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SURJUHVVLRQ�WKURXJK�WKH�FHOO�F\FOH�ZDV�LPSDLUHG�DQG�WKUHH�PDLQ�SKHQRW\SHV�ZHUH�

REVHUYHG��,Q�WKH�ILUVW�SKHQRW\SH��FHOOV�XQGHUJR�SURSKDVH�PHWDSKDVH�EXW�GR�QRW�

SURJUHVV�EH\RQG�WKH�$QD�7HOR�SKDVH��UHIRUPLQJ�D�VLQJOH�QXFOHXV��ILJXUH���%�DQG�

YLGHR�����LQ�WKH�VHFRQG�SKHQRW\SH��FHOOV�XQGHUJR�SURSKDVH�PHWDSKDVH�DQG�SURJUHVV�

WKURXJK�WKH�IROORZLQJ�VWDJHV�LQ�DQ�LUUHJXODU�PDQQHU�WKDW�OHDG�WR�WKH�IRUPDWLRQ�RI�����

DEHUUDQW�QXFOHL��YLGHR�����LQ�ZKLFK�VPDOO�FOXPSV�RI�'1$�UHPDLQ�H[FOXGHG�IURP�WKH�

UHIRUPLQJ�QXFOHL�ZKLOH��LQ�WKH�WKLUG�SKHQRW\SH��FHOOV�XQGHUJR�SURSKDVH�PHWDSKDVH�EXW�

'1$�UHPDLQV�LQWHUFRQQHFWHG�WKURXJK�WKH�IROORZLQJ�VWDJHV�OHDGLQJ�WR�LQFRPSOHWH�

NDU\RNLQHVLV���YLGHR�����&ROOHFWLYHO\��ZH�GHILQHG�WKHVH�SKHQRW\SHV�DV�µDEQRUPDO�

PLWRVLV¶�VLQFH�WKH\�GLIIHUHG�IURP�WKH�SKHQRW\SH�REVHUYHG�LQ�&75/�51$L�WUHDWHG�E*&������

$V�VKRZQ�LQ�ILJXUH��&�QHDUO\�����RI�WKH�3*50&��51$L�WUHDWHG�FHOOV�WKDW�VWDUWHG�

GLYLGLQJ�VKRZHG�WKHVH�PRUSKRORJLFDO�DOWHUDWLRQV�RI�PLWRWLF�SURJUHVVLRQ��:H�FDQ�

DVVXPH�WKDW�HUURUV�OHDGLQJ�WR�WKH�ILUVW�SKHQRW\SH�RFFXUUHG�HDUOLHU�GXULQJ�PHLRWLF�
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SURJUHVVLRQ�ZKHQ�FRPSDUHG�WR�WKH�VHFRQG�DQG�WKH�WKLUG�SKHQRW\SHV��,QWHUHVWLQJO\��

WKH�VXP�RI�SKHQRW\SH���DQG���UHSUHVHQWHG�WKH�PDMRULW\�RI�µDEQRUPDO¶�PLWRVLV�������������

VXJJHVWLQJ�WKDW�3*50&��51$L�WUHDWPHQW�PRVWO\�DIIHFWHG�HYHQWV�RFFXUULQJ�GXULQJ�

ODWH�PLWRVLV���

� 0RUHRYHU��WKH�GXUDWLRQ�RI�FHOO�F\FOH�SURJUHVVLRQ��IURP�WKH�EHJLQQLQJ�RI�

SURSKDVH�WR�WKH�IRUPDWLRQ�RI�WZR�GDXJKWHU�QXFOHL��ZDV�VLJQLILFDQWO\�LQFUHDVHG��ILJXUH�

��'���$V�H[SHFWHG��XQGHU�WKHVH�H[SHULPHQWDO�FRQGLWLRQV��L�H��FXOWXUH�LQ�VHUXP�������

FHOOXODU�GHDWK�RI�QRQ�PLWRWLF�FHOOV�ZDV�ORZ�LQ�ERWK�&75/�DQG�3*50&��51$L�WUHDWHG�

E*&��������������DQG��������������RQ�D�WRWDO�RI������DQG������REVHUYHG�FHOOV��

UHVSHFWLYHO\����7KHUHIRUH�DSRSWRVLV�GRHV�QRW�OLNHO\�DFFRXQW�IRU�WKH�ORZHU�FHOO�QXPEHU�

REVHUYHG�LQ�3*50&��GHSOHWHG�FHOOV��

�����

PGRMC1 co-localizes and interacts with Aurora kinase B during bGC mitosis. 

�

� 6LQFH�FHOO�GLYLVLRQ�LV�GHSHQGHQW�RQ�$XURUD�NLQDVH�%��$85.%���������ZH�

SHUIRUPHG�GRXEOH�LPPXQRIOXRUHVFHQFH�VWDLQLQJ�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�

WKH�ORFDOL]DWLRQ�RI�$85.%�DQG�3*50&��GXULQJ�E*&�PLWRVLV���$V�VKRZQ�LQ�ILJXUH��������

WKH�WZR�SURWHLQV�FRORFDOL]H��SDUWLFXODUO\�GXULQJ�WHORSKDVH��)XUWKHUPRUH��LQ�VLWX�

3UR[LPLW\�/LJDWLRQ�$VVD\��3/$��ZDV�FRQGXFWHG�WR�WHVW�ZKHWKHU�3*50&��GLUHFWO\�

LQWHUDFWV�ZLWK�$85.%�GXULQJ�WKH�GLIIHUHQW�VWDJHV�RI�PLWRVLV��7KLV�WHFKQLTXH�XVHV�D�

SDLU�RI�ROLJRQXFOHRWLGH�ODEHOHG�VHFRQGDU\�DQWLERGLHV��3/$�SUREHV���ZKLFK�JHQHUDWH�D�

VLJQDO�RQO\�ZKHQ�WKH�WZR�SUREHV�KDYH�ERXQG�LQ�FORVH�SUR[LPLW\��7KH�VLJQDO�IURP�HDFK�����

GHWHFWHG�SDLU�RI�3/$�SUREHV�LV�YLVXDOL]HG�DV�DQ�LQGLYLGXDO�IOXRUHVFHQW�VSRW��$V�VKRZQ�

LQ�ILJXUH���$��3/$�UHYHDOHG�DQ�LQWHUDFWLRQ�EHWZHHQ�$85.%�DQG�3*50&����

0RUHRYHU��WKH�GHJUHH�RI�LQWHUDFWLRQ��HYDOXDWHG�DV�WKH�PHDQ�RI�WKH�WRWDO�IOXRUHVFHQFH�

DUHD�LQ�HDFK�PLWRWLF�FHOO��ZDV�ORZ�IURP�SURSKDVH�WR�DQDSKDVH�DQG�WKHQ�LQFUHDVHG�

VLJQLILFDQWO\�DW�WHORSKDVH��ILJXUH���%��������

�
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Pharmacological inhibition of PGRMC1 function during bovine oocyte meiosis 

impairs karyokinesis and polar body emission  

�

� 'XULQJ�PHLRVLV�,��KRPRORJXH�FKURPRVRPH�VHJUHJDWLRQ�DQG�F\WRNLQHVLV�DUH�����

VSDWLRWHPSRUDOO\�FRRUGLQDWHG�LQ�RUGHU�WR�HQVXUH�WKH�SURSHU�SORLG\�EXW�DV\PPHWULF�

F\WRSODVPLF�GLYLVLRQ�EHWZHHQ�WKH�0,,�RRF\WH�DQG�WKH�ILUVW�SRODU�ERG\��3%,���UHYLHZHG�

LQ������7R�GHWHUPLQH�ZKHWKHU�3*50&��SOD\V�D�UROH�LQ�3%,�F\WRNLQHVLV��FXPXOXV�FHOO�

RRF\WH�FRPSOH[HV��&2&V��DQG�GHQXGHG�RRF\WHV��'2V��ZHUH�FXOWXUHG�LQ�LQ�YLWUR�

PDWXUDWLRQ��,90��PHGLXP�LQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�LQFUHDVLQJ�FRQFHQWUDWLRQV�RI�����

WKH�3*50&��LQKLELWRU�$*���������$IWHU�FXOWXUH��WKH�HIIHFW�RQ�3%,�HPLVVLRQ�ZDV�

HYDOXDWHG�XQGHU�EULJKW�ILHOG�PLFURVFRS\��ZKLOH�WKH�HIIHFW�RQ�FKURPRVRPH�VHJUHJDWLRQ�

ZDV�DVVHVVHG�XQGHU�HSLIOXRUHVFHQFH�PLFURVFRS\�DIWHU�IL[DWLRQ�DQG�'1$�VWDLQLQJ��

� $V�VKRZQ�LQ�ILJXUH����3%,�H[WUXVLRQ�UDWH�GHFUHDVHG�ZKHQ�&2&V�RU�'2V�ZHUH�

FXOWXUHG�ZLWK����DQG�����0�$*����FRPSDUHG�WR�WKH�FRQWURO�JURXS�����0��3������������

7KLV�HIIHFW�ZDV�PRUH�SURQRXQFHG�LQ�'2V��ZKHUH�3%,�IRUPDWLRQ�ZDV�DOUHDG\�ORZHU�

ZLWK�����0�$*�����$V�VKRZQ�LQ�ILJXUH����$*����WUHDWPHQW�DOVR�LPSDLUHG�

FKURPRVRPH�VHJUHJDWLRQ�GHWHUPLQLQJ�D�GHFUHDVH�LQ�WKH�SHUFHQWDJH�RI�RRF\WHV�WKDW�

UHDFKHG�WKH�0,,�VWDJH�DQG�DQ�LQFUHDVH�LQ�RRF\WHV�VKRZLQJ�DEHUUDQW�PHLRWLF�ILJXUHV��

,Q�SDUWLFXODU��WKHVH�DEHUUDQFLHV�LQFOXGHG�WKH�SUHVHQFH�RI�'1$�FOXPSV�VFDWWHUHG�����

ZLWKLQ�WKH�RRSODVP��ILJXUH��$��DEHUUDQW��DV�ZHOO�DV�WKH�FRH[LVWHQFH�RI�WZR�

PHWDSKDVH�SODWHV�RU�WHORSKDVHV��WKHVH�H[DPSOHV�RI�DEHUUDQW�PHLRWLF�ILJXUHV�

REVHUYHG�DIWHU�$*����WUHDWPHQW�DUH�VKRZQ�LQ�VXSSOHPHQWDO�ILJXUH�����2RF\WHV�LQ�

ZKLFK�WKH�'1$�ZDV�FROODSVHG�LQWR�D�VLQJOH�FOXPS��RU�LQ�ZKLFK�'1$�ZDV�QRW�

GHWHFWDEOH�ZLWKLQ�WKH�RRSODVP��ZHUH�FODVVLILHG�DV�GHJHQHUDWHG��6DPSOHV�REVHUYDWLRQ�����

XQGHU�EULJKW�ILHOG�FRPELQHG�WR�89�OLJKW�LOOXPLQDWLRQ�FRQILUPHG�WKH�FRUUHFW�DQDO\VLV�RI�

'1$�FOXPSV�ORFDOL]DWLRQ�ZLWKLQ�WKH�RRSODVP��VXSSOHPHQWDO�ILJXUH�����$*����HIIHFW�

DSSHDUHG�PRUH�SURQRXQFHG�LQ�'2V��ILJXUH���&����
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� )LQDOO\��LQ�RUGHU�WR�DVVHVV�ZKHWKHU�$*����WUHDWPHQW�DIIHFWHG�$85.%�

ORFDOL]DWLRQ��3*50&��DQG�$85.%�ORFDOL]DWLRQ�ZDV�DVVHVVHG�LQ�$*����WUHDWHG�����

&2&V�E\�GRXEOH�LPPXQH�IOXRUHVFHQFH�H[SHULPHQWV��3*50&��DQG�$85.%�

ORFDOL]DWLRQ�LQ�WKH�RRF\WHV�ZDV�FODVVLILHG�DV�UHJXODU�RU�LUUHJXODU�DFFRUGLQJ�WR�WKH�

SUHYLRXVO\�SXEOLVKHG�FULWHULD�����/RFDOL]DWLRQ�ZDV�MXGJHG�DV�UHJXODU�ZKHQ�WKH�SURWHLQV�

ORFDOL]HG�DW�WKH�FHQWURPHULF�UHJLRQ�RI�HDFK�FKURPRVRPH�RU�LUUHJXODU�ZKHQ�RQH�RU�

PRUH�RI�WKH�IROORZLQJ�FRQILJXUDWLRQV�ZDV�REVHUYHG��PRUH�WKDQ�RQH�SRLQW�RQ�D�����

FKURPRVRPH��VKDSH�GLIIHUHQW�IURP�WKH�SXQFWXDWHG��QRW�LQ�WKH�FHQWURPHULF�UHJLRQ��

DQG�RU�ODFN�RI�VLJQDO��$V�VKRZQ�LQ�ILJXUH���DEHUUDQW�PHLRWLF�ILJXUHV�VKRZHG�LUUHJXODU�

$85.%�DQG�3*50&��ORFDOL]DWLRQ��ZKLOH�ERWK�3*50&��DQG�$85.%�VKRZHG�D�

IRFXVHG�FHQWURPHULF�ORFDOL]DWLRQ�LQ�RRF\WHV�ZLWK�0,,�SODWH���

�����

RNAi mediated PGRMC1 silencing during oocyte maturation mirrors AG205 

effects impairing karyokinesis and polar body emission 

�

� 3*50&��IXQFWLRQ�LQ�RRF\WHV�ZDV�DOVR�DVVHVVHG�E\�PLFURLQMHFWLQJ�51$L�LQWR�

JHUPLQDO�YHVLFOH��*9��VWDJH�RRF\WHV�VXUURXQGHG�E\�FXPXOXV�FHOOV��$IWHU�����

PLFURLQMHFWLRQ�ZLWK�HLWKHU�&75/�RU�3*50&��51$L�DQG�FXOWXUH�IRU����K�XQGHU�in vitro�

PHLRWLF�DUUHVW�FRQGLWLRQV��,9$���DOORZLQJ�VXIILFLHQW�WLPH�IRU�WKH�51$L�WR�HIIHFWLYHO\�

GHSOHWH�WKH�JHQH�RI�LQWHUHVW��RRF\WHV�ZHUH�FXOWXUHG�LQ�,90�PHGLXP�IRU�IXUWKHU����K��

3UHOLPLQDU\�RSWLPL]DWLRQ�H[SHULPHQWV�LQ�ZKLFK�D�IOXRUHVFHQW�WUDFNHU�ZDV�XVHG�WR�

DVVHVV�PLFURLQMHFWLRQ�HIILFLHQF\�LQGLFDWHG�WKDW�≈����RI�WKH�RRF\WHV�ZHUH�VXFFHVVIXOO\�����

PLFURLQMHFWHG��0RUHRYHU��VXUYLYDO�UDWH��DVVHVVHG�DV�WKH�SHUFHQWDJH�RI�YLDEOH�&2&V�

DIWHU�,9$��GLG�QRW�GLIIHU�LQ�&75/�DQG�3*50&��51$L�PLFURLQMHFWHG�&2&V�

������±�����DQG������±������UHVSHFWLYHO\��S!�����W�WHVW��Q ���LQGHSHQGHQW�

H[SHULPHQWV��
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�� $V�UHSRUWHG�LQ�ILJXUH��$�&��3*50&��P51$�DQG�SURWHLQ�ZHUH�UHGXFHG�����

DSSUR[LPDWHO\�E\�����DV�DVVHVVHG�E\�T57�3&5�DQG�:HVWHUQ�EORWWLQJ��UHVSHFWLYHO\���

'HSOHWLQJ�3*50&��VLJQLILFDQWO\�UHGXFHG�WKH�SHUFHQWDJH�RI�RRF\WHV�WKDW�H[WUXGHG�WKH�

3%,��ILJXUH���'���0RUHRYHU��IOXRUHVFHQFH�PLFURVFRS\�DQDO\VLV�UHYHDOHG�WKDW�HYHQ�

WKRXJK�WKH�IRUPDWLRQ�RI�0,,�SODWH�ZDV�QRW�EORFNHG�LQ�3*50&��51$L�WUHDWHG�RRF\WHV��

WKHUH�ZDV�DQ�LQFUHDVH�LQ�WKH�IUHTXHQF\�RI�RRF\WHV�ZLWK�DEHUUDQW�PHLRWLF�ILJXUHV�����

�ILJXUH���(�DQG�)���ZKLFK�ZHUH�VLPLODU�WR�WKDW�REVHUYHG�DIWHU�$*����WUHDWPHQW��

$GGLWLRQDO�H[DPSOHV�RI�DEHUUDQW�PHLRWLF�ILJXUHV�XSRQ�3*50&��51$L�WUHDWPHQW�DUH�

VKRZQ�LQ�VXSSOHPHQWDO�ILJXUH����

�

'LVFXVVLRQ�����

� 3URSHU�FRPSOHWLRQ�RI�FHOO�GLYLVLRQ�LV�DQ�HVVHQWLDO�SURFHVV�LQ�ERWK�VRPDWLF�DQG�

JHUP�FHOOV��,Q�VRPDWLF�FHOOV��DIWHU�'1$�UHSOLFDWLRQ�DQG�VLVWHU�FKURPDWLGV�VHSDUDWLRQ��

F\WRNLQHVLV�HQVXUHV�WKDW�WKH�JHQHWLF�PDWHULDO�DV�ZHOO�DV�WKH�F\WRSODVPLF�RUJDQHOOHV�

DUH�HYHQO\�GLVWULEXWHG�LQWR�WZR�GDXJKWHU�FHOOV������,Q�FRQWUDVW��FHOO�GLYLVLRQ�LQ�RRF\WHV�

DOORZV�IRU�WKH�HOLPLQDWLRQ�RI�KDOI�RI�WKH�JHQHWLF�PDWHULDO�WKURXJK�3%�HPLVVLRQ�ZKLOH�����

UHWDLQLQJ�PRVW�RI�WKH�F\WRSODVP�WR�VXSSRUW�WKH�HDUO\�VWDJHV�RI�HPEU\R�GHYHORSPHQW��

([WUXVLRQ�RI�WKH�3%�LV�HVVHQWLDO�IRU�WKH�IRUPDWLRQ�RI�WKH�PDWXUH�HJJ���������1RQHWKHOHVV�

ODWH�PLWRWLF�DQG�RRF\WH�PHLRWLF�GLYLVLRQ�VKDUH�PDQ\�VLPLODULWLHV�����,Q�ERWK�V\VWHPV��

PLFURWXEXOHV�RI�WKH�DQDSKDVH�VSLQGOH�SOD\�LPSRUWDQW�UROHV�LQ�WKH�IRUPDWLRQ�RI�WKH�

DFWLQR�P\RVLQ�FRQWUDFWLOH�ULQJ�DQG�WKH�IRUPDWLRQ�RI�WKH�F\WRNLQHWLF�IXUURZ�DW�WKLV�VLWH������

DOORZLQJ�WKH�SK\VLFDO�VHSDUDWLRQ�RI�WKH�WZR�GDXJKWHU�FHOOV��UHYLHZHG�LQ������0RUHRYHU��

WKH�HVVHQWLDO�UROH�RI�WKH�FKURPRVRPDO�SDVVHQJHU�FRPSOH[��&3&��LQ�RUFKHVWUDWLQJ�ODWH�

PLWRWLF�HYHQWV��������LV�OLNHO\�FRQVHUYHG�LQ�PHLRVLV��������

� 7KH�SUHVHQW�VWXG\�DGGV�QHZ�LQVLJKWV�LQWR�WKH�UROH�RI�3*50&��DV�D�UHJXODWRU�

RI�ERWK�PLWRWLF�DQG�PHLRWLF�FHOO�GLYLVLRQ��2XU�GDWD�LQGLFDWH�WKDW�ZKHQ�3*5&0������

IXQFWLRQ�LV�LPSDLUHG�ERWK�VRPDWLF�FHOOV�DQG�RRF\WHV�IDLO�WR�GLYLGH�SURSHUO\��6SHFLILFDOO\��

NQRFNLQJ�GRZQ�3*50&��E\�51$L�LQ�FXOWXUHG�E*&�UHVXOWV�LQ�WKH�LQDELOLW\�WR�
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VXFFHVVIXOO\�FRPSOHWH�PLWRVLV�DQG�RU�WR�IRUP�WZR�QRUPDO�QXFOHL�LQ�GLYLGLQJ�FHOOV����

6LPLODUO\�LQ�WKH�PDWXULQJ�RRF\WHV��SHUWXUELQJ�3*50&��IXQFWLRQ�E\�XVLQJ�

SKDUPDFRORJLFDO�RU�51$L�DSSURDFKHV�UHVXOWV�LQ�WKH�LPSDLUPHQW�RI�SRODU�ERG\�����

HPLVVLRQ�WRJHWKHU�ZLWK�WKH�IRUPDWLRQ�RI�DEHUUDQW�PHLRWLF�ILJXUHV��$V�D�UHVXOW��D�

VHFRQG�PHWDSKDVLF�SODWH�DQG�RU�VFDWWHUHG�FKURPDWLQ�DUH�XVXDOO\�REVHUYHG���

� 3UHYLRXV�ZRUNV�GHPRQVWUDWH�WKDW�3*50&��VSHFLILFDOO\�ORFDOL]HV�WR�WKH�PLWRWLF�

VSLQGOH�DSSDUDWXV�RI�GLIIHUHQW�FHOO�OLQHV�������������ZKHUH�LW�GLUHFWO\�LQWHUDFWV�ZLWK�EHWD�

WXEXOLQ�DQG�FRQWUROV�VSLQGOH�PLFURWXEXOH�VWDELOLW\�����7KH�SUHVHQW�VWXG\�GHPRQVWUDWHV�����

WKDW�3*50&��GLUHFWO\�LQWHUDFWV�DOVR�ZLWK�$85.%�DQG�WKDW�WKH�H[WHQW�RI�WKLV�

LQWHUDFWLRQ�LV�KLJKHVW�GXULQJ�WKH�ILQDO�SKDVH�RI�JUDQXORVD�FHOO�GLYLVLRQ��7KLV�LV�

LPSRUWDQW�VLQFH�HYHQWV�RFFXUULQJ�DW�WKH�FHQWUDO�VSLQGOH�GXULQJ�WKH�IRUPDWLRQ�RI�WKH�

PLGERG\�DUH�FUXFLDO�IRU�SURSHU�FHOO�GLYLVLRQ��)RU�H[DPSOH��WKH�FHQWUDO�VSLQGOH�SOD\V�DQ�

LPSRUWDQW�UROH�LQ�NHHSLQJ�VHSDUDWHG�FKURPRVRPHV�DSDUW�SULRU�WR�F\WRNLQHVLV�����

FRPSOHWLRQ��EHFDXVH�ZKHQ�PLFURWXEXOHV�DUH�GHSRO\PHUL]HG�LQ�ODWH�DQDSKDVH��WKH�

QXFOHL�FROODSVH�EDFN�WRJHWKHU���������7KXV�RXU�ILQGLQJV�PD\�VXJJHVW�WKDW�DQ�DGGLWLRQDO�

PHFKDQLVP�E\�ZKLFK�3*50&��FRQWUROV�PLWRVLV�LQYROYHV�D�GLUHFW�LQWHUDFWLRQ�ZLWK�

$85.%�DW�WKH�PLG�ERG\��7KLV�FRQFHSW�LV�FRQVLVWHQW�ZLWK�WKH�ILQGLQJ�WKDW�LQWHUIHULQJ�

ZLWK�3*50&��IXQFWLRQ�DIIHFWV�WKH�ORFDOL]DWLRQ�RI�$85.%�LQ�RRF\WHV�WKDW�IDLOHG�WR�����

SURSHUO\�FRPSOHWH�PHLRVLV��)XUWKHUPRUH��SUHYLRXV�VWXGLHV�LQ�ERYLQH�RRF\WHV�UHYHDO�

WKDW�DOWHULQJ�$85.%�IXQFWLRQ�E\�XVLQJ�WKH�$85.%�LQKLELWRU�=0�������DOVR�DOWHUV�

3*50&��ORFDOL]DWLRQ��ZKLFK�ZDV�DVVRFLDWHG�ZLWK�PHLRWLF�GHIHFWV�����7KXV�3*50&��

DQG�$85.%�IXQFWLRQDO�DVVRFLDWLRQ�VHHPV�WR�EH�UHFLSURFDO��DW�OHDVW�LQ�WKH�RRF\WH��

+RZHYHU��WKH�SUHFLVH�PHFKDQLVP�RI�DFWLRQ�E\�ZKLFK�3*5&0��$85.%�LQWHUDFWLRQ�����

DIIHFWV�$85.%�DQG�&3&�IXQFWLRQ�UHPDLQV�WR�EH�HOXFLGDWHG��3*50&��FRXOG�DFW�DV�

DQ�DGDSWRU�SURWHLQ�LQ�PDQ\�GLIIHUHQW�ELRORJLFDO�SURFHVVHV�DV�SURSRVHG�E\�$L]HQ�HW�DO�

����,I�WKLV�K\SRWKHVLV�ZHUH�FRQILUPHG��3*50&��DFWLRQ�ZRXOG�GHSHQG�RQ�WKH�SURWHLQV�

ZLWK�ZKLFK�LW�LQWHUDFWV�LQ�GLIIHUHQW�FHOOXODU�DQG�VXEFHOOXODU�V\VWHPV��,Q�WKLV�YLHZ��

DOWHULQJ�3*50&��IXQFWLRQ�LQ�RXU�VWXGLHV�FRXOG�KDYH�KDG�DQ�HIIHFW�RQ�GLIIHUHQW�����
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HIIHFWRU�SURWHLQV��VXFK�DV�$85.%�DQG�RWKHU�&3&�FRPSRQHQWV��LQ�WKH�VSLQGOH�

PLG]RQH�PLGERG\��WKHUHE\�GHWHUPLQLQJ�NDULRNLQHVLV�F\WRNLQHVLV�GLVWXUEDQFH�DQG�RU�

IDLOXUH��+RZHYHU��WKLV�K\SRWKHVLV�UHPDLQV�WR�EH�FRQILUPHG���

� 0RVW�SUREDEO\��WKH�IDWH�RI�3*50&��GHSOHWHG�JUDQXORVD�FHOOV�WKDW�GR�QRW�

SURSHUO\�FRPSOHWH�FHOO�GLYLVLRQ�ZRXOG�EH�FHOOXODU�GHDWK��ZKLFK�ZRXOG�FRQWULEXWH�WR�WKH�����

ORZHU�SUROLIHUDWLRQ�REVHUYHG�LQ�3*50&��51$L�WUHDWHG�FHOOV��7KLV�LV�FRQVLVWHQW�ZLWK�

HIIHFWV�RI�GHSOHWLQJ�3*50&��LQ�6,*&V��ZKHUH�FHOOV�DFFXPXODWH�LQ�PHWDSKDVH�DQG�

WKHQ�XQGHUJR�FHOO�GHDWK�����$QRWKHU�SRVVLEOH�RXWFRPH�RI�F\WRNLQHVLV�IDLOXUH�LV�WKH�

IRUPDWLRQ�RI�EL��RU�PXOWL�QXFOHDWHG�FHOOV���7KLV�LV�QRW�WKH�FDVH�IRU�E*&V�VLQFH�

PXOWLQXFOHDWHG�JUDQXORVD�FHOOV�ZHUH�QRW�REVHUYHG�LQ�3*50&��51$L�WUHDWHG�FHOOV�����

�GDWD�QRW�VKRZQ����

� &HOO�GHDWK�UHVXOWLQJ�IURP�DEHUUDQW�PLWRVLV�LV�JHQHUDOO\�UHIHUUHG�WR�DV�µPLWRWLF�

FDWDVWURSKH¶�����,QWHUHVWLQJO\��WKLV�SKHQRPHQRQ�KDV�EHHQ�IXQFWLRQDOO\�UH�GHILQHG�DV�

DQ�µatypical mechanism that sense mitotic failure and respond to it by driving the cell 

to an irreversible fate, be it apoptosis, necrosis or senescence¶���������7KXV��LW�KDV�����

EHHQ�SURSRVHG�WKDW�PLWRWLF�FDWDVWURSKH�FDQ�EH�FRQVLGHUHG�DV�DQ�µonco-suppressive 

mechanism for the avoidance of genomic instability’�����2XU�WLPH�ODSVH�IOXRUHVFHQW�

PLFURVFRS\�H[SHULPHQWV�VXJJHVW�WKDW�PLWRWLF�FDWDVWURSKH�PLJKW�RFFXU�LQ�3*50&��

GHSOHWHG�E*&��7KLV�ILQGLQJ�LV�LQ�DFFRUGDQFH�ZLWK�WKH�H[SHULPHQWDO�HYLGHQFHV�WKDW�

3*50&��GHSOHWLRQ�VXSSUHVVHV�FDQFHU�FHOOV�SUROLIHUDWLRQ�LQ�YLWUR�DQG�WXPRU�JURZWK�LQ�����

YLYR�LQ�DOO�WKH�W\SHV�RI�FDQFHUV�VWXGLHG�VR�IDU����������������0RUHRYHU��WKH�REVHUYDWLRQ�

WKDW�3*50&��LV�RYHUH[SUHVVHG�LQ�D�ZLGH�UDQJH�RI�WXPRUV�ZKHQ�FRPSDUHG�WR�

FRUUHVSRQGLQJ�QRUPDO�WLVVXHV�����������IXUWKHU�VXSSRUW�WKLV�K\SRWKHVLV��,Q�WKLV�YLHZ�

3*50&��RYHUH[SUHVVLRQ�ZRXOG�VXVWDLQ�SURSDJDWLRQ�RI�DEQRUPDO�FDQFHU�FHOOV��

KHOSLQJ�WKHP�WR�HVFDSH�PLWRWLF�FDWDVWURSKH��+RZHYHU��IXUWKHU�DQDO\VHV�DUH�UHTXLUHG�����

WR�FRQILUP�WKLV�K\SRWKHVLV��

� ,W�LV�SRVVLEOH�WKDW��LQ�SUHYLRXV�VWXGLHV��WKH�LQYROYHPHQW�RI�3*50&��LQ�PLWRWLF�

FDWDVWURSKH�HYHQWV�KDV�EHHQ�XQGHUHVWLPDWHG��,Q�WKHVH�VWXGLHV��LQGHHG��HQG�SRLQW�



� ��

PHWKRGV�KDYH�EHHQ�XVHG�WR�DVVHVV�WKH�HIIHFW�RI�3*50&��VLOHQFLQJ��&OHDUO\��HQG�

SRLQW�PHWKRGV�DUH�LQDSSURSULDWH�WR�GHWHFW�WKLV�SKHQRPHQRQ��DV�WKH\�GR�QRW�WDNH�LQWR�����

DFFRXQW�WKH�µKLVWRU\¶�RI�WKH�FHOO�GHDWK�����2Q�WKH�FRQWUDU\��WLPH�ODSVH�LPDJLQJ�XVHG�LQ�

WKH�SUHVHQW�VWXG\�RYHUFRPHV�WKLV�OLPLWDWLRQ�JLYLQJ�H[SHULPHQWDO�HYLGHQFHV�IRU�WKH�ILUVW�

WLPH�RI�D�SRVVLEOH�LQYROYHPHQW�RI�3*50&��LQ�PLWRWLF�FDWDVWURSKH�HYHQWV��ZKLFK�PXVW�

EH�GHHSO\�LQYHVWLJDWHG�LQ�IXWXUH�VWXGLHV��

� 6LPLODUO\��LW�LV�OLNHO\�WKDW�RRF\WHV�WKDW�IDLO�WR�H[WUXGH�3%,�DQG�IRUP�DEHUUDQW�����

PHLRWLF�ILJXUH�ZRXOG�QRW�XQGHUJR�IHUWLOL]DWLRQ�DQG�RU�VHFRQG�PHLRWLF�GLYLVLRQ��WKXV�

GHJHQHUDWH��,Q�D�SUHYLRXV�VWXG\��LQMHFWLQJ�D�3*50&��DQWLERG\�LQWR�WKH�RRSODVP�RI�

LPPDWXUH�ERYLQH�RRF\WHV�UHYHDOHG�D�UROH�IRU�3*50&��LQ�ERYLQH�RRF\WH�PDWXUDWLRQ���

LPSDLULQJ�WKH�WUDQVLWLRQ�IURP�SUR�0,�WR�0,�VWDJHV�ZLWK�WKH�PDMRULW\�RI�WKH�RRF\WHV�

DUUHVWLQJ�DW�WKH�SUR�0,�VWDJH��2QO\�D�YHU\�VPDOO�SHUFHQWDJH�RI�RRF\WHV�UHDFKHG�0,,������

WKXV�REVFXULQJ�D�SXWDWLYH�3*50&��IXQFWLRQ�GXULQJ�WKH�ILQDO�SKDVH�RI�RRF\WH�

PDWXUDWLRQ���,Q�WKH�SUHVHQW�VWXG\�WKH�XVH�RI�51$L�JHQH�VLOHQFLQJ�DQG�D�VSHFLILF�

3*50&��LQKLELWRU��$*����UHYHDOV�D�UROH�IRU�3*50&��GXULQJ�WKH�ILQDO�SKDVH�RI�

PDWXUDWLRQ��0,�WR�0,,�WUDQVLWLRQ����,Q�SDUWLFXODU��WKH�51$L�VWXG\�FOHDUO\�LQGLFDWHV�WKDW�

3*50&��LV�UHTXLUHG�WR�DOORZ�SURSHU�3%,�HPLVVLRQ��7KDW�3*50&��51$L�ZDV�����

HIIHFWLYH�DOVR�VXJJHVWV�WKDW�3*50&��LV�WUDQVODWHG�GXULQJ�WKLV�SHULRG��0RUHRYHU��LW�LV�

NQRZQ�WKDW�3*50&��FDQ�XQGHUJR�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQV�VXFK�DV�

SKRVSKRU\ODWLRQ�DQG�VXPR\ODWLRQ����������:KHWKHU�WUDQVODWLRQDO�UHJXODWLRQ�DQG�RU�SRVW�

WUDQVODWLRQDO�PRGLILFDWLRQV�DUH�LQYROYHG�LQ�WKH�PHFKDQLVP�WKDW�HQVXUHV�D�SURSHU�

ORFDOL]DWLRQ�RI�3*50&��GXULQJ�RRF\WH�PDWXUDWLRQ�UHPDLQV�WR�EH�HVWDEOLVKHG������

� $*����H[SHULPHQWV�KDYH�EHHQ�FRQGXFWHG�RQ�ERWK�&2&V�DQG�'2V�EHFDXVH�

FXPXOXV�FHOOV�DOVR�H[SUHVV�3*50&�������������7KH�REVHUYDWLRQ�WKDW�$*����ZDV�PRUH�

HIIHFWLYH�RQ�'2V�WKDQ�&2&V�FRQILUPV�3*50&�¶V�VSHFLILF�UROH�ZLWKLQ�WKH�RRF\WH��

$*����LV�D�VPDOO�DURPDWLF�FRPSRXQG�WKDW�DFWV�DV�D�3*50&��OLJDQG��,W�KDV�EHHQ�

XVHG�WR�IXQFWLRQDOO\�DVVHVV�3*50&��DFWLYLW\�LQ�VHYHUDO�ELRORJLFDO�V\VWHPV�LQFOXGLQJ�����

PDPPDOLDQ�FHOOV�ZLWK�HIIHFWLYH�FRQFHQWUDWLRQV�LQ�WKH��0�UDQJH�������������,W�ZDV�
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RULJLQDOO\�LGHQWLILHG�DV�D�OLJDQG�IRU�$W0$35��RI�WKH�$UDELGRSVLV�WKDOLDQD�����ZKLFK�

VKDUHV�KRPRORJ\�ZLWK�WKH�F\WRFKURPH�E��KHPH�ELQGLQJ�GRPDLQ�RI�3*50&�������������

7KXV��DOWKRXJK�WKH�SUHFLVH�ELRFKHPLFDO�PHFKDQLVP�WKURXJK�ZKLFK�$*����LQKLELWV�

3*50&��DFWLYLW\�LV�QRW�NQRZQ��LW�OLNHO\�DFWV�E\�ELQGLQJ�WR�3*50&�¶V�KHPH�ELQGLQJ�����

GRPDLQ��WKHUHE\�GLVUXSWLQJ�3*50&�¶V�DELOLW\�WR�LQWHUDFW�ZLWK�\HW�WR�EH�LGHQWLILHG�

KHPH�SURWHLQV��7KLV�K\SRWKHVLV�LV�VXSSRUWHG�E\�WKH�H[SHULPHQWDO�HYLGHQFH�WKDW�

$*����DOWHUV�WKH�VSHFWURVFRSLF�SURSHUWLHV�RI�WKH�3*50&��KHPH�FRPSOH[������7KXV��

LW�LV�OLNHO\�WKDW�WKH�3*50&��KHPH�ELQGLQJ�GRPDLQ�LV�DQ�LPSRUWDQW�FRPSRQHQW�LQ�WKH�

PHFKDQLVP�E\�ZKLFK�3*50&��UHJXODWHV�PHLRVLV��� �����

� ,Q�FRQFOXVLRQ�WKH�SUHVHQW�ILQGLQJV�UHYHDO�D�QHZ�UROH�RI�3*50&��LQ�ODWH�

VWDJHV�RI�WKH�PLWRWLF�GLYLVLRQ�DQG�RRF\WHV�PHLRVLV��7KLV�IXQFWLRQ�LV�FRQVLVWHQW�ZLWK�WKH�

ORFDOL]DWLRQ�DW�WKH�PLG�]RQH�DQG�PLG�ERG\�RI�WKH�PLWRWLF�DQG�PHLRWLF�VSLQGOH��7R�WKH�

EHVW�RI�RXU�NQRZOHGJH�WKLV�LV�WKH�ILUVW�VWXG\�WKDW�UHYHDOV�D�UROH�RI�3*50&��GXULQJ�ODWH�

PLWRWLF�DQG�PHLRWLF�HYHQWV�DQG�UHSUHVHQWV�DQ�DGYDQFHPHQW�RI�WKH�VWDWH�RI�WKH�DUW�LQ�����

WKH�ILHOG�E\�JLYLQJ�LQIRUPDWLRQ�RI�D�SUHFLVH�VWDJH�RI�FHOO�GLYLVLRQ�LQ�ZKLFK�3*50&��

H[HUWV�D�IXQFWLRQ���)XUWKHUPRUH��3*50&�¶V�DFWLRQ�SRVVLEO\�LQYROYHV�D�GLUHFW�

LQWHUDFWLRQ�ZLWK�$85.%��DV�UHYHDOHG�E\�3/$�VWXGLHV��,PSRUWDQWO\�WKLV�IXQFWLRQ�VHHPV�

WR�EH�FRQVHUYHG�LQ�PDPPDOLDQ�FHOO�PLWRVLV�DQG�RRF\WH�PHLRVLV��7KXV�WKLV�

REVHUYDWLRQV�SURYLGHV�D�VWURQJ�UDWLRQDOH�IRU�IXWXUH�VWXGLHV�RQ�WKH�SUHFLVH�PHFKDQLVP�����

RI�3*50&�¶V�DFWLRQ�LQ�WKH�IHPDOH�JDPHWH��LQ�ZKLFK�WHFKQLFDO�OLPLWDWLRQ�GR�QRW�DOORZ�

PHFKDQLVWLF�FRQFOXVLRQV��HVSHFLDOO\�LQ�ODUJH�DQLPDO�VSHFLHV��)RU�H[DPSOH��VLQFH�

3*50&��H[LVWV�LQ�PXOWLSOH�IRUPV��PRQRPHU�DQG�VSHFLILF�KLJKHU�PROHFXODU�ZHLJKW�

IRUPV�DQG�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQV����������LQ�IXWXUH�VWXGLHV�LW�ZLOO�EH�LPSRUWDQW�

WR�DVVHVV�ZKLFK�RI�WKHVH�PRGLILFDWLRQV�KDYH�D�SUHGRPLQDQW�UROH�LQ�UHJXODWLQJ�����

3*50&��IXQFWLRQ�GXULQJ�ILQDO�NDU\R�F\WRNLQHVLV�DQG�DUH�LPSRUWDQW�LQ�WDUJHWLQJ�

3*50&��WR�VSHFLILF�VLWHV�ZLWKLQ�WKH�GLIIHUHQW�VXEFHOOXODU�GRPDLQV��0RUHRYHU��VLQFH�

3*50&��LV�D�PHGLDWRU�RI�3��DFWLRQV��IXUWKHU�VWXGLHV�ZRXOG�EH�QHHGHG�WR�DGGUHVV�

ZKHWKHU�DQG�KRZ�3*50&��IXQFWLRQ�DW�WKLV�SDUWLFXODU�VLWH�RI�DFWLRQ�LV�PHGLDWHG�E\�3���
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0DWHULDOV�DQG�0HWKRGV�

�

5HDJHQWV�

� $OO�WKH�FKHPLFDOV�ZHUH�SXUFKDVHG�IURP�6LJPD�$OGULFK��6W��/RXLV��02��H[FHSW�

IRU�WKRVH�VSHFLILFDOO\�PHQWLRQHG��*HQH�VLOHQFLQJ�ZDV�SHUIRUPHG�E\�6WHDOWK�51$L������

VL51$�WHFKQRORJ\�IURP�/LIH�7HFKQRORJLHV�

�KWWSV���ZZZ�OLIHWHFKQRORJLHV�FRP�LW�HQ�KRPH�OLIH�VFLHQFH�UQDL�V\QWKHWLF�UQDL�

DQDO\VLV�VWHDOWK�UQDL�WHFKQRORJ\�KWPO"LFLG FYF�LQYLYR�VLUQD�F�W����7KH�µ%/2&.�L7��

51$L�'HVLJQHU¶�WRRO�IURP�/LIH�7HFKQRORJLHV�

�KWWSV���UQDLGHVLJQHU�OLIHWHFKQRORJLHV�FRP�UQDLH[SUHVV���ZDV�XVHG�WR�GHVLJQ�3*50&������

6WHDOWK�51$L��3*50&��51$L��ZLWKLQ�WKH�FRGLQJ�UHJLRQ�RI�WKH�ERYLQH�3*50&��

VHTXHQFH��10B������������6HTXHQFH�RI�WKH�3*50&��51$L�XVHG�ZDV����51$��

*$*�88*�8$*�8&$�$*8�*8&�88*�*8&�8��1HJDWLYH�FRQWURO��FDW�Q�������������

ZDV�FKRVHQ�DPRQJ�WKH�6WHDOWK�51$L�QHJDWLYH�FRQWURO��&75/�51$L��GXSOH[HV�

DYDLODEOH�IURP�/LIH�7HFKQRORJLHV���6WRFN�VROXWLRQ�RI�$*��������P0��ZDV�SUHSDUHG�LQ�����

'LPHWK\O�VXOIR[LGH��'062��DQG�VWRUHG�DW����&����3ULPDU\�DQWLERGLHV�ZHUH��UDEELW�

SRO\FORQDO�DQWL�3*50&���6LJPD��FDW��+3$��������ORW�QXPEHU��$������DQG�$��������

PRXVH�PRQRFORQDO�DQWL�EHWD�WXEXOLQ��6LJPD��FDW��7������FORQH�$$���DQG�PRXVH�

PRQRFORQDO�DQWL�$85.%��%'�WUDQVGXFWLRQ�/DERUDWRULHV��FDW����������FORQH���$,0�����

3ULPHU�SDLU�VHTXHQFHV�ZHUH�V\QWKHWL]HG�IURP�3ULPP�V�U�O���0LODQ��,WDO\�������

�

6DPSOH�FROOHFWLRQ�

&2&V�ZHUH�FROOHFWHG�IURP�SXEHUWDO�+ROVWHLQ�GDLU\�FRZV�UHFRYHUHG�DW�WKH�

DEDWWRLU��,1$/&$�6�S�$���2VSHGDOHWWR�/RGLJLDQR��/2��,7�����0�&(��,WDO\��DV�

SUHYLRXVO\�GHVFULEHG�IURP�RI�����PP�RYDULDQ�DQWUDO�IROOLFOHV����2QO\�PHGLXP�EURZQ�LQ�����

FRORU�&2&V��ZLWK�ILYH�RU�PRUH�FRPSOHWH�OD\HUV�RI�FXPXOXV�FHOOV�DQG�RRF\WHV�ZLWK�

ILQHO\�JUDQXODWHG�KRPRJHQRXV�RRSODVP�ZHUH�XVHG���
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� $IWHU�&2&�UHWULHYDO��WKH�E*&�ZHUH�FROOHFWHG��ZDVKHG�DQG�SODWHG��&HOOV�ZHUH�

FXOWXUHG�LQ�JURZWK�PHGLXP��ZKLFK�ZDV�'XOEHFFR¶V�PRGLILHG�PHGLXP�VXSSOHPHQWHG�

ZLWK�����ERYLQH�FDOI�VHUXP������8�PO�RI�SHQLFLOOLQ�*�������J�PO�RI�VWUHSWRP\FLQ�DQG�����

�8�PO�*OXWDPD[��*LEFR�7KHUPR�6FLHQWLILF���LQ�KXPLGLILHG�DLU�DW����&�ZLWK����&2���

$IWHU����K�FHOOV�ZHUH�ZDVKHG�ZLWK�3%6��FXOWXUHG�LQ�JURZWK�PHGLXP�IRU�����GD\V�XQWLO�

FRQIOXHQW��DQG�WKHQ�XVHG�DFFRUGLQJ�WR�WKH�H[SHULPHQWDO�GHVLJQ��

�

51$L�WUHDWPHQW�����

bGC RNAi treatment 

� ��;�����E*&�ZHUH�SODWHG�LQ����PP�FXOWXUH�GLVKHV��)RU�LPPXQRIOXRUHVFHQFH�

VWXGLHV�FHOOV�ZHUH�SODWHG�RQ�FRYHU�JODVVHV��ZKLOH�IRU�WLPH�ODSVH�H[SHULPHQWV��JODVV�

ERWWRP�GLVKHV��&(//YLHZ��*UHLQHU�ELR�RQH��ZHUH�XVHG��$IWHU����K�RI�FXOWXUH���������

FRQIOXHQFH���E*&�ZHUH�WUDQVIHFWHG�ZLWK����O�RI�����0�3*50&��6WHDOWK�51$L�RU�����

&75/�51$L�FRPELQHG�ZLWK�����O�RI�/LSRIHFWDPLQH��51$L0$;�7UDQVIHFWLRQ�5HDJHQW�

�7KHUPR�)LVKHU�6FLHQWLILF��LQ�D�ILQDO�YROXPH�RI���PO�2SWL�0(0��5HGXFHG�6HUXP�

0HGLXP��*LEFR��7KHUPR�)LVKHU�6FLHQWLILF���7UDQVIHFWLRQ�HIILFLHQF\��HYDOXDWHG�XVLQJ�

WKH�%/2&.�L7��$OH[D�)OXRU��5HG�)OXRUHVFHQW�&RQWURO��,QYLWURJHQ��7KHUPR�)LVKHU�

6FLHQWLILF��DQG�FDOFXODWHG�DV�WKH�QXPEHU�RI�UHG�IOXRUHVFHQW�FHOOV�RQ�WKH�WRWDO�QXPEHU�����

RI�'$3,�VWDLQHG�QXFOHL��ZDV�����DIWHU����K�WUHDWPHQW�DQG�UHPDLQHG�FRQVWDQW�XS�WR�

���K��

�

Oocyte RNAi treatment 

� &2&V�ZHUH�FROOHFWHG�LQ�PHGLXP�VXSSOHPHQWHG�ZLWK�WKH���LVREXW\O���PHWK\O�����

[DQWKLQH��,%0;��DW�WKH�ILQDO�FRQFHQWUDWLRQ�RI�����P0��DV�SUHYLRXVO\�GHVFULEHG�����

*URXSV�RI�������&2&V�ZHUH�PDLQWDLQHG�PHLRWLFDOO\�DUUHVWHG�E\�DGGLQJ����ȝ0�

FLORVWDPLGH�DV�EHIRUH�GHVFULEHG��������XQWLO�PLFURLQMHFWLRQ��PLQLPXP����PLQXWHV���$�

PLFURLQMHFWLRQ�DSSDUDWXV��1DULVKLJH�&R��/WG���PRXQWHG�RQ�DQ�LQYHUWHG�PLFURVFRSH�

�1LNRQ�'LDSKRW��1LNRQ�&RUS���DQG�D�)HPWRMHW�PLFURLQMHFWRU��(SSHQGRUI��+DPEXUJ������
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*HUPDQ\��ZHUH�XVHG�WR�LQMHFW����SO�RI�����0�3*5&0��51$L�RU�&75/�51$L�LQWR�WKH�

RRSODVP�RI�&2&��$IWHU�LQMHFWLRQ��&2&V�ZHUH�FXOWXUHG�ZLWK�FLORVWDPLGH�RYHUQLJKW��WKH�

WRWDO�WUHDWPHQW�ZLWK�FLORVWDPLGH�ODVWHG����KRXUV���&2&V�ZHUH�WKHQ�ZDVKHG�DQG�LQ�

YLWUR�PDWXUHG�IRU����K�DV�SUHYLRXVO\�GHVFULEHG�����

�����

7UHDWPHQW�ZLWK�$*����

*URXSV�RI�������&2&V�RU�GHQXGHG�RRF\WHV��'2V��ZHUH�LQ�YLWUR�PDWXUHG�IRU�

���K�ZLWK�RU�ZLWKRXW��������RU�����0�$*���������7R�REWDLQ�'2V��RRF\WHV�ZHUH�

PHFKDQLFDOO\�VHSDUDWHG�IURP�FXPXOXV�FHOOV�DV�SUHYLRXVO\�GHVFULEHG���������7KH�FRQWURO�

JURXS�����0�$*�����ZDV�FXOWXUHG�ZLWK�DQ�HTXLYDOHQW�DPRXQW�RI�'062�WKDW�ZDV�����

XVHG�WR�GLVVROYH�$*�����

�

4XDQWLWDWLYH�5HYHUVH�7UDQVFULSWDVH�SRO\PHUDVH�FKDLQ�UHDFWLRQ��T57�3&5��

� 2RF\WH¶V�WRWDO�51$�ZDV�H[WUDFWHG�ZLWK�WKH�3LFR�3XUH�51$�,VRODWLRQ�.LW�

�$SSOLHG�%LRV\VWHPV��IROORZLQJ�WKH�PDQXIDFWXUHU¶V�SURWRFRO�DQG�LQFOXGLQJ�'1DVH�����

WUHDWPHQW��4LDJHQ��RQ�WKH�SXULILFDWLRQ�FROXPQ��ZKLOH�E*&�WRWDO�51$�ZDV�H[WUDFWHG�

ZLWK�WKH�51HDV\�0LQL�.LW��4LDJHQ����

� 7RWDO�51$�ZDV�UHWUR�WUDQVFULEHG��57��ZLWK�UDQGRP�KH[DPHUV�XVLQJ�WKH�)LUVW�

VWUDQG�6\QWKHVLV�6\VWHP�IRU�57�3&5�6\VWHP��,QYLWURJHQ��/LIH�7HFKQRORJLHV������J�RI�

E*&�51$�RU�F'1$�HTXLYDOHQW�WR�����RRF\WHV�SHU�UHDFWLRQ�ZHUH�XVHG��3ULPHU�SDLUV�����

DUH�VKRZQ�LQ�VXSSOHPHQWDO�WDEOH����6<%5�JUHHQ��%LR�5DG��ZDV�XVHG�DFFRUGLQJ�WR�

WKH�PDQXIDFWXUHV�LQVWUXFWLRQV�DQG�UHDFWLRQV�ZHUH�GHYHORSHG�LQ�DQ�L4��3&5�7KHUPDO�

&\FOHU��%LR�5DG���3ULPHU�SDLUV�VSHFLILFLW\�ZDV�DVVHVVHG�XVLQJ�VWDQGDUG�57�3&5�DQG�

VHTXHQFLQJ�DQDO\VLV��3*50&��UHODWLYH�H[SUHVVLRQ�OHYHO�ZDV�DQDO\]HG�ZLWK�WKH�ǻǻ�FW�

PHWKRG����XVLQJ�WKH�+,6�+�$��������DQG�RU�*$3'+����DV�UHIHUHQFH�JHQHV�ZLWK�WKH�����

%LRUDG�L4��6RIWZDUH��'DWD�IURP���LQGHSHQGHQW�H[SHULPHQWV�ZHUH�LPSRUWHG�DQG�

JURXSHG�LQWR�D�VLQJOH�µ*HQH�6WXG\¶��

�
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:HVWHUQ�EORW�DQDO\VLV��

� 6'6�3$*(�RI�E*&�O\VDWHV�ZDV�FRQGXFWHG�DV�SUHYLRXVO\�GHVFULEHG�����%ULHIO\������

3*50&��RU�&75/�51$L�WUHDWHG�E*&�ZHUH�O\VHG�LQ�UDGLRLPPXQRSUHFLSLWDWLRQ�DVVD\�

�5,3$��EXIIHU�7RWDO�DPRXQW�RI�SURWHLQ�ZDV�GHWHUPLQHG�XVLQJ�WKH�4XELW��3URWHLQ�

$VVD\�.LW�DQG�4XELW��IOXRURPHWHU��7KHUPR�)LVKHU�6FLHQWLILF�������J�RI�WRWDO�

SURWHLQ�ODQH�ZHUH�XVHG�IRU�:HVWHUQ�EORWWLQJ��

� 6'6�3$*(�RI�RRF\WHV�ZDV�RSWLPL]HG�WR�GHWHFW�SURWHLQ�H[SUHVVLRQ�LQ�VPDOO�����

VDPSOHV�DV�SUHYLRXVO\�GHVFULEHG���������51$L�WUHDWHG�RRF\WHV�ZHUH�GHQXGHG��ZDVKHG�

DQG�FROOHFWHG�LQ����O�RI�3%6�VXSSOHPHQWHG�ZLWK�SURWHDVHV�DQG�SKRVSKDWDVH�LQKLELWRU�

FRFNWDLOV��6DPSOHV�ZHUH�WKDQ�PL[HG�ZLWK����O�RI��;�6'6±/DHPPOL�ORDGLQJ�EXIIHU�

�%LR�5DG���ERLOHG�IRU���PLQ�DQG�VWRUHG�DW�±���&�XQWLO�HVVD\HG��$IWHU�WKDZLQJ��VDPSOHV�

ZHUH�ERLOHG�IRU�DGGLWLRQDO���PLQXWHV�DQG�UHVROYHG�RQ�D�����6'6�3$*(�ZLWK�D��������

VWDFNLQJ�JHO��0LFUR�ZHOOV�LQ�WKH�VWDFNLQJ�JHO�ZHUH��PP�LQ�ZLGWK������PP�LQ�WKLFNQHVV�

DQG����PP�KHLJKW��FRQWDLQV�D�PD[LPXP�YROXPH�RI����O��7KH�FRPE�IRU�WKHVH�PLFUR�

ZHOOV�ZDV�PDGH�ZLWK�D���'�SULQWHU�LQ�:LOOLDP�.LQVH\�ODERUDWRU\�DQG�NLQGO\�SURYLGHG�E\�

/\QGD�0F*LQQLV��8QLYHUVLW\�RI�.DQVDV�0HGLFDO�&HQWHU��

� 5XQ�WUDQVIHU�DQG�LPPXQREORWWLQJ�ZHUH�SHUIRUPHG�DV�SUHYLRXVO\�GHVFULEHG��������

XVLQJ�WKH�DQWL�3*50&���UDEELW�SRO\FORQDO�DQWLERG\�����������3*50&��ZDV�UHYHDOHG�

XVLQJ�D�JRDW�DQWL�UDEELW�,J*�SHUR[LGDVH�FRQMXJDWHG�DQWLERG\����������7KHUPR�

VFLHQWLILF��FDW��������DQG�GHWHFWHG�XVLQJ�WKH�6XSHU�6LJQDO�:HVW�'XUD�([WHQGHG�

'XUDWLRQ�6XEVWUDWH��7KHUPR�VFLHQWLILF��FDW���������7KH�QLWURFHOOXORVH�PHPEUDQH�ZDV�

VWULSSHG�DQG�UH�SUREHG�ZLWK�WKH�DQWL�EHWD�WXEXOLQ�DQWLERG\����������DV�EHIRUH�����

GHVFULEHG�����ZKLFK�ZDV�UHYHDOHG�XVLQJ�D�VWDELOL]HG�JRDW�DQWL�PRXVH�,J*�SHUR[LGDVH�

FRQMXJDWHG�DQWLERG\����������7KHUPR�VFLHQWLILF��FDW���������5HODWLYH�DPRXQW�RI�

SURWHLQ�ZDV�TXDQWLILHG�RQ�VFDQQHG�ILOPV����XVLQJ�,PDJH�-�VRIWZDUH��7KH�LQWHQVLW\�RI�

HDFK�3*50&��EDQG�ZDV�ILUVWO\�QRUPDOL]HG�IRU�WKH�FRUUHVSRQGLQJ�EHWD�WXEXOLQ�EDQG�

DQG�WKDQ�WKH�UDWLR�EHWZHHQ�3*50&��51$L�DQG�&75/�51$L�FRUUHVSRQGLQJ�EDQGV�����

ZHUH�FDOFXODWHG��3*50&��H[SUHVVLRQ�LQ�3*50&��51$L�WUHDWHG�RRF\WHV�ZDV�
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H[SUHVVHG�DV�D�SHUFHQWDJH�RI�WKH�FRUUHVSRQGLQJ�&75/�51$L�WUHDWHG�JURXS��7KHVH�

YDOXHV�ZHUH�SRROHG�IRU�VWDWLVWLFDO�DQDO\VLV��

�

$VVHVVPHQW�RI�E*&�JURZWK��HIIHFW�RQ�FHOO�F\FOH�DQG�PLWRVLV�����

� $IWHU�WUHDWPHQWV��FHOOV�ZHUH�FROOHFWHG�DIWHU�WU\SVLQL]DWLRQ��&DUH�ZDV�WDNHQ�WR�

DYRLG�ORVV�RI�FHOOV�GXULQJ�FROOHFWLRQ�DQG�WR�HQVXUH�FRPSOHWH�GHWDFKPHQW�RI�WKH�FHOOV�

IURP�WKH�SODWH�E\�ORRNLQJ�DW�WKH�FXOWXUH�GLVKHV�XQGHU�WKH�PLFURVFRSH�DIWHU�

WU\SVLQL]DWLRQ��7RWDO�FHOO�QXPEHU�ZDV�FRXQWHG�ZLWK�D�1HXEDXHU�FKDPEHU��&HOO�JURZWK�

UDWH�ZDV�FDOFXODWHG�DV�WKH�UDWLR�RI�WKH�WRWDO�QXPEHU�DW�HDFK�WLPH�SRLQW�RQ�WKH�WRWDO�FHOO�����

QXPEHU�DW�WKH�WLPH�RI�SODWLQJ��)ORZ�F\WRPHWU\�DQDO\VLV�ZDV�FRQGXFWHG�LQ�RUGHU�WR�

HYDOXDWH�WKH�SHUFHQWDJH�RI�FHOOV�DW�HDFK�FHOO�F\FOH�SKDVH�DV�SUHYLRXVO\�GHVFULEHG�����

&HOOV�ZHUH�FROOHFWHG��IL[HG�LQ�����FROG�(W2+�DQG�NHSW�DW����&�XQWLO�HVVD\HG��

� )RU�WLPH�ODSVH�DQDO\VLV�&75/�DQG�3*50&��51$L�WUHDWHG�E*&�ZHUH�VWDLQHG�

ZLWK�������J�PO�RI�+RHFKVW�������IRU����PLQXWHV�DQG�WKHQ�VXEVWLWXWHG�ZLWK�IUHVK�����

PHGLXP�DQG�LPDJHG�RQ�D�ELRVWDWLRQ�,0��1LNRQ���,PDJHV�ZHUH�FDSWXUHG�HYHU\���

PLQXWHV�IRU���K�DIWHU����K�IURP�WUHDWPHQW��(DFK�WLPH���GLIIHUHQW�ILHOGV�ZHUH�FDSWXUHG�

DW�D���;�PDJQLILFDWLRQ��

�

$VVHVVPHQW�RI�3%,�H[WUXVLRQ�DQG�PHLRWLF�SURJUHVVLRQ�RI�ERYLQH�RRF\WHV�����

� $IWHU�,90��RRF\WHV�ZHUH�GHQXGHG�DQG�H[DPLQHG�XQGHU�WKH�VWHUHRPLFURVFRSH�

DW�WKH�KLJKHVW�PDJQLILFDWLRQ�����;��WR�DVVHVV�FRPSOHWH�H[WUXVLRQ�RI�WKH�3%,�LQ�WKH�

SHULYLWHOOLQH�VSDFH��7KHQ��RRF\WHV�ZHUH�IL[HG�LQ����SDUDIRUPDOGHK\GH�LQ�3%6��

SHUPHDELOL]DHG�LQ������7ULWRQ�;�����LQ�3%6�IRU����PLQXWHV�DQG�ZDVKHG�LQ������39$�

LQ�3%6��3%6�39$���6DPSOHV�ZHUH�PRXQWHG�RQ�VOLGHV�ZLWK�WKH�DQWL�IDGH�PHGLXP�����

9HFWDVKLHOG��9HFWRU�/DERUDWRULHV��VXSSOHPHQWHG�ZLWK����J�PO������GLDPLGLQR���

SKHQ\OLQGROH��'$3,��WR�YLVXDOL]H�'1$��6DPSOHV�ZHUH�DQDO\]HG�RQ�DQ�HSLIOXRUHVFHQFH�

PLFURVFRSH��(FOLSVH�(�����1LNRQ�&RUS���HTXLSSHG�ZLWK�D�GLJLWDO�FDPHUD��'6�)L���

1LNRQ�&RUS���WR�DVVHVV�WKH�VWDJH�RI�PHLRWLF�SURJUHVVLRQ�DV�SUHYLRXVO\�GHVFULEHG�����
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,PPXQRIOXRUHVFHQFH�

� ,PPXQRIOXRUHVFHQFH�DQDO\VLV�RI�3*50&��DQG�$85.%�ORFDOL]DWLRQ�ZHUH�

FRQGXFWHG�DV�SUHYLRXVO\�GHVFULEHG�RQ�E*&�JURZQ�RQ�FRYHU�JODVVHV����RU�GHQXGHG�

RRF\WHV�������ZLWK�PLQRU�PRGLILFDWLRQ��%ULHIO\��DIWHU�FXOWXUH��ZDVKLQJ�DQG�IL[DWLRQ�

SURFHGXUHV�ZHUH�FRQGXFWHG�ZLWK�SUH�ZDUPHG�PHGLD��3DUDIRUPDOGHK\GH�IL[HG�����

VDPSOHV�ZHUH�LQFXEDWHG�RYHUQLJKW�DW���&�ZLWK�D�FRPELQDWLRQ�RI�WKH�UDEELW�DQWL�

3*50&���GLOXWLRQ�������DQG�DQWL�$85.�%��GLOXWLRQ�������DQWLERGLHV��6HFRQGDU\�

DQWLERGLHV�XVHG�ZHUH��75,7&�ODEHOHG�GRQNH\�DQWL�UDEELW�DQWLERG\��GLOXWLRQ��������

9HFWRU�/DERUDWRULHV��,QF���DQG�$OH[D�)OXRU�����ODEHOHG�GRQNH\�DQWL�PRXVH�DQWLERG\�

�GLOXWLRQ��������,QYLWURJHQ��/LIH�7HFKQRORJLHV��IRU���K�DW�URRP�WHPSHUDWXUH��7KH�����

VDPSOHV�ZHUH�PRXQWHG�RQ�VOLGHV�LQ�WKH�DQWLIDGH�PHGLXP�9HFWD�6KLHOG��9HFWRU�

/DERUDWRULHV��VXSSOHPHQWHG�ZLWK����J�PO������GLDPLGLQR���SKHQ\OLQGROH��'$3,���

6DPSOHV�ZHUH�DQDO\]HG�RQ�DQ�HSLIOXRUHVFHQFH�PLFURVFRSH��(FOLSVH�(�����1LNRQ��

HTXLSSHG�ZLWK�D���;�REMHFWLYH��D�GLJLWDO�FDPHUD��DQG�VRIWZDUH��1,6�HOHPHQWV�,PDJLQJ�

6RIWZDUH��1LNRQ���,PPXQRIOXRUHVFHQFH�FRQWUROV��ZKLFK�ZHUH�SHUIRUPHG�E\�RPLWWLQJ�����

RQH�RI�WKH���SULPDU\�DQWLERGLHV�ZKLOH�ERWK�IOXRUHVFHQWO\�ODEHOHG�VHFRQGDU\�DQWLERGLHV�

ZHUH�SUHVHQW�LQ�DOO�UHDFWLRQV��GLG�QRW�VKRZ�DQ\�VWDLQLQJ���

�

,Q�VLWX�3UR[LPLW\�/LJDWLRQ�$VVD\��3/$��

� 7KH�LQWHUDFWLRQ�EHWZHHQ�3*50&��DQG�$85.%�ZDV�DVVHVVHG�XVLQJ�LQ�VLWX�����

3/$��'XROLQN�,,��2/,1.�%LRVFLHQFH��8SSVDOD��6ZHGHQ�KWWS���ZZZ�ROLQN�FRP���LQ�in 

vitro�FXOWXUHG�E*&�IROORZLQJ�WKH�PDQXIDFWXUHU�SURWRFRO��3ULPDU\�DQWLERGLHV�IRU�

3*50&��DQG�$85.%�ZHUH�WKH�VDPH�XVHG�IRU�LPPXQRIOXRUHVFHQFH�ZKLOH�DQWL�UDEELW�

3/86�DQG�DQWL�PRXVH�0,186�3/$�SUREHV�ZHUH�XVHG�DV�VHFRQGDU\�DQWLERGLHV��

1HJDWLYH�FRQWUROV�ZHUH�SHUIRUPHG�RPLWWLQJ�RQH�RI�WKH�WZR�SULPDU\�DQWLERGLHV��&HOOV�����

ZHUH�PRXQWHG�ZLWK�'XROLQN�PRXQWLQJ�PHGLXP��2/,1.�%LRVFLHQFH���6DPSOHV�ZHUH�

DQDO\]HG�DV�GHVFULEHG�IRU�LPPXQRIOXRUHVFHQFH�DQG�,PDJH-�VRIWZDUH�ZDV�XVHG�WR�
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FDOFXODWH�WKH�WRWDO�DUHD�RI�WKH�IOXRUHVFHQW�VLJQDO�FRUUHVSRQGLQJ�WR�SURWHLQV�LQWHUDFWLRQ�

GXULQJ�WKH�GLIIHUHQW�PLWRWLF�SKDVHV��

�����

6WDWLVWLFDO�DQDO\VLV��

� ([SHULPHQWV�ZHUH�UXQ�LQ�WULSOLFDWHV��XQOHVV�RWKHUZLVH�VSHFLILHG��$OO�VWDWLVWLFDO�

DQDO\VLV�ZDV�GRQH�XVLQJ�*UDSK3DG�3ULVP�VRIWZDUH��*UDSK3DG�3ULVP�Y�����H��/D�

-ROOD��&$��86$���'DWD�IURP�WKH�UHSOLFDWH�H[SHULPHQWV�ZHUH�SRROHG�DQG�WKH�GDWD�

H[SUHVVHG�DV�D�PHDQ���6(0��6WXGHQW¶V�W�WHVW�ZDV�XVHG�WR�GHWHUPLQH�GLIIHUHQFHV�����

EHWZHHQ�WZR�JURXSV��:KHQ�PRUH�WKDQ�WZR�JURXSV�ZHUH�FRPSDUHG��RQH�ZD\�$129$�

IROORZHG�E\�7XNH\
V�0XOWLSOH�&RPSDULVRQ�WHVW�RU�WZR�ZD\�$129$�IROORZHG�E\�

%RQIHUURQL�SRVW�WHVW�ZHUH�XVHG��)LVKHU¶V�H[DFW�WHVW�ZDV�XVHG�WR�DQDO\]H�SHUFHQWDJH�

GDWD��'HWDLOV�RQ�WKH�VWDWLVWLFDO�DQDO\VLV�DUH�LQGLFDWHG�IRU�HDFK�H[SHULPHQW�LQ�WKH�ILJXUH�

FDSWLRQ������

� �
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$FNQRZOHGJPHQWV�

$XWKRUV�WKDQN�/��.��0F*LQQLV���8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD��/RV�$QJHOHV�&$��IRU�

SURYLGLQJ�WKH�FRPE�IRU�PLFUR�:HVWHUQ�EORWWLQJ��3URI�&��%DQGL��'U�&��%D]]RFFKL�DQG�'U������

6��(SLV��8QLYHUVLW\�RI�0LODQ��IRU�WHFKQLFDO�VXSSRUW�LQ�57�T3&5�VWXG\��*��6LYHOOL�IRU�

KHOSLQJ�ZLWK�RRF\WH�PDQLSXODWLRQ��$XWKRUV�DUH�WKDQNIXO�WR�$�0��/XFLDQR��8QLYHUVLW\�RI�

0LODQ���6�&��0RGLQD��8QLYHUVLW\�RI�0LODQ���DQG�-�-��3HOXVR��8QLYHUVLW\�RI�&RQQHFWLFXW�

+HDOWK�&HQWHU��IRU�WKRXJKWIXO�GLVFXVVLRQV��

$XWKRU¶V�UROH�����

/�7�SHUIRUPHG�DOO�H[SHULPHQWV�UHODWHG�WR�ERYLQH�JUDQXORVD�FHOOV��SDUWLFLSDWHG�LQ�

RRF\WH�FROOHFWLRQ�DQG�51$L�SURFHGXUHV�DQG�FRQWULEXWHG�WR�WKH�ZULWLQJ�RI�WKH�

PDQXVFULSW��,�7��FDUULHG�RXW�51$L�PLFURLQMHFWLRQV�LQ�&2&�DQG�FRQWULEXWHG�WR�WKH�

ZULWLQJ�RI�WKH�PDQXVFULSW��)�5��SHUIRUPHG�WKH�:HVWHUQ�EORW�DQDO\VLV��)�)��FRQWULEXWHG�

WR�PLFURLQMHFWLRQV�SURFHGXUHV�RSWLPL]DWLRQ��WR�GDWD�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�DQG�����

FRQWULEXWHG�WR�WKH�ZULWLQJ�RI�WKH�PDQXVFULSW��9�0���6�*���0�=�FRQWULEXWHG�LQ�WLPH�ODSVH�

DQG�IOXRF\WRPHWU\�DQDO\VLV��*�0�FRQWULEXWHG�WR�IORZ��F\WRPHWU\�DQDO\VLV��9�/�

SHUIRUPHG�$*����H[SHULPHQWV��T57�3&5��:%�DQG�LPPXQRIOXRUHVFHQFH�DQDO\VLV��

9�/�FRQFHLYHG�WKH�SURMHFW��GHVLJQHG�WKH�H[SHULPHQWV��DQDO\]HG�WKH�GDWD�DQG�ZURWH�

WKH�SDSHU��$OO�DXWKRUV�UHDG�DQG�DSSURYHG�WKH�ILQDO�PDQXVFULSW�������

�

*UDQW�VXSSRUW���

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�&,*���0DULH�&XULH�$FWLRQV�)3��5HLQWHJUDWLRQ�*UDQWV�

ZLWKLQ�WKH��WK�(XURSHDQ�&RPPXQLW\�)UDPHZRUN�3URJUDPPH��&RQWUDFW����������3UR�

2YXP���DZDUGHG�WR�9�/���DQG�µ)RQGR�3LDQR�GL�VYLXSSR�81,0,�OLQHD�%�±�*LRYDQL�����

ULFHUFDWRUL¶���*UDQW�Q�������������������DZDUGHG�WR�9�/��

)�)��LV�VXSSRUWHG�E\�)3��3(23/(������,2)�*$��������0DWH51$��
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��� /XFLDQR�$0��&RUEDQL�'��/RGGH�9��7HVVDUR�,��)UDQFLRVL�)��3HOXVR�--��0RGLQD�
6��([SUHVVLRQ�RI�SURJHVWHURQH�UHFHSWRU�PHPEUDQH�FRPSRQHQW���LQ�ERYLQH�
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PHPEUDQH�FRPSRQHQW���UHJXODWHV�WKH�GHYHORSPHQW�DQG�&LVSODWLQ�VHQVLWLYLW\�RI�
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����������������
���� 3HOXVR�--��/RGGH�9��/LX�;��3URJHVWHURQH�UHJXODWLRQ�RI�SURJHVWHURQH�UHFHSWRU�
PHPEUDQH�FRPSRQHQW����3*50&���VXPR\ODWLRQ�DQG�WUDQVFULSWLRQDO�DFWLYLW\�LQ�
VSRQWDQHRXVO\�LPPRUWDOL]HG�JUDQXORVD�FHOOV��(QGRFULQRORJ\��������������������
���� %RQQHU�0.��3RROH�'6��;X�7��6DUNHVKLN�$��<DWHV�-5���UG��6NRS�$5��0LWRWLF�
VSLQGOH�SURWHRPLFV�LQ�&KLQHVH�KDPVWHU�RYDU\�FHOOV��3OR6�RQH���������H�����������
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���� 1RXVLDLQHQ�0��6LOOMH�++��6DXHU�*��1LJJ�($��.RUQHU�5��3KRVSKRSURWHRPH�
DQDO\VLV�RI�WKH�KXPDQ�PLWRWLF�VSLQGOH��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�
6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD�������������������
���� /XFLDQR�$0��)UDQFLRVL�)��/RGGH�9��7HVVDUR�,��&RUEDQL�'��0RGLQD�6&��3HOXVR�
--��2RF\WHV�LVRODWHG�IURP�GDLU\�FRZV�ZLWK�UHGXFHG�RYDULDQ�UHVHUYH�KDYH�D�KLJK�����
IUHTXHQF\�RI�DQHXSORLG\�DQG�DOWHUDWLRQV�LQ�WKH�ORFDOL]DWLRQ�RI�SURJHVWHURQH�UHFHSWRU�
PHPEUDQH�FRPSRQHQW���DQG�DXURUD�NLQDVH�%��%LRORJ\�RI�5HSURGXFWLRQ��������������
���� $KPHG�,6��5RKH�+-��7ZLVW�.(��0DWWLQJO\�01��&UDYHQ�5-��3URJHVWHURQH�
UHFHSWRU�PHPEUDQH�FRPSRQHQW����3JUPF����D�KHPH���GRPDLQ�SURWHLQ�WKDW�SURPRWHV�
WXPRULJHQHVLV�DQG�LV�LQKLELWHG�E\�D�VPDOO�PROHFXOH��-�3KDUPDFRO�([S�7KHU�����������
������������
���� 5XFKDXG�6��&DUPHQD�0��(DUQVKDZ�:&��&KURPRVRPDO�SDVVHQJHUV��
FRQGXFWLQJ�FHOO�GLYLVLRQ��1DWXUH�UHYLHZV�0ROHFXODU�FHOO�ELRORJ\������������������
���� .LWDJDZD�0��/HH�6+��7KH�FKURPRVRPDO�SDVVHQJHU�FRPSOH[��&3&��DV�D�NH\�
RUFKHVWUDWRU�RI�RUGHUO\�PLWRWLF�H[LW�DQG�F\WRNLQHVLV��)URQW�&HOO�'HY�%LRO�����������������
���� 9RJW�(��.LSS�$��(LFKHQODXE�5LWWHU�8��$XURUD�NLQDVH�%��HSLJHQHWLF�VWDWH�RI�
FHQWURPHULF�KHWHURFKURPDWLQ�DQG�FKLDVPD�UHVROXWLRQ�LQ�RRF\WHV��5HSURGXFWLYH�
ELRPHGLFLQH�RQOLQH������������������
���� 0DGGR[�$6��$]RXU\�-��'XPRQW�-��3RODU�ERG\�F\WRNLQHVLV��&\WRVNHOHWRQ�
�+RERNHQ�����������������������
���� *UHHQ�5$��3DOXFK�(��2HJHPD�.��&\WRNLQHVLV�LQ�DQLPDO�FHOOV��$QQX�5HY�&HOO�
'HY�%LRO�����������������
���� (YDQV�-3��5RELQVRQ�'1��7KH�VSDWLDO�DQG�PHFKDQLFDO�FKDOOHQJHV�RI�IHPDOH�
PHLRVLV��0ROHFXODU�UHSURGXFWLRQ�DQG�GHYHORSPHQW������������������
���� .DLWQD�6��3DVLHUEHN�3��-DQWVFK�0��/RLGO�-��*ORW]HU�0��7KH�DXURUD�%�NLQDVH�����
$,5���UHJXODWHV�NLQHWRFKRUHV�GXULQJ�PLWRVLV�DQG�LV�UHTXLUHG�IRU�VHSDUDWLRQ�RI�
KRPRORJRXV�&KURPRVRPHV�GXULQJ�PHLRVLV��&XUUHQW�ELRORJ\���&%�������������������
���� 5RJHUV�(��%LVKRS�-'��:DGGOH�-$��6FKXPDFKHU�-0��/LQ�5��7KH�DXURUD�NLQDVH�
$,5���IXQFWLRQV�LQ�WKH�UHOHDVH�RI�FKURPRVRPH�FRKHVLRQ�LQ�&DHQRUKDEGLWLV�HOHJDQV�
PHLRVLV��7KH�-RXUQDO�RI�FHOO�ELRORJ\�����������������������
���� 6KDULI�%��1D�-��/\NNH�+DUWPDQQ�.��0F/DXJKOLQ�6+��/DXH�(��*ORYHU�'0��
=HUQLFND�*RHW]�0��7KH�FKURPRVRPH�SDVVHQJHU�FRPSOH[�LV�UHTXLUHG�IRU�ILGHOLW\�RI�
FKURPRVRPH�WUDQVPLVVLRQ�DQG�F\WRNLQHVLV�LQ�PHLRVLV�RI�PRXVH�RRF\WHV��-�&HOO�6FL�
��������������������
���� <DQJ�.7��/L�6.��&KDQJ�&&��7DQJ�&-��/LQ�<1��/HH�6&��7DQJ�7.��$XURUD�&�����
NLQDVH�GHILFLHQF\�FDXVHV�F\WRNLQHVLV�IDLOXUH�LQ�PHLRVLV�,�DQG�SURGXFWLRQ�RI�ODUJH�
SRO\SORLG�RRF\WHV�LQ�PLFH��0RO�%LRO�&HOO�������������������
���� 1RUPDQG�*��.LQJ�5:��8QGHUVWDQGLQJ�F\WRNLQHVLV�IDLOXUH��$GY�([S�0HG�%LRO�
�����������������
���� 6WUDLJKW�$)��&KHXQJ�$��/LPRX]H�-��&KHQ�,��:HVWZRRG�1-��6HOOHUV�-5������
0LWFKLVRQ�7-��'LVVHFWLQJ�WHPSRUDO�DQG�VSDWLDO�FRQWURO�RI�F\WRNLQHVLV�ZLWK�D�P\RVLQ�,,�
,QKLELWRU��6FLHQFH�������������������
���� $L]HQ�-��7KRPDV�3��5ROH�RI�3JUPF��LQ�HVWURJHQ�PDLQWHQDQFH�RI�PHLRWLF�DUUHVW�
LQ�]HEUDILVK�RRF\WHV�WKURXJK�*SHU�(JIU��-�(QGRFULQRO������������������
���� .URHPHU�*��*DOOX]]L�/��9DQGHQDEHHOH�3��$EUDPV�-��$OQHPUL�(6��%DHKUHFNH�����
(+��%ODJRVNORQQ\�09��(O�'HLU\�:6��*ROVWHLQ�3��*UHHQ�'5��HW�DO��&ODVVLILFDWLRQ�RI�FHOO�
GHDWK��UHFRPPHQGDWLRQV�RI�WKH�1RPHQFODWXUH�&RPPLWWHH�RQ�&HOO�'HDWK�������&HOO�
'HDWK�'LIIHU����������������
���� 9LWDOH�,��*DOOX]]L�/��&DVWHGR�0��.URHPHU�*��0LWRWLF�FDWDVWURSKH��D�PHFKDQLVP�
IRU�DYRLGLQJ�JHQRPLF�LQVWDELOLW\��1DWXUH�UHYLHZV�0ROHFXODU�FHOO�ELRORJ\������������������
����
���� *DOOX]]L�/��9LWDOH�,��$EUDPV�-0��$OQHPUL�(6��%DHKUHFNH�(+��%ODJRVNORQQ\�09��
'DZVRQ�70��'DZVRQ�9/��(O�'HLU\�:6��)XOGD�6��HW�DO��0ROHFXODU�GHILQLWLRQV�RI�FHOO�
GHDWK�VXEURXWLQHV��UHFRPPHQGDWLRQV�RI�WKH�1RPHQFODWXUH�&RPPLWWHH�RQ�&HOO�'HDWK�
������&HOO�'HDWK�'LIIHU����������������������
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���� 3HOXVR�--��/LX�;��6DXQGHUV�00��&ODIIH\�.3��3KRHQL[�.��5HJXODWLRQ�RI�RYDULDQ�
FDQFHU�FHOO�YLDELOLW\�DQG�VHQVLWLYLW\�WR�FLVSODWLQ�E\�SURJHVWHURQH�UHFHSWRU�PHPEUDQH�
FRPSRQHQW����7KH�-RXUQDO�RI�FOLQLFDO�HQGRFULQRORJ\�DQG�PHWDEROLVP������������������
���� &ODUN�1&��)ULHO�$0��3UX�&$��=KDQJ�/��6KLRGD�7��5XHGD�%5��3HOXVR�--��3UX�
-.��3URJHVWHURQH�UHFHSWRU�PHPEUDQH�FRPSRQHQW���SURPRWHV�VXUYLYDO�RI�KXPDQ�����
EUHDVW�FDQFHU�FHOOV�DQG�WKH�JURZWK�RI�[HQRJUDIW�WXPRUV��&DQFHU�%LRO�7KHU���������
���� )ULHO�$0��=KDQJ�/��3UX�&$��&ODUN�1&��0F&DOOXP�0/��%ORN�/-��6KLRGD�7��
3HOXVR�--��5XHGD�%5��3UX�-.��3URJHVWHURQH�UHFHSWRU�PHPEUDQH�FRPSRQHQW���
GHILFLHQF\�DWWHQXDWHV�JURZWK�ZKLOH�SURPRWLQJ�FKHPRVHQVLWLYLW\�RI�KXPDQ�HQGRPHWULDO�
[HQRJUDIW�WXPRUV��&DQFHU�/HWW�����������������������
���� 1HXEDXHU�+��0D�4��=KRX�-��<X�4��5XDQ�;��6HHJHU�+��)HKP�7��0XHFN�$2��
3RVVLEOH�UROH�RI�3*50&��LQ�EUHDVW�FDQFHU�GHYHORSPHQW��&OLPDFWHULF��������������
����
���� 1HXEDXHU�+��&ODUH�6(��:R]Q\�:��6FKZDOO�*3��3R]QDQRYLF�6��6WHJPDQQ�:��
9RJHO�8��6RWODU�.��:DOOZLHQHU�'��.XUHN�5��HW�DO��%UHDVW�FDQFHU�SURWHRPLFV�UHYHDOV�����
FRUUHODWLRQ�EHWZHHQ�HVWURJHQ�UHFHSWRU�VWDWXV�DQG�GLIIHUHQWLDO�SKRVSKRU\ODWLRQ�RI�
3*50&���%UHDVW�&DQFHU�5HV����������5����
���� &KHQ�:6��&KHQ�3/��/L�-��/LQG�$&��/X�'��/LSLG�V\QWKHVLV�DQG�SURFHVVLQJ�
SURWHLQV�$%+'���3*50&��DQG�VTXDOHQH�V\QWKDVH�FDQ�VHUYH�DV�QRYHO�
LPPXQRKLVWRFKHPLFDO�PDUNHUV�IRU�VHEDFHRXV�QHRSODVPV�DQG�GLIIHUHQWLDWH�VHEDFHRXV�����
FDUFLQRPD�IURP�VHEDFHRPD�DQG�EDVDO�FHOO�FDUFLQRPD�ZLWK�FOHDU�FHOO�IHDWXUHV��-�
&XWDQ�3DWKRO�����������������
���� 0LU�68��$KPHG�,6��$UQROG�6��&UDYHQ�5-��(OHYDWHG�SURJHVWHURQH�UHFHSWRU�
PHPEUDQH�FRPSRQHQW���VLJPD���UHFHSWRU�OHYHOV�LQ�OXQJ�WXPRUV�DQG�SODVPD�IURP�
OXQJ�FDQFHU�SDWLHQWV��,QW�-�&DQFHU�����������(���������
���� $SDULFLR�,0��*DUFLD�+HUUHURV�0��2
6KHD�/&��+HQVH\�&��/RQHUJDQ�3��)DLU�7��
([SUHVVLRQ��UHJXODWLRQ��DQG�IXQFWLRQ�RI�SURJHVWHURQH�UHFHSWRUV�LQ�ERYLQH�FXPXOXV�
RRF\WH�FRPSOH[HV�GXULQJ�LQ�YLWUR�PDWXUDWLRQ��%LRORJ\�RI�5HSURGXFWLRQ��������������
����
���� $VVRX�6��$QDKRU\�7��3DQWHVFR�9��/H�&DUURXU�7��3HOOHVWRU�)��.OHLQ�%������
5H\IWPDQQ�/��'HFKDXG�+��'H�9RV�-��+DPDPDK�6��7KH�KXPDQ�FXPXOXV��RRF\WH�
FRPSOH[�JHQH�H[SUHVVLRQ�SURILOH��+XP�5HSURG�������������������
���� ;X�-��=HQJ�&��&KX�:��3DQ�)��5RWKIXVV�-0��=KDQJ�)��7X�=��=KRX�'��=HQJ�'��
9DQJYHUDYRQJ�6��HW�DO��,GHQWLILFDWLRQ�RI�WKH�3*50&��SURWHLQ�FRPSOH[�DV�WKH�SXWDWLYH�
VLJPD���UHFHSWRU�ELQGLQJ�VLWH��1DW�&RPPXQ������������������
���� <RVKLWDQL�1��6DWRX�.��6DLWR�.��6X]XNL�6��+DWDQDND�+��6HNL�0��6KLQR]DNL�.��
+LURWD�+��<RNR\DPD�6��$�VWUXFWXUH�EDVHG�VWUDWHJ\�IRU�GLVFRYHU\�RI�VPDOO�OLJDQGV�
ELQGLQJ�WR�IXQFWLRQDOO\�XQNQRZQ�SURWHLQV��FRPELQDWLRQ�RI�LQ�VLOLFR�VFUHHQLQJ�DQG�
VXUIDFH�SODVPRQ�UHVRQDQFH�PHDVXUHPHQWV��3URWHRPLFV������������������
���� /RGGH�9��)UDQFLRVL�)��7HVVDUR�,��0RGLQD�6&��/XFLDQR�$0��5ROH�RI�JDS�����
MXQFWLRQ�PHGLDWHG�FRPPXQLFDWLRQV�LQ�UHJXODWLQJ�ODUJH�VFDOH�FKURPDWLQ�FRQILJXUDWLRQ�
UHPRGHOLQJ�DQG�HPEU\RQLF�GHYHORSPHQWDO�FRPSHWHQFH�DFTXLVLWLRQ�LQ�IXOO\�JURZQ�
ERYLQH�RRF\WH��-RXUQDO�RI�DVVLVWHG�UHSURGXFWLRQ�DQG�JHQHWLFV�������������������
���� /XFLDQR�$0��)UDQFLRVL�)��0RGLQD�6&��/RGGH�9��*DS�MXQFWLRQ�PHGLDWHG�
FRPPXQLFDWLRQV�UHJXODWH�FKURPDWLQ�UHPRGHOLQJ�GXULQJ�ERYLQH�RRF\WH�JURZWK�DQG�����
GLIIHUHQWLDWLRQ�WKURXJK�F$03�GHSHQGHQW�PHFKDQLVP�V���%LRORJ\�RI�5HSURGXFWLRQ�
�����������������
���� )UDQFLRVL�)��&RWLFFKLR�*��/RGGH�9��7HVVDUR�,��0RGLQD�6&��)DGLQL�5��'DO�&DQWR�
0��5HQ]LQL�00��$OEHUWLQL�')��/XFLDQR�$0��1DWULXUHWLF�SHSWLGH�SUHFXUVRU�&�GHOD\V�
PHLRWLF�UHVXPSWLRQ�DQG�VXVWDLQV�JDS�MXQFWLRQ�PHGLDWHG�FRPPXQLFDWLRQ�LQ�ERYLQH�����
FXPXOXV�HQFORVHG�RRF\WHV��%LRORJ\�RI�5HSURGXFWLRQ��������������
���� /XFLDQR�$0��/RGGH�9��%HUHWWD�06��&ROOHRQL�6��/DXULD�$��0RGLQD�6��
'HYHORSPHQWDO�FDSDELOLW\�RI�GHQXGHG�ERYLQH�RRF\WH�LQ�D�FR�FXOWXUH�V\VWHP�ZLWK�LQWDFW�
FXPXOXV�RRF\WH�FRPSOH[HV��UROH�RI�FXPXOXV�FHOOV��F\FOLF�DGHQRVLQH��
��
�



� ��

PRQRSKRVSKDWH��DQG�JOXWDWKLRQH��0ROHFXODU�UHSURGXFWLRQ�DQG�GHYHORSPHQW�����������
�����������
���� 0RGLQD�6��%HUHWWD�0��/RGGH�9��/DXULD�$��/XFLDQR�$0��&\WRSODVPLF�FKDQJHV�
DQG�GHYHORSPHQWDO�FRPSHWHQFH�RI�ERYLQH�RRF\WHV�FU\RSUHVHUYHG�ZLWKRXW�FXPXOXV�
FHOOV��(XURSHDQ�-RXUQDO�RI�+LVWRFKHPLVWU\������������������
���� /LYDN�.-��6FKPLWWJHQ�7'��$QDO\VLV�RI�UHODWLYH�JHQH�H[SUHVVLRQ�GDWD�XVLQJ�����
UHDO�WLPH�TXDQWLWDWLYH�3&5�DQG�WKH����'HOWD�'HOWD�&�7���0HWKRG��0HWKRGV�������
����������
���� 5REHUW�&��0F*UDZ�6��0DVVLFRWWH�/��3UDYHWRQL�0��*DQGROIL�)��6LUDUG�0$��
4XDQWLILFDWLRQ�RI�KRXVHNHHSLQJ�WUDQVFULSW�OHYHOV�GXULQJ�WKH�GHYHORSPHQW�RI�ERYLQH�
SUHLPSODQWDWLRQ�HPEU\RV��%LRORJ\�RI�5HSURGXFWLRQ�����������������������
���� 9LJQHDXOW�&��*LOEHUW�,��6LUDUG�0$��5REHUW�&��8VLQJ�WKH�KLVWRQH�+�D�WUDQVFULSW�
DV�DQ�HQGRJHQRXV�VWDQGDUG�WR�VWXG\�UHODWLYH�WUDQVFULSW�DEXQGDQFH�GXULQJ�ERYLQH�
HDUO\�GHYHORSPHQW��0ROHFXODU�UHSURGXFWLRQ�DQG�GHYHORSPHQW������������������
���� $VVLGL�0��'XIRUW�,��$OL�$��+DPHO�0��$OJULDQ\�2��'LHOHPDQQ�6��6LUDUG�0$��
,GHQWLILFDWLRQ�RI�SRWHQWLDO�PDUNHUV�RI�RRF\WH�FRPSHWHQFH�H[SUHVVHG�LQ�ERYLQH�����
FXPXOXV�FHOOV�PDWXUHG�ZLWK�IROOLFOH�VWLPXODWLQJ�KRUPRQH�DQG�RU�SKRUERO�P\ULVWDWH�
DFHWDWH�LQ�YLWUR��%LRORJ\�RI�5HSURGXFWLRQ������������������
���� 1DLWR�.��.DJLL�+��,ZDPRUL�1��6XJLXUD�.��<DPDQRXFKL�.��7RMR�+��(VWDEOLVKPHQW�
RI�D�6PDOO�VFDOH�:HVWHUQ�%ORWWLQJ�6\VWHP�1DPHG�DV��0LFUR�:HVWHUQ�%ORWWLQJ��IRU�
0DPPDOLDQ�2YD�$QDO\VLV��-�0DPP�2YD�5HV���������������������
���� 0F*LQQLV�/.��$OEHUWLQL�')��.LQVH\�:+��/RFDOL]HG�DFWLYDWLRQ�RI�6UF�IDPLO\�
SURWHLQ�NLQDVHV�LQ�WKH�PRXVH�HJJ��'HYHORSPHQWDO�ELRORJ\�������������������
���� *DVVPDQQ�0��*UHQDFKHU�%��5RKGH�%��9RJHO�-��4XDQWLI\LQJ�:HVWHUQ�EORWV��
SLWIDOOV�RI�GHQVLWRPHWU\��(OHFWURSKRUHVLV�������������������
���� 9LJRQH�*��0HULFR�9��5HGL�&$��0D]]LQL�*��*DUDJQD�6��=XFFRWWL�0��)6+�DQG�����
/+�UHFHSWRUV�DUH�GLIIHUHQWLDOO\�H[SUHVVHG�LQ�FXPXOXV�FHOOV�VXUURXQGLQJ�
GHYHORSPHQWDOO\�FRPSHWHQW�DQG�LQFRPSHWHQW�PRXVH�IXOO\�JURZQ�DQWUDO�RRF\WHV��
5HSURGXFWLRQ��IHUWLOLW\��DQG�GHYHORSPHQW�������
�
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)LJXUH�DQG�YLGHRV�OHJHQGV�

�

)LJXUHV�

�����

)LJXUH����(IIHFW�RI�51$L�PHGLDWHG�3*50&��VLOHQFLQJ�RQ�E*&�JURZWK���$��*UDSK�

VKRZLQJ�3*50&��P51$�VLOHQFLQJ�LQ�3*50&��51$L�WUHDWHG�E*&�DV�DVVHVVHG�E\�

T57�3&5��3*50&��H[SUHVVLRQ�OHYHO�ZDV�QRUPDOL]HG�XVLQJ�*$3'+�DV�UHIHUHQFH�

JHQH��'DWD�ZHUH�DQDO\]HG�E\�RQH�ZD\�$129$��IROORZHG�E\�7XNH\
V�0XOWLSOH�

&RPSDULVRQ�7HVW��9DOXHV�DUH�PHDQV���6(0��Q ����
�LQGLFDWHV�VLJQLILFDQW�GLIIHUHQFHV�����

EHWZHHQ�JURXSV��3���������%��5HSUHVHQWDWLYH�:HVWHUQ�EORW�VKRZLQJ�WKH�GHFUHDVHG�

H[SUHVVLRQ�RI�DOO�3*50&��EDQGV�DW����K�LQ�3*50&��51$L�WUHDWHG�E*&��EHWD�

WXEXOLQ�ZDV�XVHG�DV�ORDGLQJ�FRQWURO���&��*UDSK�VKRZLQJ�WKH�HIIHFW�RI�3*50&��GRZQ�

UHJXODWLRQ�RQ�FHOO�JURZWK��'DWD�ZHUH�DQDO\]HG�E\�WZR�ZD\�$129$�IROORZHG�E\�

%RQIHUURQL�SRVW�KRF�WHVW��9DOXHV�DUH�PHDQV���6(0��Q ����
�LQGLFDWHV�VLJQLILFDQW�����

GLIIHUHQFHV�EHWZHHQ�JURXSV�3��������'��*UDSK�VKRZLQJ�WKH�LQFUHDVH�LQ�WKH�

SHUFHQWDJH�RI�FHOOV�DUUHVWHG�DW�*��0�SKDVH�DIWHU����K�IURP�WUDQVIHFWLRQ��DV�DVVHVVHG�

E\�IORZ�F\WRPHWU\�DQDO\VLV��'DWD�ZHUH�DQDO\]HG�E\�XQSDLUHG�6WXGHQW¶V�W�WHVW��9DOXHV�

DUH�PHDQV���6(0��Q ����
�LQGLFDWHV�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�JURXSV��3��������

�����

)LJXUH����(IIHFW�RI�3*50&��VLOHQFLQJ�RQ�E*&�PLWRVLV�E\�WLPH�ODSVH�DQDO\VLV�RI�

WUDQVIHFWHG�E*&���$��([DPSOH�RI�QRUPDO�PLWRVLV�RFFXUULQJ�LQ�E*&�WUDQVIHFWHG�ZLWK�

&75/�51$L��7KH�FHOO�JRHV�WKURXJK�DOO�WKH�PLWRWLF�SKDVHV�IURP�SURSKDVH�WR�WHORSKDVH�

JLYLQJ�ULVH�WR�WZR�GDXJKWHU�QXFOHL��VHH�VXSSOHPHQWDO�YLGHR������%��([DPSOH�RI�

DEQRUPDO�PLWRVLV�LQ�E*&�WUDQVIHFWHG�ZLWK�3*50&��51$L��LQ�ZKLFK�WKH�FHOO�VWDUWV�WKH�����

GLYLVLRQ�SURFHVV�XQGHUJRLQJ�SURSKDVH�EXW�WKHQ�IDLOV�WR�SURFHHG�EH\RQG�WKH�

$QD�7HORSKDVH��VHH�VXSSOHPHQWDO�YLGHR�����$GGLWLRQDO�H[DPSOHV�RI�DEQRUPDO�
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PLWRVLV�RFFXUULQJ�LQ�3*50&��51$L�WUHDWHG�E*&�DUH�VKRZQ�LQ�VXSSOHPHQWDO�YLGHRV���

DQG�����&��*UDSK�VKRZLQJ�WKH�IUHTXHQF\�RI�QRUPDO�DQG�DEHUUDQW�PLWRWLF�HYHQWV�

DVVHVVHG�LQ�&75/�DQG�3*50&��51$L�WUHDWHG�FHOOV��'DWD�ZHUH�DQDO\]HG�E\�)LVKHU�����

H[DFW�WHVW��
�LQGLFDWHV�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�JURXSV�3���������'��*UDSK�

VKRZLQJ�WKH�WLPH�WR�FRPSOHWH�PLWRVLV�LQ�&75/�DQG�3*50&��51$L�WUHDWHG�FHOOV��'DWD�

ZHUH�DQDO\]HG�E\�XQSDLUHG�6WXGHQW¶V�W�WHVW��
�LQGLFDWHV�VLJQLILFDQW�GLIIHUHQFHV�

EHWZHHQ�JURXSV��3��������7KLV�H[SHULPHQW�ZDV�UHSOLFDWHG�IRXU�WLPHV��WKH�WRWDO�

QXPEHU�RI�FHOOV�DQDO\]HG�LV�VKRZQ�LQ�EUDFNHWV������

�

)LJXUH����&RORFDOL]DWLRQ�3*50&��$85.�%�LQ�E*&��5HSUHVHQWDWLYH�LPDJHV�

VKRZLQJ�3*50&���UHG��DQG�$85.%��JUHHQ��FRORFDOL]DWLRQ�GXULQJ�WKH�GLIIHUHQW�

PLWRWLF�SKDVHV�RI�FXOWXUHG�E*&��'1$�ZDV�VWDLQHG�ZLWK�'$3,��EOXH���3*50&��DQG�

$85.%�VWDUW�WR�FRORFDOL]H�WR�WKH�PLWRWLF�VSLQGOH�UHJLRQ�GXULQJ�SURSKDVH�DQG�WKH�����

FRORFDOL]DWLRQ�LV�PRUH�SURQRXQFHG�LQ�WKH�FHQWUDO�VSLQGOH�GXULQJ�DQD�WHORSKDVH��6FDOH�

EDU�LV����P��

�

)LJXUH����,QWHUDFWLRQ�EHWZHHQ�3*50&��DQG�$85.%�GXULQJ�PLWRVLV�LQ�E*&����$��

5HSUHVHQWDWLYH�LPDJHV�RI�E*&�VKRZLQJ�3*50&����$85.%�LQWHUDFWLRQ�DV�DVVHVVHG�����

E\�,Q�VLWX�SUR[LPLW\�OLJDWLRQ�DVVD\��3/$��IURP�SURSKDVH�XQWLO�WHORSKDVH��'1$�ZDV�

VWDLQHG�ZLWK�'$3,��ZKLWH���7KH�UHG�VSRWV�LQGLFDWH�3*50&��$85.%�LQWHUDFWLRQV��

6FDOH�EDU�LV�����P���%��*UDSK�VKRZLQJ�WKH�LQFUHDVHG�LQWHUDFWLRQ�EHWZHHQ�WKHVH�WZR�

SURWHLQV�GXULQJ�WHORSKDVH��'DWD�ZHUH�DQDO\]HG�E\�RQH�ZD\�$129$�IROORZHG�E\�

7XNH\
V�0XOWLSOH�&RPSDULVRQ�7HVW��9DOXHV�DUH�PHDQV���6(0��
�LQGLFDWHV�VLJQLILFDQW�����

GLIIHUHQFHV�EHWZHHQ�JURXSV��3��������7KLV�H[SHULPHQW�ZDV�UHSOLFDWHG�WKUHH�WLPHV�

ZLWK�WKH�WRWDO�QXPEHU�RI�FHOOV�DQDO\]HG�VKRZQ�LQ�EUDFNHWV��

�

)LJXUH����(IIHFW�RI�$*����WUHDWPHQW�RQ�3%,�HPLVVLRQ����$��5HSUHVHQWDWLYH�LPDJHV�

VKRZLQJ�LQ�YLWUR�PDWXUHG�RRF\WHV�ZLWK��OHIW��DUURZ��RU�ZLWKRXW��ULJKW��H[WUXGHG�3%,���%������
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&��*UDSKLFV�VKRZLQJ�WKH�HIIHFW�RI�$*����WUHDWPHQW�RQ�WKH�SHUFHQWDJH�RI�RRF\WHV�

WKDW�H[WUXGHG�WKH�3%,�LQ�&2&�DQG�'2��UHVSHFWLYHO\��'DWD�ZHUH�DQDO\]HG�E\�RQH�ZD\�

$129$�IROORZHG�E\�7XNH\
V�0XOWLSOH�&RPSDULVRQ�7HVW��9DOXHV�DUH�PHDQV���6(0�

�Q ����D�E�GLIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�JURXSV��3�����������

�����

)LJXUH����(IIHFW�RI�$*����WUHDWPHQW�RQ�PHLRWLF�SURJUHVVLRQ����$��5HSUHVHQWDWLYH�

LPDJHV�VKRZLQJ�RRF\WHV�FODVVLILHG�DV�0,��$QD�7HORSKDVH��0,,��DEHUUDQW�RU�

GHJHQHUDWHG�DIWHU�$*����WUHDWPHQW��$EHUUDQW�PLWRWLF�ILJXUH�VKRZQ�LQ�WKLV�ILJXUH�LV�

FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI�'1$�VFDWWHUHG�ZLWKLQ�WKH�RRSODVP��DUURZ���ZKLOH�

DGGLWLRQDO�H[DPSOHV�RI�DEHUUDQW�PHLRWLF�ILJXUHV�REVHUYHG�DIWHU�$*����WUHDWPHQW�DUH�����

VKRZQ�LQ�VXSSOHPHQWDO�ILJXUH����'1$�ZDV�VWDLQHG�ZLWK�'$3,��ZKLWH���6FDOH�EDU�LV�

����P��,QVHWV�VKRZ�WKH�'1$�DW��;�PDJQLILFDWLRQ��*UDSKV�LQ��%��DQG��&��VKRZ�WKH�

SHUFHQWDJHV�RI�RRF\WHV�DW�HDFK�VWDJH�RI�WKH�ILUVW�PHLRWLF�GLYLVLRQ��VKRZQ�LQ�$��LQ�&2&�

DQG�'2�UHVSHFWLYHO\��'DWD�ZHUH�DQDO\]HG�E\�RQH�ZD\�$129$�IROORZHG�E\�7XNH\
V�

0XOWLSOH�&RPSDULVRQ�7HVW��9DOXHV�DUH�PHDQV���6(0��1 ����D�E�GLIIHUHQW�OHWWHUV�����

LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�JURXSV��3�����������

�

)LJXUH����(IIHFW�RI�3*50&��$*����RQ�3*50&��DQG�$85.%�ORFDOL]DWLRQ���

5HSUHVHQWDWLYH�LPDJHV�VKRZLQJ�3*50&��DQG�$85.%�ORFDOL]DWLRQ�LQ�0,,�SODWHV�RI�

PDWXUHG�RRF\WHV�RU�LQ�RRF\WHV�VKRZLQJ�DEHUUDQW�PHLRWLF�ILJXUHV��&2&�ZHUH�WUHDWHG�����

ZLWK���RU�����0�$*����IRU����K��$IWHU�$*����WUHDWPHQW�RRF\WHV�ZHUH�IL[HG��

LPPXQRVWDLQHG�ZLWK�DQWL��3*50&���UHG��DQG�$85.%��JUHHQ��DQWLERGLHV��'1$�ZDV�

VWDLQHG�ZLWK�'$3,��EOXH���$�WRWDO�RI����RRF\WHV�IURP���LQGHSHQGHQW�H[SHULPHQWV�ZHUH�

DQDO\VHG��%RWK�3*50&��DQG�$85.%�VKRZHG�D�IRFXVHG�FHQWURPHULF�ORFDOL]DWLRQ�LQ�

RRF\WHV�ZLWK�0,,�SODWH��ZKLOH�WKH\�RIWHQ�VKRZHG�D�PRUH�GLIIXVHG�ORFDOL]DWLRQ�LQ�����

DEHUUDQW�PHLRWLF�ILJXUHV�ZLWK�VFDWWHUHG�FKURPRVRPHV��:KHQ�FOXPSV�RI�FKURPDWLQ�

ZHUH�SUHVHQW�ZLWKLQ�WKH�RRSODVP��QRQH�RI�WKHP�ZHUH�DVVRFLDWHG�ZLWK�$85.%�DQG���RU�
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3*50&���)LQDOO\��ZKHQ�GRXEOH�PHLRWLF�SODWHV�ZHUH�SUHVHQW��ERWK�$85.%�DQG�

3*50&��VKRZHG�D�IRFXVHG�ORFDOL]DWLRQ�RQ�PHWDSKDVLF�FKURPRVRPHV�RI�ERWK�SODWHV��

�����

)LJXUH����(IIHFW�RI�3*50&��51$L�WUHDWPHQW�RQ�3*50&��H[SUHVVLRQ�OHYHO��3%,�

H[WUXVLRQ�DQG�PHLRWLF�SURJUHVVLRQ����$��*UDSK�VKRZLQJ�PGRMC1�P51$�

H[SUHVVLRQ�OHYHO�LQ�&75/�DQG�3*50&��51$L�WUHDWHG�RRF\WHV�E\�57�T3&5���

3*50&��H[SUHVVLRQ�OHYHO�ZDV�QRUPDOL]HG�XVLQJ�GAPDH�DQG�HIST1H2A�DV�

UHIHUHQFH�JHQHV�DQG�GLIIHUHQFHV�LQ�JHQH�H[SUHVVLRQ�OHYHOV�ZHUH�DVVHVVHG�ZLWK�WKH�����

'HOWD�'HOWD�&W�PHWKRG��'DWD�ZHUH�DQDO\]HG�E\�6WXGHQW¶V�W�WHVW��9DOXHV�DUH�PHDQV���

6(0��1 ����
�LQGLFDWHV�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�JURXSV��3�����������%�DQG�&��

JUDSK�DQG�UHSUHVHQWDWLYH�ZHVWHUQ�EORWWLQJ�VKRZLQJ�3*50&��SURWHLQ�H[SUHVVLRQ�

OHYHOV�LQ�&75/�DQG�3*50&��51$L�WUHDWHG�RRF\WHV��EHWD�WXEXOLQ�ZDV�XVHG�DV�

ORDGLQJ�FRQWURO��3*50&��SURWHLQ�H[SUHVVLRQ�LQ�3*50&��51$L�WUHDWHG�RRF\WHV�LV�����

H[SUHVVHG�DV�D�SHUFHQWDJH�RI�WKH�&75/�51$L�WUHDWHG�JURXS��'DWD�ZHUH�DQDO\]HG�E\�

RQH�VDPSOH�W�WHVW��9DOXHV�DUH�PHDQV���6(0��Q ����
�LQGLFDWHV�VLJQLILFDQW�GLIIHUHQFHV�

�3�����������'��*UDSK�VKRZLQJ�WKH�SHUFHQWDJH�RI�RRF\WHV�WKDW�H[WUXGHG�WKH�3%,�DIWHU�

&75/�RU�3*50&��51$L�WUHDWPHQW�DQG�,90��'DWD�ZHUH�DQDO\]HG�E\�W�WHVW��9DOXHV�

DUH�PHDQV���6(0��Q �����
�LQGLFDWHV�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�JURXSV��3�������

��������(��*UDSK�VKRZLQJ�WKH�SHUFHQWDJH�RI�RRF\WHV�VKRZLQJ�DEHUUDQW�PHLRWLF�ILJXUHV��

'DWD�ZHUH�DQDO\]HG�E\�W�WHVW��9DOXHV�DUH�PHDQV���6(0��Q ����
�LQGLFDWH�VLJQLILFDQW�

GLIIHUHQFHV�EHWZHHQ�JURXSV��3�����������,PDJH�LQ��)��LV�UHSUHVHQWDWLYH�RI�DQ�DEHUUDQW�

PHLRWLF�ILJXUH�REVHUYHG�DIWHU�3*50&��51$L�WUHDWPHQW��LQ�ZKLFK�FKURPRVRPHV�DQG�

'1$�FOXPSV�DUH�GLVSHUVHG�LQ�WKH�RRSODVP�DQG�QRW�RUJDQL]HG�LQ�D�0,,�SODWH�����

�DGGLWLRQDO�H[DPSOHV�RI�DEHUUDQW�PHLRWLF�ILJXUHV�DUH�VKRZQ�LQ�VXSSOHPHQWDO�ILJXUH�����

6FDOH�EDU�LV�����P��,QVHWV�VKRZ�WKH�'1$�DW��;�PDJQLILFDWLRQ��

�

�

�����
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9LGHRV�

�

9LGHR����WLPH�ODSVH�RI�QRUPDO�PLWRVLV�RFFXUULQJ�LQ�E*&�WUDQVIHFWHG�ZLWK�&75/�51$L�

VKRZQ�LQ�ILJXUH��$��&HOO�SURJUHVV�IURP�SURSKDVH�WR�WHORSKDVH�JLYLQJ�ULVH�WR�WZR�

GDXJKWHU�QXFOHL������

�

9LGHR����WLPH�ODSVH�RI�µDEQRUPDO¶�PLWRVLV�RFFXUULQJ�LQ�E*&�WUDQVIHFWHG�ZLWK�3*50&��

51$L��VKRZQ�LQ�ILJXUH��%��&HOO�XQGHUJRHV�SURSKDVH�PHWDSKDVH�EXW�GRHV�QRW�

SURJUHVV�EH\RQG�WKH�$QD�7HOR�SKDVH��UHIRUPLQJ�D�VLQJOH�QXFOHXV�

�����

9LGHR����WLPH�ODSVH�RI�DEQRUPDO�PLWRVLV�RFFXUULQJ�LQ�E*&�WUDQVIHFWHG�ZLWK�3*50&��

51$L��&HOO�XQGHUJRHV�SURSKDVH�PHWDSKDVH�DQG�SURJUHVVHG�WKURXJK�WKH�IROORZLQJ�

VWDJHV�LQ�DQ�LUUHJXODU�PDQQHU�OHDGLQJ�WR�WKH�IRUPDWLRQ�RI�DEHUUDQW�QXFOHL��LQ�ZKLFK�

VPDOO�FOXPSV�RI�'1$�UHPDLQHG�H[FOXGHG�IURP�WKH�UHIRUPLQJ�QXFOHL�ZKLOH�

�����

9LGHR����WLPH�ODSVH�RI�DEQRUPDO�PLWRVLV�RFFXUULQJ�LQ�E*&�WUDQVIHFWHG�ZLWK�3*50&��

51$L��&HOO�XQGHUJRHV�SURSKDVH�PHWDSKDVH�EXW�'1$�UHPDLQHG�LQWHUFRQQHFWHG�

WKURXJK�WKH�IROORZLQJ�VWDJHV�OHDGLQJ�WR�LQFRPSOHWH�NDU\RNLQHVLV��

�

�����
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�

6XSSOHPHQWDU\�PDWHULDO�

�

6XSSOHPHQWDO�WDEOHV�

���

6XSSOHPHQWDO�WDEOH����3ULPHU�SDLU�VHTXHQFHV�XVHG�LQ�T�57�3&5�H[SHULPHQWV�

�

Gene Oligo Sequence (5'-3') 
Prod. 
size 
(Bp) 

PCR 
Efficiency 
and r^2 

Reference 

PGRMC1 
GCCTTTGCATCTTTCTGCTC 

195 E=102.2 %; 
r^2= 0.98 

Primer 3 
design; 

NM_001075
133 TGGTTACGTCGAACACCTTG 

GAPDH 

CCAACGTGTCTGTTGTGGATCTGA 

218 E=100.2 %; 
r^2= 0.99 

Assidi et al., 
BOR 2008 

79:209; 
NM_001034

034 
GAGCTTGACAAAGTGGTCGTTGAG 

HIST1H2A 
(variant 
H, C, G) 

GTCGTGGCAAGCAAGGAG 

182 E=109.7 %; 
r^2= 0.97 

Robert et al., 
BOR 2002 
76:1465; 

Vigneault et 
al., MRD 

2007 74:703; 
LOC616634,L
OC506900; 
LOC616790 

GATCTCGGCCGTTAGGTACTC 

�

� �
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6XSSOHPHQWDO�ILJXUHV����

�

�

6XSSOHPHQWDO�ILJXUH����5HSUHVHQWDWLYH�'1$�KLVWRJUDPV�JHQHUDWHG�E\�IORZ�

F\WRPHWULF�DQDO\VLV�RI�3*50&��DQG�&75/�51$��WUHDWHG�E*&V�DIWHU����K�RI�

FXOWXUH��7KH�GLIIHUHQFH�LQ�WKH�*��0�SKDVH�LV�FOHDUO\�DSSUHFLDEOH��1RWH�WKDW�WKH����

SUHVHQFH�RI�GHEULV�DW�WKH�OHIW�RI�WKH�KLVWRJUDP�LQ�ERWK�JURXSV�LV�GXH�WR�WKH�QDWXUH�RI�

WKH�VDPSOH�DQDO\]HG���

� �
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�

����

6XSSOHPHQWDO�ILJXUH����$EHUUDQW�PHLRWLF�ILJXUHV�LQ�$*����WUHDWHG�RRF\WHV�

,PDJHV�VKRZ�H[DPSOHV�RI�DEHUUDQW�PHLRWLF�ILJXUHV�REVHUYHG�DIWHU�$*����WUHDWPHQW��

,PDJHV�LQ�D�DQG�E�UHSUHVHQW�RRF\WHV�VKRZLQJ�GRXEOH�0HWDSKDVH��D��RU�7HORSKDVH��E��

QRWH�WKDW�E¶�DQG�E¶¶�DUH�GLIIHUHQW�IRFDO�SODQHV�RI�WKH�VDPH�RRF\WH���,PDJHV�F��G��H�DQG�

I�VKRZ�RRF\WHV�ZLWK�'1$�FOXPSV�VFDWWHUHG�ZLWKLQ�WKH�RRSODVP��QRWH�WKDW�I¶��I¶¶�DQG�I¶¶¶����

DUH�GLIIHUHQW�IRFDO�SODQHV�RI�WKH�VDPH�RRF\WH�DQG�OLJKWHU�VWDLQHG�DUHDV�DUH�RXW�RI�

IRFXV�FOXPSV�RI�FKURPDWLQ���6FDOH�EDU�LV�����P��,QVHWV�VKRZ�WKH�'1$�DW��;�

PDJQLILFDWLRQ��

� �

� ����
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�

�

6XSSOHPHQWDO�ILJXUH����5HSUHVHQWDWLYH�LPDJHV�RI�'$3,�VWDLQHG�RRF\WHV�XQGHU�

EULJKW�ILHOG��6DPSOHV�ZHUH�FRQFRPLWDQWO\�LOOXPLQDWHG�ZLWK�ZKLWH�DQG�89�OLJKW�XVLQJ�WKH�

'$3,�ILOWHU��LQ�RUGHU�WR�HQVXUH�FRUUHFW�DQDO\VLV�RI�'1$�FOXPSV�ORFDOL]DWLRQ�ZLWKLQ�WKH����

RRSODVP���

� �
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�

�

6XSSOHPHQWDO�ILJXUH����$EHUUDQW�PHLRWLF�ILJXUHV�LQ�3*50&��51$L�WUHDWHG����

RRF\WHV�,PDJHV�VKRZ�H[DPSOHV�RI�DEHUUDQW�PHLRWLF�ILJXUHV�REVHUYHG�DIWHU�3*50&��

51$L�WUHDWPHQW��,PDJH�D�VKRZV�DQ�RRF\WH�ZLWK�D�7HORSKDVH�DQG�DGGLWLRQDO�'1$�

FOXPSV��,PDJHV�E�WR�L�VKRZ�RRF\WHV�ZLWK�'1$�FOXPSV�VFDWWHUHG�ZLWKLQ�WKH�RRSODVP��

,Q�VRPH�RI�WKHVH�RRF\WHV��J��K��L��WKH�RFFXUUHQFH�RI�VFDWWHUHG�'1$�ZDV�FRQFRPLWDQW�

WR�WKH�SUHVHQFH�RI�D�PHWDSKDVH�SODWH��6FDOH�EDU�LV�����P�����

�



Valentina Lodde
FIGURE 1 



Valentina Lodde
FIGURE 2 



Valentina Lodde
FIGURE 3 



Valentina Lodde
FIGURE 4 



Valentina Lodde
FIGURE 5 



Valentina Lodde
FIGURE 6



Valentina Lodde
FIGURE 7 



Valentina Lodde
FIGURE 8 
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