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$XGLWRU\�IXQFWLRQ�LV�GHSHQGHQW�RQ�WKH�IRUPDWLRQ�RI�VSHFLILF�LQQHUYDWLRQ�SDWWHUQV�EHWZHHQ�ʹ͹�

PHFKDQRVHQVRU\�KDLU�FHOOV�DQG�DIIHUHQW�VSLUDO�JDQJOLRQ�QHXURQV��6*1V���,Q�SDUWLFXODU��W\SH�,�ʹͺ�

6*1V�PXVW�SUHFLVHO\�FRQQHFW�ZLWK�LQQHU�KDLU�FHOOV��,+&V��ZKLOH�DYRLGLQJ�FRQQHFWLRQV�ZLWK�ʹͻ�

QHDUE\�RXWHU�KDLU�FHOOV��2+&V���7KH�IDFWRUV�WKDW�PHGLDWH�WKHVH�SDWWHUQLQJ�HYHQWV�DUH�ODUJHO\�͵Ͳ�

XQNQRZQ��8VLQJ�VSDUVH�ODEHOLQJ�DQG�WLPH�ODSVH�LPDJLQJ�ZH�YLVXDOL]HG�IRU�WKH�ILUVW�WLPH�WKH�͵ͳ�

EHKDYLRUV�RI�GHYHORSLQJ�6*1V�LQFOXGLQJ�DFWLYH�UHWUDFWLRQ�RI�SURFHVVHV�IURP�2+&V��VXJJHVWLQJ�͵ʹ�

WKDW�VRPH�W\SH�,�6*1V�FRQWDFW�2+&V�EHIRUH�IRUPLQJ�V\QDSVHV�ZLWK�,+&V��,Q�DGGLWLRQ��ZH�͵͵�

GHPRQVWUDWH�WKDW�H[SUHVVLRQ�RI�6HPDSKRULQ��)�LQ�WKH�2+&�UHJLRQ�LQKLELWV�W\SH�,�6*1�SURFHVV�͵Ͷ�

H[WHQVLRQ�E\�DFWLYDWLQJ�1HXURSLOLQ���UHFHSWRUV�H[SUHVVHG�RQ�6*1V��7KHVH�UHVXOWV�VXJJHVW�D�͵ͷ�

PRGHO�LQ�ZKLFK�FRFKOHDU�LQQHUYDWLRQ�SDWWHUQV�E\�W\SH�,�6*1V�DUH�GHWHUPLQHG��DW�OHDVW�LQ�SDUW��͵͸�

WKURXJK�D�6HPDSKRULQ��)�PHGLDWHG�LQKLELWRU\�VLJQDO�WKDW�LPSHGHV�SURFHVVHV�IURP�H[WHQGLQJ�͵͹�

EH\RQG�WKH�,+&�UHJLRQ��͵ͺ�
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,1752'8&7,21�Ͷͻ�

7KH�SHUFHSWLRQ�RI�VRXQG�LQ�PDPPDOV�GHSHQGV�RQ�DSSURSULDWH�FRQQHFWLYLW\�EHWZHHQ�VSLUDO�ͷͲ�

JDQJOLRQ�QHXURQV��6*1V��DQG�KDLU�FHOOV��+&V��LQ�WKH�FRFKOHD��6*1V�DUH�ELSRODU�DIIHUHQWV�OLQNLQJ�ͷͳ�

WKH�SHULSKHUDO�DQG�FHQWUDO�DXGLWRU\�V\VWHPV�E\�SURMHFWLQJ�SHULSKHUDO�D[RQV�WKDW�IRUP�ULEERQ�W\SH�ͷʹ�

V\QDSVHV�ZLWK�FRFKOHDU�+&V��DQG�FHQWUDO�D[RQV�WKDW�V\QDSVH�ZLWK�QHXURQV�LQ�WKH�LSVLODWHUDO�ͷ͵�

FRFKOHDU�QXFOHXV��1D\DJDP�HW�DO����������,W�LV�NQRZQ�WKDW�6*1�ORVV�LV�D�NH\�DVSHFW�RI�FRQJHQLWDO�ͷͶ�

RU�QRLVH�LQGXFHG�KHDULQJ�ORVV��EXW�RQO\�D�VPDOO�KDQGIXO�RI�PHFKDQLVPV�FRQWUROOLQJ�WKH�IRUPDWLRQ�ͷͷ�

RI�WKLV�SDUW�RI�WKH�DXGLWRU\�V\VWHP�KDYH�EHHQ�LGHQWLILHG��)ULW]VFK�HW�DO���������$SSOHU�DQG�ͷ͸�

*RRGULFK��������*UHHQ�HW�DO���������&RDWH�DQG�.HOOH\���������'XULQJ�PRXVH�GHYHORSPHQW��RWLF�ͷ͹�

QHXUREODVWV�GHODPLQDWH�IURP�WKH�RWRF\VW�DURXQG�HPEU\RQLF�GD\�����DQG�WKHQ�GLIIHUHQWLDWH�LQWR�ͷͺ�

HLWKHU�YHVWLEXODU�RU�DXGLWRU\��6*��QHXURQV��$SSOHU�DQG�*RRGULFK��������&RDWH�DQG�.HOOH\���������ͷͻ�

6XEVHTXHQWO\��WKH�6*1�VRPDWD�H[WHQG�LQ�D�VSLUDO�WKDW�PLUURUV�WKH�DGMDFHQW�GHYHORSLQJ�FRFKOHDU�͸Ͳ�

GXFW��a(�����3���ZKLOH�SURMHFWLQJ�SHULSKHUDO�SURFHVVHV��VRPHWLPHV�WHUPHG�³SHULSKHUDO�D[RQV´�RU�͸ͳ�

³GHQGULWHV´��LQWR�WKH�VHQVRU\�HSLWKHOLXP�DQG�FHQWUDO�D[RQV�LQWR�WKH�EUDLQVWHP��7KH�GHSHQGHQFH�RI�͸ʹ�

QHXURWURSKLQV�IRU�WKH�VXUYLYDO�DQG�YLDELOLW\�RI�6*1V�GXULQJ�WKHVH�VWDJHV�KDV�EHHQ�GRFXPHQWHG�͸͵�

H[WHQVLYHO\��)ULW]VFK�HW�DO���������*UHHQ�HW�DO����������EXW�UHODWLYHO\�OLWWOH�LV�NQRZQ�DERXW�WKH�͸Ͷ�

PHFKDQLVPV�FRQWUROOLQJ�6*1�GLYHUVLILFDWLRQ�DQG�ZLULQJ�ZLWK�VSHFLILF�FRFKOHDU�KDLU�FHOO�UHJLRQV�͸ͷ�

GXULQJ�GHYHORSPHQW���͸͸�

$OWKRXJK�6*1V�VKRZ�OLWWOH�PRUSKRORJLFDO�YDULDELOLW\��WKH\�DUH�FOHDUO\�GLYHUVH�LQ�VHYHUDO�͸͹�

ZD\V��)LUVW��6*1V�DUH�GLYLGHG�LQWR�WZR�EURDG�FDWHJRULHV��W\SH�,�DQG�W\SH�,,��7\SH�,�6*1V�͸ͺ�

UHSUHVHQW��������RI�WKH�WRWDO�6*1�SRSXODWLRQ��IRUP�PRQRV\QDSWLF�FRQWDFWV�ZLWK�LQGLYLGXDO�LQQHU�͸ͻ�
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KDLU�FHOOV��,+&V���DQG�IDFLOLWDWH�WKH�PDMRULW\�RI�DOO�KHDULQJ�IXQFWLRQ��7\SH�,,�6*1V�FRPSULVH�WKH�͹Ͳ�

UHPDLQLQJ�������RI�WKH�6*1�SRSXODWLRQ��DQG��LQ�FRQWUDVW�ZLWK�7\SH�,�6*1V��E\SDVV�WKH�,+&V�WR�͹ͳ�

IRUP�en passant�V\QDSVHV�ZLWK�XS�WR����RXWHU�KDLU�FHOOV��2+&V��SHU�LQGLYLGXDO�6*1�ILEHU��)LJXUH�͹ʹ�

�D���,Q�DGGLWLRQ��W\SH�,,�6*1V�DUH�QRW�P\HOLQDWHG�E\�WKH�QHXUDO�FUHVW�GHULYHG�6FKZDQQ�FHOOV�WKDW�͹͵�

P\HOLQDWH�W\SH�,�6*1V��&DUQH\�DQG�6LOYHU��������%UHXVNLQ�HW�DO����������$OWKRXJK�WKHLU�IXQFWLRQ�͹Ͷ�

LV�QRW�ZHOO�XQGHUVWRRG��UHFHQW�ODQGPDUN�VWXGLHV�KDYH�VXJJHVWHG�WKDW�W\SH�,,�6*1V�PD\�IDFLOLWDWH�͹ͷ�

UHVSRQVHV�WR�YHU\�ORXG�RU�SDLQIXO�VRXQGV��:HLV]�HW�DO����������������������6*1V�DOVR�VKRZ�͹͸�

GLIIHUHQFHV�LQ�SURWHLQ�H[SUHVVLRQ�DQG�ILULQJ�UDWHV�WKDW�FRUUHODWH�ZLWK�WKHLU�ORFDWLRQ�DORQJ�WKH�͹͹�

WRQRWRSLF�D[LV��)ORUHV�2WHUR�HW�DO����������)LQDOO\��W\SH�,�ILEHUV�FDQ�EH�VXE�GLYLGHG�LQWR�WZR�͹ͺ�

JURXSV�EDVHG�RQ�VSRQWDQHRXV�ILULQJ�UDWHV�DQG�V\QDSWLF�ORFDWLRQ�DW�WKH�EDVH�RI�LQGLYLGXDO�,+&V�͹ͻ�

�/LEHUPDQ����������ͺͲ�

� +RZ�WKH�LQQHUYDWLRQ�SDWWHUQV�IRU�W\SH�,�DQG�,,�6*1V�DUH�HVWDEOLVKHG�LV�D�IXQGDPHQWDO�ͺͳ�

TXHVWLRQ�LQ�DXGLWRU\�QHXURVFLHQFH�WKDW�KDV�\HW�WR�EH�FRPSOHWHO\�DQVZHUHG��2QH�RI�WKH�PRVW�EDVLF�ͺʹ�

LVVXHV�KDV�EHHQ�WKH�TXHVWLRQ�RI�ZKHWKHU�LQGLYLGXDO�6*1�ILEHUV�DUH�VSHFLILHG�DV�HLWKHU�W\SH�,�RU�ͺ͵�

W\SH�,,�SULRU�WR�WKH�DUULYDO�RI�WKHLU�SHULSKHUDO�SURFHVVHV�LQ�WKH�FRFKOHDU�GXFW�RU�LI�SKHQRW\SH�LV�ͺͶ�

HVWDEOLVKHG�EDVHG�RQ�LQWHUDFWLRQV�ZLWKLQ�WKH�WDUJHW�HQYLURQPHQW��(FKWHOHU�XVHG�KRUVH�UDGLVK�ͺͷ�

SHUR[LGDVH�VWDLQLQJ�WR�SURYLGH�HYLGHQFH�WKDW��LQ�WKH�SRVWQDWDO�JHUELO�FRFKOHD��LPPDWXUH�6*1V�ͺ͸�

VKRZ�XQELDVHG�LQQHUYDWLRQ�WR�ERWK�KDLU�FHOO�UHJLRQV�DQG�DUH�VXEVHTXHQWO\�UHWDLQHG�LQ�HLWKHU�WKH�ͺ͹�

,+&�RU�2+&�UHJLRQ�OLNHO\�WKURXJK�D�SURFHVV�RI�VHOHFWLYH�SUXQLQJ�DQG�DSRSWRVLV��(FKWHOHU��������ͺͺ�

(FKWHOHU�HW�DO����������6LPLODUO\��UKRGDPLQH�GH[WUDQ�G\H�ODEHOLQJ�RI�W\SH�,�6*1V�LQ�PRXVH�ͺͻ�

VXJJHVWHG�WKDW�KDLU�FHOO�LQQHUYDWLRQ�ZDV�QRQ�VSHFLILF�XQWLO�DERXW�SRVWQDWDO�GD\���ZKHQ�UHILQHPHQW�ͻͲ�

HYHQWV�VHHPHG�WR�FRPPHQFH��+XDQJ�HW�DO����������+RZHYHU��JHQHWLF�ODEHOLQJ�H[SHULPHQWV�LQ�ͻͳ�

ZKLFK�VSDUVH�QXPEHUV�RI�6*1V�H[SUHVVHG�DONDOLQH�SKRVSKDWDVH�XQGHU�WKH�FRQWURO�RI�&UH�ͻʹ�
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UHFRPELQDVH��GULYHQ�E\�Neurogenin-1�SURPRWHU�HOHPHQWV��Neurog1CreERT2��VXJJHVWHG�WKDW�ͻ͵�

³PDWXUH´�6*1�LQQHUYDWLRQ�SDWWHUQV�DUH�SUHVHQW�E\�ELUWK��.RXQGDNMLDQ�HW�DO����������7KHVH�UHVXOWV�ͻͶ�

SURYLGH�FRQIOLFWLQJ�FRQFOXVLRQV�UHJDUGLQJ�WKH�WLPLQJ�DQG�GHWHUPLQDWLRQ�RI�W\SH�,�DQG�W\SH�,,�ͻͷ�

6*1V��:H�VRXJKW�WR�JDLQ�FODULW\�RQ�WKLV�LVVXH�E\�FRPELQLQJ�WKH�VDPH�Neurog1CreERT2 DOOHOH�ZLWK�ͻ͸�

D�WG7RPDWR�UHSRUWHU�LQ�RUGHU�WR�FKDUDFWHUL]H�WKH�WLPHOLQH�RI�,+&�DQG�2+&�LQQHUYDWLRQ�E\�WKH�ͻ͹�

6*1V��,Q�DGGLWLRQ��ZH�GHVLJQHG�H[SHULPHQWV�WR�LQYHVWLJDWH�SRWHQWLDO�PROHFXODU�PHFKDQLVPV�ͻͺ�

FRQWUROOLQJ�WKH�GLIIHUHQWLDO�LQQHUYDWLRQ�RI�,+&V�DQG�2+&V�DQG�GLVFRYHUHG�D�SURPLQHQW�ͻͻ�

FKHPRUHSXOVLYH�UROH�IRU�1HXURSLOLQ���DQG�LWV�OLJDQG��6HPDSKRULQ��)���ͳͲͲ�
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5(68/76�ͳͲͶ�

'HYHORSPHQW�RI�W\SH�,�DQG�W\SH�,,�6*1�PRUSKRORJLHV�RFFXUV�SULRU�WR�ELUWK�LQ�PLFH���ͳͲͷ�

%HFDXVH�H[LVWLQJ�GDWD�ZDV�VRPHZKDW�XQFOHDU�UHJDUGLQJ�WKH�GHYHORSPHQWDO�WLPLQJ�RI�W\SH�ͳͲ͸�

,�DQG�W\SH�,,�6*1�SURMHFWLRQ�SDWWHUQV��6*1�SURFHVVHV�DQG�QDVFHQW�+&V�ZHUH�YLVXDOL]HG�LQ�ͳͲ͹�

FRFKOHDU�FURVV�VHFWLRQV�IURP�GLIIHUHQW�GHYHORSPHQWDO�WLPH�SRLQWV��'ULYHU�HW�DO����������)LJXUH��E�ͳͲͺ�

K���$W�HPEU\RQLF�GD\�������(�������SULRU�WR�GHWHFWDEOH�H[SUHVVLRQ�RI�$WRK���6*1�SURFHVVHV�DUH�ͳͲͻ�

SUHVHQW�RXWVLGH�RI�WKH�GXFW��EXW�GR�QRW�\HW�SURMHFW�LQWR�WKH�FRFKOHDU�HSLWKHOLXP��)LJXUH��F���%\�ͳͳͲ�

RQH�GD\�ODWHU��(�������SURFHVVHV�KDYH�HQWHUHG�WKH�HSLWKHOLXP�DW�WKH�PRUH�PDWXUH�EDVH�RI�WKH�ͳͳͳ�

FRFKOHD�ZKLOH�UHPDLQLQJ�RXWVLGH�LQ�OHVV�PDWXUH��PRUH�PLG�PRGLRODU�UHJLRQV��)LJXUH��G�H���ͳͳʹ�

1HXULWH�HQWU\�FRUUHODWHV�ZLWK�WKH�RQVHW�RI�$WRK��H[SUHVVLRQ�LQ�GHYHORSLQJ�+&V��)LJXUH��H��DUURZ���ͳͳ͵�

$W�(������WKH�UDWLR�RI�6*1�SURFHVVHV�SURMHFWLQJ�WRZDUGV�WKH�HPHUJLQJ�2+&�UHJLRQ�DSSHDUV�WR�EH�ͳͳͶ�

FORVHU�WR�������WKDQ�WR�WKH�PDWXUH�UDWLR�RI�������)LJXUH��I��J��VHH�DUURZKHDGV���+RZHYHU��DW�(�����ͳͳͷ�
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D�QRWLFHDEO\�KLJKHU�FRQFHQWUDWLRQ�RI�SURFHVVHV�DSSHDUV�DURXQG�WKH�,+&�UHJLRQ��)LJXUH��K��VHH�ͳͳ͸�

DUURZKHDGV���7KHVH�GDWD�VXJJHVW�WKDW�WKH�6*1V�PD\�DVVXPH�D�W\SH�,�RU�W\SH�,,�OLNH�PRUSKRORJ\�ͳͳ͹�

DV�HDUO\�DV�(������ZKLFK�LV�ERWK�FRQVLVWHQW�ZLWK�WKH�WLPH�SHULRG�RI�KDLU�DQG�VXSSRUWLQJ�FHOO�ͳͳͺ�

PDWXUDWLRQ�DQG�HDUOLHU�WKDQ�SUHYLRXVO\�VXJJHVWHG��&RQVHTXHQWO\��ZH�IRFXVHG�RQ�WKHVH�HDUOLHU�WLPH�ͳͳͻ�

SRLQWV�LQ�VXEVHTXHQW�LQYHVWLJDWLRQV�LQWR�WKH�FHOOXODU�DQG�PROHFXODU�QDWXUH�RI�,+&�DQG�2+&�ͳʹͲ�

LQQHUYDWLRQ���ͳʹͳ�

$SSUR[LPDWHO\���±���LQGLYLGXDO�6*1�SHULSKHUDO�D[RQV�SURMHFW�WR�HDFK�,+&��PDNLQJ�ͳʹʹ�

DQDO\VLV�RI�FKDQJHV�LQ�LQGLYLGXDO�ILEHUV�GLIILFXOW��)LJXUH��L���7R�FLUFXPYHQW�WKLV�SUREOHP��PLFH�ͳʹ͵�

FDUU\LQJ�DQ�LQGXFLEOH�Neurog1CreERT2 %$&�WUDQVJHQH��.RXQGDNMLDQ�HW�DO���������ZHUH�FURVVHG�ͳʹͶ�

ZLWK�DQ�R26RtdTomato�UHSRUWHU�OLQH��UHIHUUHG�WR�DV�1&UH57RP���%\�OLPLWLQJ�UHFRPELQDWLRQ�WR�D�VPDOO�ͳʹͷ�

QXPEHU�RI�6*1V��LQGLYLGXDO�ILEHUV�ZLWK�W\SH�,�DQG�W\SH�,,�OLNH�PRUSKRORJLHV�FDQ�EH�FOHDUO\�ͳʹ͸�

YLVXDOL]HG��)LJXUH��M��N���7KH�LQWHQVLW\�RI�WKH�WG7RPDWR�IOXRURSKRUH�DOVR�SHUPLWWHG�WKH�UHVROXWLRQ�ͳʹ͹�

RI�VPDOO�H[SORUDWRU\�SURWUXVLRQV�RQ�LQGLYLGXDO�6*1�SURFHVVHV��)LJXUH��N����ͳʹͺ�

� ��ͳʹͻ�

�ͳ͵Ͳ�

0DWXULQJ�6*1V�H[WHQG�DQG�WKHQ�UHWUDFW�SURMHFWLRQV�IURP�WKH�2+&�UHJLRQ��ͳ͵ͳ�

7R�EHWWHU�XQGHUVWDQG�WKH�WHPSRUDO�DQG�VSDWLDO�G\QDPLFV�RI�6*1�SURFHVV�GHYHORSPHQW��ZH�ͳ͵ʹ�

YLVXDOL]HG�VSDUVHO\�ODEHOHG�LQGLYLGXDO�6*1V��VHH�PHWKRGV�IRU�GHWDLOV��LQ�ZKROH�PRXQW�ͳ͵͵�

SUHSDUDWLRQV�RI�FRFKOHDH�IURP�1&UH57RP�PLFH�DW�GLIIHUHQW�GHYHORSPHQWDO�WLPH�SRLQWV��)LJXUH�����ͳ͵Ͷ�

7KH�PLFH�DOVR�FDUULHG�WKH�Atoh1nGFP�WUDQVJHQH��/XPSNLQ�HW�DO����������ZKLFK�DOORZV�IRU�HDV\�ͳ͵ͷ�

LGHQWLILFDWLRQ�RI�,+&V�DQG�2+&V��$W�WKH�PLG�SRLQW�DORQJ�WKH�FRFKOHD�DW�(������DSSUR[LPDWHO\�ͳ͵͸�

����RI�LQGLYLGXDO�6*1�ILEHUV�WHUPLQDWHG�LQ�WKH�,+&�UHJLRQ�ZKLOH�WKH�UHPDLQLQJ�����H[WHQGHG�ͳ͵͹�

LQWR�WKH�2+&�UHJLRQ��)LJV���D��E��DQG�H���+RZHYHU��LQ�D�PRUH�EDVDO�UHJLRQ�RI�WKH�VDPH�FRFKOHD�ͳ͵ͺ�
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WKH�QXPEHU�RI�ILEHUV�WHUPLQDWLQJ�LQ�WKH�,+&�DQG�2+&�UHJLRQV�ZDV�URXJKO\�HTXLYDOHQW��)LJXUH�ͳ͵ͻ�

�H���7KHVH�UHVXOWV�ZHUH�FRPSDUDEOH�WR�WKH�GLVWULEXWLRQ�RI�WRWDO�ILEHUV�WKDW�ZDV�REVHUYHG�LQ�FURVV�ͳͶͲ�

VHFWLRQV��)LJXUH��I�J���,Q�FRQWUDVW��DW�(�����RU�������EHWZHHQ����WR����SHUFHQW�RI�DOO�ODEHOHG�ͳͶͳ�

SURFHVVHV�ZHUH�DSSRVHG�WR�,+&V��)LJXUH��F�G�DQG�H���VXJJHVWLQJ�WKDW�D�SURJUHVVLYH�WUDQVLWLRQ�WR�ͳͶʹ�

WKH�PDWXUH�LQQHUYDWLRQ�SDWWHUQ�EHJLQV�VKRUWO\�DIWHU�(������&RQVLVWHQW�ZLWK�WKLV�WUHQG��DW�3��DQG�ͳͶ͵�

WKURXJK�3��DSSUR[LPDWHO\��������RI�DOO�ODEHOHG�6*1V�ILEHUV�WHUPLQDWHG�LQ�WKH�,+&�UHJLRQ�ZLWK�ͳͶͶ�

WKH�UHPDLQLQJ�������H[WHQGLQJ�LQWR�WKH�2+&�UHJLRQ��)LJXUH��H��VHH�DOVR�)LJV��M�N���3UHYLRXVO\��ͳͶͷ�

VWXGLHV�XVLQJ�WKH�SRVWQDWDO�JHUELO�VKRZHG�WKDW�SURJUDPPHG�FHOO�GHDWK�PD\�FRQWULEXWH�WR�WKH�ILQDO�ͳͶ͸�

GLVWULEXWLRQ�RI�W\SH�,�DQG�,,�6*1V��(FKWHOHU�HW�DO����������7R�GHWHUPLQH�LI�DSRSWRVLV�FRXOG�SOD\�D�ͳͶ͹�

UROH�LQ�6*1�LQQHUYDWLRQ�SDWWHUQV�GXULQJ�HPEU\RQLF�PRXVH�GHYHORSPHQW��ZH�H[DPLQHG�FOHDYHG�ͳͶͺ�

FDVSDVH����&&���LPPXQRVWDLQLQJ�DW�(�����DQG�(������)LJXUH���±�ILJXUH�VXSSOHPHQW����VHH�ͳͶͻ�

0DWHULDOV�DQG�0HWKRGV���,Q�WKH�EDVDO�KDOI�RI�WKH�FRFKOHD�DW�WKHVH�VWDJHV��ZKHUH�PRVW�RI�RXU�ͳͷͲ�

QHXURQDO�WUDFLQJ�H[SHULPHQWV�ZHUH�SHUIRUPHG��ZH�GHWHFWHG�EHWZHHQ���DQG����&&��SRVLWLYH�ͳͷͳ�

6*1V�SHU�FRFKOHD��$W�WKH�DSH[��EHWZHHQ����DQG����&&��SRVLWLYH�6*1V�ZHUH�REVHUYHG�SHU�ͳͷʹ�

FRFKOHD��*LYHQ�WKDW�WKH�QXPEHU�RI�6*1V�LV�HVWLPDWHG�WR�EH�JUHDWHU�WKDQ�WZHQW\�WKRXVDQG�DW�WKLV�ͳͷ͵�

VWDJH��5LFKWHU�HW�DO����������D�UROH�IRU�DSRSRWLF�FHOO�GHDWK�LQ�6*1�LQQHUYDWLRQ�DW�WKLV�VWDJH�VHHPV�ͳͷͶ�

XQOLNHO\����ͳͷͷ�

7KHVH�GDWD�DUH�FRQVLVWHQW�ZLWK�D�PRGHO�LQ�ZKLFK�D�SHUFHQWDJH�RI�6*1�ILEHUV�LQLWLDOO\�ͳͷ͸�

H[WHQG�LQWR�WKH�2+&�UHJLRQ�EHIRUH�UHWUDFWLQJ�WR�WKH�,+&�UHJLRQ�VWDUWLQJ�DW�DSSUR[LPDWHO\�(������ͳͷ͹�

+RZHYHU��DQ�DOWHUQDWH�RU��SRVVLEO\��DGGLWLRQDO�K\SRWKHVLV�ZRXOG�EH�WKDW�WKH�SRSXODWLRQ�RI�6*1V�ͳͷͺ�

REVHUYHG�DW�(�����LV�ODUJHO\�VWDEOH�DQG�WKDW�WKH�FKDQJH�LQ�WKH�UDWLR�RI�D[RQ�GLVWULEXWLRQ�LV�D�UHVXOW�ͳͷͻ�

RI�WKH�DUULYDO�RI�QHZ�6*1�SHULSKHUDO�ILEHUV�LQ�WKH�,+&�UHJLRQ��7KHVH�QHZ�ILEHUV�ZRXOG�ͳ͸Ͳ�

HIIHFWLYHO\�GHFUHDVH�WKH�SHUFHQWDJH�RI�ILEHUV�SURMHFWLQJ�WR�WKH�2+&�UHJLRQ��7R�GHWHUPLQH�ZKHWKHU�ͳ͸ͳ�
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H[LVWLQJ�2+&�ILEHUV�UHWUDFW�GXULQJ�GHYHORSPHQW��ZH�SHUIRUPHG�WLPH�ODSVH�LPDJLQJ�XVLQJ�ͳ͸ʹ�

FRFKOHDH�IURP�1&UH57RP�Atoh1nGFP�PLFH�IRU�XS�WR����KRXUV�VWDUWLQJ�DW�DJHV�(�����RU�(������VHH�ͳ͸͵�

0DWHULDOV�DQG�0HWKRGV���$QDO\VLV�RI�WLPH�ODSVH�YLGHRV�LQGLFDWHG�QXPHURXV�LQVWDQFHV�RI�6*1�ͳ͸Ͷ�

SURFHVVHV�WKDW�H[WHQGHG�LQWR�WKH�2+&�UHJLRQ�DQG�WKHQ�UHWUDFWHG�EDFN�LQWR�WKH�,+&�UHJLRQ�RU�WKDW�ͳ͸ͷ�

ZHUH�SUHVHQW�LQ�WKH�2+&�UHJLRQ�DW�WKH�EHJLQQLQJ�RI�WKH�H[SHULPHQW�DQG�WKHQ�UHWUDFWHG��)LJXUH��I��ͳ͸͸�

9LGHR�����:H�TXDQWLILHG�WKLV�HIIHFW�IRU�D[RQV�LQ�IRXU�LQGHSHQGHQW�WLPH�ODSVH�H[SHULPHQWV�DQG�ͳ͸͹�

IRXQG�WKDW��������RI�WKH�D[RQV�WKDW�VWDUWHG�LQ�WKH�2+&�UHJLRQ�KDG�UHWUDFWHG�E\�WKH�HQG�RI�WKH�ͳ͸ͺ�

DFTXLVLWLRQ�SHULRG��)LJXUH��J���%HFDXVH�RI�WKH�WKLFNQHVV�RI�WKH�WLVVXH��ZH�ZHUH�QRW�DEOH�WR�UHVROYH�ͳ͸ͻ�

WKH�ILQDO�ORFDWLRQ�RI�HDFK�SURFHVV�WKDW�UHWUDFWHG�IURP�WKH�2+&�UHJLRQ��KRZHYHU�PDQ\�RI�WKHP�ͳ͹Ͳ�

DSSHDUHG�WR�DJJUHJDWH�DURXQG�WKH�,+&V��ZKLWH�DUURZKHDGV��)LJXUH��I���,Q�DGGLWLRQ��DOWKRXJK�ZH�ͳ͹ͳ�

FDQQRW�UXOH�RXW�WKDW�LW�RFFXUV�DW�DOO��ZH�QHYHU�LGHQWLILHG�QHZ�6*1V�DSSURDFKLQJ�WKH�,+&V�LQ�WKHVH�ͳ͹ʹ�

H[SHULPHQWV��2YHUDOO��WKHVH�GDWD�LQGLFDWH�WKDW�PDQ\�6*1�SHULSKHUDO�D[RQV�LQLWLDOO\�H[WHQG�LQWR�ͳ͹͵�

WKH�2+&�UHJLRQ�EXW�VXEVHTXHQWO\�UHWUDFW�WR�IRUP�FRQQHFWLRQV�ZLWK�,+&V��0RUHRYHU��WKHVH�UHVXOWV�ͳ͹Ͷ�

VXJJHVW�WKDW�PRVW�6*1V�KDYH�GHWHUPLQHG�WKHLU�SKHQRW\SH��W\SH�,�YV��W\SH�,,��E\�WKH�ODWH�ͳ͹ͷ�

HPEU\RQLF�SHULRG�RU�MXVW�VKRUWO\�DIWHU�ELUWK��)LJXUH��K����ͳ͹͸�

�ͳ͹͹�

1US��LV�H[SUHVVHG�LQ�6*1V�DQG�LV�UHTXLUHG�IRU�D�QRUPDO�SDWWHUQ�RI�LQQHUYDWLRQ���ͳ͹ͺ�

7KH�UHVXOWV�GHVFULEHG�DERYH�VXJJHVW�WKDW�GHYHORSPHQW�RI�6*1�LQQHUYDWLRQ�SDWWHUQV�PD\�ͳ͹ͻ�

EH�LQIOXHQFHG�E\�HQYLURQPHQWDO�FXHV�ZLWKLQ�WKH�GHYHORSLQJ�RUJDQ�RI�&RUWL��7KH�1HXURSLOLQV�DUH�D�ͳͺͲ�

ZHOO�NQRZQ�FODVV�RI�D[RQ�JXLGDQFH�UHFHSWRUV�WKDW�DUH�DFWLYDWHG�E\�VHFUHWHG�VHPDSKRULQV�ͳͺͳ�

�6HPD�V��DQG�SOD\�GLYHUVH�UROHV�LQ�LQQHUYDWLRQ�RI�ERWK�WKH�FHQWUDO�DQG�SHULSKHUDO�QHUYRXV�V\VWHPV�ͳͺʹ�

�.RORGNLQ�DQG�7HVVLHU�/DYLJQH���������0RUHRYHU��RXU�SUHYLRXV�XQSXEOLVKHG�VWXGLHV�XVLQJ�57�ͳͺ͵�

3&5�GHPRQVWUDWHG�WKDW�Neuropilin-2 �Nrp2��LV�H[SUHVVHG�LQ�ZKROH�FRFKOHDH�DW�(������7KHUHIRUH��ͳͺͶ�
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WR�GHWHUPLQH�WKH�WHPSRUDO�DQG�VSDWLDO�GLVWULEXWLRQ�RI�1US���ZH�ORFDOL]HG�1US��SURWHLQ��*LJHU�HW�ͳͺͷ�

DO���������RQ�FURVV�VHFWLRQV�RI�GHYHORSLQJ�FRFKOHDH�DQG�FRXQWHUVWDLQHG�ZLWK�7XM��WR�PDUN�6*1�ͳͺ͸�

VRPDWD�DQG�WKHLU�SURFHVVHV��)LJXUH��D�K���)RU�WKH�FURVV�VHFWLRQV�VKRZQ�KHUH��LGHQWLFDO�IL[DWLRQ��ͳͺ͹�

LPPXQRVWDLQLQJ��DQG�LPDJLQJ�SDUDPHWHUV�ZHUH�XVHG�WKURXJKRXW��$W�(������1US��ZDV�GHWHFWDEOH�ͳͺͺ�

LQ�WKH�6*1V��EXW�QRW�LQ�VXUURXQGLQJ�PHVHQFK\PH�RU�HSLWKHOLDO�WLVVXHV��)LJXUH��D�E���$W�(������ͳͺͻ�

ZKHQ�6*1V�GHYHORS�UHJLRQ�VSHFLILF�LQQHUYDWLRQ�SDWWHUQV��1US��LV�FOHDUO\�GHWHFWDEOH�LQ�WKH�ͳͻͲ�

VRPDWD�DQG�SHULSKHUDO�D[RQV�RI�WKH�6*1V��)LJXUH��F�G���7KH�1US��DQWLERG\�ODEHOHG�DOO�RI�WKH�ͳͻͳ�

6*1�FHOO�ERGLHV��ZKLFK�VXJJHVWV�1US��LV�H[SUHVVHG�E\�DOO�6*1V��&RQVLVWHQW�ZLWK�WKLV�FRQFOXVLRQ��ͳͻʹ�

1US��ZDV�YLVLEOH�DORQJ�DOO�SXWDWLYH�W\SH�,�DQG�,,�6*1�HQGLQJV�LQ�FURVV�VHFWLRQV�DW�(������)LJXUH�ͳͻ͵�

�H�I��DQG�LQ�ZKROH�PRXQW�SUHSDUDWLRQV�DW�3���)LJXUH��J�K���,QWHUHVWLQJO\��ZKLOH�FURVV�VHFWLRQV�ͳͻͶ�

IURP�3��DQG�3��FRFKOHDH�LQGLFDWHG�SHUVLVWHQW�H[SUHVVLRQ�RI�1US��SURWHLQ�LQ�6*1�VRPDWD��WKH�ͳͻͷ�

RYHUDOO�LQWHQVLW\�RI�VWDLQLQJ�ZDV�VXEVWDQWLDOO\�UHGXFHG�E\�FRPSDULVRQ�ZLWK�WKH�HDUOLHU�WLPH�SRLQWV�ͳͻ͸�

�QRW�VKRZQ���ͳͻ͹�

7R�GHPRQVWUDWH�WKDW�WKH�1US��LPPXQRUHDFWLYLW\�LQ�ERWK�6*1�VXEW\SHV�UHSUHVHQWV�ͳͻͺ�

IXQFWLRQDO�UHFHSWRU�GLVWULEXWLRQ��ZH�WUHDWHG�FRFKOHDU�FURVV�VHFWLRQV�ZLWK�DQ�)F�WDJJHG�YHUVLRQ�RI�ͳͻͻ�

6HPDSKRULQ��)��D�NQRZQ�OLJDQG�IRU�1US���6DKD\�HW�DO���������DW�3���D�VWDJH�ZKHQ�W\SH�,�DQG�,,�ʹͲͲ�

6*1V�DUH�PRUSKRORJLFDOO\�GLVWLQJXLVKDEOH��DV�VKRZQ�LQ�)LJXUH�����7KH�WLVVXH�VHFWLRQV�ZHUH�WKHQ�ʹͲͳ�

LPPXQRODEHOHG�ZLWK�DQWL�)F�DQWLERGLHV�DQG�LPDJHG�E\�FRQIRFDO�PLFURVFRS\��)LJXUH���±�ILJXUH�ʹͲʹ�

VXSSOHPHQW���VKRZV�H[DPSOH�SUHSDUDWLRQV�FRXQWHUVWDLQHG�ZLWK�'$3,�DQG�DQWL�QHXURILODPHQW�ʹͲ͵�

DQWLERGLHV��,Q�FRQWUDVW�ZLWK�FRQWURO�)F��ZKLFK�VKRZHG�OLWWOH�WR�QR�ELQGLQJ��)LJXUH���±�ILJXUH�ʹͲͶ�

VXSSOHPHQW��D�G���6HPD�)�)F�VKRZHG�VXEVWDQWLDO�ELQGLQJ�WR�6*1V�DORQJ�WKH�EDVDO�WR�DSLFDO�D[LV�ʹͲͷ�

RI�WKH�FRFKOHD��)LJXUH���±�ILJXUH�VXSSOHPHQW��H�K��VHH�DUURZV���6LPLODU�WR�WKH�DQWL�1US��DQWLERG\�ʹͲ͸�

VWDLQLQJ�LQ�)LJXUH��H�K��6HPD�)�)F�ZDV�GHWHFWDEOH�RQ�QHXURILODPHQW�SRVLWLYH�VWUXFWXUHV�WKDW�DUH�ʹͲ͹�
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FRQVLVWHQW�ZLWK�WKH�SRVLWLRQ�RI�SHULSKHUDO�D[RQV�RI�ERWK�W\SH�,�DQG�,,�6*1V��)LJXUH���±�ILJXUH�ʹͲͺ�

VXSSOHPHQW��L�S���7KHVH�GDWD�VXJJHVW�WKDW�IXQFWLRQDO�IRUPV�RI�1US��DUH�SUHVHQW�RQ�ERWK�W\SH�,�ʹͲͻ�

DQG�,,�6*1V�ʹͳͲ�

*LYHQ�WKDW�1US��LV�LPSRUWDQW�LQ�D[RQ�JXLGDQFH�DQG�V\QDSWRJHQHVLV�LQ�PXOWLSOH�V\VWHPV�ʹͳͳ�

�*LJHU�HW�DO���������&KHQ�HW�DO���������-RQJEORHWV�DQG�3DVWHUNDPS��������DQG�WKDW�1US��LV�ʹͳʹ�

H[SUHVVHG�E\�WKH�6*1V��ZH�K\SRWKHVL]HG�WKDW�1US��ZDV�QHFHVVDU\�IRU�QRUPDO�FRFKOHDU�ʹͳ͵�

LQQHUYDWLRQ��7R�WHVW�WKLV��ZH�DQDO\]HG�6*1�SURFHVV�H[WHQVLRQV�LQ�FRFKOHDH�IURP�Nrp2-/- PXWDQW�ʹͳͶ�

PLFH��*LJHU�HW�DO����������$V�H[SHFWHG��LQ�:7�FRFKOHDH�DW�(������6*1�SURFHVVHV�DUH�QHDUO\�ʹͳͷ�

HYHQO\�GLVWULEXWHG�EHWZHHQ�WKH�,+&�DQG�2+&�UHJLRQV�RI�WKH�RUJDQ�RI�&RUWL��)LJXUH��L�N���,Q�ʹͳ͸�

FRQWUDVW��LQ�Nrp2-/- FRFKOHDH�DW�(������WKHUH�ZHUH�ODUJH�EXQGOHV�RI�6*1�SURFHVVHV�WKDW�H[WHQGHG�ʹͳ͹�

LQWR�WKH�2+&�UHJLRQ��ZLWK�IDU�IHZHU�SURFHVVHV�WHUPLQDWLQJ�QHDU�WKH�,+&�UHJLRQ��)LJV���O�Q���ʹͳͺ�

7KHVH�FKDQJHV�ZHUH�QRW�D�UHVXOW�RI�D�GHFUHDVH�LQ�WKH�WRWDO�QXPEHU�RI�6*1V��DV�TXDQWLI\LQJ�6*1�ʹͳͻ�

VRPDWD�GHQVLW\�LQGLFDWHG�QR�GLIIHUHQFHV�EHWZHHQ�:7 DQG�Nrp2-/- FRFKOHDH��)LJXUH��R���,Q�RUGHU�ʹʹͲ�

WR�TXDQWLI\�FKDQJHV�LQ�6*1�SDWWHUQLQJ�LQ�Nrp2-/-�PXWDQWV��LW�ZDV�QHFHVVDU\�WR�GLVFULPLQDWH�6*1V�ʹʹͳ�

IURP�DVVRFLDWHG�ROLYRFRFKOHDU�HIIHUHQW�ILEHUV��6LQFH�ERWK�DUH�ODEHOHG�E\�SDQ�QHXURQDO�PDUNHUV�ʹʹʹ�

VXFK�DV�QHXURILODPHQW�RU�EHWD�,,,�WXEXOLQ��7XM����ZH�VFUHHQHG�RYHU�D�GR]HQ�DQWLERGLHV�DJDLQVW�ʹʹ͵�

NQRZQ�QHXURQDO�IDFWRUV�DQG�IRXQG�WKDW�V\QDSWRWDJPLQ����6\W����DQWLERGLHV�ODEHO�WKH�6*1�ʹʹͶ�

DIIHUHQW�D[RQV�EXW�GR�QRW�PDUN�ROLYRFRFKOHDU�HIIHUHQWV��)LJXUH��S�W���7ULSOH�ODEHOLQJ�ZLWK�7XM��ʹʹͷ�

�DOO�QHXURQV��EOXH���6\W����6*1�DIIHUHQW�D[RQV��UHG���DQG�*$3�����ROLYRFRFKOHDU�HIIHUHQWV��JUHHQ��ʹʹ͸�

6LPPRQV�HW�DO���������LQ�DQ�(�����FRFKOHD�GHPRQVWUDWHV�WKH�VSHFLILFLW\�RI�WKH�6\W���DQWLERG\�IRU�ʹʹ͹�

DIIHUHQW�6*1�D[RQV��1H[W��WKH�QXPEHU�RI�6*1�ILEHUV�WKDW�FURVV�LQWR�WKH�2+&�UHJLRQ�LQ�:7, ʹʹͺ�

Nrp2+���DQG�Nrp2����FRFKOHDH�ZDV�TXDQWLILHG�E\�ODEHOLQJ�ZLWK�6\W���DQWLERGLHV�DW�(������5HVXOWV�ʹʹͻ�

LQGLFDWH�VLJQLILFDQW�LQFUHDVHV�LQ�WKH�QXPEHU�RI�FURVVLQJ�ILEHUV�LQ�ERWK�Nrp2+���DQG�Nrp2����ʹ͵Ͳ�



� ͳͳ

FRFKOHDH��)LJXUH��X���7KHVH�GDWD�DUH�FRQVLVWHQW�ZLWK�D�PRGHO�LQ�ZKLFK�1US��SOD\V�D�UROH�LQ�ʹ͵ͳ�

OLPLWLQJ�WKH�QXPEHU�RI�6*1�D[RQV�WKDW�FURVV�LQWR�WKH�2+&�UHJLRQ���ʹ͵ʹ�

��ʹ͵͵�

Nrp2�PRGXODWHV�KDLU�FHOO�WDUJHWLQJ�DQG�6*1�D[RQDO�FRPSOH[LW\��ʹ͵Ͷ�

�$�VRPHZKDW�XQH[SHFWHG�UHVXOW�RI�WKH�DQDO\VLV�RI�6\W���6*1V�ZDV�WKH�REVHUYDWLRQ�RI�ʹ͵ͷ�

VLPLODU�SDWWHUQLQJ�GHIHFWV�LQ�FRFKOHDH�IURP�Nrp2+���DQG�Nrp2����DQLPDOV��+RZHYHU��SKHQRW\SLF�ʹ͵͸�

GHIHFWV�LQ�PLGOLQH�FRPPLVVXUDO�D[RQ�SDWK�ILQGLQJ�KDYH�EHHQ�UHSRUWHG�LQ�Nrp2+/-�PLFH��VXJJHVWLQJ�ʹ͵͹�

WKDW�KHWHUR]\JRVLW\�IRU�Nrp2�FDQ�OHDG�WR�D�VLJQLILFDQW�GHFUHDVH�LQ�1US��SURWHLQ��&KHQ�HW�DO����������ʹ͵ͺ�

7R�GHWHUPLQH�LI�WKLV�LV�WKH�FDVH�LQ�6*1V��ZH�H[DPLQHG�SURWHLQ�OHYHOV�E\�:HVWHUQ�EORW�DQG�IRXQG�ʹ͵ͻ�

D�VLJQLILFDQW�GHFUHDVH�LQ�1US�LQ�Nrp2+/-�FRFKOHDH��)LJXUH��D�� ,W�ZDV�VXUSULVLQJ�WKDW�WKH�Nrp2+/-�ʹͶͲ�

KHWHUR]\JRXV�FRFKOHDH�FRQVLVWHQWO\�KDG�VR�OLWWOH�1US��SURWHLQ��EXW�SUHYLRXV�UHSRUWV�KDYH�VKRZQ�ʹͶͳ�

SRVLWLYH�IHHGEDFN�DXWRFULQH�ORRSV�DVVRFLDWHG�ZLWK�Nrp2�H[SUHVVLRQ��7\OHU�+LOOPDQ�HW�DO���������ʹͶʹ�

*RHO�HW�DO����������%DVHG�RQ�WKHVH�UHVXOWV�DQG�WKH�IDFW�WKDW�Nrp2-/-�PLFH�GHPRQVWUDWH�OLPLWHG�ʹͶ͵�

VXUYLYDO�SDVW�ELUWK��ZH�XVHG�WKH�Nrp2+/-�PLFH�WR�H[DPLQH�FKDQJHV�LQ�6*1�LQQHUYDWLRQ�DW�SRVWQDWDO�ʹͶͶ�

DJHV��0RUHRYHU��LQ�RUGHU�WR�XQDPELJXRXVO\�YLVXDOL]H�SRWHQWLDO�FKDQJHV�LQ�D[RQDO�PRUSKRORJ\�RU�ʹͶͷ�

SDWK�ILQGLQJ��WKH�Nrp2 PXWDQW�VWUDLQ�ZDV�EUHG�RQWR�WKH�1&UH�57RP�OLQH��7KLV�DOORZHG�YLVXDOL]DWLRQ�ʹͶ͸�

RI�D�OLPLWHG�QXPEHU�RI�6*1�D[RQV�LQ�DQLPDOV�ZLWK�VLJQLILFDQWO\�GHFUHDVHG�1US���)LJXUH��E�G���ʹͶ͹�

$V�H[SHFWHG��DQ�LQFUHDVHG�SHUFHQWDJH�RI�6*1�ILEHUV�H[WHQGHG�LQWR�WKH�2+&�UHJLRQ�LQ�Nrp2+/-�ʹͶͺ�

FRFKOHDH��)LJXUH��F�G��VHH�DUURZKHDGV���7R�TXDQWLI\�WKHVH�FKDQJHV��ZH�GHWHUPLQHG�SHUFHQWDJHV�ʹͶͻ�

RI�ODEHOHG�ILEHUV�ZLWK�W\SH�,�DQG�W\SH�,,�OLNH�PRUSKRORJLHV�LQ�FRFKOHDH�IURP�:7�DQG�Nrp2+/- PLFH��ʹͷͲ�

,Q�SUHYLRXV�VWXGLHV��DQWL�SHULSKHULQ�LPPXQRODEHOLQJ�KDV�EHHQ�XVHG�WR�ODEHO�W\SH�,,�6*1V��+XDQJ�ʹͷͳ�

HW�DO���������'HIRXUQ\�HW�DO����������EXW�ZH�DQG�RWKHUV�KDYH�IRXQG�VLJQLILFDQW�SHULSKHULQ�ʹͷʹ�

H[SUHVVLRQ�LQ�W\SH�,�6*1V�WKURXJK�SRVWQDWDO�GD\����7KHUHIRUH��W\SH�,��WHUPLQDWLQJ�DW�,+&V��DQG�ʹͷ͵�
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W\SH�,,�OLNH��H[WHQGLQJ�LQWR�WKH�2+&�UHJLRQ�DQG�WXUQLQJ�WRZDUGV�WKH�EDVH��ILEHUV�ZHUH�FODVVLILHG�ʹͷͶ�

EDVHG�RQ�PRUSKRORJ\��)LJXUH��F�G���5HVXOWV�LQGLFDWHG�QHDUO\�D�����LQFUHDVH�LQ�W\SH�,,�OLNH�6*1�ʹͷͷ�

ILEHUV��DPRQJ�WKH�ODEHOHG�SRSXODWLRQ��LQ�Nrp2+/-�FRFKOHDH�DW�3���)LJXUH��H���FRQILUPLQJ�WKH�ʹͷ͸�

SKHQRW\SH�REVHUYHG�LQ�HPEU\RQLF�FRFKOHDH�IURP�Nrp2�PXWDQWV���ʹͷ͹�

$FWLYDWLRQ�RI�QHXURSLOLQV�KDV�EHHQ�VKRZQ�WR�DOWHU�JURZWK�FRQH�PRWLOLW\��&KHQ�HW�DO���ʹͷͺ�

�������DQ�HIIHFW�WKDW�FRXOG�DFFRXQW�IRU�WKH�6*1�SKHQRW\SH��7KHUHIRUH��ZH�ZDQWHG�WR�H[DPLQH�ʹͷͻ�

ZKHWKHU�GHFUHDVHG�OHYHOV�RI�1US��OHG�WR�LQFUHDVHV�LQ�HLWKHU�WKH�QXPEHU�RU�OHQJWK�RI�VPDOO�ʹ͸Ͳ�

H[SORUDWRU\�SURFHVVHV�DW�WKH�HQGV�RI�6*1�SHULSKHUDO�D[RQV��7R�DFFRPSOLVK�WKLV��WHUPLQDOV�RI�ʹ͸ͳ�

LQGLYLGXDO�6*1�SHULSKHUDO�D[RQV�ZHUH�H[DPLQHG�LQ�FRFKOHDH�IURP�:7�DQG�Nrp2+/-�PXWDQWV��ZLWK�ʹ͸ʹ�

VSDUVH�6*1�ODEHOLQJ��DW�3���7KH�HQGV�RI�WKH�7\SH�,,�6*1V�VKRZHG�WUHPHQGRXV�PRUSKRORJLFDO�ʹ͸͵�

YDULDELOLW\�DW�WKHVH�VWDJHV�EXW�ZH�ZHUH�QRW�DEOH�WR�GHWHFW�DQ\�VXEVWDQWLDO�GLIIHUHQFHV�EHWZHHQ�ʹ͸Ͷ�

Nrp2+/- DQG�:7��+RZHYHU��ZH�ZHUH�DEOH�WR�V\VWHPDWLFDOO\�PHDVXUH�DQG�FRXQW�WKH�QXPEHU�RI�ʹ͸ͷ�

VPDOO�EUDQFKHV�DW�WKH�HQGV�RI�W\SH�,�6*1V��)LJXUH��I�J���:7�DQG�Nrp2+/-�6*1V�GLG�QRW�VKRZ�ʹ͸͸�

GLIIHUHQFHV�LQ�ILORSRGLDO�OHQJWK��QRW�VKRZQ���EXW�Nrp2+/-�6*1V�QHXULWHV�GLG�VKRZ�D�VLJQLILFDQW�ʹ͸͹�

LQFUHDVH�LQ�WKH�QXPEHU�RI�ILORSRGLDO�EUDQFKHV��)LJXUH��I�K���)LQDOO\��ZH�H[DPLQHG�WKH�V\QDSWLF�ʹ͸ͺ�

ORFDWLRQV�RI�W\SH�,�6*1V�LQ�:7�DQG�Nrp2+/-�FRFKOHDH��DV�SUHYLRXV�ZRUN�KDV�VXJJHVWHG�WKDW�ORZ�ʹ͸ͻ�

VSRQWDQHRXV�UDWH�ILEHUV�V\QDSVH�RQ�WKH�PHGLDO�VLGH�RI�,+&V�ZKLOH�KLJK�VSRQWDQHRXV�UDWH�ILEHUV�ʹ͹Ͳ�

V\QDSVH�RQ�WKH�ODWHUDO�VLGHV��/LEHUPDQ���������:H�WUDFNHG�RYHU������6*1V�EHWZHHQ�Nrp2+/-�DQG�ʹ͹ͳ�

:7�FRFKOHDH�DQG�IRXQG�QR�GLIIHUHQFHV�LQ�WKH�SHUFHQWDJHV�RI�PHGLDOO\��RU�ODWHUDOO\�SRVLWLRQHG�ʹ͹ʹ�

6*1V��)LJXUH��L���7KHVH�GDWD�VXSSRUW�WKH�K\SRWKHVLV�WKDW�1US��PHGLDWHV�DQ�LQKLELWRU\�VLJQDO�ʹ͹͵�

ZLWKLQ�6*1�ILEHUV�WKDW�GHFUHDVHV�WHUPLQDO�FRPSOH[LW\�DQG�SUHYHQWV�ILEHUV�IURP�H[WHQGLQJ�ʹ͹Ͷ�

SURFHVVHV�LQWR�WKH�2+&�UHJLRQ��+RZHYHU��1US��GRHV�QRW�DSSHDU�WR�SOD\�D�UROH�LQ�WKH�SDWWHUQLQJ�RI�ʹ͹ͷ�

ILEHUV�ZLWKLQ�WKH�,+&�UHJLRQ��ʹ͹͸�



� ͳ͵

�ʹ͹͹�

7KH�QXPEHU�RI�ULEERQ�V\QDSVHV�LV�QRUPDO�LQ�DGXOW�Nrp2�PXWDQWV���ʹ͹ͺ�

6*1V�DQG�+&V�FRQQHFW�YLD�VSHFLDOL]HG�ULEERQ�V\QDSVHV��6RENRZLF]�HW�DO����������*LYHQ�ʹ͹ͻ�

WKDW�GHFUHDVHG�1US��UHVXOWV�LQ�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�6*1�SURFHVVHV�LQ�WKH�2+&�UHJLRQ��ʹͺͲ�

ZH�VSHFXODWHG�WKDW�WKLV�VKRXOG�UHVXOW�LQ�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�V\QDSWLF�ULEERQ�ERGLHV�LQ�ʹͺͳ�

2+&V��7R�LQYHVWLJDWH�WKLV��ZH�ODEHOHG�DQG�FRXQWHG�5LEH\H�SRVLWLYH�SXQFWD�DW�WKH�EDVH�RI�,+&V�ʹͺʹ�

DQG�2+&V�LQ�:7�DQG�Nrp2+/-�FRFKOHDH�DW�3��DQG�3����)LJXUH�D�G���6XUSULVLQJO\��V\QDSVH�ʹͺ͵�

QXPEHUV�IRU�ERWK�,+&V�DQG�2+&V�ZHUH�XQFKDQJHG�EHWZHHQ�:7�DQG�Nrp2+/-�PXWDQWV��)LJXUH��H���ʹͺͶ�

)RU�WKHVH�VWXGLHV��ZH�ZHUH�DOVR�DEOH�WR�H[DPLQH�ERWK�FRFKOHDH�IURP�RQH�VXUYLYLQJ�Nrp2-/-�PRXVH�ʹͺͷ�

DW�3����+RZHYHU��QR�GLIIHUHQFH�LQ�QXPEHU�RI�ULEERQ�V\QDSVHV��DV�FRPSDUHG�WR�FRQWUROV��ZDV�ʹͺ͸�

REVHUYHG�LQ�WKHVH�FRFKOHDH�HLWKHU��&RQVLVWHQW�ZLWK�WKLV�UHVXOW��DVVHVVPHQW�RI�KHDULQJ�VHQVLWLYLW\�ʹͺ͹�

E\�DXGLWRU\�EUDLQVWHP�UHVSRQVH��$%5��LQGLFDWHG�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�:7�DQG�ʹͺͺ�

Nrp2+/-�PLFH��QRW�VKRZQ���7R�IXUWKHU�H[DPLQH�LQQHUYDWLRQ�LQ�Nrp2+/-�DGXOW�FRFKOHDH��ZH�ʹͺͻ�

FRPSDUHG�QXPEHUV�RI�W\SH�,,�6*1V�EHWZHHQ�Nrp2+/-�PXWDQWV�DQG�:7�XVLQJ�VSDUVH�6*1�ODEHOLQJ��ʹͻͲ�

$OWKRXJK�WKHUH�ZDV�D�VPDOO�LQFUHDVH�LQ�W\SH�,,�SURMHFWLRQV�LQ�Nrp2+/- FRFKOHDH�DV�FRPSDUHG�WR�ʹͻͳ�

FRQWUROV��WKH�GLIIHUHQFH�ZDV�QRW�VLJQLILFDQW��2YHUDOO��WKHVH�UHVXOWV�VXJJHVW�WKDW�LQQHUYDWLRQ�LV�ʹͻʹ�

QRUPDO�LQ�DGXOW�Nrp2+/-�FRFKOHDH��7KH�EDVLV�IRU�WKH�FKDQJH�LQ�LQQHUYDWLRQ�SDWWHUQV�EHWZHHQ�ʹͻ͵�

HPEU\RQLF�HDUO\�SRVW�QDWDO�DQG�DGXOW�Nrp2+/-�DQLPDOV�LV�XQFOHDU��+RZHYHU��DIWHU�ELUWK��WKH�FRFKOHD�ʹͻͶ�

JRHV�WKURXJK�D�VLJQLILFDQW�SKDVH�RI�V\QDSWLF�SUXQLQJ�LQ�FRQMXQFWLRQ�ZLWK�LQQHUYDWLRQ�E\�ʹͻͷ�

ROLYRFRFKOHDU�HIIHUHQWV��+XDQJ�HW�DO�������D���7KHUHIRUH��LW�VHHPV�OLNHO\�WKDW�WKLV�SUXQLQJ�ʹͻ͸�

PHFKDQLVP�LV�LQGHSHQGHQW�RI�1US��DQG�FDQ�WKHUHIRUH�DFW�WR�FRUUHFW�DQ\�LQFUHDVHV�LQ�6*1�ILEHUV�ʹͻ͹�

LQ�WKH�2+&�UHJLRQ���ʹͻͺ�

�ʹͻͻ�
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6HPDSKRULQ��)�LV�H[SUHVVHG�LQ�WKH�2+&�UHJLRQ�LQ�D�FRPSOHPHQWDU\�SDWWHUQ�WR�1US����͵ͲͲ�

1US��LV�WKRXJKW�WR�EH�DFWLYDWHG�E\�VHYHUDO�RI�WKH�VHFUHWHG�6HPDSKRULQV��LQFOXGLQJ�͵Ͳͳ�

6HPD�%����&����'��DQG���*��6KDUPD�HW�DO����������7R�GHWHUPLQH�ZKLFK�RI�WKHVH�OLJDQGV�FRXOG�EH�͵Ͳʹ�

DFWLYDWLQJ�1US��RQ�6*1V��ZH�ORFDOL]HG�Sema3�WUDQVFULSWV�E\�in situ�K\EULGL]DWLRQ��Sema3b��QRW�͵Ͳ͵�

VKRZQ��DQG�Sema3c�VKRZHG�D�QHDUO\�LGHQWLFDO�H[SUHVVLRQ�SDWWHUQ��P51$�ZDV�GHWHFWDEOH�LQ�WKH�͵ͲͶ�

VSLUDO�JDQJOLRQ��LQ�WKH�JUHDWHU�HSLWKHOLDO�ULGJH��*(5��QRQVHQVRU\�FHOOV��RI�WKH�FRFKOHDU�HSLWKHOLXP��͵Ͳͷ�

DQG�YHU\�IDLQWO\�LQ�WKH�,+&�DQG�2+&V��)LJXUH��D�F���Sema3d�P51$�ZDV�QRW�GHWHFWDEOH�LQ�WKH�͵Ͳ͸�

VSLUDO�JDQJOLRQ��EXW�ZDV�GHWHFWDEOH�LQ�DQ�XQXVXDO�VWULSLQJ�SDWWHUQ�LQ�WKH�*(5��)LJXUH��G�I��VHH�WKH�͵Ͳ͹�

DUURZ�LQ�(���In situ�K\EULGL]DWLRQ�IRU�Sema3g�ZDV�QRW�SHUIRUPHG��EXW�5LFKDUGVRQ�HW�DO��GLG�QRW�͵Ͳͺ�

GHWHFW�Sema3g�H[SUHVVLRQ�LQ�WKH�(�����FRFKOHD��5LFKDUGVRQ�HW�DO����������,Q�FRQWUDVW�ZLWK�WKHVH�͵Ͳͻ�

UHVXOWV��Sema3f�P51$�LV�H[SUHVVHG�LQ�D�SDWWHUQ�KLJKO\�VXJJHVWLYH�RI�D�UROH�LQ�DFWLYDWLQJ�1US��͵ͳͲ�

�)LJXUH��J�Q���$W�(������QRW�VKRZQ��DQG�(������Sema3f�WUDQVFULSWV�ZHUH�GHWHFWDEOH�LQ�WKH�DSLFDO��͵ͳͳ�

PLGGOH��DQG�EDVDO�WXUQV�RI�WKH�FRFKOHD�LQ�D�SDWWHUQ�WKDW�LV�GLVWLQFW�IURP�WKH�RWKHU�Sema3s�ZH�͵ͳʹ�

H[DPLQHG��)LJXUH��K���([SUHVVLRQ�RI�Sema3f�LV�SUHVHQW�LQ�WZR�UHJLRQV�RI�WKH�GXFW��DQ�H[WUHPH�͵ͳ͵�

PHGLDO�UHJLRQ�QHDU�WKH�MXQFWLRQ�ZLWK�5HLVVQHU¶V�PHPEUDQH�DQG�LQ�D�ODWHUDO�GRPDLQ�WKDW�FRUUHODWHV�͵ͳͶ�

ZLWK�WKH�GHYHORSLQJ�VHQVRU\�HSLWKHOLXP��$W�KLJKHU�PDJQLILFDWLRQ��Sema3f DSSHDUV�WR�EH�͵ͳͷ�

H[SUHVVHG�LQ�D�GRPDLQ�RI�FHOOV�WKDW�LQFOXGHV�2+&V��SLOODU�FHOOV��'LHWHUV¶�FHOOV�DQG�+HQVRQ¶V�FHOOV�͵ͳ͸�

�)LJXUH��L���0RUHRYHU��WKH�GRPDLQ�KDV�D�VKDUS�PHGLDO�ERXQGDU\�WKDW�DSSHDUV�WR�FRUUHODWH�ZLWK�WKH�͵ͳ͹�

MXQFWLRQ�EHWZHHQ�WKH�,+&�DQG�2+&�UHJLRQV��7R�EHWWHU�UHVROYH�WKH�VSDWLDO�GLVWULEXWLRQ�RI�Sema3f�͵ͳͺ�

P51$��ZH�SRVW�VWDLQHG�VDPSOHV�ZLWK�DQWLERGLHV�DJDLQVW�0\RVLQ9,�DQG�1HXURILODPHQW�OLJKW�͵ͳͻ�

FKDLQ��)LJXUH��M�O���7KH�PHUJHG�LPDJH�GHPRQVWUDWHV�WKDW�Sema3f�H[SUHVVLRQ�FOHDUO\�RYHUODSV�ZLWK�͵ʹͲ�

WKH�2+&�UHJLRQ�DQG�LV�FRPSOHWHO\�DEVHQW�IURP�WKH�,+&�UHJLRQ��,Q�DGGLWLRQ��WKH�VKDUS�PHGLDO�͵ʹͳ�

ERXQGDU\�DSSHDUV�WR�SUHFLVHO\�FRUUHODWH�ZLWK�WKH�OLPLWLQJ�H[WHQVLRQ�RI�GHYHORSLQJ�6*1�SURFHVVHV��͵ʹʹ�



� ͳͷ

$W�SRVWQDWDO�GD\����3����Sema3f�H[SUHVVLRQ�LQ�WKH�FRFKOHD�LV�GLPLQLVKHG�DQG�WKH�GLVWULEXWLRQ�͵ʹ͵�

SDWWHUQ�KDV�FKDQJHG��$W�WKH�DSH[��Sema3f�LV�GHWHFWDEOH�LQ�WKH�SLOODU�FHOOV�DQG�IDLQWO\�SUHVHQW�LQ�͵ʹͶ�

QHDUE\�VXSSRUWLQJ�FHOOV�ZKLOH�DW�WKH�FRFKOHDU�EDVH��Sema3f�H[SUHVVLRQ�LV�OLPLWHG�WR�MXVW�WKH�RXWHU�͵ʹͷ�

SLOODU�FHOOV��$W�3���Sema3f�ZDV�QRW�GHWHFWDEOH�LQ�WKH�FRFKOHDU�HSLWKHOLXP��QRW�VKRZQ���7KHVH�GDWD�͵ʹ͸�

VXJJHVW�WKDW�6HPD�)�SURWHLQ�LV�GLVWULEXWHG�LQ�D�VSDWLDO�DQG�WHPSRUDO�SDWWHUQ�FRQVLVWHQW�ZLWK�D�UROH�͵ʹ͹�

LQ�DFWLYDWLQJ�1US��RQ�6*1V�� ͵ʹͺ�

�͵ʹͻ�

([RJHQRXV�6HPD�)�LQKLELWV�6*1�RXWJURZWK�in vitro���͵͵Ͳ�

7R�WHVW�WKH�K\SRWKHVLV�WKDW�6HPD�)�DFWLYDWHV�1US��LQ�W\SH�,�6*1V��ZKLFK�ZRXOG�OHDG�WR�͵͵ͳ�

GHFUHDVHG�FRPSOH[LW\�DQG�LQKLELWLRQ�RI�H[WHQVLRQ��ZH�HVWDEOLVKHG�FRFKOHDU�H[SODQW�FXOWXUHV�IURP�͵͵ʹ�

(�����RU�(�����PLFH�DQG�PDLQWDLQHG�WKHP�LQ�PHGLD�FRQWDLQLQJ�FRQWURO�)F�RU�6HPD�)�)F�IXVLRQ�͵͵͵�

SURWHLQV�IRU����K��$W�WKH�FRPSOHWLRQ�RI�HDFK�H[SHULPHQW��DOO�6*1�SURFHVVHV�ZHUH�ODEHOHG�XVLQJ�͵͵Ͷ�

7XM���7R�REVHUYH�WKH�ILQH�GHWDLOV�RI�WKH�6*1�HQGLQJV��LW�ZDV�QHFHVVDU\�WR�SUHSDUH��'�͵͵ͷ�

UHFRQVWUXFWLRQV�IURP�KLJK�UHVROXWLRQ�=�VWDFNV��)LJXUH��D�G���,Q�FRQWUROV��W\SH�,�6*1�SURFHVVHV�͵͵͸�

ORFDWHG�QHDU�WKH�,+&V�HODERUDWHG�FRPSOH[�EUDQFKLQJ�SDWWHUQV�ZLWK�PXOWLSOH�ILORSRGLD�SHU�SURFHVV�͵͵͹�

�)LJXUH��D�F���,Q�FRQWUDVW��6*1�SURFHVVHV�IURP�FRFKOHDH�WUHDWHG�ZLWK�6HPD�)�)F�VKRZHG�PRVWO\�͵͵ͺ�

EOXQW�HQGLQJV�ZLWK�YHU\�OLWWOH�EUDQFKLQJ��)LJXUH��E�G���:H�TXDQWLILHG�WKLV�HIIHFW�E\�FRXQWLQJ�WKH�͵͵ͻ�

WRWDO�QXPEHU�RI�6*1�EUDQFK�WLSV�LQ�WKH�,+&�UHJLRQ��)LJXUH��H���)RU�H[SHULPHQWV�LQLWLDWHG�DW�͵ͶͲ�

HLWKHU�(�����RU�(������WKH�DGGLWLRQ�RI�6HPD�)�)F�OHG�WR�QHDUO\�D�����GHFUHDVH�LQ�WKH�QXPEHU�RI�͵Ͷͳ�

6*1�EUDQFK�WLSV���͵Ͷʹ�

� $OWKRXJK�WKHUH�ZDV�DQ�REYLRXV�HIIHFW�RQ�WKH�PRUSKRORJ\�RI�6*1�SURFHVVHV�IROORZLQJ�͵Ͷ͵�

WUHDWPHQW�ZLWK�6HPD�)�)F��WKH�ODEHOLQJ�RI�DOO�6*1V�E\�7XM��SUHYHQWHG�D�GHWHUPLQDWLRQ�RI�͵ͶͶ�

ZKHWKHU�WKLV�FKDQJH�UHVXOWHG�IURP�D�IXOO�UHWUDFWLRQ�RI�VRPH�6*1V�IURP�WKH�FRFKOHDU�HSLWKHOLXP�͵Ͷͷ�



� ͳ͸

RU�D�UHGXFWLRQ�LQ�WKH�QXPEHU�RI�EUDQFKHV�SHU�LQGLYLGXDO�6*1��7KHUHIRUH��WKH�6HPD�)�)F�͵Ͷ͸�

H[SHULPHQWV�ZHUH�UHSHDWHG�XVLQJ�FRFKOHDH�IURP�1&UH�57RP�PLFH��)LJXUH��I�N���:KLOH�H[SRVXUH�WR�͵Ͷ͹�

6HPD�)�)F�GLG�QRW�GHFUHDVH�WKH�QXPEHU�RI�SURFHVVHV�WKDW�UHDFKHG�WKH�,+&�UHJLRQ��)LJXUH��I�J���͵Ͷͺ�

WKHUH�ZDV�DQ�REYLRXV�GHFUHDVH�LQ�WKH�QXPEHU�RI�EUDQFKHG�SURWUXVLRQV�SHU�SURFHVV��)LJXUH��J��L���͵Ͷͻ�

7R�TXDQWLI\�WKLV�FKDQJH��WKH�QXPEHU�RI�EUDQFKHV�SHU�SURFHVV�ZDV�GHWHUPLQHG�IRU�JUHDWHU�WKDQ����͵ͷͲ�

6*1V�IURP�HDFK�WUHDWPHQW�JURXS��5HVXOWV�LQGLFDWH�D�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�QXPEHU�RI�͵ͷͳ�

EUDQFKHV�LQ�WKH�SUHVHQFH�RI�6HPD�)�)F��)LJXUH��N���7KHVH�GDWD�DUH�FRQVLVWHQW�ZLWK�WKH�͵ͷʹ�

K\SRWKHVLV�WKDW�D�ORFDOL]HG�VRXUFH�RI�6HPD�)�LQ�WKH�2+&�UHJLRQ�DFWV�WR�DFWLYDWH�1US��LQ�6*1�͵ͷ͵�

JURZWK�FRQHV�OHDGLQJ�WR�GHFUHDVHG�FRPSOH[LW\�DQG�H[WHQVLRQ���͵ͷͶ�

�͵ͷͷ�

'HOHWLRQ�RI�Sema3f OHDGV�WR�LQFUHDVHG�6*1V�LQ�WKH�2+&�UHJLRQ���͵ͷ͸�

7R�FRQILUP�WKDW�6HPD�)�QRUPDOO\�DFWV�WR�SUHYHQW�6*1�ILEHUV�IURP�H[WHQGLQJ�LQWR�WKH�2+&�͵ͷ͹�

GRPDLQ��WKH�LQQHUYDWLRQ�SKHQRW\SH�ZDV�H[DPLQHG�LQ�Sema3f-/- PXWDQW�PLFH��:DO]�HW�DO����������͵ͷͺ�

7R�YLVXDOL]H�LQGLYLGXDO�ILEHUV��WKH�VSDUVH�ODEHOLQJ�DOOHOHV�ZHUH�EUHG�RQWR�WKH�Sema3f�PXWDQW�OLQH�͵ͷͻ�

�)LJXUH��D�DQG�E���$V�SUHGLFWHG��Sema3f-/-�FRFKOHDH�VKRZHG�DQ�LQFUHDVHG�SHUFHQWDJH�RI�6*1�͵͸Ͳ�

SURFHVVHV�LQ�WKH�2+&�UHJLRQ��,QWHUHVWLQJO\��ZKHQ�ZH�TXDQWLILHG�WKH�LQFUHDVH�LQ�FURVVLQJ�͵͸ͳ�

SURFHVVHV�LQ�Sema3f����FRFKOHDH��)LJXUH��F���ZH�IRXQG�WKDW�LW�ZDV�FRPSDUDEOH�WR�WKDW�REVHUYHG�LQ�͵͸ʹ�

Nrp2+/-�KHWHUR]\JRWHV��)LJXUH�����&RPSDUHG�WR�OLWWHUPDWH�FRQWUROV��ZH�GLG�QRW�REVHUYH�DQ\�͵͸͵�

FKDQJHV�LQ�HLWKHU�KDLU�FHOO�RU�6*1�GHQVLW\�LQ�Sema3f-/- FRFKOHDH��)LJXUH��G�J���VXJJHVWLQJ�WKH�͵͸Ͷ�

H[WUDQHRXV�6*1�SURFHVVHV�LQ�WKH�2+&�UHJLRQ�DUH�QRW�D�VHFRQGDU\�HIIHFW�RI�RWKHU�FRFKOHDU�͵͸ͷ�

FKDQJHV��7�������������������������������������������������������Sema3f-/- ����������������͵͸͸�

����������������������������������ǡ�������������������������������������ʹǦ����������͵͸͹�

���������ȋ	������ͷȌǤ��������������������������������������������������������������������͵͸ͺ�
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��������������������Sema3f-/-.��������������������������Nrp2��������ǡ���������������͵͸ͻ�

�����������������������������������������������������������������������������������������͵͹Ͳ�

�����������������������������
����������������������������������Ǥ�7KHVH�GDWD�VXSSRUW�D�͵͹ͳ�

PRGHO�LQ�ZKLFK�6HPD�)�DFWV�DV�D�OLJDQG�IRU�1US��WR�FRQWURO�6*1�H[WHQVLRQ�LQWR�WKH�2+&�UHJLRQ�͵͹ʹ�

GXULQJ�GHYHORSPHQW��͵͹͵�

�͵͹Ͷ�

3OH[LQ�$��LV�H[SUHVVHG�E\�WKH�6*1V�GXULQJ�GHYHORSPHQW��͵͹ͷ�

,W�ZDV�VKRZQ�SUHYLRXVO\�WKDW�LQWUDFHOOXODU�VLJQDOLQJ�HYHQWV�WKDW�RFFXU�DV�D�UHVXOW�RI�͵͹͸�

6HPD�I�1US��LQWHUDFWLRQV�GHSHQG�HQWLUHO\�RQ�WKH�SUHVHQFH�RI�3OH[LQ�$���<DURQ�HW�DO����������͵͹͹�

7KHUHIRUH��ZH�H[DPLQHG�3OH[LQ�$��H[SUHVVLRQ�LQ�WKH�6*1V�GXULQJ�GHYHORSPHQWDO�SHULRGV�͵͹ͺ�

FRUUHVSRQGLQJ�ZLWK�,+&�DQG�2+&�LQQHUYDWLRQ��)LJXUH���±�ILJXUH�VXSSOHPHQW����)LJXUH�����In situ�͵͹ͻ�

K\EULGL]DWLRQ�GDWD�IURP�WKH�$OOHQ�%UDLQ�$WODV�ZHEVLWH�FOHDUO\�VKRZV�Plxna3�P51$�GLVWULEXWLRQ�͵ͺͲ�

LQ�WKH�FRFKOHRYHVWLEXODU�JDQJOLRQ�DW�(�����DQG�LQ�WKH�6*1V�DW�(�����DQG�(�����͵ͺͳ�

�KWWS���GHYHORSLQJPRXVH�EUDLQ�PDS�RUJ�JHQH�VKRZ���������)LJXUH���±�ILJXUH�VXSSOHPHQW�����7R�͵ͺʹ�

YHULI\�WKHVH�UHVXOWV��ZH�JHQHUDWHG�Plxna3�VHQVH�DQG�DQWL�VHQVH�P51$�SUREHV�DQG�SHUIRUPHG�in ͵ͺ͵�

situ�K\EULGL]DWLRQ�DW�(������&RQVLVWHQW�ZLWK�WKH�$OOHQ�%UDLQ�$WODV��Plxna3�DQWLVHQVH�SUREHV�͵ͺͶ�

LQGLFDWHG�EURDG�H[SUHVVLRQ�LQ�6*1V�LQ�ERWK�WKH�DSLFDO�DQG�EDVDO�UHJLRQV�RI�WKH�FRFKOHD��)LJXUH�͵ͺͷ�

�D�F���8VLQJ�'LIIHUHQWLDO�,QWHUIHUHQFH�&RQWUDVW��',&��WR�FORVHO\�H[DPLQH�WKH�6*1V��)LJXUH��G�I���͵ͺ͸�

ZH�GLG�QRW�GHWHFW�DQ\�REYLRXV�GLIIHUHQFHV�LQ�Plxna3�P51$ ZLWKLQ�WKH�SRSXODWLRQ��VXJJHVWLQJ�͵ͺ͹�

XQLIRUP�H[SUHVVLRQ�RI�Plxna3��,Q�FRQWUDVW��H[DPLQDWLRQ�RI�3OH[LQ�$��SURWHLQ�GLVWULEXWLRQ�LQ�͵ͺͺ�

ZKROH�PRXQW�SUHSDUDWLRQV�DW�(�����LQGLFDWHG�D�VWULNLQJ�GLIIHUHQFH�LQ�3OH[LQ�$��OHYHOV�LQ�6*1�͵ͺͻ�

SHULSKHUDO�SURFHVVHV��$W�ORZ�PDJQLILFDWLRQ��3OH[LQ�$��SURWHLQ�LV�YLVLEOH�EURDGO\�LQ�WKH�6*1�͵ͻͲ�

SURFHVVHV�LQ�D�SDWWHUQ�VLPLODU�WR�WKDW�RI�7XM���)LJXUH��J�L���+RZHYHU��DW�KLJK�PDJQLILFDWLRQ��͵ͻͳ�
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3OH[LQ�$��H[SUHVVLRQ�LQ�ILEHUV�H[WHQGLQJ�EH\RQG�WKH�,+&�UHJLRQ�LV�PDUNHGO\�UHGXFHG�E\�͵ͻʹ�

FRPSDULVRQ�ZLWK�VXEVWDQWLDOO\�KLJKHU�OHYHOV�LQ�ILEHUV�WKDW�WHUPLQDWH�QHDU�,+&V��)LJXUH��J�O���͵ͻ͵�

6LQFH�6*1V�DUH�DFWLYHO\�SURELQJ�WKH�,+&�DQG�2+&�UHJLRQV�DW�WKLV�VWDJH��)LJXUHV���DQG�����͵ͻͶ�

LQGLYLGXDO�ILEHUV�FDQQRW�XQDPELJXRXVO\�EH�GHVLJQDWHG�DV�³W\SH�,´�RU�³W\SH�,,�´�%XW��3OH[LQ�$��͵ͻͷ�

H[SUHVVLRQ�RQ�ILEHUV�ORFDWHG�LQ�WKH�2+&�UHJLRQ��LV�GHWHFWDEOH�RQO\�RQ�VSDUVH�QXPEHUV�RI�6*1V�DV�͵ͻ͸�

VPDOO�SXQFWD��DUURZKHDGV���7KHVH�GDWD�VXJJHVW�WKDW�3OH[LQ�$��PD\�DFW�DV�DQ�1US��FR�UHFHSWRU�LQ�͵ͻ͹�

6*1V��DQG�WKDW�GLIIHUHQFHV�LQ�3OH[LQ�$��SURWHLQ�OHYHOV�FRXOG�PRGXODWH�6HPD�)�PHGLDWHG�͵ͻͺ�

UHSXOVLRQ��͵ͻͻ�

�ͶͲͲ�

�ͶͲͳ�

',6&866,21�ͶͲʹ�

7KH�6*1�FRPSULVHV�PXOWLSOH�QHXURQDO�SKHQRW\SHV�DUUDQJHG�LQWR�SUHFLVH�SDWWHUQV�RI�ͶͲ͵�

LQQHUYDWLRQ��'HVSLWH�LQLWLDO�GHVFULSWLRQV�GDWLQJ�EDFN�PRUH�WKDQ�����\HDUV��RXU�XQGHUVWDQGLQJ�RI�ͶͲͶ�

WKH�GHYHORSPHQW�DQG�RUJDQL]DWLRQ�RI�WKLV�VWUXFWXUH�UHPDLQV�OLPLWHG��$�SDUWLFXODUO\�LQWULJXLQJ�ͶͲͷ�

LVVXH�KDV�EHHQ�WKH�TXHVWLRQ�RI�ZKHWKHU�W\SH�,�DQG�W\SH�,,�6*1V�DUH�GHWHUPLQHG�DV�D�UHVXOW�RI�WKH�ͶͲ͸�

H[SUHVVLRQ�RI�GLVWLQFW�WUDQVFULSWLRQDO�QHWZRUNV��DV�D�UHVXOW�RI�LQWHUDFWLRQV�EHWZHHQ�SHULSKHUDO�ͶͲ͹�

D[RQV�DQG�WDUJHW�KDLU�FHOOV��RU�D�FRPELQDWLRQ�RI�ERWK��&ODVVLF�VWXGLHV�RI�GHYHORSLQJ�6*1V�E\�ͶͲͺ�

(FKWHOHU�DQG�RWKHUV�LQGLFDWHG�WKH�SUHVHQFH�RI�LQGLYLGXDO�ILEHUV�LQ�FRQWDFW�ZLWK�ERWK�,+&V�DQG�ͶͲͻ�

2+&V��VXSSRUWLQJ�WKH�SRVVLELOLW\�RI�WDUJHW�PHGLDWHG�GHWHUPLQDWLRQ�RI�6*1�FHOO�W\SHV��(FKWHOHU��ͶͳͲ�

�������+RZHYHU��PRUH�UHFHQW�ZRUN�XVLQJ�JHQHWLF�ODEHOLQJ�SURYLGHV�VWURQJ�HYLGHQFH�IRU�WKH�Ͷͳͳ�

SUHVHQFH�RI�FRPPLWWHG�W\SH�,�DQG�W\SH�,,�6*1�ILEHUV�LQ�WKH�PRXVH�LQQHU�HDU�HYHQ�DW�HPEU\RQLF�Ͷͳʹ�

DJHV��.RXQGDNMLDQ�HW�DO����������0RUHRYHU��GHWDLOHG�PRUSKRORJLFDO�DQG�FHOOXODU�DQDO\VHV�E\�1��Ͷͳ͵�

'UXFNHQEURDG�DQG�/��*RRGULFK��SHUVRQDO�FRPPXQLFDWLRQ��UHYHDOHG�WKDW�ERWK�W\SH�,�DQG�,,�6*1V�ͶͳͶ�
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VKRZ�VWHUHRW\SHG�SDWK�ILQGLQJ�EHKDYLRUV��VXSSRUWLQJ�WKH�LGHD�WKDW�HDFK�6*1�VXEW\SH�PD\�EH�Ͷͳͷ�

SUHGHWHUPLQHG�WR�DQ�H[WHQW��7KH�UHVXOWV�SUHVHQWHG�KHUH��DQG�E\�'UXFNHQEURDG�DQG�*RRGULFK��Ͷͳ͸�

VKRZ�WKDW�FRFKOHDU�LQQHUYDWLRQ�QRUPDOO\�LQYROYHV�WKH�WUDQVLHQW�H[WHQVLRQ�RI�6*1�ILEHUV�LQWR�WKH�Ͷͳ͹�

2+&�UHJLRQ�EHWZHHQ�(�����DQG�(������$IWHU�WKLV�EULHI�SHULRG�DQG�FRQWLQXLQJ�WKURXJK�3���WKH�Ͷͳͺ�

PDMRULW\�RI�6*1�SURFHVVHV�FRQYHUJH�RQ�WKH�,+&�UHJLRQ��7KLV�RFFXUV�WKURXJK�ERWK�WKH�DUULYDO�RI�Ͷͳͻ�

QHZ�ILEHUV�DQG�WKH�UHWUDFWLRQ�RI�H[LVWLQJ�SURFHVVHV�IURP�WKH�2+&�UHJLRQ��/DEHOLQJ�RI�IXWXUH�W\SH�ͶʹͲ�

,�ILEHUV�ZLWK�WUDQVLHQW�2+&�H[WHQVLRQV�FRXOG�DSSHDU�DV�LQGLYLGXDO�QHXURQV�ZLWK�LQGHWHUPLQDWH�Ͷʹͳ�

SKHQRW\SHV��0RUHRYHU��FRQVLGHULQJ�WKDW�WKH�FHOOV�ZLWKLQ�WKH�FRFKOHDU�HSLWKHOLXP�DUH�LQ�WKH�Ͷʹʹ�

SURFHVV�RI�ERWK�GLIIHUHQWLDWLRQ�DQG�DFWLYH�H[WHQVLRQ�EHWZHHQ�(�����DQG�(������<DPDPRWR�HW�DO���Ͷʹ͵�

������:X�DQG�.HOOH\��������&RDWH�DQG�.HOOH\���������LW�LV�QRW�VXUSULVLQJ�WKDW�6*1�SURFHVVHV�ͶʹͶ�

PLJKW�DOVR�EH�KLJKO\�G\QDPLF�GXULQJ�WKLV�WLPH�SHULRG��1US��PHGLDWHG�UHSXOVLRQ�LQ�UHVSRQVH�WR�Ͷʹͷ�

6HPD�)�ZDV�LGHQWLILHG�PDQ\�\HDUV�DJR�DQG�KDV�EHHQ�GRFXPHQWHG�LQ�PXOWLSOH�HYHQWV�UDQJLQJ�Ͷʹ͸�

IURP�D[RQ�JXLGDQFH�WR�V\QDSWLF�SUXQLQJ��$GDPV�HW�DO���������&KHQ�HW�DO���������*LJHU�HW�DO���Ͷʹ͹�

������'HP\DQHQNR�HW�DO����������7KHUHIRUH��WKHUH�LV�VWURQJ�SUHFHGHQW�IRU�6HPD�)�1US��Ͷʹͺ�

LQWHUDFWLRQV�VHUYLQJ�D�UHSXOVLYH�UROH�LQ�6*1�+&�FRQQHFWLYLW\���Ͷʹͻ�

7KH�REVHUYDWLRQ�RI�DFWLYH�H[WHQVLRQ�DQG�UHWUDFWLRQ�RI�6*1�SURFHVVHV�LQWR�DQG�RXW�RI�WKH�2+&�Ͷ͵Ͳ�

UHJLRQ�LV�FRQVLVWHQW�ZLWK�WKH�SUHVHQFH�RI�LQKLELWRU\�VLJQDOV�DFWLQJ�RQ�WKRVH�SURFHVVHV��,Q�WKHVH�Ͷ͵ͳ�

VWXGLHV��ZH�GHPRQVWUDWH�WKDW�UHSXOVLYH�VLJQDOLQJ�PHGLDWHG�E\�6HPD�)�LQ�WKH�2+&�UHJLRQ�DQG�Ͷ͵ʹ�

1US��LQ�6*1V�FRQWUROV��DW�OHDVW�LQ�SDUW��WKH�QXPEHU�RI�6*1�ILEHUV�WKDW�WHUPLQDWH�RQ�2+&V��2XU�Ͷ͵͵�

ILQGLQJV�VXSSRUW�D�PRGHO�LQ�ZKLFK�WKH�HPEU\RQLF�2+&�UHJLRQ�PDLQWDLQV�D�FRPSDUWPHQW�RI�Ͷ͵Ͷ�

6HPD�)�SURWHLQ�H[SUHVVLRQ��ZKLFK�DFWLYDWHV�1US��UHFHSWRUV�H[SUHVVHG�RQ�6*1V�OHDGLQJ�WR�Ͷ͵ͷ�

UHWUDFWLRQ�RI�SURFHVVHV��)LJXUH��G���6LQFH�WKLV�LQKLELWRU\�VLJQDO�LV�UHVWULFWHG�WR�WKH�2+&�GRPDLQ��Ͷ͵͸�

WKLV�LQWHUDFWLRQ�ZRXOG�HQIRUFH�FRQWDFWV�EHWZHHQ�6*1�ILEHUV�DQG�,+&V��Ͷ͵͹�
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7\SH�,�6*1V�ZHUH�VWLOO�REVHUYHG�HYHQ�LQ�WKH�FRPSOHWH�DEVHQFH�RI�HLWKHU�Nrp2�RU�Sema3f��Ͷ͵ͺ�

7KHUH�DUH�VHYHUDO�SRVVLEOH�H[SODQDWLRQV�IRU�WKLV�SKHQRW\SH��)LUVW��LW�LV�UHDVRQDEOH�WR�DVVXPH�WKDW�Ͷ͵ͻ�

FRPSHQVDWRU\�JXLGDQFH�PHFKDQLVPV�DUH�LQ�SODFH�WR�HQVXUH�WKDW�PRVW�W\SH�,�6*1V�WHUPLQDWH�RQ�ͶͶͲ�

,+&V��)RU�H[DPSOH��WKHUH�DUH�D�YDULHW\�RI�FHOO�DGKHVLRQ�PROHFXOHV��&$0V��H[SUHVVHG�LQ�WKH�ͶͶͳ�

FRFKOHD�VXFK�DV�WKH�LPPXQRJOREXOLQ�VXSHUIDPLO\�RI�&$0V��OLNH�1&$0���FDGKHULQV��(�FDG�DQG�ͶͶʹ�

1�&DG���DQG�LQWHJULQV��.HOOH\���������DOO�RI�ZKLFK�PD\�KHOS�DWWUDFW�W\SH�,�6*1V�WR�WKH�,+&�ͶͶ͵�

UHJLRQ��,Q�DGGLWLRQ��LW�ZDV�UHFHQWO\�VKRZQ�WKDW�HSKULQ�$��(SKD��VLJQDOLQJ�PD\�DOVR�DFW�WR�UHSHO�ͶͶͶ�

W\SH�,�6*1V�IURP�2+&V��'HIRXUQ\�HW�DO����������7KHVH�VWXGLHV��KRZHYHU��ZHUH�OLPLWHG�WR�HDUO\�ͶͶͷ�

SRVWQDWDO�DQG�DGXOW�FRFKOHDU�VDPSOHV��WKXV�WKH�H[WHQW�WR�ZKLFK�WKHVH�IDFWRUV�DUH�LQYROYHG�LQ�ͶͶ͸�

WDUJHWLQJ�HYHQWV�GXULQJ�HPEU\RQLF�GHYHORSPHQW�UHPDLQV�XQFHUWDLQ��)LQDOO\��LW�LV�DOVR�SRVVLEOH�WKDW�ͶͶ͹�

WKH�GHYHORSLQJ�6*1�SRSXODWLRQ�LV�KHWHURJHQHRXV�ZLWK�VRPH�QHXURQV�GHPRQVWUDWLQJ�PRUH�ͶͶͺ�

G\QDPLF�H[SORUDWRU\�EHKDYLRU�WKDQ�RWKHUV��7KHUHIRUH��VRPH�ILEHUV�PD\�EH�OHVV�LQFOLQHG�WR�H[WHQG�ͶͶͻ�

LQWR�WKH�2+&�UHJLRQ�HYHQ�LQ�WKH�DEVHQFH�RI�LQKLELWRU\�VLJQDOV��7KLV�K\SRWKHVLV�PLJKW�EH�ͶͷͲ�

FRQVLVWHQW�ZLWK�WKH�LGHD�WKDW�VRPH�6*1V�DUH�LQLWLDOO\�FRPPLWWHG�WR�D�W\SH�,�IDWH�ZKLOH�RWKHUV�UHO\�Ͷͷͳ�

RQ�WDUJHW�EDVHG�LQWHUDFWLRQV�WR�GHWHUPLQH�WKHLU�SKHQRW\SH��Ͷͷʹ�

$V�GLVFXVVHG��GHVSLWH�WKH�SUHVHQFH�RI�DGGLWLRQDO�W\SH�,,�OLNH�SURFHVVHV�LQ�Nrp2+/-�FRFKOHDH�DW�Ͷͷ͵�

ELUWK��DQDO\VLV�RI�DGXOW�DQLPDOV�LQGLFDWHG�D�QRUPDO�QXPEHU�RI�W\SH�,,�6*1V�DQG�KHDULQJ�ͶͷͶ�

VHQVLWLYLW\��7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH�DGGLWLRQDO�W\SH�,,�OLNH�ILEHUV�REVHUYHG�DW�ELUWK�DUH�PRVW�Ͷͷͷ�

OLNHO\�HOLPLQDWHG�RYHU�WLPH�DQG�WKH�IDFWRUV�WKDW�PHGLDWH�WKLV�UHFRYHU\�DUH�XQNQRZQ��*LYHQ�WKDW�Ͷͷ͸�

³PDWXUH´�W\SH�,�W\SH�,,�6*1�SDWWHUQV�DUH�HVWDEOLVKHG�E\�3���)LJXUH�����DQG�WKDW�KDLU�FHOO�ULEERQ�Ͷͷ͹�

V\QDSVHV�DUH�YLVLEOH�E\�3���+XDQJ�HW�DO�������E���LW�FRXOG�EH�WKDW�(SK�HSKULQ�VLJQDOLQJ�PLJKW�EH�Ͷͷͺ�

LQYROYHG�LQ�V\QDSWLF�SUXQLQJ�EDVHG�UHILQHPHQWV�SRVWQDWDOO\��,Q�DGGLWLRQ��SURJUDPPHG�FHOO�GHDWK�Ͷͷͻ�

PD\�DOVR�FRQWULEXWH�WR�WKH�ILQDO�LQQHUYDWLRQ�SDWWHUQ��DV�DSRSWRVLV�LQ�6*1V�KDV�EHHQ�UHSRUWHG�LQ�Ͷ͸Ͳ�
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WKH�SRVWQDWDO�JHUELO��(FKWHOHU�HW�DO����������+RZHYHU��ZH�GLG�QRW�GHWHFW�DQ\�DSSUHFLDEOH�6*1�Ͷ͸ͳ�

IUDJPHQWDWLRQ�RU�DSRSWRVLV�LQ�RXU�H[SHULPHQWV�KHUH��)LJXUH���±�ILJXUH�VXSSOHPHQW����RU�LQ�Ͷ͸ʹ�

SUHYLRXV�VWXGLHV��&RDWH�HW�DO����������7KHUHIRUH��ZKLOH�ZH�FDQQRW�UXOH�LW�RXW�HQWLUHO\��ZH�ZRXOG�Ͷ͸͵�

QRW�SUHGLFW�WKDW�DSRSWRVLV�SOD\V�D�VLJQLILFDQW�UROH�LQ�VKDSLQJ�FRFKOHDU�LQQHUYDWLRQ�GXULQJ�Ͷ͸Ͷ�

GHYHORSPHQW���Ͷ͸ͷ�

� )LQDOO\��WKLV�VWXG\�DOVR�UDLVHV�VHYHUDO�LQWULJXLQJ�TXHVWLRQV�WR�EH�DGGUHVVHG�LQ�WKH�IXWXUH���Ͷ͸͸�

)LUVW��VLQFH�6HPD�)�DFWV�DV�D�UHSXOVLYH�VLJQDO�IRU�6*1�SURFHVVHV��KRZ�DUH�W\SH�,,�6*1V��ZKLFK�Ͷ͸͹�

DSSHDU�WR�H[SUHVV�1US���)LJXUH�����DEOH�WR�SURMHFW�LQWR�WKH�2+&�UHJLRQ��VHH�³"´�LQ�)LJXUH���"��:H�Ͷ͸ͺ�

GLG�QRW�GHWHFW�GLIIHUHQFHV�LQ�1US��OHYHOV�EHWZHHQ�SXWDWLYH�W\SH�,�DQG�W\SH�,,�6*1V��ZKLFK�FRXOG�Ͷ͸ͻ�

KDYH�DFFRXQWHG�SRVVLEO\�IRU�GLIIHUHQFHV�LQ�UHVSRQVLYHQHVV�WR�6HPD�)��:H�DUH�FXUUHQWO\�LQ�IDYRU�Ͷ͹Ͳ�

RI�WKH�PRGHO�WKDW�W\SH�,�DQG�W\SH�,,�6*1V�GLIIHUHQWLDOO\�H[SUHVV�RU�WDUJHW�3OH[LQ�$�FR�UHFHSWRUV��Ͷ͹ͳ�

DV�WKH�DEVHQFH�RI�WKHVH�REOLJDWRU\�FR�UHFHSWRUV�FRXOG�HIIHFWLYHO\�LQDFWLYH�WKH�6HPD�)�1US��Ͷ͹ʹ�

LQKLELWRU\�LQWHUDFWLRQ��3OH[LQ�$��DQG�3OH[LQ�$��SURWHLQV�ZHUH�ORFDOL]HG�WR�WKH�6*1V�SUHYLRXVO\�Ͷ͹͵�

�0XUDNDPL�HW�DO���������.DWD\DPD�HW�DO����������+HUH��ZH�IRXQG�Plxna3�P51$�EURDGO\�Ͷ͹Ͷ�

H[SUHVVHG�E\�WKH�6*1V�DQG�3OH[LQ�$��SURWHLQ�HQULFKHG�LQ�SXWDWLYH�W\SH�,�6*1V��)LJXUH�����Ͷ͹ͷ�

:KLOH�WKHVH�GDWD�VXJJHVW�WKDW�ZKHUH�W\SH�,�RU�,,�6*1V�XOWLPDWHO\�WHUPLQDWH�PD\�GHSHQG�RQ�Ͷ͹͸�

3OH[LQ�$��SURWHLQ�OHYHOV��D�PRUH�FDUHIXO�DQDO\VLV�RI�WKH�3OH[LQ�$��GLVWULEXWLRQ�DQG�IXQFWLRQ�LV�Ͷ͹͹�

QHHGHG��$�VHFRQG�TXHVWLRQ�UHODWHV�WR�WKH�UHPDUNDEO\�GLIIHUHQW�SDWWHUQV�RI�H[SUHVVLRQ�H[KLELWHG�E\�Ͷ͹ͺ�

WKH�GLIIHUHQW�Sema3s��)LJXUH�����:KDW�IDFWRU�V��FRQWURO�WKHVH�GLVFUHWH�Sema3 GRPDLQV"�*$7$�Ͷ͹ͻ�

WUDQVFULSWLRQ�IDFWRUV�KDYH�EHHQ�VKRZQ�SUHYLRXVO\�WR�UHJXODWH�Sema�H[SUHVVLRQ�DQG�DUH�NQRZQ�ͶͺͲ�

SOD\HUV�LQ�LQQHU�HDU�PRUSKRJHQHVLV�DQG�ZLULQJ��/HSRUH�HW�DO���������.RGR�HW�DO���������$SSOHU�Ͷͺͳ�

DQG�/X���������VR�SHUKDSV�RQH�UROH�RI�*$7$V�LQ�WKH�LQQHU�HDU�LV�WR�UHJXODWH�Sema3�OHYHOV��2WKHU�Ͷͺʹ�

FOXHV�UHODWHG�WR�WKLV�PDWWHU�PD\�FRPH�IURP�SUHYLRXV�ILQGLQJV�ZKHUH�HLWKHU�WKH�ORVV�RI�3UR[� RU�Ͷͺ͵�
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)JIU��VLJQDOLQJ�OHG�WR�LQFUHDVHV�LQ�2+&�LQQHUYDWLRQ��3XOLJLOOD�HW�DO���������)ULW]VFK�HW�DO����������ͶͺͶ�

,W�LV�SRVVLEOH��WKHUHIRUH��WKDW�3UR[��FRQWUROV�WKH�H[SUHVVLRQ�RI�IDFWRUV�VXFK�DV�Sema3f RU�WKDW�WKH�Ͷͺͷ�

ORFDO�GLVWULEXWLRQ�RI�WKH�GLIIHUHQW�Sema3s�LV�FRQWUROOHG�E\�PRUSKRJHQV�VXFK�DV�)JIV� 2YHUDOO��LW�Ͷͺ͸�

ZLOO�EH�LPSRUWDQW�LQ�IXWXUH�VWXGLHV�WR�LQYHVWLJDWH�XSVWUHDP�DFWLYDWRUV�RI�Sema3�H[SUHVVLRQ�DQG�Ͷͺ͹�

PHFKDQLVPV�WKDW�XOWLPDWHO\�GLVWLQJXLVK�WKH�PRUSKRORJLFDO�GLIIHUHQWLDWLRQ�RI�W\SH�,�DQG�W\SH�,,�Ͷͺͺ�

6*1V���Ͷͺͻ�

�ͶͻͲ�

�Ͷͻͳ�

0$7(5,$/6�$1'�0(7+2'6�Ͷͻʹ�

0RXVH�OLQHV�DQG�WLVVXH�SUHSDUDWLRQ��$OO�DQLPDOV�XVHG�LQ�WKLV�VWXG\�ZHUH�PDLQWDLQHG�LQ�Ͷͻ͵�

DFFRUGDQFH�ZLWK�WKH�1,+�$QLPDO�&DUH�DQG�8VH�&RPPLWWHH��)RU�H[SUHVVLRQ�VWXGLHV�DQG�in vitro�ͶͻͶ�

FXOWXUH�H[SHULPHQWV��WLPHG�SUHJQDQW�&'��PLFH��&KDUOHV�5LYHU�/DERUDWRULHV��)UHGHULFN��0'��Ͷͻͷ�

ZHUH�XVHG��7KH�Neurog1CreERT2�OLQH�XVHG�WR�FKDUDFWHUL]H�6*1�SKHQRW\SHV�KDV�EHHQ�GHVFULEHG�Ͷͻ͸�

SUHYLRXVO\��.RXQGDNMLDQ�HW�DO����������7KHVH�PLFH�ZHUH�FURVVHG�ZLWK�D�Rosa26tdTomato�UHSRUWHU�Ͷͻ͹�

OLQH��-DFNVRQ�/DERUDWRULHV��%DU�+DUERU��0(��VWRFN����������DQG�ZLWK�DQ�Atoh1nGFP OLQH�Ͷͻͺ�

�/XPSNLQ�HW�DO���������WR�JHQHUDWH�WULSOH�WUDQVJHQLFV�UHIHUUHG�WR�DV�³1&UH�57RP� Atoh1nGFP.” Ͷͻͻ�

%HFDXVH�D�VPDOO�DPRXQW�RI�VSRQWDQHRXV�&UH�DFWLYLW\�ZLWKLQ�WKH�Neurog1CreERT2 OLQH�UHVXOWHG�LQ�ͷͲͲ�

UHFRPELQDWLRQ�DQG�H[SUHVVLRQ�RI�WG7RPDWR�LQ�D�OLPLWHG�QXPEHU�RI�6*1V��QR�WDPR[LIHQ�ZDV�ͷͲͳ�

DGPLQLVWHUHG�WR�WKH�GDPV��1R�DSSDUHQW�UHJLRQDO�RU�FHOO�W\SH�ELDV�LQ�WKH�SDWWHUQ�RI�VSRQWDQHRXV�ͷͲʹ�

UHFRPELQDWLRQ�ZDV�REVHUYHG�DORQJ�WKH�WRQRWRSLF��EDVDO�WR�DSLFDO��D[LV�RU�EHWZHHQ�W\SH�,�DQG�W\SH�ͷͲ͵�

,,�6*1V��7KH�Nrp2�DQG�Sema3f�PXWDQW�OLQHV�KDYH�EHHQ�GHVFULEHG�SUHYLRXVO\��*LJHU�HW�DO���������ͷͲͶ�

:DO]�HW�DO�����������ͷͲͷ�
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)RU�LPPXQRKLVWRFKHPLFDO�VWXGLHV�RI�ZKROH�PRXQWV��FRFKOHDH�ZHUH�UHPRYHG�IURP�WKH�ͷͲ͸�

VNXOO�DQG�IL[HG�LQ����SDUDIRUPDOGHK\OH��3)$�����PLQXWHV�WR���KRXU�GHSHQGLQJ�RQ�DJH��DW�57�ͷͲ͹�

IROORZHG�E\�H[WHQVLYH�ULQVLQJ�LQ�FROG��;�3%6��)RU�WLVVXH�VHFWLRQLQJ��IROORZLQJ�IL[DWLRQ�LQQHU�ͷͲͺ�

HDUV�ZHUH�H[SRVHG�WR�LQFUHDVLQJ�FRQFHQWUDWLRQV�RI�VXFURVH��XS�WR������DQG�WKHQ�HPEHGGHG�DQG�ͷͲͻ�

IUR]HQ�LQ�2&7��6DNXUD�)LQHWHN��7RUUDQFH��&$���,Q�PRVW�FDVHV��2&7�EORFNV�ZHUH�VHFWLRQHG�DW����ͷͳͲ�

µP��In situ�K\EULGL]DWLRQV�ZHUH�SHUIRUPHG�RQ�IUR]HQ�VHFWLRQV�WKDW�KDG�EHHQ�SUHSDUHG�VLPLODUO\��ͷͳͳ�

EXW�ZLWK�RYHUQLJKW�IL[DWLRQ�SULRU�WR�HPEHGGLQJ��ͷͳʹ�

$QWLERGLHV��LPPXQRKLVWRFKHPLVWU\�DQG�in situ K\EULGL]DWLRQ��7KH�DQWLERGLHV�DQG�ͷͳ͵�

FRQFHQWUDWLRQV�XVHG�LQ�WKLV�VWXG\�ZHUH�DV�IROORZV��PRXVH�DQWL�7XM���&RYDQFH��&KDQWLOO\��&$���ͷͳͶ�

�������UDEELW�DQWL�GV5HG��&ORQWHFK��0RXQWDLQ�9LHZ��&$����������FKLFNHQ�DQWL�$WRK��'ULYHU�HW�ͷͳͷ�

DO��������������������FKLFNHQ�DQWL�1)6��$YHV�/DEV��7LJDUG��25������������UDEELW�DQWL�P\RVLQ�9,�ͷͳ͸�

�3URWHXV�%LRVFLHQFHV��5DPRQD��&$������������JRDW�DQWL�6R[���6DQWD�&UX]�%LRWHFKQRORJ\��'DOODV��ͷͳ͹�

7;��UDEELW�DQWL�1US��IRU�VHFWLRQV��*LJHU�HW�DO�����������������JRDW�DQWL�1US��IRU�ZKROH�PRXQW�ͷͳͺ�

VWDLQLQJ���������5	'�6\VWHPV��0LQQHDSROLV�01���JRDW�DQWL�3OH[LQ$����������������5	'�ͷͳͻ�

6\VWHPV���PRXVH�DQWL�KXPDQ�)F���������-DFNVRQ�,PPXQRUHVHDUFK��:HVW�*URYH��3$���FKLFNHQ�ͷʹͲ�

DQWL�V\QDSWRWDJPLQ����$YHV�/DEV������������PRXVH�DQWL�*$3����&KHPLFRQ��%LOOHULFD��0$���ͷʹͳ�

���������FKLFNHQ�DQWL�*)3��$YHV�/DEV������������PRXVH�DQWL�&W%S���%'�%LRVFLHQFHV��6DQ�-RVH��ͷʹʹ�

&$����������UDEELW�DQWL�FOHDYHG�FDVSDVH�����������DQG�UDEELW�DQWL�&'.1�%��IRUPHUO\�S��.LS���ͷʹ͵�

1RYXV�%LRORJLFDOV��/LWWOHWRQ��&2���$�JRDW�SRO\FORQDO�DQWLERG\�DJDLQVW�P\RVLQ�9,�ZDV�JHQHUDWHG�ͷʹͶ�

�3DFLILF�,PPXQRORJ\��5DPRQD��&$��XVLQJ�DQ�LPPXQL]LQJ�IXVLRQ�SURWHLQ�SURYLGHG�E\�3URWHXV�ͷʹͷ�

%LRVFLHQFHV��+DVVRQ�DQG�0RRVHNHU������������������$FWLQ�ZDV�GHWHFWHG�XVLQJ�SKDOORLGLQ�ͷʹ͸�

FRQMXJDWHV��/LIH�7HFKQRORJLHV��&DUOVEDG��&$��DW��������ͷʹ͹�
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� $IWHU�IL[DWLRQ��ZKROH�FRFKOHDH�RU�WLVVXH�VHFWLRQV�ZHUH�SHUPHDELOL]HG�ZLWK�3%6�ͷʹͺ�

VXSSOHPHQWHG�ZLWK������7ULWRQ�;�����6LJPD��6W��/RXLV��02��IRU����PLQXWHV�DW�57��7LVVXH�ͷʹͻ�

VDPSOHV�ZHUH�WKHQ�H[SRVHG�WR�HLWKHU�����QRUPDO�JRDW�RU�KRUVH�VHUXP��9HFWRU�/DEV��%XUOLQJDPH��ͷ͵Ͳ�

&$��IRU���KRXU��:KHQ�DQWL�PRXVH�VHFRQGDU\�DQWLERGLHV�ZHUH�XVHG��DQWL�PRXVH�)$%�IUDJPHQWV�ͷ͵ͳ�

�-DFNVRQ�,PPXQRUHVHDUFK��ZHUH�DGGHG�WR�WKH�EORFNLQJ�VROXWLRQ�DW��������:KHQ�DQWL�FKLFNHQ�ͷ͵ʹ�

VHFRQGDU\�DQWLERGLHV�ZHUH�XVHG������%ORNKHQ�5HDJHQW��$YHV�/DEV��ZDV�DGGHG��)ROORZLQJ�ͷ͵͵�

EORFNLQJ��VDPSOHV�ZHUH�LQFXEDWHG�LQ�SULPDU\�DQWLERG\��GLOXWHG�LQ�3%6��������7ULWRQ��RYHUQLJKW�ͷ͵Ͷ�

DW����&��$IWHU�H[WHQVLYH�ULQVLQJ�WKH�IROORZLQJ�GD\��������������RU�����$OH[D�)OXRU�VHFRQGDU\�ͷ͵ͷ�

DQWLERGLHV��/LIH�7HFKQRORJLHV��ZHUH�XVHG�IRU�GHWHFWLRQ�RI�SULPDU\�DQWLERG\�ELQGLQJ��,PDJHV�ͷ͵͸�

ZHUH�DFTXLUHG�XVLQJ�D�=HLVV�/60�����RU������ODVHU�VFDQQLQJ�FRQIRFDO�PLFURVFRSH�DQG�WKHQ�ͷ͵͹�

IXUWKHU�SURFHVVHG�XVLQJ�,PDJH-�DQG�RU�$GREH�3KRWRVKRS�VRIWZDUH��)RU�WKH�H[SHULPHQWV�ORRNLQJ�ͷ͵ͺ�

DW�1US��H[SUHVVLRQ�RYHU�GHYHORSPHQWDO�WLPH�E\�WLVVXH�VHFWLRQLQJ�LQ�)LJXUH����LGHQWLFDO�SURFHVVLQJ��ͷ͵ͻ�

LPPXQRVWDLQLQJ�DQG�LPDJH�DFTXLVLWLRQ�SURFHGXUHV�DQG�VHWWLQJV�ZHUH�XVHG���ͷͶͲ�

� In VLWX�K\EULGL]DWLRQ�ZDV�SHUIRUPHG�DV�GHVFULEHG��'ULYHU�HW�DO����������EXW�ZLWK�DQWLVHQVH�ͷͶͳ�

SUREHV�JHQHUDWHG�IURP�PRXVH��Sema3f��10B���������Sema3b��%&���������Sema3c�ͷͶʹ�

�%&�����������Sema3d��%&����������DQG�Plxna3��10B��������WHPSODWHV��)RU�HYHU\�ͷͶ͵�

H[SHULPHQW��VHQVH�SUREHV�ZHUH�JHQHUDWHG�DQG�XVHG�DV�QHJDWLYH�FRQWUROV��7KH�LPDJHV�UHSUHVHQWLQJ�ͷͶͶ�

Plxna3�IURP�WKH�$OOHQ�%UDLQ�$WODV�GDWDEDVH�FDQ�EH�IRXQG�KHUH��KWWS���GHYHORSLQJPRXVH�EUDLQ�ͷͶͷ�

PDS�RUJ�JHQH�VKRZ��������ͷͶ͸�

%LQGLQJ�DVVD\V�ZLWK�)F�FRQMXJDWHG�SUREHV��7R�ORFDOL]H�HQGRJHQRXV�ELQGLQJ�SDUWQHUV�ͷͶ͹�

IRU�6HPD�)��ZH�XVHG�6HPD�)�)F�FRQMXJDWHG�SURWHLQ�DV�SUHYLRXVO\�GHVFULEHG��6DKD\�HW�DO����������ͷͶͺ�

EXW�ZLWK�PLQRU�PRGLILFDWLRQV��%ULHIO\��ZKROH�LQQHU�HDUV�ZHUH�IL[HG�EULHIO\�LQ�LFH�FROG����ͷͶͻ�

SDUDIRUPDOGHK\GH�WR�KHOS�PDLQWDLQ�VWUXFWXUDO�VWDELOLW\�DQG�SURFHVVHG�IRU�FU\RVHFWLRQLQJ��:LWKRXW�ͷͷͲ�



� ʹͷ

SHUPHDELOL]LQJ�����µP�VHFWLRQV�ZHUH�ULQVHG�LQ��;�3%6�WKHQ�LQFXEDWHG�ZLWK����Q0�KXPDQ�)F�ͷͷͳ�

�-DFNVRQ�,PPXQRUHVHDUFK��RU�6HPD�)�)F��5	'�6\VWHPV��RYHUQLJKW�DW����&��$IWHU�H[WHQVLYH�ͷͷʹ�

ULQVLQJ�ZLWK�3%6��WKH�WLVVXH�VDPSOHV�ZHUH�WUHDWHG�ZLWK����3)$�IRU����PLQXWHV��ULQVHG�ͷͷ͵�

H[WHQVLYHO\�LQ��;�3%6��WKHQ�SURFHVVHG�IRU�DQWL�)F�DQG�DQWL�1)����LPPXQRVWDLQLQJ���ͷͷͶ�

� ��ͷͷͷ�

:HVWHUQ�EORWWLQJ��&RFKOHDH�IURP�GLIIHUHQW�HPEU\RQLF�VWDJHV�ZHUH�LVRODWHG�DQG�GLJHVWHG�ͷͷ͸�

LQ�5,3$�EXIIHU��6LJPD��VXSSOHPHQWHG�ZLWK�SURWHDVH�LQKLELWRUV��5RFKH��%DVHO��6ZLW]HUODQG���ͷͷ͹�

/\VDWHV�ZHUH�UXQ�RQ�D�������DFU\ODPLGH�JHO�DQG�WKHQ�WUDQVIHUUHG�WR�QLWURFHOOXORVH�PHPEUDQHV��ͷͷͺ�

0HPEUDQHV�ZHUH�WKHQ�EORFNHG�ZLWK����PLON�EORFN��%ORWWR��6DQWD�&UX]�%LRWHFKQRORJ\��'DOODV��ͷͷͻ�

7;��LQ�7%67�DQG�WKHQ�SUREHG�ZLWK�HLWKHU�UDEELW�DQWL�1US�����������5	'�6\VWHPV��'HP\DQHQNR�ͷ͸Ͳ�

HW�DO����������RU�FKLFNHQ�DQW�7XM��DQWLERGLHV����������$YHV��RYHUQLJKW��7KH�IROORZLQJ�GD\��ͷ͸ͳ�

IROORZLQJ�H[WHQVLYH�ULQVLQJ��WKH�PHPEUDQHV�ZHUH�SUREHG�ZLWK�SHUR[LGDVH�FRQMXJDWHG�VHFRQGDU\�ͷ͸ʹ�

DQWLERGLHV�����������-DFNVRQ�,PPXQRUHVHDUFK��IRU����PLQXWHV��WUHDWHG�ZLWK�&ODULW\�ͷ͸͵�

FKHPLOXPLQHVFHQFH�VXEVWUDWHV��%LR�5DG��+HUFXOHV��&$���DQG�LPDJHG�XVLQJ�DQ�,PDJHTXDQW�/$6�ͷ͸Ͷ�

������*(�/LIH�6FLHQFHV��3LWWVEXUJK��3$���ͷ͸ͷ�

/LYH�WLVVXH�LPDJLQJ��1&UH�57RP� Atoh1nGFP�SRVLWLYH�HPEU\RV�RU�SRVWQDWDO�SXSV�ZHUH�ͷ͸͸�

LGHQWLILHG�XVLQJ�D�GLVVHFWLRQ�PLFURVFRSH�ZLWK�IOXRUHVFHQFH�LOOXPLQDWLRQ��+HDGV�ZHUH�SODFH�LQ�ͷ͸͹�

FKLOOHG��;�+%66��LQQHU�HDUV�ZHUH�GLVVHFWHG��DQG�WKH�FRFKOHDU�FDSVXOH��VWULD�YDVFXODULV�DQG�ͷ͸ͺ�

5HLVVQHU¶V�PHPEUDQH�ZHUH�FDUHIXOO\�UHPRYHG��(DFK�VHPL�LQWDFW�FRFKOHD�ZDV�WKHQ�LQFXEDWHG�RQ�D�ͷ͸ͻ�

SRO\FDUERQDWH�PHPEUDQH�ILOWHU��6WHUOLWHFK��.HQW��:$��IRU���KRXUV�DW�����&�WR�JHQWO\�IODWWHQ�WKH�ͷ͹Ͳ�

WLVVXH�SULRU�WR�LPDJLQJ��$IWHU�WKLV���KRXU�SHULRG��HDFK�FRFKOHD�ZDV�WUDQVIHUUHG�WR�D�0DWWHN�GLVK�ͷ͹ͳ�

�0DWWHN�&RUSRUDWLRQ��$VKODQG��0$��DQG�IODWWHQHG�QH[W�WR�WKH�FRYHU�JODVV�ZLWK�D�SODWLQXP�KDUS�ͷ͹ʹ�

VWUXQJ�ZLWK�Q\ORQ�ILODPHQW��7KH�LPDJLQJ�PHGLXP�LQFOXGHG�/HLERYLW]�PHGLXP��/LIH�ͷ͹͵�
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7HFKQRORJLHV�������IHWDO�ERYLQH�VHUXP�������1���������&LSURIOR[DFLQ�DQG�����P0�7UROR[��DV�ͷ͹Ͷ�

DQ�DQWLR[LGDQW���8VLQJ�DQ�$[LRYLVLRQ��=HLVV��2EHUNRFKHQ��*HUPDQ\��VSLQQLQJ�GLVN�FRQIRFDO�ͷ͹ͷ�

PLFURVFRSH��WKH�6*1V�DQG�KDLU�FHOOV�ZHUH�LPDJHG�DW�D�FDSWXUH�VSHHG�RI���������PVHF�DW�������ͷ͹͸�

PLQXWH�LQWHUYDOV��7LPH�ODSVH�GDWD�ZDV�VXEVHTXHQWO\�SURFHVVHG�XVLQJ�9RORFLW\�VRIWZDUH��3HUNLQ�ͷ͹͹�

(OPHU��:DOWKDP��0$����ͷ͹ͺ�

&RFKOHDU�FXOWXUH�H[SHULPHQWV��)RU�H[SHULPHQWV�XVLQJ�)F�IXVLRQ�SURWHLQV��(�����RU�ͷ͹ͻ�

(�����FRFKOHDH�IURP�1&UH��57RP HPEU\RV�ZHUH�SUHSDUHG�DV�GHVFULEHG�DERYH��EXW�PDLQWDLQHG�RQ�ͷͺͲ�

SRO\FDUERQDWH�ILOWHUV��6WHUOLWHFK��IRU����KRXUV��,Q�WKHVH�H[SHULPHQWV��WKH�FXOWXUH�PHGLXP�ͷͺͳ�

FRQWDLQHG�'0(0������IHWDO�ERYLQH�VHUXP�������1���DQG�������FLSURIOR[DFLQ��3XULILHG�KXPDQ�ͷͺʹ�

,J*�)F��-DFNVRQ�,PPXQRUHVHDUFK��RU�6HPD�)�)F��5	'�6\VWHPV��ZDV�DGGHG�GLUHFWO\�WR�WKH�ͷͺ͵�

PHGLXP�WR�D�ILQDO�FRQFHQWUDWLRQ�RI����Q0��)ROORZLQJ�WKH�FXOWXUH�SHULRG��WKH�FRFKOHDH�ZHUH�IL[HG�ͷͺͶ�

IRU����PLQXWHV�LQ�FKLOOHG����3)$��WKHQ�ULQVHG�H[WHQVLYHO\�EHIRUH�LPPXQRVWDLQLQJ�DQG�FRQIRFDO�ͷͺͷ�

LPDJLQJ���ͷͺ͸�

4XDQWLILFDWLRQ�PHWKRGV��7R�TXDQWLI\�WKH�GHYHORSPHQWDO�WLPH�VHULHV�IRU�W\SH�,�DQG�W\SH�,,�ͷͺ͹�

SURMHFWLRQ�SDWWHUQV�LQ�)LJXUH����FRQIRFDO�=�VWDFNV�ZHUH�DFTXLUHG�IURP�WKH�EDVH�RI�HDFK�FRFKOHD�DW�ͷͺͺ�

SRVLWLRQV�FRUUHVSRQGLQJ�WR��������RI�WKH�FRFKOHDU�OHQJWK��$Q�6*1�ZDV�FRQVLGHUHG�³LQ�WKH�2+&�ͷͺͻ�

UHJLRQ´�LI�WKH�PRVW�SURPLQHQW�SDUW�RI�WKH�D[RQ��EDUUHO��FOHDUO\�FURVVHG�WKH�SODQH�RI�WKH�PHGLDO�ͷͻͲ�

HGJH�RI�WKH�ILUVW�2+&��&RQYHUVHO\��DQ�6*1�ZDV�FRQVLGHUHG�³LQ�WKH�,+&�UHJLRQ´�LI�LW�VWRSSHG�DW�ͷͻͳ�

WKH�,+&�UHJLRQ��7R�TXDQWLI\�WKH�QXPEHU�RI�6\W��D[RQV�WKDW�KDG�FURVVHG�LQWR�WKH�2+&�UHJLRQ�LQ�ͷͻʹ�

)LJXUH����FRQIRFDO�=�VWDFNV�ZHUH�DFTXLUHG�DW�SRVLWLRQV�FRUUHVSRQGLQJ�WR�����RI�WKH�FRFKOHDU�ͷͻ͵�

OHQJWK��7KH�QXPEHU�RI�6\W��ILEHUV�WKDW�FURVVHG�LQWR�WKH�2+&�UHJLRQ�ZHUH�FRXQWHG�DQG�ͷͻͶ�

QRUPDOL]HG�WR�WKH�OHQJWK�RI�WKH�UHJLRQ��WKH�OHQJWK�RI�WKH�UHJLRQ�ZDV�GHWHUPLQHG�E\�GUDZLQJ�D�OLQH�ͷͻͷ�

DORQJ�WKH�PHGLDO�VLGH�RI�WKH�,+&V��)RU�TXDQWLILFDWLRQV�XVLQJ�WKH�VSDUVH�6*1�ODEHOLQJ�PRGHO�ͷͻ͸�
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�)LJXUHV����DQG�����D�VHULHV�RI�KLJK�UHVROXWLRQ�FRQIRFDO�=�VWDFNV�ZHUH�DFTXLUHG�DORQJ�WKH�OHQJWK�ͷͻ͹�

RI�HDFK�VSHFLPHQ�XVLQJ�DQ�DXWRPDWHG�VFDQQLQJ�VWDJH��7KH�ILOHV�ZHUH�VXEVHTXHQWO\�LPSRUWHG�WR�ͷͻͺ�

9RORFLW\�IRU�TXDQWLILFDWLRQ�RI�,+&�YV��2+&�SRVLWLRQ�DQG�EUDQFKLQJ�PRUSKRPHWULFV��7R�TXDQWLI\�ͷͻͻ�

ULEERQ�V\QDSVHV��FRFKOHDH�ZHUH�VWDLQHG�ZLWK�DQWL�&W%3��DQWLERGLHV�DQG�SKRWRJUDSKHG�DV�͸ͲͲ�

GHVFULEHG�SUHYLRXVO\��<X�HW�DO����������7R�TXDQWLI\�(�����6*1�GHQVLW\�LQ�)LJXUH����7XM��VWDLQHG�͸Ͳͳ�

ZKROH�PRXQW�FRFKOHDH�ZHUH�LPDJHG�E\�FRQIRFDO�]�VWDFN�DQG�WKH�VSKHULFDO�QXFOHL�ZLWKLQ�HDFK�͸Ͳʹ�

VWDFN�ZHUH�FRXQWHG�PDQXDOO\��)RU�WKH�6*1�FRXQWV�LQ�)LJXUH����VLPLODU�PHWKRGV�ZHUH�XVHG��EXW�͸Ͳ͵�

ZH�ZHUH�RQO\�DEOH�WR�UHOLDEO\�TXDQWLI\�WKH�ILUVW�IHZ�FHOO�OD\HUV�EHFDXVH�RI�OLPLWHG�WLVVXH�͸ͲͶ�

SHQHWUDWLRQ�E\�WKH�PRXVH�DQWL�7XM��DQWLERG\�DW�WKLV�ROGHU�VWDJH��3����)RU�FRQVLVWHQF\�DFURVV�WKH�͸Ͳͷ�

3��VDPSOHV��ZH�OLPLWHG�RXU�FRXQWV�WR�RQO\����µP�RI�]�GHSWK��7R�TXDQWLI\�KDLU�FHOO�GHQVLW\�LQ�͸Ͳ͸�

)LJXUH����0\RVLQ9,�SRVLWLYH�KDLU�FHOOV�DW�WKH�EDVH�RI�3��FRFKOHDH�ZHUH�LPDJHG�E\�FRQIRFDO�͸Ͳ͹�

PLFURVFRS\��)RU�HDFK�VDPSOH��ZH�DFTXLUHG���FRQIRFDO�]�VWDFNV�DW���;�LQ�QRQ�RYHUODSSLQJ�͸Ͳͺ�

UHJLRQV�DORQJ�WKH�ILUVW���PP�RI�FRFKOHDU�OHQJWK��VWDUWLQJ�IURP�WKH�EDVH���+DLU�FHOOV�ZHUH�FRXQWHG�͸Ͳͻ�

PDQXDOO\���͸ͳͲ�

7R�TXDQWLI\�DSRSWRVLV�LQ�(�����DQG�(�����6*1V��ZH�VWDLQHG�FRFKOHDH�LQ�ZKROH�PRXQW�͸ͳͳ�

ZLWK�DQWL�FOHDYHG�FDVSDVH����&&���DQG�7XM��DQWLERGLHV��&HOOV�ZHUH�FRXQWHG�DV�6*1V�XQGHUJRLQJ�͸ͳʹ�

DSRSWRVLV�LI�WKH\�ZHUH������&&��SRVLWLYH������ZLWKLQ�WKH�7XM��SRVLWLYH�6*1�FHOO�ERG\�UHJLRQ��DQG�͸ͳ͵�

����ELSRODU�FHOOV������µP�ZLGH��ZLWK�SHULSKHUDO�DQG�FHQWUDO�SURMHFWLRQV��:H�FRXOG�QRW�UHO\�RQ�͸ͳͶ�

7XM��FR�VWDLQLQJ�EHFDXVH�WKH�7XM��DQWLERG\�GLG�QRW�VKRZ�LGHQWLFDO�OHYHOV�RI�WLVVXH�SHQHWUDWLRQ�͸ͳͷ�

FRPSDUHG�WR�WKH�&&��DQWLERGLHV��2WKHU�FHOOV��JOLDO�FHOOV��EORRG�YHVVHO�FHOOV��PHVHQFK\PH�FHOOV��RU�͸ͳ͸�

IUDJPHQWHG�GHEULV�ZHUH�QRW�FRXQWHG��/RZ�PDJQLILFDWLRQ�YLHZV�ZHUH�XVHG�WR�PHDVXUH�FRFKOHDU�͸ͳ͹�

OHQJWK�LQ�RUGHU�WR�GHWHUPLQH�WKH�EDVDO�DQG�DSLFDO�KDOYHV��7ZR�WDLOHG�t�WHVWV�ZHUH�XVHG�WKURXJKRXW��͸ͳͺ�

6DPSOH�QXPEHUV�DUH�LQGLFDWHG�LQ�WKH�ILJXUH�OHJHQGV���͸ͳͻ�
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$FNQRZOHGJHPHQWV���͸ʹͳ�

:H�WKDQN�WKH�PHPEHUV�RI�WKH�.HOOH\�DQG�&RDWH�ODERUDWRULHV�IRU�WKHLU�YDOXDEOH�GLVFXVVLRQV�DQG�͸ʹʹ�

WHFKQLFDO�DVVLVWDQFH�GXULQJ�WKLV�ZRUN��:H�DOVR�WKDQN�'UV��/LVD�*RRGULFK�DQG�1RDK�'UXNHQEURG�͸ʹ͵�

�+DUYDUG�8QLYHUVLW\��IRU�WKHLU�YHU\�LQVLJKWIXO�GLVFXVVLRQV��:H�WKDQN�'U��:HL�0LQJ�<X��+DUYDUG�͸ʹͶ�

8QLYHUVLW\��IRU�LQVLJKW�RQ�ULEERQ�V\QDSVH�VWDLQLQJ�DQG�'U��.HQQHWK�<DPDGD��1,+�1,&+'��IRU�͸ʹͷ�

KLV�KHOSIXO�DVVLVWDQFH�ZLWK�WLPH�ODSVH�LPDJLQJ��:H�DOVR�WKDQN�0U��-DFRE�6DO]EHUJ�IRU�KLV�͸ʹ͸�

DVVLVWDQFH�ZLWK�PRUSKRPHWULF�TXDQWLILFDWLRQV��:H�WKDQN�'UV��-HIIUH\�+XDQJ��*HRUJHWRZQ�͸ʹ͹�

8QLYHUVLW\��DQG�.DWKHULQH�.LQGW��1,'&'��IRU�WKH�FULWLFDO�UHDGLQJ�RI�WKLV�PDQXVFULSW��7KH�Nrp2�͸ʹͺ�

QXOO�PRXVH�DQG�WKH�DQWL�1US��DQWLERGLHV�ZHUH�NLQG�JLIWV�IURP�'U��$OH[��.RORGNLQ��-RKQV�+RSNLQV�͸ʹͻ�

8QLYHUVLW\��7KH�Neurog1CreERT2�PRXVH�OLQH�ZDV�D�NLQG�JLIW�IURP�'U��/LVD�*RRGULFK��+DUYDUG�͸͵Ͳ�

8QLYHUVLW\��7KH�1DWLRQDO�,QVWLWXWH�RQ�'HDIQHVV�DQG�2WKHU�&RPPXQLFDWLRQ�'LVRUGHUV�IXQGHG�WKLV�͸͵ͳ�

ZRUN�WKURXJK�WKH�,QWUDPXUDO�5HVHDUFK�3URJUDP��WR�0�:�.���'&��������DQG�'&�������WR�͸͵ʹ�

7�0�&����͸͵͵�

�͸͵Ͷ�

�͸͵ͷ�

�͸͵͸�

),*85(�/(*(1'6�͸͵͹�

)LJXUH����'HYHORSPHQW�RI�6*1�LQQHUYDWLRQ�SDWWHUQV���D��,OOXVWUDWLRQ�RI�WKH�LQQHUYDWLRQ�SDWWHUQ�͸͵ͺ�

RI�LQQHU�KDLU�FHOOV��,+&V��DQG�RXWHU�KDLU�FHOOV��2+&V��E\�W\SH�,�DQG�,,�6*1V���E��,OOXVWUDWLRQV�͸͵ͻ�

VKRZLQJ�WKH�PRUSKRORJ\�RI�WKH�FRFKOHDU�GXFW�DQG�VSLUDO�JDQJOLRQ�IRU�WKH�LQGLFDWHG�FURVV�VHFWLRQV��͸ͶͲ�

/HWWHUV�RQ�HDFK�LOOXVWUDWLRQ�FRUUHVSRQG�WR�WKH�SRVLWLRQ�RI�WKH�VHFWLRQ�LQ�WKH�DGMDFHQW�SDQHOV��FH��͸Ͷͳ�

FRFKOHDU�HSLWKHOLXP���F�O��&URVV�VHFWLRQV�RI�WKH�FRFKOHD�DQG�DVVRFLDWHG�6*�DW�WKH�LQGLFDWHG�WLPH�͸Ͷʹ�



� ʹͻ

SRLQWV�DQG�SRVLWLRQV��6*1�SURFHVVHV�DUH�ODEHOHG�ZLWK�7XM���JUHHQ���KDLU�FHOOV�ZLWK�DQWL�$WRK��͸Ͷ͵�

�UHG��DQG�DFWLQ�ZLWK�SKDOORLGLQ��EOXH���6*1�SURFHVVHV�GR�QRW�HQWHU�WKH�HSLWKHOLXP�XQWLO�KDLU�FHOOV�͸ͶͶ�

EHLQJ�WR�GLIIHUHQWLDWH��(�����EDVH��EXW�WKHQ�UDSLGO\�H[WHQG�WRZDUGV�WKH�GHYHORSLQJ�,+&V��F�H���$V�͸Ͷͷ�

2+&V�EHJLQ�WR�GHYHORS�DW�(������VRPH�SURFHVVHV�H[WHQG�SDVW�WKH�,+&V�WR�IRUP�FRQWDFWV�ZLWK�͸Ͷ͸�

2+&V��I�K����L��&RQIRFDO�LPDJH�RI�D�IODW�PRXQWHG�FRFKOHDH�IURP�D�Neurog1CreERT2; R26R-͸Ͷ͹�

tdTomato�PRXVH�DW�3���+DLU�FHOOV�DUH�ODEHOHG�ZLWK�DQWL�P\RVLQ�9,��EOXH��DQG�DOO�6*1V�DUH�͸Ͷͺ�

ODEHOHG�ZLWK�7XM���JUHHQ���$VWHULVNV�PDUN�WKH�6*1�VRPDWD��ZKLFK�H[WHQG�6*1�ILEHUV�WKDW�IRUP�͸Ͷͻ�

LQWR�UDGLDO�EXQGOHV��5%��SULRU�WR�IRUPLQJ�V\QDSVHV�ZLWK�KDLU�FHOOV���M��7KH�VDPH�SUHSDUDWLRQ�DV�LQ�͸ͷͲ�

SDQHO�E��EXW�LOOXVWUDWLQJ�H[SUHVVLRQ�RI�WG7RPDWR��DQWL�GV5HG��WR�YLVXDOL]H�VSDUVHO\�ODEHOHG�͸ͷͳ�

LQGLYLGXDO�ILEHUV���N��+LJK�PDJQLILFDWLRQ�YLHZ�IURP�SDQHO�E�LOOXVWUDWLQJ�W\SH�,�6*1V�LQQHUYDWLQJ�͸ͷʹ�

,+&V�DQG�W\SH�,,�6*1V�SDVVLQJ�,+&V�WR�LQQHUYDWH�2+&V��6FDOH�EDU�LQ�N�����µP��F�K�����µP��L�͸ͷ͵�

DQG�M�����µP��N��͸ͷͶ�

�͸ͷͷ�

)LJXUH����6SDUVH�6*1�ODEHOLQJ�UHYHDOV�UHWUDFWLRQ�RI�SURFHVVHV�IURP�WKH�2+&�UHJLRQ�GXULQJ�͸ͷ͸�

HPEU\RQLF�GHYHORSPHQW���D�G��)L[HG�ZKROH�PRXQW�FRFKOHDH�IURP�Neurog1CreERT2;R26RtdTomato� ͸ͷ͹�

Atoh1nGFP PLFH�DW�(������D�E��DQG�(������F�G���3DQHOV�D�DQG�F�VKRZ�VSDUVH�ODEHOLQJ�RI�6*1�͸ͷͺ�

ILEHUV��WG7RPDWR�LQ�PDJHQWD��ZKLOH�SDQHOV�E�DQG�G�VKRZ�WKH�VDPH�UHJLRQV�EXW�LQFOXGH�KDLU�FHOOV�͸ͷͻ�

LQ�JUHHQ��1RWH�WKDW�DW�(�����WKH�QXPEHU�RI�SURMHFWLRQV�WHUPLQDWLQJ�LQ�WKH�,+&��DUURZKHDGV��DQG�͸͸Ͳ�

2+&��DUURZV��UHJLRQV�DSSHDUV�URXJKO\�HTXLYDOHQW��,Q�FRQWUDVW��DW�(�����WKH�PDMRULW\�RI�6*1V�͸͸ͳ�

WHUPLQDWH�LQ�WKH�,+&�UHJLRQ���H��&RPSDULVRQ�RI�WKH�SHUFHQWDJH�RI�ODEHOHG�6*1V�WKDW�WHUPLQDWH�LQ�͸͸ʹ�

WKH�,+&��EODFN�EDUV��RU�2+&�UHJLRQ��JUD\�EDUV��DW�GLIIHUHQW�GHYHORSPHQWDO�WLPH�SRLQWV�͸͸͵�

�PLQLPXP�RI���FRFKOHDH�SHU�WLPH�SRLQW���(UURU�EDUV�DUH�VWDQGDUG�HUURU�RI�WKH�PHDQ��VHP����I��͸͸Ͷ�

6HTXHQWLDO�LPDJHV�DW�WKH�LQGLFDWHG�WLPHV�IURP�D�VLQJOH�WLPH�ODSVH�H[SHULPHQW�VKRZLQJ�VSDUVHO\�͸͸ͷ�



� ͵Ͳ

ODEHOHG�6*1V�ZLWK�KDLU�FHOOV��OHIW��RU�DORQH��ULJKW��LQ�DQ�(�����FRFKOHDU�H[SODQW��<HOORZ�͸͸͸�

DUURZKHDGV�LQGLFDWH�6*1�ILEHU�WHUPLQDOV�LQ�WKH�2+&�UHJLRQ��:KLWH�DUURZKHDGV�SRLQW�WR�6*1V�͸͸͹�

WKDW�DUH�FOXVWHUHG�DURXQG�,+&V�WKDW�KDG�RULJLQDOO\�EHHQ�LQ�WKH�2+&�UHJLRQ���J��'DWD�IURP�IRXU�͸͸ͺ�

LPDJLQJ�H[SHULPHQWV�LOOXVWUDWHV�D�GHFUHDVH�LQ�WKH�QXPEHU�RI�ILEHUV�SRVLWLRQHG�LQ�WKH�2+&�UHJLRQ�͸͸ͻ�

RYHU�WKH�FRXUVH�RI�H[SHULPHQWDO�WLPH��6LQFH�WKHUH�ZDV�YDULDELOLW\�LQ�WKH�QXPEHU�RI�ODEHOHG�6*1V�͸͹Ͳ�

EHWZHHQ�H[SHULPHQWV��WKH�GDWD�IRU�HDFK�H[SHULPHQW�ZHUH�QRUPDOL]HG�WR�WKH�QXPEHU�RI�ODEHOHG�͸͹ͳ�

ILEHUV�SUHVHQW�LQ�WKH�2+&�UHJLRQ�DW�WLPH�����K��,OOXVWUDWLRQ�RI�WKH�WLPH�OLQH�RI�FRFKOHDU�͸͹ʹ�

LQQHUYDWLRQ��)LEHUV�LQLWLDOO\�DUULYH�DW�WKH�,+&�UHJLRQ�DURXQG�(������$W�(������ZKHQ�ERWK�,+&V�͸͹͵�

DQG�2+&V�DUH�SUHVHQW��6*1�ILEHU�GLVWULEXWLRQ�LV�URXJKO\�HTXDO�EHWZHHQ�WKH�,+&�DQG�2+&�͸͹Ͷ�

UHJLRQV��,Q�FRQWUDVW��E\�(������PDQ\�6*1�ILEHUV�KDYH�ZLWKGUDZQ�IURP�WKH�2+&�UHJLRQ��$W�3���͸͹ͷ�

WKH�YDVW�PDMRULW\�RI�6*1V�WHUPLQDWH�DW�WKH�,+&�UHJLRQ��7KHVH�HYHQWV�RFFXU�EHIRUH�WKH�ILQDO�VWDJHV�͸͹͸�

RI�V\QDSVH�IRUPDWLRQ�DQG�VXEVHTXHQW�ILEHU�SUXQLQJ��6FDOH�EDU�LQ�G�����µP��D�G�����µP��I��͸͹͹�

�͸͹ͺ�

)LJXUH����1US��LV�H[SUHVVHG�LQ�6*1V�DQG�LV�UHTXLUHG�IRU�QRUPDO�KDLU�FHOO�LQQHUYDWLRQ���D�K��͸͹ͻ�

&URVV�VHFWLRQV�RI�WKH�FRFKOHDU�GXFW�DQG�DVVRFLDWHG�6*1V�IURP�WKH�LQGLFDWHG�DJHV��8SSHU�SDQHOV�͸ͺͲ�

VKRZ�ERWK�6*1V��7XM��LQ�PDJHQWD��DQG�DQWL�1US���JUHHQ���/RZHU�SDQHOV�VKRZ�DQWL�1US��DORQH��͸ͺͳ�

�D��E��$W�(�����1US��LV�SUHVHQW�LQ�6*1�VRPDWD�DQG�LQ�SHULSKHUDO�D[RQV��DUURZ��SURMHFWLQJ�LQWR�͸ͺʹ�

WKH�FRFKOHDU�HSLWKHOLXP��FH����F��G��$W�(������1US��LV�GHWHFWDEOH�LQ�YLUWXDOO\�DOO�6*1�VRPDWD�͸ͺ͵�

�DUURZKHDGV����H��I��$W�(�����1US��LV�GHWHFWDEOH�LQ�SXWDWLYH�W\SH�,�DQG�W\SH�,,�SURFHVVHV���J��K��͸ͺͶ�

:KROH�PRXQW�SUHSDUDWLRQ�DW�3��LQGLFDWHV�H[SUHVVLRQ�RI�1US��LQ�ERWK�W\SH�,�DQG�W\SH�,,�6*1V���L�͸ͺͷ�

Q��&RPSDULVRQ�RI�6*1�SURFHVV�GLVWULEXWLRQ�DW�(�����LQ�:7 DQG�Nrp2-/-�FRFKOHDH��$QWL�&GNQ�E�͸ͺ͸�

�PDJHQWD��ODEHOV�WKH�GHYHORSLQJ�FRFKOHDU�SURVHQVRU\�FHOOV�SULRU�WR�KDLU�FHOO�IRUPDWLRQ��L��ZKLOH�͸ͺ͹�

7XM���JUHHQ��PDUNV�WKH�6*1V��M���7KH�GRWWHG�OLQHV�LQ�L�GHOLQHDWH�WKH�,+&�DQG�2+&�UHJLRQV���N��͸ͺͺ�
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7KUHH�GLPHQVLRQDO�<�=�YLHZ�RI�WKH�SURFHVVHV�LQ�M��1RWH�WKDW�URXJKO\�HTXDO�QXPEHU�RI�SURFHVVHV�͸ͺͻ�

WHUPLQDWH�LQ�ERWK�WKH�,+&�DQG�2+&�UHJLRQV��,Q�FRQWUDVW��LQ�D�FRFKOHD�IURP�DQ�Nrp-/-�PXWDQW��PRUH�͸ͻͲ�

SURFHVVHV�DSSHDU�WR�H[WHQG�LQWR�WKH�2+&�UHJLRQ��DUURZKHDGV�LQ�P�Q����R��4XDQWLILFDWLRQ�RI�FHOO�͸ͻͳ�

ERGLHV�LQGLFDWHV�QR�GLIIHUHQFH�LQ�QXPEHU�RI�6*1V�EHWZHHQ�:7 DQG�Nrp2-/-���S�W��(�����ZKROH�͸ͻʹ�

PRXQW�FRFKOHD�VWDLQHG�ZLWK�PDUNHUV�IRU�DOO�QHXURQV��7XM���EOXH���6*1�DIIHUHQWV��DQWL�6\W����UHG���͸ͻ͵�

DQG�ROLYRFRFKOHDU�HIIHUHQWV��DQWL�*$3�����JUHHQ���7KH�KLJK�PDJQLILFDWLRQ�YLHZ�LQ�W�LV�IURP�WKH�͸ͻͶ�

VDPH�SUHSDUDWLRQ�VKRZQ�LQ�S�V���X��4XDQWLILFDWLRQ�RI�QXPEHU�RI�SURFHVVHV�FURVVLQJ�LQWR�WKH�2+&�͸ͻͷ�

UHJLRQ�LQ�WKH�EDVH�RI�WKH�FRFKOHD�DW�(������%RWK�Nrp2-/- DQG�Nrp2+/-�PLFH�VKRZ�VLJQLILFDQWO\�͸ͻ͸�

KLJKHU�QXPEHUV�RI�6*1�SURFHVVHV�LQ�WKH�2+&�UHJLRQ�DV�FRPSDUHG�WR�:7��


��S����������Q ���͸ͻ͹�

:7�����Nrp2-/-�����Nrp2+/-��(UURU�EDUV��VHP��6FDOH�EDU�LQ�K�����µP��D�K�����µP��I�M�O�P�����µP��N�Q��͸ͻͺ�

���µP��S�V�����µP��I���͸ͻͻ�

�͹ͲͲ�

)LJXUH����1US��UHJXODWHV�6*1�D[RQDO�FRPSOH[LW\���D��:HVWHUQ�EORW�GHPRQVWUDWLQJ�͹Ͳͳ�

VLJQLILFDQWO\�UHGXFHG�1US��SURWHLQ�LQ�FRFKOHDH�IURP�Nrp2+/-�PLFH�DV�FRPSDUHG�WR�:7��

��S���͹Ͳʹ�

������Q� ���:7����Nrp2+/-���E��/RZ�PDJQLILFDWLRQ�YLHZ�RI�DQ Neurog1CreERT2; R26R-tdTomato�͹Ͳ͵�

FRFKOHD�ZLWK�ER[HG�UHJLRQV�VKRZLQJ�WKH�ORFDWLRQV�ZKHUH�FRQIRFDO�]�VWDFNV�ZHUH�DFTXLUHG��,Q�DOO�͹ͲͶ�

RI�WKH�PLFURJUDSKV�LQ�WKLV�ILJXUH��ZKLWH�UHSUHVHQWV�DQWL�WG7RPDWR�DQG�EOXH�UHSUHVHQWV�DQWL�P\RVLQ�͹Ͳͷ�

9,���F��G��&RPSDUHG�WR�:7, Nrp2+/-�FRFKOHDH�ZLWK�VSDUVH�6*1�ODEHOLQJ�VKRZ�KLJKHU�QXPEHUV�RI�͹Ͳ͸�

ILEHUV�LQ�WKH�2+&�UHJLRQ��\HOORZ�DUURZKHDGV����H��4XDQWLILFDWLRQ�RI�WKH�SHUFHQWDJH�RI�VSDUVHO\�͹Ͳ͹�

ODEHOHG�W\SH�,,�OLNH�ILEHUV��GHILQHG�DV�6*1V�WKDW�KDG�FURVVHG�LQWR�WKH�2+&�UHJLRQ�DQG�WXUQHG�͹Ͳͺ�

WRZDUG�WKH�EDVH��LQ�HDFK�JHQRW\SH��


��S����������Q� ���:7����Nrp2+/-��QV��QRW�VLJQLILFDQW���I��͹Ͳͻ�

J���'�UHFRQVWUXFWLRQV�RI�W\SH�,�6*1V��UHODWLYH�SRVLWLRQV�DUH�LQGLFDWHG�LQ�I���,Q�Nrp2+/-�FRFKOHDH��͹ͳͲ�

WKHUH�ZHUH�PDQ\�W\SH�,�6*1V�ZLWK�LQFUHDVHG�EUDQFKLQJ��\HOORZ�DUURZ�LQ�J���VXJJHVWLQJ�DEVHQFH�͹ͳͳ�
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RI�DQ�LQKLELWRU\�FXH���K��4XDQWLILFDWLRQ�RI�QXPEHU�RI�ILORSRGLD�SHU�LQGLYLGXDO�W\SH�,�6*1�LQ�:7�͹ͳʹ�

DQG�Nrp2+/-�FRFKOHDH�LQGLFDWHV�VLJQLILFDQWO\�KLJKHU�QXPEHUV�RI�VPDOO�EUDQFKHV�LQ�Nrp2+/-�͹ͳ͵�

KHWHUR]\JRWHV��

��S���������Q� ���:7����Nrp2+/-���L��7KH�QXPEHU�RI�PHGLDOO\�DQG�ODWHUDOO\�͹ͳͶ�

SRVLWLRQHG�W\SH�,�6*1V�GRHV�QRW�FKDQJH�LQ�Nrp2+/-�FRFKOHDH��Q� ���FRFKOHDH�HDFK�JHQRW\SH���M��͹ͳͷ�

0RGHO�LOOXVWUDWLQJ�SKHQRW\SLF�FKDQJHV�LQ�FRFKOHDU�LQQHUYDWLRQ�DV�D�UHVXOW�RI�D�GHFUHDVH�RU�͹ͳ͸�

DEVHQFH�RI�Nrp2��(UURU�EDUV��VHP��6FDOH�EDU�LQ�E������µP��E�����µP��F�G�I�J���͹ͳ͹�

�͹ͳͺ�

)LJXUH����7KH�QXPEHU�RI�KDLU�FHOO�ULEERQ�V\QDSVHV�LV�XQFKDQJHG�LQ�FRFKOHDH�ZLWK�UHGXFHG�͹ͳͻ�

Nrp2���D�G��9LVXDOL]DWLRQ�RI�ULEERQ�V\QDSVHV��DQWL�5LEH\H�LQ�JUHHQ��ZKLWH�DUURZV��RQ�,+&V�DQG�͹ʹͲ�

2+&V�DW�3����1XFOHL�DUH�ODEHOHG�ZLWK�'$3,��EOXH���2YHUDOO�QR�GLIIHUHQFHV�LQ�ULEERQ�V\QDSVH�͹ʹͳ�

QXPEHUV�ZHUH�REVHUYHG�EHWZHHQ�JHQRW\SHV���H��4XDQWLILFDWLRQ�RI�ULEERQ�ERGLHV�SHU�,+&V�DQG�͹ʹʹ�

2+&V�LQ�3��DQG�3���FRFKOHDH��$OO�GLIIHUHQFHV�ZHUH�QRW�VLJQLILFDQW��QV���Q� ���FRFKOHDH�SHU�͹ʹ͵�

JHQRW\SH�SHU�DJH���I��3HUFHQWDJH�RI�ODEHOHG�W\SH�,,�OLNH�ILEHUV��GHILQHG�DV�6*1V�WKDW�KDG�FURVVHG�͹ʹͶ�

LQWR�WKH�2+&�UHJLRQ�DQG�WXUQHG�WRZDUG�WKH�EDVH��LQ�HDFK�JHQRW\SH�DW�3����Q� ���:7����KHW��͹ʹͷ�

$OWKRXJK�WKH�GDWD�WUHQGHG�WRZDUG�PRUH�ILEHUV�LQ�WKH�Nrp2+/-�FRFKOHDH��WKH�GLIIHUHQFH�FRPSDUHG�͹ʹ͸�

WR�WKH�FRQWURO�JURXS�ZDV�QRW�VLJQLILFDQW��QV���(UURU�EDUV��VHP��6FDOH�EDU����µP��͹ʹ͹�

�͹ʹͺ�

)LJXUH����7KH�H[SUHVVLRQ�SDWWHUQ�RI�Sema3f�VXJJHVWV�D�UROH�LQ�1US��VLJQDOLQJ�GXULQJ�͹ʹͻ�

FRFKOHDU�LQQHUYDWLRQ��In situ�K\EULGL]DWLRQV�IRU�Sema3c��-3d��DQG�-3f���D�M��/RZ�PDJQLILFDWLRQ�͹͵Ͳ�

VHQVH�FRQWUROV��D�G�J��GHPRQVWUDWH�VSHFLILFLW\�IRU�HDFK�SUREH��/RZ��E�H�K���DQG�KLJK�͹͵ͳ�

PDJQLILFDWLRQ�YLHZV��F�I�M��IURP�WKH�ER[HG�UHJLRQV�LQ�E�H��DQG�K�IRU�DQWL�VHQVH�SUREHV�LQGLFDWH�͹͵ʹ�

XQLTXH�SDWWHUQV�RI�H[SUHVVLRQ���E�F��Sema3c�WUDQVFULSWV�DUH�SUHVHQW�LQ�WKH�VSLUDO�JDQJOLRQ��6*���͹͵͵�

JUHDWHU�HSLWKHOLDO�ULGJH��*(5��DQG�IDLQWO\�LQ�WKH�,+&V�DQG�2+&V���H�I��Sema3d�WUDQVFULSWV�DUH�͹͵Ͷ�
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ZHDNO\�SUHVHQW�LQ�WKH�*(5�DQG�LQ�D�VWULSHG�SDWWHUQ�WKDW�LQFOXGHV�QRQ�VHQVRU\�FHOOV�ZLWKLQ�WKH�͹͵ͷ�

PHGLDO�SRUWLRQ�RI�WKH�FRFKOHDU�HSLWKHOLXP���K�L��Sema3f�WUDQVFULSWV�DUH�SUHVHQW�LQ�WKH�ODWHUDO�͹͵͸�

SRUWLRQ�RI�WKH�FRFKOHDU�VHQVRU\�GRPDLQ��EUDFNHW���ZKLFK�LQFOXGHV�2+&V��RXWHU�SLOODU�FHOOV��͹͵͹�

'LHWHUV¶�FHOOV��DQG�+HQVRQ¶V�FHOOV���M�O��7R�EHWWHU�UHVROYH�WKH�H[SUHVVLRQ�SDWWHUQ�IRU�Sema3f��WKH�͹͵ͺ�

SUHSDUDWLRQ�LQ�SDQHO�L�ZDV�FRXQWHUVWDLQHG�ZLWK�DQWL�QHXURILODPHQW�OLJKW�FKDLQ�DQG�DQWL�0\RVLQ�9,��͹͵ͻ�

5HVXOWV�LQGLFDWH�D�VKDUS�PHGLDO�ERXQGDU\�RI�Sema3f�H[SUHVVLRQ�WKDW�FRUUHODWHV�ZLWK�WKH�ODWHUDO�͹ͶͲ�

HGJH�RI�W\SH�,�6*1�LQQHUYDWLRQ���P�DQG�Q��Sema3f�H[SUHVVLRQ�LQ�WKH�DSH[�DQG�EDVH�RI�WKH�͹Ͷͳ�

FRFKOHD�DW�3���,+&��LQQHU�KDLU�FHOO��3&��SLOODU�FHOO��Sema3f�OHYHOV�DUH�GLPLQLVKHG�DW�WKLV�VWDJH��%\�͹Ͷʹ�

3��Sema3f�WUDQVFULSWV�DUH�QRW�GHWHFWDEOH��QRW�VKRZQ���6FDOH�EDU�LQ�Q������µP��D�E�G�H�J�K�����µP��͹Ͷ͵�

F�I�L�P�Q�����µP��M�O���͹ͶͶ�

�͹Ͷͷ�

)LJXUH����([RJHQRXV�6HPD�I�LQKLELWV�6*1�RXWJURZWK�in vitro���D�G��7KUHH�GLPHQVLRQDO�͹Ͷ͸�

UHQGHULQJV�RI�FRQIRFDO�]�VWDFNV�IURP�FXOWXUHG�FRFKOHDH�WUHDWHG�ZLWK�HLWKHU�FRQWURO�,J*�)F�RU�͹Ͷ͹�

6HPD�)�)F�DW����Q0��7KH�FXOWXUHV�ZHUH�VWDLQHG�ZLWK�DQWL�0\RVLQ�9,�WR�VKRZ�WKH�SRVLWLRQ�RI�WKH�͹Ͷͺ�

KDLU�FHOOV��PDJHQWD��DQG�7XM��WR�PDUN�6*1V��JUHHQ���%\�FRPSDULVRQ�ZLWK�DQ�)F�WUHDWHG�FRQWURO�͹Ͷͻ�

�D��F��LQ�ZKLFK�WKH�6*1V�VKRZ�H[WHQVLYH�EUDQFKLQJ��6HPD�)�)F�WUHDWPHQW�VLJQLILFDQWO\�LQKLELWHG�͹ͷͲ�

EUDQFKLQJ��E��G���7KH�ZKLWH�GRWV�LQ�E�DQG�G�PDUN�LQGLYLGXDO�EUDQFK�SRLQWV���H��4XDQWLILFDWLRQ�RI�͹ͷͳ�

6*1�EUDQFK�QXPEHUV�QRUPDOL]HG�WR�WKH�OHQJWK�RI�WKH�FRFKOHD�ZLWKLQ�WKH�SKRWRJUDSKHG�UHJLRQ��͹ͷʹ�

)RU�WKLV�QRUPDOL]DWLRQ��ZH�PHDVXUHG�WKH�OHQJWK�RI�WKH�FRFKOHD�DORQJ�WKH�LQQHU�KDLU�FHOO��,+&��͹ͷ͵�

ERUGHU��$GGLWLRQ�RI�6HPD�)�)F�OHG�WR�VLJQLILFDQWO\�IHZHU�6*1�EUDQFKHV�LQ�H[SODQWV�LQLWLDWHG�DW�͹ͷͶ�

(������EODFN�EDUV��RU�(������JUD\�EDUV���

��S���������
��S���������Q� ���FRFKOHDH�SHU�WUHDWPHQW�͹ͷͷ�

JURXS���I�N��7R�GHWHUPLQH�ZKHWKHU�6HPD�)�)F�UHGXFHG�WKH�QXPEHU�RI�6*1V�LQ�WKH�FRFKOHDU�͹ͷ͸�

HSLWKHOLXP�RU�UHGXFHG�WKH�QXPEHU�RI�VHFRQGDU\�EUDQFKHV�SHU�6*1��WKH�6HPD�)�)F�H[SHULPHQWV�͹ͷ͹�



� ͵Ͷ

ZHUH�UHSHDWHG�XVLQJ�FRFKOHDH�IURP�Neurog1CreERT2; R26R-tdTomato�PLFH���I�DQG�J��/RZ�͹ͷͺ�

PDJQLILFDWLRQ�PLFURJUDSKV�IURP�FRFKOHDH�VWDLQHG�ZLWK�DQWL�P\RVLQ�9,��KDLU�FHOOV��EOXH��DQG�͹ͷͻ�

WG7RPDWR�WR�PDUN�LQGLYLGXDO�6*1V��ZKLWH����K��7KHUH�ZHUH�QR�GLIIHUHQFHV�LQ�WKH�SHUFHQWDJHV�RI�͹͸Ͳ�

ODEHOHG�6*1V�FRQWDFWLQJ�WKH�FRFKOHDU�VHQVRU\�HSLWKHOLXP�LQ�HLWKHU�JURXS���L��M��+LJK�͹͸ͳ�

PDJQLILFDWLRQ�LPDJHV�RI�UHSUHVHQWDWLYH�LQGLYLGXDOO\�ODEHOHG�6*1�WHUPLQDOV��<HOORZ�GRWV�PDUN�͹͸ʹ�

VPDOO�VHFRQGDU\�EUDQFKHV�H[WHQGLQJ�IURP�HDFK�6*1�SHULSKHUDO�SURFHVV��1RWH�WKH�UHGXFHG�͹͸͵�

QXPEHU�RI�VHFRQGDU\�EUDQFKHV�LQ�6HPD�)�)F�WUHDWHG�H[SODQWV���N��4XDQWLILFDWLRQ�RI�WKH�QXPEHU�͹͸Ͷ�

RI�VHFRQGDU\�EUDQFKHV�SHU�6*1�HQGLQJ�VKRZLQJ�WKH�LQKLELWRU\�HIIHFW�RI�6HPD�)�)F��


��S���͹͸ͷ�

�������Q� ���FRFKOHDH�SHU�WUHDWPHQW�JURXS��(UURU�EDUV��VHP��6FDOH�EDU�LQ�M�����µP��D�G�����µP��I�͹͸͸�

DQG�J����µP��L�DQG�M���͹͸͹�

�͹͸ͺ�

)LJXUH����'HOHWLRQ�RI�Sema3f OHDGV�WR�LQFUHDVHG�6*1V�LQ�WKH�2+&�UHJLRQ���D��E��͹͸ͻ�

5HSUHVHQWDWLYH�LPDJHV�IURP�Neurog1CreERT2;R26RtdTom; :7 RU Sema3f-/- FRFKOHDH�DW�3��VWDLQHG�͹͹Ͳ�

ZLWK�DQWL�P\RVLQ�9,��KDLU�FHOOV��EOXH��DQG�WG7RPDWR�WR�PDUN�LQGLYLGXDO�6*1V��ZKLWH���,QFUHDVHG�͹͹ͳ�

QXPEHUV�RI�FURVVLQJ�ILEHUV��\HOORZ�DUURZKHDGV��SURMHFWLQJ�LQWR�WKH�2+&�UHJLRQ�DUH�SUHVHQW�LQ�WKH�͹͹ʹ�

DEVHQFH�RI�Sema3f��,+&V��LQQHU�KDLU�FHOOV��2+&V��RXWHU�KDLU�FHOOV���F��$EVHQFH�RI�Sema3f�OHDGV�WR�͹͹͵�

D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�SHUFHQWDJH�RI�ODEHOHG�W\SH�,,�OLNH�ILEHUV��GHILQHG�DV�6*1V�WKDW�KDG�͹͹Ͷ�

FURVVHG�LQWR�WKH�2+&�UHJLRQ�DQG�WXUQHG�WRZDUG�WKH�EDVH���1RWH�WKDW�WKH�FKDQJH�LQ�SHUFHQWDJH�LQ�͹͹ͷ�

WKH�DEVHQFH�RI�Sema3f�LV�FRPSDUDEOH�WR�WKH�FKDQJH�REVHUYHG�LQ�Nrp2+/-�KHWHUR]\JRWHV��)LJXUH��H���͹͹͸�



��S���������
��S���������Q� ���:7����Sema3f-/-��HUURU�EDUV��VHP���G��:KROH�PRXQW�LPDJHV�RI�KDLU�͹͹͹�

FHOOV�LQ :7 DQG Sema3f-/- FRFKOHDH�DIWHU�0\RVLQ�9,�LPPXQRVWDLQLQJ���H��4XDQWLILFDWLRQ�RI�͹͹ͺ�

QXPEHU�RI�,+&V�DQG�2+&V�LQGLFDWHV�QR�GLIIHUHQFH�EHWZHHQ�:7 DQG Sema3f-/-��Q� ���HDFK�͹͹ͻ�

JHQRW\SH���I��:KROH�PRXQW�LPDJHV�RI�6*1V�LQ :7 DQG Sema3f-/- FRFKOHDH�DIWHU�7XM��͹ͺͲ�



� ͵ͷ

LPPXQRVWDLQLQJ��7KH�ZKLWH�DUURZV�SRLQW�WR�LQGLYLGXDOO\�LGHQWLILDEOH�6*1�VRPDWD���J��͹ͺͳ�

4XDQWLILFDWLRQ�LQGLFDWHV�QR�GLIIHUHQFH�LQ�6*1�GHQVLW\�EHWZHHQ�:7 DQG Sema3f-/-��Q� ���HDFK�͹ͺʹ�

JHQRW\SH��K�N��9LVXDOL]DWLRQ�RI�ULEERQ�V\QDSVHV��DQWL�5LEH\H�LQ�JUHHQ��ZKLWH�DUURZV��RQ�,+&V�͹ͺ͵�

DQG�2+&V�DW�3���1XFOHL�DUH�ODEHOHG�ZLWK�'$3,��EOXH���2YHUDOO�QR�GLIIHUHQFHV�LQ�ULEERQ�V\QDSVH�͹ͺͶ�

QXPEHUV�ZHUH�REVHUYHG�EHWZHHQ�JHQRW\SHV���H��4XDQWLILFDWLRQ�RI�ULEERQ�ERGLHV�SHU�,+&V�DQG�͹ͺͷ�

2+&V�LQ�3���$OO�GLIIHUHQFHV�ZHUH�QRW�VLJQLILFDQW��QV���6DPSOH�VL]HV��Q� ���IRU�WKH�FRQWURO�JURXS��͹ͺ͸�

ZKLFK�LV�D�FRPELQDWLRQ�RI�KHWHUR]\JRXV�DQG�:7�OLWWHUPDWHV����Sema3f-/-��7KH�VFDOH�EDU�LQ�E� ����͹ͺ͹�

µP�IRU�D�DQG�E�����µP��G�����µP��I�DQG����µP��K�N���͹ͺͺ�

�͹ͺͻ�

)LJXUH����'LIIHUHQWLDO�H[SUHVVLRQ�RI�3OH[LQ�$��LQ�6*1V�DQG�D�SURSRVHG�PRGHO���͹ͻͲ�

�D�I� In situ�K\EULGL]DWLRQ�IRU�Plxna3�DW�(�������D��$�Plxna3 VHQVH�FRQWURO�SUREH�GRHV�QRW�VKRZ�͹ͻͳ�

DQ\�UHDFWLYLW\���E�DQG�F��Plxna3�WUDQVFULSWV�DUH�SUHVHQW�LQ�WKH�VSLUDO�JDQJOLRQ��6*���DQG�SRVVLEO\�͹ͻʹ�

IDLQWO\�LQ�FHOOV�WKURXJKRXW�WKH�FRFKOHDU�HSLWKHOLXP��FH����G�I��',&�LPDJHV�IRU�D�F�ZHUH�XVHG�WR�͹ͻ͵�

LGHQWLI\�6*1V�E\�PRUSKRORJ\��7KH�ZKLWH�GRWWHG�OLQHV�HQFLUFOH�WKH�6*1V�LQ�HDFK�SDQHO���J�L��͹ͻͶ�

3OH[LQ�$��DQWLERG\�VWDLQLQJ�LQ�DQ�(�����ZKROH�PRXQW�FRFKOHD���J�L��([SUHVVLRQ�RI�3OH[LQ�$��͹ͻͷ�

�JUHHQ��LQ�6*1V�DSSHDUV�WR�RYHUODS�ZLWK�D�QHXURQDO�PDUNHU��7XM��LQ�UHG��H[FHSW�LQ�WKH�KDLU�FHOO�͹ͻ͸�

UHJLRQ��0\R9,�VWDLQLQJ�LQ�EOXH����M�O��+LJK�PDJQLILFDWLRQ�YLHZV�IURP�WKH�ER[HG�UHJLRQV�LQ�J�K��͹ͻ͹�

DQG�L��3OH[LQ�$��LV�VWURQJO\�H[SUHVVHG�LQ�6*1�SHULSKHUDO�SURFHVVHV�ORFDWHG�DGMDFHQW�WR�WKH�,+&�͹ͻͺ�

UHJLRQ��DUURZV��EXW�DSSHDUV�PDUNHGO\�UHGXFHG�LQ�ILEHUV�WKDW�FURVV�LQWR�WKH�2+&�UHJLRQ��/LPLWHG�͹ͻͻ�

3OH[LQ�$��LV�GHWHFWDEOH�RQ�VSDUVH�QXPEHUV�RI�6*1�SURFHVVHV�LQ�WKH�2+&�UHJLRQ��DUURZKHDG���ͺͲͲ�

6FDOH�EDU�LQ�O������µP��D�L�����µP��M�O���P��3URSRVHG�PRGHO��6HPD�)��EOXH�VKDGLQJ�DQG�EOXH�ͺͲͳ�

UHFWDQJOHV��LV�H[SUHVVHG�E\�FHOOV�LQ�WKH�2+&�UHJLRQ�RI�WKH�FRFKOHD�ZLWK�D�VKDUS�ERXQGDU\�DORQJ�ͺͲʹ�

WKH�SLOODU�FHOOV��%LQGLQJ�RI�6HPD�)�WR�1US���JUHHQ�6*1V�DQG�JUHHQ�UHFWDQJOH��LQGXFHV�UHWUDFWLRQ�ͺͲ͵�
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HYHQWV�WKDW�LQKLELW�WKH�JURZWK�RI�WKH�W\SH�,�6*1�SHULSKHUDO�SURFHVVHV�LQWR�WKH�2+&�GRPDLQ��ͺͲͶ�

3OH[LQ$��FR�UHFHSWRUV��ZKLFK�OLNHO\�VHUYH�D�UROO�LQ�WKLV�SURFHVV��DUH�VKRZQ�LQ�UHG��³"´�LOOXVWUDWHV�ͺͲͷ�

DQ�RXWVWDQGLQJ�TXHVWLRQ�RI�KRZ�W\SH�,,�6*1V��ZKLFK�H[SUHVV�1US��DQG�DUH�FRQIURQWHG�E\�ͺͲ͸�

6HPD�)��DUH�DEOH�WR�H[WHQG�LQWR�WKH�2+&�GRPDLQ��ͺͲ͹�

�ͺͲͺ�

)LJXUH���±�ILJXUH�VXSSOHPHQW����3URJUDPPHG�FHOO�GHDWK��DSRSWRVLV��LV�OLPLWHG�LQ�6*1V�DW�ͺͲͻ�

(�����DQG�(������ͺͳͲ�

�D�G��&RQIRFDO�LPDJHV�IURP�ZKROH�PRXQW�SUHSDUDWLRQV�PDUNHG�ZLWK�DQWL�FOHDYHG�FDVSDVH���ͺͳͳ�

�&&���DQWLERGLHV��7XM��DQWLERGLHV��WR�VKRZ�6*1�VRPDWD��DQG�DQWL�6R[��DQWLERGLHV��WR�VKRZ�WKH�ͺͳʹ�

SRVLWLRQ�RI�WKH�FRFKOHDU�VHQVRU\�HSLWKHOLXP���7KH�DUURZKHDGV�LQ�WKHVH�SDQHOV�SRLQW�WR�6*1V�WKDW�ͺͳ͵�

DUH�&&��SRVLWLYH��6FDOH�EDU�LQ�G�����µP��+LVWRJUDP�VKRZLQJ�DYHUDJH�QXPEHUV�RI�&&��SRVLWLYH�ͺͳͶ�

6*1�LQ�WKH�EDVH�DQG�DSH[�RI�FRFKOHDH�DW�HDFK�VWDJH��Q� ���FRFKOHDH�SHU�JURXS���ͺͳͷ�

�ͺͳ͸�

)LJXUH���±�ILJXUH�VXSSOHPHQW����6HPDSKRULQ�)�)F�UHFRJQL]HV�ELQGLQJ�SDUWQHUV�in vivo.�ͺͳ͹�

5HSUHVHQWDWLYH�LPDJHV�IURP�ZLOG�W\SH�3��FRFKOHDH�VWDLQHG�ZLWK�)F��D�K��RU�6HPD�)�)F��L�S��ͺͳͺ�

IXVLRQ�SURWHLQV��6DPSOHV�ZHUH�FRXQWHUVWDLQHG�ZLWK�'$3,��EOXH��WR�UHYHDO�RYHUDOO�PRUSKRORJ\�DQG�ͺͳͻ�

DQWL�1HXURILODPHQW�����DQWLERGLHV��UHG��WR�UHYHDO�6*1�SRVLWLRQV���D�G��$�ORZ�PDJQLILFDWLRQ�ͺʹͲ�

YLHZ�VKRZV�YHU\�OLWWOH�ELQGLQJ�E\�FRQWURO�)F���H�I��+RZHYHU��ELQGLQJ�E\�6HPD�)�)F�LQ�D�VLPLODU�ͺʹͳ�

SUHSDUDWLRQ�LV�FOHDUO\�HYLGHQW�LQ�WKH�6*1V��DUURZV����L�O��$�KLJK�PDJQLILFDWLRQ�YLHZ�IURP�WKH�ͺʹʹ�

ER[HG�UHJLRQ�LQ�G��)F�FRQWURO�GRHV�QRW�VKRZ�ELQGLQJ�WR�W\SH�,�RU�,,�6*1V���P�S��$�KLJK�ͺʹ͵�

PDJQLILFDWLRQ�YLHZ�IURP�WKH�ER[HG�UHJLRQ�LQ�K��6HPD�)�)F�ELQGV�WR�W\SH�,��DUURZ��DQG�W\SH�,,�ͺʹͶ�

�DUURZKHDGV��6*1V��6FDOH�EDU�LQ�S��DSSUR[LPDWHO\�����µP�IRU�D�K�DQG����µP�IRU�L�S��ͺʹͷ�

�ͺʹ͸�



� ͵͹

)LJXUH���±�ILJXUH�VXSSOHPHQW����Plxna3�H[SUHVVLRQ�LQ�WKH�LQQHU�HDU�DW�(�����(�����ͺʹ͹�

In situ�K\EULGL]DWLRQ�XVLQJ�Plxna3�DQWLVHQVH�SUREH�LQ�&��%/��-�PLFH�IURP�WKH�$OOHQ�%ULDQ�$WODV�ͺʹͺ�
�KWWS���GHYHORSLQJPRXVH�EUDLQ�PDS�RUJ�JHQH�VKRZ��������VKRZV�WKDW�Plxna3�LV�EURDGO\�ͺʹͻ�
H[SUHVVHG�LQ�WKH�FRFKOHRYHVWLEXODU�JDQJOLRQ�QHXURQV��FYJ��DW�(�����DQG�LQ�WKH�6*1V��VJ��DW�ͺ͵Ͳ�
(�����DQG�(�����6SHFLILF�LPDJHV�FDQ�IRXQG�DW���ͺ͵ͳ�
KWWS���GHYHORSLQJPRXVH�EUDLQ�PDS�RUJ�H[SHULPHQW�VKRZ�����������IRU�(������ͺ͵ʹ�
KWWS���GHYHORSLQJPRXVH�EUDLQ�PDS�RUJ�H[SHULPHQW�VKRZ�����������IRU�(������DQG�ͺ͵͵�
KWWS���GHYHORSLQJPRXVH�EUDLQ�PDS�RUJ�H[SHULPHQW�VKRZ�����������IRU�(������ͺ͵Ͷ�
�ͺ͵ͷ�

��ͺ͵͸�

�ͺ͵͹�

9LGHR����$�FRFKOHD�IURP�D�PRXVH�FDUU\LQJ�WKH�Neurog1CreERT2; Rosa-tdTomato; Atoh1-nGFP�ͺ͵ͺ�

DOOHOHV�WKDW�ZDV LPDJHG�E\�VSLQQLQJ�GLVN�FRQIRFDO�PLFURVFRS\�IRU�DSSUR[LPDWHO\����KRXUV��7KH�ͺ͵ͻ�

RUDQJH�GRWV�PDUN�6*1�SURFHVVHV�WKDW�FDQ�EH�VHHQ�SURMHFWLQJ�LQWR�WKH�2+&�UHJLRQ�DQG�WKHQ�ͺͶͲ�

IDOOLQJ�EDFN�WR�WKH�,+&�UHJLRQ����ͺͶͳ�

�ͺͶʹ�

�ͺͶ͵�

5()(5(1&(6�ͺͶͶ�

$GDPV�5+��/RKUXP�0��.ORVWHUPDQQ�$��%HW]�+��3�VFKHO�$:��������7KH�FKHPRUHSXOVLYH�ͺͶͷ�
DFWLYLW\�RI�VHFUHWHG�VHPDSKRULQV�LV�UHJXODWHG�E\�IXULQ�GHSHQGHQW�SURWHRO\WLF�SURFHVVLQJ��ͺͶ͸�
(0%2�-��������±������ͺͶ͹�

$SSOHU�-��/X�&��������*DWD��LV�D�FULWLFDO�UHJXODWRU�RI�FRFKOHDU�ZLULQJ��-�«��������±�����ͺͶͺ�
$YDLODEOH�DW��KWWS���ZZZ�MQHXURVFL�RUJ�FRQWHQW�����������VKRUW��ͺͶͻ�

$SSOHU�-0��*RRGULFK�/�9���������&RQQHFWLQJ�WKH�HDU�WR�WKH�EUDLQ��0ROHFXODU�PHFKDQLVPV�RI�ͺͷͲ�
DXGLWRU\�FLUFXLW�DVVHPEO\��3URJ�1HXURELRO�������±�����ͺͷͳ�

%UHXVNLQ�,��%RGVRQ�0��7KHOHQ�1��7KLU\�0��%RUJV�/��1JX\HQ�/��6WROW�&��:HJQHU�0��/HIHEYUH�ͺͷʹ�
33��0DOJUDQJH�%��������*OLDO�EXW�QRW�QHXURQDO�GHYHORSPHQW�LQ�WKH�FRFKOHR�YHVWLEXODU�ͺͷ͵�
JDQJOLRQ�UHTXLUHV�6R[����-�1HXURFKHP���������±������ͺͷͶ�

&DUQH\�35��6LOYHU�-��������6WXGLHV�RQ�FHOO�PLJUDWLRQ�DQG�D[RQ�JXLGDQFH�LQ�WKH�GHYHORSLQJ�GLVWDO�ͺͷͷ�
DXGLWRU\�V\VWHP�RI�WKH�PRXVH��-�&RPS�1HXURO��������±�����ͺͷ͸�
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&KHQ�+��%DJUL�$��=XSLFLFK�-$��=RX�<��6WRHFNOL�(��3OHDVXUH�6-��/RZHQVWHLQ�'+��6NDUQHV�:&��ͺͷ͹�
&KpGRWDO�$��7HVVLHU�/DYLJQH�0��������1HXURSLOLQ���UHJXODWHV�WKH�GHYHORSPHQW�RI�VHOHFWLYH�ͺͷͺ�
FUDQLDO�DQG�VHQVRU\�QHUYHV�DQG�KLSSRFDPSDO�PRVV\�ILEHU�SURMHFWLRQV��1HXURQ������±����ͺͷͻ�

&KHQ�+��&KpGRWDO�$��+H�=��*RRGPDQ�&6��7HVVLHU�/DYLJQH�0��������1HXURSLOLQ����D�QRYHO�ͺ͸Ͳ�
PHPEHU�RI�WKH�QHXURSLOLQ�IDPLO\��LV�D�KLJK�DIILQLW\�UHFHSWRU�IRU�WKH�VHPDSKRULQV�6HPD�(�DQG�ͺ͸ͳ�
6HPD�,9�EXW�QRW�6HPD�,,,��1HXURQ�������±�����ͺ͸ʹ�

&RDWH�70��.HOOH\�0:��������0DNLQJ�FRQQHFWLRQV�LQ�WKH�LQQHU�HDU��5HFHQW�LQVLJKWV�LQWR�WKH�ͺ͸͵�
GHYHORSPHQW�RI�VSLUDO�JDQJOLRQ�QHXURQV�DQG�WKHLU�FRQQHFWLYLW\�ZLWK�VHQVRU\�KDLU�FHOOV��ͺ͸Ͷ�
6HPLQ�&HOO�'HY�%LRO�������±�����ͺ͸ͷ�

&RDWH�70��5DIW�6��=KDR�;��5\DQ�$��&UHQVKDZ�(%��.HOOH\�0:��������2WLF�0HVHQFK\PH�&HOOV�ͺ͸͸�
5HJXODWH�6SLUDO�*DQJOLRQ�$[RQ�)DVFLFXODWLRQ�WKURXJK�D�3RX�I��(SK$��6LJQDOLQJ�3DWKZD\��ͺ͸͹�
1HXURQ������±����ͺ͸ͺ�

'HIRXUQ\�-��3RLUULHU�$�/��/DOOHPHQG�)��0DWHR�6iQFKH]�6��1HHI�-��9DQGHUKDHJKHQ�3��6RULDQR�(��ͺ͸ͻ�
3HXFNHUW�&��.XOODQGHU�.��)ULW]VFK�%��1JX\HQ�/��0RRQHQ�*��0RVHU�7��0DOJUDQJH�%��������ͺ͹Ͳ�
(SKULQ�$��(SK$��VLJQDOOLQJ�FRQWUROV�VSHFLILF�DIIHUHQW�WDUJHWLQJ�WR�FRFKOHDU�KDLU�FHOOV��1DW�ͺ͹ͳ�
&RPPXQ��������$YDLODEOH�DW��KWWS���G[�GRL�RUJ���������QFRPPV������ͺ͹ʹ�

'HP\DQHQNR�*3��0RKDQ�9��=KDQJ�;��%UHQQDPDQ�/+��'KDUEDO�.(6��7UDQ�76��0DQLV�3%��ͺ͹͵�
0DQHVV�3)��������1HXUDO�&HOO�$GKHVLRQ�0ROHFXOH�1U&$0�5HJXODWHV�6HPDSKRULQ��)�ͺ͹Ͷ�
,QGXFHG�'HQGULWLF�6SLQH�5HPRGHOLQJ��-�1HXURVFL���������±������$YDLODEOH�DW��ͺ͹ͷ�
KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG�����������ͺ͹͸�

'HP\DQHQNR�*3��5LGD\�77��7UDQ�76��'DODO�-��'DUQHOO�(3��%UHQQDPDQ�/+��6DNXUDL�7��*UXPHW�ͺ͹͹�
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