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Poor old Black Dog. I miss him. In the early morning when I work, he’s not there on the 
kudu skin beside the typewriter; and in the afternoon when I swim, he’s not hunting 

lizards beside the pool; and in the evenings when I sit in my chair to read, his chin isn’t 
resting on my foot. I miss Black Dog as much as I miss any friend I ever lost. 

 
-Ernest Hemingway, writer and Havanese owner 
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Ah! you should keep dogs — fine animals — sagacious creatures 
 

-Charles Dickens, writer and Havanese owner 
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5 Synopsis 

5.1 Introduction 
�

With its unique genome and population structure, profound variation and 
extreme degree of domestication, the dog is undoubtedly an intriguing 
species. The selection response obtained through domestication and 
subsequent artificial selection has been remarkable and has gained the dog its 
title of “Man’s best friend”. The unique evolution of the dog has secured it a 
high standard of living and status in society, but has not been without cost. 
Extreme selection and assortative mating have put our dogs at increased risk 
of genetic disease, and the urbanised environment we keep them in place 
heavy demands on their behavioural adaptivity. Increased understanding of 
the genetics underlying canine disease and behaviour will enable us to breed 
healthier dogs, that are even better adapted to their role as a modern pet, to 
secure the welfare of our best friend.  

5.1.1 The creation of man’s best friend 
�
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5.1.2 Every dog has its day 
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“the Bichon Havanese is, above all (and outside any hypotheses concerning its origin), 
the sum of a great variety of antecedents – as are Cuban people themselves6F��

- Zoila Portioned Guerra, founder of the Havanese Club of Cuba  
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5.1.4 The canine genome and research 
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5.1.5 Aims and objectives 
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We use a large dataset of Havanese, with comprehensive phenotype-, 
genotype- and pedigree information, to address four of the most important 
challenges in the breed: social fears, foreleg abnormalities, distichiasis, and 
cataracts, using different genetic methods.�+�����$����%$ ����������� 	'&%�@����
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The aim of the thesis was twofold: 
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5.2 Overview of materials and methods 
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5.2.1 DNA-sample collection (paper I, II and IV) 
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5.2.2 Pedigree and database-analyses (paper III and IV) 
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5.2.3 Selection of research topics 
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5.2.4 Methods 
�

7��&�&���7���� ���������������&&�	� ������$�����	��������������	 ��%�
��������

0�������6�+�	���

������ %����
� ���	��'���	��������$������������	 ��%�
����

���	 ����	�����%����9�	���5�����	����5�����	$��%������ 	��$ ����5������@�����%�

���%$��	�������	���5�����	�����	�����>$����	������6�*��������	��%�>$����	�������

����$�����	����%$�����	������� ����������
����5��������� %$�����0�������6��

�

7��&�&���77�������%%�%��
��>$�� ��	
�����1������	�����	��.*:;���������'�����

���	$������	��&������ %	��%��%��?���'��?���!�#6�.	'&%����%��?��������>$�%�5��$'�

5�����������'��?���������������	������������	���������������
����������'�%%���

��'&%��������� ������&����� ��	���5��� ��	
���������	�������������������������� �%��

$������%%�%�<�&� �
� ��.(�!�#6���	$%�����������'���$����5������	���������$����������

������ ��'���$���	
��������	
�
	��%�����	�������6�

�

7��&�&���777��������5�%����	
������ ���������������'�����5����������

������'	��%���

$�����5	���%�����<�����"��������������	%��'���	��6�+���%������'	��%�������

���%�����$�������������������
	�'���	�������� ����'�@�'$'�%�?�%��		��!*7<()��#<

'	�$%���������!�#�����%���"��������������	%��'	��%����������%�����5��1�55��

��'&%���������&	���1�55�����%�����$�����"/*�!�#6�+����	�������� %����
��������������

$��

� ����	���

� �����������%����	
�������!'	��� ����������'�%��	��$�������#6�



�

�3�

�	�������� 	�
%� ��������$%�������� %����
��������

� ���������  	���� �������).�/�

�$���%�����!2#6��

�

7��&�&���7��������	'����������	 ����	����$���!1-*�#����� 	��$ ����
	��������

��

������
	�'��	
� ����� ������0���������$�������'�@���%������'	��%���� ���� %$����

�����	'� ���%���	����&�'����@�!1(�#��	� 	��� ��
	����%�������������&	&$%���	��

������
� ���	�6�+����	�����������	��&���$���������7%%$'����.�����0����8,�

"���.��&�������������%��������� 	��$ ����$������������*<�/./<
$� ��	�����1.+*�

!3#6��7� %$��	�� ��������
	�� �����������&	������������	����	
��������&	�����	��&	%��<��

 	��� �%�	��������	���$�$���%���� ����� ���������� %$��	�� ��������
	�� 	���	%���������

).�/< ����
� ����������������������	������
����	
� ����� ������������������	
�����	��

	%���6�+����

� ��	
���������@�'�����	���	��	5�������&����%�� ������������������	
�

 ����� ��� ��������������%�	�������������6��

�

	��
$�����������%��	����'&%�� 	%%� ��	������'���	����&%���������&�&����7<7�6�

�

5.3 Summary of papers 
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Short and sweet: foreleg abnormalities in Havanese and the role of the FGF4 
retrogene 
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Heritability of distichiasis in Havanese dogs in Norway 
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Cataracts in Havanese: a genome wide association study reveals two loci 
associated with posterior polar cataract 
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5.4 Discussion 
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5.5 Future perspectives 

5.5.1 Challenges discussed in the papers 
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2008-2012 ���� ��� �8=� ::� �62P�!�6;<26�P#�

2013-2017 ;88� �;� 3�=� ��� �6;P�!�6�<26�P#�

2018-2022 ::��� 22� :8��� ��� �6;P�!�6�<36�P#�

Total 2581 130 2384 67 5.0% (4.2-5.8%) 
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�	'������	��������,����%�.%$5�����5�����:3��
�:3��

Year of examination Cortical Post polar Ant.sut.l 

2003-2007 :� 8� 8�

2008-2012 :�� �� =�

2013-2017 �:� �� :��

2018-2022 �8� �� �:�

Total 54 10 55 
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SUPPLEMENTARY MATERIALS 

 

Supplemental table 1: Owner questionnaire, Havanese 

1. My dog is scared of other dogs 

Strongly agree    Strongly disagree 

1 2 3 4 5 

2. My dog is scared of unfamiliar children 

Strongly agree    Strongly disagree 

1 2 3 4 5 

3. My dog is scared of unfamiliar women 

Strongly agree    Strongly disagree 

1 2 3 4 5 

4. My dog is scared of unfamiliar men 

Strongly agree    Strongly disagree 

1 2 3 4 5 

5. My dog is scared of people that display unusual behavior 

Strongly agree    Strongly disagree 

1 2 3 4 5 

6. My dog will pull away from other dogs on a walk 

Strongly agree    Strongly disagree 

1 2 3 4 5 

7. My dog will pull away from unfamiliar people who try to pet or touch him/her on a walk 

Strongly agree    Strongly disagree 

1 2 3 4 5 

8. I would describe my dog as jumpy 

Strongly agree    Strongly disagree 

1 2 3 4 5 

9. I would describe my dog as timid 

Strongly agree    Strongly disagree 

1 2 3 4 5 

 



Supplemental table 2: Owner questionnaire, noise reactivity (5 breeds) 

1. My dog is scared of the sound of fireworks 

Strongly agree    Strongly disagree 

1 2 3 4 5 

2. My dog is scared when exposed to loud traffic 

Strongly agree    Strongly disagree 

1 2 3 4 5 

3. My dog is scared of the sound of gun shots 

Strongly agree    Strongly disagree 

1 2 3 4 5 

4. My dog is scared during thunderstorms 

Strongly agree    Strongly disagree 

1 2 3 4 5 

 

  



Supplemental table 3: primers 

 

Exon  Forward Reverse Optimal 
temperature 

1 CGGACGGCTGCCAGG CGGACAAACTTGTGGTCCCA No product 

2 CCGGTGGTTGATTTCAGCTC GCAACTTGTTGGCAGGAACC 57 

3 GGAAGGAGAGCCCCGCTATA ATGCACGCACAAACACATGG 62 

4 AAGGCACAAGGTGTCTCTGG CGGCCTCAGTCCCTATCTCT 59 

5 GCGTACTCTGTCACATGGCT CCACCCATCACAGGCCAG 63 

6 CTTCACTCTTGCCTCCCCTG GTGCCTGCTTGTGACTTGTG 58 

7 ACCCGGTGAGGCTGAGTG GAAGGGGATGGCAGGTAAGG 58 

8 GCCCGTAGCACCCAATCTT TAGCACTACCCCGGCAGAT 58 

8 GGTGGGGATGGACAGTTCAC AGTGGTTTTGTGGCAGGAGG 62 
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