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�T�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �b�i�o�l�o�g�i�c�a�l� �d�a�t�a� �h�a�s� �r�e�c�e�n�t�l�y� �b�e�e�n� 
�a�c�c�e�l�e�r�a�t�e�d� �b�y� �v�a�r�i�o�u�s� �h�i�g�h�-�t�h�r�o�u�g�h�p�u�t� ´�o�m�i�c�sµ� �t�e�c�h�n�o�l�o�g�i�e�s� 
�i�n�c�l�u�d�i�n�g� �g�e�n�o�m�i�c�s�,� �t�r�a�n�s�c�r�i�p�t�o�m�i�c�s�,� �a�n�d� �p�r�o�t�e�o�m�i�c�s�.� �T�h�e� 
�f�i�e�l�d� �o�f� �g�e�n�o�m�e� �i�n�f�o�r�m�a�t�i�c�s� �i�s� �a�i�m�e�d� �a�t� �u�t�i�l�i�z�i�n�g� �t�h�i�s� �d�a�t�a�,� �o�r� 
�f�i�n�d�i�n�g� �t�h�e� �p�r�i�n�c�i�p�l�e�s� �b�e�h�i�n�d� �t�h�e� �d�a�t�a�,� �f�o�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� 
�c�o�m�p�l�e�x� �l�i�v�i�n�g� �s�y�s�t�e�m�s� �b�y� �i�n�t�e�g�r�a�t�i�n�g� �t�h�e� �d�a�t�a� �w�i�t�h� �c�u�r�r�e�n�t� 
�b�i�o�l�o�g�i�c�a�l� �k�n�o�w�l�e�d�g�e� �u�s�i�n�g� �v�a�r�i�o�u�s� �c�o�m�p�u�t�a�t�i�o�n�a�l� 
�t�e�c�h�n�i�q�u�e�s�.� �I�n� �t�h�i�s� �l�a�b�o�r�a�t�o�r�y� �w�e� �f�o�c�u�s� �o�n� �d�e�v�e�l�o�p�i�n�g� 
�c�o�m�p�u�t�a�t�i�o�n�a�l� �m�e�t�h�o�d�s� �a�n�d� �t�o�o�l�s� �f�o�r� �c�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�e� 
�a�n�a�l�y�s�i�s�,� �w�h�i�c�h� �i�s� �a� �u�s�e�f�u�l� �a�p�p�r�o�a�c�h� �f�o�r� �f�i�n�d�i�n�g� �f�u�n�c�t�i�o�n�a�l� �o�r� 
�e�v�o�l�u�t�i�o�n�a�r�y� �c�l�u�e�s� �t�o� �i�n�t�e�r�p�r�e�t�i�n�g� �t�h�e� �g�e�n�o�m�i�c� �i�n�f�o�r�m�a�t�i�o�n� �o�f� 
�v�a�r�i�o�u�s� �s�p�e�c�i�e�s�.� �T�h�e� �c�u�r�r�e�n�t� �f�o�c�u�s� �o�f� �o�u�r� �r�e�s�e�a�r�c�h� �i�s� �o�n� �t�h�e� 
�c�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�i�s� �o�f� �m�i�c�r�o�b�i�a�l� �g�e�n�o�m�e�s�,� �t�h�e� �n�u�m�b�e�r� �o�f� 
�w�h�i�c�h� �h�a�s� �b�e�e�n� �i�n�c�r�e�a�s�i�n�g� �r�a�p�i�d�l�y�.� �S�i�n�c�e� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� 
�i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �b�i�o�l�o�g�i�c�a�l� �f�u�n�c�t�i�o�n�s� �a�n�d� �e�v�o�l�u�t�i�o�n�a�r�y� 
�p�r�o�c�e�s�s�e�s� �c�a�n� �b�e� �e�x�t�r�a�c�t�e�d� �f�r�o�m� �c�o�m�p�a�r�i�s�o�n�s� �o�f� �g�e�n�o�m�e�s� �a�t� 
�d�i�f�f�e�r�e�n�t� �e�v�o�l�u�t�i�o�n�a�r�y� �d�i�s�t�a�n�c�e�s�,� �w�e� �a�r�e� �d�e�v�e�l�o�p�i�n�g� �m�e�t�h�o�d�s� 
�t�o� �c�o�n�d�u�c�t� �c�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�e�s� �n�o�t� �o�n�l�y� �o�f� �d�i�s�t�a�n�t�l�y� �r�e�l�a�t�e�d� 
�b�u�t� �a�l�s�o� �o�f� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �g�e�n�o�m�e�s�.

I.  Microbial genome database for comparative 
analysis

�T�h�e� �m�i�c�r�o�b�i�a�l� �g�e�n�o�m�e� �d�a�t�a�b�a�s�e� �f�o�r� �c�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�i�s� 
�(�M�B�G�D� � �U�R�L� �h�t �t�p � � ��m�b�g�d�.�g�e�n�o�m�e�.�a�d �. �j�p � �) � �i �s � �a� 
�c�o�m�p�r�e�h�e�n�s�i�v�e� �p�l�a�t�f�o�r�m� �f�o�r� �m�i�c�r�o�b�i�a�l� �c�o�m�p�a�r�a�t�i�v�e� 
�g�e�n�o�m�i�c�s�.� �T�h�e� �c�e�n�t�r�a�l� �f�u�n�c�t�i�o�n� �o�f� �M�B�G�D� �i�s� �t�o� �c�r�e�a�t�e� 
�o�r�t�h�o�l�o�g�o�u�s� �g�r�o�u�p�s� �a�m�o�n�g� �m�u�l�t�i�p�l�e� �g�e�n�o�m�e�s� �u�s�i�n�g� �t�h�e� 
�D�o�m�C�l�u�s�t� �a�l�g�o�r�i�t�h�m� �(�s�e�e� �S�e�c�t�i�o�n� �I�I� �b�e�l�o�w�)�.� �B�y� �m�e�a�n�s� �o�f� �t�h�i�s� 
�a�l�g�o�r�i�t�h�m�,� �M�B�G�D� �n�o�t� �o�n�l�y� �p�r�o�v�i�d�e�s� �c�o�m�p�r�e�h�e�n�s�i�v�e� 
�o�r�t�h�o�l�o�g�o�u�s� �g�r�o�u�p�s� �a�m�o�n�g� �t�h�e� �l�a�t�e�s�t� �g�e�n�o�m�i�c� �d�a�t�a�,� �b�u�t� �a�l�s�o� 
�a�l�l�o�w�s� �u�s�e�r�s� �t�o� �c�r�e�a�t�e� �t�h�e�i�r� �o�w�n� �o�r�t�h�o�l�o�g� �g�r�o�u�p�s� �o�n� �t�h�e� �f�l�y� 
�u�s�i�n�g� �a� �s�p�e�c�i�f�i�e�d� �s�e�t� �o�f� �o�r�g�a�n�i�s�m�s�.� �M�B�G�D� �a�l�s�o� �h�a�s� �p�r�e�-
�c�a�l�c�u�l�a�t�e�d� �o�r�t�h�o�l�o�g� �t�a�b�l�e�s� �f�o�r� �e�a�c�h� �m�a�j�o�r� �t�a�x�o�n�o�m�i�c� �g�r�o�u�p�,� 
�a�n�d� �p�r�o�v�i�d�e�s� �s�e�v�e�r�a�l� �v�i�e�w�s� �t�o� �d�i�s�p�l�a�y� �t�h�e� �e�n�t�i�r�e� �p�i�c�t�u�r�e� �o�f� 
�e�a�c�h� �o�r�t�h�o�l�o�g� �t�a�b�l�e�.� �F�o�r� �s�o�m�e� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �t�a�x�a�,� �M�B�G�D� 
�p�r�o�v�i�d�e�s� �t�h�e� �c�o�n�s�e�r�v�e�d� �s�y�n�t�e�n�y� �i�n�f�o�r�m�a�t�i�o�n� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� 
�t�h�e� �C�o�r�e�A�l�i�g�n�e�r� �p�r�o�g�r�a�m� �(�s�e�e� �S�e�c�t�i�o�n� �I�I�I� �b�e�l�o�w�)�.� �I�n� �a�d�d�i�t�i�o�n�,� 
�M�B�G�D� �p�r�o�v�i�d�e�s� �M�y�M�B�G�D� �m�o�d�e�,� �w�h�i�c�h� �a�l�l�o�w�s� �u�s�e�r�s� �t�o� �a�d�d� 
�t�h�e�i�r� �o�w�n� �g�e�n�o�m�e�s� �t�o� �M�B�G�D�.
�B�e�c�a�u�s�e� �o�f� �t�h�e� �r�a�p�i�d� �i�n�c�r�e�a�s�e� �i�n� �m�i�c�r�o�b�i�a�l� �g�e�n�o�m�e� �d�a�t�a� 
�o�w�i�n�g� �t�o� �n�e�x�t� �g�e�n�e�r�a�t�i�o�n� �s�e�q�u�e�n�c�i�n�g� �t�e�c�h�n�o�l�o�g�y�,� �i�t� �b�e�c�o�m�e�s� 
�m�o�r�e� �c�h�a�l�l�e�n�g�i�n�g� �t�o� �m�a�i�n�t�a�i�n� �h�i�g�h� �q�u�a�l�i�t�y� �o�r�t�h�o�l�o�g�y� 
�r�e�l�a�t�i�o�n�s�h�i�p�s� �w�h�i�l�e� �a�l�l�o�w�i�n�g� �u�s�e�r�s� �t�o� �u�t�i�l�i�z�e� �t�h�e� �l�a�t�e�s�t� 
�g�e�n�o�m�i�c� �d�a�t�a� �a�v�a�i�l�a�b�l�e�.� �S�i�n�c�e� �r�e�c�e�n�t�l�y� �a�c�c�u�m�u�l�a�t�i�n�g� 
�s�e�q�u�e�n�c�e�s� �a�r�e� �m�o�s�t�l�y� �d�r�a�f�t� �g�e�n�o�m�e� �d�a�t�a�,� �M�B�G�D� �n�o�w� �s�t�o�r�e�s� 
�t�h�e�m� �a�n�d� �a�l�l�o�w�s� �u�s�e�r�s� �t�o� �i�n�c�o�r�p�o�r�a�t�e� �t�h�e�m� �i�n�t�o� �a� �u�s�e�r� 
�s�p�e�c�i�f�i�c� �o�r�t�h�o�l�o�g� �d�a�t�a�b�a�s�e� �t�h�r�o�u�g�h� �t�h�e� �M�y�M�B�G�D� 
�f�u�n�c�t�i�o�n�a�l�i�t�y�.� �I�n� �M�y�M�B�G�D�,� �d�r�a�f�t� �g�e�n�o�m�e� �d�a�t�a� �a�s� �w�e�l�l� �a�s� 
�u�s�e�r� �g�e�n�o�m�e� �d�a�t�a� �a�r�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �a�n� �e�x�i�s�t�i�n�g� �o�r�t�h�o�l�o�g� 
�t�a�b�l�e� �c�r�e�a�t�e�d� �f�r�o�m� �c�o�m�p�l�e�t�e� �g�e�n�o�m�e� �d�a�t�a� �i�n� �a�n� �i�n�c�r�e�m�e�n�t�a�l� 
�m�a�n�n�e�r�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�o� �p�r�o�v�i�d�e� �h�i�g�h� �q�u�a�l�i�t�y� �o�r�t�h�o�l�o�g�y� 

�r�e�l�a�t�i�o�n�s�h�i�p�s�,� �t�h�e� �s�t�a�n�d�a�r�d� �o�r�t�h�o�l�o�g� �t�a�b�l�e�,� �w�h�i�c�h� �i�s� �f�i�r�s�t� 
�c�r�e�a�t�e�d� �b�y� �D�o�m�C�l�u�s�t�,� �i�s� �n�o�w� �r�e�f�i�n�e�d� �u�s�i�n�g� �t�h�e� �D�o�m�R�e�f�i�n�e� 
�p�r�o�g�r�a�m� �(�s�e�e� �S�e�c�t�i�o�n� �I�I� �b�e�l�o�w�)�.� 

�F�i�g�u�r�e� �1�.� �O�v�e�r�v�i�e�w� �o�f� �t�h�e� �d�a�t�a� �c�o�n�s�t�r�u�c�t�i�o�n� �p�r�o�c�e�d�u�r�e� �i�n� �M�B�G�D

II.  Improvement  o f  the  methods  for 
constructing orthologous groups among 
multiple genomes at the domain level

�A�s� �a� �c�o�r�e� �t�e�c�h�n�o�l�o�g�y� �o�f� �o�u�r� �c�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�i�c�s� �t�o�o�l�s�,� 
�w�e� �d�e�v�e�l�o�p�e�d� �a� �r�a�p�i�d� �a�u�t�o�m�a�t�e�d� �m�e�t�h�o�d� �o�f� �o�r�t�h�o�l�o�g� 
�g�r�o�u�p�i�n�g�,� �n�a�m�e�d� �D�o�m�C�l�u�s�t�,� �w�h�i�c�h� �i�s� �e�f�f�e�c�t�i�v�e� �e�n�o�u�g�h� �t�o� 
�a�l�l�o�w� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �m�a�n�y� �g�e�n�o�m�e�s� �s�i�m�u�l�t�a�n�e�o�u�s�l�y�.� �T�h�e� 
�m�e�t�h�o�d� �c�l�a�s�s�i�f�i�e�s� �g�e�n�e�s� �b�a�s�e�d� �o�n� �a� �h�i�e�r�a�r�c�h�i�c�a�l� �c�l�u�s�t�e�r�i�n�g� 
�a�l�g�o�r�i�t�h�m� �u�s�i�n�g� �a�l�l�-�a�g�a�i�n�s�t�-�a�l�l� �s�i�m�i�l�a�r�i�t�y� �d�a�t�a� �a�s� �a�n� �i�n�p�u�t�,� �b�u�t� 
�i�t� �a�l�s�o� �d�e�t�e�c�t�s� �d�o�m�a�i�n� �f�u�s�i�o�n� �o�r� �f�i�s�s�i�o�n� �e�v�e�n�t�s� �a�n�d� �s�p�l�i�t�s� 
�c�l�u�s�t�e�r�s� �i�n�t�o� �d�o�m�a�i�n�s� �i�f� �r�e�q�u�i�r�e�d�.� �A�s� �a� �r�e�s�u�l�t�,� �t�h�e� �p�r�o�c�e�d�u�r�e� 
�c�a�n� �s�p�l�i�t� �g�e�n�e�s� �i�n�t�o� �t�h�e� �d�o�m�a�i�n�s� �m�i�n�i�m�a�l�l�y� �r�e�q�u�i�r�e�d� �f�o�r� 
�o�r�t�h�o�l�o�g� �g�r�o�u�p�i�n�g�.� 
�A�l�t�h�o�u�g�h� �D�o�m�C�l�u�s�t� �c�a�n� �r�a�p�i�d�l�y� �c�o�n�s�t�r�u�c�t� �o�r�t�h�o�l�o�g�o�u�s� 
�g�r�o�u�p�s� �a�t� �t�h�e� �d�o�m�a�i�n� �l�e�v�e�l�,� �i�t�s� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �q�u�a�l�i�t�y� �h�a�s� �r�o�o�m� 
�f�o�r� �i�m�p�r�o�v�e�m�e�n�t� �s�i�n�c�e� �i�t� �i�s� �b�a�s�e�d� �o�n� �p�a�i�r�w�i�s�e� �s�e�q�u�e�n�c�e� 
�a�l�i�g�n�m�e�n�t�.� �W�e� �d�e�v�e�l�o�p�e�d� �a� �p�r�o�c�e�d�u�r�e� �t�o� �r�e�f�i�n�e� �t�h�e� �D�o�m�C�l�u�s�t� 
�c�l�a�s�s�i�f�i�c�a�t�i�o�n� �b�a�s�e�d� �o�n� �m�u�l�t�i�p�l�e� �s�e�q�u�e�n�c�e� �a�l�i�g�n�m�e�n�t�s�.� �T�h�e� 
�m�e�t�h�o�d� �i�s� �b�a�s�e�d� �o�n� �a� �s�c�o�r�i�n�g� �s�c�h�e�m�e�,� �t�h�e� �d�o�m�a�i�n�-�s�p�e�c�i�f�i�c� 
�s�u�m�-�o�f�-�p�a�i�r�s� �(�D�S�P�)� �s�c�o�r�e�,� �w�h�i�c�h� �e�v�a�l�u�a�t�e�s� �o�r�t�h�o�l�o�g� 
�c�l�u�s�t�e�r�i�n�g� �r�e�s�u�l�t�s� �a�t� �t�h�e� �d�o�m�a�i�n� �l�e�v�e�l� �a�s� �t�h�e� �s�u�m� �t�o�t�a�l� �o�f� 
�d�o�m�a�i�n�-�l�e�v�e�l� �a�l�i�g�n�m�e�n�t� �s�c�o�r�e�s�.� �W�e� �d�e�v�e�l�o�p�e�d� �a� �r�e�f�i�n�e�m�e�n�t� 
�p�i�p�e�l�i�n�e� �t�o� �i�m�p�r�o�v�e� �d�o�m�a�i�n�-�l�e�v�e�l� �c�l�u�s�t�e�r�i�n�g�,� �D�o�m�R�e�f�i�n�e�,� �b�y� 
�o�p�t�i�m�i�z�i�n�g� �t�h�e� �D�S�P� �s�c�o�r�e�.� �W�e� �a�p�p�l�i�e�d� �D�o�m�R�e�f�i�n�e� �t�o� 
�d�o�m�a�i�n�-�b�a�s�e�d� �o�r�t�h�o�l�o�g� �g�r�o�u�p�s� �c�r�e�a�t�e�d� �b�y� �D�o�m�C�l�u�s�t� �u�s�i�n�g� �a� 
�d�a�t�a�s�e�t� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �M�B�G�D� �d�a�t�a�b�a�s�e�,� �a�n�d� �e�v�a�l�u�a�t�e�d� �t�h�e� 
�r�e�s�u�l�t�s� �u�s�i�n�g� �C�O�G� �a�n�d� �T�I�G�R�F�A�M�s� �a�s� �t�h�e� �r�e�f�e�r�e�n�c�e� �d�a�t�a�.� 
�T�h�u�s�,� �w�e� �o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� �a�g�r�e�e�m�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �r�e�s�u�l�t�i�n�g� 
�c�l�a�s�s�i�f�i�c�a�t�i�o�n� �a�n�d� �t�h�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �r�e�f�e�r�e�n�c�e� 
�d�a�t�a�b�a�s�e�s� �i�s� �i�m�p�r�o�v�e�d� �i�n� �t�h�e� �r�e�f�i�n�e�m�e�n�t� �p�i�p�e�l�i�n�e�.� �M�o�r�e�o�v�e�r�,� 
�t�h�e� �r�e�f�i�n�e�d� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �s�h�o�w�e�d� �b�e�t�t�e�r� �a�g�r�e�e�m�e�n�t� �t�h�a�n� �t�h�e� 
�c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �e�g�g�N�O�G� �d�a�t�a�b�a�s�e�s� �w�h�e�n� �T�I�G�R�F�A�M�s� 
�w�a�s� �u�s�e�d� �a�s� �t�h�e� �r�e�f�e�r�e�n�c�e� �d�a�t�a�b�a�s�e�.

III.  Identification of the core structure 
conserved among moderately related 
microbial genomes

+�o�r�i�z�o�n�t�a�l� �g�e�n�e� �t�r�a�n�s�f�e�r�s� �(+�G�T�)� �h�a�v�e� �p�l�a�y�e�d� �a� �s�i�g�n�i�f�i�c�a�n�t� 
�r�o�l�e� �i�n� �p�r�o�k�a�r�y�o�t�i�c� �g�e�n�o�m�e� �e�v�o�l�u�t�i�o�n�,� �a�n�d� �t�h�e� �g�e�n�e�s� 
�c�o�n�s�t�i�t�u�t�i�n�g� �a� �p�r�o�k�a�r�y�o�t�i�c� �g�e�n�o�m�e� �a�p�p�e�a�r� �t�o� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� 
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�t�w�o� �c�l�a�s�s�e�s�� �c�o�r�e� �a�n�d� �a�c�c�e�s�s�o�r�y�.� �T�h�e� �c�o�r�e� �g�e�n�e� �s�e�t� �c�o�m�p�r�i�s�e�s� 
�i�n�t�r�i�n�s�i�c� �g�e�n�e�s� �e�n�c�o�d�i�n�g� �t�h�e� �p�r�o�t�e�i�n�s� �o�f� �b�a�s�i�c� �c�e�l�l�u�l�a�r� 
�f�u�n�c�t�i�o�n�s�,� �w�h�e�r�e�a�s� �t�h�e� �a�c�c�e�s�s�o�r�y� �g�e�n�e� �s�e�t� �c�o�m�p�r�i�s�e�s� +�G�T�-
�a�c�q�u�i�r�e�d� �g�e�n�e�s� �e�n�c�o�d�i�n�g� �p�r�o�t�e�i�n�s� �w�h�i�c�h� �f�u�n�c�t�i�o�n� �u�n�d�e�r� 
�p�a�r�t�i�c�u�l�a�r� �c�o�n�d�i�t�i�o�n�s�.� �W�e� �c�o�n�s�i�d�e�r� �t�h�e� �c�o�r�e� �s�t�r�u�c�t�u�r�e� �o�f� 
�r�e�l�a�t�e�d� �g�e�n�o�m�e�s� �a�s� �a� �s�e�t� �o�f� �s�u�f�f�i�c�i�e�n�t�l�y� �l�o�n�g� �s�e�g�m�e�n�t�s� �i�n� 
�w�h�i�c�h� �g�e�n�e� �o�r�d�e�r�s� �a�r�e� �c�o�n�s�e�r�v�e�d� �a�m�o�n�g� �m�u�l�t�i�p�l�e� �g�e�n�o�m�e�s� �s�o� 
�t�h�a�t� �t�h�e�y� �a�r�e� �l�i�k�e�l�y� �t�o� �h�a�v�e� �b�e�e�n� �i�n�h�e�r�i�t�e�d� �m�a�i�n�l�y� �t�h�r�o�u�g�h� 
�v�e�r�t�i�c�a�l� �t�r�a�n�s�f�e�r�,� �a�n�d� �d�e�v�e�l�o�p�e�d� �a� �m�e�t�h�o�d� �n�a�m�e�d� 
�C�o�r�e�A�l�i�g�n�e�r� �t�o� �f�i�n�d� �s�u�c�h� �s�t�r�u�c�t�u�r�e�s�.� �W�e� �s�y�s�t�e�m�a�t�i�c�a�l�l�y� 
�a�p�p�l�i�e�d� �t�h�e� �m�e�t�h�o�d� �t�o� �b�a�c�t�e�r�i�a�l� �t�a�x�a� �t�o� �d�e�f�i�n�e� �t�h�e�i�r� �c�o�r�e� �g�e�n�e� 
�s�e�t�s�,� �a�n�d� �a�r�e� �n�o�w� �t�r�y�i�n�g� �t�o� �u�t�i�l�i�z�e� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �t�o� 
�c�h�a�r�a�c�t�e�r�i�z�e� �n�o�v�e�l� �g�e�n�o�m�i�c� �a�n�d� �m�e�t�a�g�e�n�o�m�i�c� �d�a�t�a�.

IV.  Development  of  a  workbench for 
comparative genomics 

�W�e� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �a� �c�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�i�c�s� �w�o�r�k�b�e�n�c�h� 
�n�a�m�e�d� �R�E�C�O�G� �(�R�e�s�e�a�r�c�h� �E�n�v�i�r�o�n�m�e�n�t� �f�o�r� �C�O�m�p�a�r�a�t�i�v�e� 
�G�e�n�o�m�i�c�s�)�,� �w�h�i�c�h� �a�i�m�s� �t�o� �e�x�t�e�n�d� �t�h�e� �c�u�r�r�e�n�t� �M�B�G�D� �s�y�s�t�e�m� 
�b�y� �i�n�c�o�r�p�o�r�a�t�i�n�g� �m�o�r�e� �a�d�v�a�n�c�e�d� �a�n�a�l�y�s�i�s� �f�u�n�c�t�i�o�n�a�l�i�t�i�e�s�.� �T�h�e� 
�c�e�n�t�r�a�l� �f�u�n�c�t�i�o�n� �o�f� �R�E�C�O�G� �i�s� �t�o� �d�i�s�p�l�a�y� �a�n�d� �m�a�n�i�p�u�l�a�t�e� �a� 
�l�a�r�g�e�-�s�c�a�l�e� �o�r�t�h�o�l�o�g� �t�a�b�l�e�.� �T�h�e� �o�r�t�h�o�l�o�g� �t�a�b�l�e� �v�i�e�w�e�r� �i�s� �a� 
�s�p�r�e�a�d�s�h�e�e�t� �l�i�k�e� �v�i�e�w�e�r� �t�h�a�t� �c�a�n� �d�i�s�p�l�a�y� �t�h�e� �e�n�t�i�r�e� �o�r�t�h�o�l�o�g� 
�t�a�b�l�e�,� �c�o�n�t�a�i�n�i�n�g� �m�o�r�e� �t�h�a�n� �a� �t�h�o�u�s�a�n�d� �g�e�n�o�m�e�s�.� �I�n� �R�E�C�O�G�,� 
�s�e�v�e�r�a�l� �b�a�s�i�c� �o�p�e�r�a�t�i�o�n�s� �o�n� �t�h�e� �o�r�t�h�o�l�o�g� �t�a�b�l�e� �a�r�e� �d�e�f�i�n�e�d�,� 
�w�h�i�c�h� �a�r�e� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �c�a�t�e�g�o�r�i�e�s� �s�u�c�h� �a�s� �f�i�l�t�e�r�i�n�g�,� �s�o�r�t�i�n�g�,� 
�a�n�d� �c�o�l�o�r�i�n�g�,� �a�n�d� �v�a�r�i�o�u�s� �c�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�e�s� �c�a�n� �b�e� �d�o�n�e� 
�b�y� �c�o�m�b�i�n�i�n�g� �t�h�e�s�e� �b�a�s�i�c� �o�p�e�r�a�t�i�o�n�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �R�E�C�O�G� 
�a�l�l�o�w�s� �t�h�e� �u�s�e�r� �t�o� �i�n�p�u�t� �a�r�b�i�t�r�a�r�y� �g�e�n�e� �p�r�o�p�e�r�t�i�e�s� �a�n�d� 
�c�o�m�p�a�r�e� �t�h�e�s�e� �p�r�o�p�e�r�t�i�e�s� �a�m�o�n�g� �o�r�t�h�o�l�o�g�s� �i�n� �v�a�r�i�o�u�s� 
�g�e�n�o�m�e�s�.� �W�e� �c�o�n�t�i�n�u�e� �t�o� �d�e�v�e�l�o�p� �t�h�e� �s�y�s�t�e�m� �a�n�d� �a�p�p�l�y� �i�t� �t�o� 
�v�a�r�i�o�u�s� �g�e�n�o�m�e� �c�o�m�p�a�r�i�s�o�n� �s�t�u�d�i�e�s� �u�n�d�e�r� �c�o�l�l�a�b�o�r�a�t�i�v�e� 
�r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�s�.

V.  Ortholog data representation using 
Semantic Web technology to integrate 
various microbial databases

�O�r�t�h�o�l�o�g�y� �i�s� �a� �k�e�y� �t�o� �i�n�t�e�g�r�a�t�e� �k�n�o�w�l�e�d�g�e� �a�b�o�u�t� �v�a�r�i�o�u�s� 
�o�r�g�a�n�i�s�m�s� �t�h�r�o�u�g�h� �c�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�i�s�.� �M�o�r�e�o�v�e�r�,� 
�p�r�e�s�e�n�c�e��a�b�s�e�n�c�e� �o�f� �o�r�t�h�o�l�o�g�s� �i�n� �e�a�c�h� �g�e�n�o�m�e� �c�a�n� �b�e� �a�n� 
�i�m�p�o�r�t�a�n�t� �c�l�u�e� �t�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �g�e�n�e� 
�f�u�n�c�t�i�o�n�s� �a�n�d� �s�p�e�c�i�e�s� �p�h�e�n�o�t�y�p�e��h�a�b�i�t�a�t�.� 
�W�e� �h�a�v�e� �c�o�n�s�t�r�u�c�t�e�d� �a�n� �o�r�t�h�o�l�o�g� �d�a�t�a�b�a�s�e� �u�s�i�n�g� �S�e�m�a�n�t�i�c� 
�W�e�b� �t�e�c�h�n�o�l�o�g�y�,� �a�i�m�i�n�g� �a�t� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �o�f� �n�u�m�e�r�o�u�s� 
�g�e�n�o�m�i�c� �d�a�t�a� �a�n�d� �v�a�r�i�o�u�s� �t�y�p�e�s� �o�f� �b�i�o�l�o�g�i�c�a�l� �i�n�f�o�r�m�a�t�i�o�n�.� �T�o� 
�f�o�r�m�a�l�i�z�e� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �o�r�t�h�o�l�o�g� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �t�h�e� 
�S�e�m�a�n�t�i�c� �W�e�b�,� �w�e� �h�a�v�e� �c�o�n�s�t�r�u�c�t�e�d� �t�h�e� �O�r�t�h�o�l�o�g� �O�n�t�o�l�o�g�y� 
�(�O�r�t�h�O�)�.� �W�h�i�l�e� �t�h�e� �O�r�t�h�O� �i�s� �a� �c�o�m�p�a�c�t� �o�n�t�o�l�o�g�y� �f�o�r� �g�e�n�e�r�a�l� 
�u�s�e�,� �i�t� �i�s� �d�e�s�i�g�n�e�d� �t�o� �b�e� �e�x�t�e�n�d�e�d� �t�o� �t�h�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� 
�d�a�t�a�b�a�s�e�-�s�p�e�c�i�f�i�c� �c�o�n�c�e�p�t�s�.� �O�n� �t�h�e� �b�a�s�i�s� �o�f� �O�r�t�h�O�,� �w�e� 
�d�e�s�c�r�i�b�e�d� �t�h�e� �o�r�t�h�o�l�o�g� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �M�B�G�D� �i�n� �t�h�e� �f�o�r�m� 
�o�f� �R�e�s�o�u�r�c�e� �D�e�s�c�r�i�p�t�i�o�n� �F�r�a�m�e�w�o�r�k� �(�R�D�F�)� �a�n�d� �m�a�d�e� �i�t� 
�a�v�a�i�l�a�b�l�e� �t�h�r�o�u�g�h� �t�h�e� �S�P�A�R4�L� �e�n�d�p�o�i�n�t�,� �w�h�i�c�h� �a�c�c�e�p�t�s� 
�a�r�b�i�t�r�a�r�y� �q�u�e�r�i�e�s� �s�p�e�c�i�f�i�e�d� �b�y� �u�s�e�r�s�.� �I�n� �t�h�i�s� �f�r�a�m�e�w�o�r�k� �b�a�s�e�d� 
�o�n� �t�h�e� �O�r�t�h�O�,� �t�h�e� �b�i�o�l�o�g�i�c�a�l� �d�a�t�a� �o�f� �d�i�f�f�e�r�e�n�t� �o�r�g�a�n�i�s�m�s� �c�a�n� 
�b�e� �i�n�t�e�g�r�a�t�e�d� �u�s�i�n�g� �t�h�e� �o�r�t�h�o�l�o�g� �i�n�f�o�r�m�a�t�i�o�n� �a�s� �a� �h�u�b�.
�T�h�i�s� �i�s� �p�a�r�t� �o�f� �t�h�e� �M�i�c�r�o�b�e�D�B� �p�r�o�j�e�c�t�,� �a� �c�o�l�l�a�b�o�r�a�t�i�v�e� 
�p�r�o�j�e�c�t� �u�n�d�e�r� �t�h�e� �N�a�t�i�o�n�a�l� �B�i�o�s�c�i�e�n�c�e� �D�a�t�a�b�a�s�e� �C�e�n�t�e�r�.

VI.  Identification of mobile genes and its 
application to characterizing H. pylori pan-
genome repertoire

�G�e�n�e� �c�o�n�t�e�n�t�s� �o�f� �t�h�e� �s�a�m�e� �b�a�c�t�e�r�i�a�l� �s�p�e�c�i�e�s� �c�a�n� �h�a�v�e� �g�r�e�a�t� 
�v�a�r�i�a�t�i�o�n� �a�n�d� �t�h�u�s� �t�h�e� �w�h�o�l�e� �r�e�p�e�r�t�o�i�r�e� �o�f� �g�e�n�e�s� �i�n� �a� �b�a�c�t�e�r�i�a�l� 
�s�p�e�c�i�e�s�,� �t�e�r�m�e�d� �t�h�e� �p�a�n�-�g�e�n�o�m�e�,� �c�a�n� �b�e� �v�e�r�y� �l�a�r�g�e�.� �W�e� 
�a�n�a�l�y�z�e�d� �t�h�e� �p�a�n�-�g�e�n�o�m�e� �i�d�e�n�t�i�f�i�e�d� �a�m�o�n�g� ��0� �s�t�r�a�i�n�s� �o�f� �t�h�e� 
�h�u�m�a�n� �g�a�s�t�r�i�c� �p�a�t�h�o�g�e�n� Helicobacter pylori �i�s�o�l�a�t�e�d� �f�r�o�m� 
�v�a�r�i�o�u�s� �p�h�y�l�o�g�e�o�g�r�a�p�h�i�c�a�l� �g�r�o�u�p�s�.� �F�o�r� �t�h�i�s� �p�u�r�p�o�s�e�,� �w�e� 
�d�e�v�e�l�o�p�e�d� �a� �m�e�t�h�o�d� �t�o� �d�e�f�i�n�e� �m�o�b�i�l�i�t�y� �o�f� �g�e�n�e�s� �a�g�a�i�n�s�t� �t�h�e� 
�r�e�f�e�r�e�n�c�e� �c�o�o�r�d�i�n�a�t�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �c�o�r�e� �a�l�i�g�n�m�e�n�t� 
�c�r�e�a�t�e�d� �b�y� �C�o�r�e�A�l�i�g�n�e�r�,� �a�n�d� �c�l�a�s�s�i�f�i�e�d� �e�a�c�h� �a�c�c�e�s�s�o�r�y� �g�e�n�e� 
�i�n�t�o� �m�o�b�i�l�i�t�y� �c�l�a�s�s�e�s�.� �W�e� �a�l�s�o� �i�d�e�n�t�i�f�i�e�d� �c�o�-�o�c�c�u�r�r�i�n�g� �g�e�n�e� 
�c�l�u�s�t�e�r�s� �u�s�i�n�g� �p�h�y�l�o�g�e�n�e�t�i�c� �p�a�t�t�e�r�n� �c�l�u�s�t�e�r�i�n�g� �c�o�m�b�i�n�e�d� �w�i�t�h� 
�n�e�i�g�h�b�o�r�i�n�g� �g�e�n�e� �c�l�u�s�t�e�r�i�n�g� �i�m�p�l�e�m�e�n�t�e�d� �i�n� �t�h�e� �R�E�C�O�G� 
�s�y�s�t�e�m�.� �O�n� �t�h�e� �b�a�s�i�s� �o�f� �t�h�e�s�e� �a�n�a�l�y�s�e�s�,� �w�e� �i�d�e�n�t�i�f�i�e�d� �s�e�v�e�r�a�l� 
�g�e�n�e� �c�l�u�s�t�e�r�s� �c�o�n�s�e�r�v�e�d� �a�m�o�n�g� H. pylori� �s�t�r�a�i�n�s� �t�h�a�t� �w�e�r�e� 
�c�h�a�r�a�c�t�e�r�i�z�e�d� �a�s� �m�o�b�i�l�e� �o�r� �n�o�n�-�m�o�b�i�l�e�.� �T�h�i�s� �w�o�r�k� �i�s� �i�n� 
�c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� �P�r�o�f�.� �K�o�b�a�y�a�s�h�i�,� �U�n�i�v�.� �T�o�k�y�o�.
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