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In veterinary medicine, it is necessary to prevent and control genetic disorders in pure dog breeds
in order to preserve the quality of these companion animals. The entire canine genome sequence was
completed approximately 10 years ago and more than 150 disease-causing or associated mutations have
been found in dogs. This advancement in canine genetics has contributed to many preventive measures
against genetic disorders in pure breed dogs. However, a comprehensive study of multiple genetic disorders
has not yet been performed in pure breed dogs. The objectives of my thesis are to develop novel molecular
genotyping methods for canine multiple genetic disorders and to collect clinical and epidemiological data
using these methods. Its aim is to prevent and/or control genetic disorders in pure breed dogs.

The Border Collie breed was chosen as a target in the present study. In this breed, 6 kinds of
molecularly defined genetic defects were reported: neuronal ceroid lipofuscinosis (NCL), trapped
neutrophil syndrome (TNS), Collie eye anomaly (CEA), a 4-bp deletion in the canine MDRI/ABCBI gene
associated with ivermectin toxicosis (IT), degenerative myelopathy (DM), and a congenital ocular and
auditory abnormality associated with a merle hair coat (MER). The Border Collie breed also has a single
nucleotide polymorphism in the MDRI/ABCBI gene associated with phenobarbital resistant idiopathic
epilepsy (FRE). These 7 genetic disorders were investigated in this study. In this study, several genotyping
methods were newly developed for NCL, TNS, IT, and FRE. Previous genotyping methods were used for
CEA, DM, and MER. These genotyping assays included polymerase chain reaction (PCR)-length
polymorphism assay, PCR-restriction fragment length polymorphism assay, PCR-primer-induced restriction
analysis assay, mutagenically separated-PCR assay, and SYBR Green- and TagMan minor groove binder
probe-based real-time PCR assays. These genotyping assays were used for diagnosis of affected animals
and epidemiological survey in the population of 469 Border Collies randomly collected from all over
Japan.

Regarding NCL, the number of affected Border Collies was surveyed, and their clinical
characteristics were analyzed. In 4 kennels with affected dogs, the dogs were genotyped. The genetic
relationships of all affected dogs and carriers identified were analyzed. Regarding TNS, clinical and
clinico-pathologic findings in a Border Collie that was molecularly diagnosed as TNS for the first time in
Japan were analyzed. CEA was examined molecularly and epidemiologically in Hokkaido dogs. In addition,
the genetic relationship between CEA and IT was investigated using 10 canine breeds. Finally, a simulation

analysis for prevention of multiple genetic disorders in pure breed dogs was performed on the basis of the
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allele frequencies of 7 genetic disorders reported in Border Collies.

All assays developed for genotyping in this study were available to discriminate all 3 genotypes,
i.e., wild-type, carrier and affected animals. Of all assays, real-time PCR methods were the most suitable
for large-scale examination because of its high throughput. The genotyping survey among 469 Border
Collies demonstrated that mutant allele frequencies of NCL, TNS, IT, and MER were 3.5%, 5.5%, 0.2%,
and 1.5%, respectively. The epidemiological survey for NCL revealed 28 affected dogs, but there was a
decreasing trend at the end of the study period. The clinical characteristics of these affected dogs were
updated in detail. The genotyping survey demonstrated a high mutant allele frequency (34.8%) in the 4
examined kennels. The pedigree analysis demonstrated that all affected dogs and carriers in Japan are
related to some presumptive carriers imported from Oceania and having a common ancestor. The current
high prevalence in Japan might be due to an overuse of these carriers by breeders without any knowledge
of the disease. TNS was first molecularly diagnosed in Japan in a dog with characteristic clinical and
clinico-pathologic findings. A Hokkaido dog affected ophthalmologically with CEA was proven to possess
the CEA-associated mutation. The genotyping survey and pedigree analysis demonstrated that the allelic
frequency of the CEA-associated mutation is very high (64.7%) in Hokkaido dogs. However, there was no
apparent genetic relationship between CEA and IT based on the data collected from 10 canine breeds
including Hokkaido dogs. The simulation analysis of prevention of multiple genetic disorders in Border
Collies demonstrated the following issues. In the 6 genetic disorders except for FRE, the ratio of animals
having 1, 2, and 3 mutant alleles was 35.2%, 7.0%, and 0.4%, respectively. There was no animal that had
more than 4 different mutant alleles. The resulting ratio of animals without all 6 mutant alleles was still
high (57.4%). This finding suggested that the preventive control using dogs free from the 6 genetic
disorders can be carried out without changing the breed characteristics of Border Collies. The allele
frequency of FRE was very high (24.8%) in Border Collies, but this allele should not be removed because it
may be a polymorphism.

In conclusion, genotyping assays and clinical and epidemiological findings described in the present
study will contribute to the establishment of canine breeds free from multiple genetic disorders in the future
as well as provide novel clinical information and diagnostic methods for veterinary practitioners and

researchers.
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