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GENETIC CHARACTERIZATION OF THE YUGOSLAVIAN 
SHEPHERD DOG – SHARPLANINA, A LIVESTOCK GUARD 
DOG FROM THE WESTERN BALKANS
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�<�X�J�R�V�O�D�Y�L�D�Q�� �6�K�H�S�K�H�U�G�� �'�R�J�� ���� �6�K�D�U�S�O�D�Q�L�Q�D�� ���<�6�'���� �L�V�� �D�� �O�L�Y�H�V�W�R�F�N�� �J�X�D�U�G�� �G�R�J�� �I�U�R�P�� �W�K�H��
�:�H�V�W�H�U�Q���%�D�O�N�D�Q�V���S�U�H�V�H�Q�W���L�Q���W�K�L�V���U�H�J�L�R�Q���R�Y�H�U���D���O�R�Q�J���W�L�P�H�����E�X�W���U�H�F�R�J�Q�L�]�H�G���E�\���W�K�H���)�p�G�p�U�D�W�L�R�Q��
Cynologique Internationale as a distinct breed as late as 1957. However, the information 
�U�H�J�D�U�G�L�Q�J���W�K�H���R�U�L�J�L�Q���D�Q�G���W�K�H���V�L�]�H���R�I ���W�K�H���E�U�H�H�G�·�V���I�R�X�Q�G�D�W�L�R�Q���V�W�R�F�N���L�V���V�W�L�O�O���O�D�F�N�L�Q�J�����,�Q���R�U�G�H�U��
�W�R���F�R�Q�W�U�L�E�X�W�H���W�R�Z�D�U�G�V���E�H�W�W�H�U���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I ���W�K�H���J�H�Q�H�W�L�F���P�D�N�H���X�S���R�I ���W�K�H���<�6�'���D�Q�G���L�W�V��
�I�R�X�Q�G�D�W�L�R�Q���V�W�R�F�N�����Z�H���U�H���D�Q�D�O�\�]�H�G���S�U�H�Y�L�R�X�V�O�\���J�H�Q�H�U�D�W�H�G���J�H�Q�H�W�L�F���S�U�R�À�O�H�V���R�I ���������U�H�J�L�V�W�H�U�H�G��
YSD dogs assessed with nine nuclear microsatellites. Studied individuals comprised 
90 unrelated dogs and two pairs of  full-sibs, sampled at four sampling sites: three dog 
�V�K�R�Z�V���D�Q�G���D�W���D���P�L�O�L�W�D�U�\���W�U�D�L�Q�L�Q�J���F�H�Q�W�U�H���I�R�U���G�R�J�V���L�Q���6�H�U�E�L�D�����:�H���V�X�S�S�R�U�W�H�G���H�D�U�O�L�H�U���À�Q�G�L�Q�J�V��
on high levels of  genetic diversity in YSD (HE� �����������“���������������D�Q�G���O�D�F�N���R�I ���L�Q�E�U�H�H�G�L�Q�J����
and revealed substructure of  the breed because we found two distinct gene pools in the 
�%�D�\�H�V�L�D�Q���F�O�X�V�W�H�U�L�Q�J���D�Q�D�O�\�V�L�V�����L�Q�G�L�F�D�W�H�G���D�O�V�R���E�\���W�K�H���H�[�F�H�V�V���R�I ���K�R�P�R�]�\�J�R�W�H�V�����L���H�������:�D�K�O�X�Q�G��
�H�I�I�H�F�W�����D�Q�G���R�X�W�F�R�P�H�V���R�I ���R�W�K�H�U���D�Q�D�O�\�V�H�V�����O�L�Q�N�D�J�H���G�L�V�H�T�X�L�O�L�E�U�L�X�P���W�H�V�W�V�����1�H�L�J�K�E�R�X�U���-�R�L�Q�L�Q�J��
tree, principal coordinates and two-dimensional scaling analyses. The two gene pools 
were almost equally represented at each sampling site. One gene pool was composed 
�R�I ���L�Q�G�L�Y�L�G�X�D�O�V���Z�L�W�K���K�L�J�K���J�H�Q�H�W�L�F���L�Q�W�H�J�U�L�W�\�����Z�K�L�O�H���W�K�H���R�W�K�H�U���J�H�Q�H���S�R�R�O���Z�D�V���F�K�D�U�D�F�W�H�U�L�]�H�G��
�Z�L�W�K���D�G�P�L�[�H�G���D�Q�F�H�V�W�U�\�����G�H�Y�H�O�R�S�H�G���S�R�V�V�L�E�O�\���Y�L�D���K�\�E�U�L�G�L�]�D�W�L�R�Q���Z�L�W�K���Q�D�W�L�Y�H���E�U�H�H�G�L�Q�J���V�W�R�F�N��
outside the registry system, other breeds, such as the Caucasian Shepherd, and/or 
�L�Q�G�L�Y�L�G�X�D�O�V�� �D�G�P�L�[�H�G�� �Z�L�W�K�� �Z�R�O�Y�H�V���� �7�K�X�V���� �Z�H�� �G�H�P�R�Q�V�W�U�D�W�H�� �U�D�W�K�H�U�� �F�R�P�S�O�H�[�� �D�Q�G�� �G�L�Y�H�U�V�H��
�D�Q�F�H�V�W�U�\���L�P�S�O�\�L�Q�J���D���J�H�Q�H�W�L�F�D�O�O�\���K�H�W�H�U�R�J�H�Q�H�R�X�V���I�R�X�Q�G�D�W�L�R�Q���V�W�R�F�N���R�I ���W�K�H���<�6�'��
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INTRODUCTION

Domestic dog, Canis lupus familiaris�� �/������ �L�V�� �W�K�H�� �À�U�V�W�� �G�R�P�H�V�W�L�F�D�W�H�G�� �D�Q�L�P�D�O�� �V�S�H�F�L�H�V��
�F�K�D�U�D�F�W�H�U�L�]�H�G���W�R�G�D�\���E�\���X�Q�S�U�H�F�H�G�H�Q�W�H�G���F�R�Q�I�R�U�P�D�W�L�R�Q�D�O���D�Q�G���I�X�Q�F�W�L�R�Q�D�O���Y�D�U�L�D�E�L�O�L�W�\���>�������@����
It comprises more than 400 distinct breeds, most of  which have been developed in 
the mid-19th���F�H�Q�W�X�U�\���Z�K�H�Q���U�H�S�U�R�G�X�F�W�L�Y�H���L�V�R�O�D�W�L�R�Q���E�H�W�Z�H�H�Q���E�U�H�H�G�V���K�D�V���E�H�H�Q���I�R�U�P�D�O�L�]�H�G��
�D�Q�G���E�U�H�H�G���V�W�D�Q�G�D�U�G�V���G�H�À�Q�H�G���>�������@�����7�K�H���E�U�H�H�G�L�Q�J���S�U�D�F�W�L�F�H���L�Q���G�R�J�V�����K�R�Z�H�Y�H�U�����L�V���U�D�W�K�H�U��
�V�S�H�F�L�À�F�����E�H�F�D�X�V�H���R�I ���E�U�H�H�G�L�Q�J���L�Q���F�O�R�V�H�G���S�R�S�X�O�D�W�L�R�Q�V�����V�H�O�H�F�W�L�Y�H���S�U�H�V�V�X�U�H�V���W�R�Z�D�U�G�V���G�H�V�L�U�H�G��
�W�U�D�L�W�V�� �D�Q�G�� �H�[�W�H�Q�V�L�Y�H�� �X�V�H�� �R�I �� �S�R�S�X�O�D�U�� �V�L�U�H�V���� �7�K�D�W���� �D�O�R�Q�J�� �Z�L�W�K�� �W�K�H�� �K�L�V�W�R�U�L�F�D�O�� �Y�D�U�L�D�W�L�R�Q�V��
�L�Q���S�R�S�X�O�D�W�L�R�Q���V�L�]�H�V�����K�D�Y�H���U�H�V�X�O�W�H�G���L�Q���W�K�H���F�R�Q�V�L�G�H�U�D�E�O�H���L�Q�E�U�H�H�G�L�Q�J���D�Q�G���O�R�V�V���R�I ���J�H�Q�H�W�L�F��
�Y�D�U�L�D�E�L�O�L�W�\�� �L�Q�� �F�H�U�W�D�L�Q�� �S�X�U�H�E�U�H�G�� �G�R�J�� �S�R�S�X�O�D�W�L�R�Q�V�� �>�������@���� �D�V�� �Z�H�O�O�� �D�V�� �L�Q�� �W�K�H�� �L�Q�F�U�H�D�V�H�G��
�L�Q�F�L�G�H�Q�F�H���R�I �� �L�Q�K�H�U�L�W�H�G���G�L�V�H�D�V�H�V���>���������@���� �$�O�W�K�R�X�J�K���J�H�Q�H�W�L�F���P�D�N�H���X�S���R�I �� �Q�X�P�H�U�R�X�V���G�R�J��
�E�U�H�H�G�V���K�D�V���E�H�H�Q���V�W�X�G�L�H�G���W�R���G�D�W�H���>���������������@�����W�K�H���N�Q�R�Z�O�H�G�J�H���U�H�J�D�U�G�L�Q�J���J�H�Q�H�W�L�F���V�W�U�X�F�W�X�U�H��
�R�I ���Q�R�Q���F�R�V�P�R�S�R�O�L�W�D�Q���G�R�J���E�U�H�H�G�V���D�Q�G���O�R�F�D�O���F�D�Q�L�Q�H���S�R�S�X�O�D�W�L�R�Q�V���L�V���V�W�L�O�O���J�U�R�V�V�O�\���O�D�F�N�L�Q�J��
�>�����������@��

�<�X�J�R�V�O�D�Y�L�D�Q���6�K�H�S�K�H�U�G���'�R�J�� �²�� �6�K�D�U�S�O�D�Q�L�Q�D�����<�6�'������ �L�V���D���O�L�Y�H�V�W�R�F�N���J�X�D�U�G���G�R�J�� �I�U�R�P���W�K�H��
�:�H�V�W�H�U�Q���%�D�O�N�D�Q�V�����7�K�L�V���O�D�U�J�H���S�D�V�W�R�U�D�O���G�R�J���E�U�H�H�G���K�D�V���D���O�R�Q�J���K�L�V�W�R�U�L�F�D�O���S�U�H�V�H�Q�F�H���L�Q���W�K�H��
�6�K�D�U�S�O�D�Q�L�Q�D���0�R�X�Q�W�D�L�Q���U�H�J�L�R�Q�����,�W���K�D�G���E�H�H�Q���U�H�J�L�V�W�H�U�H�G���E�\���W�K�H���)�p�G�p�U�D�W�L�R�Q���&�\�Q�R�O�R�J�L�T�X�H��
�,�Q�W�H�U�Q�D�W�L�R�Q�D�O�H�� ���)�&�,���� �V�L�Q�F�H�� ���������� �X�Q�G�H�U�� �W�K�H�� �G�H�V�L�J�Q�D�W�L�R�Q�� �´�,�O�L�U�V�N�L�� �2�Y�F�D�U�µ�� ���,�O�O�\�U�L�D�Q��
Shepherd Dog). In 1957, the FCI accepted a motion proposed by the Yugoslavian 
Federation of  Cynology to change the name of  the breed to “Yugoslavian Shepherd 
�'�R�J�� ���� �6�K�D�U�S�O�D�Q�L�Q�D�µ���� �7�K�H�� �E�U�H�H�G�� �L�V�� �F�X�U�U�H�Q�W�O�\�� �F�O�D�V�V�L�À�H�G�� �W�R�� �W�K�H�� �)�&�,�� �J�U�R�X�S�� ������ �V�H�F�W�L�R�Q��
������������ �D�O�R�Q�J�� �Z�L�W�K�� �R�W�K�H�U�� �W�Z�R�� �O�L�Y�H�V�W�R�F�N�� �J�X�D�U�G�� �G�R�J�V�� �I�U�R�P�� �W�K�H�� �:�H�V�W�H�U�Q�� �%�D�O�N�D�Q�V���� �7�R�U�Q�M�D�N��
���%�R�V�Q�L�D�Q�� �D�Q�G�� �+�H�U�]�H�J�R�Y�L�Q�L�D�Q�²�&�U�R�D�W�L�D�Q�� �6�K�H�S�K�H�U�G�� �'�R�J���� �D�Q�G�� �.�D�U�V�W�� �6�K�H�S�K�H�U�G�� �'�R�J����
While these three breeds share many morphological and behavioral similarities, they 
�D�U�H�� �F�X�U�U�H�Q�W�O�\�� �J�H�Q�H�W�L�F�D�O�O�\�� �Z�H�O�O�� �G�L�I�I�H�U�H�Q�W�L�D�W�H�G�� �>�����@���� �$�F�F�R�U�G�L�Q�J�� �W�R�� �&�H�K�� �D�Q�G�� �'�R�Y�F�� �>�����@����
�W�K�H�� �R�I�À�F�L�D�O�� �V�H�S�D�U�D�W�L�R�Q�� �R�I �� �W�K�H�V�H�� �F�O�R�V�H�O�\�� �U�H�O�D�W�H�G���G�R�J�� �E�U�H�H�G�V�� �P�D�L�Q�O�\�� �D�F�F�R�X�Q�W�V�� �I�R�U�� �W�K�H�L�U��
genetic differentiation which, however, is affected also by the stochastic events in small 
populations. 

�7�K�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �U�H�J�D�U�G�L�Q�J�� �W�K�H�� �R�U�L�J�L�Q�� �D�Q�G�� �W�K�H�� �V�L�]�H�� �R�I �� �W�K�H�� �<�6�'�� �I�R�X�Q�G�D�W�L�R�Q�� �V�W�R�F�N�� �L�V��
�V�W�L�O�O���O�D�F�N�L�Q�J�����,�Q���W�K�H���V�W�X�G�\���R�I ���<�6�'���E�O�R�R�G���S�U�R�W�H�L�Q�V�����'�L�P�L�W�U�L�M�H�Y�L�F���H�W���D�O�����>�����@���K�\�S�R�W�K�H�V�L�]�H�G��
�W�K�D�W���W�K�H���S�R�V�V�L�E�O�H���D�Q�F�H�V�W�R�U�V���R�I ���W�K�L�V���E�U�H�H�G���D�U�H���7�L�E�H�W�D�Q���0�D�V�W�L�I�I�����D�Q�F�L�H�Q�W���*�U�H�H�N���P�R�O�R�V�F�L�D�Q��
�D�Q�G�� �5�R�P�D�Q�� �G�R�J�V���� �D�Q�G�� �7�X�U�N�H�\�� �O�L�Y�H�V�W�R�F�N�� �J�X�D�U�G�� �G�R�J�V���� �2�Q�� �W�K�H�� �R�W�K�H�U�� �K�D�Q�G���� �&�H�K�� �D�Q�G��
�'�R�Y�F�� �>�����@�� �I�R�X�Q�G�� �W�K�D�W�� �<�6�'�� �D�Q�G�� �&�D�X�F�D�V�L�D�Q�� �6�K�H�S�K�H�U�G�� �F�R�X�O�G�� �Q�R�W�� �E�H�� �G�L�V�W�L�Q�J�X�L�V�K�H�G�� �D�W��
�W�K�H�� �Q�X�F�O�H�D�U�� �'�1�$�� �O�H�Y�H�O�� �Z�L�W�K�� �W�K�H�� �X�V�H�G�� �V�H�W�� �R�I �� �P�R�O�H�F�X�O�D�U�� �P�D�U�N�H�U�V���� �)�X�U�W�K�H�U�P�R�U�H���� �W�K�H��
authors observed that mitochondrial (mtDNA) haplotypes found in 12 individuals 
of  the Caucasian Shepherd represented a subset of  those recorded in 129 YSD dogs. 
�7�K�H�U�H�I�R�U�H�����W�K�H���D�X�W�K�R�U�V���K�\�S�R�W�K�H�V�L�]�H�G���S�H�U�L�R�G�L�F���S�D�V�W���F�R�Q�Q�H�F�W�L�R�Q���E�H�W�Z�H�H�Q���%�D�O�N�D�Q���E�U�H�H�G�V��
�D�Q�G���&�D�X�F�D�V�L�D�Q���O�L�Y�H�V�W�R�F�N���J�X�D�U�G���G�R�J�V���R�U�����D�O�W�H�U�Q�D�W�L�Y�H�O�\�����W�K�H�L�U���U�H�F�H�Q�W���D�G�P�L�[�W�X�U�H�����,�Q���W�K�H���F�D�V�H��
�R�I ���W�K�H���<�6�'�����V�X�F�K���D�G�P�L�[�W�X�U�H���Z�D�V���O�L�N�H�O�\���H�V�S�H�F�L�D�O�O�\���D�I�W�H�U���W�K�H���6�H�F�R�Q�G���:�R�U�O�G���:�D�U���Z�K�H�Q���W�K�L�V��
breed became rare. Furthermore, the study reported that YSD, in comparison to the 
�.�D�U�V�W���6�K�H�S�K�H�U�G���D�Q�G���7�R�U�Q�M�D�N�����L�V���F�K�D�U�D�F�W�H�U�L�]�H�G���E�\���W�K�H���K�L�J�K�H�V�W���O�H�Y�H�O�V���R�I ���J�H�Q�H�W�L�F���G�L�Y�H�U�V�L�W�\����
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allelic richness and the number of  private alleles at the nuclear DNA level, and also by 
the highest number of  mtDNA haplotypes. The observed haplotypic diversity, along 
�Z�L�W�K���D���À�Q�G�L�Q�J���R�I ���D���X�Q�L�T�X�H���P�W�'�1�$���K�D�S�O�R�W�\�S�H���Z�K�L�F�K���K�D�V���Q�R�W���E�H�H�Q���U�H�S�R�U�W�H�G���S�U�H�Y�L�R�X�V�O�\��
�L�Q���R�W�K�H�U���G�R�J�� �E�U�H�H�G�V���>�����@���� �S�R�L�Q�W�H�G���W�R�Z�D�U�G�V���D���U�D�W�K�H�U���G�L�Y�H�U�V�H���P�D�W�H�U�Q�D�O���D�Q�F�H�V�W�U�\�� �R�I �� �W�K�H��
YSD breed.

�7�K�H���À�Q�G�L�Q�J�V���R�I �� �&�H�K���D�Q�G���'�R�Y�F�� �>�����@���R�Q���U�D�W�K�H�U���K�L�J�K�� �O�H�Y�H�O�V���R�I �� �J�H�Q�H���G�L�Y�H�U�V�L�W�\�� �L�Q���<�6�'��
assessed with nuclear microsatellites (HE=0.770, 109 studied individuals) are 
�F�R�Q�F�R�U�G�D�Q�W�� �Z�L�W�K�� �W�K�R�V�H�� �U�H�S�R�U�W�H�G�� �S�U�H�Y�L�R�X�V�O�\�� �E�\�� �'�L�P�L�W�U�L�M�H�Y�L�F�� �>�����@���� �'�L�P�L�W�U�L�M�H�Y�L�F�� �>�����@��
�D�Q�D�O�\�]�H�G���������X�Q�U�H�O�D�W�H�G���<�6�'���L�Q�G�L�Y�L�G�X�D�O�V���Z�L�W�K���D���G�L�I�I�H�U�H�Q�W���V�H�W���R�I ���Q�X�F�O�H�D�U���P�L�F�U�R�V�D�W�H�O�O�L�W�H�V��
�L�Q�� �F�R�P�S�D�U�L�V�R�Q�� �W�R�� �W�K�D�W�� �X�V�H�G�� �E�\�� �&�H�K�� �D�Q�G�� �'�R�Y�F�� �>�����@�� �D�Q�G�� �I�R�X�Q�G��HE of  0.702 in this 
�E�U�H�H�G���� �,�Q�� �D�G�G�L�W�L�R�Q���� �W�K�H�� �D�X�W�K�R�U�� �D�Q�D�O�\�]�H�G�� ������ �S�D�U�H�Q�W���R�I�I�V�S�U�L�Q�J�� �G�R�J�V�� �L�Q�� �R�U�G�H�U�� �W�R�� �D�V�V�H�V�V��
�Z�K�H�W�K�H�U���W�K�H�V�H���P�R�O�H�F�X�O�D�U���P�D�U�N�H�U�V���P�D�\���E�H���X�V�H�G���I�R�U���S�D�U�H�Q�W�D�J�H���Y�H�U�L�À�F�D�W�L�R�Q���D�Q�G���L�Q�G�L�Y�L�G�X�D�O��
�L�G�H�Q�W�L�À�F�D�W�L�R�Q���L�Q���W�K�L�V���E�U�H�H�G���>�����@�����+�R�Z�H�Y�H�U�����Z�K�L�O�H���S�R�V�V�L�E�O�H���V�X�E�V�W�U�X�F�W�X�U�H���R�I ���W�K�H���D�Q�D�O�\�V�H�G��
�<�6�'���V�D�P�S�O�H���Z�D�V���Q�R�W���D�G�G�U�H�V�V�H�G���L�Q���W�K�H���V�W�X�G�\���R�I ���'�L�P�L�W�U�L�M�H�Y�L�F���>�����@�����&�H�K���D�Q�G���'�R�Y�F���>�����@��
�Q�R�W�L�F�H�G���W�K�D�W���Q�X�F�O�H�D�U���J�H�Q�H�W�L�F���S�U�R�À�O�H�V���R�I �� �D���I�H�Z���L�Q�G�L�Y�L�G�X�D�O�V���G�H�Y�L�D�W�H���I�U�R�P���W�K�R�V�H���W�\�S�L�F�D�O��
for the majority of  dogs of  this breed, implying possible breed subdivision. To the 
�D�X�W�K�R�U�·�V���E�H�V�W���N�Q�R�Z�O�H�G�J�H�����D���V�X�E�V�W�U�X�F�W�X�U�H���R�I ���W�K�H���<�6�'���E�U�H�H�G���K�D�V���Q�R�W���E�H�H�Q���U�H�S�R�U�W�H�G���L�Q��
other available studies.

�7�K�H�� �D�L�P�� �R�I �� �R�X�U�� �Z�R�U�N�� �L�V�� �W�R�� �F�R�Q�W�U�L�E�X�W�H�� �W�R�Z�D�U�G�V�� �E�H�W�W�H�U�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �R�I �� �W�K�H�� �J�H�Q�H�W�L�F��
�P�D�N�H���X�S�� �R�I �� �W�K�H�� �<�6�'�� �E�U�H�H�G�� �E�\�� �D�V�V�H�V�V�L�Q�J�� �Z�K�H�W�K�H�U�� �L�P�S�O�L�F�D�W�L�R�Q�V�� �R�Q�� �L�W�V�� �V�X�E�V�W�U�X�F�W�X�U�H��
�D�Q�G���S�R�V�V�L�E�O�H���V�X�E�G�L�Y�L�V�L�R�Q���R�I ���L�W�V���I�R�X�Q�G�D�W�L�R�Q���V�W�R�F�N���D�U�H���V�X�S�S�R�U�W�H�G�����7�R���W�K�L�V���H�Q�G�����Z�H���W�R�R�N��
�D�G�Y�D�Q�W�D�J�H���R�I ���W�K�H���G�D�W�D�V�H�W���R�I ���'�L�P�L�W�U�L�M�H�Y�L�F���>�����@���F�R�P�S�U�L�V�L�Q�J���Q�X�F�O�H�D�U���P�L�F�U�R�V�D�W�H�O�O�L�W�H���J�H�Q�H�W�L�F��
�S�U�R�À�O�H�V���R�I �������� �<�6�'�� �E�U�H�H�G���L�Q�G�L�Y�L�G�X�D�O�V�����V�D�P�S�O�H�G���D�W���W�K�U�H�H���G�R�J���V�K�R�Z�V���D�Q�G���D�W���D���P�L�O�L�W�D�U�\��
training centre for dogs in Serbia in 2006 and 2007, to study genetic diversity and 
genetic differentiation in this population.

MATERIAL AND METHODS

�5�V�W�F�[���U�C�O�R�N�G���C�P�F���P�W�E�N�G�C�T���O�K�E�T�Q�U�C�V�G�N�N�K�V�G���I�G�P�G�V�K�E���R�T�Q�•�N�G�U

�:�H�� �W�R�R�N�� �D�G�Y�D�Q�W�D�J�H�� �R�I �� �W�K�H�� �G�D�W�D�V�H�W�� �R�I �� �'�L�P�L�W�U�L�M�H�Y�L�F�� �>�����@�� �Z�L�W�K�� �J�H�Q�H�W�L�F�� �S�U�R�À�O�H�V�� �R�I �� ������
�X�Q�U�H�O�D�W�H�G�� �<�6�'�� �L�Q�G�L�Y�L�G�X�D�O�V�� �D�V�V�H�V�V�H�G�� �Z�L�W�K�� ������ �Q�X�F�O�H�D�U�� �P�L�F�U�R�V�D�W�H�O�O�L�W�H�V���� �Q�D�P�H�O�\�� �3�(�=��������
�3�(�=���������3�(�=���������3�(�=���������3�(�=���������3�(�=���������3�(�=���������)�+�&���������������)�+�&�������������D�Q�G���)�+�&��
������������ �L�Q�F�O�X�G�H�G�� �L�Q�� �W�K�H�� �6�W�R�F�N�0�D�U�N�V�Š�� �I�R�U�� �'�R�J�V�� �&�D�Q�L�Q�H�� �*�H�Q�R�W�\�S�L�Q�J�� �.�L�W�� ���$�S�S�O�L�H�G��
�%�L�R�V�\�V�W�H�P�V���� �)�R�V�W�H�U�� �&�L�W�\���� �&�$���� �8�6�$������ �7�K�H�� �O�R�F�X�V�� �3�(�=������ �Z�D�V�� �H�[�F�O�X�G�H�G�� �I�U�R�P�� �I�X�U�W�K�H�U��
�D�Q�D�O�\�V�H�V���L�Q���R�X�U���V�W�X�G�\�����E�H�F�D�X�V�H���'�L�P�L�W�U�L�M�H�Y�L�F���>�����@���Q�R�W�L�F�H�G���D�Q���H�[�F�H�V�V���R�I ���K�R�P�R�]�\�J�R�W�H�V���R�Q�O�\��
�D�W�� �W�K�L�V�� �O�R�F�X�V���� �Z�K�L�F�K�� �P�D�\�� �E�H�� �G�X�H�� �W�R�� �W�K�H�� �D�P�S�O�L�À�F�D�W�L�R�Q�� �R�I �� �P�X�O�W�L�S�O�H�� �O�R�F�L���� �)�X�U�W�K�H�U�P�R�U�H����
�9�|�O�N�H�O���>�����@���U�H�S�R�U�W�H�G���L�Q�F�R�Q�V�L�V�W�H�Q�W���D�Q�G���X�Q�U�H�O�L�D�E�O�H���3�&�5���D�P�S�O�L�À�F�D�W�L�R�Q���R�I ���W�K�L�V���O�R�F�X�V���L�Q����������
�L�Q�G�L�Y�L�G�X�D�O�V���E�H�O�R�Q�J�L�Q�J���W�R���������E�U�H�H�G�V�����:�H���L�Q�F�O�X�G�H�G���L�Q�W�R���D�Q�D�O�\�V�H�V���V�L�[���D�G�G�L�W�L�R�Q�D�O���L�Q�G�L�Y�L�G�X�D�O�V����
�Z�K�L�F�K���K�D�G���E�H�H�Q���J�H�Q�R�W�\�S�H�G���D�W���W�K�H���V�D�P�H���W�L�P�H���Z�L�W�K���W�K�H���V�D�P�H���S�D�Q�H�O�����E�X�W���Z�H�U�H���H�[�F�O�X�G�H�G��
�I�U�R�P���W�K�H���V�W�X�G�\�� �R�I �� �'�L�P�L�W�U�L�M�H�Y�L�F���>�����@���G�X�H���W�R���W�K�H���P�L�V�V�L�Q�J���G�D�W�D���D�W���F�H�U�W�D�L�Q���P�L�F�U�R�V�D�W�H�O�O�L�W�H��
loci. Therefore, the overall sample used in our study comprised 94 registered YSD 
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individuals, 63 males and 31 females, with age ranging from one to 12 years (4.7 years 
in average) (Table 1). It is worth mentioning that animals were considered unrelated if  
they did not share a common ancestor for at least two generations. Two pairs of  full-
sibs were sampled as well, because they represented an offspring of  popular parents. 
Native locally adapted YSD dogs outside the registry system, present in individual 
�K�R�X�V�H�K�R�O�G�V���L�Q���W�K�H���U�X�U�D�O���S�D�U�W�V���R�I ���W�K�H���P�R�X�Q�W�D�L�Q�R�X�V���:�H�V�W�H�U�Q���%�D�O�N�D�Q�V�����Z�H�U�H���Q�R�W���X�V�H�G��

�$�V�� �H�[�S�O�D�L�Q�H�G�� �E�\�� �'�L�P�L�W�U�L�M�H�Y�L�F�� �>�����@���� �V�D�P�S�O�H�V�� ���E�X�F�F�D�O�� �V�Z�D�E�V���� �Z�H�U�H�� �W�D�N�H�Q�� �L�Q�� ���������� �D�Q�G��
�����������I�U�R�P���G�R�J�V���W�K�D�W���À�W���E�U�H�H�G���V�W�D�Q�G�D�U�G�V���D�W���G�R�J���V�K�R�Z�V���V�S�H�F�L�D�O�L�]�H�G���I�R�U���W�K�H���<�6�'���E�U�H�H�G��
���6�P�H�G�H�U�H�Y�V�N�D���3�D�O�D�Q�N�D�����6�H�U�E�L�D������th���$�S�U�L�O���������������D�Q�G���9�H�O�L�N�D���3�O�D�Q�D���G�R�J���V�K�R�Z�����6�H�U�E�L�D��������th 
April 2007), at an international dog show (41. C.A.C.I.B. show, Belgrade, Serbia, 11th 
March, 2007) and from a military centre for dog training (sampled in May 2007) (Figure 
�������7�D�E�O�H�����������3�U�R�F�H�G�X�U�H�V���I�R�U���W�K�H���H�[�W�U�D�F�W�L�R�Q���R�I ���W�K�H���J�H�Q�R�P�L�F���'�1�$�����3�&�5���D�P�S�O�L�À�F�D�W�L�R�Q��
�R�I �� �P�L�F�U�R�V�D�W�H�O�O�L�W�H�� �O�R�F�L���� �V�H�S�D�U�D�W�L�R�Q�� �R�I �� �3�&�5�� �S�U�R�G�X�F�W�V�� �D�Q�G�� �D�O�O�H�O�H�� �V�F�R�U�L�Q�J�� �D�U�H�� �J�L�Y�H�Q�� �L�Q��
�'�L�P�L�W�U�L�M�H�Y�L�F���>�����@���D�Q�G���'�L�P�L�W�U�L�M�H�Y�L�F���H�W���D�O�����>�����@����

Table 1. Description of  the studied sample of  94 registered Yugoslavian Shepherd Dog - 
Sharplanina (YSD) dogs (90 unrelated individuals and four individuals comprising two pairs 
of  full-sibs)

Sampling site, sampling year N Average age 
(years) Males Females GGP

(N)
RGP
(N)

1 �6�S�H�F�L�D�O�L�]�H�G�����<�6�'�����G�R�J���V�K�R�Z������
�3�D�O�D�Q�N�D������������ 48 4.5 33 15 21 27

2 �6�S�H�F�L�D�O�L�]�H�G�����<�6�'�����G�R�J���V�K�R�Z������
�9�H�O�L�N�D���3�O�D�Q�D������������ 9 4.9 6 3 4 5

3 International dog show - 41. 
C.A.C.I.B., 2007 20 3.6 13 7 7 13

4 Military Centre for dog training, 
2007 17 5.8 11 6 8 9

        Total/Mean 94 4.7 63 31 40 54

�1���²���Q�X�P�E�H�U���R�I ���L�Q�G�L�Y�L�G�X�D�O�V�����*�*�3���²���J�U�H�H�Q���J�H�Q�H���S�R�R�O���L�Q�I�H�U�U�H�G���L�Q���6�7�5�8�&�7�8�5�(���D�Q�D�O�\�V�L�V�����5�*�3���²���U�H�G���J�H�Q�H��
pool inferred in STRUCTURE analysis.

Figure 1. Yugoslavian Shepherd Dog – Sharplanina
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All owners gave consent to use samples for our population genetics study. The samples 
were collected in accordance with institutional and European directives for research 
animal use. The Ethics Commission of  the Faculty of  Veterinary Medicine, University 
of  Belgrade, waived the need for ethics approval and the need to obtain consent for 
the collection, analysis and publication of  the data for this non interventional study 
which used a noninvasive sampling technique.

Data analyses

The number of  individuals used for calculating standard genetic diversity parameters 
�Z�D�V�����������E�H�F�D�X�V�H���Z�H���H�[�F�O�X�G�H�G���I�U�R�P���W�K�H�V�H���F�D�O�F�X�O�D�W�L�R�Q�V���R�Q�H���L�Q�G�L�Y�L�G�X�D�O���I�U�R�P���H�D�F�K���R�I ���W�K�H��
two full-sib pairs, while all individuals were used for all other analyses. Standard genetic 
diversity parameters, namely, the number of  alleles (A), the effective number of  alleles 
(Ae�������R�E�V�H�U�Y�H�G���K�H�W�H�U�R�]�\�J�R�V�L�W�\����HO�������H�[�S�H�F�W�H�G���K�H�W�H�U�R�]�\�J�R�V�L�W�\����HE�����D�Q�G���À�[�D�W�L�R�Q���L�Q�G�H�[��
(F�������Z�H�U�H���D�V�V�H�V�V�H�G���X�V�L�Q�J���*�H�Q�$�O�(�[�����������>�����@�����3�R�O�\�P�R�U�S�K�L�F���,�Q�I�R�U�P�D�W�L�R�Q���&�R�Q�W�H�Q�W�����3�,�&����
�I�R�U���L�Q�G�L�Y�L�G�X�D�O���P�L�F�U�R�V�D�W�H�O�O�L�W�H���O�R�F�L���Z�D�V���F�D�O�F�X�O�D�W�H�G���D�F�F�R�U�G�L�Q�J���W�R���%�R�W�V�W�H�L�Q���H�W���D�O�����>�����@���X�V�L�Q�J��
�0�R�O�.�L�Q���Y���������>�����@�����'�H�Y�L�D�W�L�R�Q�V���I�U�R�P���+�D�U�G�\���:�H�L�Q�E�H�U�J���H�[�S�H�F�W�D�W�L�R�Q�V���D�Q�G���S�D�L�U�Z�L�V�H���O�L�Q�N�D�J�H��
�G�L�V�H�T�X�L�O�L�E�U�L�X�P���D�P�R�Q�J���O�R�F�L���Z�H�U�H���D�V�V�H�V�V�H�G���Z�L�W�K���$�U�O�H�T�X�L�Q�����������>�����@��

�:�H�� �X�V�H�G�� �%�D�\�H�V�L�D�Q�� �F�O�X�V�W�H�U�L�Q�J�� �D�O�J�R�U�L�W�K�P�� �L�P�S�O�H�P�H�Q�W�H�G�� �L�Q�� �6�7�5�8�&�7�8�5�(�� �������������� �>�����@��
�W�R�� �V�W�X�G�\�� �S�R�V�V�L�E�O�H�� �J�H�Q�H�W�L�F�� �G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q�� �R�I �� �W�K�H�� �L�Q�Y�H�V�W�L�J�D�W�H�G�� �S�R�S�X�O�D�W�L�R�Q���� �$�G�P�L�[�W�X�U�H��
model and allele frequency correlated model were employed, and burn-in and the 
analysis set to 500,000 and 100,000 iterations, respectively. Ten independent runs for 
the number of  genetic groups (K�����V�H�W���I�U�R�P�������W�R�������Z�H�U�H���S�H�U�I�R�U�P�H�G�����7�K�H���P�R�V�W���O�L�N�H�O�\��
K value was determined using the �…�.���P�H�W�K�R�G���R�I ���(�Y�D�Q�Q�R���H�W���D�O�����>�����@�����7�K�H�Q�����Z�H���X�V�H�G��
�W�K�H���P�D�W�U�L�[���R�I ���S�D�L�U�Z�L�V�H���1�H�L�·�V��Da���J�H�Q�H�W�L�F���G�L�V�W�D�Q�F�H���>�����@���E�D�V�H�G���R�Q���D�O�O�H�O�H���I�U�H�T�X�H�Q�F�L�H�V���I�R�U��
�F�R�Q�V�W�U�X�F�W�L�Q�J�� �D�� �1�H�L�J�K�E�R�X�U���-�R�L�Q�L�Q�J�� ���1�-���� �W�U�H�H�� �X�V�L�Q�J�� �W�K�H�� �3�R�S�X�O�D�W�L�R�Q�V�� �V�R�I�W�Z�D�U�H�� ���2�O�L�Y�L�H�U��
�/�D�Q�J�H�O�O�D���� �3�R�S�X�O�D�W�L�R�Q�V�� ���������������� �K�W�W�S�V�������E�L�R�L�Q�I�R�U�P�D�W�L�F�V���R�U�J���S�R�S�X�O�D�W�L�R�Q�V������ �D�F�F�H�V�V�H�G�� ��th 
�'�H�F�H�P�E�H�U�����������������7�K�H���1�-���W�U�H�H���Z�D�V���Y�L�V�X�D�O�L�V�H�G���Z�L�W�K���)�L�J�7�U�H�H���������������>�����@�����D�Q�G���W�K�H���V�W�D�W�L�V�W�L�F�D�O��
support for branches was assessed based on 100 bootstrap (BS) replicates, with BS 
values >75% considered as good support, and those >50% and <74% as moderate 
support. To further study the relationship among individuals, we computed pairwise 
genotypic distances among individuals and used them for principal coordinates analysis 
���3�&�R�$�����Z�L�W�K���*�H�Q�$�O�(�[�����7�K�H���R�E�W�D�L�Q�H�G���J�H�Q�R�W�\�S�L�F���G�L�V�W�D�Q�F�H�V���Z�H�U�H���D�O�V�R���V�X�P�P�D�U�L�]�H�G���E�\��
�W�Z�R���G�L�P�H�Q�V�L�R�Q�D�O���V�F�D�O�L�Q�J�����0�'�6�����X�V�L�Q�J���3�$�6�7���Y�H�U�������������>�����@�����D�Q�G���P�L�Q�L�P�D�O���V�S�D�Q�Q�L�Q�J���W�U�H�H����
which is the shortest possible set of  lines connecting all points, was constructed. 
�0�L�Q�L�P�D�O���V�S�D�Q�Q�L�Q�J���W�U�H�H���D�Q�D�O�\�V�L�V���>�������������@���L�Q�Y�H�V�W�L�J�D�W�H�V���W�K�H���V�S�D�W�L�D�O���G�L�V�W�U�L�E�X�W�L�R�Q���R�I ���D���S�R�L�Q�W��
pattern with focus on small scales, and it is comparable to nearest neighbour analysis 
�E�X�W���Z�L�W�K���V�R�P�H�Z�K�D�W���G�L�I�I�H�U�H�Q�W���S�U�R�S�H�U�W�L�H�V���>�����@����

We also calculated mean relatedness (r���� �D�F�F�R�U�G�L�Q�J�� �W�R�� �:�D�Q�J�� �>�����@�� �I�R�U�� �W�K�H�� �H�Q�W�L�U�H��
population and two groups obtained in STRUCTURE analysis at K=2 as a measure 
of  co-ancestry among individuals that may also serve as a surrogate to pedigree data 
�>�����������@�����&�D�O�F�X�O�D�W�L�R�Q�V���Z�H�U�H���S�H�U�I�R�U�P�H�G���Z�L�W�K���&�2�$�1�&�(�6�7�5�<���V�R�I�W�Z�D�U�H���>�����@��
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RESULTS

Genetic diversity

The percentage of  missing data in overall dataset was 1.06%. It is worth mentioning 
�W�K�D�W���D�O�O�H�O�H�V���R�X�W�V�L�G�H���R�I ���W�K�H���U�D�Q�J�H���R�I ���O�H�Q�J�W�K�V���G�H�À�Q�H�G���I�R�U���P�L�F�U�R�V�D�W�H�O�O�L�W�H�V���F�R�P�S�U�L�V�L�Q�J���W�K�H��
�6�W�R�F�N�0�D�U�N�V�Š�� �I�R�U�� �'�R�J�V�� �&�D�Q�L�Q�H�� �*�H�Q�R�W�\�S�L�Q�J�� �.�L�W�� �Z�H�U�H�� �R�E�V�H�U�Y�H�G�� �D�W�� �W�Z�R�� �O�R�F�L���� �3�(�=������
���W�Z�R���D�O�O�H�O�H�V�����O�H�Q�J�W�K�V���R�I �����������D�Q�G�����������E�D�V�H���S�D�L�U�V�����D�Q�G���3�(�=���������O�H�Q�J�W�K���R�I �����������E�D�V�H���S�D�L�U�V����

�7�K�H�� �Q�X�P�E�H�U�� �R�I �� �D�O�O�H�O�H�V�� �S�H�U�� �O�R�F�X�V�� �U�D�Q�J�H�G�� �I�U�R�P�� �À�Y�H�� ���)�+�&���������� �D�Q�G�� �)�+�&������������ �W�R�� ������
���3�(�=���������Z�L�W�K���D���P�H�D�Q���Y�D�O�X�H���R�I �����“�������������D�O�O�H�O�H�V���S�H�U���O�R�F�X�V�����7�D�E�O�H�����������7�K�H���O�R�Z�H�V�W���Y�D�O�X�H�V��
of Ae, HO, HE�� �D�Q�G�� �3�,�&�� �Z�H�U�H�� �R�E�W�D�L�Q�H�G�� �D�W�� �W�K�H�� �O�R�F�X�V�� �)�+�&���������� ���������������� �������������� ������������
�D�Q�G�����������������U�H�V�S�H�F�W�L�Y�H�O�\�������W�K�H���K�L�J�K�H�V�W���Y�D�O�X�H�V���Z�H�U�H���U�H�F�R�U�G�H�G���D�W���W�K�H���O�R�F�X�V���3�(�=����������������������
0.826, 0.837 and 812, respectively), and a mean values of  these parameters were 3.092, 
�������������� ������������ �D�Q�G�� �������������� �U�H�V�S�H�F�W�L�Y�H�O�\�� ���7�D�E�O�H�� �������� �)�L�[�D�W�L�R�Q�� �L�Q�G�H�[�� �Z�D�V�� �Q�H�J�D�W�L�Y�H�� �R�Q�O�\�� �D�W��
�O�R�F�X�V�� �)�+�&������������ �E�X�W�� �G�H�Y�L�D�W�L�R�Q�V�� �I�U�R�P�� �+�D�U�G�\���:�H�L�Q�E�H�U�J�� �H�[�S�H�F�W�D�W�L�R�Q�V�� �D�W�� �L�Q�G�L�Y�L�G�X�D�O��
�O�R�F�L�� �Z�H�U�H�� �Q�R�W�� �V�W�D�W�L�V�W�L�F�D�O�O�\�� �V�L�J�Q�L�À�F�D�Q�W�� �D�W�� �W�K�H�� �������� �O�H�Y�H�O���� �+�R�Z�H�Y�H�U���� �O�R�Z�� �E�X�W�� �V�L�J�Q�L�À�F�D�Q�W��
�H�[�F�H�V�V���R�I ���K�R�P�R�]�\�J�R�W�H�V���Z�D�V���R�E�V�H�U�Y�H�G���L�Q���W�K�H���R�Y�H�U�D�O�O���V�D�P�S�O�H����F� �����������“�����������������/�L�Q�N�D�J�H��
�G�L�V�H�T�X�L�O�L�E�U�L�X�P���Z�D�V���V�L�J�Q�L�À�F�D�Q�W���D�W���W�K�H�����������O�H�Y�H�O���D�P�R�Q�J���Q�L�Q�H���R�X�W���R�I ���������W�H�V�W�H�G���S�D�L�U�V���R�I ��
�O�R�F�L�����������������Z�K�L�F�K���L�V���Z�H�O�O���D�E�R�Y�H���W�K�H���������H�[�S�H�F�W�H�G���W�R���R�F�F�X�U���E�\���F�K�D�Q�F�H����

Table 2. Summary of  genetic diversity based on microsatellite data

A Ae HO H E F P value PIC

�3�(�=���� 6 3.581 0.674 0.725 0.065 0.42071 0.679

�3�(�=���� 6 2.933 0.624 0.663 0.054 0.42668 0.597

�3�(�=���� 9 5.140 0.755 0.810 0.062 0.10908 0.777

�3�(�=���� 8 4.426 0.753 0.778 0.028 0.32884 0.741

�3�(�=���� 11 5.961 0.826 0.837 0.007 0.61039 0.812

�3�(�=���� 8 3.766 0.707 0.738 0.038 0.59895 0.696

FHC2010 5 2.287 0.521 0.566 0.074 0.30518 0.483

FHC2054 8 3.568 0.731 0.724 -0.016 0.70091 0.691

FHC2079 5 3.458 0.670 0.715 0.057 0.12337 0.662

Mean 7 3.902 0.696 0.728 0.041 0.682

SD 0.667 0.373 0.029 0.027 0.010

�$���²���Q�X�P�E�H�U���R�I ���D�O�O�H�O�H�V�����$�H���²���H�I�I�H�F�W�L�Y�H���Q�X�P�E�H�U���R�I ���D�O�O�H�O�H�V�����+O���²���R�E�V�H�U�Y�H�G���K�H�W�H�U�R�]�\�J�R�V�L�W�\�����+E���²���H�[�S�H�F�W�H�G��
�K�H�W�H�U�R�]�\�J�R�V�L�W�\�����)���²���À�[�D�W�L�R�Q���L�Q�G�H�[�����3���Y�D�O�X�H���²���3���Y�D�O�X�H���R�I ���H�[�D�F�W���W�H�V�W�V���R�I ���G�H�Y�L�D�W�L�R�Q�V���I�U�R�P���+�D�U�G�\���:�H�L�Q�E�H�U�J��
�H�[�S�H�F�W�D�W�L�R�Q�V�����3�,�&���²���3�R�O�\�P�R�U�S�K�L�F���,�Q�I�R�U�P�D�W�L�R�Q���&�R�Q�W�H�Q�W�����6�'���²���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q��

Genetic differentiation

Bayesian clustering analysis revealed the presence of  two gene pools, named green 
�J�H�Q�H�� �S�R�R�O�� ���*�*�3���� �D�Q�G�� �U�H�G�� �J�H�Q�H�� �S�R�R�O�� ���5�*�3���� ���)�L�J�X�U�H�� ���D���� �E������ �$�W��K=2, 40 individuals 
�Z�H�U�H���D�V�V�L�J�Q�H�G���W�R���W�K�H���*�*�3�����D�V�V�L�J�Q�P�H�Q�W���S�U�R�E�D�E�L�O�L�W�\����q) >0.50), and 54 individuals were 
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�D�V�V�L�J�Q�H�G���W�R���W�K�H���5�*�3���Z�L�W�K��q >0.50. Interestingly, at K=3, 28 individuals were assigned 
�W�R���W�K�H���*�*�3���Z�L�W�K��q�!�������������D�Q�G���W�K�H���U�H�P�D�L�Q�L�Q�J���L�Q�G�L�Y�L�G�X�D�O�V���Z�H�U�H���F�K�D�U�D�F�W�H�U�L�]�H�G���E�\���V�L�P�L�O�D�U��
�D�G�P�L�[�H�G�� �J�H�Q�H�W�L�F�� �S�U�R�À�O�H�V�� �F�R�P�S�U�L�V�L�Q�J�� �W�K�H�� �J�U�H�H�Q�� �J�H�Q�H�� �S�R�R�O�� �L�Q�� �D�� �P�L�Q�R�U�� �S�U�R�S�R�U�W�L�R�Q����
Although individuals assigned to the second and the third gene pool both comprised 
red and a novel (blue) gene pool, the red gene pool was slightly more represented in 
�W�K�H�� �V�H�F�R�Q�G�� �J�H�Q�H�� �S�R�R�O���� �D�Q�G�� �W�K�H�� �E�O�X�H�� �J�H�Q�H�� �S�R�R�O�� �L�Q�� �W�K�H�� �W�K�L�U�G�� �J�H�Q�H�� �S�R�R�O���� �7�K�L�V�� �À�Q�G�L�Q�J��
indicates not only substructure of  the studied population, but also different integrity 
of  two observed gene pools. Both gene pools were almost equally represented at all 
four sampling sites (Table 1). In order to assess whether genetic differentiation of  
the YSD gene pool obtained with the Bayesian clustering may be detected with the 
�:�U�L�J�K�W�·�V��F statistics, we assembled two groups, each comprising individuals assigned 
to one of  the two gene pools with q>0.70 as inferred from the analysis at K=2 (18 
�L�Q�G�L�Y�L�G�X�D�O�V���E�H�O�R�Q�J�L�Q�J�� �W�R���W�K�H���*�*�3���� ������ �W�R���W�K�H���5�*�3������ �D�Q�G���F�D�O�F�X�O�D�W�H�G��FST among them 
(FST=0.134, P�����������������D�V���Z�H�O�O���D�V���S�D�U�D�P�H�W�H�U�V���R�I ���J�H�Q�H�W�L�F���G�L�Y�H�U�V�L�W�\���L�Q���H�D�F�K���J�U�R�X�S�����*�*�3����
HO� �����������“��������������HE� �����������“�������������� �5�*�3����HO� �����������“��������������HE=0.749±0.019. 
�,�Q�W�H�U�H�V�W�L�Q�J�O�\�����D�O�O�H�O�H�V���R�X�W�V�L�G�H���W�K�H���G�H�À�Q�H�G���U�D�Q�J�H���R�I ���O�H�Q�J�W�K�V���I�R�U���G�R�J�V���Z�H�U�H���S�U�H�V�H�Q�W���L�Q���R�Q�H��
�L�Q�G�L�Y�L�G�X�D�O���V�W�U�R�Q�J�O�\���D�V�V�L�J�Q�H�G���W�R���W�K�H���*�*�3���Z�K�L�F�K���D�O�V�R���U�H�S�U�H�V�H�Q�W�H�G���R�Q�H���L�Q�G�L�Y�L�G�X�D�O���I�U�R�P��
�R�Q�H���S�D�L�U���R�I ���I�X�O�O���V�L�E�V�����L�Q�G�L�Y�L�G�X�D�O���6�3�B�������������D�Q�G���L�Q���R�Q�H���L�Q�G�L�Y�L�G�X�D�O���V�W�U�R�Q�J�O�\���D�V�V�L�J�Q�H�G���W�R���W�K�H��
�5�*�3�����L�Q�G�L�Y�L�G�X�D�O���6�3�B��������

�1�H�L�·�V��Da�� �J�H�Q�H�W�L�F�� �G�L�V�W�D�Q�F�H�� �D�P�R�Q�J�� �S�D�L�U�V�� �R�I �� �L�Q�G�L�Y�L�G�X�D�O�V�� �U�D�Q�J�H�G�� �I�U�R�P�� �������������� ���6�3�3�B������
�D�Q�G���6�3�B�����������R�Q�H���R�I ���W�K�H���W�Z�R���I�X�O�O���V�L�E�V���S�D�L�U�V�����W�R�������������������6�3�3�B�������D�Q�G���6�3�B�������������G�D�W�D���Q�R�W��
�V�K�R�Z�Q�������,�Q���W�K�H���1�-���W�U�H�H���F�R�Q�V�W�U�X�F�W�H�G���X�V�L�Q�J���W�K�H���P�D�W�U�L�[���R�I ���S�D�L�U�Z�L�V�H���1�H�L�·�V��Da, only eight 
moderately supported tip clades, each comprising two individuals, were observed, 
while deeper nodes were not supported (Figure 3). Two of  these clades comprised 
two pairs of  full-sibs. Nonetheless, it is noteworthy that all individuals were grouped 
into two not supported clades, one predominantly comprising individuals strongly 
�D�V�V�L�J�Q�H�G�� �W�R�� �W�K�H�� �*�*�3�� �R�E�W�D�L�Q�H�G�� �L�Q�� �6�7�5�8�&�7�8�5�(�� �D�Q�D�O�\�V�L�V���� �D�Q�G�� �W�K�H�� �R�W�K�H�U�� �F�R�P�S�U�L�V�L�Q�J��
�P�D�L�Q�O�\���L�Q�G�L�Y�L�G�X�D�O�V���V�W�U�R�Q�J�O�\���D�V�V�L�J�Q�H�G���W�R���W�K�H���5�*�3��

Figure 2. Bayesian clustering (STRUCTURE) analysis and optimal number of  genetic groups
a) Outcomes of  the STRUCTURE analysis at K=2 and K� �������E�����W�K�H���R�S�W�L�P�D�O���Q�X�P�E�H�U���R�I ���J�H�Q�H�W�L�F��
groups inferred using the �…�. method of  Evanno et al. (2005)
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�7�K�H���V�F�R�U�H�V���R�I ���L�Q�G�L�Y�L�G�X�D�O�V���L�Q���W�K�H���3�&�R�$���J�U�D�S�K���Z�H�U�H���G�L�V�S�H�U�V�H�G���Z�L�W�K�L�Q���W�K�H���W�Z�R���G�L�P�H�Q�V�L�R�Q�D�O��
�V�S�D�F�H���G�H�À�Q�H�G���E�\���S�U�L�Q�F�L�S�D�O���F�R�R�U�G�L�Q�D�W�H�V�������D�Q�G�������W�K�D�W���H�[�S�O�D�L�Q�H�G���������������D�Q�G���������������R�I ���W�K�H��
�W�R�W�D�O���Y�D�U�L�D�E�L�O�L�W�\�����U�H�V�S�H�F�W�L�Y�H�O�\�����)�L�J�X�U�H�����������,�Q�G�L�Y�L�G�X�D�O�V���V�W�U�R�Q�J�O�\���D�V�V�L�J�Q�H�G���W�R���W�K�H���*�*�3���Z�H�U�H��
�P�D�L�Q�O�\���J�U�R�X�S�H�G���Z�L�W�K�L�Q���W�K�H���X�S�S�H�U���O�H�I�W���T�X�D�G�U�D�Q�W�����D�Q�G���W�K�R�V�H���E�H�O�R�Q�J�L�Q�J���W�R���W�K�H���5�*�3���Z�H�U�H��
mainly found in the lower right and left quadrant (Figure 4). The scores of  individuals 
in the MDS graph were also dispersed, but, in this analysis, individuals belonging to 
the two gene pools were mainly separated along the Coordinate 2 (Figure 5). Several 
lineages comprising groups of  more closely related individuals were observed in the 
MDS graph in which minimal spanning tree was presented. 

�,�Q�G�L�Y�L�G�X�D�O�V�� �I�U�R�P�� �H�D�F�K�� �R�I �� �W�K�H�� �W�Z�R�� �I�X�O�O���V�L�E�� �S�D�U�V�� �Z�H�U�H�� �D�V�V�L�J�Q�H�G�� �W�R�� �W�K�H�� �V�D�P�H�� �*�*�3�� �L�Q��
analysis at K� �������+�R�Z�H�Y�H�U�����W�K�H���S�U�R�S�R�U�W�L�R�Q���R�I ���W�K�H���*�*�3���L�Q���L�Q�G�L�Y�L�G�X�D�O�V���I�U�R�P���W�K�H�V�H���S�D�L�U�V��
was different, i.e., it was high in one pair (q�!�������������6�3�3�B�������D�Q�G���6�3�B�����������D�Q�G���O�R�Z�H�U���L�Q��
the second pair (q���������������6�3�B���������D�Q�G���6�3�B�������������,�Q�F�U�H�D�V�H�G���S�U�R�S�R�U�W�L�R�Q���R�I ���W�K�H���D�G�P�L�[�H�G��
�5�*�3���L�Q���L�Q�G�L�Y�L�G�X�D�O�V���I�U�R�P���W�K�H���V�H�F�R�Q�G���S�D�L�U���P�D�\���D�F�F�R�X�Q�W���I�R�U���W�K�H���S�R�V�L�W�L�R�Q�L�Q�J���R�I ���V�F�R�U�H�V���R�I ��
�W�K�H�V�H���L�Q�G�L�Y�L�G�X�D�O�V���L�Q���W�K�H���3�&�R�$���D�Q�G���0�'�6���J�U�D�S�K�����Z�K�L�F�K���Z�H�U�H���P�R�U�H���G�L�V�W�D�Q�W���W�K�D�W���V�F�R�U�H�V��
�R�I ���L�Q�G�L�Y�L�G�X�D�O�V���I�U�R�P���W�K�H���À�U�V�W���S�D�L�U��

Figure 3.�� �1�H�L�J�K�E�R�X�U���-�R�L�Q�L�Q�J�� �W�U�H�H�� �F�R�Q�V�W�U�X�F�W�H�G�� �X�V�L�Q�J�� �D�� �S�D�L�U�Z�L�V�H�� �P�D�W�U�L�[�� �R�I �� �1�H�L�·�V��Da genetic 
distances
�1�X�P�E�H�U�V���D�W���W�L�S���F�O�D�G�H�V���G�H�Q�R�W�H���E�R�R�W�V�W�U�D�S���V�X�S�S�R�U�W�����
���G�H�Q�R�W�H�V���L�Q�G�L�Y�L�G�X�D�O�V���W�K�D�W���D�U�H���I�X�O�O���V�L�E�V
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Relatedness

The distribution of  pairwise relatedness variables was centred near 0 (Figure 6), and 
the mean relatedness in the studied YSD population was -0.066 (variance 0.044). The 
�P�H�D�Q���U�H�O�D�W�H�G�Q�H�V�V���L�Q���W�Z�R���<�6�'���V�X�E�S�R�S�X�O�D�W�L�R�Q�V���F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���W�K�H���*�*�3���D�Q�G���5�*�3��
were 0.052 (variance 0.055) and -0.0001 (variance 0.049), respectively. The relatedness 
of  individuals from the two pairs of  full-sibs was slightly higher (0.65) in comparison 

Figure 4. Outcomes of  principal component analysis based on pairwise genetic distances
*denotes individuals that are full-sibs

Figure 5. Outcomes of  the two-dimensional scalling (MDS) analysis based on genetic distances 
with the minimal spanning tree representing the shortest possible set of  lines connecting all 
�S�R�L�Q�W�V�����V�W�U�H�V�V���Y�D�O�X�H��� ��������������
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�W�R���W�K�H���H�[�S�H�F�W�H�G���Y�D�O�X�H���R�I �����������>�����@�����D�Q�G���I�X�U�W�K�H�U�P�R�U�H����r of  c. 0.5 was recorded in several 
other pairwise comparisons suggesting that some other closely related individuals were 
present in our sample despite our attempt to sample unrelated individuals.

DISCUSSION

�$�O�W�K�R�X�J�K���U�H�F�R�J�Q�L�]�H�G���D�V���D���G�L�V�W�L�Q�F�W���J�U�R�X�S������ �G�R�J���E�U�H�H�G���E�\���W�K�H���)�&�,���R�Q�O�\�������� �\�H�D�U�V���D�J�R����
�<�6�'���L�V���D���Z�H�O�O���N�Q�R�Z�Q���G�R�J���E�U�H�H�G���L�Q���W�K�H���:�H�V�W�H�U�Q���%�D�O�N�D�Q�V���S�U�H�V�H�Q�W���L�Q���W�K�L�V���U�H�J�L�R�Q���I�R�U���D��
long time, and highly valued by both local people and professional dog breeders. It 
�L�V�� �J�H�Q�H�W�L�F�D�O�O�\�� �Z�H�O�O�� �G�L�V�W�L�Q�J�X�L�V�K�H�G�� �I�U�R�P�� �R�W�K�H�U�� �O�L�Y�H�V�W�R�F�N�� �J�X�D�U�G�� �G�R�J�V�� �I�U�R�P�� �W�K�H�� �:�H�V�W�H�U�Q��
�%�D�O�N�D�Q�V���� �.�D�U�V�W�� �6�K�H�S�K�H�U�G�� �D�Q�G�� �7�R�U�Q�M�D�N�� �>�����@���� �:�H�� �U�H�S�R�U�W�� �O�H�Y�H�O�V�� �R�I �� �J�H�Q�H�W�L�F�� �G�L�Y�H�U�V�L�W�\�� �L�Q��
�<�6�'�� �Z�K�L�F�K�� �D�U�H�� �L�Q�� �W�K�H�� �U�D�Q�J�H�� �R�I �� �W�K�R�V�H�� �U�H�S�R�U�W�H�G�� �E�\�� �'�L�P�L�W�U�L�M�H�Y�L�ý�� �>���������@�� �D�Q�G�� �&�H�K�� �D�Q�G��
�'�R�Y�F�� �>�����@���� �D�Q�G�� �D�U�H�� �F�R�P�S�D�U�D�E�O�H�� �D�Q�G�� �L�Q�� �V�R�P�H�� �F�D�V�H�V�� �H�Y�H�Q�� �K�L�J�K�H�U�� �W�K�D�Q�� �W�K�R�V�H�� �I�R�X�Q�G�� �L�Q��
�Q�X�P�H�U�R�X�V���G�R�J���E�U�H�H�G�V���V�W�X�G�L�H�G���W�R���G�D�W�H���E�\�� �P�H�D�Q�V���R�I �� �Q�X�F�O�H�D�U���P�L�F�U�R�V�D�W�H�O�O�L�W�H�V���>���������������@����
Thus, despite the decline of  the YSD population after both 20th century World Wars, 
this breed remains genetically highly diverse.

�7�K�H���À�Q�G�L�Q�J���R�I ���W�K�U�H�H���D�O�O�H�O�H�V���D�W���W�Z�R���Q�X�F�O�H�D�U���P�L�F�U�R�V�D�W�H�O�O�L�W�H���O�R�F�L���L�Q���<�6�'���Z�K�L�F�K���D�U�H���R�X�W�V�L�G�H��
�W�K�H�� �H�[�S�H�F�W�H�G�� �O�H�Q�J�W�K�� �U�D�Q�J�H�� �Z�D�V�� �Q�R�W�� �I�X�O�O�\�� �X�Q�H�[�S�H�F�W�H�G�� �E�H�F�D�X�V�H�� �D�� �V�L�P�L�O�D�U�� �S�K�H�Q�R�P�H�Q�R�Q��
�K�D�V���D�O�V�R���E�H�H�Q���R�E�V�H�U�Y�H�G���E�\���9�|�O�N�H�O���>�����@�����$�V�V�X�P�L�Q�J���W�K�D�W���W�K�H�V�H���D�O�O�H�O�H�V���Z�H�U�H���Q�R�W���G�X�H���W�R���W�K�H��
genotyping errors and have not emerged due to de novo mutations, their occurrence 
�L�Q�� �W�K�H�� �<�6�'�� �P�D�\�� �E�H�� �H�[�S�O�D�L�Q�H�G�� �E�\�� �S�D�V�W�� �K�\�E�U�L�G�L�]�D�W�L�R�Q�� �Z�L�W�K�� �Z�R�O�Y�H�V�� �Z�K�L�F�K�� �K�D�V�� �E�H�H�Q��
�K�\�S�R�W�K�H�V�L�]�H�G���S�U�H�Y�L�R�X�V�O�\���>�����@�����$�G�P�L�[�W�X�U�H���E�H�W�Z�H�H�Q���G�R�J�V���D�Q�G���Z�R�O�Y�H�V���L�V���Q�R�W���X�Q�F�R�P�P�R�Q��
�>�����������@���� �L�W�� �L�V�� �P�R�U�H�� �I�U�H�T�X�H�Q�W�O�\�� �R�E�V�H�U�Y�H�G�� �L�Q�� �D�Q�F�L�H�Q�W�� �E�U�H�H�G�V�� �>�����@���� �D�Q�G�� �L�W�� �K�D�V�� �D�O�V�R�� �E�H�H�Q��
�U�H�F�R�U�G�H�G���E�H�W�Z�H�H�Q���V�K�H�S�K�H�U�G���G�R�J�V�� �D�Q�G���Z�R�O�Y�H�V���L�Q���*�H�R�U�J�L�D���� �&�D�X�F�D�V�X�V���>�����@���� �,�W���L�V�� �Z�R�U�W�K��
mentioning that although transferable to closely related species, microsatellite loci are 
�O�L�N�H�O�\�� �W�R�� �G�L�V�S�O�D�\�� �G�L�I�I�H�U�H�Q�F�H�V�� �L�Q�� �S�R�O�\�P�R�U�S�K�L�V�P�� �O�H�Y�H�O�� �D�Q�G���R�U�� �W�R�� �K�D�U�E�R�X�U�� �G�L�I�I�H�U�H�Q�W���V�H�W�V��

Figure 6. Distribution of  frequencies of  pairwise relatedness according to Wang (2011)
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�R�I ���D�O�O�H�O�H�V���L�Q���G�L�I�I�H�U�H�Q�W���V�S�H�F�L�H�V���>�����@�����6�X�F�K���D�O�O�H�O�H�V���D�V���Z�H�O�O���W�K�R�V�H���W�K�D�W���D�U�H���U�D�U�H���E�X�W���H�[�S�H�F�W�H�G��
�L�Q�� �G�R�J�� �E�U�H�H�G�V�� �>�����@�� �D�Q�G�� �W�K�R�V�H�� �Z�K�R�V�H�� �U�H�F�H�Q�W�� �H�P�H�U�J�H�Q�F�H�� �K�D�V�� �E�H�H�Q�� �G�R�F�X�P�H�Q�W�H�G�� ���H���J������
�V�R�P�D�W�L�F���P�X�W�D�W�L�R�Q���D�W���O�R�F�X�V���3�(�=�������L�Q���R�Q�H���5�R�W�W�Z�H�L�O�H�U���L�Q�G�L�Y�L�G�X�D�O�����3�i�G�i�U���H�W���D�O�����>�����@�����D�U�H��
�S�D�U�W�L�F�X�O�D�U�O�\�� �Y�D�O�X�D�E�O�H�� �L�Q�� �I�R�U�H�Q�V�L�F�V�� �>�����@���� �*�L�Y�H�Q�� �W�K�H�� �R�F�F�X�U�U�H�Q�F�H�� �R�I �� �V�X�F�K�� �D�O�O�H�O�H�V�� �L�Q�� �<�6�'��
�L�Q�G�L�Y�L�G�X�D�O�V���V�W�U�R�Q�J�O�\���D�V�V�L�J�Q�H�G���W�R���H�D�F�K���R�I ���W�K�H���W�Z�R���R�E�V�H�U�Y�H�G���J�H�Q�H���S�R�R�O�V�����L�W���L�V���Y�H�U�\���O�L�N�H�O�\��
�W�K�D�W�� �W�K�H�\�� �Z�H�U�H�� �L�Q�W�U�R�G�X�F�H�G�� �L�Q�W�R�� �W�K�H�� �I�R�X�Q�G�D�W�L�R�Q�� �V�W�R�F�N�� �R�I �� �W�K�L�V�� �E�U�H�H�G�� �U�D�W�K�H�U�� �H�D�U�O�\���� �2�Q��
�W�K�H���R�W�K�H�U���K�D�Q�G�����S�D�V�W���K�\�E�U�L�G�L�]�D�W�L�R�Q���Z�L�W�K���Z�R�O�Y�H�V���P�D�\���D�O�V�R���D�F�F�R�X�Q�W���I�R�U���W�K�H���R�F�F�X�U�U�H�Q�F�H��
of  a unique mtDNA haplotype in YSD which has not been reported previously in 
�R�W�K�H�U�� �G�R�J�� �E�U�H�H�G�V�� �>�����@���� �7�K�H�� �R�F�F�X�U�U�H�Q�F�H�� �R�I �� �Z�R�O�I���V�S�H�F�L�À�F�� �D�O�O�H�O�H�V�� �L�Q�� �<�6�'�� �G�X�H�� �W�R�� �S�D�V�W��
�K�\�E�U�L�G�L�V�D�W�L�R�Q���� �K�R�Z�H�Y�H�U���� �P�D�\�� �E�H�� �F�R�Q�À�U�P�H�G�� �E�\�� �I�X�U�W�K�H�U�� �F�R�P�S�D�U�D�W�L�Y�H�� �D�Q�D�O�\�V�H�V�� �R�I �� �E�R�W�K��
YSD and wolfs.

It has been demonstrated previously that inbreeding and loss of  genetic diversity are 
�F�R�P�P�R�Q�� �L�Q�� �F�H�U�W�D�L�Q�� �S�X�U�H�E�U�H�G�� �G�R�J�� �S�R�S�X�O�D�W�L�R�Q�V�� �G�X�H�� �W�R�� �W�K�H�� �V�S�H�F�L�À�F�� �E�U�H�H�G�L�Q�J�� �S�U�D�F�W�L�F�H��
�L�Q���G�R�J�V���>�������@�����D�Q�G���W�K�D�W���W�K�H�\���D�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D�Q���L�Q�F�U�H�D�V�H�G���L�Q�F�L�G�H�Q�F�H���R�I ���D���Q�X�P�E�H�U��
�R�I ���L�Q�K�H�U�L�W�H�G���G�L�V�H�D�V�H�V���>���������@�����,�Q���W�K�H���V�W�X�G�L�H�G���<�6�'���S�R�S�X�O�D�W�L�R�Q�����À�[�D�W�L�R�Q���L�Q�G�H�[���Z�D�V���O�R�Z����
�S�R�V�L�W�L�Y�H�� �D�Q�G�� �V�L�J�Q�L�À�F�D�Q�W���� �E�X�W�� �D�� �V�L�J�Q�L�À�F�D�Q�W�� �H�[�F�H�V�V�� �R�I �� �K�R�P�R�]�\�J�R�W�H�V�� �Z�D�V�� �Q�R�W�� �U�H�F�R�U�G�H�G��
�D�W�� �L�Q�G�L�Y�L�G�X�D�O�� �P�L�F�U�R�V�D�W�H�O�O�L�W�H�� �O�R�F�L���� �2�Q�� �W�K�H�� �R�W�K�H�U�� �K�D�Q�G���� �O�L�Q�N�D�J�H�� �G�L�V�H�T�X�L�O�L�E�U�L�X�P�� �D�P�R�Q�J��
�P�L�F�U�R�V�D�W�H�O�O�L�W�H���O�R�F�L���Z�D�V���R�E�V�H�U�Y�H�G���L�Q���P�R�U�H���S�D�L�U�Z�L�V�H���F�R�P�S�D�U�L�V�R�Q�V���W�K�D�Q���H�[�S�H�F�W�H�G���V�L�P�S�O�\��
�E�\���F�K�D�Q�F�H�������������Y�V���������������7�K�L�V���R�X�W�F�R�P�H���Z�D�V���X�Q�H�[�S�H�F�W�H�G���E�H�F�D�X�V�H���O�R�F�L���X�V�H�G���L�Q���R�X�U���V�W�X�G�\����
�Z�K�L�F�K���F�R�P�S�U�L�V�H���D���V�W�D�Q�G�D�U�G���N�L�W���I�R�U���F�D�Q�L�Q�H���J�H�Q�R�W�\�S�L�Q�J�����D�U�H���Q�R�W���V�X�S�S�R�V�H�G���W�R���E�H���O�L�Q�N�H�G��
�L�Q�� �X�Q�U�H�O�D�W�H�G�� �L�Q�G�L�Y�L�G�X�D�O�V���� �D�V�� �R�E�V�H�U�Y�H�G�� �L�Q�� �V�W�X�G�L�H�V�� �L�Q�� �Z�K�L�F�K�� �W�K�L�V�� �N�L�W�� �Z�D�V�� �X�V�H�G�� �>�����������@����
�$�O�W�R�J�H�W�K�H�U�����D�Q���H�[�F�H�V�V���R�I ���K�R�P�R�]�\�J�R�W�H�V���D�Q�G���G�H�W�H�F�W�L�R�Q���R�I ���O�L�Q�N�D�J�H���G�L�V�H�T�X�L�O�L�E�U�L�X�P���D�P�R�Q�J��
�Q�R�Q���O�L�Q�N�H�G���O�R�F�L���D�U�H���L�Q�G�L�F�D�W�L�Y�H���R�I ���S�R�S�X�O�D�W�L�R�Q���V�X�E�V�W�U�X�F�W�X�U�H�����L���H�������:�D�K�O�X�Q�G���H�I�I�H�F�W�������Z�K�L�F�K��
�K�D�V���E�H�H�Q���U�H�F�R�U�G�H�G���L�Q���6�7�5�8�&�7�8�5�(���D�Q�D�O�\�V�L�V���D�Q�G���L�P�S�O�L�H�G���D�O�V�R���L�Q���W�K�H���1�-���W�U�H�H�����3�&�R�$��
and MDS analyses. A possible YSD population subdivision has also been observed in 
�W�K�H���V�W�X�G�\���R�I ���&�H�K���D�Q�G���'�R�Y�F���>�����@����

An almost equal number of  individuals sampled in 2006 and 2007 at four different 
sites was assigned to each of  the two gene pools, and furthermore, both gene pools 
�Z�H�U�H���D�O�P�R�V�W���H�T�X�D�O�O�\���U�H�S�U�H�V�H�Q�W�H�G���D�W���H�D�F�K���V�D�P�S�O�L�Q�J���V�L�W�H�����7�D�E�O�H�����������V�X�J�J�H�V�W�L�Q�J���W�K�H���O�D�F�N���R�I ��
preferences of  dog owners towards individuals belonging to a particular gene pool. 
�7�K�L�V�� �L�V�� �S�R�V�V�L�E�O�\�� �G�X�H���W�R���W�K�H���O�D�F�N�� �R�I �� �P�D�U�N�H�G���P�R�U�S�K�R�O�R�J�L�F�D�O���D�Q�G���R�U�� �R�W�K�H�U�� �G�L�I�I�H�U�H�Q�F�H�V��
�D�P�R�Q�J���W�K�H�P�����+�R�Z�H�Y�H�U�����L�Q���W�K�H���V�W�X�G�\���R�I ���&�H�K���D�Q�G���'�R�Y�F���>�����@�����R�Q�O�\���D���K�D�Q�G�I�X�O���R�X�W���R�I ����������
studied YSD individuals were distinct at the nuclear DNA level. Unfortunately, since 
different sets of  nuclear microsatellites were used in our and the study of  Ceh and 
�'�R�Y�F���>�����@�����Z�H���Z�H�U�H���X�Q�D�E�O�H���W�R���L�Q�I�H�U���Z�K�L�F�K���R�X�W���R�I ���W�K�H���W�Z�R���J�H�Q�H���S�R�R�O�V���U�H�F�R�U�G�H�G���L�Q���R�X�U��
�Z�R�U�N���Z�D�V���S�U�H�Y�D�O�H�Q�W���L�Q���W�K�H���V�D�P�S�O�H���V�W�X�G�L�H�G���E�\���&�H�K���D�Q�G���'�R�Y�F���>�����@�����1�R�Q�H�W�K�H�O�H�V�V�����V�L�Q�F�H���W�K�H��
two pairs of  full-sibs used in our study are the offspring of  popular parents assigned 
�W�R���W�K�H���*�*�3���Z�L�W�K���U�H�O�D�W�L�Y�H�O�\���K�L�J�K���D�V�V�L�J�Q�P�H�Q�W���S�U�R�E�D�E�L�O�L�W�\�����L�W���L�V���W�H�P�S�W�L�Q�J���W�R���K�\�S�R�W�K�H�V�L�]�H��
�W�K�D�W���W�K�H���*�*�3���L�V���H�[�S�D�Q�G�L�Q�J���L�Q���W�K�H���<�6�'���S�R�S�X�O�D�W�L�R�Q���G�X�H���W�R���W�K�H���V�S�H�F�L�À�F���E�U�H�H�G�L�Q�J���S�U�D�F�W�L�F�H��
and usage of  popular individuals for mating. In this case, genetically distinct YSD 
�L�Q�G�L�Y�L�G�X�D�O�V���R�E�V�H�U�Y�H�G���E�\���&�H�K���D�Q�G���'�R�Y�F���>�����@���P�D�\���F�R�U�U�H�V�S�R�Q�G���W�R���R�X�U���*�*�3����



Acta Veterinaria-Beograd 2020, 70 (3), 329-345

340

We found that two groups assembled from individuals assigned to each of  the two gene 
pools with q>0.70 were genetically differentiated (FST=0.134, P<0.05). In addition, 
�*�*�3���F�R�P�S�U�L�V�H�G���L�Q�G�L�Y�L�G�X�D�O�V���Z�L�W�K���V�R�P�H�Z�K�D�W���O�R�Z�H�U���J�H�Q�H�W�L�F���G�L�Y�H�U�V�L�W�\����HE=0.599±0.064), 
�P�R�U�H���K�R�P�R�J�H�Q�H�R�X�V���J�H�Q�H�W�L�F���S�U�R�À�O�H�V�����D�V���L�Q�I�H�U�U�H�G���I�U�R�P���D���P�R�U�H���O�L�P�L�W�H�G���G�L�V�S�H�U�V�D�O���R�I ���V�F�R�U�H�V��
�R�I ���L�Q�G�L�Y�L�G�X�D�O�V���V�W�U�R�Q�J�O�\���D�V�V�L�J�Q�H�G���W�R���W�K�L�V���J�H�Q�H���S�R�R�O���L�Q���3�&�R�$���D�Q�G���0�'�6���J�U�D�S�K�V�����)�L�J�X�U�H�V������
�D�Q�G�����������E�X�W���Z�L�W�K���S�U�R�Q�R�X�Q�F�H�G���J�H�Q�H�W�L�F���L�Q�W�H�J�U�L�W�\���W�K�D�W���Z�D�V���N�H�S�W���L�Q���6�7�5�8�&�7�8�5�(���D�Q�D�O�\�V�L�V���D�W��
K� �������)�L�J�X�U�H�����������2�Q���W�K�H���R�W�K�H�U���K�D�Q�G�����5�*�3���Z�D�V���F�K�D�U�D�F�W�H�U�L�]�H�G���E�\���V�R�P�H�Z�K�D�W���K�L�J�K�H�U���O�H�Y�H�O�V��
of  genetic diversity (HE� �����������“�������������� �D�Q�G���P�R�U�H���K�H�W�H�U�R�J�H�Q�H�R�X�V�����D�G�P�L�[�H�G���� �D�Q�F�H�V�W�U�\��
as inferred from the wider dispersal of  scores of  individuals strongly assigned to this 
�J�H�Q�H���S�R�R�O���L�Q���3�&�R�$���D�Q�G���0�'�6���J�U�D�S�K�V�����)�L�J�X�U�H�V�������D�Q�G�����������7�K�L�V���À�Q�G�L�Q�J���P�D�\���E�H���H�[�S�O�D�L�Q�H�G��
�E�\�� �D�� �O�D�U�J�H�� �D�Q�G���S�R�V�V�L�E�O�\�� �Q�R�Q���X�Q�L�I�R�U�P�� �I�R�X�Q�G�D�W�L�R�Q���V�W�R�F�N�� �R�I �� �W�K�H�� �<�6�'���� �F�R�P�S�U�L�V�L�Q�J�� �Q�R�W��
�R�Q�O�\���L�Q�G�L�Y�L�G�X�D�O�V���W�K�D�W���À�W���P�R�U�S�K�R�O�R�J�L�F�D�O�O�\���D�Q�G���L�Q���R�W�K�H�U���I�H�D�W�X�U�H�V���W�R���W�K�H���E�U�H�H�G���V�W�D�Q�G�D�U�G�V��
but also those whose conformational and functional characteristics were improved 
through mating with dogs from native locally adapted populations or with other breeds 
�V�X�F�K���D�V�����I�R�U���L�Q�V�W�D�Q�F�H�����&�D�X�F�D�V�L�D�Q���6�K�H�S�K�H�U�G�����7�K�L�V���L�V���S�R�V�V�L�E�O�H�����E�H�F�D�X�V�H���X�Q�H�[�S�O�R�U�H�G���Q�D�W�L�Y�H��
�E�U�H�H�G�L�Q�J�� �V�W�R�F�N�� �R�I �� �W�K�H�� �<�6�'�� �R�X�W�V�L�G�H�� �W�K�H�� �U�H�J�L�V�W�U�\�� �V�\�V�W�H�P�� �L�V�� �V�W�L�O�O�� �S�U�H�V�H�Q�W���� �D�Q�G�� �E�H�F�D�X�V�H��
mating with the Caucasian Shepherd was indeed inferred in the study of  Ceh and 
�'�R�Y�F�� �>�����@���� �$�V�� �D�O�U�H�D�G�\�� �P�H�Q�W�L�R�Q�H�G���� �S�D�V�W�� �K�\�E�U�L�G�L�]�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �<�6�'�� �D�Q�G�� �Z�R�O�Y�H�V�� �K�D�V��
�E�H�H�Q���R�E�V�H�U�Y�H�G���D�V���Z�H�O�O���>�����@�����7�K�X�V�����D�O�R�Q�J���Z�L�W�K���W�K�H���S�U�H�Y�L�R�X�V�O�\���U�H�S�R�U�W�H�G���G�L�Y�H�U�V�H���P�D�W�H�U�Q�D�O��
�D�Q�F�H�V�W�U�\���R�I ���W�K�L�V���E�U�H�H�G���>�����@�����R�X�U���G�D�W�D���V�X�S�S�R�U�W���U�D�W�K�H�U���F�R�P�S�O�H�[���D�Q�G���G�L�Y�H�U�V�H���D�Q�F�H�V�W�U�\���R�I ��
�W�K�H���<�6�'���L�Q���J�H�Q�H�U�D�O�����D�Q�G���Y�H�U�\���O�L�N�H�O�\���J�H�Q�H�W�L�F�D�O�O�\���K�H�W�H�U�R�J�H�Q�H�R�X�V���I�R�X�Q�G�D�W�L�R�Q���V�W�R�F�N���R�I ���W�K�L�V��
breed.

�,�Q�� �F�R�Q�F�O�X�V�L�R�Q���� �J�L�Y�H�Q�� �W�K�H�� �O�D�F�N�� �R�I �� �N�Q�R�Z�O�H�G�J�H�� �R�Q�� �W�K�H�� �R�U�L�J�L�Q�� �D�Q�G�� �W�K�H�� �V�L�]�H�� �R�I �� �W�K�H�� �<�6�'��
�I�R�X�Q�G�D�W�L�R�Q���V�W�R�F�N�����R�X�U���Z�R�U�N���U�H�S�U�H�V�H�Q�W�V���D�Q���L�P�S�R�U�W�D�Q�W���F�R�Q�W�U�L�E�X�W�L�R�Q���L�Q���W�K�L�V���U�H�V�S�H�F�W�����:�H��
found that the studied YSD population of  94 individuals sampled in 2006 and 2007 
�L�Q�� �6�H�U�E�L�D�� �L�V�� �J�H�Q�H�W�L�F�D�O�O�\�� �G�L�I�I�H�U�H�Q�W�L�D�W�H�G�� �G�H�V�S�L�W�H�� �W�K�H�� �I�D�F�W�� �W�K�D�W�� �D�O�O�� �V�D�P�S�O�H�G�� �G�R�J�V�� �À�W�� �Z�H�O�O��
to the conformational and functional characteristics of  the breed. Thus, genetically 
�K�H�W�H�U�R�J�H�Q�H�R�X�V���I�R�X�Q�G�D�W�L�R�Q���V�W�R�F�N���R�I ���W�K�L�V���E�U�H�H�G���K�D�V���E�H�H�Q���D�V�V�X�P�H�G�����D�V���Z�H�O�O���D�V���L�Q�F�U�H�D�V�H�G��
�L�Q�F�L�G�H�Q�F�H���R�I ���K�\�E�U�L�G�L�]�D�W�L�R�Q���R�I ���L�Q�G�L�Y�L�G�X�D�O�V���E�H�O�R�Q�J�L�Q�J���W�R���R�Q�H���R�I ���W�K�H���W�Z�R���R�E�V�H�U�Y�H�G���J�H�Q�H��
�S�R�R�O�V�����S�R�V�V�L�E�O�\���Z�L�W�K���Q�D�W�L�Y�H���O�D�Q�G�U�D�F�H���E�U�H�H�G�L�Q�J���V�W�R�F�N���Z�K�L�F�K���L�V���V�W�L�O�O���S�U�H�V�H�Q�W���L�Q���U�X�U�D�O���S�D�U�W�V��
�R�I �� �W�K�H�� �:�H�V�W�H�U�Q�� �%�D�O�N�D�Q�V�� �R�U�� �Z�L�W�K�� �R�W�K�H�U�� �E�U�H�H�G�V�� �V�X�F�K�� �D�V�� �W�K�H�� �&�D�X�F�D�V�L�D�Q�� �6�K�H�S�K�H�U�G���� �,�Q��
�D�G�G�L�W�L�R�Q���� �S�D�V�W�� �D�G�P�L�[�W�X�U�H�� �R�I �� �W�K�H�� �<�6�'�� �Z�L�W�K�� �Z�R�O�Y�H�V�� �F�D�Q�Q�R�W�� �E�H�� �H�[�F�O�X�G�H�G���� �2�Y�H�U�D�O�O���� �Z�H��
�S�R�L�Q�W���W�R���W�K�H���U�D�W�K�H�U���F�R�P�S�O�H�[���D�Q�G���G�L�Y�H�U�V�H���D�Q�F�H�V�W�U�\���R�I ���W�K�H���<�6�'���L�Q���J�H�Q�H�U�D�O�����Z�K�L�F�K���L�V���L�Q��
�D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���S�U�H�Y�L�R�X�V�O�\���K�\�S�R�W�K�H�V�L�]�H�G���G�L�Y�H�U�V�H���P�D�W�H�U�Q�D�O���D�Q�F�H�V�W�U�\���R�I ���W�K�L�V���E�U�H�H�G���>�����@����
�:�H���D�O�V�R���V�X�S�S�R�U�W���S�U�H�Y�L�R�X�V���À�Q�G�L�Q�J�V���R�Q���U�D�W�K�H�U���K�L�J�K���O�H�Y�H�O�V���R�I �� �Q�X�F�O�H�D�U���J�H�Q�H�W�L�F���G�L�Y�H�U�V�L�W�\��
�L�Q�� �<�6�'�� �>�����������@�� �D�Q�G�� �G�H�P�R�Q�V�W�U�D�W�H�� �W�K�D�W���� �F�R�Q�W�U�D�U�\�� �W�R�� �V�R�P�H�� �S�X�U�H�E�U�H�G�� �G�R�J�� �S�R�S�X�O�D�W�L�R�Q�V��
�W�K�D�W���D�O�V�R���H�[�S�H�U�L�H�Q�F�H�G���S�R�S�X�O�D�W�L�R�Q���G�H�F�O�L�Q�H���L�Q���W�K�H���S�D�V�W�����W�K�L�V���E�U�H�H�G���G�R�H�V���Q�R�W���V�X�I�I�H�U���I�U�R�P��
inbreeding.
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