
Molecular study on GM1 gangliosidosis, 
Canavan disease and Krabbe disease 

in dogs and cats 

( GM1
)

The United Graduate School of Veterinary Science 
Yamaguchi University 

Mohammad Mejbah UDDIN 

March 2014 



MOOLECU

CANAV

ULAR ST

VAN DI

IN

GM1

A

M

TUDY O

ISEASE

N DOG

ACADEMIC

MOHAMMA

Doctor

Veterin

M

ON GM

E AND K

S AND 

C DISSERT

AD MEJBAH

r of Philosop

In

nary Medic

March 2014

M1 GANG

KRABB

CATS

TATION

H UDDIN 

phy

cine 

GLIOSI

BE DISE

IDOSIS

EASE

,



Major supervisor

Osamu YAMATO, DVM, PhD 

Professor

Co-supervisors

Yasuaki KAWASAKI, DVM, PhD 

Professor

Yoshinao HOSAKA, DVM, PhD 

Associate Professor

Akira YABUKI, DVM, PhD 

Associate Professor 

Shiho FUJITA, DVM, PhD 

Associate Professor 



THESIS COPYRIGHT DECLARATION 

Mohammad Mejbah Uddin



DEDICATION



ABSTRACT

GLB1

GLB1

GLB1



GLB1

Hae

ASPA

ASPA



ASPA

GALC

GALC

GALC



TABLE OF CONTENTS 

LIST OF TABLES...............................................................................................................…......x

LIST OF FIGURES…………………………………………………………………………......xi 

FREQUENTLY USED ABBREVIATIONS………………………………………………....xiii 

PREFACE…………………………………………………………………………………….......1

CHAPTER 1: Molecular epidemiology of GM1 gangliosidosis in the Shiba Inu breed dogs 

in Japan.................................................................................................................4 

CHAPTER 2: Mutation analyses of feline GM1 gangliosidosis…………………….…….....18 

SECTION-A: Mutation analysis of GM1 gangliosidosis in a Siamese cat in Japan………..18 

SECTION-B: Mutation analysis of GM1 gangliosidosis in Bangladeshi domestic cats……28 



CHAPTER 3: Molecular basis of Canavan disease in a mixed-breed dog……………….....37 

CHAPTER 4: Molecular basis of Krabbe disease in a mixed-breed cat………………..…..53 

CONCLUSION…………………………………………………………………………………72

REFERENCES………………………………………………………………………………….74

ACKNOWLEDGEMENTS…………………………………………………...…………….…85



LIST OF TABLES 

Table 1.

Table 2.   

ASPA

Table 3.   

ASPA

Table 4.   

Table 5.   

ASPA

Table 6. GLAC

Table 7.

GALC 

Table 8.

Table 9.

GALC



LIST OF FIGURES 

Figure 1.

Figure 2.

Figure 3.   

Figure 4. GLB1

Figure 5.

Figure 6.

Figure 7 ASPA

Figure 8

Figure 9

Figure 10. GALC

Figure 11.

Figure 12.

Figure 13.



Figure 14

Figure 15



FREQUENTLY USED ABBREVIATIONS 

N

T



PREFACE

GLB1

ASPA N





GLB1



CHAPTER 1 

Molecular epidemiology of GM1 gangliosidosis in the ShibaInu breed in Japan 

BMC Veterinary Research

Molecular epidemiology of canine GM1 gangliosidosis in the ShibaInu breed in Japan: 

relationship between regional prevalence and carrier frequency 



1.1. ABSTRACT 



1.2. INTRODUCTION 

GLB1 

GLB1





1.3. METHODS AND MATERIALS 

Sample collection and genotyping 

Retrospective survey and pedigree analysis 



1.4. RESULTS 

Carrier frequency 

Retrospective survey and pedigree analysis 





1.5. DISCUSSION 







Table 1.   



Figure 1.



Figure 2.   



Figure 3.



CHAPTER 2 

Mutation analyses of feline GM1 gangliosidosis 

SECTION-A

Mutation analysis of GM1 gangliosidosis in a Siamese cat in Japan 

Journal of Feline Medicine and Surgery

Mutation analysis of GM1 gangliosidosis in a Siamese cat from Japan in the 

1960s



2A.1. ABSTRACT 

GLB1

GLB1



2A.2. INTRODUCTION 

GLB1

GLB1





2A.3. METHODS AND MATERIALS 

GLB1

GLB1

GLB1

Hae





2A.4. RESULTS 

Hae



2A.5. DISCUSSION 



Figure 4.   GLB1



Figure 5.   

Hae



SECTION-B 

Mutation analysis of GM1 gangliosidosis in Bangladeshi domestic cats 

TheJournal of Veterinary Medical Science

Identification of Bangladeshi domestic cats with GM1 Gangliosidosis caused 

by the c.1448G>C mutation of the feline GLB1 gene: case study 



2B.1. ABSTRACT 

GLB1

GLB1



2B.2. INTRODUCTION 

GLB1

GLB1





2B.3. MATERIALS AND METHODS 

GLB1

GLB1

Hae





2B.4. RESULTS 



2B.5. DISCUSSION 



Figure 6.   

Hae



CHAPTER 3 

Molecular basis of Canavan disease in a mixed-breed dog 

A deletion/insertion in the canine 

aspartoacylase (ASPA) gene causes a frameshift mutation and Canavan disease in a mixed-

breed dog 

 *



3.1. ABSTRACT 

ASPA

ASPA



3.2. INTRODUCTION 

ASPA N

ASPA

ASPA



ASPA



3.3. MATERIALS AND METHODS 

Animals and specimens 

Direct DNA sequence analysis 

ASPA



ASPA

Genotyping survey 



3.4. Results 

Mutation analysis 

Genotyping survey 



3.5. Discussion 

de novo 

ASPA

ASPA

ASPA



ASPA



Table 2.

ASPA



Table 3. ASPA

ASPA

T

T



Table 4.



Table 5. ASPA



Figure 7 ASPA



Figure 8



Figure 9



CHAPTER 4 

Molecular basis of Krabbe disease in a mixed-breed cat 

A missense mutation in the feline 

galactocerebrosidase (GALC) gene in a mixed-breed cat with krabbe disease 

 *



4.1. ABSTRACT 

GALC

GALC

GALC

GALC



4.2. INTRODUCTION 



GALC

GALC



4.3. MATERIALS AND METHODS 

Animals and specimens 

Direct DNA sequence analysis 

GALC



GALC

GALC

SIFT (sorting intolerant from tolerant) analysis 

Genotyping survey 



4.4. RESULTS 

Mutation analysis 

GALC

GALC

.

GALC

SIFT analysis 

Genotyping survey 



4.5. DISCUSSION 

GALC

GALC

GALC



GALC

GALC

GALC

GALC



GLAC



Table 6. GLAC



Table 7.

GALC

T

GALC

T



Table 8.



Table 9. GALC



Figure 10. GALC



Figure 111.



Figure 1

Figure 1

2.

3.



Figure 14



Figure 15



CONCLUSION

GLB1



ASPA GALC



REFERENCES

Science 229

Science 174

In

Biochem. J. 235

Biochimie. 95

J. Comp. Pathol. 82

Am. J. Pathol. 172

J. Vet. Diagn. 

Invest 22



Am. J. Hum. Genet 59

Acta

Neuropathol. 96

J. Inherit. Metab

 J. 

Neurochem.18

Sci. World. J 2012

Ann. Neurol 59

Arch. Neurol 56



J. Am. Vet. Med. Assoc 157

GALC Gene

517

ASPA ASPA

Genomics 21

Nat. Genet 5

J. Jpn. Vet. Med. Assoc. 62

Am. J. 

Hum. Genet. l57

Adv Neurol Sci (Shinkei Kenkyu No Shimpo) 14



Adv Neurol Sci (Shinkei Kenkyu No Shimpo)13

Curr. Opin. Mol. Ther. 1

Sci. Transl. 

Med 4(165):

Genomics 42

Mol. Genet. Metab. 94

J. Gene. Med. 2

Vet. J. 171



MDR1/ABCB1 J.

Vet. Diagn. Invest. 24

J. Vet Diagn. Invest. 23

Sci. World J. 2012

Exp. Anim. 

26

J. Inherited.Metab. Dis 21

N

Mol. Cell. Endocrinol. 252

Trends Genet. 24



Neuropathology

Mol. Genet. Metab 105

HEXB

194

 J. Vet. Diagn. Invest. 23

J. Chromatogr. B758

J. Neurochem 66



J. Comp. Pathol 132

Brain Res 1133

Vet. Pathol. 

25

Vet. J. 174

Am. J. Hum. Genet. 57

Vet. Pathol. 39

Eur. J. Hum. Genet. 8



Indian J. Pediatr. 80

Am. J. Obstet. Gynecol 106

Neurochem. Pathol. 3

In

Folia 

Neuropathol. 50

Neuropediatrics 36

,



GALC 

Hum. Mutat. 31

J. Feline Med. Surg. 14

Genomics 33

Am. J. Vet. Res. 68

In

Hum. Mutat 10

J. Pediatr 88

J. Vet. Intern. Med. 15



Neuropediatrics 36

J. Inherited. Metab. Dis 25

Jpn. J. Prophylactic Vet. Med. 1

J. Vet. Diagn. Invest. 20

J. Vet. Diagn. Invest. 16

J. Vet. Med. Sci 65



Vet. Rec 146

GALC

Gene 519

Adv. Exp. Med. Biol. 576

Mol. Genet. Metab. 89



ACKNOWLEDGEMENTS


