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�S�C�I�E�N�C�E� �R�E�P�O�R�T� �S�e�p�t�e�m�b�e�r� �2�0�,� �2�0�0�1�:� �N�u�m�b�e�r� �o�f� �H�u�m�a�n� �G�e�n�e�s� �Q�u�e�s�t�i�o�n�e�d�B�y� �G�e�o�r�g�e� �G�r�o�w�


�


�¨£S�t�a�r�t� �a�t� �1�'�0�1�"�©£ �T�h�i�s� �i�s� �B�i�l�l� �W�h�i�t�e� �w�i�t�h� �t�h�e� �V�O�A� �S�p�e�c�i�a�l� �E�n�g�l�i�s�h� �S�C�I�E�N�C�E� �R�E�P�O�R�T�.� �


�S�c�i�e�n�t�i�s�t�s� �a�r�e� �q�u�e�s�t�i�o�n�i�n�g� �a� �w�i�d�e�l�y� �r�e�p�o�r�t�e�d� �f�i�n�d�i�n�g� �f�r�o�m� �t�h�e� �f�i�r�s�t� �(�1�)�d�e�t�a�i�l�e�d� �s�t�u�d�y� �o�f� �t�h�e� �h�u�m�a�n� �(�2�)�g�e�n�e� �m�a�p�.� �T�h�e� �s�c�i�e�n�t�i�s�t�s� �(�3�)�d�i�s�p�u�t�e� �t�h�e� �f�i�n�d�i�n�g� �t�h�a�t� �h�u�m�a�n�s� �h�a�v�e� �o�n�l�y� �a�b�o�u�t� �t�h�i�r�t�y�-�t�h�o�u�s�a�n�d� �g�e�n�e�s�.� �


�T�h�e� �n�e�w� �r�e�p�o�r�t� �s�u�g�g�e�s�t�s� �t�h�e� �t�r�u�e� �n�u�m�b�e�r� �c�o�u�l�d� �b�e� �m�u�c�h� �g�r�e�a�t�e�r�.� �T�h�e� �G�e�n�o�m�i�c�s� �I�n�s�t�i�t�u�t�e� �o�f� �t�h�e� �N�o�v�a�r�t�i�s� �R�e�s�e�a�r�c�h� �F�o�u�n�d�a�t�i�o�n� �i�n� �S�a�n� �D�i�e�g�o�,� �C�a�l�i�f�o�r�n�i�a� �p�r�e�p�a�r�e�d� �t�h�e� �r�e�p�o�r�t�.� �I�t� �w�a�s� �p�u�b�l�i�s�h�e�d� �i�n� �C�e�l�l� �m�a�g�a�z�i�n�e�.� �


�O�t�h�e�r� �s�c�i�e�n�t�i�s�t�s� �h�a�v�e� �l�o�n�g� �(�4�)�a�r�g�u�e�d� �a�b�o�u�t� �t�h�e� �n�u�m�b�e�r� �o�f� �h�u�m�a�n� �g�e�n�e�s�.� �S�o�m�e� �b�e�l�i�e�v�e� �t�h�a�t� �h�u�m�a�n�s� �h�a�v�e� �m�o�r�e� �t�h�a�n� �o�n�e�-�h�u�n�d�r�e�d�-�t�h�o�u�s�a�n�d� �g�e�n�e�s�.� �


�T�h�e� �i�s�s�u�e� �s�e�e�m�e�d� �t�o� �b�e� �s�e�t�t�l�e�d� �l�a�s�t� �F�e�b�r�u�a�r�y�.� �T�h�a�t� �i�s� �w�h�e�n� �t�w�o� �c�o�m�p�e�t�i�n�g� �t�e�a�m�s� �o�f� �s�c�i�e�n�t�i�s�t�s� �p�u�b�l�i�s�h�e�d� �t�h�e�i�r� �(�5�)�e�f�f�o�r�t�s� �t�o� �m�a�p� �t�h�e� �p�o�s�i�t�i�o�n� �o�f� �e�v�e�r�y� �h�u�m�a�n� �g�e�n�e�.� �A� �p�r�i�v�a�t�e� �A�m�e�r�i�c�a�n� �c�o�m�p�a�n�y� �c�a�l�l�e�d� �C�e�l�e�r�a� �G�e�n�o�m�i�c�s� �p�u�b�l�i�s�h�e�d� �o�n�e� �o�f� �t�h�e� �g�e�n�e�t�i�c� �m�a�p�s�.� �A�n� �i�n�t�e�r�n�a�t�i�o�n�a�l� �g�r�o�u�p� �c�a�l�l�e�d� �t�h�e� �H�u�m�a�n� �G�e�n�o�m�e� �P�r�o�j�e�c�t� �p�r�e�p�a�r�e�d� �t�h�e� �o�t�h�e�r�.� �E�a�c�h� �g�r�o�u�p� �o�f� �s�c�i�e�n�t�i�s�t�s� �(�6�)�e�s�t�i�m�a�t�e�d� �t�h�a�t� �h�u�m�a�n�s� �h�a�v�e� �a�b�o�u�t� �t�h�i�r�t�y�-�t�h�o�u�s�a�n�d� �g�e�n�e�s�.� �T�h�a�t� �i�s� �a�b�o�u�t� �t�w�o� �t�i�m�e�s� �a�s� �m�a�n�y� �g�e�n�e�s� �a�s� �s�o�m�e� �(�7�)�i�n�s�e�c�t�s�.� �


�T�h�a�t� �n�u�m�b�e�r� �c�a�m�e� �a�s� �a� �s�u�r�p�r�i�s�e� �t�o� �s�o�m�e� �p�e�o�p�l�e�.� �T�h�e�y� �w�o�n�d�e�r�e�d� �h�o�w� �a�n� �o�r�g�a�n�i�s�m� �a�s� �(�8�)�c�o�m�p�l�e�x� �a�s� �a� �h�u�m�a�n� �c�o�u�l�d� �h�a�v�e� �s�o� �f�e�w� �g�e�n�e�s�.� �I�t� �i�s� �i�m�p�o�r�t�a�n�t� �f�o�r� �s�c�i�e�n�t�i�s�t�s� �t�o� �i�d�e�n�t�i�f�y� �e�v�e�r�y� �h�u�m�a�n� �g�e�n�e� �i�n� �o�r�d�e�r� �t�o� �u�n�d�e�r�s�t�a�n�d� �h�o�w� �c�e�l�l�s� �w�o�r�k� �a�n�d� �w�h�a�t� �c�a�u�s�e�s� �d�i�s�e�a�s�e�.� �S�o�m�e� �s�c�i�e�n�t�i�s�t�s� �b�e�l�i�e�v�e�d� �t�h�e� �s�m�a�l�l� �n�u�m�b�e�r� �o�f� �g�e�n�e�s� �w�a�s� �g�o�o�d� �n�e�w�s�.� �I�t� �m�e�a�n�t� �i�t� �w�o�u�l�d� �b�e� �e�a�s�i�e�r� �t�o� �(�9�)�i�d�e�n�t�i�f�y� �a�l�l� �t�h�e� �g�e�n�e�s� �a�n�d� �u�n�d�e�r�s�t�a�n�d� �h�o�w� �t�h�e�y� �w�o�r�k�.� �


�I�n� �t�h�e� �n�e�w� �s�t�u�d�y�,� �t�h�e� �N�o�v�a�r�t�i�s� �s�c�i�e�n�t�i�s�t�s� �(�1�0�)�c�o�m�p�a�r�e�d� �t�h�e� �t�w�o� �g�r�o�u�p�s� �o�f� �h�u�m�a�n� �g�e�n�e�s� �f�r�o�m� �t�h�e� �t�w�o� �g�e�n�e�t�i�c� �m�a�p�s�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t� �t�h�e� �t�w�o� �g�r�o�u�p�s� �o�f� �s�c�i�e�n�t�i�s�t�s� �h�a�d� �i�d�e�n�t�i�f�i�e�d� �t�w�o� �d�i�f�f�e�r�e�n�t� �s�e�t�s� �o�f� �g�e�n�e�s�.� �O�n�l�y� �a�b�o�u�t� �h�a�l�f� �t�h�e� �g�e�n�e�s� �a�r�e� �(�1�1�)�c�o�m�m�o�n� �t�o� �b�o�t�h� �g�r�o�u�p�s�.� �T�h�e� �N�o�v�a�r�t�i�s� �s�c�i�e�n�t�i�s�t�s� �s�a�y� �t�h�i�s� �m�e�a�n�s� �t�h�e� �n�u�m�b�e�r� �o�f� �h�u�m�a�n� �g�e�n�e�s� �m�a�y� �b�e� �a�b�o�u�t� �f�o�r�t�y�-�t�h�o�u�s�a�n�d�.� �


�T�h�e� �d�i�r�e�c�t�o�r� �o�f� �t�h�e� �H�u�m�a�n� �G�e�n�o�m�e� �P�r�o�j�e�c�t�,� �F�r�a�n�c�i�s� �C�o�l�l�i�n�s�,� �s�a�i�d� �h�e� �w�o�u�l�d� �n�o�t� �b�e� �s�u�r�p�r�i�s�e�d� �i�f� �h�u�m�a�n�s� �w�e�r�e� �f�o�u�n�d� �t�o� �h�a�v�e� �m�o�r�e� �t�h�a�n� �t�h�i�r�t�y�-�t�h�o�u�s�a�n�d� �g�e�n�e�s�.� �C�e�l�e�r�a�'�s� �P�r�e�s�i�d�e�n�t�,� �C�r�a�i�g� �V�e�n�t�e�r�,� �n�o�t�e�s� �t�h�a�t� �t�h�e� �p�r�o�c�e�s�s� �o�f� �d�i�s�c�o�v�e�r�i�n�g� �t�h�e� �r�e�a�l� �n�u�m�b�e�r� �i�s� �n�o�t� �s�i�m�p�l�e�.� �H�e� �s�a�i�d� �m�a�n�y� �o�f� �t�h�e� �g�e�n�e�s� �n�o�t�e�d� �i�n� �h�i�s� �c�o�m�p�a�n�y�'�s� �s�t�u�d�y� �h�a�d� �n�o�t� �b�e�e�n� �(�1�2�)�c�o�n�f�i�r�m�e�d�.� �


�T�h�e� �r�e�a�l� �n�u�m�b�e�r� �o�f� �h�u�m�a�n� �g�e�n�e�s� �m�a�y� �n�o�t� �b�e� �k�n�o�w�n� �a�n�y� �t�i�m�e� �s�o�o�n�.� �S�c�i�e�n�t�i�s�t�s� �s�a�y� �i�t� �p�r�o�b�a�b�l�y� �w�i�l�l� �t�a�k�e� �y�e�a�r�s� �b�e�f�o�r�e� �w�e� �h�a�v�e� �a� �l�i�s�t� �o�f� �t�h�e� �g�e�n�e�s� �t�h�a�t� �c�o�n�t�r�o�l� �h�u�m�a�n� �b�i�o�l�o�g�y�.� �


�T�h�i�s� �V�O�A� �S�p�e�c�i�a�l� �E�n�g�l�i�s�h� �S�C�I�E�N�C�E� �R�E�P�O�R�T� �w�a�s� �w�r�i�t�t�e�n� �b�y� �G�e�o�r�g�e� �G�r�o�w�.�
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�(�1�)�	�d�e�t�a�i�l�e�d�[� �5�d�i�:�t�e�i�l�d� �]�a�d�j�.�êÏ¸ÏÄµ,� �ðÖõÌÄµ


�(�2�)�	�g�e�n�e�[� �d�V�i�:�n� �]�n�.�[�ÅÒ«´]�òÒÓ×,� �[�ÅÒ«´]�ù»òÒ


�(�3�)�	�d�i�s�p�u�t�e�[� �d�i�s�5�p�j�u�:�t� �]�v�.�ùÕÛÂ,� �ç±ÛÂ,� �³»ÉÒ,� �¹¿Ü¾,� �è×¹Ö,� �ùÕá¶(�ÁÍØµ,�¤ÊûÀÈµ)�n�.�ùÕÛÂ,� �ç±ÛÂ,� �ùÕ³³


�(�4�)�	�a�r�g�u�e�[� �5�B�:�^�j�u�:� �]�v�i�.�ùÕÛÂ,� �ç±ÛÂv�t�.�µËþ·


�(�5�)�	�e�f�f�o�r�t�[�5�e�f�E�t�]�n�.�¬Å¦Á,� �É³Í¾


�(�6�)�	�e�s�t�i�m�a�t�e�[� �5�e�s�t�i�m�e�i�t� �]�v�.�À¹Æ¼,� �À¹Û¼,� �ÀÆÀ¹n�.�À¹Æ¼,� �À¹Û¼,� �ÀÆÀ¹


�(�7�)�	�i�n�s�e�c�t�[� �5�i�n�s�e�k�t� �]�n�.�¥Àæ³,� �°±É±ÄµËÈa�d�j�.�.�æ³Äµ,� �æ³Ó×»ÒùÑÄµ,� �Ô¶¶¸æ³Ó×Äµ


�(�8�)�	�c�o�m�p�l�e�x�[� �5�k�C�m�p�l�e�k�s� �]�a�d�j�.�´¸ÓÔÄµ,� �ÏºÉ³Äµ,� �Û×ÏºÄµn�.�ªÁÏºåÌ


�(�9�)�	�i�d�e�n�t�i�f�y�[� �a�i�5�d�e�n�t�i�f�a�i� �]�v�t�.�¶Êð±,� �ø¼ð±,� �Ñ°.�.�.�Íº.�.�.�´¿É³»ÒùÑv�.�·È¨¶


�(�1�0�)�	�c�o�m�p�a�r�e�[� �k�E�m�5�p�Z�E� �]�v�.�È±Ï½,� �àÏÈ±,� �È±÷Ó � �n�.�È±Ï½


�(�1�1�)�	�c�o�m�m�o�n�[� �5�k�C�m�E�n� �]�a�d�j�.�²¹¬ÍÄµ,� �«¹²¹Äµ,� �«¹ÐÓÄµ,� �ÕÆ¨ÍÄµ,� �¹Ó×ËÄµ,� �±ÎÓÁÄµn�.�[�´¸]�[�Ü×]�½ÆñÃ,� �«¹ÐÓ,� �ÕÆ¨Í,� �²¹¨Í


�(�1�2�)�	�c�o�n�f�i�r�m�[� �k�E�n�5�f�E�:�m� �]�v�t�.�·È¨¶,� �úÅ¼×,� �¹Ê®¹Ì¹,� �¹ÊÐÓ§Ðv�.�·ÈÏÈ,� �(�ù»½¶Ì½ÐÖ)�ø¸.�.�.�ÐÐ´°ÖÊñÀ
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