2%) were from the Kinki district.
Pedigree analysis demonstrated that all the affected and carrier dogs for which pedigree
information was available had a close blood relationship. The high carrier frequency in the
Kinki district may be related to the high prevalence observed over the past 16 years in this
region. Therefore, for the effective control and prevention of the disease, it is necessary to
examine as many breeding dogs as possible from all regions of Japan, especially those from
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kennels located in areas with high prevalence and carrier frequency.

Chapter 2: In feline GM1 gangliosidosis, a pathogenic mutation ¢.1448G>C in the feline
GLBI gene has previously been identified in Siamese and Korat cats in Western countries. In
the present study, a mutation analysis was performed on a Siamese cat diagnosed
histopathologically and biochemically with the disease in Japan in the 1960s and 2 domestic
cats suspected of being affected with a lysosomal disease in Bangladesh in 2009. The
presence of the c¢.1448G>C mutation was examined using a direct sequencing method and a
PCR-restriction fragment length polymorphism assay with the restriction endonuclease Haelll.
This analysis demonstrated that the 3 cats were homozygous for the c.1448G>C mutation.
Identification of the mutation in a Siamese cat in Japan and in native domestic cats in
Bangladesh, in concert with the history of cat domestication, suggests that the ¢.1448G>C
mutation may have been transferred from native domestic cats to Siamese and Korat breeds
through the process of breed establishment in Southeastern Asia.

Chapter 3: Canavan disease is an autosomal recessive neurodegenerative leukodystrophy
that is caused by mutations in the aspartoacylase (4SPA) gene. In order to clarify the
molecular basis of a mixed-breed dog affected with Canavan disease, the canine ASPA gene
was analyzed using a direct DNA sequencing method. As a result, a homozygous
deletion-insertion mutation, ¢.537_540delTGGTinsATAGAA (p.G180fsX), in exon 4 of the
canine ASPA gene was identified as a candidate pathogenic mutation for the disease. A
genotyping survey was conducted using a real-time PCR-based assay for the mutation among
1,508 dogs. The survey demonstrated that all dogs examined were of the wild-type genotype,
suggesting that the mutation is very rare, and therefore, pathogenic.

Chapter 4: Krabbe diseaseis an autosomal recessive neurodegenerative leukodystrophy
that is caused by mutations in the galactocerebrosidase (GALC) gene. In order to clarify the
molecular basis of a mixed-breed cat affected with Krabbe disease, the feline GALC gene was
analyzed using a direct DNA sequencing method. As a result, a homozygous missense
mutation, c.1945G>A (p.A649T), in exon 17 of the feline GALC gene was identified as a
candidate pathogenic mutation for the disease. A genotyping survey was conducted using a
real-time PCR-based assay for the mutation among 1,060 cats. The survey demonstrated that
all cats examined were of the wild-type genotype, suggesting that the mutation is very rare,
and therefore, pathogenic.

In conclusion, the molecular epidemiological information for GM1 gangliosidosis in the
Shiba Inu breed in Japan will contribute extensively to the control and prevention of the
disease. A newly developed PCR-based genotyping assay for feline GM1 gangliosidosis will
be important for rapid differential diagnosis in cats suspected of having the disease and for
genotyping in purebreeds related to Siamese and Korat cats. The molecular bases of canine
Canavan disease and feline Krabbe disease are the first to be defined. Therefore, these
findings will contribute to future studies in the attempts to better understand the pathogenesis
and to develop potential therapeutic methods in both human and veterinary medicine.
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Molecular study on GM1 gangliosidosis, Canavan disease and Krabbe disease
in dogs and cats .
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