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$EVWUDFW����

6RFLDO�UHODWLRQVKLSV�KDYH�SURIRXQG�HIIHFWV�RQ�KHDOWK�LQ�KXPDQV�DQG�RWKHU�SULPDWHV��EXW����

WKH�PHFKDQLVPV�WKDW�H[SODLQ�WKLV�UHODWLRQVKLS�DUH�QRW�ZHOO�XQGHUVWRRG��8VLQJ�VKRWJXQ����

PHWDJHQRPLF�GDWD�IURP�ZLOG�EDERRQV��ZH�IRXQG�WKDW�VRFLDO�JURXS�PHPEHUVKLS�DQG�VRFLDO����

QHWZRUN�UHODWLRQVKLSV�SUHGLFWHG�ERWK�WKH�WD[RQRPLF�VWUXFWXUH�RI�WKH�JXW�PLFURELRPH�DQG�WKH����

VWUXFWXUH�RI�JHQHV�HQFRGHG�E\�JXW�PLFURELDO�VSHFLHV��5DWHV�RI�LQWHUDFWLRQ�GLUHFWO\�H[SODLQHG����

YDULDWLRQ�LQ�WKH�JXW�PLFURELRPH��HYHQ�DIWHU�FRQWUROOLQJ�IRU�GLHW��NLQVKLS��DQG�VKDUHG����

HQYLURQPHQWV��7KH\�WKHUHIRUH�VWURQJO\�LPSOLFDWH�GLUHFW�SK\VLFDO�FRQWDFW�DPRQJ�VRFLDO�SDUWQHUV�LQ����

WKH�WUDQVPLVVLRQ�RI�JXW�PLFURELDO�VSHFLHV��:H�LGHQWLILHG����VRFLDOO\�VWUXFWXUHG�WD[D��ZKLFK�ZHUH����

VLJQLILFDQWO\�HQULFKHG�IRU�DQDHURELF�DQG�QRQ�VSRUH�IRUPLQJ�OLIHVW\OHV��2XU�UHVXOWV�DUJXH�WKDW����

VRFLDO�LQWHUDFWLRQV�DUH�DQ�LPSRUWDQW�GHWHUPLQDQW�RI�JXW�PLFURELRPH�FRPSRVLWLRQ�LQ�QDWXUDO�DQLPDO����

SRSXODWLRQV²D�UHODWLRQVKLS�ZLWK�LPSRUWDQW�UDPLILFDWLRQV�IRU�XQGHUVWDQGLQJ�KRZ�VRFLDO����

UHODWLRQVKLSV�LQIOXHQFH�KHDOWK��DV�ZHOO�DV�WKH�HYROXWLRQ�RI�JURXS�OLYLQJ����
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,QWURGXFWLRQ����

9HUWHEUDWH�LQWHVWLQHV�DUH�KRPH�WR�WKRXVDQGV�RI�EDFWHULDO�VSHFLHV�WKDW�H[HUW�SURIRXQG����

HIIHFWV�RQ�WKHLU�KRVWV��WKH\�WUDLQ�WKH�LPPXQH�V\VWHP��SURGXFH�YLWDPLQV��KHOS�UHVLVW�SDWKRJHQV�����

DQG�FRQWULEXWH�VXEVWDQWLDOO\�WR�GDLO\�HQHUJ\�DFTXLVLWLRQ��%HUJPDQ�������7XUQEDXJK�HW�DO�����������

+RRSHU�HW�DO��������%HQJPDUN�������0RUJDQ�HW�DO���������,Q�KXPDQV��LQWHU�LQGLYLGXDO�YDULDWLRQ�LQ����

JXW�PLFURELRPH�FRPSRVLWLRQ�KDV�UHSHDWHGO\�EHHQ�OLQNHG�WR�PDMRU�KHDOWK�FRQFHUQV��LQFOXGLQJ����

REHVLW\��GLDEHWHV��FDQFHU��KHDUW�GLVHDVH��DQG�DXWRLPPXQH�GLVRUGHUV��H�J��7XUQEDXJK�HW�DO�����

������+RRSHU�HW�DO��������%HQJPDUN�������,LGD�HW�DO��������.RHWK�HW�DO��������9LDXG�HW�DO�������������

+RZHYHU��GHVSLWH�LWV�LPSRUWDQFH��ODUJH�JDSV�UHPDLQ�LQ�RXU�XQGHUVWDQGLQJ�RI�WKH�IRUFHV����

WKDW�VKDSH�JXW�PLFURELRPH�FRPSRVLWLRQ��$PRQJ�WKH�OHDVW�XQGHUVWRRG�EXW�SRWHQWLDOO\�PRVW����

VLJQLILFDQW�VXFK�IRUFHV�DUH�WKH�HIIHFWV�RI�KRVW�VRFLDO�LQWHUDFWLRQV��)URP�DQ�HYROXWLRQDU\����

SHUVSHFWLYH��VRFLDO�HIIHFWV�RQ�WKH�JXW�PLFURELRPH�PD\�EH�DQ�XQGHUDSSUHFLDWHG�FRQVHTXHQFH�RI����

JURXS�OLYLQJ��DVVRFLDWHG�ZLWK�ERWK�ILWQHVV�FRVWV�DQG�EHQHILWV��/RPEDUGR�������$UFKLH�	�7KHLV����

������(]HQZD�HW�DO��������0RQWLHO�&DVWUR�HW�DO���������)RU�H[DPSOH��FR�KRXVLQJ�LQ�ODE�PLFH����

SURPRWHV�WKH�WUDQVPLVVLRQ�RI�EDFWHULDO�FRPPXQLWLHV�WKDW�FRQWULEXWH�WR�LQIODPPDWRU\�ERZHO����

GLVHDVH��LPSOLFDWLQJ�VRFLDO�UHODWLRQVKLSV�LQ�PLFURELRPH�DVVRFLDWHG�GLVHDVH�ULVN��*DUUHWW�HW�DO�����

�������,Q�EXPEOHEHHV��VRFLDOO\�WUDQVPLWWHG�JXW�EDFWHULD�SURWHFW�DJDLQVW�D�ZLGHVSUHDG�DQG����

YLUXOHQW�JXW�SDUDVLWH��VXJJHVWLQJ�WKDW�VRFLDOO\�PHGLDWHG�PLFURELDO�WUDQVPLVVLRQ�FDQ�DOVR�FRQIHU����

SRZHUIXO�EHQHILWV��.RFK�	�6FKPLG�+HPSHO��������,I�VRFLDO�LQWHUDFWLRQV�SUHGLFW�JXW�PLFURELRPH����

FRPSRVLWLRQ�LQ�IUHH�OLYLQJ�YHUWHEUDWHV�DV�ZHOO��WKLV�OLQN�FRXOG�KHOS�H[SODLQ�WKH�VWURQJ�DVVRFLDWLRQ����

EHWZHHQ�VRFLDO�LQWHUDFWLRQV�DQG�KHDOWK�LQ�KLJKO\�VRFLDO�VSHFLHV��H�J��%HUNPDQ�	�6\PH����������

+RXVH�HW�DO��������6DSROVN\�������+ROW�/XQVWDG�HW�DO�������������

$�KDQGIXO�RI�UHFHQW�VWXGLHV�LQ�KXPDQV�DQG�RWKHU�SULPDWHV�SURYLGH�FLUFXPVWDQWLDO����

HYLGHQFH�IRU�VRFLDO�HIIHFWV�RQ�WKH�JXW�PLFURELRPH��'HJQDQ�HW�DO��������.LQURVV�	�1LFKROVRQ����

������<DWVXQHQNR�HW�DO��������6RQJ�HW�DO���������)RU�LQVWDQFH��LQ�ZLOG�FKLPSDQ]HHV��VRFLDO����

JURXS�PHPEHUVKLS�SUHGLFWV�WKH�LGHQWLW\�DQG�DEXQGDQFH�RI�JXW�PLFUREHV��ZKLOH�NLQVKLS��DJH��DQG����

VH[�GR�QRW��'HJQDQ�HW�DO���������,Q�KXPDQV��VKDUHG�UHVLGHQFH�SUHGLFWV�JXW�PLFURELRPH�VLPLODULW\����

�.LQURVV�	�1LFKROVRQ�������<DWVXQHQNR�HW�DO��������6RQJ�HW�DO���������7R�GDWH��WKHVH�HIIHFWV����

KDYH�ODUJHO\�EHHQ�DWWULEXWHG�WR�VKDUHG�GLHWV��DV�PHPEHUV�RI�WKH�VDPH�KRXVHKROG�RU�VRFLDO�JURXS����

WHQG�WR�FRQVXPH�VLPLODU�IRRGV�LQ�VLPLODU�SURSRUWLRQV��&ODHVVRQ�HW�DO��������.LQURVV�	�1LFKROVRQ����

������<DWVXQHQNR�HW�DO���������+RZHYHU��VRFLDO�UHODWLRQVKLSV�FRXOG�DOVR�VKDSH�JXW�PLFURELRPHV����

PRUH�GLUHFWO\��YLD�WUDQVPLVVLRQ�IURP�VKDUHG�HQYLURQPHQWV��/D[�HW�DO��������RU�GXULQJ�SK\VLFDO����

FRQWDFW�������
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'LIIHUHQWLDWLQJ�EHWZHHQ�WKHVH�PHFKDQLVPV�UHTXLUHV�ILQH�JUDLQHG�GDWD�RQ�VRFLDO����

LQWHUDFWLRQV��VKDUHG�HQYLURQPHQWV��DQG�GLHW��6XFK�FRPSOHPHQWDU\�GDWD�VHWV�DUH�UDUH��EXW�DUH����

IUHTXHQWO\�FROOHFWHG�LQ�ORQJ�WHUP�SULPDWH�ILHOG�VWXGLHV��+HUH��ZH�OHYHUDJHG�RQH�VXFK�VWXG\��RQ����

WKH�LQWHQVLYHO\�VWXGLHG�$PERVHOL�EDERRQV�RI�.HQ\D��$OEHUWV�	�$OWPDQQ��������WR�WHVW�ZKHWKHU����

VRFLDO�JURXS�VWUXFWXUH�DQG�VRFLDO�LQWHUDFWLRQV�ZLWKLQ�JURXSV�SUHGLFW�HLWKHU�WKH�WD[RQRPLF�RU�WKH����

IXQFWLRQDO�FRPSRVLWLRQ�RI�WKH�JXW�PLFURELRPH��/LNH�KXPDQV��EDERRQV�DUH�KLJKO\�VRFLDO��JURXS����

OLYLQJ�SULPDWHV��0HPEHUV�RI�WKH�VDPH�VRFLDO�JURXS�WUDYHO�WRJHWKHU��FRQVXPH�VLPLODU�IRRGV��DQG����

GULQN�IURP�WKH�VDPH�ZDWHU�VRXUFHV��:LWKLQ�VRFLDO�JURXSV��LQGLYLGXDOV�VHOHFWLYHO\�HQJDJH�LQ����

IUHTXHQW�DIILOLDWLYH�JURRPLQJ�LQWHUDFWLRQV��ZKLFK�VROLGLI\�VRFLDO�ERQGV�DQG�KDYH�WKH�SRWHQWLDO�WR����

PHGLDWH�EDFWHULDO�WUDQVPLVVLRQ��:LWKLQ�WKLV�FRQWH[W��ZH�DGGUHVVHG�WKUHH�FHQWUDO�TXHVWLRQV��:H����

ILUVW�DVNHG��L��GRHV�VRFLDO�JURXS�PHPEHUVKLS�SUHGLFW�JXW�PLFURELRPH�FRPSRVLWLRQ��DV�VKRZQ�IRU����

KXPDQV�DQG�FKLPSDQ]HHV��'HJQDQ�HW�DO��������.LQURVV�	�1LFKROVRQ�������<DWVXQHQNR�HW�DO�����

������6RQJ�HW�DO�������"�:H�WKHQ�DVNHG�WZR�QRYHO�TXHVWLRQV�WKDW�KDYH�QRW�EHHQ�DGGUHVVHG�LQ����

SULRU�VWXGLHV���LL��ZLWKLQ�VRFLDO�JURXSV��GR�UDWHV�RI�VRFLDO�LQWHUDFWLRQV��FDSWXUHG�KHUH�E\�JURRPLQJ����

EDVHG�VRFLDO�QHWZRUNV��SUHGLFW�JXW�PLFURELRPH�VLPLODULW\�DIWHU�DFFRXQWLQJ�IRU�GLHWDU\�SDWWHUQV�����

VKDUHG�HQYLURQPHQWV��DQG�NLQVKLS"�$QG��LLL��ZKLFK�EDFWHULDO�VSHFLHV��ZLWK�ZKDW�OLIHVW\OH�WUDLWV��DUH����

PRVW�OLNHO\�WR�EH�VRFLDOO\�WUDQVPLWWHG��ERWK�EHWZHHQ�DQG�ZLWKLQ�VRFLDO�JURXSV"������

����

5HVXOWV����

:H�JHQHUDWHG�VKRWJXQ�PHWDJHQRPLF�GDWD�IRU�WKH�GLVWDO�JXW�XVLQJ�IHFDO�VDPSOHV�IURP�������

PHPEHUV�RI�WZR�EDERRQ�VRFLDO�JURXSV��³0LFD¶V�JURXS´�RU�³9LROD¶V�JURXS´��RQH�VDPSOH�SHU����

LQGLYLGXDO��6XSSOHPHQWDU\�ILOH�����7RJHWKHU��WKHVH�LQGLYLGXDOV�UHSUHVHQWHG�DOPRVW�FRPSOHWH����

VDPSOLQJ�������RI�WKH�DGXOW�PHPEHUV�RI�ERWK�JURXSV��)HFDO�VDPSOHV�ZHUH�FROOHFWHG�GXULQJ�D����

VLQJOH���PRQWK�WLPHVSDQ�WR�PLQLPL]H�GHYHORSPHQWDO��WHPSRUDO��DQG�VHDVRQDO�KHWHURJHQHLW\������

'XULQJ�WKLV�WLPH��0LFD¶V�JURXS�DQG�9LROD¶V�JURXS�H[SORLWHG�DGMDFHQW�KRPH�UDQJHV��ZLWK�WKH����

FHQWHU�RI�HDFK�UDQJH�VHSDUDWHG�E\�MXVW�D�IHZ�NLORPHWHUV��)LJXUH��$�������

8VLQJ�WKH�SURJUDP�0HWD3KO$Q������6HJDWD�HW�DO���������ZH�LGHQWLILHG�����EDFWHULDO�DQG����

DUFKDHDO�WD[D�WR�WKH�VSHFLHV�OHYHO�DQG�TXDQWLILHG�WKHLU�UHODWLYH�DEXQGDQFH������������V�G�����

VSHFLHV�SHU�VDPSOH��)LJXUH�����ILJXUH�VXSSOHPHQW����6XSSOHPHQWDU\�ILOHV�������VHH����

6XSSOHPHQWDU\�ILOHV������IRU�SDUDOOHO�UHVXOWV�XVLQJ�D�de novo�DVVHPEO\�DSSURDFK���:H�DOVR�����

LGHQWLILHG�DQG�TXDQWLILHG�WKH�UHODWLYH�DEXQGDQFH�RI�������PLFURELDO�HQFRGHG�HQ]\PH�RUWKRORJV�����

XVLQJ�WKH�+80$Q1�SLSHOLQH��PHDQ���6'� �������������.(**�RUWKRORJV�SHU�VDPSOH�$EXEXFNHU�����

HW�DO��������)LJXUH�����ILJXUH�VXSSOHPHQW����6XSSOHPHQWDU\�ILOH�����7KH�WD[D�ZH�IRXQG�FRPSULVHG�����

D�W\SLFDO�SULPDWH�JXW�PLFURELRWD��GRPLQDWHG�E\�WKH�SK\OD�)LUPLFXWHV��PHDQ�±�6'� �������±�����
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�������3URWHREDFWHULD��������±��������$FWLQREDFWHULD�������±��������DQG�%DFWHURLGHWHV�����������

±��������)LJXUH�����ILJXUH�VXSSOHPHQW�������6XSSOHPHQWDU\�ILOH�����,Q�VRPH�VDPSOHV��HVSHFLDOO\�����

WKRVH�LQ�9LROD
V�JURXS��ZH�DOVR�GHWHFWHG�D�ODUJH�FRQWULEXWLRQ�IURP�WKH�SK\OXP�6SLURFKDHWHV������

FRQVLVWHQW�ZLWK�ILQGLQJV�IURP�RWKHU�SULPDWHV��DQFLHQW�KXPDQV��DQG�PRGHUQ�GD\�KXPDQ�KXQWHU�����

JDWKHUHUV��'H�)LOLSSR�HW�DO��������7LWR�HW�DO��������6FKQRUU�HW�DO��������������

 ����

Social group membership was the strongest single predictor of gut microbiome composition ����

$FURVV�DOO����LQGLYLGXDOV��VRFLDO�JURXS�PHPEHUVKLS�H[SODLQHG�������RI�JOREDO�YDULDWLRQ�LQ�����

JXW�PLFURELDO�VSHFLHV�FRPSRVLWLRQ��DV�VXPPDUL]HG�E\�D�%UD\�&XUWLV�GLVVLPLODULW\�PDWUL[������

3(50$129$�IRU�VRFLDO�JURXS�HIIHFWV��S���������)LJXUH��&���6RFLDO�JURXS�PHPEHUVKLS�ZDV�DOVR�����

WKH�GRPLQDQW�VRXUFH�RI�YDULDQFH�LQ�WKH�DEXQGDQFH�RI�HQ]\PH�JHQH�RUWKRORJV�HQFRGHG�E\�JXW�����

PLFUREHV��H[SODLQLQJ�������RI�JOREDO�YDULDQFH�LQ�D�%UD\�&XUWLV�GLVVLPLODULW\�PDWUL[�����

�3(50$129$��S� ��������)LJXUH��'���,Q�FRQWUDVW��VH[��DJH��DQG�VHTXHQFLQJ�UHDG�GHSWK�PDGH�����

FRPSDUDWLYHO\�PLQRU�RU�QRQ�VLJQLILFDQW�FRQWULEXWLRQV�WR�JXW�PLFURELRPH�FRPSRVLWLRQ�����

�3(50$129$��VH[��DJH�DQG�UHDG�GHSWK�H[SODLQHG�������S� ��������������S� ��������������S� �����

�������RI�YDULDQFH�LQ�WD[RQRPLF�FRPSRVLWLRQ��QR�VLJQLILFDQW�YDULDWLRQ�ZDV�H[SODLQHG�E\�VH[��DJH������

RU�UHDG�GHSWK�IRU�HQ]\PH�JHQH�RUWKRORJV���)XUWKHUPRUH��VRFLDO�JURXS�UHPDLQHG�D�VWURQJ�DQG�����

VLJQLILFDQW�SUHGLFWRU�RI�WD[RQRPLF�DQG�HQ]\PH�JHQH�RUWKRORJ�FRPSRVLWLRQ�HYHQ�DIWHU�FRQWUROOLQJ�����

IRU�JHQHWLF�UHODWHGQHVV�EHWZHHQ�VWXG\�VXEMHFWV��SDUWLDO�0DQWHO�WHVW�IRU�WD[RQRPLF�FRPSRVLWLRQ��r�����

 ��������S���������IRU�HQ]\PH�JHQH�RUWKRORJV��r� ��������S� �����[�������������

�����

Differences in gut microbiome composition between social groups were unlikely to be explained ����

by diet ����

3UHYLRXV�DVVRFLDWLRQV�EHWZHHQ�VRFLDO�SUR[LPLW\�DQG�JXW�PLFURELDO�FRPSRVLWLRQ�LQ�KXPDQV�����

DQG�RWKHU�SULPDWHV�KDYH�ODUJHO\�EHHQ�DWWULEXWHG�WR�GLHW��'HJQDQ�HW�DO��������.LQURVV�	�1LFKROVRQ�����

������<DWVXQHQNR�HW�DO���������+RZHYHU��WKH�WZR�VRFLDO�JURXSV�LQ�RXU�VWXG\�LQKDELWHG�D�����

UHODWLYHO\�KRPRJHQHRXV�VDYDQQDK�HQYLURQPHQW�DQG�H[SORLWHG�YHU\�VLPLODU�UHVRXUFHV��'XULQJ�WKH�����

VDPSOH�FROOHFWLRQ�SHULRG��KDOI�RI�HDFK�JURXS¶V�GLHW�ZDV�GHYRWHG�WR�JUDVV�FRUPV��DQG�VLPLODU�����

SURSRUWLRQV�ZHUH�GHYRWHG�WR�RWKHU�IRRG�W\SHV��LQFOXGLQJ�JUDVV�VHHG�KHDGV��Acacia�tortilis�VHHG�����

SRGV��OHDYHV��SULPDULO\�JUDVV�EODGHV���DQG�Acacia xanthophloea�JXP��)LJXUH��%��6XSSOHPHQWDU\�����

ILOH�����7KH�RQO\�GLHW�FRPSRQHQW�WKDW�GLIIHUHG�VLJQLILFDQWO\�EHWZHHQ�WKH�WZR�JURXSV�ZDV�WKH�����

SURSRUWLRQ�GHYRWHG�WR�IUXLW��SHUPXWDWLRQ�WHVW��S� ��������+RZHYHU��ZH�IRXQG�QR�GLIIHUHQFHV�����

EHWZHHQ�WKH�WZR�JURXSV�LQ�WKH�DEXQGDQFH�RI�WZR�FRPPRQ�IUXLW�DVVRFLDWHG�EDFWHULDO�HQ]\PHV������

SHFWLQHVWHUDVH��S�YDOXH�IRU�VRFLDO�JURXS�LQ�D�OLQHDU�PL[HG�HIIHFWV�PRGHO��S� ��������DQG�SHFWDWH�����
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O\DVH��S�YDOXH�IRU�VRFLDO�JURXS�LQ�D�OLQHDU�PL[HG�HIIHFWV�PRGHO��S� ���������)XUWKHUPRUH��SDWWHUQV�����

RI�GLIIHUHQWLDO�WD[RQRPLF�DEXQGDQFH�EHWZHHQ�JURXSV�GLG�QRW�UHFDSLWXODWH�GLIIHUHQFHV�DVVRFLDWHG�����

ZLWK�GLIIHUHQWLDO�FRQVXPSWLRQ�RI�IUHVK�IUXLWV�DQG�YHJHWDEOHV�GHVFULEHG�LQ�D�KXPDQ�JXW�����

PLFURELRPH�GDWD�VHW��'DYHQSRUW�HW�DO��������VHH�0DWHULDOV�DQG�0HWKRGV��������

�����

Grooming networks predicted gut microbiome composition within groups ����

'HVSLWH�IHZ�GHWHFWDEOH�GLIIHUHQFHV�LQ�GLHW��XQLGHQWLILHG�HQYLURQPHQWDO�GLIIHUHQFHV�����

EHWZHHQ�0LFD¶V�JURXS�DQG�9LROD¶V�JURXS�FRXOG�H[SODLQ�WKH�GLIIHUHQFHV�LQ�JXW�PLFURELRPH�����

FRPSRVLWLRQ�ZH�REVHUYHG��7R�WHVW�ZKHWKHU�VRFLDO�FRQWDFWV�per se�SUHGLFWHG�JXW�PLFURELRPH�����

FRPSRVLWLRQ��ZH�WXUQHG�WR�ILQH�JUDLQHG�GDWD�RQ�ZLWKLQ�JURXS�JURRPLQJ�LQWHUDFWLRQV��*URRPLQJ�LV�����

E\�IDU�WKH�PRVW�FRPPRQ�IRUP�RI�SK\VLFDO�FRQWDFW�LQ�EDERRQV��,PSRUWDQWO\��WKH�VWUHQJWK�RI�����

JURRPLQJ�UHODWLRQVKLSV�EHWZHHQ�SDLUV�RI�LQGLYLGXDOV�LQ�WKH�VDPH�VRFLDO�JURXS�YDULHV�����

FRQVLGHUDEO\��GHVSLWH�WKH�IDFW�WKDW�DOO�PHPEHUV�RI�D�VRFLDO�JURXS�WUDYHO�WRJHWKHU�DQG�XVH�WKH�����

VDPH�UHVRXUFH�EDVH�������

7R�WHVW�ZKHWKHU�SK\VLFDO�FRQWDFW�SUHGLFWHG�JXW�PLFURELRPH�FRPSRVLWLRQ��ZH�FRQVWUXFWHG�����

JURRPLQJ�QHWZRUNV�IRU�HDFK�VRFLDO�JURXS��XVLQJ�DOO�JURRPLQJ�LQWHUDFWLRQV�REVHUYHG�LQ�WKH�\HDU�����

SULRU�WR�DQG�GXULQJ�PLFURELRPH�VDPSOLQJ��)LJXUH��$��%���:H�IRXQG�WKDW��LQ�ERWK�JURXSV��FORVHU�����

JURRPLQJ�SDUWQHUV�KDUERUHG�PRUH�VLPLODU�FRPPXQLWLHV�RI�JXW�EDFWHULD��0DQWHO�WHVW�EHWZHHQ�����

%UD\�&XUWLV�PLFURELRPH�GLVVLPLODULW\�PDWULFHV�DQG�VRFLDO�QHWZRUN�PDWULFHV��0LFD¶V�JURXS�r� ������

�������S� �����[�������9LROD¶V�JURXS�r� ���������S� �����[�������)LJV���&�DQG��'���7KLV�SDWWHUQ�ZDV�����

QRW�GULYHQ�E\�KRVW�JHQHWLF�HIIHFWV��DOWKRXJK�IHPDOH�UHODWLYHV�KDYH�VWURQJHU�JURRPLQJ�ERQGV������

FRQWUROOLQJ�IRU�SDLUZLVH�UHODWHGQHVV�VWLOO�SURGXFHG�VWURQJ�VXSSRUW�IRU�D�UHODWLRQVKLS�EHWZHHQ�����

JURRPLQJ�DQG�WD[RQRPLF�FRPSRVLWLRQ�IRU�9LROD¶V�JURXS��SDUWLDO�0DQWHO�WHVW�FRQWUROOLQJ�IRU�NLQVKLS������

r� ���������S� �����[��������DQG�D�FRQVLVWHQW�WUHQG�LQ�0LFD¶V�JURXS��SDUWLDO�0DQWHO�WHVW�FRQWUROOLQJ�����

IRU�NLQVKLS��r� ���������S� ���������,QWHUHVWLQJO\��H[WHQGLQJ�WKLV�DQDO\VLV�WR�WKH�OHYHO�RI�HQ]\PH�����

JHQH�RUWKRORJV�VXJJHVWHG�WKDW�FORVH�JURRPLQJ�SDUWQHUV�DOVR�KDYH�IXQFWLRQDOO\�PRUH�VLPLODU�JXW�����

PLFURELRPHV��*URRPLQJ�QHWZRUNV�SUHGLFWHG�YDULDWLRQ�LQ�ZLWKLQ�JURXS�HQ]\PH�JHQH�RUWKRORJ�����

DEXQGDQFH�IRU�0LFD¶V�JURXS��SDUWLDO�0DQWHO�WHVW�FRQWUROOLQJ�IRU�NLQVKLS��U� ��������S� ���������EXW�����

QRW�9LROD¶V�JURXS��SDUWLDO�0DQWHO�WHVW�FRQWUROOLQJ�IRU�NLQVKLS��U� ���������S� ��������������

'HVSLWH�WKH�UHODWLYH�KRPRJHQHLW\�RI�GLHW�ZLWKLQ�VRFLDO�JURXSV��RXU�UHVXOWV�FRXOG�VWLOO�EH�����

H[SODLQHG�E\�D�GLHW�UHODWHG�PHFKDQLVP�LI�FORVH�JURRPLQJ�SDUWQHUV�FRQVXPHG�PRUH�VLPLODU�GLHWV������

$OWHUQDWLYHO\��FORVH�VRFLDO�SDUWQHUV�PLJKW�H[SHULHQFH�VLPLODU�HQYLURQPHQWDO�H[SRVXUHV�LI�WKH\�����

XVHG�PRUH�VLPLODU�PLFURHQYLURQPHQWV�LQ�WKH�JURXS
V�KRPH�UDQJH��:H�WHVWHG�WKHVH�SRVVLELOLWLHV�����

GLUHFWO\��IRFXVLQJ�RQ�DGXOW�IHPDOHV�IRU�ZKRP�GLHW�FRPSRVLWLRQ�DQG�VSDWLDO�SUR[LPLW\�GDWD�ZHUH�����
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URXWLQHO\�FROOHFWHG��1� ����IHPDOHV�LQ�0LFD¶V�JURXS�DQG�1� ����IHPDOHV�LQ�9LROD¶V�JURXS�������

*URRPLQJ�QHWZRUN�SUR[LPLW\�DOVR�SUHGLFWHG�PLFURELRWD�FRPSRVLWLRQ�LQ�WKLV�UHVWULFWHG�GDWD�VHW�����

�0DQWHO�WHVWV��0LFD¶V�JURXS��r� ���������S� �����[�������9LROD¶V�JURXS��r� ���������S� �����[������������

DQG�UHPDLQHG�D�VLJQLILFDQW�SUHGLFWRU�RI�PLFURELRWD�FRPSRVLWLRQ�DIWHU�DFFRXQWLQJ�IRU�GLHWDU\�����

VLPLODULW\��SDUWLDO�0DQWHO�WHVW�FRQWUROOLQJ�IRU�GLHWDU\�VLPLODULW\��0LFD¶V�JURXS�S� ��������9LROD¶V�����

JURXS��S� ��������DQG�VSDWLDO�SUR[LPLW\��SDUWLDO�0DQWHO�WHVW�FRQWUROOLQJ�IRU�VSDWLDO�SUR[LPLW\�IRU�����

0LFD¶V�JURXS�S� ��������9LROD¶V�JURXS��S� ���������$GGLWLRQDOO\��ZH�IRXQG�QR�HYLGHQFH�WKDW�FORVH�����

VRFLDO�SDUWQHUV�FRQVXPHG�PRUH�VLPLODU�GLHWV��0DQWHO�WHVWV��0LFD¶V�JURXS��0DQWHO�U� ���������S� �����

�������9LROD¶V�JURXS��0DQWHO�U� ���������S� ��������������

�����

Socially structured bacteria tended to be anaerobic and non-spore-forming ����

:H�QH[W�LQYHVWLJDWHG�ZKLFK�EDFWHULDO�VSHFLHV�ZHUH�DVVRFLDWHG�ZLWK�WKH�VWURQJ�VLJQDWXUH�����

RI�VRFLDO�VWUXFWXUH�LQ�RXU�GDWD�VHW��7R�LGHQWLI\�WKHVH�
VRFLDOO\�VWUXFWXUHG
�VSHFLHV��ZH�IRFXVHG�RQ�����

WKH�����PRVW�SUHYDOHQW�VSHFLHV�LQ�RXU�GDWD�VHW��L�H��WKRVH�IRXQG�LQ�������RI�VDPSOHV���8VLQJ�D�����

PL[HG�HIIHFWV�PRGHO�FRQWUROOLQJ�IRU�DJH��VH[��UHDG�GHSWK��DQG�KRVW�JHQHWLF�UHODWHGQHVV��ZH�����

LGHQWLILHG����VSHFLHV���������XVLQJ�D�����IDOVH�GLVFRYHU\�UDWH��WKDW�ZHUH�VLJQLILFDQWO\�����

GLIIHUHQWLDOO\�DEXQGDQW�LQ�WKH�WZR�VRFLDO�JURXSV��:H�SHUIRUPHG�D�FRPSOHPHQWDU\�DQDO\VLV��XVLQJ�����

D�WHVW�RI�VSDWLDO�DXWRFRUUHODWLRQ��WR�LQYHVWLJDWH�ZKHWKHU�FORVH�JURRPLQJ�SDUWQHUV�H[KLELWHG�VLPLODU�����

EDFWHULDO�DEXQGDQFHV�ZLWKLQ�VRFLDO�JURXSV�DV�ZHOO��GXH�WR�WKH�ODUJHU�VDPSOH�VL]H��ZH�SHUIRUPHG�����

WKHVH�WHVWV�LQ�9LROD¶V�JURXS��VHH�0DWHULDOV�DQG�0HWKRGV���$PRQJ�WKH�VDPH�VHW�RI�����SUHYDOHQW�����

VSHFLHV��ZH�IRXQG����VSHFLHV�������������IDOVH�GLVFRYHU\�UDWH��IRU�ZKLFK�SUR[LPLW\�ZLWKLQ�WKH�����

JURXS¶V�JURRPLQJ�QHWZRUN�VLJQLILFDQWO\�SUHGLFWHG�DEXQGDQFH��6XSSOHPHQWDU\�ILOH���������

,QWHUHVWLQJO\�����VSHFLHV�ZHUH�VLJQLILFDQWO\�VRFLDOO\�VWUXFWXUHG�ERWK�EHWZHHQ�JURXSV�DQG�ZLWKLQ�����

VRFLDO�QHWZRUNV²PRUH�VSHFLHV�WKDQ�H[SHFWHG�E\�FKDQFH��K\SHUJHRPHWULF�WHVW��S� ��������������

:H�QH[W�FRQGXFWHG�DQ�HQULFKPHQW�DQDO\VLV�WR�WHVW�ZKHWKHU�WKH�VHW�RI�VLJQLILFDQWO\�����

VRFLDOO\�VWUXFWXUHG�VSHFLHV�FRQWDLQHG�VRPH�WD[RQRPLF�JURXSV�PRUH�RIWHQ�WKDQ�E\�FKDQFH��:H�����

IRXQG�WKDW�VRFLDOO\�VWUXFWXUHG�VSHFLHV�ZHUH�SK\ORJHQHWLFDOO\�QRQ�UDQGRP�DW�ERWK�EHWZHHQ�JURXS�����

DQG�ZLWKLQ�VRFLDO�QHWZRUN�OHYHOV�RI�DQDO\VLV��)LJXUHV��$��%���0RUHRYHU��DW�ERWK�OHYHOV�RI�DQDO\VLV������

VLPLODU�WD[RQRPLF�JURXSV�ZHUH�VLJQLILFDQWO\�HQULFKHG�IRU�VRFLDOO\�VWUXFWXUHG�VSHFLHV��UHG�����

DVWHULVNV�RQ�)LJXUH�����LQFOXGLQJ�WKH�SK\OXP�$FWLQREDFWHULD��WKH�IDPLOLHV�%LILGREDFWHULDFHDH������

&RULREDFWHULDFHDH��DQG�9HLOORQHOODFHDH��DQG�WKH�JHQXV�Bifidobacterium��D�JURXS�RI�*UDP�����

QHJDWLYH�EDFWHULD�WKDW�KDV�EHHQ�OLQNHG�WR�EHQHILFLDO�KHDOWK�HIIHFWV�LQ�KXPDQV��6HUYLQ�����������

*URQOXQG�HW�DO��������7XUURQL�HW�DO���������7KH�VWULNLQJ�VLPLODULWLHV�EHWZHHQ�WKH�WZR�OHYHOV�RI�����

DQDO\VLV�VXJJHVW�WKDW�FRPPRQ�XQGHUO\LQJ�PHFKDQLVPV²PHGLDWHG�E\�GLUHFW�VRFLDO�FRQWDFW�����
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UDWKHU�WKDQ�GLHW�RU�JHQHUDO�SK\VLFDO�SUR[LPLW\²DFFRXQW�IRU�ERWK�EHWZHHQ�JURXS�GLIIHUHQFHV�DQG�����

JURRPLQJ�QHWZRUN�HIIHFWV�ZLWKLQ�JURXSV�������

)LQDOO\��ZH�H[WHQGHG�RXU�HQULFKPHQW�DQDO\VLV�WR�WHVW�ZKHWKHU�WKH�VHW�RI�VRFLDOO\�����

VWUXFWXUHG�VSHFLHV�ZDV�HQULFKHG�IRU�SDUWLFXODU�EDFWHULDO�OLIHVW\OHV��:H�UHDVRQHG�WKDW��LI�VRFLDOO\�����

VWUXFWXUHG�VSHFLHV�GHSHQG�RQ�GLUHFW�WUDQVPLVVLRQ�EHWZHHQ�EDERRQV��DV�RXU�GDWD�VXJJHVW��WKH\�����

VKRXOG�EH�OHVV�OLNHO\�WKDQ�RWKHU�VSHFLHV�WR�SHUVLVW�RXWVLGH�RI�D�KRVW��7KXV��ZH�SUHGLFWHG�WKDW�����

VRFLDOO\�VWUXFWXUHG�VSHFLHV�ZRXOG�WHQG�WR�EH�DQDHURELF�DQG�XQDEOH�WR�SURGXFH�VSRUHV��7R�WHVW�����

WKHVH�SUHGLFWLRQV��ZH�WXUQHG�WR�LQIRUPDWLRQ�DERXW�EDFWHULDO�OLIHVW\OHV�DYDLODEOH�LQ�WKH�*HQRPHV�����

2Q/LQH�'DWDEDVH��3DJDQL�HW�DO���������XVLQJ�ERWK�VSHFLHV�OHYHO��Q� ������DQG�JHQXV�OHYHO��Q� �����

�����WUDLWV��VHH�0DWHULDOV�DQG�0HWKRGV�IRU�WUDLW�DVVLJQPHQW�FULWHULD���:H�IRXQG�WKDW�VRFLDOO\�����

VWUXFWXUHG�VSHFLHV�ZHUH�FRQVLVWHQWO\�HQULFKHG��UHODWLYH�WR�DOO�VSHFLHV�RU�JHQHUD�WHVWHG��IRU�DQ�����

DQDHURELF��QRQ�VSRUH�IRUPLQJ�OLIHVW\OH��)LJXUH��&��K\SHUJHRPHWULF�WHVWV�IRU�VRFLDOO\�VWUXFWXUHG�����

VSHFLHV�EHWZHHQ�JURXSV��VSHFLHV�OHYHO�WUDLWV��S� ��������VRFLDOO\�VWUXFWXUHG�VSHFLHV�ZLWKLQ�JURXS������

VSHFLHV�OHYHO�WUDLWV��S� ��������VRFLDOO\�VWUXFWXUHG�VSHFLHV�EHWZHHQ�JURXSV��JHQXV�OHYHO�WUDLWV��S�����

 ��������VRFLDOO\�VWUXFWXUHG�VSHFLHV�ZLWKLQ�JURXS��JHQXV�OHYHO�WUDLWV��S� ���������)RU�LQVWDQFH������

����RI�WKH�VSHFLHV�LQ�WKLV�DQDO\VLV�GLIIHUHG�VLJQLILFDQWO\�LQ�DEXQGDQFH�EHWZHHQ�VRFLDO�JURXSV������

KRZHYHU�����RI�DQDHURELF�DQG�QRQ�VSRUH�IRUPLQJ�VSHFLHV�ZHUH�VLJQLILFDQWO\�VRFLDOO\�VWUXFWXUHG������

1RWDEO\��QR�VSHFLHV�WKDW�ZHUH�ERWK�DHURELF�DQG�VSRUH�IRUPLQJ�ZHUH�VRFLDOO\�VWUXFWXUHG�DW�WKH�����

OHYHO�RI�VRFLDO�JURXSV�RU�VRFLDO�QHWZRUNV��H[FHSW�IRU�RQH�FDVH�LQ�WKH�JHQXV�OHYHO�DQDO\VLV�������

�����

'LVFXVVLRQ�����

7DNHQ�WRJHWKHU��RXU�UHVXOWV�SURYLGH�VWURQJ�HYLGHQFH�WKDW�VRFLDO�LQWHUDFWLRQV�GLUHFWO\�DIIHFW�����

WKH�FRPSRVLWLRQ�RI�WKH�JXW�PLFURELRPH�LQ�ZLOG�EDERRQV��7R�RXU�NQRZOHGJH��WKLV�VWXG\�LV�WKH�ILUVW�����

WR�WHVW�ZKHWKHU�UDWHV�RI�LQWHUDFWLRQ�ZLWKLQ�FRKDELWLQJ�JURXSV��DV�RSSRVHG�WR�EHWZHHQ�JURXSV�RU�����

KRXVHKROGV��H[SODLQ�YDULDWLRQ�LQ�WKH�JXW�PLFURELRPH��6SHFLILFDOO\��ZH�IRXQG�WKDW�DQ�LQGLYLGXDO¶V�����

FRQWDFWV�LQ�D�JURRPLQJ�EDVHG�VRFLDO�QHWZRUN��DV�ZHOO�DV�LWV�PHPEHUVKLS�LQ�D�JLYHQ�VRFLDO�JURXS������

ZHUH�KLJKO\�SUHGLFWLYH�RI�LWV�JXW�PLFURELRPH�FRPSRVLWLRQ�DW�ERWK�WKH�VSHFLHV�DQG�JHQLF�OHYHOV������

8QOLNH�SULRU�VWXGLHV��ZH�ZHUH�DEOH�WR�H[FOXGH�NLQVKLS��VKDUHG�GLHW��DQG�VKDUHG�HQYLURQPHQW�DV�����

WKH�EDVLV�IRU�RXU�REVHUYDWLRQV��2XU�UHVXOWV�DUH�WKXV�XQLTXH�DPRQJ�VWXGLHV�WR�GDWH�LQ�WKH�GHJUHH�����

WR�ZKLFK�WKH\�LPSOLFDWH�GLUHFW��DIILOLDWLYH�SK\VLFDO�FRQWDFW�DV�D�GHWHUPLQDQW�RI�JXW�PLFURELRPH�����

FRPSRVLWLRQ�LQ�QDWXUDO�SRSXODWLRQV��2XU�GDWD�DOVR�SURYLGH�WKH�ILUVW�HYLGHQFH�LQ�YHUWHEUDWHV�WKDW�����

VRFLDO�HIIHFWV�RQ�WKH�PLFURELRPH�H[WHQG�WR�LWV�IXQFWLRQDO�FRPSRVLWLRQ��7KHVH�ILQGLQJV�OHQG�����

LPSRUWDQW�VXSSRUW�WR�WKH�K\SRWKHVLV�WKDW�VRFLDO�LQWHUDFWLRQV�SOD\�D�UROH�LQ�WKH�KHDOWK�UHODWHG�����

FRQVHTXHQFHV�RI�YDULDWLRQ�LQ�JXW�PLFURELRPH�FRPSRVLWLRQ��H�J��7XUQEDXJK�HW�DO��������+RRSHU�����
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HW�DO��������%HQJPDUN�������,LGD�HW�DO��������.RHWK�HW�DO��������9LDXG�HW�DO���������ZLWK�����

SRWHQWLDOO\�LPSRUWDQW�FRQVHTXHQFHV�IRU�WKH�HYROXWLRQ�RI�VRFLDOLW\��/RPEDUGR�������$UFKLH�	�����

7KHLV�������(]HQZD�HW�DO��������0RQWLHO�&DVWUR�HW�DO�������������

7KXV��RXU�UHVXOWV�KLJKOLJKW�WKH�LPSRUWDQFH�RI�VRFLDOO\�PHGLDWHG�WUDQVPLVVLRQ�LQ�VKDSLQJ�����

JXW�PLFURELRPHV��+RZHYHU��XQOLNH�VRPH�SULRU�VWXGLHV�LQ�PLFH�DQG�EXPEOHEHHV��*DUUHWW�HW�DO������

������.RFK�	�6FKPLG�+HPSHO��������EDERRQV�DUH�QRW�FRSURSKDJLF��UDLVLQJ�D�TXHVWLRQ�DERXW�����

WKH�PHFKDQLVPV�WKDW�IDFLOLWDWH�JXW�PLFURELDO�WUDQVIHU�EHWZHHQ�VRFLDO�SDUWQHUV��2QH�SRVVLELOLW\�LV�����

WKDW�WKH�GXUDWLRQ�DQG�LQWLPDF\�RI�JURRPLQJ�ERXWV��ZKLFK�LQFOXGH�IUHTXHQW�KDQG�WR�PRXWK�FRQWDFW������

PD\�EH�LPSRUWDQW�LQ�H[SRVLQJ�EDERRQV�WR�WKH�JXW�EDFWHULD�RI�WKHLU�JURRPLQJ�SDUWQHUV������

)XUWKHUPRUH��VRPH�JURRPLQJ�ERXWV��HVSHFLDOO\�WKRVH�GLUHFWHG�IURP�DGXOW�PDOHV�WR�HVWURXV�����

IHPDOHV��FRQFHQWUDWH�KHDYLO\�RQ�WKH�DQR�JHQLWDO�UHJLRQ��LQFUHDVLQJ�WKH�SUREDELOLW\�RI�IHFDO�RUDO�����

WUDQVIHU��6XFK�FORVH�FRQWDFW�PD\�EH�HVSHFLDOO\�LPSRUWDQW�LQ�WKH�WUDQVPLVVLRQ�RI�DQDHURELF��QRQ�����

VSRUH�IRUPLQJ�VSHFLHV��DV�WKHVH�EDFWHULD�DUH�QRW�WKRXJKW�WR�SHUVLVW�IRU�ORQJ�SHULRGV�RI�WLPH�����

RXWVLGH�RI�D�KRVW��:LOVRQ��������+RZHYHU��VRPH�UHODWLYHO\�KDUG\�EDFWHULDO�VSHFLHV�PD\�DOVR�EH�����

WUDQVPLWWHG�YLD�VRFLDO�FRQWDFW��9DQGHU:DDO�HW�DO���������DQG�UHFHQW�PRGHOLQJ�HIIRUWV�VXJJHVW�����

WKDW�IHFDO�RUDO�WUDQVPLVVLRQ�FDQ�EH�KLJKO\�HIILFLHQW�LQ�VRFLDOO\�VWUXFWXUHG�KRVW�SRSXODWLRQV��HYHQ�����

ZKHQ�WUDQVPLVVLRQ�LV�LQGLUHFWO\�PHGLDWHG�WKURXJK�WKH�VRLO��1XQQ�HW�DO��������������

,QWHUHVWLQJO\��RXU�REVHUYDWLRQV�VXJJHVW�WKDW�VRFLDO�SDUWQHUV�QRW�RQO\�VKDUH�PRUH�VLPLODU�����

VHWV�RI�JXW�PLFUREHV��EXW�DOVR�VLPLODU�DEXQGDQFHV�RI�LQGLYLGXDO�PLFURELDO�VSHFLHV��2QH�����

H[SODQDWLRQ�IRU�WKLV�SDWWHUQ�LV�WKDW�ZKHQ�EDFWHULD�IURP�D�KRVW�FRORQL]H�D�VRFLDO�SDUWQHU��WKH\�����

DUULYH�SUH�DGDSWHG�WR�RFFXS\�WKH�DYDLODEOH�JXW�PLFURELDO�QLFKHV�LQ�WKHLU�QHZ�KRVW��:DOWHU�	�/H\�����

�������6SHFLILFDOO\��EHFDXVH�PHPEHUV�RI�D�VLQJOH�EDFWHULDO�VSHFLHV�FDQ�KDYH�PDUNHGO\�GLIIHUHQW�����

JHQH�FRQWHQWV��D�JLYHQ�PHPEHU�RI�D�JXW�PLFURELDO�VSHFLHV�PD\�SHUIRUP�GLIIHUHQW�IXQFWLRQV�DQG�����

LQ�GLIIHUHQW�KRVWV��:DOWHU�	�/H\�������&RVWHOOR�HW�DO���������+RZHYHU��LI�VRFLDO�SDUWQHUV�WUDQVPLW�����

EDFWHULD�ZLWK�VLPLODU�FDSDELOLWLHV�WR�HDFK�RWKHU��WKHVH�EDFWHULD�PD\�VHUYH�VLPLODU�IXQFWLRQV�LQ�����

ERWK�KRVWV�DQG�WKXV�EH�IRXQG�LQ�VLPLODU�DEXQGDQFHV��7KLV�K\SRWKHVLV�FRXOG�EH�IXUWKHU�WHVWHG�E\�����

DVVHVVLQJ�LI�EDFWHULDO�VSHFLHV�LVRODWHG�IURP�VRFLDO�SDUWQHUV�WHQG�WR�UHSUHVHQW�VKDUHG�VWUDLQV�WKDW�����

SHUIRUP�VLPLODU�ELRORJLFDO�IXQFWLRQV��������

,Q�KXPDQV��DIILOLDWLYH�SK\VLFDO�FRQWDFW��H�J��KXJJLQJ��NLVVLQJ��KROGLQJ�KDQGV��LV�FRPPRQ�����

DQG�PD\�SURYLGH�D�VLPLODU�URXWH�WKURXJK�ZKLFK�FORVH�VRFLDO�SDUWQHUV�WUDQVPLW�JXW�EDFWHULD��,Q�����

DGGLWLRQ��VXUIDFHV�LQ�KXPDQ�KRPHV�PD\�DFW�DV�UHVHUYRLUV�IRU�KRXVHKROG�VSHFLILF�EDFWHULDO�����

FRPPXQLWLHV��/D[�HW�DO���������SRVVLEO\�IDFLOLWDWLQJ�VRFLDO�WUDQVPLVVLRQ�WKURXJK�LQWHUPHGLDWH�����

VXUIDFHV��)XWXUH�ZRUN��LQ�ERWK�KXPDQV�DQG�DQLPDOV��ZLOO�EH�LPSRUWDQW�WR�HVWDEOLVKLQJ�WKH�UHODWLYH�����

LPSRUWDQFH�DQG�JHQHUDOLW\�RI�VRFLDOO\�PHGLDWHG�WUDQVPLVVLRQ��,Q�SDUWLFXODU��SRSXODWLRQ�JHQHWLF�����
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VWXGLHV�KDYH�WKH�SRWHQWLDO�WR�GLUHFWO\�PDS�WKH�JHQHWLF�VWUXFWXUH�RI�PLFURELRPH�DVVRFLDWHG�����

VSHFLHV�RQWR�WKH�VRFLDO�VWUXFWXUH�RI�KRVW�SRSXODWLRQV�WR�WHVW�ZKHWKHU�FORVH�VRFLDO�SDUWQHUV�WHQG�WR�����

VKDUH�JHQHWLFDOO\�PRUH�VLPLODU�EDFWHULDO�SRSXODWLRQV�WKDQ�QRQ�SDUWQHUV��H�J��9DQGHU:DDO�HW�DO������

�������)LQH�JUDLQHG�VWXGLHV�RI�KRZ�JXW�PLFURELDO�FRPPXQLWLHV�FKDQJH�LQ�VRFLDO�VSHFLHV��EHIRUH�����

DQG�DIWHU�SHUWXUEDWLRQV�WR�WKHLU�VRFLDO�QHWZRUNV��ZLOO�DOVR�EH�LPSRUWDQW�IRU�XQGHUVWDQGLQJ�WKH�WLPH�����

VFDOHV�RQ�ZKLFK�VRFLDO�WUDQVPLVVLRQ�RI�PLFUREHV�DFW��6XFK�HIIRUWV�ZRXOG�DOVR�FRQWULEXWH�DQ�����

LPSRUWDQW�ORQJLWXGLQDO�SHUVSHFWLYH��2XU�SRZHU�WR�LGHQWLI\�DVVRFLDWLRQV�EHWZHHQ�VRFLDO�����

UHODWLRQVKLSV�DQG�PLFURELRPH�FRPSRVLWLRQ�LQ�WKLV�VWXG\�ZDV�SUREDEO\�IDFLOLWDWHG�E\�RXU�VDPSOLQJ�����

VFKHPH��ZKLFK�HOLPLQDWHG�WKH�FRQWULEXWLRQ�RI�WHPSRUDO�RU�VHDVRQDO�HIIHFWV��0RUH�FRPSUHKHQVLYH�����

ORQJ�WHUP�VWXGLHV�ZLOO�EH�YDOXDEOH�IRU�SODFLQJ�WKHVH�HIIHFWV�LQ�FRQWH[W��DORQJVLGH�FRQFRPLWDQW�����

FKDQJHV�LQ�VHDVRQ��GLHW��DQG�UHVRXUFH�XVH���������

,Q�KXPDQV��YDULDWLRQ�LQ�WKH�WD[RQRPLF�DQG�JHQLF�FRPSRVLWLRQ�RI�WKH�PLFURELRPH�LV�����

LQFUHDVLQJO\�OLQNHG�WR�KHDOWK�LVVXHV��VXFK�DV�REHVLW\�DQG�DXWRLPPXQH�GLVRUGHUV��H�J��7XUQEDXJK�����

HW�DO��������+RRSHU�HW�DO��������%HQJPDUN�������.RHWK�HW�DO���������+HDOWK�DQG�VXUYLYDO�LQ�VRFLDO�����

VSHFLHV��LQFOXGLQJ�KXPDQV�DQG�EDERRQV��DUH�DOVR�VWURQJO\�DVVRFLDWHG�ZLWK�VRFLDO�UHODWLRQVKLSV�����

�%HUNPDQ�	�6\PH�������+RXVH�HW�DO��������H�J��6DSROVN\�������6LON�HW�DO��������+ROW�/XQVWDG�HW�����

DO��������6LON�HW�DO��������$UFKLH�HW�DO���������+RZHYHU��IHZ�VWXGLHV�KDYH�FRQQHFWHG�WKHVH�WZR�����

REVHUYDWLRQV��%\�KLJKOLJKWLQJ�WKH�VWURQJ�UHODWLRQVKLS�EHWZHHQ�PLFURELRPH�FRPSRVLWLRQ�DQG�����

VRFLDO�QHWZRUNV��RXU�ILQGLQJV�LQGLFDWH�WKH�LPSRUWDQFH�RI�IXUWKHU�UHVHDUFK�LQ�WKLV�DUHD��2QH�RI�WKH�����

PRVW�LPSRUWDQW�XQDQVZHUHG�TXHVWLRQV�LV�ZKHWKHU�VRFLDO�QHWZRUN�PHGLDWHG�PLFURELRPH�VKDULQJ�����

SURGXFHV�QHW�ILWQHVV�EHQHILWV�RU�FRVWV�IRU�KRVWV��3UHYLRXV�UHVHDUFK�RQ�IHFDO�RUDO�RU�VRFLDO�����

QHWZRUN�PHGLDWHG�WUDQVPLVVLRQ�KDV�IRFXVHG�DOPRVW�H[FOXVLYHO\�RQ�SDWKRJHQV�RU�SDUDVLWHV������

0LFURELRPH�VWXGLHV�KDYH�WKH�SRWHQWLDO�WR�EURDGHQ�WKLV�SHUVSHFWLYH�WR�LQFOXGH�VSHFLHV�ZLWK�����

EHQHILFLDO�HIIHFWV��,QGHHG��ZKLOH�ZH�IRXQG�VHYHUDO�VRFLDOO\�VWUXFWXUHG�WD[D�WKDW�KDYH�EHHQ�����

DVVRFLDWHG�ZLWK�SDWKRJHQLF�HIIHFWV��H�J��Fusobacterium spp��Campylobacter ureolyticus���ZH�����

IRXQG�VHYHUDO�RWKHU�EDFWHULD�WKRXJKW�WR�EH�EHQHILFLDO�WR�KRVWV��)RU�H[DPSOH��PHPEHUV�RI�WKH�����

SK\OXP�$FWLQREDFWHULD��HVSHFLDOO\�WKH�JHQXV�Bifidobacterium,�DUH�FRPPRQO\�WKRXJKW�WR�KDYH�����

SURELRWLF�HIIHFWV�LQ�KXPDQV�GXH�WR�WKHLU�UROH�LQ�FRPSOH[�FDUERK\GUDWH�GLJHVWLRQ��SDWKRJHQ�����

LQKLELWLRQ��DQG�YLWDPLQ�SURGXFWLRQ��6HUYLQ�������*URQOXQG�HW�DO��������7XUURQL�HW�DO�������������

8QGHUVWDQGLQJ�WKH�EDODQFH�EHWZHHQ�VRFLDO�WUDQVPLVVLRQ�RI�SDWKRJHQLF�YHUVXV�FRPPHQVDO�RU�����

EHQHILFLDO�EDFWHULD�WKXV�SURPLVHV�WR�SURYLGH�YDOXDEOH�QHZ�LQVLJKW�LQWR�WKH�OLQN�EHWZHHQ�GLVHDVH�����

ULVN�DQG�WKH�HYROXWLRQ�RI�VRFLDOLW\������

�����

0DWHULDOV�DQG�0HWKRGV������
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Study subjects, sample collection, DNA extraction, and metagenomic data generation ����

6WXG\�VXEMHFWV�ZHUH����ZLOG��DGXOW�EDERRQV�OLYLQJ�LQ�WKH�$PERVHOL�HFRV\VWHP��D�VHPL�����

DULG�VDYDQQDK�LQ�VRXWKHUQ�.HQ\D��6XSSOHPHQWDU\�ILOH�����7KH�EDERRQV�ZHUH�VWXGLHG�DV�SDUW�RI�����

WKH�$PERVHOL�%DERRQ�5HVHDUFK�3URMHFW��$%53���ZKLFK�KDV�EHHQ�FROOHFWLQJ�FRQWLQXRXV������

LQGLYLGXDO�EDVHG�GDWD�RQ�DOO�WKH�PHPEHUV�RI�VHYHUDO�EDERRQ�VRFLDO�JURXSV�VLQFH�������$OEHUWV�����

DQG�$OWPDQQ���������7KH�VSHFLILF�VXEMHFWV�IRU�WKLV�SURMHFW�UHSUHVHQWHG�QHDU�FRPSOHWH�VDPSOLQJ�����

������RI�DOO�WKH�DGXOW�PHPEHUV�RI�WZR�VRFLDO�JURXSV��FDOOHG��0LFD
V�JURXS��DQG��9LROD
V�JURXS�������

7KH�EDERRQV�DUH�LQGLYLGXDOO\�UHFRJQL]HG�E\�H[SHULHQFHG�REVHUYHUV��ZKR�YLVLW�HDFK�JURXS�����

VHYHUDO�WLPHV�SHU�ZHHN��\HDU�URXQG��IRU���KRXU�PRQLWRULQJ�YLVLWV��$OEHUWV�DQG�$OWPDQQ��������������

'LVWDO�JXW�PLFURELRPH�FRPSRVLWLRQ�ZDV�FKDUDFWHUL]HG�XVLQJ�IHFDO�VDPSOHV�FROOHFWHG�����

RSSRUWXQLVWLFDOO\�IURP�NQRZQ�LQGLYLGXDOV��$OO�IHFDO�VDPSOHV�ZHUH�FROOHFWHG�GXULQJ�D�VLQJOH�������

PRQWK�VSDQ�LQ�WKH�GU\�VHDVRQ����-XO\������WR���$XJ�������6XSSOHPHQWDU\�ILOH�����6DPSOHV�ZHUH�����

FROOHFWHG�ZLWKLQ�D�IHZ�PLQXWHV�RI�GHIHFDWLRQ��WKRURXJKO\�PL[HG��DQG�WKHQ�SUHVHUYHG�LQ���������

HWKDQRO������IHFHV�WR�HWKDQRO���'1$�ZDV�H[WUDFWHG�IURP�HDFK�VDPSOH�XVLQJ�02�%,2
V�����

3RZHU6RLO®�'1$�,VRODWLRQ�NLW��DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV��02�%,2�����

/DERUDWRULHV��,QF���&DUOVEDG��&$���)RU�HDFK�LQGLYLGXDO������QJ�RI�H[WUDFWHG�'1$�ZHUH�SUHSDUHG�����

IRU�PHWDJHQRPLF�VHTXHQFLQJ�RQ�DQ�,OOXPLQD�+L6HT������XVLQJ�WKH�.DSD�%LRV\VWHPV�/LEUDU\�����

3UHS�NLW��.DSD�%LRV\VWHPV��:LOPLQJWRQ��0$���6SHFLILFDOO\��'1$�VDPSOHV�ZHUH�VKHDUHG�WR�DQ�����

DYHUDJH�VL]H�RI�����EDVH�SDLUV��OLJDWHG�WR�EDUFRGHG�DGDSWHUV��DQG�VXEMHFWHG�WR�����EDVH�SDLU�����

SDLUHG�HQG�VHTXHQFLQJ�DW�WKH�8&/$�1HXURVFLHQFH�*HQRPLFV�&RUH��,Q�WRWDO��ZH�JHQHUDWHG���������

ELOOLRQ�UDZ��SDLUHG�HQG�,OOXPLQD�VHTXHQFHV�DFURVV�DOO�VDPSOHV��PHDQ�±�6'� ������±������PLOOLRQ�����

UHDG�SDLUV�SHU�VDPSOH���$OO�UDZ�UHDGV�DUH�GHSRVLWHG�LQ�WKH�1DWLRQDO�&HQWHU�IRU�%LRWHFKQRORJ\�����

,QIRUPDWLRQ��1&%,��6KRUW�5HDG�$UFKLYH��%LR3URMHFW�35-1$�������������

�����

Assessment of microbiome taxonomic composition using MetaPhlAn 2.0 ����

6SHFLHV�OHYHO�WD[RQRPLF�DEXQGDQFHV�ZHUH�LQIHUUHG�IRU�DOO�VDPSOHV�XVLQJ�0HWD3KO$Q���������

�6HJDWD�HW�DO���������0HWD3KO$Q�����HVWLPDWHV�WKH�UHODWLYH�DEXQGDQFH�RI�EDFWHULDO�VSHFLHV�E\�����

PDSSLQJ�UHDGV�DJDLQVW�D�VHW�RI�FODGH�VSHFLILF�PDUNHU�VHTXHQFHV��ZKLFK�XQHTXLYRFDOO\�LGHQWLI\�����

PLFURELDO�FODGHV�DW�WKH�VSHFLHV�OHYHO�RU�KLJKHU�WD[RQRPLF�OHYHOV��%DVHG�RQ��������FRPSOHWH�����

EDFWHULDO�JHQRPHV��0HWD3KO$Q�����LV�DEOH�WR�SURYLGH�FODGH�VSHFLILF�PDUNHUV�IRU�D�WRWDO�RI�����������

EDFWHULDO�VSHFLHV������RI�ZKLFK�ZHUH�GHWHFWHG�LQ�RXU�GDWD�VHW��6XSSOHPHQWDU\�ILOHV������������

6SHFLILFDOO\��ZH�PDSSHG�RXU�VHTXHQFH�UHDGV�DJDLQVW�WKH�FODGH�VSHFLILF�PDUNHUV�XVLQJ�WKH��YHU\�����
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VHQVLWLYH�ORFDO��DOLJQPHQW�PRGH�LPSOHPHQWHG�LQ�%RZWLH����/DQJPHDGH�HW�DO���������7KLV�PRGH�����

SURGXFHV�DOLJQPHQWV�WKDW�FDQ�EH�WULPPHG�DW�RQH�RU�ERWK�H[WUHPHV�LQ�RUGHU�WR�RSWLPL]H�WKH�����

DOLJQPHQW�VFRUH��%HFDXVH�VSXULRXV�RU�SRRU�TXDOLW\�UHDGV�DUH�XQOLNHO\�WR�PDWFK�DQ\�RI�WKH�SUH�����

GHILQHG�PDUNHU�VHTXHQFHV��QR�SUHSURFHVVLQJ�RI�WKH�PHWDJHQRPLF�'1$�VHTXHQFHV�ZDV�����

SHUIRUPHG��DV�UHFRPPHQGHG�E\�WKH�DXWKRUV��+RZHYHU��ZH�WHVWHG�WKH�UREXVWQHVV�RI�WKHVH�����

HVWLPDWHV�E\�UH�UXQQLQJ�0HWD3KO$Q�����RQ�D�VXEVHW�RI�RXU�GDWD�DIWHU�WULPPLQJ�WKH�UHDGV�WR�����

HOLPLQDWH�DGDSWHU�VHTXHQFHV�DQG�EDVHV�ZLWK�D�TXDOLW\�VFRUH������&RUUHODWLRQV�EHWZHHQ�WKH�����

EDFWHULDO�DEXQGDQFH�HVWLPDWHV�REWDLQHG�XVLQJ�XQSURFHVVHG�GDWD�DQG�WKRVH�REWDLQHG�XVLQJ�WKH�����

WULPPHG�GDWD�ZHUH�DOZD\V�DERYH�������FRQILUPLQJ�WKDW�0HWD3KO$Q�����LV�LQGHHG�KLJKO\�UREXVW�WR�����

SRWHQWLDO�VHTXHQFH�DUWLIDFWV�������

�����

Assessment of enzyme gene family composition ����

7R�LQYHVWLJDWH�YDULDWLRQ�LQ�WKH�JHQLF�FRPSRVLWLRQ�RI�WKH�JXW�PLFURELRPH��ZH�FRPELQHG�����

LQIRUPDWLRQ�IURP�WKH�.\RWR�(QF\FORSHGLD�RI�*HQHV�DQG�*HQRPHV�GDWDEDVH��.(**��.DQHKLVD�����

HW�DO��������.DQHKLVD�DQG�*RWR��������ZLWK�WKH�+03�8QLILHG�0HWDEROLF�$QDO\VLV�1HWZRUN�����

�+80$Q1��Y�����SLSHOLQH��$EXEXFNHU�HW�DO���������:H�ILUVW�ILOWHUHG�WKH�IRUZDUG�UHDGV�IRU�TXDOLW\�����

XVLQJ�86($5&+�Y�����(GJDU��������6SHFLILFDOO\��IRU�HDFK�VDPSOH��ZH��L��WULPPHG�UHDGV�WR�D�����

OHQJWK�RI����EDVHV���LL��H[FOXGHG�UHDGV�VKRUWHU�WKDQ����EDVHV��DQG��LLL��H[FOXGHG�UHDGV�ZLWK�����

H[SHFWHG�HUURU��D�PHDVXUH�RI�UHDG�TXDOLW\�LQ�86($5&+�EDVHG�RQ�EDVH�FDOO�TXDOLW\�DQG�UHDG�����

OHQJWK��!���������

$Q�DYHUDJH�RI�������RI�DOO�UHDGV�SDVVHG�TXDOLW\�ILOWHULQJ��)LJXUH���±�ILJXUH�VXSSOHPHQW�����

����5HPDLQLQJ�UHDGV�ZHUH�WUDQVODWHG�LQ�DOO�WKUHH�SRVVLEOH�UHDGLQJ�IUDPHV�DQG�DOLJQHG�DJDLQVW�D�����

UHGXFHG�.(**�GDWDEDVH��ODVW�IUHH�YHUVLRQ��-XQH�������XVLQJ�WKH�ublast�IXQFWLRQ�RI�86($5&+�����

Y����DQG�GHIDXOW�SDUDPHWHUV��7KH�UHGXFHG�.(**�GDWDEDVH�ZDV�JHQHUDWHG�E\�UHPRYLQJ�HQWULHV�����

IRU�ZKLFK�QR�.(**�RUWKRORJ\��.2��DVVLJQPHQWV�H[LVWHG�DQG�VXEVHTXHQWO\�FOXVWHULQJ�HDFK�.2�����

LQGLYLGXDOO\��uclust�Y���������XVLQJ�����VHTXHQFH�LGHQWLW\�DV�WKH�FOXVWHULQJ�FXWRII���(GJDU������������

.DQHKLVD�DQG�*RWR��������.DQHKLVD�HW�DO���������7KLV�GDWDEDVH�ZDV�FRQYHUWHG�WR�D�86($5&+�����

FRPSDWLEOH�GDWDEDVH�ILOH�SULRU�WR�UXQQLQJ�ublast��$Q�DYHUDJH�RI�������RI�WKH�LQSXW�UHDGV�DFURVV�����

DOO�VDPSOHV�ZHUH�DVVLJQHG�DQ�LGHQWLW\�IURP�WKH�.(**�GDWDEDVH��)LJXUH���±�ILJXUH�VXSSOHPHQW�����

����)LQDOO\��WKH�ublast�RXWSXW�ZDV�XVHG�DV�LQSXW�IRU�+80$Q1��+80$Q1�ZDV�FRQILJXUHG�����

WR�JHQHUDWH�.2�DEXQGDQFHV�IURP�%/$67�KLWV�RI�HQ]\PHV�DV�ZHOO�DV�FRYHUDJH�DQG�DEXQGDQFHV�����

IRU�.(**�SDWKZD\V�DQG�PRGXOHV�������
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�����

Social group membership and microbiome composition ����

7R�LQYHVWLJDWH�WKH�FRUUHODWLRQ�EHWZHHQ�VRFLDO�JURXS�PHPEHUVKLS�DQG�WKH�FRPSRVLWLRQ�RI�����

EDERRQ�JXW�PLFURELRPHV��ZH�FRQVWUXFWHG�VHSDUDWH�VXPPDULHV�RI�WKH�FRPSOHWH�WD[RQRPLF�����

FRPSRVLWLRQ�GDWD�VHW�IURP�0HWD3KO$Q�����DQG�WKH�FRPSOHWH�HQ]\PH�JHQH�RUWKRORJ�DEXQGDQFH�����

GDWD�VHW�IURP�+80$Q1��6SHFLILFDOO\��IRU�HDFK�GDWD�VHW��ZH�XVHG�WKH�vegdist IXQFWLRQ�LQ�WKH�5�����

SDFNDJH�vegan �2NDQVHQ�HW�D��������WR�FDOFXODWH�D����[����%UD\�&XUWLV�GLVVLPLODULW\�PDWUL[������

ZKLFK�GHVFULEHV�WKH�JOREDO�GLVVLPLODULW\�LQ�JXW�PLFURELDO�FRPSRVLWLRQ�EHWZHHQ�HDFK�SDLU�RI�����

LQGLYLGXDOV�LQ�WKH�GDWD�VHW��7R�XQGHUVWDQG�VRXUFHV�RI�YDULDQFH�LQ�WKHVH�PDWULFHV��ZH�SHUIRUPHG�����

3(50$129$�DQDO\VHV��adonis IXQFWLRQ�LQ�vegan��ZLWK��������SHUPXWDWLRQV��,Q�DGGLWLRQ�WR�����

VRFLDO�JURXS��SUHGLFWRU�YDULDEOHV�LQ�WKLV�DQDO\VLV�ZHUH�DJH��VH[��DQG�WRWDO�UHDG�GHSWK��6H[�ZDV�����

NQRZQ�IURP�GLUHFW�REVHUYDWLRQ�RI�WKH�VWXG\�VXEMHFWV��$JHV�ZHUH�NQRZQ�WR�ZLWKLQ�D�IHZ�GD\V¶�����

HUURU�IRU����RI�WKH����LQGLYLGXDOV�LQ�WKH�GDWD�VHW��7KH�UHPDLQLQJ���LQGLYLGXDOV�LPPLJUDWHG�LQWR�WKH�����

SRSXODWLRQ�DIWHU�ELUWK��DQG�VR�WKHLU�DJHV�ZHUH�HVWLPDWHG�XVLQJ�ZHOO�GHILQHG�PHWULFV�DQG�����

FRPSDULVRQ�WR�NQRZQ�DJH�DQLPDOV��$OEHUWV�	�$OWPDQQ��������2I�WKHVH���LQGLYLGXDOV����DQLPDOV�����

KDG�ELUWK�GDWHV�HVWLPDWHG�WR�EH�DFFXUDWH�ZLWKLQ���\HDU��DQG���DQLPDOV�KDG�ELUWK�GDWHV�HVWLPDWHG�����

WR�EH�DFFXUDWH�ZLWKLQ���\HDUV��$OO�VWXG\�VXEMHFWV�ZHUH�DGXOWV��L�H���DOO�IHPDOHV�KDG�DWWDLQHG�����

PHQDUFKH��DQG�DOO�PDOHV�KDG�DWWDLQHG�DGXOW�GRPLQDQFH�UDQN��2Q\DQJR�HW�DO��������������

7R�DVVHVV�WKH�SRVVLEOH�FRQIRXQGLQJ�HIIHFWV�RI�NLQVKLS��ZH�FRQVWUXFWHG�D�PDWUL[�RI�����

SDLUZLVH�JHQHWLF�UHODWHGQHVV�YDOXHV�IURP�WKH�H[WHQVLYH�SHGLJUHH�GDWD�DYDLODEOH�IRU�WKH�$PERVHOL�����

SRSXODWLRQ��H�J���%XFKDQ�HW�DO��������$OEHUWV��%XFKDQ�DQG�$OWPDQQ��������FXUUHQW�SHGLJUHH�����

LQFOXGHV������LQGLYLGXDOV��ZLWK������NQRZQ�PDWHUQDO�OLQNV�DQG�����NQRZQ�SDWHUQDO�OLQNV��XVLQJ�����

WKH�5�SDFNDJH�pedantics �0RUULVVH\�DQG�:LOVRQ���������:H�WKHQ�XVHG�SDUWLDO�0DQWHO�WHVWV�WR�����

DVVHVV�WKH�FRUUHODWLRQ�EHWZHHQ�D�PDWUL[�GHVFULELQJ�JURXS�FR�UHVLGHQF\��FHOOV�WRRN�D�YDOXH�RI���LI�����

WZR�LQGLYLGXDOV�UHVLGHG�LQ�GLIIHUHQW�JURXSV�DQG�D�YDOXH�RI���LI�WKH\�ZHUH�FR�UHVLGHQW��DQG�WKH�����

%UD\�&XUWLV�GLVVLPLODULW\�PDWUL[�IRU�WD[RQRPLF�FRPSRVLWLRQ��FRQWUROOLQJ�IRU�WKH�SDLUZLVH�JHQHWLF�����

UHODWHGQHVV�PDWUL[�������

�����

Differences in diet between social groups ����

7R�DVVHVV�GLIIHUHQFHV�LQ�GLHW�EHWZHHQ�WKH�WZR�VRFLDO�JURXSV��ZH�XVHG�GLUHFW�����

REVHUYDWLRQV�RI�WKH�IRRG�FRQVXPHG�E\�DGXOW�IHPDOH�EDERRQV�LQ�HDFK�JURXS�GXULQJ�WKH�PRQWK�LQ�����

ZKLFK�VDPSOHV�ZHUH�FROOHFWHG��'LHW�FRPSRVLWLRQ�GDWD�ZHUH�FROOHFWHG�LQ�WKH�FRQWH[W�RI�UDQGRP�����
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RUGHU�IRFDO�DQLPDO�VDPSOLQJ��$OWPDQQ���������6SHFLILFDOO\��$%53�REVHUYHUV�VSHQW���KRXUV�RI�����

HDFK�JURXS�YLVLW�URWDWLQJ�WKURXJK�WKH�JURXS��FRQGXFWLQJ�IRFDO�DQLPDO�VDPSOHV�RQ�DGXOW�IHPDOHV�LQ�����

WKH�RUGHU�GLFWDWHG�E\�D�UDQGRPL]HG�OLVW��(DFK�IRFDO�DQLPDO�VDPSOH�ZDV����PLQXWHV�ORQJ��GXULQJ�����

ZKLFK�DFWLYLW\��IHHGLQJ��ZDONLQJ��UHVWLQJ�HWF���ZDV�UHFRUGHG�GXULQJ�SRLQW�VDPSOHV�FROOHFWHG�DW�������

PLQXWH�LQWHUYDOV��:KHQ�IHHGLQJ�ZDV�REVHUYHG������SRLQW�VDPSOHV�LQ�0LFD
V�JURXS�DQG�����SRLQW�����

VDPSOHV�LQ�9LROD
V�JURXS���WKH�REVHUYHUV�UHFRUGHG�WKH�W\SH�RI�IRRG�FRQVXPHG��)RRG�W\SHV�ZHUH�����

GLYLGHG�LQWR���FDWHJRULHV��LQFOXGLQJ������FRUPV�RI�DOO�JUDVV�VSHFLHV������VHHG�KHDGV�RI�DOO�JUDVV�����

VSHFLHV������SRGV�IURP�Acacia tortilis�DQG�A. xanthophloea�����IUXLWV��LQFOXGLQJ�WKRVH�IURP�Azima ����

tetracantha��Salvadora persica��Solanum dubium��Trianthema ceratosepala��DQG�Tribulus ����

terrestris������OHDYHV�IURP�Lyceum�VS��DQG�DOO�JUDVV�VSHFLHV������JXP�IURP�A. xanthophloea��DQG�����

����XQNQRZQ�XQLGHQWLILHG�GLHW�LWHPV��6XSSOHPHQWDU\�ILOH����������

�7R�FDOFXODWH�WKH�FRQWULEXWLRQ��LQFOXGLQJ�FRQILGHQFH�LQWHUYDOV��RI�HDFK�RI�WKH�VHYHQ�PDMRU�����

IRRG�FDWHJRULHV�WR�HDFK�JURXS¶V�GLHW��ZH�FRQGXFWHG������UDQGRP�VXEVDPSOHV�RI�RQH�IRUDJLQJ�����

SRLQW�VDPSOH�SHU�IRFDO�DQLPDO�VDPSOH��:H�WRRN�WKLV�DSSURDFK�WR�DYRLG�DXWRFRUUHODWLRQ�EHWZHHQ�����

SRLQW�VDPSOHV�FROOHFWHG�GXULQJ�WKH�VDPH����PLQXWH�IRFDO�VDPSOH��7R�WHVW�IRU�GLIIHUHQFHV�LQ�GLHW�����

EHWZHHQ�JURXSV��ZH�UHSHDWHG�WKH�VDPH�DQDO\VLV�DIWHU�UDQGRPO\�SHUPXWLQJ�JURXS�PHPEHUVKLS�����

DFURVV�WKH�IHPDOHV�LQ�RXU�GDWD�VHW��:H�FDOFXODWHG�WKH�SURSRUWLRQ�RI�FDVHV�LQ�ZKLFK�EHWZHHQ�����

JURXS�GLIIHUHQFHV�LQ�WKH�SURSRUWLRQ�RI�D�IRRG�FRQVXPHG�H[FHHGHG�EHWZHHQ�JURXS�GLIIHUHQFHV�LQ�����

WKH������SHUPXWHG�GDWD�VHWV��7KLV�SURSRUWLRQ�LV�HTXLYDOHQW�WR�WKH�S�YDOXH�IRU�WKH�QXOO�K\SRWKHVLV�����

WKDW�WKH�WZR�JURXSV�GLG�QRW�GLIIHU�LQ�GLHW��������

%HFDXVH�ZH�GHWHFWHG�D�QRPLQDOO\�VLJQLILFDQW�GLIIHUHQFH��S� �������LQ�WKH�DPRXQW�RI�IUXLW�����

FRQVXPHG�E\�WKH�PHPEHUV�RI�0LFD¶V�JURXS������������&,������±�������DQG�WKH�PHPEHUV�RI�����

9LROD¶V�JURXS������������&,������±�������GXULQJ�WKH�VDPSOLQJ�SHULRG��ZH�DOVR�FRPSDUHG�RXU�����

UHVXOWV�WR�D�SXEOLVKHG�GDWD�VHW�RI�VHDVRQDO�GLIIHUHQFHV�LQ�JXW�PLFURELRPH�FRPSRVLWLRQ�LQ�KXPDQV�����

�'DYHQSRUW�HW�DO���������7KHVH�GLIIHUHQFHV�DUH�EHOLHYHG�WR�EH�WKH�UHVXOW�RI�GLIIHUHQFHV�LQ�����

FRQVXPSWLRQ�RI�IUHVK�IUXLWV�DQG�YHJHWDEOHV��2QO\�WKUHH�JHQHUD�ZHUH�GHWHFWHG�DV�ERWK�����

VLJQLILFDQWO\�GLIIHUHQWLDOO\�DEXQGDQW�LQ�WKH�GLHW�UHODWHG�KXPDQ�GDWD�VHW��)'5� ������DQG�����

VLJQLILFDQWO\�HQULFKHG�IRU�GLIIHUHQWLDO�DEXQGDQFH�EHWZHHQ�VRFLDO�JURXSV�LQ�RXU�GDWD�VHW��DW�D�����

FRQVHUYDWLYH��IRU�FRPSDUDWLYH�SXUSRVHV��WKUHVKROG�RI�S���������Bifidobacterium�ZDV�PRUH�����

DEXQGDQW�LQ�KXPDQV�ZKHQ�WKH\�FRQVXPHG�OHVV�IUHVK�IUXLW��Prevotella DQG�Treponema�ZHUH�����

PRUH�DEXQGDQW�ZKHQ�WKH\�FRQVXPHG�PRUH�IUHVK�IUXLW��,Q�RXU�GDWD�VHW��KRZHYHU��Bifidobacterium�����

OHYHOV�ZHUH�PRUH�DEXQGDQW�LQ�0LFD¶V�JURXS��ZKLFK�FRQVXPHG�PRUH�IUXLW��DQG�Prevotella�DQG�����
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Treponema�VSHFLHV�ZHUH�PRUH�DEXQGDQW�LQ�9LROD¶V�JURXS��ZKLFK�FRQVXPHG�OHVV�IUXLW������

VXJJHVWLQJ�WKDW�WKH�SDWWHUQV�ZH�REVHUYHG�DUH�GXH�WR�RWKHU�VRXUFHV�RI�YDULDQFH������

�����

Social interactions and microbiome composition within groups ����

7R�WHVW�ZKHWKHU�JURRPLQJ�EDVHG�VRFLDO�QHWZRUNV�SUHGLFWHG�JXW�PLFURELRPH�VLPLODULW\��ZH�����

FRQVWUXFWHG�JURRPLQJ�QHWZRUNV�EDVHG�RQ�ad lib�REVHUYDWLRQV�RI�JURRPLQJ�LQWHUDFWLRQV�FROOHFWHG�����

LQ�WKH�\HDU�SULRU�WR�DQG�LQFOXGLQJ�WKH�SHULRG�RI�PLFURELRPH�VDPSOLQJ����$XJXVW������WR���$XJXVW�����

������������WRWDO�LQWHUDFWLRQV��ZLWK�����LQ�0LFD
V�JURXS�DQG�����LQ�9LROD
V�JURXS���Ad lib�����

JURRPLQJ�LQWHUDFWLRQV�ZHUH�FROOHFWHG�WKURXJKRXW�WKH�PRQLWRULQJ�YLVLW�ZKLOH�REVHUYHUV�ZHUH�����

FDUU\LQJ�RXW�IRFDO�DQLPDO�VDPSOLQJ��Ad lib�JURRPLQJ�GDWD�ZHUH�XVHG�WR�FDOFXODWH�D�FRXQW�RI�����

REVHUYHG�JURRPLQJ�LQWHUDFWLRQV�EHWZHHQ�DOO�DGXOW�G\DGV�SUHVHQW�LQ�HDFK�VRFLDO�JURXS��UDQJH� �������

WR����LQWHUDFWLRQV�SHU�G\DG���7KHVH�GDWD�ZHUH�XVHG�WR�FRQVWUXFW�D�PDWUL[�RI�JURRPLQJ�����

UHODWLRQVKLS�VWUHQJWK�E\�VFRULQJ�WKH�VWURQJHVW�G\DGLF�JURRPLQJ�UHODWLRQVKLS�LQ�HDFK�JURXS�DV�D�������

DQG�ZHLJKWLQJ�DOO�RWKHU�G\DGLF�UHODWLRQVKLSV�UHODWLYH�WR�WKLV�VWURQJHVW�ERQG��:H�WKHQ�XVHG�0DQWHO�����

WHVWV�WR�LQYHVWLJDWH�WKH�VWUHQJWK�RI�WKH�FRUUHODWLRQ�EHWZHHQ�JURXS�VSHFLILF�JURRPLQJ�QHWZRUNV�����

DQG�JURXS�VSHFLILF�%UD\�&XUWLV�GLVVLPLODULW\�PDWULFHV��FRQVWUXFWHG�DV�GHVFULEHG�DERYH��:H�XVHG�����

SDUWLDO�0DQWHO�WHVWV�WR�DVVHVV�ZKHWKHU�JURRPLQJ�QHWZRUN�PLFURELRPH�GLVVLPLODULW\�PDWUL[�����

FRUUHODWLRQV�ZHUH�GULYHQ�E\�NLQVKLS��UHSUHVHQWHG�XVLQJ�SHGLJUHH�EDVHG�SDLUZLVH�UHODWHGQHVV�����

HVWLPDWHV�������

7R�LQYHVWLJDWH�DOWHUQDWLYH�H[SODQDWLRQV�IRU�VRFLDO�QHWZRUN�HIIHFWV�RQ�WKH�PLFURELRPH��ZH�����

FROODWHG�GDWD�RQ�GLHW�DQG�VSDWLDO�SUR[LPLW\�IRU�PHPEHUV�RI�HDFK�VRFLDO�JURXS��IRFXVLQJ�RQ�DGXOW�����

IHPDOHV�RQO\��FRPSDUDEOH�GDWD�ZHUH�QRW�DYDLODEOH�IRU�DGXOW�PDOHV���3DUDOOHO�WR�WKH�WLPH�VSDQ�IRU�����

VRFLDO�QHWZRUN�FRQVWUXFWLRQ��ZH�FRPSLOHG�GDWD�IRU�WKH�\HDU�SULRU�WR�DQG�LQFOXGLQJ�WKH�PRQWK�RI�����

PLFURELRPH�VDPSOLQJ��)RU�GLHW��ZH�H[WUDFWHG�DOO�IRUDJLQJ�UHODWHG�SRLQW�VDPSOHV�IURP�WKH�IHPDOHV�����

LQ�RXU�PLFURELRPH�GDWD�VHW��������SRLQWV�LQ�0LFD¶V�JURXS��������SRLQWV�LQ�9LROD¶V�JURXS���:H�����

VXEVDPSOHG�HDFK�GDWD�VHW�VR�WKDW�RQO\�RQH�SRLQW�VDPSOH�ZDV�UHSUHVHQWHG�SHU�IRFDO�VDPSOH������

ZKLFK�DYRLGV�DXWRFRUUHODWLRQ�EHWZHHQ�SRLQW�VDPSOHV�FROOHFWHG�GXULQJ�WKH�VDPH�IRFDO��:H�WKHQ�����

FRQVWUXFWHG�D�WDEOH�RI�WKH�SURSRUWLRQ�RI�IRRGV�FRQVXPHG�SHU�IHPDOH��IRU�HDFK�JURXS�VHSDUDWHO\������

DQG�XVHG�WKLV�WDEOH�WR�FDOFXODWH�JURXS�VSHFLILF��GLHW�EDVHG�%UD\�&XUWLV�GLVVLPLODULW\�PDWULFHV��)RU�����

VSDWLDO�SUR[LPLW\��ZH�FDOFXODWHG�WKH�SHUFHQW�RI�WLPH�DOO�DGXOW�IHPDOH�G\DGV�VSHQW�ZLWKLQ���P�RI�����

HDFK�RWKHU�GXULQJ�WKH�VDPH�WLPH�SHULRG��6SHFLILFDOO\� GXULQJ�HDFK�IRFDO�DQLPDO�VDPSOH��WKH�����

QHDUHVW�DGXOW�IHPDOH�QHLJKERU�ZLWKLQ���P�LV�UHFRUGHG�DW�HDFK���PLQXWH�SRLQW�VDPSOH������SRLQWV�����

LQ�0LFD
V�JURXS��������SRLQWV�LQ�9LROD
V�JURXS��UDQJH� ���±����SRLQWV�SHU�G\DG���7KH�SUR[LPLW\�����
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VFRUH�EHWZHHQ�HDFK�SDLU�RI�IHPDOHV��ZLWKLQ�JURXSV��ZDV�FDOFXODWHG�DV�WKH�WRWDO�QXPEHU�RI�SRLQW�����

VDPSOHV�LQ�ZKLFK�WKH\�ZHUH�HDFK�RWKHU¶V�QHDUHVW�QHLJKERUV�GLYLGHG�E\�WKH�WRWDO�QXPEHU�RI�SRLQW�����

VDPSOHV�FROOHFWHG�IRU�HDFK�PHPEHU�RI�WKH�G\DG�������

�����

Identification of socially structured taxa ����

7R�LGHQWLI\�GLIIHUHQWLDOO\�DEXQGDQW�EDFWHULDO�WD[D�E\�VRFLDO�JURXS�PHPEHUVKLS��ZH�XVHG�����

WKH�OLQHDU�PL[HG�PRGHO�DSSURDFK�LPSOHPHQWHG�LQ�WKH�SURJUDP�*(00$ �=KRX�DQG�6WHSKHQV������

�������ZKLFK�DOORZHG�XV�WR�DFFRXQW�IRU�SRWHQWLDO�NLQVKLS�HIIHFWV�LQ�RXU�GDWD�VHW��7KLV�DSSURDFK�����

DVVXPHV�WKDW�WKH�UHVSRQVH�YDULDEOH��WD[RQ�DEXQGDQFH��LV�FRQWLQXRXVO\�GLVWULEXWHG��7R�PHHW�WKLV�����

DVVXPSWLRQ��ZH�XVHG�PHWKRGV�HVWDEOLVKHG�IRU�DQDO\]LQJ�KLJK�WKURXJKSXW�IXQFWLRQDO�JHQRPLF�����

GDWD�VHWV��5DSDSRUW�HW�DO���������6SHFLILFDOO\��ZH�ILUVW�TXDQWLOH�QRUPDOL]HG�DEXQGDQFH�YDOXHV�����

DFURVV�LQGLYLGXDOV��IRFXVLQJ�RQO\�RQ�WKH�����PRVW�SUHYDOHQW�WD[D��L�H��WKRVH�IRXQG�LQ�DW�OHDVW�����

����RI�KRVWV�EDVHG�RQ�RXU�0HWD3KO$Q�����DQDO\VLV��UHJDUGOHVV�RI�DEXQGDQFH���DQG�WKHQ�����

WUDQVIRUPHG�WKH�GLVWULEXWLRQ�RI�YDOXHV�IRU�HDFK�VSHFLHV�WR�D�VWDQGDUG�QRUPDO��:H�WKHQ�ILW�WKH�����

IROORZLQJ�OLQHDU�PL[HG�PRGHO�WR�WKH�GDWD�IRU�HDFK�VSHFLHV�������

ݕ ൌ ߤ  ௫ߚݔ  ߚܽ  ௦ߚݏ  ߚݎ  ݑ  �ǡߝ

ሺͲǡܸܰܯ̱ݑ �ሻǡܭ௨ଶߪ

ሺͲǡܸܰܯ̱߳ �ܫଶߪ

+HUH��y�LV�WKH�n�E\���YHFWRU�RI�QRUPDOL]HG�WD[RQ�DEXQGDQFHV�IRU�WKH�n�LQGLYLGXDOV�LQ�WKH�����

VDPSOH��ȝ�LV�WKH�LQWHUFHSW��x�LV�WKH�n�E\���YHFWRU�GHQRWLQJ�VRFLDO�JURXS�PHPEHUVKLS��DQG�ȕx�LV�WKH�����

HIIHFW�VL]H�RI�VRFLDO�JURXS�PHPEHUVKLS��)RU�WKH�RWKHU�FRYDULDWHV��a�LV�WKH�n�E\���YHFWRU�GHQRWLQJ�����

DJH�DQG�ȕa�GHVFULEHV�LWV�HIIHFWV�RQ�WD[RQ�DEXQGDQFH��s�LV�WKH�n�E\���YHFWRU�GHQRWLQJ�VH[�DQG�ȕs�����

LWV�HIIHFW�VL]H��DQG�r LV�WKH�n E\���YHFWRU�GHQRWLQJ�UHDG�GHSWK�DQG�ȕr�LWV�HIIHFW�VL]H��7KH�n�E\�������

YHFWRU�RI�u�LV�D�UDQGRP�HIIHFWV�WHUP�WR�FRQWURO�IRU�UHODWHGQHVV��DQG�WKH�n�E\�n�PDWUL[�.�SURYLGHV�����

SHGLJUHH�EDVHG�HVWLPDWHV�RI�UHODWHGQHVV��5HVLGXDO�HUURUV�DUH�UHSUHVHQWHG�E\�İ��DQ�Q�E\�������

YHFWRU��DQG�091�GHQRWHV�WKH�PXOWLYDULDWH�QRUPDO�GLVWULEXWLRQ��:H�LQWHUSUHWHG�VLJQLILFDQWO\�QRQ�����

]HUR�ȕx YDOXHV�DV�VXSSRUW�IRU�GLIIHUHQFHV�LQ�WD[RQ�DEXQGDQFH�EHWZHHQ�VRFLDO�JURXSV��XVLQJ�D�����

IDOVH�GLVFRYHU\�UDWH�WKUHVKROG�RI������6WRUH\�DQG�7LEVKLUDQL��������DIWHU�FKHFNLQJ�WKDW�DQ�����

HPSLULFDOO\�GHULYHG�QXOO�GLVWULEXWLRQ�RI�S�YDOXHV�IRU�WKLV�DQDO\VLV�ZDV�XQLIRUP��)LJXUH���±�ILJXUH�����

VXSSOHPHQW���������

7R�LGHQWLI\�VRFLDOO\�VWUXFWXUHG�EDFWHULDO�WD[D�ZLWKLQ�EDERRQ�VRFLDO�JURXSV��ZH�XWLOL]HG�D�����

WHVW�RI�VSDWLDO�DXWRFRUUHODWLRQ��0RUDQ¶V�,��DV�LPSOHPHQWHG�LQ�WKH�IXQFWLRQ�Moran.I LQ�WKH�5�����

SDFNDJH�ape �3DUDGLV��&ODXGH�DQG�6WULPPHU���������7KLV�DQDO\VLV�WHVWV�ZKHWKHU�LQGLYLGXDOV�ZLWK�����
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FORVHU�VRFLDO�ERQGV��DV�PHDVXUHG�E\�WKH�SDLUZLVH�PDWUL[�RI�JURRPLQJ�VWUHQJWKV��WHQG�WR�KDYH�����

PRUH�VLPLODU�YDOXHV�IRU�WD[RQ�DEXQGDQFH�WKDQ�WKRVH�ZLWK�ZHDN�RU�DEVHQW�VRFLDO�ERQGV��+HUH��ZH�����

DJDLQ�LQYHVWLJDWHG�WKH�����PRVW�SUHYDOHQW�VSHFLHV�IURP�WKH�0HWD3KO$Q�����DQDO\VLV��)RU�WKLV�����

DQDO\VLV��RXU�SRZHU�ZDV�FRQVWUDLQHG�E\�WKH�QXPEHU�RI�LQGLYLGXDOV�LQ�WKH�VRFLDO�JURXS��7KXV������

ZKLOH�ZH�LGHQWLILHG�D�ODUJH�QXPEHU�RI�VRFLDOO\�VWUXFWXUHG�VSHFLHV�ZLWKLQ�9LROD¶V�JURXS��Q� ����RI�����

����VSHFLHV�WHVWHG��DW�D�IDOVH�GLVFRYHU\�UDWH�RI�������ZH�GLG�QRW�REVHUYH�VWURQJ�HYLGHQFH�IRU�����

VRFLDOO\�VWUXFWXUHG�VSHFLHV�ZLWKLQ�0LFD¶V�JURXS��)XUWKHU�LQYHVWLJDWLRQ�VXJJHVWV�WKLV�UHVXOW�LV�D�����

FRQVHTXHQFH�RI�VDPSOH�VL]H��DV�VXEVDPSOLQJ�9LROD¶V�JURXS��Q� ����LQGLYLGXDOV��WR�WKH�VL]H�RI�����

0LFD¶V�JURXS��Q� ����LQGLYLGXDOV��DOVR�UHVXOWHG�LQ�OLWWOH�SRZHU�WR�GHWHFW�VRFLDOO\�VWUXFWXUHG�����

VSHFLHV��0RUH�WKDQ�KDOI�RI�WKH�WLPH������RI�����UDQGRP�VXEVDPSOHV���IHZHU�WKDQ���VXFK�FDVHV�����

ZHUH�GHWHFWHG�LQ�9LROD¶V�JURXS�DIWHU�VXEVDPSOLQJ��DQG�PRUH�WKDQ�D�WKLUG�RI�WKH�WLPH�������QR�����

FDVHV�FRXOG�EH�GHWHFWHG�ZLWK�WKH�VPDOOHU�VDPSOH�VL]H��+HQFH��ZH�IRFXVHG�RQ�UHVXOWV�IURP�����

9LROD¶V�JURXS��:H�DJDLQ�XVHG�D�����)'5�WKUHVKROG�WR�LGHQWLI\�VLJQLILFDQW�WD[D�LQ�WKLV�DQDO\VLV������

DIWHU�HQVXULQJ�WKDW�WKH�HPSLULFDO�QXOO�GLVWULEXWLRQ�ZDV�XQLIRUP��)LJXUH���±�ILJXUH�VXSSOHPHQW���������

)RU�ERWK�EHWZHHQ�JURXS�DQG�ZLWKLQ�JURXS�DQDO\VHV��ZH�LQYHVWLJDWHG�HQULFKPHQW�RI�����

VRFLDOO\�VWUXFWXUHG�VSHFLHV�LQ�WD[RQRPLF�XQLWV�DERYH�WKH�OHYHO�RI�VSHFLHV��L�H���SK\OXP��FODVV������

RUGHU��IDPLO\��DQG�JHQXV��XVLQJ�K\SHUJHRPHWULF�WHVWV��:H�UHTXLUHG�WKDW�WD[RQRPLF�XQLWV�LQFOXGH�����

DW�OHDVW���VSHFLHV�LQ�RXU�DQDO\VLV�WR�WHVW�IRU�VLJQLILFDQW�HQULFKPHQW��DQG�DJDLQ�HPSOR\HG�DQ�)'5�����

WKUHVKROG�RI����������

�����

Bacterial life style analysis ����

'HVFULSWLYH�GDWD�RQ�EDFWHULD�ZHUH�UHWULHYHG�IURP�WKH�*HQRPHV�2Q/LQH�'DWDEDVH�����

�*2/'��3DJDQL�HW�DO���������7KLV�LQIRUPDWLRQ�LQFOXGHG�UHFRUGV�IRU��������XQLTXH�HQWULHV�DQG�����

ZDV�GRZQORDGHG�IURP�WKH�*2/'�ZHEVLWH�XVLQJ�D�FXVWRP�VFULSW�RQ����-XQH�������DYDLODEOH�RQ�����

*LW+XE�DW�KWWSV���JLWKXE�FRP�MNO\QFK�VFUDSH����(DFK�UHFRUG�LQFOXGHG�ILHOGV�IRU�R[\JHQ�����

UHTXLUHPHQWV�DQG�VSRUXODWLRQ��DV�ZHOO�DV�WD[RQRPLF�FODVVLILFDWLRQV�IURP�WKH�NLQJGRP�WR�VSHFLHV�����

OHYHOV��:H�UHWDLQHG�RQO\�FRPSOHWHO\�VHTXHQFHG�JHQRPHV��DQG�ILOWHUHG�WKLV�VHW�WR�WKH�HQWU\��IRU�����

DQ\�JLYHQ�VSHFLHV��DVVRFLDWHG�ZLWK�WKH�PRVW�LQIRUPDWLRQ�DERXW�EDFWHULDO�OLIHVW\OH�DQG�SKHQRW\SH�����

�Q� �������XQLTXH�VSHFLHV�LQ�������XQLTXH�JHQHUD���7R�DVVLJQ�³JHQXV�OHYHO´�WUDLWV��ZH�NHSW�RQO\�����

JHQHUD�LQ�ZKLFK�DOO�VSHFLHV�LQ�RXU�ILOWHUHG�GDWDEDVH�ZHUH�DVVRFLDWHG�ZLWK�WKH�VDPH�WUDLW�YDOXH��LI�����

DVVLJQHG��H�J���ZH�DVVLJQHG�DQ�DQDHURELF�OLIHVW\OH�WR�D�JHQXV�RQO\�ZKHQ�DOO�PHPEHUV�RI�WKH�����

JHQXV�ZHUH�FRQVLVWHQWO\�DQDHURELF��������
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7R�LQYHVWLJDWH�SURSHUWLHV�RI�VLJQLILFDQWO\�VRFLDOO\�VWUXFWXUHG�VSHFLHV��ZH�PHUJHG�WKH�VHW�����

RI�����SUHYDOHQW�VSHFLHV�ZLWK�WKH�VHW�RI�VSHFLHV�ZLWK�NQRZQ�OLIHVW\OH�LQIRUPDWLRQ������VSHFLHV�����

ZHUH�UHSUHVHQWHG�LQ�ERWK�VHWV��WKH�FRPSDUDEOH�DQDO\VLV�DW�WKH�JHQXV�OHYHO�\LHOGHG�Q� ���������

JHQHUD�LQ�ERWK�VHWV��:H�WKHQ�DSSOLHG�K\SHUJHRPHWULF�WHVWV�WR�WKHVH�GDWD�VHWV�WR�DVN�ZKHWKHU�����

VRFLDOO\�VWUXFWXUHG�VSHFLHV�RU�JHQHUD��HLWKHU�EHWZHHQ�RU�ZLWKLQ�JURXSV��ZHUH�HQULFKHG�IRU�����

DQDHURELF��QRQ�VSRUH�IRUPLQJ�OLIH�VW\OHV��2XU�UHVXOWV�ZHUH�EURDGO\�UREXVW�WR�ZKHWKHU�DQDHUREHV�����

DUH�GLVWLQJXLVKHG�LQ�FRQWUDVW�WR�DHUREHV�RU�LQ�FRQWUDVW�WR�ERWK�DHUREHV�DQG�IDFXOWDWLYHO\�R[\JHQ�����

WROHUDQW�VSHFLHV��VRFLDOO\�VWUXFWXUHG�VSHFLHV�EHWZHHQ�JURXSV��VSHFLHV�OHYHO�WUDLWV��S� ������������

VRFLDOO\�VWUXFWXUHG�VSHFLHV�ZLWKLQ�JURXS��VSHFLHV�OHYHO�WUDLWV��S� ��������VRFLDOO\�VWUXFWXUHG�����
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SDWWHUQ�ZDV�KLJKO\�FRQVLVWHQW�������
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GLHWDU\�VLPLODULW\��0LFD¶V�JURXS�S� ��������9LROD¶V��S� ��������DQG�VSDWLDO�SUR[LPLW\�LQ�9LROD¶V�����

JURXS��SDUWLDO�0DQWHO�FRQWUROOLQJ�IRU�SUR[LPLW\��9LROD¶V��S� ���������,Q�0LFD¶V�JURXS��FRQWUROOLQJ�IRU�����
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