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ABSTRACT

&HOO� IDWH� LV� PDLQWDLQHG� RYHU� ORQJ� WLPHVFDOHV�� \HW� PROHFXODU� ˌXFWXDWLRQV� FDQ� OHDG� WR�
VSRQWDQHRXV�ORVV�RI�WKLV�GLIIHUHQWLDWHG�VWDWH��:H�XQFRYHUHG�D�PHFKDQLVP�WKDW�H[SODLQV�OLIH�
ORQJ�PDLQWHQDQFH�RI�$6(�QHXURQ� IDWH� LQ�C. elegans� E\� WKH� WHUPLQDO� VHOHFWRU� WUDQVFULSWLRQ�
IDFWRU�&+(����)OXFWXDWLRQV�LQ�&+(���OHYHO�DUH�EXIIHUHG�E\�WKH�UHVHUYRLU�RI�&+(���ERXQG�DW�
its target promoters, which also ensure continued che-1�H[SUHVVLRQ�E\�SUHIHUHQWLDOO\�ELQGLQJ�
to the che-1 SURPRWHU��:H�YDOLGDWHG�WKLV�PHFKDQLVP�E\�VKRZLQJ�WKDW�che-1�H[SUHVVLRQ�ZDV�
UHVLOLHQW�WR�LQGXFHG�WUDQVLHQW�&+(���GHSOHWLRQ��ZKLOH�ERWK�H[SUHVVLRQ�RI�&+(���WDUJHWV�DQG�
$6(� IXQFWLRQ�ZHUH� ORVW��:H� LGHQWLˋHG�D�����ES�ORQJ�che-1 promoter fragment responsible 
for this resilience, with deletion of a homeodomain binding site in this fragment causing 
VWRFKDVWLF�ORVV�RI�$6(�LGHQWLW\�ORQJ�DIWHU�LWV�GHWHUPLQDWLRQ��%HFDXVH�QHWZRUN�DUFKLWHFWXUHV�
WKDW�VXSSRUW�WKLV�PHFKDQLVP�DUH�KLJKO\�FRQVHUYHG�LQ�FHOO�GLIIHUHQWLDWLRQ��VXFK�PHFKDQLVP�
PD\�H[SODLQ�VWDEOH�FHOO�IDWH�PDLQWHQDQFH�LQ�PDQ\�V\VWHPV�
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INTRODUCTION

,Q�PRVW�DQLPDO�WLVVXHV��WHUPLQDOO\�GLIIHUHQWLDWHG�FHOOV�DUH�UHQHZHG�IURP�SURJHQLWRU�FHOOV�RQ�
WLPHVFDOHV�RI�GD\V�WR�PRQWKV��/HEORQG�DQG�:DONHU���������\HW�WKH�QHUYRXV�V\VWHP�LV�XQLTXH��
DV�PRVW�QHXURQV�KDUGO\�UHQHZ�DW�DOO��0LQJ�DQG�6RQJ���������0DQ\�PDWXUH�QHXURQ�VXEW\SHV�
H[LVW�WKDW�GLIIHU�LQ�WKH�H[SUHVVLRQ�RI�KXQGUHGV�RI�VXEW\SH�VSHFLˋF�JHQHV��'HQHULV�DQG�+REHUW��
������� +RZ� QHXURQDO� FHOOV� PDLQWDLQ� WKLV� WHUPLQDOO\� GLIIHUHQWLDWHG� VWDWH� RYHU� VXFK� ORQJ�
WLPHVFDOHVȠGHFDGHV�LQ�WKH�FDVH�RI�KXPDQVȠLV�QRW�XQGHUVWRRG�

5HFHQW� VWXGLHV� KDYH� IRXQG� WKDW� GLIIHUHQWLDWLRQ� SUHFHGLQJ�PDWXUDWLRQ� RI� QHXURQ� VXEW\SHV�
LV� RIWHQ� FRQWUROOHG� E\� RQO\� �� RU� �� GLIIHUHQW� WUDQVFULSWLRQ� IDFWRUV�� FDOOHG� terminal selectors 
�+REHUW���������7KHVH�DFW�WKURXJK�D�FRQVHUYHG�QHWZRUN�PRWLI�FDOOHG�D�VLQJOH�LQSXW�PRGXOH�
�$ORQ���������WKH\�ELQG�WR�VSHFLˋF�cis�UHJXODWRU\�FRQWURO�HOHPHQWV�WR�LQGXFH�ERWK�WKHLU�RZQ�
H[SUHVVLRQ�DQG�WKDW�RI�WKH�GRZQVWUHDP�WDUJHW�JHQHV�WKDW�GHˋQH�WKH�QHXURQDO�VXEW\SH��)LJ���$���
6XFK�WHUPLQDO�VHOHFWRU�QHWZRUNV�KDYH�EHHQ�IRXQG�WR�XQGHUOLH�GLIIHUHQWLDWLRQ�RI�PDQ\�QHXURQ�
W\SHV� LQ� WKH� QHPDWRGH�Caenorhabditis elegans� �'HQHULV� DQG� +REHUW�� ������ +REHUW�� �������
SKRWRUHFHSWRU� VXEW\SHV� LQ�Drosophila melanogaster� �+VLDR� HW� DO��� ������ DQG� GRSDPLQHUJLF�
QHXURQV�LQ�PLFH��1LQNRYLF�HW�DO����������LQGLFDWLQJ�WKDW�WKH\�IRUP�DQ�HYROXWLRQDU\�FRQVHUYHG�
SULQFLSOH�IRU�QHXURQ�VXEW\SH�GHWHUPLQDWLRQ�

7HUPLQDO�VHOHFWRUV�SRVLWLYHO\�UHJXODWH�WKHLU�RZQ�H[SUHVVLRQ��UDLVLQJ�WKH�SRVVLELOLW\�WKDW�WKH\�
DFW� DV� ELVWDEOH� JHQHWLF� VZLWFKHV�� 6XFK� VZLWFKHV� DUH�ZLGH�VSUHDG� LQ� ELRORJ\� �)HUUHOO�� ������
$ORQ��������DQG�DUH�RIWHQ�VHHQ�DV�DQ�DWWUDFWLYH�PHFKDQLVP�WR�H[SODLQ�FHOO�IDWH�GHWHUPLQDWLRQ��
,Q� WKLV� K\SRWKHVLV�� DW� WKH� WLPH� RI� GHWHUPLQDWLRQ�� WUDQVLHQW� VLJQDOV� LQGXFH� H[SUHVVLRQ� RI�
WHUPLQDO�VHOHFWRUV��ZKLFK�WKHQ�PDLQWDLQ�WKHLU�RZQ�H[SUHVVLRQ��DQG�WKDW�RI�DOO�WDUJHW�JHQHV��
E\� DXWRUHJXODWLRQ� LQ� WKH� VXEVHTXHQW� DEVHQFH� RI� WKHVH� VLJQDOV� �)LJ�� �%�� �+REHUW�� �������
+RZHYHU��D�NH\�ZHDNQHVV�RI�ELVWDEOH�VZLWFKHV�LV�WKDW�WKH\�UHPDLQ�UHYHUVLEOH�DW�DOO�WLPHV��ZLWK�
D�WUDQVLHQW�GHFUHDVH�LQ�WHUPLQDO�VHOHFWRU�OHYHOV�SRWHQWLDOO\�VXIˋFLHQW�WR�ORVH�WHUPLQDO�VHOHFWRU�
H[SUHVVLRQ�DQG��SUHVXPDEO\��FHOO�IDWH��)LJ���%���,QGHHG��ELVWDEOH�JHQHWLF�VZLWFKHV�RIWHQ�VXIIHU�
IURP�VWRFKDVWLF�WUDQVLWLRQV�EHWZHHQ�WKHLU�GLIIHUHQW�VWDWHV�GXH�WR�PROHFXODU�QRLVH��L�H��UDQGRP�
ˌXFWXDWLRQV�LQ�WKH�OHYHOV�RI�WKHLU�FRUH�FRPSRQHQWV��2]EXGDN�HW�DO���������6XHO�HW�DO���������
$FDU�HW�DO����������+HQFH��LW�LV�RIWHQ�DVVXPHG�WKDW�VWDEOH�FHOO�IDWH�PDLQWHQDQFH�PXVW�UHTXLUH�
DGGLWLRQDO� IHHGEDFN� PHFKDQLVPV�� VXFK� DV� KLVWRQH� RU� FKURPDWLQ� PRGLˋFDWLRQV� �2UODQGR��
������5LQJURVH�DQG�3DUR���������WKDW�ORFN�LQ�FHOO�IDWH�LQ�DQ�HVVHQWLDOO\�LUUHYHUVLEOH�PDQQHU�

+HUH��ZH�VWXGLHG�ORQJ�WHUP�PDLQWHQDQFH�RI�QHXURQ�VXEW\SH�LQ�WKH�VDOW�VHQVLQJ�$6(�QHXURQV�RI�
C. elegans��)LJ���$���$6(�VXEW\SH�LV�FRQWUROOHG�E\�WKH�WHUPLQDO�VHOHFWRU�&+(����D�WUDQVFULSWLRQ�
IDFWRU� ZKRVH� P51$� H[SUHVVLRQ� LV� WUDQVLHQWO\� LQGXFHG� E\� WKH� QXFOHDU� KRUPRQH� UHFHSWRU�
1+5����DW�WKH�WLPH�RI�GHWHUPLQDWLRQ��6DULQ�HW�DO����������&+(���LQGXFHV�WKH�H[SUHVVLRQ�RI�
���������$6(�WDUJHW�JHQHV��VXFK�DV�JHQHV�HQFRGLQJ�FKHPRVHQVRU\�UHFHSWRUV��LRQ�FKDQQHOV��
DQG�QHXURSHSWLGHV��E\�ELQGLQJ�$6(�PRWLIV�ZLWKLQ�WKHLU�SURPRWHUV��(WFKEHUJHU�HW�DO����������
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&RQWLQXHG�SUHVHQFH�RI�&+(���LV�UHTXLUHG�IRU�H[SUHVVLRQ�RI�WDUJHW�JHQHV�DIWHU�QHXURQ�VXEW\SH�
GHWHUPLQDWLRQ��(WFKEHUJHU�HW�DO����������&+(���DOVR�XSUHJXODWHV�LWV�RZQ�P51$�H[SUHVVLRQ��
7KLV�SRVLWLYH� IHHGEDFN� ORRS� LV�QHFHVVDU\� IRU� VXVWDLQLQJ�che-1 H[SUHVVLRQ�DQG�$6(�FHOO� IDWH�
GLUHFWO\�DIWHU�FHOO�GHWHUPLQDWLRQ��(WFKEHUJHU�HW�DO���������/H\YD�'LD]�DQG�+REHUW��������<HW��
LW�LV�XQNQRZQ�ZKHWKHU�WKLV�SRVLWLYH�IHHGEDFN�ORRS�LV�VXIˋFLHQW�IRU�ORQJ�WHUP�PDLQWHQDQFH�RI�
$6(�IDWH��7KH�LPSDFW�RI�PROHFXODU�QRLVH��VXFK�DV�YDULDELOLW\�LQ�&+(���SURWHLQ�QXPEHU��RQ�$6(�
IDWH�PDLQWHQDQFH�KDV�QRW�EHHQ�VWXGLHG��2YHUDOO��LW�LV�DQ�RSHQ�TXHVWLRQ�ZKHWKHU�D�UHYHUVLEOH��
ELVWDEOH� VZLWFK� EDVHG� RQ� SRVLWLYH� &+(��� DXWRUHJXODWLRQ� ZRXOG� EH� VXIˋFLHQWO\� VWDEOH� WR�
PDLQWDLQ�$6(�IDWH�GXULQJ�WKH�DQLPDOȢV�HQWLUH�OLIHWLPH��$OWHUQDWLYHO\��DGGLWLRQDO�PHFKDQLVPV�
FRXOG�EH�QHFHVVDU\�WR�HQVXUH�WKDW��RQFH�$6(�IDWH�LV�GHWHUPLQHG��che-1�H[SUHVVLRQ�EHFRPHV�
LQGHSHQGHQW�RI�&+(���LWVHOI�DQG�FDQ�QR�ORQJHU�VSRQWDQHRXVO\�VZLWFK�RII�

:H�VKRZ�WKDW�VXIˋFLHQWO\� ORQJ�� WUDQVLHQWO\� LQGXFHG�GHSOHWLRQ�RI�&+(���FDXVHG�SHUPDQHQW�
ORVV�RI�$6(�IDWH��LQGLFDWLQJ�WKDW�LW�LV�FRQWUROOHG�E\�D�VZLWFK�WKDW�UHPDLQV�UHYHUVLEOH�ORQJ�DIWHU�
FHOO�IDWH�FRPPLWPHQW��7KLV�UDLVHV�WKH�TXHVWLRQ�KRZ�WKH�VZLWFK�LV�SURWHFWHG�DJDLQVW�PROHFXODU�
QRLVH�� ZKLFK� FRXOG� FDXVH� LW� WR� VSRQWDQHRXVO\� ORVH� $6(� IDWH�� &RPELQLQJ� H[SHULPHQWDO�
PHDVXUHPHQWV� RI� WKH� NH\� SDUDPHWHUV� WKDW� FRQWURO� WKH� PDJQLWXGH� RI� QRLVH�� L�H�� WKH� che-
1 P51$� DQG� SURWHLQ� QXPEHUV� DQG� OLIHWLPHV�� ZLWK� VWRFKDVWLF�PRGHOV� RI� WKH� che-1 genetic 
QHWZRUN��UHYHDOHG�D�QRYHO�PHFKDQLVP��target reservoir buffering��WKDW�GUDPDWLFDOO\�LQFUHDVHG�
VZLWFK� VWDELOLW\�� 7KLV� VWDELOLW\� UHVXOWHG� IURP� WKH� SUHVHQFH� RI� D� UHVHUYRLU� RI� &+(��� SURWHLQ�
ERXQG�DW�WKH�SURPRWHUV�RI�LWV�WDUJHW�JHQHV��FRXSOHG�ZLWK�SUHIHUHQWLDO�ELQGLQJ�RI�&+(���WR�WKH�
che-1�SURPRWHU�FRPSDUHG�WR�WKH�SURPRWHUV�RI�LWV�RWKHU�WDUJHWV��2XU�PRGHO�VXJJHVWV�WKDW�WKLV�
PHFKDQLVP�OHDGV�WR�H[FHHGLQJO\�VWDEOH�21�VWDWHV��KLJK�che-1 H[SUHVVLRQ���ZLWK�VSRQWDQHRXV�
transitions to the OFF state (no che-1 H[SUHVVLRQ��REVHUYHG�DW�UDWHV�RI�OHVV�WKDQ�������SHU�\HDU��
&RQVLVWHQW�ZLWK�WKLV�PHFKDQLVP��ZH�IRXQG�WKDW�XSRQ�LQGXFHG�&+(���GHSOHWLRQ�in vivo, che-1 
P51$�H[SUHVVLRQ�UHPDLQHG�SUHVHQW��HYHQ�ZKHQ�H[SUHVVLRQ�RI�RWKHU�WDUJHW�JHQHV�YDQLVKHG�
WRJHWKHU�ZLWK� WKH� DQLPDOȢV� DELOLW\� WR� UHVSRQG� WR� VDOW�� 7KLV� DOORZHG� IXOO� UHFRYHU\�RI�&+(���
SURWHLQ�OHYHOV��WDUJHW�JHQH�H[SUHVVLRQ�DQG�FKHPRVHQVDWLRQ�LI�LQGXFHG�&+(���GHSOHWLRQ�ZDV�
VXIˋFLHQWO\�VKRUW��:H�IRXQG�D�����ES�ORQJ�SURPRWHU�UHJLRQ�VXUURXQGLQJ�WKH�che-1�$6(�ELQGLQJ�
motif responsible for this resilience of che-1� H[SUHVVLRQ� WR� &+(��� GHSOHWLRQ�� 7KLV� UHJLRQ�
contained a homeodomain protein binding site that, when mutated, caused stochastic loss of 
$6(�IDWH�ZHOO�DIWHU�$6(�VSHFLˋFDWLRQ��LQGLFDWLQJ�D�VWURQJ�GHFUHDVH�LQ�VWDELOLW\�RI�WKH�21�VWDWH��
This shows a new role for homeodomain containing transcription factors in maintaining and 
VWDELOL]LQJ�$6(�IDWH��OLNHO\�E\�UHFUXLWLQJ�&+(���SUHIHUHQWLDOO\�WR�LWV�RZQ�SURPRWHU�
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RESULTS

/RVV�RI�$6(�QHXURQ�IDWH�XSRQ�WUDQVLHQW�&+(���GHSOHWLRQ

7R� WHVW� ZKHWKHU� SRVLWLYH� DXWRUHJXODWLRQ� RI� che-1� H[SUHVVLRQ� LV� QHFHVVDU\� IRU� $6(� IDWH�
PDLQWHQDQFH�� ZH� GHSOHWHG� &+(��� SURWHLQ� OHYHOV� LQ� $6(� QHXURQV� LQ� YLYR�� XVLQJ� WKH� DX[LQ�
LQGXFLEOH� GHJUDGDWLRQ� V\VWHP� �=KDQJ� HW� DO��� ������� che-1::GFP::AID� DQLPDOV�ZHUH� H[SRVHG�
WR���P0�DX[LQ�WR�LQGXFH�&+(���GHSOHWLRQ��)LJ���&���&+(����*)3�ZDV�VWURQJO\�UHGXFHG�DIWHU�
a����KRXU��DQG�XQGHWHFWDEOH�DIWHU�a��KRXUV�H[SRVXUH�WR�DX[LQ��)LJ���'���7R�H[DPLQH�KRZ�&+(�
�� GHSOHWLRQ� LPSDFWHG� RQ�$6(� IXQFWLRQ��ZH� XVHG� D� TXDGUDQW� FKHPRWD[LV� DVVD\� WR� TXDQWLI\�
WKH� FKHPRWD[LV� UHVSRQVH� WR� 1D&O� RI� &+(��� GHSOHWHG� DQLPDOV� �:LFNV� HW� DO��� ������ -DQVHQ�
HW� DO��� ������� ,Q� WKLV� DVVD\�� DQLPDOV� FKRRVH�EHWZHHQ� WZR�DJDU�TXDGUDQWV�ZLWK� VDOW� DQG� WZR�
ZLWKRXW��)LJ��6�$���che-1::GFP::AID�DQLPDOV�H[SRVHG�WR�DX[LQ�IRU����KRXUV�VKRZHG�UHGXFHG�
FKHPRWD[LV�WR�1D&O��3���������)LJ���(��6�&���7KLV�DJUHHV�ZLWK�SUHYLRXV�UHVXOWV�VKRZLQJ�WKDW�
permanent inhibition of che-1�H[SUHVVLRQ�E\�51$L�LQ�ODUYDH�UHVXOWHG�LQ�UHGXFHG�H[SUHVVLRQ�RI�
&+(���WDUJHW�JHQHV��(WFKEHUJHU�HW�DO����������+RZHYHU��WKHVH�UHVXOWV�OHDYH�RSHQ�WKH�SRVVLELOLW\�
WKDW��DIWHU�LQLWLDO�$6(�VXEW\SH�GHWHUPLQDWLRQ��che-1�H[SUHVVLRQ�LV�PDLQWDLQHG�LQGHSHQGHQWO\�
RI�&+(���LQ�DQ�LUUHYHUVLEOH�PDQQHU�

In contrast, if che-1 H[SUHVVLRQ�LV�ELVWDEOH�DQG�UHYHUVLEOH��WKHQ�D�VXIˋFLHQWO\�ORQJ�SHULRG�RI�
WUDQVLHQW�&+(���GHSOHWLRQ�VKRXOG�UHVXOW�LQ�SHUPDQHQW�ORVV�RI�che-1�H[SUHVVLRQ��)LJ���%���7R�
WHVW�WKLV��ZH�H[SRVHG�DQLPDOV�WR�DX[LQ�IRU�LQFUHDVLQJ�WLPH�LQWHUYDOV��)LJ���&���DQG�DQDO\VHG�
&+(����*)3�H[SUHVVLRQ�DQG�1D&O�FKHPRWD[LV�DIWHU�����)LJ���'��6�%�&��RU����KRXUV��)LJ���(�)��
UHFRYHU\� RQ� SODWHV� ZLWKRXW� DX[LQ�� ,Q� DQLPDOV� H[SRVHG� WR� DX[LQ� IRU� ��� KRXUV�� ERWK� &+(�
���*)3�H[SUHVVLRQ�DQG�1D&O�FKHPRWD[LV�UHWXUQHG�WR�ZLOG�W\SH�OHYHOV�DIWHU����KRXUV�UHFRYHU\��
+RZHYHU��DIWHU����KRXUV�DX[LQ�H[SRVXUH��&+(����*)3�GLG�QRW�UHWXUQ�LQ�������DQLPDOV��)LJ���)��
6�%���7KLV�IUDFWLRQ�IXUWKHU�GHFUHDVHG�ZLWK�WKH�GXUDWLRQ�RI�DX[LQ�H[SRVXUH��ZLWK�����DQLPDOV�
UHFRYHULQJ� &+(����*)3� H[SUHVVLRQ� DIWHU� ���� KRXUV� RQ� DX[LQ�� 6LPLODUO\�� WKH� FKHPRWD[LV�
UHVSRQVH�GLG�QRW�UHFRYHU�LQ�DQLPDOV�H[SRVHG�WR�DX[LQ�IRU����KRXUV�RU�ORQJHU��)LJ���(��6�&��
7DEOH�6����VXJJHVWLQJ�WKDW�WKH�DEVHQFH�RI�&+(����*)3�UHVXOWHG�LQ�ORVV�RI�$6(�VXEW\SH�LGHQWLW\��
2YHUDOO��WKHVH�REVHUYDWLRQV�LQGLFDWHG�WKDW�&+(���FRQWUROV�LWV�H[SUHVVLRQ�DV�D�ELVWDEOH�VZLWFK�
WKDW� FDQ� ZLWKVWDQG� VWURQJ� GHFUHDVHV� LQ� &+(��� OHYHO� IRU� D� OLPLWHG� WLPH�� EXW� QHYHUWKHOHVV�
UHPDLQV�IXOO\�UHYHUVLEOH�ORQJ�DIWHU�LWV�LQGXFWLRQ�

Number and lifetime of che-1 mRNA and protein

7KH�REVHUYHG�UHYHUVLELOLW\�RI�WKH�21�VWDWH�UDLVHV�WKH�TXHVWLRQ�KRZ�VSRQWDQHRXV�WUDQVLWLRQV�
WR� WKH�2))�VWDWH��GXH� WR� UDQGRP�ˌXFWXDWLRQV� LQ�&+(��� OHYHO�� DUH�SUHYHQWHG�XQGHU�QRUPDO�
FRQGLWLRQV�� 7KHRUHWLFDO� VWXGLHV� RI� JHQHWLF� VZLWFKHV� VXJJHVW� WKDW� WKH� SUREDELOLW\� RI� VXFK�
transitions decreases with increasing the concentration and lifetime of the transcription 
IDFWRUV� LQYROYHG� �:DUUHQ� DQG� WHQ�:ROGH�� ������:DOF]DN� HW� DO��� ������0HKWD� HW� DO��� �������
Therefore, we determined the che-1�P51$�FRS\�QXPEHUV� DQG�SURWHLQ� FRQFHQWUDWLRQ�� DQG�
WKHLU�OLIHWLPHV�



Figure 1. Loss of ASE neuron fate upon transient CHE-1 depletion. (A) The terminal selector gene che-1 induces its 
RZQ�H[SUHVVLRQ�DQG�WKDW�RI����������WDUJHW�JHQHV�WKDW�WRJHWKHU�GHWHUPLQH�$6(�QHXURQ�IDWH��3RVLWLYH�DXWRUHJXODWLRQ�RI�
che-1�H[SUHVVLRQ�FRXOG�UHVXOW�LQ�ELVWDEOH��VZLWFK�OLNH�EHKDYLRXU� (B) %LVWDELOLW\�JHQHUDWHV�VXVWDLQHG�WHUPLQDO�VHOHFWRU�
H[SUHVVLRQ�XSRQ�WUDQVLHQW�LQGXFWLRQ������WKDW�LV�UHVLOLHQW�WR�VKRUW�SHULRGV�RI�WHUPLQDO�VHOHFWRU�GHSOHWLRQ������+RZHYHU��
ELVWDEOH�VZLWFKHV�UHPDLQ�UHYHUVLEOH�DQG�ZLOO� ORVH�WHUPLQDO�VHOHFWRU�H[SUHVVLRQ�XSRQ�VXI �̀FLHQWO\� ORQJ�GHSOHWLRQ������
ZKLOH� LUUHYHUVLEOH� VZLWFKHV� ZLOO� DOZD\V� UHFRYHU�� (C)� 7UDQVLHQW� &+(��� GHSOHWLRQ� XVLQJ� $X[LQ�,QGXFHG� 'HJUDGDWLRQ�
�$,'���che-1::GFP::AID�/��ODUYDH��&+(����*)3��RU�\RXQJ�DGXOWV��FKHPRWD[LV��ZHUH�H[SRVHG�IRU�GLIIHUHQW�WLPH�SHULRGV�
WR���P0�DX[LQ�WR�LQGXFH�&+(���GHJUDGDWLRQ��DQG�ZHUH�VXEVHTXHQWO\�FKDUDFWHUL]HG�DIWHU�D����RU����KRXUV�UHFRYHU\�
SHULRG�� (D)� &+(����*)3� �̩XRUHVFHQFH� LQ� che-1::GFP::AID� DQLPDOV� EHIRUH� �OHIW�� DQG� DIWHU� ���KRXUV� DX[LQ� WUHDWPHQW�
�PLGGOH���DQG�DIWHU�D�VXEVHTXHQW����KRXUV�UHFRYHU\�RII�DX[LQ��ULJKW���(YHQ�WKRXJK�&+(����*)3�LV�ORVW�IURP�$6(�QHXURQV�
DIWHU�DX[LQ�WUHDWPHQW��LW�UHDSSHDUV�DIWHU�UHFRYHU\�RII�DX[LQ��(E) 5HVSRQVH�WR����P0�1D&O�IRU�ZLOG�W\SH�DQLPDOV��che-
��S�����PXWDQWV�GHIHFWLYH�LQ�1D&O�FKHPRWD[LV��DQG�che-1::GFP::AID DQLPDOV�H[SRVHG�WR�DX[LQ�IRU�������KRXUV����$�
ȟ���$��WHVWHG�GLUHFWO\���5��RU�DIWHU����KRXUV�UHFRYHU\����5���che-1::GFP::AID�DQLPDOV�RQ�DX[LQ�VKRZHG�D�FKHPRWD[LV�
defect similar to FKH���S�����PXWDQWV��che-1::GFP::AID�DQLPDOV�UHFRYHUHG�FKHPRWD[LV�WR�1D&O�DIWHU����RU����KRXUV�RQ�
DX[LQ��EXW�H[KLELWHG�D�SHUVLVWHQW�FKHPRWD[LV�GHIHFW�DIWHU�VXI �̀FLHQWO\�ORQJ��WUDQVLHQW�&+(����*)3��$,'�GHSOHWLRQ��(F)
)UDFWLRQ�RI�DQLPDOV�WKDW�UHFRYHUHG�&+(����*)3�H[SUHVVLRQ����KRXUV�DIWHU�DX[LQ�WUHDWPHQW�RI�LQFUHDVLQJ�OHQJWK��1R�
DQLPDOV�UHFRYHUHG�&+(����*)3�H[SUHVVLRQ�DIWHU�����KRXUV�RI�&+(���GHSOHWLRQ��(UURU�EDUV�LQ�(�DQG�)�UHSUHVHQW�PHDQ�
RI���DVVD\V�s�6�(�0��
3�������

3�������
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First, we measured the absolute number of che-1 P51$� DQG� SURWHLQ� PROHFXOHV� LQ� $6(�
QHXURQV��:H�XVHG�VLQJOH�PROHFXOH�),6+��VP),6+���-L�DQG�YDQ�2XGHQDDUGHQ��������WR�FRXQW�
LQGLYLGXDO�che-1 P51$�PROHFXOHV��$V�D�EHQFKPDUN��ZH�DOVR�PHDVXUHG�P51$�OHYHOV�RI�WKH�
SXWDWLYH�1D&O� UHFHSWRUV�gcy-14 and gcy-22, and the ion channel subunits del-2 and WD[����
ZKLFK�DUH�&+(���WDUJHW�JHQHV�ZLWK�!��$6(�PRWLI�LQ�WKHLU�SURPRWHU�UHJLRQ��2UWL]�HW�DO���������
&REXUQ�DQG�%DUJPDQQ���������,Q�HPEU\RV��ZH�IRXQG�WKDW�che-1�P51$�OHYHOV�SHDNHG�DW���s��
P51$V�FHOO�GXULQJ� WKH�EHDQ� VWDJH�� L�H�� WKH� WLPH�RI�$6(�QHXURQ�GHWHUPLQDWLRQ� �)LJ���$�%���
DQG� IHOO� WR��s��P51$V�FHOO� IURP�WKH�FRPPD�VWDJH�RQZDUGV�� ,Q�FRQWUDVW�� WKH�&+(���WDUJHW�
gene gcy-22 VKRZHG�D� VWHDG\� LQFUHDVH� LQ�P51$� OHYHOV�GXULQJ�GHYHORSPHQW�DQG� VXUSDVVHG�
che-1�P51$�H[SUHVVLRQ�DIWHU�WKH�����IROG�VWDJH��,Q� ODUYDH��ZH�DOVR�IRXQG�ORZ�che-1�P51$�
OHYHOV��ZLWK��s��P51$V�LQ�WKH�OHIW��$6(/��DQG��s��P51$V�LQ�WKH�ULJKW�$6(�QHXURQ��$6(5���
che-1�H[SUHVVLRQ�ZDV�ORZ�FRPSDUHG�WR�WKH�SDQHO�RI�&+(���WDUJHW�JHQHV�H[DPLQHG��)LJ���&�'���
with del-2, gcy-14 and gcy-22�H[SUHVVHG�DW�VLJQLˋFDQWO\�KLJKHU�OHYHOV��0RUHRYHU��che-1�P51$�
OHYHOV�UHPDLQHG�ORZ�GXULQJ�DOO�IRXU�ODUYDO�VWDJHV��/��/���ZLWK�VOLJKWO\�KLJKHU�P51$�OHYHOV�LQ�
WKH�$6(5��FRPSDUHG�WR�WKH�$6(/�QHXURQ��)LJ���(���)RU�WKLV�HQWLUH�SHULRG�� WKH�WDUJHW�JHQHV�
ZLWK�WKH�KLJKHVW�H[SUHVVLRQ��gcy-14 and gcy-22��UHPDLQHG�H[SUHVVHG�ZHOO�DERYH�che-1�OHYHOV��
2YHUDOO��WKHVH�UHVXOWV�VKRZ�WKDW�che-1�H[SUHVVLRQ�LV�ELSKDVLF��DQ�LQLWLDWLRQ�SKDVH�ZLWK�KLJK�
che-1�H[SUHVVLRQ�OHYHO�ZKHQ�$6(�IDWH�LV�LQGXFHG�LQ�WKH�HPEU\R��IROORZHG�E\�D�PDLQWHQDQFH�
phase with che-1�H[SUHVVHG�DW�D�ORZ�OHYHO�ZKHUH�PROHFXODU�ˌXFWXDWLRQV�OLNHO\�KDYH�VLJQLˋFDQW�
LPSDFW����

:H� DOVR� HVWLPDWHG� WKH� DEVROXWH� &+(��� SURWHLQ� FRQFHQWUDWLRQ� LQ� WKH� $6(� QHXURQV�� :H�
LPPHUVHG�HQGRJHQRXVO\�WDJJHG�che-1::GFP�DQLPDOV��/H\YD�'LD]�DQG�+REHUW�������LQ�H*)3��
DQG�FDOFXODWHG�WKH�&+(���SURWHLQ�QXPEHU�E\�FRPSDULQJ�WKH�&+(����*)3�ˌXRUHVFHQFH�LQVLGH�
WKH�$6(�QHXURQV�ZLWK�WKH�DPELHQW�ˌXRUHVFHQFH�RI�H*)3��)LJ���)���*UHJRU�HW�DO����������)RU�
DOO�VWDJHV�RI�SRVW�HPEU\RQLF�GHYHORSPHQW��ZH�IRXQG�DQ�DYHUDJH�RI����s�����a����Q0��DQG�
���s�����a����Q0��&+(����*)3�PROHFXOHV�FHOO�IRU�WKH�$6(5�DQG�$6(/�QHXURQ��UHVSHFWLYHO\�
�)LJ���)��6�$���ZLWK�VOLJKWO\� ORZHU�QXPEHUV�REVHUYHG�LQ�WKH�HPEU\R��)LJ��6�%���2YHUDOO�� WKH�
REVHUYHG� UDQJH� RI� &+(����*)3� SURWHLQ� OHYHOV�� ��������� PROHFXOHV�FHOO�� LV� FRPSDUDEOH� WR�
WKH�QXPEHU�RI�&+(���ELQGLQJ�VLWHV������������ LQ� WKH�SURPRWHUV�RI�&+(���WDUJHW�JHQHV��DV�
HVWLPDWHG�E\�WKH�QXPEHU�RI�$6(�PRWLIV�GHWHFWHG�SUHYLRXVO\��(WFKEHUJHU�HW�DO���������DQG�E\�
RXU�DQDO\VLV��LQGLFDWLQJ�WKDW�&+(���WDUJHWV�FRPSHWH�IRU�D�OLPLWHG�SRRO�RI�&+(���SURWHLQ�

1H[W��ZH�PHDVXUHG�che-1�P51$�DQG�SURWHLQ�OLIHWLPHV��7R�GHWHUPLQH�che-1�P51$�OLIHWLPHV�
LQ�$6(�QHXURQV��ZH� WUDQVLHQWO\�RYHUH[SUHVVHG�che-1�P51$��XVLQJ�D�hsp16.41p::che-1 heat 
VKRFN�LQGXFLEOH�FRQVWUXFW��3DWHO�DQG�+REHUW���������%\�H[SRVLQJ�DQLPDOV�WR���|&�IRU�a���PLQ���
we raised che-1 P51$�OHYHOV�LQ�WKH�$6(�QHXURQV���IROG��WR���s��P51$V�FHOO�a���PLQ��DIWHU�
KHDW�VKRFN��)LJ���$�%���1H[W��ZH�VKLIWHG�DQLPDOV�WR���|&�WR�UHWXUQ che-1 H[SUHVVLRQ�WR�LWV�SUH�
LQGXFWLRQ�OHYHO�DQG�ˋ[HG�DQLPDOV�DW�a���PLQ��LQWHUYDOV�WR�TXDQWLI\�che-1�P51$�OHYHOV�XVLQJ�
VP),6+��:H�IRXQG�WKDW�che-1 P51$�OHYHOV�UHWXUQHG�WR�SUH�LQGXFWLRQ�YDOXHV�DIWHU�a���PLQ�
%\�ˋWWLQJ�WKH�PHDVXUHG�che-1�P51$�OHYHOV�WR�DQ�H[SRQHQWLDO�IXQFWLRQ��ZH�REWDLQHG�D�che-1
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P51$� KDOI�OLIH� RI� ��s�� PLQ�� 7R� PHDVXUH� &+(��� SURWHLQ� OLIHWLPH�� ZH� XVHG� )OXRUHVFHQFH�
5HFRYHU\�DIWHU�3KRWREOHDFKLQJ��)5$3��LQ�&+(����*)3�DQLPDOV��&+(����*)3�ZDV�EOHDFKHG�WR�
DSSUR[LPDWHO\�a����RI�WKH�RULJLQDO� �̩XRUHVFHQFH�OHYHO�DQG�ZH�PHDVXUHG�WKH�UHFRYHU\�RI�WKH�
&+(����*)3�VLJQDO�RYHU�WLPH��XQWLO�LW�UHDFKHG�SUH�EOHDFKLQJ�OHYHOV��ZKLFK�RFFXUUHG�ZLWKLQ�a��
KRXUV��)LJ���&�'���7R�HVWLPDWH�&+(����*)3�SURWHLQ�OLIHWLPH��ZH� �̀WWHG�DQ�H[SRQHQWLDO�UHFRYHU\

Figure 2. che-1 mRNA and protein copy numbers in ASE neurons. (A) ([SUHVVLRQ�RI�che-1�DQG�WKH�&+(���WDUJHW�
gcy-22� LQ�HPEU\RV�DW�WKH�EHDQ��WRS��DQG���IROG�VWDJH��ERWWRP���(DFK�VSRW�LV�D�VLQJOH�P51$�PROHFXOH�YLVXDOL]HG�E\�
VLQJOH�PROHFXOH�),6+��VP),6+���'DVKHG�OLQHV�RXWOLQH�$6(�QHXURQ�FHOO�ERGLHV��6FDOH�EDU����wP��(B) che-1 (green) and 
gcy-22� �UHG��P51$� OHYHOV�GXULQJ�HPEU\RQLF�GHYHORSPHQW��che-1� H[SUHVVLRQ�SHDNV�GXULQJ� VSHFL �̀FDWLRQ�EXW� IDOOV�DV�
H[SUHVVLRQ� RI�&+(��� WDUJHW� JHQHV� ULVH�� (C) ([SUHVVLRQ� RI� che-1� DQG�&+(��� WDUJHWV�JF\����� JF\����� WD[�� and del-2
YLVXDOL]HG�E\�VP),6+� LQ�/�� ODUYDH��'DVKHG� OLQHV�RXWOLQH� OHIW�DQG� ULJKW�$6(�QHXURQV� �$6(/�5���6FDOHEDU����wP�� (D)
4XDQWL �̀FDWLRQ�RI�H[SUHVVLRQ�RI�che-1�DQG�&+(���WDUJHWV�LQ�$6(/��/��DQG�$6(5��5��LQ�/��ODUYDH��che-1�P51$�OHYHOV�
DUH�ORZ�FRPSDUHG�WR�RWKHU�&+(���WDUJHW�JHQHV��(E)�/RZ�che-1�H[SUHVVLRQ��JUHHQ��$6(5�/��FRPSDUHG�WR�H[SUHVVLRQ�RI�
&+(���WDUJHWV�gcy-22 �UHG��$6(5��DQG�gcy-14� �UHG��$6(/��WKURXJKRXW�ODUYDO�GHYHORSPHQW��%RG\�OHQJWK�FRUUHVSRQGV�
WR�GHYHORSPHQWDO� WLPH��ZLWK� DSSUR[LPDWH� WLPLQJ�RI�KDWFKLQJ�DQG�PROWV�EHWZHHQ� ODUYDO� VWDJHV�/��/�� LQGLFDWHG�E\�
YHUWLFDO�OLQHV��(F)�/HIW�SDQHO��WZR�SKRWRQ�PLFURVFRS\�LPDJH�RI�/��ODUYD�H[SUHVVLQJ�HQGRJHQRXVO\�WDJJHG�&+(����*)3��
LPPHUVHG�LQ����Q0�H*)3�IRU�FDOLEUDWLRQ��5LJKW�SDQHO��&+(����*)3�SURWHLQ�PROHFXOHV�LQ�$6(5��JUHHQ��5��DQG�$6(/�
�EOXH��/�� DW�GLIIHUHQW� VWDJHV�RI�SRVW�HPEU\RQLF�GHYHORSPHQW��7KH�QXPEHU�RI�&+(���SURWHLQV� LV� FRPSDUDEOH� WR� WKH�
SUHGLFWHG�QXPEHU�RI�&+(���ELQGLQJ�VLWHV��(UURU�EDUV�LQ�%��'�DQG�)�UHSUHVHQW�PHDQ�s�6'��
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FXUYH�WR�WKH�H[SHULPHQWDO�GDWD�IRU�HDFK�LQGLYLGXDO�DQLPDO��UHVXOWLQJ�LQ�DQ�DYHUDJH�PHDVXUHG�
KDOI�OLIH�RI���s���PLQ�

The che-1 P51$� DQG� SURWHLQ� KDOI�OLYHV� DUH� VKRUW� FRPSDUHG� WR� UHSRUWHG�P51$� KDOI�OLYHV�
LQ�HXNDU\RWHV� �)RUQDVLHUR�HW�DO���������6KDURYD�HW�DO���������DQG�DYHUDJH�SURWHLQ�KDOI�OLYHV�
reported in C. elegans \RXQJ�DGXOWV��'KRQGW�HW�DO���������6FKZDQKDXVVHU�HW�DO����������2YHUDOO��
these measured lifetimes show that che-1�P51$�DQG�SURWHLQ�WXUQRYHU�LV�UDSLG�FRPSDUHG�WR�
WKH�����ZHHN�OLIHVSDQ�RI�C. elegans�GXULQJ�ZKLFK�$6(�LGHQWLW\�VKRXOG�EH�PDLQWDLQHG�

Stochastic simulations identify stable cell fate maintenance parameters

The measurements of che-1 P51$�FRS\�QXPEHUV��SURWHLQ�FRQFHQWUDWLRQ��DQG�WKHLU�OLIHWLPHV�
DOORZHG�XV�WR�SHUIRUP�UHDOLVWLF�VLPXODWLRQV�RI�WKH�&+(���VZLWFK�WR�HVWLPDWH�LWV�VWDELOLW\�DJDLQVW�
VWRFKDVWLF�̩ �XFWXDWLRQV��:H�FRQVWUXFWHG�VWRFKDVWLF�PRGHOV�WKDW�LQFOXGHG�SURGXFWLRQ�DQG�GHFD\�
of che-1�P51$�DQG�SURWHLQ�PROHFXOHV��ELQGLQJ�RI�&+(���WR�WKH�SURPRWHU�RI�che-1 and target 
JHQHV��DQG�WDUJHW�JHQH�H[SUHVVLRQ��)LJ���$���:H�H[DPLQHG�WZR�ELVWDEOH�PRGHOV�WKDW�GLIIHUHG�
LQ�ELQGLQJ�RI�&+(���WR�LWV�RZQ�SURPRWHU��,Q�WKH� �̀UVW�PRGHO��ZH�DVVXPH�WKDW�&+(���ELQGV�DV�D�
monomer to induce che-1 H[SUHVVLRQ��7KLV�PRGHO�DJUHHV�ZLWK�WKH�REVHUYDWLRQ�WKDW�WKH che-1 
SURPRWHU�FRQWDLQV�RQO\�D�VLQJOH�$6(�PRWLI��(WFKEHUJHU�HW�DO����������EXW�ODFNV�FRRSHUDWLYLW\
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Figure 3. che-1 mRNA and protein lifetimes. (A) che-1�P51$V�LQ�/��ODUYDH�DW�GLIIHUHQW�WLPHV�DIWHU�LQGXFWLRQ�RI�
che-1�E\�D���r&�KHDW�VKRFN�LQ�hsp16-41p::che-1�DQLPDOV��YLVXDOL]HG�E\�VP),6+��'DVKHG�OLQHV�RXWOLQH�$6(5�QHXURQ��
(B) che-1�P51$�OHYHO�LQ�$6(�QHXURQV�RI�LQGLYLGXDO�/��DQLPDOV��JUHHQ��DV�IXQFWLRQ�RI�WLPH�DIWHU�D����PLQ��KHDW�VKRFN�
�JUH\�DUHD���%ODFN�OLQH�LV�WKH� �̀WWHG�GHFD\�FXUYH��&RQWURO�/��ODUYDH�GLG�QRW�UHFHLYH�D�KHDW�VKRFN��7KH�PHDVXUHG�che-
1�P51$�KDOI�OLIH�ZDV� ��s��PLQ�� (C) &+(����*)3� �̩XRUHVFHQFH� UHFRYHU\� DIWHU� SKRWREOHDFKLQJ� �)5$3�� LQ� WKH�$6(5�
QHXURQ�RI�D�VLQJOH�/��DQLPDO��7LPH� LV� LQGLFDWHG�UHODWLYH�WR�EOHDFKLQJ�RI�&+(����*)3��(D)�)OXRUHVFHQFH�UHFRYHU\�RI�
&+(����*)3�LQ�$6(�QHXURQV�RI�/��RU�\RXQJ�DGXOW�DQLPDOV��Q ����$Q�H[SRQHQWLDO�UHFRYHU\�FXUYH�PRGHO�ZDV� �̀WWHG�WR�
GDWD�RI�HDFK�LQGLYLGXDO�DQLPDO��EODFN�OLQH�LQGLFDWHV�WKH�DYHUDJH�UHFRYHU\�FXUYH���7KH�LQVHW�VKRZV�WKH� �̀WWHG�KDOI�OLIH�IRU�
HDFK�LQGLYLGXDO�DQLPDO��7KH�DYHUDJH�PHDVXUHG�&+(����*)3�SURWHLQ�KDOI�OLIH�ZDV���s���PLQ��(UURU�EDUV�LQ�%�UHSUHVHQW�
PHDQ�s�6'��Q����LQ�%�DQG�Q ��LQ�'��



in che-1�LQGXFWLRQ��%HFDXVH�FRRSHUDWLYLW\�LV�FRQVLGHUHG�LPSRUWDQW�IRU�JHQHUDWLQJ�ELVWDELOLW\�
�)HUUHOO��������ZH�DOVR�LQFOXGHG�D�VHFRQG�PRGHO�ZKHUHLQ�che-1�LQGXFWLRQ�LV�FRRSHUDWLYH��E\�
DVVXPLQJ�WKDW�H[SUHVVLRQ�RFFXUV�RQO\�ZKHQ�WZR�&+(���PROHFXOHV�ELQG�WKH�che-1�SURPRWHU�

7KH�WZR�PRGHOV�KDYH���DQG���SDUDPHWHUV��UHVSHFWLYHO\��RI�ZKLFK�H[SHULPHQWDO�GDWD�ˋ[HG���
SDUDPHWHUV��7KH�SURGXFWLRQ�DQG�GHJUDGDWLRQ�UDWHV�RI�che-1�P51$��Ħm,bm��DQG�SURWHLQ��Ħc,bc) 
ZHUH�IXOO\�GHWHUPLQHG�E\�WKH�PHDVXUHG�FRS\�QXPEHUV�DQG�OLIHWLPHV��)RU�WKH�&+(���ELQGLQJ�
UDWH��ĦO��ZH�DVVXPHG�WKH�GLIIXVLRQ�OLPLWHG�UDWH��L�H��WKH�KLJKHVW�SK\VLFDOO\�SRVVLEOH�ELQGLQJ�
UDWH��%DVHG�ERWK�RQ�SUHYLRXV�DQDO\VLV� �(WFKEHUJHU�HW�DO���������DQG�RXU�RZQ��ZH�H[DPLQHG�
PRGHO�G\QDPLFV� IRU�1T ����RU������&+(��� WDUJHW�JHQHV�� L�H�� HLWKHU� VPDOOHU�RU� ODUJHU� WKDQ�
WKH�PHDQ�QXPEHU� RI�&+(���SURWHLQV� �����PROHFXOHV�FHOO��� 7KH�RQO\� IUHH� SDUDPHWHUV�ZHUH�
GLVVRFLDWLRQ�UDWHV�RI�&+(���IURP�LWV�RZQ�SURPRWHU��b� or b�,b�) and from the other targets 
(bT���:H� YDULHG� WKHVH� EHWZHHQ� �������� V���� FRUUHVSRQGLQJ� WR�� GLVVRFLDWLRQ� FRQVWDQWV� RI� a��
��3��Q0�DQG�FRQVLVWHQW�ZLWK�YDOXHV�PHDVXUHG�IRU�WUDQVFULSWLRQ�IDFWRUV��*HEKDUGW�HW�DO���������
-XQJ�HW�DO����������:H�VLPXODWHG�WKH�PRGHOV�XVLQJ�WKH�*LOOHVSLH�DOJRULWKP��*LOOHVSLH���������
,Q�JHQHUDO��RXU�VWRFKDVWLF�VLPXODWLRQV�VKRZHG�WKDW�PROHFXODU�QRLVH�ZDV�VXIˋFLHQWO\�VWURQJ�
WR�LQGXFH�VSRQWDQHRXV�WUDQVLWLRQV�IURP�WKH�21�WR�WKH�2))�VWDWH�RQ�WKH�WLPHVFDOH�RI�KRXUV�
RU�GD\V�� LQGLFDWLQJ�WKDW�WKH�PHDVXUHG�FRS\�QXPEHUV�DQG�OLIHWLPHV�E\�WKHPVHOYHV�ZHUH�QRW�
VXIˋFLHQW�WR�JHQHUDWH�VWDELOLW\�DJDLQVW�ˌXFWXDWLRQV��+RZHYHU��ZH�DOVR� LGHQWLˋHG�SDUDPHWHU�
FRPELQDWLRQV�IRU�ZKLFK�WKH�&+(���VZLWFK�UHPDLQHG�LQ�WKH�21�VWDWH�IRU�DW�OHDVW�D�ZHHN��)LJ��
�%��

)RU� VLPXODWLRQV� ZLWK� KLJK� VZLWFK� VWDELOLW\�� EUXWH�IRUFH� *LOOHVSLH� VLPXODWLRQV� ZHUH� WRR�
FRPSXWDWLRQDOO\� GHPDQGLQJ� WR� GLUHFWO\� PHDVXUH� WKH� 21� VWDWH� OLIHWLPH�� ,QVWHDG�� ZH� XVHG�
)RUZDUG�)OX[�6DPSOLQJ��))6���D�FRPSXWDWLRQDO�PHWKRG�WR�HIˋFLHQWO\�VDPSOH�UDUH�WUDQVLWLRQ�
SDWKV�EHWZHHQ�VWDWHV� LQ�PXOWL�VWDEOH� V\VWHPV� �$OOHQ�HW�DO����������8VLQJ� WKLV�DSSURDFK��ZH�
REVHUYHG� SDUDPHWHU� FRPELQDWLRQV� ZLWK� YHU\� KLJK� VWDELOLW\�� L�H�� OLIHWLPHV� RI� PDQ\� \HDUV��
LQGHSHQGHQW�RI� WKH�GHJUHH�RI� FRRSHUDWLYLW\�RU�QXPEHU�RI� WDUJHW�JHQHV� �)LJ���&��6�$�%��� ,Q�
JHQHUDO��ZH�REVHUYHG�LQFUHDVLQJ�OLIHWLPHV�IRU�GHFUHDVLQJ�b� or b�,b���L�H��KLJKHU�RFFXSDQF\�RI�
the che-1�SURPRWHU�E\�&+(����)XUWKHUPRUH��WKH�ORQJHVW�OLIHWLPHV�ZHUH�IRXQG�ZKHQ�b�,b�<< bT, 
L�H��ZKHQ�&+(���KDG�D�PXFK�KLJKHU�DIˋQLW\�IRU�LWV�RZQ�SURPRWHU�WKDQ�IRU�LWV�RWKHU�WDUJHWV��
,Q�WKLV�UHJLPH��ZH�REVHUYHG�DYHUDJH�OLIHWLPHV�RI�!���y���5�\HDUV��1RWH��KRZHYHU��WKDW�GHVSLWH�
the long lifetimes in this regime, spontaneous transitions to the OFF state are rapid and 
RFFXU�DV�D�UDQGRP�3RLVVRQ�SURFHVV��ZLWK�D�WUDQVLWLRQ�SRVVLEOH�DW�DQ\�WLPH��DOEHLW�ZLWK� ORZ�
SUREDELOLW\��)RU�VXFK�D�3RLVVRQ�SURFHVV��21�VWDWH�OLIHWLPHV�RI�!��y���5�\HDUV�DUH�UHTXLUHG�IRU�WKH�
SUREDELOLW\�RI�VSRQWDQHRXV�ORVV�RI�$6(�IDWH�GXULQJ�WKHLU�a��ZHHN�OLIHWLPH�WR�EH�OHVV�WKDQ���-6, 
WKH� IUHTXHQF\�RI�VSRQWDQHRXV�PXWDWLRQV�SHU�JHQH�SHU�JHQHUDWLRQ� LQ�C. elegans� �$QGHUVRQ��
������
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Figure 4. Stable ON state by preferential binding of CHE-1 at its own promoter.  (A) 2YHUYLHZ�RI�WKH�ELVWDEOH��
VWRFKDVWLF�&+(���VZLWFK�PRGHO��LQFOXGLQJ�SURGXFWLRQ�DQG�GHJUDGDWLRQ�RI�che-1�P51$�DQG�SURWHLQ��DQG�ELQGLQJ�RI�&+(�
��SURWHLQ�WR�LWV�RZQ�SURPRWHU�DQG�RWKHU�WDUJHW�JHQHV��3DUDPHWHUV�FRQVWUDLQHG�E\�H[SHULPHQWDO�PHDVXUHPHQWV�DUH�UHG��
,QVHW��&+(���ELQGLQJ�LV�PRGHOOHG�HLWKHU�DV�D�PRQRPHU��QRQ�FRRSHUDWLYH��RU�DV�D�GLPHU��FRRSHUDWLYH���(B)�6WRFKDVWLF�
*LOOHVSLH�VLPXODWLRQV�RI�WKH�QRQ�FRRSHUDWLYH�PRGHO�IRU�SDUDPHWHUV�ZLWK�DQ�XQVWDEOH��WRS��RU�VWDEOH��ERWWRP��21�VWDWH�
(che-1�H[SUHVVLRQ���VKRZLQJ�OHYHOV�RI�che-1�P51$��EOXH��DQG�SURWHLQ��JUHHQ���)RU�SDUDPHWHUV�UHVXOWLQJ�LQ�DQ�XQVWDEOH�
VZLWFK��VWRFKDVWLF� �̩XFWXDWLRQV�LQGXFH�D�VSRQWDQHRXV�WUDQVLWLRQ�WR�WKH�2))�VWDWH��QR�che-1�H[SUHVVLRQ���(C) $YHUDJH�
21�VWDWH�OLIHWLPHV�FDOFXODWHG�XVLQJ�)RUZDUG�)OX[�6DPSOLQJ��))6��DV�IXQFWLRQ�RI�WKH�GLVVRFLDWLRQ�UDWHV�RI�&+(���IURP�
its own promoter (bO  or b�,b�) and its target genes (bT��IRU�WKH�QRQ�FRRSHUDWLYH�DQG�FRRSHUDWLYH�PRGHO��/RQJ�21�VWDWH�
lifetimes occur for high che-1�SURPRWHU�RFFXSDQF\�E\�&+(����bO���RU��b�,b�����DQG�SUHIHUHQWLDO�DI �̀QLW\�RI�&+(���IRU�LWV�
own promoter compared to that of its target genes (bO << bT or b� << bT�� (D)�$YHUDJH�&+(���RFFXSDQF\�RI�WKH�SURPRWHU�
of che-1��WRS��DQG�RWKHU�WDUJHW�JHQHV��ERWWRP���DQG�DYHUDJH�che-1�P51$�OHYHO��PLGGOH��GXULQJ�VSRQWDQHRXV�WUDQVLWLRQV�
IURP�WKH�21�WR�WKH�2))�VWDWH��DV�VDPSOHG�E\�))6��6KRZQ�DUH�WUDQVLWLRQ�SDWKV�IRU�SDUDPHWHUV�ZLWK�ORZ��UHG��bO� �����V

��), 
medium (magenta, bO� ����V

��), and high (blue, bO� ���V
����VWDELOLW\�RI�WKH�21�VWDWH��ZLWK��bT� ����V

����)RU�VLPXODWLRQV�ZLWK�
D�VWDEOH�21�VWDWH��WKH�che-1 SURPRWHU�UHPDLQHG�IXOO\�RFFXSLHG�E\�&+(����HYHQ�DV�&+(���SURWHLQ�OHYHOV�DSSURDFKHG�
]HUR��LQ�FRQWUDVW�WR�WKH�RFFXSDQF\�RI�SURPRWHUV�RI�RWKHU�&+(���WDUJHW�JHQHV��(E) 6LPXODWLRQV�VKRZLQJ�WKH�LPSDFW�RI�
WUDQVLHQW�GHSOHWLRQ�RI�&+(���SURWHLQ��JUHHQ��RQ�P51$�OHYHOV�RI che-1��EOXH��DQG�D�WDUJHW�JHQH��UHG���&+(���LV�GHSOHWHG�
WR�����PROHFXOHV�FHOO�E\�D�WUDQVLHQW�LQFUHDVH�LQ�GHJUDGDWLRQ��bC��JUH\�UHJLRQ���)RU�SDUDPHWHUV�ZLWK�DQ�XQVWDEOH�21�
state (top), both che-1�DQG�WDUJHW�JHQH�P51$�OHYHOV�IDOO�UDSLGO\��DQG�GR�QRW�UHFRYHU�ZKHQ�&+(���GHSOHWLRQ�FHDVHV��)RU�
D�VWDEOH�21�VWDWH��ERWWRP���H[SUHVVLRQ�RI�che-1�LV�XQDIIHFWHG�E\�&+(���GHSOHWLRQ��OHDGLQJ�WR�IXOO�UHFRYHU\�RQFH�&+(�
��GHSOHWLRQ�HQGV��(F) $YHUDJH�21�VWDWH�OLIHWLPHV��FDOFXODWHG�E\�))6��GXULQJ�&+(���GHSOHWLRQ�WR�����PROHFXOHV�FHOO��
3DUDPHWHU�FRPELQDWLRQV�ZLWK�D�VWDEOH�21�VWDWH�XQGHU�QRUPDO�FRQGLWLRQV�DOVR�PDLQWDLQ�che-1�H[SUHVVLRQ�IRU�KRXUV�RU�
GD\V�XQGHU�LQGXFHG�&+(���GHSOHWLRQ�

Figure 4. Stable ON state by preferential binding of CHE-1 at its own promoter.  (A) 2YHUYLHZ�RI�WKH�ELVWDEOH��



6WDELOLW\�DJDLQVW�VWRFKDVWLF�ˌXFWXDWLRQV�E\�SUHIHUHQWLDO�ELQGLQJ�RI�&+(���WR�LWV�RZQ�SURPRWHU

:H� IRXQG� WKDW� KLJK� VWDELOLW\� RI� WKH� 21� VWDWH� UHTXLUHG� b�,b� << bT�� L�H�� &+(��� ELQGV� LWV�
RZQ�SURPRWHU�PXFK�PRUH� VWURQJO\� WKDQ� WKDW�RI� LWV� RWKHU� WDUJHWV��$Q�H[SODQDWLRQ� IRU� WKLV�
emerged when we compared transition paths for spontaneous transitions to the OFF state, 
EHWZHHQ�SDUDPHWHU�FRPELQDWLRQV�WKDW�H[KLELWHG�KLJK��!��y��5�\HDUV�OLIHWLPH���PHGLXP��a���
GD\V�OLIHWLPH��DQG�ORZ��a��KRXUV�OLIHWLPH��VWDELOLW\��)LJ���'��6�&���)RU�SDUDPHWHUV�ZLWK�ORZ�
VWDELOLW\�ZH�IRXQG�WKDW��DV�&+(���SURWHLQ�OHYHOV�IHOO�GXULQJ�VSRQWDQHRXV�WUDQVLWLRQV�WR�WKH�
2))�VWDWH��ERWK�WKH�DYHUDJH�che-1�P51$�QXPEHU�DQG�WKH�IUDFWLRQ�RI�&+(���WDUJHW�SURPRWHUV�
RFFXSLHG�E\�&+(���GHFUHDVHG��ZLWK� YHU\� ORZ�RFFXSDQF\� HYHQ�RI� WKH� che-1 promoter itself 
FORVH�WR�WKH�HQG�RI�WKH�WUDQVLWLRQ��,Q�FRQWUDVW��IRU�SDUDPHWHUV�ZLWK�KLJK�VWDELOLW\��ZH�IRXQG�
that che-1�SURPRWHU�RFFXSDQF\�ZDV�KLJK��DQG�WKH�che-1�SURPRWHU�UHPDLQHG�ERXQG�E\�&+(���
XQWLO�WKH�HQG�RI�WKH�WUDQVLWLRQ��ZKHUHDV�&+(���ELQGLQJ�ZDV�ORVW�HDUOLHU�RQ�RWKHU�SURPRWHUV��
7KHVH�UHVXOWV�VXJJHVWHG�WKDW�KLJK�VWDELOLW\�DULVHV�DV�D�UHVXOW�RI�D�VWURQJ�SUHIHUHQFH�IRU�&+(���
protein to bind to the che-1�SURPRWHU��WKHUHE\�PDNLQJ che-1�H[SUHVVLRQ�LQVHQVLWLYH�WR�VWURQJ��
VWRFKDVWLF�GHFUHDVHV�LQ�&+(���OHYHO�

7R� WHVW� WKLV� LGHD�� ZH� UDQ� VLPXODWLRQV� WKDW� LQFOXGHG� D� WUDQVLHQW� GHSOHWLRQ� RI� &+(����
LPSOHPHQWHG�E\�D�WHPSRUDU\�LQFUHDVH�LQ�WKH�&+(���SURWHLQ�GHJUDGDWLRQ�UDWH�UHGXFLQJ�&+(���
WR�����PROHFXOHV�FHOO��)LJ���(���:H�IRXQG�WKDW�VLPXODWLRQV�ZLWK�XQVWDEOH�VZLWFKHV��L�H��ZKHUH�
b�,b��!�bT��ZHUH�KLJKO\�VHQVLWLYH�WR�VXFK�GHSOHWLRQV��ZLWK�che-1�P51$�UDSLGO\�IDOOLQJ�WR�VXFK�
ORZ�OHYHOV�WKDW�&+(���SURWHLQ�OHYHOV�DQG��KHQFH��WKH�21�VWDWH��ZHUH�QRW�UHFRYHUHG�ZKHQ�&+(�
��GHSOHWLRQ�FHDVHG�� ,Q�FRQWUDVW��HYHQ�WKRXJK�WKH�P51$�OHYHOV�RI� WDUJHW�JHQHV� IHOO� UDSLGO\��
VLPXODWLRQV�ZLWK�KLJKO\�VWDEOH�VZLWFKHV�PDLQWDLQHG�QRUPDO�che-1�P51$�OHYHOV�IRU�PDQ\�GD\V�
�)LJ���)��6�'���DOORZLQJ�WKH�V\VWHP�WR�VXFFHVVIXOO\�UHFRYHU�&+(���SURWHLQ�OHYHOV�DQG�WKH�21�
VWDWH�LI�&+(���GHSOHWLRQ�ZDV�UHPRYHG�VXIˋFLHQWO\�UDSLGO\�

,Q�YLYR�&+(���GHSOHWLRQ�GHFUHDVHV�WDUJHW�JHQH��EXW�QRW�FKH���H[SUHVVLRQ�

7KHVH� VLPXODWLRQ� UHVXOWV� ZHUH� VLPLODU� WR� RXU� H[SHULPHQWDO� REVHUYDWLRQ� WKDW� &+(����*)3�
OHYHOV�IXOO\�UHFRYHUHG�HYHQ�DIWHU�������KRXUV�RI�LQGXFHG�&+(���GHSOHWLRQ��)LJ���&�)��6�%�&���
7R�WHVW�ZKHWKHU�WKLV�UHˌHFWHG�LQVHQVLWLYLW\�RI�che-1�H[SUHVVLRQ�WR�ORZ�&+(���SURWHLQ�OHYHOV�
�)LJ�� �(�)��� ZH� XVHG� VP),6+� WR� FRPSDUH� WKH� LPSDFW� RI� DX[LQ�PHGLDWHG� &+(����*)3��$,'�
GHSOHWLRQ�DW�WKH�P51$�OHYHOV�RI�che-1 and other target genes, focusing on gcy-22 as the most 
KLJKO\�H[SUHVVHG�LQ�RXU�SDQHO��)LJ���$�%���,QGHHG��gcy-22�P51$�OHYHOV�ZHUH�YHU\�ORZ�LQ�PRVW�
FKH����*)3��$,'�DQLPDOV�DIWHU����KRXUV�RQ�DX[LQ�� ,Q� VWULNLQJ�FRQWUDVW��che-1�P51$� OHYHOV�
ZHUH� FORVH� WR�ZLOG�W\SH��$IWHU� ���KRXUV�ZLWKRXW� DX[LQ��gcy-22�P51$� OHYHOV�KDG� LQFUHDVHG�
VLJQLˋFDQWO\��)LJ���$�%���FRQVLVWHQW�ZLWK�WKH�UHFRYHU\�RI�&+(����*)3�OHYHOV�DQG�FKHPRWD[LV�WR�
1D&O�LQ�WKHVH�DQLPDOV��)LJ���'�(���2YHUDOO��WKHVH�UHVXOWV�ZHUH�LQ�IXOO�DJUHHPHQW�ZLWK�RXU�PRGHO�
SUHGLFWLRQV�EXW�UDLVHG�WKH�TXHVWLRQ�ZKDW�SURSHUWLHV�RI�WKH�che-1 promoter were responsible 
IRU�LWV�UHVLOLHQFH�WR�&+(���GHSOHWLRQ�
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Figure 5. Maintenance of che-1 expression 
during transient CHE-1 depletion. (A) che-
1 and gcy-22�P51$� OHYHOV� LQ�$6(5�QHXURQV��
YLVXDOL]HG� E\� VP),6+� LQ� che-1::GFP::AID 
DQLPDOV��DW�GLIIHUHQW�PRPHQWV� LQ�D����KRXUV�
DX[LQ�DQG����KRXUV�UHFRYHU\�WUHDWPHQW��6FDOH�
EDU����wP��(B) che-1��JUHHQ��$6(/�5��DQG�gcy-
22��UHG��$6(5��P51$�OHYHOV�TXDQWL �̀HG�LQ�che-
1::GFP::AID�DQLPDOV�DW�GLIIHUHQW�WLPHV�LQ�D����
KRXUV�DX[LQ�DQG����KRXUV�UHFRYHU\�WUHDWPHQW��
8SRQ� GHSOHWLRQ� RI� &+(��� SURWHLQ�� che-1
H[SUHVVLRQ� ZDV� QRW� LPSDFWHG�� ZKLOH� gcy-22
OHYHOV� VWURQJO\� GHFUHDVHG�� gcy-22� H[SUHVVLRQ�
URVH� WR� ZLOG�W\SH� OHYHOV� DIWHU� ��� KRXUV�
UHFRYHU\�RII�DX[LQ��(UURU�EDUV� LQ�%� UHSUHVHQW�
PHDQ�s�6'��Qɝ����


3�������

FKH���VHTXHQFHV�WKDW�̩ �DQN�WKH�$6(�PRWLI�DUH�UHTXLUHG�IRU�FKH���H[SUHVVLRQ�GXULQJ�&+(���GHSOHWLRQ�

3UHYLRXV�VWXGLHV�LGHQWL �̀HG�D�VLQJOH�$6(�PRWLI�����ES�XSVWUHDP�RI�WKH�che-1�$7*�VWDUW�FRGRQ�
DV�UHTXLUHG�IRU�DXWRUHJXODWLRQ�RI�che-1�H[SUHVVLRQ��(WFKEHUJHU�HW�DO���������/H\YD�'LD]�DQG�
+REHUW��������7KLV�$6(�PRWLI�GLIIHUV�LQ���ES�IURP�WKH�VHTXHQFH�LQ�WKH�gcy-22 promoter, which 
PLJKW�H[SODLQ�WKH�GLYHUJHQW�HIIHFWV�RI�&+(���GHSOHWLRQ�RQ�che-1 and gcy-22�H[SUHVVLRQ��7R�
WHVW�WKLV�K\SRWKHVLV��ZH�XVHG�&5,635�&DV��LQ�che-1::GFP::AID�DQLPDOV�WR�UHSODFH�WKH����ES�
$6(�PRWLI�LQ�WKH�che-1 promoter with that of gcy-22��DQG�YLFH�YHUVD��)LJ���$���7KH�UHVXOWLQJ�
PXWDQW�DQLPDOV�VKRZHG�ZLOG�W\SH�FKHPRWD[LV�WR�1D&O�DQG�H[KLELWHG�che-1 and gcy-22 P51$�
OHYHOV�VLPLODU�WR�ZLOG�W\SH��)LJ���%�)��6�$���LQGLFDWLQJ�WKDW�UHSODFLQJ�$6(�PRWLIV�GLG�QRW�LPSDFW�
$6(�VSHFL �̀FDWLRQ�DQG�WDUJHW�JHQH�H[SUHVVLRQ��)XUWKHUPRUH��ZKHQ�ZH�GHSOHWHG�&+(���SURWHLQ�
XVLQJ�DX[LQ��gcy-22�H[SUHVVLRQ�LQ��$6(che-1�S��JF\����DQLPDOV�DOPRVW�FRPSOHWHO\�YDQLVKHG��)LJ��
�)���DV�LQ�DQLPDOV�ZLWK�D�ZLOG�W\SH�gcy-22 SURPRWHU��2YHUDOO��WKH�$6(�PRWLI�LWVHOI�FRXOG�QRW�
H[SODLQ�WKH�REVHUYHG�GLIIHUHQFHV�LQ�che-1 and gcy-22�H[SUHVVLRQ��7KLV�DJUHHV�ZLWK�SUHYLRXV�
UHVXOWV�WKDW�VKRZHG�D�VLPLODU�FDOFXODWHG�DI �̀QLW\�VFRUH�RI�&+(���IRU�WKH�che-1 and gcy-22�$6(�
PRWLI��GHVSLWH�VHTXHQFH�GLIIHUHQFHV��(WFKEHUJHU�HW�DO���������

7R�H[DPLQH�LI�SURPRWHU�UHJLRQV�RWKHU�WKDQ�WKH�$6(�PRWLI�ZHUH�UHVSRQVLEOH�IRU�WKH�GLIIHUHQFHV�
in che-1 and gcy-22�H[SUHVVLRQ��ZH�UHSODFHG�$6(�PRWLIV�WRJHWKHU�ZLWK����ES�RQ�HLWKHU�VLGH�
�)LJ�� �$��� �$6(gcy-22� �̩DQNV�S��FKH��� DQLPDOV� H[KLELWHG� D� VWURQJ� FKHPRWD[LV� GHIHFW� DQG� ODFN�
RI�&+(����*)3�H[SUHVVLRQ� LQ�$6(�QHXURQV�RI� ODUYDH� �)LJ�� �%�� 6�%���$W� WKH�SUH�EHDQ� VWDJH��
�$6(gcy-22� �̩DQNV�S��FKH���HPEU\RV�VKRZHG�KLJK�che-1�H[SUHVVLRQ����s��P51$�FHOO��DQG�&+(�
���*)3��)LJ���&�'��6�%���LQGLFDWLQJ�WKDW che-1 H[SUHVVLRQ�ZDV�LQLWLDWHG�QRUPDOO\�GXULQJ�$6(



GHWHUPLQDWLRQ�� +RZHYHU�� che-1� P51$� ZDV� DEVHQW� LQ� �$6(gcy-22�ˌDQNV�S��FKH��� HPEU\RV� DW�
ODWHU�VWDJHV��7KLV�SKHQRW\SH�ZDV�DOVR�VHHQ�LQ�WKH�FKH���S�����ORVV�RI�IXQFWLRQ�PXWDQW��)LJ��
6�&��DQG�VKRZV�WKDW�WKLV�����ES�che-1 promoter region is important for maintenance of che-
1 H[SUHVVLRQ�DQG�$6(�IDWH���$6(che-1�ˌDQNV�S��JF\����DQLPDOV�VKRZHG�ZLOG�W\SH�FKHPRWD[LV�
WR�1D&O� �)LJ���%��DQG�gcy-22�P51$� OHYHOV� �)LJ���)���<HW�� VWULNLQJO\��XSRQ�&+(����*)3��$,'�
depletion in �$6(che-1�ˌDQNV�S��JF\��� animals gcy-22�P51$�OHYHOV�UHPDLQHG�KLJK��)LJ���)���
indicating that, like FKH����JF\����H[SUHVVLRQ�EHFDPH�UHVLOLHQW�WR�&+(���GHSOHWLRQ��+HQFH��WKH�
����ES�che-1�SURPRWHU�IUDJPHQW�VXUURXQGLQJ�WKH�$6(�PRWLI�LV�UHVSRQVLEOH�IRU�PDLQWDLQLQJ�
H[SUHVVLRQ�GXULQJ�&+(���GHSOHWLRQ�

Involvement of an Otx-related homeodomain binding site in maintaining ASE subtype

:LWKLQ� WKH� ���� ES� che-1� SURPRWHU� IUDJPHQW� UHTXLUHG� IRU� UHVLOLHQW� che-1 H[SUHVVLRQ�� ZH�
LGHQWLˋHG� D�KLJK� VFRULQJ�27;�UHODWHG�KRPHRGRPDLQ� WUDQVFULSWLRQ� IDFWRU� �+'�7)�� ELQGLQJ�
VLWH�� ��� ES� GRZQVWUHDP� RI� WKH� che-1� $6(� PRWLI� �)LJ�� �$��� ZLWK� RQO\� a��� &+(��� WDUJHWV�
H[KLELWLQJ�D�ELQGLQJ�VLWH�RI�VLPLODU�VFRUH�ZLWKLQ�����ES�RI�WKHLU�$6(�PRWLIV��7DEOH�6���DYDLODEOH�
XSRQ�UHTXHVW���7R�WHVW�WKH�IXQFWLRQ�RI�WKLV�+'�7)�ELQGLQJ�VLWH��ZH�GHOHWHG�LW�IURP�WKH�che-
1 promoter in the che-1::GFP::AID� EDFNJURXQG�� 7KHVH� �ĸ+'�S��FKH�� animals showed an 
LQWHUPHGLDWH�FKHPRWD[LV�GHIHFW��)LJ���'���7R�H[DPLQH�ZKHWKHU�WKLV�GHIHFW�UHˌHFWHG�FKDQJHV�
in che-1� H[SUHVVLRQ�ZH� VFRUHG� &+(����*)3� H[SUHVVLRQ� DW� GLIIHUHQW� ODUYDO� VWDJHV� �)LJ�� �%���
&+(����*)3�ZDV�H[SUHVVHG�LQ�DOO�HPEU\RV��EXW�ZDV�SURJUHVVLYHO\�ORVW�RYHU�WLPH��ZLWK�&+(�
���*)3�DEVHQW� LQ�PRUH� WKDQ�KDOI�RI� WKH�\RXQJ�DGXOWV� ������DQLPDOV� IRU�$6(/�DQG������ IRU�
$6(5��� LQGLFDWLQJ�D�GHIHFW� LQ�PDLQWHQDQFH�RI�che-1� H[SUHVVLRQ��QRW� LQ�$6(�GHWHUPLQDWLRQ��
:H�WKHQ�XVHG�WLPH�ODSVH�PLFURVFRS\��*ULWWL�HW�DO���������WR�PRQLWRU�WKH�G\QDPLFV�RI�&+(�
���*)3�H[SUHVVLRQ�GLUHFWO\�LQ�VLQJOH��ĸ+'�S��FKH���ODUYDH��)LJ��6�$���6WULNLQJO\��&+(����*)3�
H[SUHVVLRQ�ZDV� ORVW� LQ�D� UDSLG�� VWRFKDVWLF�PDQQHU� �)LJ���(��6�$���DV�ZRXOG�EH�H[SHFWHG� IRU�
VSRQWDQHRXV��QRLVH�GULYHQ�WUDQVLWLRQV�WR�WKH�2))�VWDWH��7KHRUHWLFDO�VWXGLHV�VKRZHG�WKDW�WKH�
UDWH�RI�VXFK�WUDQVLWLRQV�LQFUHDVHV�GUDPDWLFDOO\�ZLWK�GHFUHDVLQJ�OHYHOV�RI�WKH�NH\�WUDQVFULSWLRQ�
IDFWRUV�LQYROYHG��:DUUHQ�DQG�WHQ�:ROGH��������,QGHHG���ĸ+'�S��FKH�� animals showed lower 
&+(����*)3�ˌXRUHVFHQFH�� FRUUHVSRQGLQJ� WR����s���&+(���SURWHLQV�FHOO� �)LJ���(��6�%��DQG�
decreased che-1�P51$�OHYHOV��ZLWK��s��P51$V�FHOO�LQ�/��ODUYDH��)LJ���&���,Q�DGGLWLRQ��&+(�
���*)3� H[SUHVVLRQ�ZDV� ORVW�PRUH� RIWHQ� DQG� HDUOLHU� LQ� GHYHORSPHQW� LQ�$6(/�QHXURQV� �)LJ��
�%�(���ZKLFK�KDYH�ORZHU�DYHUDJH�che-1�P51$�DQG�SURWHLQ�FRS\�QXPEHUV�WKDQ�$6(5�QHXURQV�
�)LJ���'�)���$OWRJHWKHU��WKHVH�UHVXOWV�SRLQW�WR�KRPHRGRPDLQ�SURWHLQV��WKDW�ELQG�WKH�+'�7)�
binding site, as essential for long-term maintenance of che-1 H[SUHVVLRQ�DQG�WKXV�$6(�FHOO�
IDWH��OLNHO\�E\�SURWHFWLQJ�WKH�21�VWDWH�DJDLQVW�ORZ�&+(���FRS\�QXPEHU�ˌXFWXDWLRQV�

68 Chapter 3



69/LIH�ORQJ�PDLQWHQDQFH�RI�QHXURQ�LGHQWLW\

3

)LJXUH� ��� 5HJLRQ� �̩DQNLQJ� &+(��� ELQGLQJ� VLWH� HQVXUHV� UHVLOLHQFH� WR� &+(��� GHSOHWLRQ� �$��2YHUYLHZ� RI che-1 
promoter mutants generated in the che-1::GFP:AID�EDFNJURXQG��:H�H[FKDQJHG�HLWKHU�WKH�che-1 (green) or gcy-22 (red) 
$6(�PRWLI��ZKLFK�ELQGV�&+(����RU�D�ODUJHU�UHJLRQ�WKDW�LQFOXGHV����ES� �̩DQNV�RQ�HLWKHU�VLGH��(B)�$YHUDJH�FKHPRWD[LV�
LQGH[�IRU�UHVSRQVH�WR����P0�1D&O��RI�ZLOG�W\SH�DQG�FKH���S���� animals, and che-1�SURPRWHU�PXWDQWV��([FKDQJH�RI�
$6(�PRWLIV�EHWZHHQ�che-1 and gcy-22�SURPRWHUV�GLG�QRW�DIIHFW�FKHPRWD[LV��5HSODFLQJ�WKH�che-1�$6(�PRWLI�ZLWK� �̩DQNV�
for that of gcy-22�DEROLVKHG�FKHPRWD[LV�WR�1D&O��WKH�UHYHUVH�KDG�QR�HIIHFW� (C) che-1�H[SUHVVLRQ�YLVXDOL]HG�E\�VP),6+�
LQ�$6(�QHXURQV�RI��$6(gcy-22� �̩DQNV�S��FKH���HPEU\RV��,Q���IROG�HPEU\RV��che-1�P51$�OHYHOV�ZHUH�ORZ��6FDOH�EDU������
wP��(D) che-1 and gcy-22�P51$�OHYHOV�TXDQWL �̀HG�LQ�WKH�$6(�QHXURQV�RI��$6(gcy-22� �̩DQNV�S��FKH���HPEU\RV��$IWHU�LQLWLDO�
high che-1�H[SUHVVLRQ�DW�WKH�WLPH�RI�$6(�VSHFL �̀FDWLRQ��che-1 and gcy-22�H[SUHVVLRQ�ZDV�DOPRVW�DEVHQW��LQGLFDWLQJ�D�
IDLOXUH�RI�$6(�IDWH�PDLQWHQDQFH��(E) gcy-22�H[SUHVVLRQ�XQGHU�QRUPDO�FRQGLWLRQV�RU�XSRQ�&+(���GHSOHWLRQ�E\�DX[LQ��LQ�
/��ODUYDH�RI�che-1�SURPRWHU�PXWDQWV��6FDOH�EDU������wP��(F) 4XDQWL �̀FDWLRQ�RI�gcy-22��P51$�OHYHOV�XSRQ�DX[LQ�LQGXFHG�
&+(���GHSOHWLRQ�� LQ�gcy-22 SURPRWHU�PXWDQWV�� ,Q� �$6(gcy-22�S��FKH��� DQLPDOV, gcy-22�P51$� OHYHOV� IHOO� RQ� DX[LQ�� DV�
REVHUYHG�EHIRUH��+RZHYHU��LQ��$6(che-1� �̩DQNV�S��JF\�����DQLPDOV�WUHDWHG�ZLWK�DX[LQ�gcy-22�OHYHOV�UHPDLQHG�KLJK��7KXV��
WKH�UHJLRQ� �̩DQNLQJ�WKH�che-1�$6(�PRWLI�GULYHV�WKH�PDLQWHQDQFH�RI che-1�H[SUHVVLRQ�GXULQJ�&+(���SURWHLQ�GHSOHWLRQ��
(UURU�EDUV�LQ�%�UHSUHVHQW�PHDQ�s�6�(�0��'�DQG�)�UHSUHVHQW�PHDQ�s�6'��Q*����
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Figure 7. An Otx-like homeodomain transcription factor binding site involved in long-term maintenance 
of ASE cell fate. (A) Position of an Otx�OLNH�KRPHRGRPDLQ�WUDQVFULSWLRQ� IDFWRU� �+'�7)��ELQGLQJ�VLWH� LQ� WKH�che-1 
SURPRWHU��*UHHQ�OLQHV�LQGLFDWH�WKH�SRVLWLRQV�RI�WKH����ES�̩ �DQNV�VXUURXQGLQJ�WKH�$6(�PRWLI��+'�7)�ELQGLQJ�VLWH�GHSLFWHG�
DV�D�VHTXHQFH�ORJR��7KH�+'�7)�ELQGLQJ�VLWH�LV�GHOHWHG�LQ��ĸ+'�S��FKH���DQLPDOV� (B) $YHUDJH�FKHPRWD[LV�LQGH[�IRU�
UHVSRQVH�WR����P0�1D&O��RI�ZLOG�W\SH��che-1::GFP::AID and FKH���S���� animals, and��ĸ+'�S��FKH���PXWDQW��'HOHWLQJ�
WKH�+'�7)�ELQGLQJ�VLWH�FDXVHG�D�GHFUHDVHG�UHVSRQVH�WR�1D&O��(C) Fraction of �ĸ+'�S��FKH���DQLPDOV�H[SUHVVLQJ�&+(�
���*)3�LQ�$6(5��GDUN�JUH\��DQG�$6(/��OLJKW�JUH\��DW�GLIIHUHQW�GHYHORSPHQWDO�VWDJHV��&+(����*)3�LV�SURJUHVVLYHO\�ORVW�
GXULQJ�GHYHORSPHQW��(D) che-1 and gcy-22 P51$�OHYHOV�LQ��ĸ+'�S��FKH���DQLPDOV�TXDQWL �̀HG�E\�VP),6+��([SUHVVLRQ�
ZDV�VLPLODU�WR�ZLOG�W\SH�XQWLO�ODWH�VWDJH��WZLWFKLQJ�HPEU\RV��EXW�IHOO�UDSLGO\�LQ�QHZO\�KDWFKHG�/��ODUYDH��6FDOH�EDU����
wP� (E)�&+(����*)3�H[SUHVVLRQ�G\QDPLFV�LQ�VLQJOH�che-1::GFP��JUH\���DQG��ĸ+'�S��FKH����JUHHQ��DQLPDOV�GXULQJ�ODUYDO�
GHYHORSPHQW��$SSUR[LPDWH�WLPLQJ�RI�PROWV�LV�LQGLFDWHG�0��0���&+(����*)3�H[SUHVVLRQ�LQ��ĸ+'�S��FKH�� animals was 
ORVW�LQ�D�UDSLG�DQG�VWRFKDVWLF�PDQQHU��DW�GLIIHUHQW�WLPHV�GXULQJ�GHYHORSPHQW��(UURU�EDUV�UHSUHVHQW�6�(�0��%�'��RU�6�'��
�&���Q*����
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DISCUSSION

The terminal selector gene che-1� FRQWUROV� VXEW\SH� GHWHUPLQDWLRQ� RI� WKH� VDOW�VHQVLQJ�$6(�
QHXURQV�� E\� LQGXFLQJ� WKH� H[SUHVVLRQ� RI� KXQGUHGV� RI� $6(�VSHFLˋF� WDUJHW� JHQHV� ZKLOH� DOVR�
LQGXFLQJ�LWV�RZQ�P51$�H[SUHVVLRQ�YLD�DXWRUHJXODWLRQ��(WFKEHUJHU�HW�DO����������,W�LV�DQ�RSHQ�
TXHVWLRQ� ZKHWKHU� WKH� SRVLWLYH� DXWRUHJXODWLRQ� RI� &+(��� LV� VXIˋFLHQW� WR� PDLQWDLQ� LWV� RZQ�
H[SUHVVLRQ�DQG��KHQFH��$6(�VXEW\SH��IRU�WKH�DQLPDOȢV�HQWLUH�OLIHWLPH��RU�ZKHWKHU�DGGLWLRQDO�
PHFKDQLVPV�DUH�QHFHVVDU\�WR�ORFN�LQ�FHOO�LGHQWLW\�LQ�DQ�LUUHYHUVLEOH�PDQQHU��+HUH��ZH�VKRZ�
WKDW�WUDQVLHQW�GHSOHWLRQ�RI�&+(���LV�VXIˋFLHQW�WR�SHUPDQHQWO\�ORVH�$6(�IXQFWLRQ��LQGLFDWLQJ�
that che-1�H[SUHVVLRQ�IRUPV�D�UHYHUVLEOH��ELVWDEOH�VZLWFK��7KLV�DOVR�UDLVHG�WKH�TXHVWLRQ�KRZ��
LQ�WKH�SUHVHQFH�RI�WKH�LQKHUHQW�PROHFXODU�ˌXFWXDWLRQV�LQ�WKH�FHOO��WKLV�VZLWFK�PDLQWDLQV�LWV�
21�VWDWH��che-1 H[SUHVVLRQ��DQG�SUHYHQWV�VSRQWDQHRXV�WUDQVLWLRQV�WR�WKH�2))�VWDWH��QR�che-1 
H[SUHVVLRQ��

7KHRUHWLFDO�VWXGLHV�IRXQG�WKDW�WKH�VWDELOLW\�RI�ELVWDEOH�JHQHWLF�VZLWFKHV�DJDLQVW�ˌXFWXDWLRQV�
LV� HQKDQFHG� E\� LQFUHDVLQJ� WKH� FRS\�QXPEHU� DQG� OLIHWLPH� RI� WKH� WUDQVFULSWLRQ� IDFWRUV� WKDW�
IRUP� WKH� VZLWFK� �:DUUHQ� DQG� WHQ�:ROGH�� ������:DOF]DN� HW� DO��� ������0HKWD� HW� DO��� �������
+RZHYHU�� RXU� VLPXODWLRQV� XVLQJ� in vivo measured che-1 P51$�DQG�SURWHLQ� FRS\�QXPEHUV�
DQG�OLIHWLPHV�VXJJHVW�WKDW�WKHVH�YDOXHV�E\�WKHPVHOYHV�DUH�QRW�VXIˋFLHQW�WR�JHQHUDWH�D�VWDEOH�
21�VWDWH�� ,QVWHDG��RXU� VLPXODWLRQV� VXJJHVWHG�D�QRYHO�PHFKDQLVP�UHTXLUHG� WR� VWDELOL]H� WKH�
21�VWDWH��ZKLFK�XVHV�WKH�UHVHUYRLU�RI�&+(���SURWHLQV�ERXQG�WR�LWV�PDQ\�WDUJHW�VLWHV�WR�EXIIHU�
che-1�H[SUHVVLRQ�DJDLQVW�ˌXFWXDWLRQV�LQ�&+(���OHYHO��&UXFLDO�WR�WKLV�WDUJHW�UHVHUYRLU�EXIIHULQJ�
PHFKDQLVP�LV�WKDW�&+(���H[KLELWV�VWURQJ�SUHIHUHQWLDO�ELQGLQJ�WR�LWV�RZQ�SURPRWHU�FRPSDUHG�
WR� LWV�RWKHU� WDUJHWV�� ,Q� WKLV�FDVH��ZKHQ�&+(���SURWHLQ� OHYHOV�GURS��DQ\�&+(���SURWHLQ� WKDW�
GLVVRFLDWHV�IURP�D�WDUJHW�JHQH�SURPRWHU�ZLOO�LPPHGLDWHO\�ELQG�WKH�che-1 promoter, if it is found 
XQRFFXSLHG��7KLV�HQVXUHV�PDLQWHQDQFH�RI�che-1�H[SUHVVLRQ��DW�WKH�H[SHQVH�RI�H[SUHVVLRQ�RI�
LWV�RWKHU� WDUJHWV�� WR�EULQJ�&+(���SURWHLQ� OHYHOV�EDFN� WR� WKH�QRUPDO�VWHDG\�VWDWH� OHYHO��2XU�
H[SHULPHQWDO�REVHUYDWLRQV�VXSSRUW�WKLV�PHFKDQLVP��0RVW�LPSRUWDQWO\��XSRQ�WUDQVLHQW�&+(���
depletion in vivo��H[SUHVVLRQ�RI�WKH�&+(���WDUJHW�gcy-22�UDSLGO\�DQG�VWURQJO\�GHFUHDVHG��\HW�
che-1 H[SUHVVLRQ�LWVHOI�ZDV�KDUGO\�DIIHFWHG��:H�VKRZ�WKDW�WKLV�UHVLOLHQFH�RI che-1�H[SUHVVLRQ�WR�
&+(���GHSOHWLRQ�FRXOG�EH�FRQIHUUHG�RQWR�RWKHU�WDUJHW�JHQHV�E\�LQWURGXFLQJ�D�����ES�IUDJPHQW�
of the che-1�SURPRWHU�WKDW�VXUURXQGV�WKH�$6(�PRWLI�ERXQG�E\�&+(����EXW�QRW�WKH�$6(�PRWLI�
LWVHOI��

7DUJHW� UHVHUYRLU� EXIIHULQJ� UHOLHV� RQ� &+(��� EHLQJ� SUHIHUHQWLDOO\� UHFUXLWHG� WR� WKH� che-1 
SURPRWHU��:H� IRXQG�HYLGHQFH� WKDW�KRPHRGRPDLQ� WUDQVFULSWLRQ� IDFWRUV� DUH� UHVSRQVLEOH� IRU�
WKLV��'HOHWLQJ�D�+'�7)�ELQGLQJ�VLWH�FORVH� WR� WKH�che-1 $6(�PRWLI�DQG�VSHFLˋF� WR� WKH�che-1 
SURPRWHU��FDXVHG�VSRQWDQHRXV�WUDQVLWLRQV�WR�WKH�2))�VWDWH��DQG�ORVV�RI�FHOO�LGHQWLW\��ORQJ�DIWHU�
$6(�VXEW\SH�GHWHUPLQDWLRQ��7KLV� ODFN�RI� VWDELOLW\�ZDV�DFFRPSDQLHG�E\� ORZHU�che-1�P51$�
DQG�SURWHLQ� OHYHOV�� FRQVLVWHQW�ZLWK� UHGXFHG� UHFUXLWPHQW�RI� che-1� WR� LWV�RZQ�SURPRWHU��:H�
VSHFXODWH�WKDW�+'�7)V�DFW�E\�LQFUHDVLQJ�WKH�UHVLGHQFH�WLPH�RI�&+(���DW�WKH�che-1�SURPRWHU��
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2XU�VLPXODWLRQV�VKRZHG�WKDW�KLJKO\�VWDEOH�21�VWDWHV�UHTXLUH�D�UHODWLYHO\�VPDOO���������IROG�
LQFUHDVH�LQ�&+(���UHVLGHQFH�WLPH�DW�WKH�che-1 promoter compared to its other targets, within 
WKH� UDQJH� H[SHFWHG� LI� &+(��� DQG� D�+'�7)� LQWHUDFW� FRRSHUDWLYHO\�ZLWK� D�ZHDN� LQWHUDFWLRQ�
RI�D�IHZ�N%7��$�VLPLODU� LQWHUDFWLRQ�ZDV�SRVWXODWHG�IRU�WKH�KRPHRGRPDLQ�SURWHLQ�$/5���LQ�
PHFKDQRVHQVRU\�751�QHXURQV��ZKHUH� LW� UHVWULFWV� YDULDELOLW\� LQ� H[SUHVVLRQ�RI� WKH� WHUPLQDO�
selector gene mec-3��E\�ELQGLQJ�FORVH�WR�WKH�0(&���ELQGLQJ�VLWH�RQ�LWV�SURPRWHU��7RSDOLGRX�
DQG� &KDOˋH�� ������� 7KH� RQO\� SURWHLQ� ZLWK� KLJK� SUHGLFWHG� DIˋQLW\� WR� WKH� +'�7)� ELQGLQJ�
site in the che-1� SURPRWHU�� DQG� H[SUHVVHG� LQ�$6(�QHXURQV�� LV� WKH�27;�OLNH�KRPHRGRPDLQ�
WUDQVFULSWLRQ�IDFWRU�&(+�����/DQMXLQ�HW�DO����������+RZHYHU��D�ceh-36 loss-of-function mutant 
�&KDQJ�HW� DO��� ������GLG�QRW� UHSURGXFH� WKH� ORVV�RI�$6(� LGHQWLW\� VHHQ�XSRQ�GHOHWLRQ�RI� WKH�
KRPHRGRPDLQ� ELQGLQJ� VLWH� �GDWD� QRW� VKRZQ��� LQGLFDWLQJ� D� UROH� IRU� RWKHU� $6(�H[SUHVVHG�
KRPHRGRPDLQ�SURWHLQV��SRWHQWLDOO\�LQ�FRPELQDWLRQ�ZLWK�&(+�����,Q�JHQHUDO��KRPHRGRPDLQ�
SURWHLQV�SOD\�DQ�LPSRUWDQW�UROH�LQ�GHYHORSPHQW�RI�WKH�QHUYRXV�V\VWHP��WKDW�LV�FRQVHUYHG�IURP�
C. elegans�WR�PDPPDOV��+REHUW�������+HQFK�HW�DO����������2XU�ZRUN�QRZ�H[WHQGV�WKLV�UROH�DOVR�
WR�ORQJ�WHUP�PDLQWHQDQFH�RI�FHOO�IDWH�LQ�WKH�IDFH�RI�VWRFKDVWLF�ˌXFWXDWLRQV��

7KH�REVHUYHG�UHVLOLHQFH�RI�che-1�H[SUHVVLRQ�WR�&+(���GHSOHWLRQ�LV�FUXFLDO�IRU�VWDEOH�PDLQWHQDQFH�
RI�$6(�LGHQWLW\��,Q�ERWK�RXU�PRGHOV�ZLWK�DQG�ZLWKRXW�FRRSHUDWLYLW\��WKLV�LV�DFKLHYHG�E\�D�YHU\�
low threshold for inducing che-1�H[SUHVVLRQ��ZLWK�D�VLQJOH�che-1�P51$�SRWHQWLDOO\�VXIˋFLHQW�
WR� LQGXFH� WKH�21�VWDWH�� ,QGHHG�� WKH� UHFRYHU\�RI�&+(����*)3�H[SUHVVLRQ�DIWHU�������KRXUV�
RI�&+(���GHSOHWLRQ�GHPRQVWUDWHV�WKDW� WKH�21�VWDWH�FDQ�EH�UHFRYHUHG�IURP�YHU\� ORZ�&+(�
��OHYHOV��+RZHYHU��WKLV�UDLVHV�WKH�TXHVWLRQ�KRZ�VWRFKDVWLF��VSRQWDQHRXV�LQGXFWLRQ�RI�FKH���
H[SUHVVLRQ�DQG�$6(�IDWH�LV�SUHYHQWHG�LQ�QRQ�$6(�FHOOV��,Q�PRVW�FHOOV��VSRQWDQHRXV�LQGXFWLRQ�
RI�WKH�21�VWDWH�LV�OLNHO\�SUHYHQWHG�E\�FKURPDWLQ�UHPRGHOOLQJ��7XUVXQ�HW�DO���������3DWHO�DQG�
+REHUW��������+RZHYHU��WUDQVLHQW�che-1�H[SUHVVLRQ�LQGXFHG�ORQJ�WHUP�H[SUHVVLRQ�RI�&+(���
WDUJHWV�LQ�QRQ�$6(�KHDG�VHQVRU\�QHXURQV��VXJJHVWLQJ�WKDW�WKHVH�FHOOV�DUH�FDSDEOH�RI�LQGXFLQJ�
WKH�21�VWDWH��7XUVXQ�HW�DO����������$�SRWHQWLDO�PHFKDQLVP�WR�SUHYHQW�HFWRSLF� LQGXFWLRQ�RI�
WKH�21�VWDWH� LV�SURYLGHG�E\�RXU�REVHUYDWLRQ�WKDW�SUHIHUHQWLDO�ELQGLQJ�RI�&+(���WR� LWV�RZQ�
SURPRWHU�OLNHO\�GHSHQGV�RQ�KRPHRGRPDLQ�SURWHLQV��&HOOV�ODFNLQJ�WKHVH�SURWHLQV�ZRXOG�KDYH�
GLIˋFXOW\�LQGXFLQJ�DQG�PDLQWDLQLQJ�che-1 H[SUHVVLRQ��&RQVLVWHQW�ZLWK�WKLV�K\SRWKHVLV��D�ODUJH�
QXPEHU�RI�+'�7)V�LV�H[SUHVVHG�LQ�WKH�C. elegans�QHUYRXV�V\VWHP�LQ�D�KLJKO\�QHXURQ�VSHFLˋF�
PDQQHU� �+REHUW�� ������� 2XU� ZRUN� VXJJHVWV� WKDW� FHOO�VSHFLˋF� H[SUHVVLRQ� RI� FR�IDFWRUV� RI�
WHUPLQDO�VHOHFWRU�JHQHV�PLJKW�IRUP�D�JHQHUDO�PHFKDQLVP�WR�SUHYHQW�VSRQWDQHRXV�LQGXFWLRQ�
RI�WKHVH�JHQHV�LQ�WKH�ZURQJ�FHOOV��

:KLOH�ELVWDELOLW\�LQ�JHQHWLF�QHWZRUNV�LV�UHFRJQL]HG�DV�DQ�LPSRUWDQW�PHFKDQLVP�WR�JHQHUDWH�
FHOO�IDWH�VZLWFKHV��)HUUHOO���������ORQJ�WHUP�FHOO�IDWH�PDLQWHQDQFH�LV�RIWHQ�DVVXPHG�WR�UHTXLUH�
DGGLWLRQDO�IHHGEDFN�PHFKDQLVPV��IRU�LQVWDQFH�WKURXJK�KLVWRQH�DQG�FKURPDWLQ�PRGLˋFDWLRQV��
WKDW� PDNH� FHOO� IDWH� HVVHQWLDOO\� LUUHYHUVLEOH�� +HUH�� ZH� VKRZ� WKDW� ELVWDELOLW\� WKURXJK� DQ�
DXWRUHJXODWRU\� IHHGEDFN� ORRS� DORQH� LV� VXIˋFLHQW� IRU� OLIH�ORQJ� PDLQWHQDQFH� RI� QHXURQ�
LGHQWLW\� LQ�C. elegans�� GHVSLWH� VWURQJ� VWRFKDVWLF� PROHFXODU� ˌXFWXDWLRQV� LQ� WKH� XQGHUO\LQJ
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JHQHWLF�QHWZRUN��7KH�PHFKDQLVP�UHVSRQVLEOH�IRU�WKLV�GHSHQGV�FUXFLDOO\�RQ�WKH�VLQJOH�LQSXW�
PRGXOH�WRSRORJ\�RI�WKH�QHWZRUN��ZLWK�D�WHUPLQDO�VHOHFWRU�JHQH��che-1, inducing both its own 
H[SUHVVLRQ�DQG�WKDW�RI�PDQ\�RWKHU�WDUJHW�JHQHV��6LQJOH�LQSXW�PRGXOHV�DUH�KLJKO\�SUHYDOHQW�
QHWZRUN�PRWLIV�IRU�QHXURQ�VXEW\SH�GHWHUPLQDWLRQ��ERWK�LQ�C. elegans and higher organisms 
�+REHUW�DQG�.UDWVLRV��������� ,Q�DGGLWLRQ�� FHOO�GLIIHUHQWLDWLRQ� LQ�JHQHUDO� LV�RIWHQ�FRQWUROOHG�
E\�D� VPDOO�QXPEHU�RI�PDVWHU� UHJXODWRUV� WKDW��GLUHFWO\�RU� LQGLUHFWO\�� LQGXFH�ERWK� WKHLU�RZQ�
H[SUHVVLRQ�DQG�WKDW�RI�PDQ\�FHOO�IDWH�VSHFLˋF�WDUJHW�JHQHV��+HQFH��ZH�H[SHFW�WDUJHW�UHVHUYRLU�
EXIIHULQJ�WR�SOD\�DQ�LPSRUWDQW��JHQHUDO�UROH�LQ�H[SODLQLQJ�VWDEOH�ORQJ�WHUP�PDLQWHQDQFH�RI�
FHOO�IDWH�LQ�D�EURDG�DUUD\�RI�V\VWHPV�

2XU�ZRUN�DOVR�XQGHUVFRUHV�WKH�OLQN�EHWZHHQ�ELRSK\VLFDO�SDUDPHWHUV��VXFK�DV�PROHFXODU�FRS\�
QXPEHU� DQG� KDOI�OLIH�� DQG� VWDEOH� FHOO� IDWH�PDLQWHQDQFH�� ,Q�PDPPDOV�� VWDEOH�PDLQWHQDQFH�
RI� �QHXURQDO�� FHOO� IDWH� LV� HYHQ�PRUH� FKDOOHQJLQJ�� JLYHQ� WKDW� WKH�QXPEHU�RI� FHOOV� DQG� WKHLU�
UHTXLUHG�OLIHWLPH�LV�YDVWO\�ODUJHU�FRPSDUHG�WR�C. elegans�� ,W�ZLOO�EH�LPSRUWDQW�WR�GHWHUPLQH�
LI�VLPSO\�LQFUHDVLQJ�FRS\�QXPEHU�DQG�KDOI�OLIH�RI�D�PDPPDOLDQ�WHUPLQDO�VHOHFWRU�LV�DOUHDG\�
VXIˋFLHQW��ZKHQ�FRXSOHG�ZLWK�WDUJHW�UHVHUYRLU�EXIIHULQJ��WR�H[SODLQ�WKH�H[FHHGLQJ�VWDELOLW\�RI�
FHOO�IDWH�LQ�PDPPDOV��2XU�ZRUN�QRZ�SURYLGHV�DQ�H[SHULPHQWDO�DQG�WKHRUHWLFDO�IUDPHZRUN�WR�
DGGUHVV�WKLV�TXHVWLRQ�



METHODS

C. elegans strains and handling 

7KH� IROORZLQJ� DOOHOHV� ZHUH� XVHG� LQ� WKLV� VWXG\�� FKH���RW���>FKH����*)3@�� �NLQGO\� SURYLGHG�
E\� '\ODQ� 5DKH� IURP� WKH� +REHUW� ODE�� �/H\YD�'LD]� DQG� +REHUW�� ������� JF\���RW���>JF\�
���6/���P1HRQ*UHHQ@�� ,,�� RW7L�>KVS�����S��FKH�����[)/$*@� ;�� FKH���S������ LH6L��>3HIW�
���7,5���P5XE\��XQF���� �Ȣ875�� &EU�XQF�������@� ,,�� $� FRPSOHWH� OLVW� RI� VWUDLQV� XVHG� LQ� WKLV�
VWXG\��LQFOXGLQJ�WUDQVJHQLF�VWUDLQV�JHQHUDWHG�E\�&5,635�&DV���LV�DYDLODEOH�XSRQ�UHTXHVW�

7KH�ZLOG�W\SH�VWUDLQ�XVHG�ZDV�WKH�C. elegans�YDULHW\�%ULVWRO��VWUDLQ�1���$OO�C. elegans strains 
ZHUH�PDLQWDLQHG�RQ�1HPDWRGH�*URZWK�0HGLXP��1*0��SODWHV��FRQWDLQLQJ�E. coli�VWUDLQ�23���
DV�D�IRRG�VRXUFH��DW���r&��%UHQQHU���������XQOHVV�LQGLFDWHG�RWKHUZLVH��:RUPV�ZHUH�PDLQWDLQHG�
DFFRUGLQJ�WR�VWDQGDUG�SURWRFRO�

CRISPR/Cas9-mediated genome editing

*HQRPH�HGLWLQJ�ZDV�SHUIRUPHG�DFFRUGLQJ�WR�SURWRFRO��'RNVKLQ�HW�DO���������DQG�XVLQJ�VV2'1�
UHSDLU�WHPSODWHV�ZLWK����ES�KRPRORJ\�DUPV��3DL[�HW�DO����������$Q�$,'�WDJ�ZDV�HQGRJHQRXVO\�
LQVHUWHG� DW� WKH� &�WHUPLQXV� RI� *)3� LQ� D� FKH���RW���>FKH����*)3@�� background using guide 
J��DQG�D� UHSDLU� WHPSODWH�FRQWDLQLQJ� WKH�GHJURQ�VHTXHQFH� �=KDQJ�HW�DO����������JHQHUDWLQJ�
FKH���JM����>FKH����*)3��$,'@��� 6XEVHTXHQWO\�� WKH� LH6L��� DOOHOH� �=KDQJ� HW� DO��� ������ ZDV�
LQWURGXFHG�� $OO� che-1 or gcy-22 promoter mutations were made in this FKH���JM����>FKH�
���*)3��$,'@�LH6L��� EDFNJURXQG�� �$6(gcy-22�ˌDQNV�S��FKH��� was generated using a template 
FRQWDLQLQJ�WKH�$6(�PRWLI�RI�WKH�gcy-22�SURPRWHU�DQG�LWV����ES�ˌDQNLQJ�UHJLRQV��DQG�JXLGHV�
J���DQG�J���� �$6(che-1�ˌDQNV�S��JF\����ZDV�JHQHUDWHG�XVLQJ�D�WHPSODWH�FRQWDLQLQJ�WKH�$6(�
motif of che-1�DQG�LWV����ES�ˌDQNV�DQG�JXLGHV�J���DQG�J�����$6(gcy-22�S��FKH���was generated 
XVLQJ�D�WHPSODWH�FRQWDLQLQJ�WKH�$6(�PRWLI�RI�gcy-22 DQG�JXLGH�J�����$6(che-1�S��JF\����was 
JHQHUDWHG�XVLQJ�D�WHPSODWH�FRQWDLQLQJ�WKH�$6(�PRWLI�RI�che-1�DQG�JXLGH�J�����ĸ+'�S��FKH���
ZDV�JHQHUDWHG�XVLQJ�D�WHPSODWH�FRQWDLQLQJ�WKH���ES�ˌDQNV�RI�WKH�+'�PRWLI�IURP�WKH�SURPRWHU�
of che-1� DQG� JXLGH� J���� *XLGHV� DQG� VV2'1V� XVHG� LQ� WKLV� UHVHDUFK� DUH� OLVWHG� LQ� 7DEOH� 6���
DYDLODEOH�XSRQ�UHTXHVW�

6LQJOH�0ROHFXOH�)OXRUHVFHQFH�,Q�6LWX�+\EULGL]DWLRQ��VP),6+�

7KH� ROLJRQXFOHRWLGHV� IRU� WKH� VP),6+� SUREH� VHWV� ZHUH� GHVLJQHG� ZLWK� RSWLPDO� *&� FRQWHQW�
DQG� VSHFLˋFLW\� IRU� WKH� JHQH� RI� LQWHUHVW� XVLQJ� WKH� 6WHOODULV� 51$� ),6+� SUREH� GHVLJQHU�� 7KH�
ROLJRQXFOHRWLGHV� ZHUH� V\QWKHVL]HG� ZLWK� D� �Ȣ� DPLQR� &�� PRGLˋFDWLRQ� DQG� SXULˋHG� E\� /*&�
%LRVHDUFK�7HFKQRORJLHV��&RQMXJDWLRQ�RI�WKH�ROLJRQXFOHRWLGHV�ZLWK�HLWKHU�&\���*(�$PHUVKDP��RU�
$OH[D�����,QYLWURJHQ��ZDV�GRQH�DV�SUHYLRXVO\�GHVFULEHG��/\XELPRYD���������6HTXHQFHV�RI�HDFK�
SUREH�VHW�DUH�OLVWHG�LQ�7DEOH�6���ZLWK�H[FHSWLRQ�RI�gcy-14��DQG�DUH�DYDLODEOH�XSRQ�UHTXHVW��7KH�
VP),6+�SURWRFRO�ZDV�SHUIRUPHG�DV�SUHYLRXVO\�GHVFULEHG��5DM�HW�DO���������-L�DQG�YDQ�2XGHQDDUGHQ�
������� %ULHˌ\�� VWDJHG� DQLPDOV� ZHUH� ZDVKHG� IURP� SODWHV� ZLWK� 0�� EXIIHU� DQG� ˋ[HG� LQ� ��
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IRUPDOGHK\GH� LQ� �[�3%6�� JHQWO\� URFNLQJ� DW� URRP� WHPSHUDWXUH� �57�� IRU� ���PLQXWHV� �\RXQJ�
DGXOWV�IRU����PLQXWHV���)L[DWLRQ�RI�HPEU\RV�UHTXLUHG�D�VQDS�IUHH]H�VWHS�WR�FUDFN�WKH�HJJVKHOOV�
E\�VXEPHUJLQJ�HPEU\RV��DIWHU����PLQXWHV�LQ�ˋ[DWLRQ�EXIIHU��LQ�OLTXLG�QLWURJHQ��DQG�WKDZLQJ�
RQ�LFH�IRU����PLQXWHV��$IWHU�̀ [DWLRQ��WKH�DQLPDOV�ZHUH��[�ZDVKHG�ZLWK��[3%6�DQG�UHVXVSHQGHG�
LQ�����HWKDQRO�RYHUQLJKW�DW��r&��(WKDQRO�ZDV�UHPRYHG�DQG�DQLPDOV�ZHUH�ZDVKHG�ZLWK�����
IRUPDPLGH�DQG��;�66&��DV�SUHSDUDWLRQ�IRU�WKH�K\EULGL]DWLRQ��$QLPDOV�ZHUH�LQFXEDWHG�ZLWK�WKH�
VP),6+�SUREHV�RYHUQLJKW�LQ�WKH�GDUN�DW���r&�LQ�D�K\EULGL]DWLRQ�VROXWLRQ��6WHOODULV��ZLWK�DGGHG�
����IRUPDPLGH��7KH�QH[W�GD\��DQLPDOV�ZHUH�ZDVKHG��[�ZLWK�����IRUPDPLGH�DQG��;�66&�HDFK�
ZLWK�DQ�LQFXEDWLRQ�VWHS�RI����PLQXWHV�DW���r&��7KH�ODVW�ZDVK�VWHS�FRQWDLQV�'$3,���wJ�P/�IRU�
QXFOHDU�VWDLQLQJ��7KH�ZDVK�EXIIHU�ZDV�UHPRYHG��DQG�DQLPDOV�ZHUH�UHVXVSHQGHG�LQ��;�66&�DQG�
VWRUHG�DW��r&�XQWLO� LPDJLQJ��7KH��;�66&�ZDV�DVSLUDWHG�DQG�DQLPDOV�ZHUH�LPPHUVHG�LQ�����
wO�*/2;�EXIIHU�������JOXFRVH�����P0�7ULV�+&O��S+�������;�66&��WRJHWKHU�ZLWK���wO�&DWDODVH�
�6LJPD�$OGULFK��DQG���wO�JOXFRVH�R[LGDVH��6LJPD�$OGULFK�������PJ�P/��WR�SUHYHQW�EOHDFKLQJ�
GXULQJ�LPDJLQJ��

0LFURVFRS\�LPDJHV�RI�VP),6+�VDPSOHV�ZHUH�DFTXLUHG�ZLWK�D�1LNRQ�7L�(�LQYHUWHG�̩ XRUHVFHQFH�
PLFURVFRSH��HTXLSSHG�ZLWK�D����;�SODQ�DSRFKURPDW�RLO�LPPHUVLRQ�REMHFWLYH�DQG�DQ�$QGRU�
,NRQ�0� &&'� FDPHUD� FRQWUROOHG� E\� w0DQDJHU� VRIWZDUH� �(GHOVWHLQ� HW� DO��� ������� VP),6+�
DQDO\VLV� ZDV� SHUIRUPHG� ZLWK� FXVWRP� 3\WKRQ� VRIWZDUH�� EDVHG� RQ� D� SUHYLRXVO\� GHVFULEHG�
PHWKRG��5DM�HW�DO����������%ULHˌ\��ZH�ˋUVW�FRQYROYHG�WKH�VP),6+�LPDJHV�ZLWK�D�*DXVVLDQ�ˋOWHU��
1H[W��FDQGLGDWH�VSRWV�ZHUH�VHOHFWHG�YLD�PDQXDO�WKUHVKROGLQJ��DQG�SDUWLDOO\�RYHUODSSLQJ�VSRWV�
ZHUH�VHSDUDWHG�YLD�ˋQGLQJ��'�UHJLRQDO�LQWHQVLW\�PD[LPD��:H�XVHG�WKH�VSDWLDO�ORFDOL]DWLRQ�RI�
gcy-22 or gcy-14�P51$�PROHFXOHV�ZKLFK�DUH�KLJKO\�H[SUHVVHG�$6(�VSHFLˋF�JHQHV��WR�HVWLPDWH�
WKH�FHOO�ERXQGDULHV�RI�WKH�$6(�QHXURQV��7KH�FRYHUDJH�RI�WKH�$6(�FHOO�ERGLHV�ZLWK�gcy-22 or 
gcy-14 P51$�PROHFXOHV�DJUHHG�ZLWK�*)3�PDUNHUV��JF\��S��*)3� or gcy-7p::GFP) that marked 
WKH�FHOO�ERG\�

&+(���SURWHLQ�TXDQWLˋFDWLRQ

6WDJHG� che-1::GFP� NQRFN�LQ� DQLPDOV�ZHUH�EDWKHG� LQ� ���Q0�DQG����Q0�H*)3� UHFRPELQDQW�
SURWHLQ� �%LR�FRQQHFW�� ZLWK� ����� P0� /HYDPLVROH� �6LJPD�$OGULFK�� LQ� 0�� EXIIHU� LQ� D� JODVV�
FKDPEHUHG� FRYHU� JODVV� V\VWHPV� �,%/� EDXVWRII���ZKLFK�ZHUH� FRDWHG�ZLWK� ����PJ�PO� NDSSD�
FDSVHLQ�LQ�WKH�EXIIHU�05%�������P0�3LSHV����P0�0J&O�����P0�(*7$��S+�����ZLWK�.2+��WR�
SUHYHQW�ELQGLQJ�RI�H*)3�WR�WKH�FRYHU�JODVV�DQG�FKDPEHU�ZDOOV��,PDJHV�RI�EDWKHG�che-1::GFP 
DQLPDOV�LQ�H*)3�VROXWLRQ�ZHUH�DFTXLUHG�ZLWK�D�1LNRQ�(FOLSVH�7L�LQYHUWHG�PLFURVFRSH��HTXLSSHG�
ZLWK�D�1LNRQ�&��FRQIRFDO�VFDQ�KHDG��D�����P:�$UJRQ�LRQ�ODVHU�����QP��&RKHUHQW���DQG�D�6�
)OXRU��������1$�DQG�DQ�$SR�7,5)����������1$�REMHFWLYH��&DOLEUDWLRQ�RI�H*)3�ZLWK�che-1::GFP 
DQLPDOV�ZDV�UHSHDWHG���WLPHV�DW�GLIIHUHQW�GD\V�ZLWK����Q0�DQG����Q0�H*)3�FRQFHQWUDWLRQV��RI�
ZKLFK�ZH�WRRN�WKH�DYHUDJH�FDOLEUDWLRQ�PHDVXUHPHQWV��)RU�HDVH�RI�PHDVXULQJ��WKH�&+(����*)3�
VLJQDO�RI�DQLPDOV�ZDV�PHDVXUHG�ZLWK�WKH�H[DFW�VDPH�PLFURVFRSH�DQG�VRIWZDUH�VHWWLQJV��H[FHSW�
SODFLQJ�WKH�DQLPDOV�VXEPHUVHG�LQ������P0�/HYDPLVROH��6LJPD�$OGULFK��LQ�0��EXIIHU�RQ�DJDU�



SDGV�ZLWK�WKH�VDPH�FRYHU�JODVV�WKLFNQHVV�RQ�WRS��7KH�$6(�QHXURQ�FORVHVW�WR�WKH�FRYHU�JODVV�
ZDV� LPDJHG� LQ� ODUYDH� WR� FLUFXPYHQW� WLVVXH� VFDWWHULQJ�� (PEU\RV�ZHUH� IROORZHG� LQ� WLPH� �DW�
��r&��DQG�LPDJHG�HYHU\����PLQXWHV�ZLWK�WKH�H[DFW�VDPH�PLFURVFRSH�DQG�VRIWZDUH�VHWWLQJV��
IURP�EHDQ�VWDJH�XQWLO�WZLWFKLQJ�VWDUWHG��)RU�ERWK�ODUYDH�DQG�HPEU\RV��WKH�VOLFHV�IRFXVHG�DW�
WKH�DSSUR[LPDWH�PLGGOH�RI�WKH�$6(�QHXURQ�QXFOHL�ZHUH�XVHG�IRU�TXDQWLI\LQJ�WKH�&+(����*)3�
VLJQDO��7KH�YROXPHV�RI�WKH�QXFOHL�ZHUH�FDOFXODWHG�E\�PHDVXULQJ�WKH�UDGLL�RI�WKH�QXFOHL�LQ�[��
\�DQG�]�GLUHFWLRQ�IURP�WKH�&+(����*)3�VLJQDO�ZLWK�WKH�DVVXPSWLRQ�WKDW�WKH�QXFOHXV�VKDSH�
UHVHPEOHV�D�HOOLSVRLG��XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��V  �4�3 ĺ[\]�

FRAP

7R� HVWLPDWH� WKH� SURWHLQ� GHJUDGDWLRQ� UDWH� RI� &+(����*)3�� ZH� XVHG� )OXRUHVFHQFH� 5HFRYHU\�
$IWHU� 3KRWREOHDFKLQJ� �)5$3��� $QLPDOV� ZHUH� LPPRELOL]HG� XVLQJ� 3RO\EHDG� PLFURVSKHUHV�
�3RO\VFLHQFH��LQ�0��EXIIHU�RQ�DJDURVH�SDGV�FRYHUHG�ZLWK�D�FRYHU�JODVV��7R�SUHYHQW�GHK\GUDWLRQ�
RI�DQLPDOV��WKH�FRYHUVOLS�ZDV�VHDOHG�ZLWK�9$/$3��YDVHOLQH��ODQROLQ�DQG�SDUDIˋQ��UDWLR���������
$QLPDOV�ZHUH�PRQLWRUHG�DW�VHYHUDO�WLPH�SRLQWV�GXULQJ�WKH�H[SHULPHQW�LI�WKH\�ZHUH�VWLOO�DOLYH�
E\�FKHFNLQJ�YHU\�VXEWOH�PRYHPHQW�DQG�RU�SXPSLQJ�EHKDYLRXU��7KH�*)3�VLJQDO� LQ� WKH�$6(�
QHXURQV�RI�WKH�DQLPDOV�ZDV�EOHDFKHG�XQWLO�DSSUR[LPDWHO\�����RI�WKH�LQLWLDO�VLJQDO�ZDV�OHIW��
$IWHU�EOHDFKLQJ��WKH�*)3�VLJQDO�ZDV�PHDVXUHG�HYHU\����RU����PLQXWHV�XQWLO� WKH�VLJQDO�KDG�
UHFRYHUHG��,PDJHV�ZHUH�WDNHQ�ZLWK�WKH�VDPH�PLFURVFRSH�DV�LQ�WKH�&+(���SURWHLQ�TXDQWLˋFDWLRQ�
VHFWLRQ��:H�PHDVXUHG�IRU�HDFK�WLPH�SRLQW�WKH�DYHUDJH�*)3�LQWHQVLW\�LQ�WKH�$6(�QHXURQV�DQG�
VXEWUDFWHG�WKH�EDFNJURXQG�LQWHQVLW\�PHDVXUHG�QHDUE\�WKH�$6(�QHXURQV��7KH�GHJUDGDWLRQ�UDWH�
ZDV�FDOFXODWHG� IURP�WKH� LQLWLDO� VORSH�RI� WKH�JURZWK�FXUYH�XVLQJ� WKH� IROORZLQJ�H[SRQHQWLDO�

PRGHO�� , where x��LV�WKH�LQLWLDO�ˌXRUHVFHQW�LQWHQVLW\�DW�WKH�VWDUW�RI�WKH�
UHFRYHU\�FXUYH�ULJKW�DIWHU�EOHDFKLQJ��b and f� UHSUHVHQW�WKH�&+(���SURWHLQ�GHJUDGDWLRQ�DQG�
SURGXFWLRQ�UDWH��ZKLFK�DUH�ˋWWHG�RQ�WKH�LQGLYLGXDO�PHDVXUHG�UHFRYHU\�FXUYHV��WR�REWDLQ�WKH�
DYHUDJH�&+(���SURWHLQ�GHJUDGDWLRQ�UDWH�

che-1 mRNA stability

:H�LQGXFHG�che-1 P51$�RYHUH[SUHVVLRQ�ZLWK�WKH�otTi6 [KVS�����S��FKH�����[)/$*@�;�LQGXFLEOH�
KHDW�VKRFN�VWUDLQ��DQG�ZH�TXDQWLˋHG�ZLWK�VP),6+�che-1�P51$�LQ�WKH�$6(5�QHXURQV�LQ�/��
ODUYDH�RYHU�WLPH��ti �����������a���PLQ�DSDUW�XQWLO�UHFRYHU\��:H�GHWHUPLQHG�WKH�UHODWLYH�DPRXQW�
RI�FKH���P51$V�IURP�WKH�VWDUW�RI�WKH�PHDVXUHPHQW�� , where Ncontrol  is the 
FDOFXODWHG�DYHUDJH�DPRXQW�RI�che-1 P51$V�ZKHQ�WKHUH�LV�QR�che-1�P51$�RYHUH[SUHVVLRQ��N+6 
WKH�FDOFXODWHG�DYHUDJH�DPRXQW�RI�che-1�P51$V�DW�WKH�ˋUVW�PHDVXUHG�WLPH�SRLQW�ULJKW�DIWHU�
heat shock induction, and Q�W� is the amount of che-1 P51$V�DW�WKH�WKUHH�UHPDLQLQJ�WLPH�
SRLQWV��$Q�H[SRQHQWLDO�GHJUDGDWLRQ�FXUYH�e-at� �ZDV�ˋWWHG�WR�WKH�H[SHULPHQWDOO\�GHWHUPLQHG�
YDOXHV�Q�Wi����WR�REWDLQ�WKH�DSSUR[LPDWH�che-1�P51$�GHJUDGDWLRQ�UDWH�
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0DWKHPDWLFDO�0RGHO�RI�WKH�&+(���VZLWFK

7KH�FRRSHUDWLYH�PDWKHPDWLFDO�PRGHO�DVVXPHV�WKDW�&+(���SURWHLQ��C) has to bind as a dimer 
on the che-1 promoter to induce che-1�P51$�H[SUHVVLRQ��7KH�ELQGLQJ�DQG�XQELQGLQJ�RI�WKH�
WZR�&+(���SURWHLQV�DW�WKH�che-1 promoter (O��LV�VHSDUDWHG�LQWR�WZR�HYHQWV��ˋUVW�RQH�&+(���
binds with binding rate fO and unbinds with unbinding rate b1 from the che-1 promoter (OC���
:KHQ�WKH�̀ UVW�&+(���SURWHLQ�LV�ERXQG�WR�WKH�che-1 SURPRWHU��WKH�VHFRQG�&+(���SURWHLQ�ELQGV�
with the same binding rate fO�QH[W�WR�WKH�ˋUVW�&+(����IRUPLQJ�D�GLPHU�RQ�WKH�che-1 promoter 
(OC2), and unbinds with the unbinding rate b2��&+(���SURWHLQV�ELQG�DV�D�PRQRPHU�RQ�WKH�
target gene promoters (OTC), with the unbinding rate bT, and with same the binding rate fO 
as on the che-1�SURPRWHU��che-1�P51$��M) is transcribed with the production rate fM�RQO\�
ZKHQ�WZR�&+(���SURWHLQV�DUH�ERXQG�WR�WKH�che-1 promoter, and che-1�P51$�LV�WUDQVODWHG�
LQWR�&+(���SURWHLQ�ZLWK�WKH�SURWHLQ�SURGXFWLRQ�UDWH�fc��%RWK�che-1�P51$�DQG�&+(���SURWHLQ�
are degraded with the degradation rates, bM and bC�UHVSHFWLYLO\��7KLV�OHDGV�WR�WKH�IROORZLQJ�
GLIIHUHQWLDO�HTXDWLRQV�

:KHUH�O* is the total number of che-1 promoters and where O*T is the total number of target 
JHQHV�

,Q�WKH�QRQ�FRRSHUDWLYH�PRGHO��&+(���ELQGV��fO) and unbinds (bO) as a monomer on the che-1 
promoter (OC) and induces che-1�H[SUHVVLRQ�DV�D�PRQRPHU��7KH�RWKHU�UHDFWLRQV�LQ�WKH�PRGHO�
DUH�WKH�VDPH�DV�LQ�WKH�FRRSHUDWLYH�PRGHO��7KLV�OHDGV�WR�WKH�IROORZLQJ�GLIIHUHQWLDO�HTXDWLRQV��
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,Q�WKH�FRRSHUDWLYH�PRGHO�&+(���SURWHLQV�ELQG�DV�D�GLPHU�DW�WKH�che-1 promoter to induce che-
1�H[SUHVVLRQ��7KH�ELQGLQJ�RI�WZR�&+(���SURWHLQV�LQ�WKH�V\VWHP��LPSOLHV�QRQ�OLQHDU�EHKDYLRXU��
JLYLQJ�ULVH�WR�ELVWDELOLW\��:H�KDYH�LQ�WKH�FRRSHUDWLYH�PRGHO�WKUHH�ˋ[HG�SRLQWV����VWDEOH�DQG���
XQVWDEOH�ˋ[HG�SRLQW��7KH���VWDEOH�ˋ[HG�SRLQWV�UHSUHVHQW�WKH�VR�FDOOHG�Ȥ21�VWDWHȥ��KLJK�&+(�
���DQG�WKH�Ȥ2))�VWDWHȥ��ORZ�&+(����RI�WKH�&+(���VZLWFK��:KHQ�WKH�VZLWFK�LV�LQ�WKH�2))�VWDWH��
LW�KDV� WR�FURVV� WKH�XQVWDEOH�SRLQW� WR� UHDFK� WKH�21�VWDWH�� ,Q�FRQWUDVW�� WKH�QRQ�FRRSHUDWLYH�
PRGHO��LQ�ZKLFK�&+(���SURWHLQV�ELQG�DV�D�PRQRPHU�DW�WKH�che-1 promoter to induce che-1 
H[SUHVVLRQ��KDV�RQO\�WZR�ˋ[HG�SRLQWV��7KH�ˋUVW�ˋ[HG�SRLQW�UHSUHVHQWV�WKH�21�VWDWH��LQ�ZKLFK�
&+(���SURWHLQ�OHYHOV�DUH�KLJK��7KH�VHFRQG�ˋ[HG�SRLQW�LV�D�KDOI�VWDEOH�SRLQW��ZKHQ�WKHUH�LV�
QR�&+(���SURWHLQ��WKH�VZLWFK�LV�2))��+RZHYHU��WKH�LQWURGXFWLRQ�RI��IRU�H[DPSOH��RQO\���che-1 
P51$�LQ�WKH�V\VWHP�ZRXOG�EH�VXIˋFLHQW�WR�WXUQ�WKH�VZLWFK�IURP�WKH�2))�VWDWH�WR�WKH�21�VWDWH�

Simulations

7R�VWXG\�WKH�VKRUW�WHUP�OLIHWLPH�����ZHHNV��RI� WKH�FRRSHUDWLYH�DQG�QRQ�FRRSHUDWLYH�&+(�
�� VZLWFK�� ZH� SHUIRUPHG� VWRFKDVWLF� *LOOHVSLH� VLPXODWLRQV� RQ� ERWK�PRGHOV� �*LOOHVSLH� �������
:H�XVHG�D�FXVWRP�ZULWWHQ�S\WKRQ�VFULSW�WR�VLPXODWH�WKH�UHDFWLRQV�LQYROYHG�LQ�ERWK�&+(���
VZLWFK�PRGHOV��$OO�UHDFWLRQV�GHVFULELQJ�WKH�GLIIHUHQWLDO�HTXDWLRQV�IURP�WKH�FRRSHUDWLYH�DQG�
QRQ�FRRSHUDWLYH�PRGHO�� DUH� VXPPDUL]HG� LQ�)LJ�� �$��3DUDPHWHUV� UHPDLQ�XQFKDQJHG�GXULQJ�
VLPXODWLRQV��ZLWK�H[FHSWLRQ�IRU�WUDQVLHQW�GHSOHWLRQ�VLPXODWLRQV��DQG�VSHFLHV�DUH�LQLWLDWHG�LQ�
WKH�21�VWDWH��

7R�VWXG\�21�VWDWH�OLIHWLPHV�RI�WKH�&+(���VZLWFK�H[FHHGLQJ���ZHHNV��LQ�WKH�FRRSHUDWLYH�DQG�
QRQ�FRRSHUDWLYH�&+(���VZLWFK�PRGHO��ZH�XVHG�)RUZDUG�)OX[�6DPSOLQJ� �$OOHQ�HW�DO���������
$OOHQ�HW�DO����������D�FRPSXWDWLRQDO�PHWKRG�ZKLFK�DOORZHG�XV�WR�HVWLPDWH�OLIHWLPHV�RI�&+(���
VZLWFKHV��,W�ZDV�QRW�QHFHVVDU\�WR�LQWHJUDWH�SUXQLQJ�LQWR�WKH�DOJRULWKP�VLQFH�WKLV�ZRXOG�QRW�
UHVXOW�LQ�LPSURYHPHQW�LQ�FRPSXWDWLRQDO�HIˋFLHQF\��7KH�))6�DOJRULWKP�ZDV�LQLWLDWHG�ZLWK�WKH�
VDPH� LQLWLDO� FRQGLWLRQV� DV� WKH�*LOOHVSLH� VLPXODWLRQV�� ,QWHUIDFHV� RI� WKH�))6� DOJRULWKP�ZHUH�
FKRVHQ� DFFRUGLQJ� WR� WKH� YDULDQFH� RI� &+(��� SURWHLQ� LQ� WKH�21� VWDWH�� WR� JHQHUDWH� D� ������
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FKDQFH�RI�&+(���SURWHLQ�WUDMHFWRULHV�FURVVLQJ�WKH�ˋUVW�LQWHUIDFH��ZLWK�DQ�H[FHSWLRQ�IRU�YHU\�
XQVWDEOH�VZLWFK��ZKHUH�&+(���SURWHLQ�VLPXODWLRQV�LPPHGLDWHO\�UXQ�WR�WKH�2))�VWDWH���7KH�
W\SLFDO�VWHS�VL]H�RI�WKH�LQWHUIDFHV�ZDV����DQG�WKH�QXPEHU�RI�LQWHUIDFHV�ZDV�EHWZHHQ����DQG����

Parameters

:H� FDQ� GLYLGH� WKH� SDUDPHWHUV� LQ� WKH� IROORZLQJ� JURXSV�� ���� H[SHULPHQWDOO\� GHWHUPLQHG�
SDUDPHWHUV������SDUDPHWHUV�WKDW�ZH�FRXOG�DSSUR[LPDWH������XQFRQVWUDLQHG�SDUDPHWHUV�DQG�����
SDUDPHWHUV�WKDW�ZH�FRXOG�FDOFXODWH�ZLWK�KHOS�RI�WKH�RWKHU�SDUDPHWHUV��)LUVW��WKH�SDUDPHWHUV�
ZKLFK�ZHUH�H[SHULPHQWDOO\�GHWHUPLQHG��:H�EDVHG�WKH�che-1�P51$�GHJUDGDWLRQ�UDWH��bM) on 
direct measurement of che-1�P51$�GHJUDGDWLRQ�WKDW�ZH�TXDQWLˋHG�LQ�WKH�$6(5�QHXURQ��)LJ�
�$�%���:H�XVHG�DQ�DSSUR[LPDWLRQ�RI�che-1 P51$�OLIHWLPH�RI����PLQXWHV��7KH�DPRXQW�RI�&+(�
��SURWHLQ�C�ZDV�VHW�WR�����PROHFXOHV��DYHUDJH�RI�$6(5�DQG�$6(/�DW�/��<$�VWDJH��EDVHG�RQ�
WKH�&+(���SURWHLQ�TXDQWLˋFDWLRQ�H[SHULPHQWV��DQG�WKH�DPRXQW�RI�che-1�P51$V��M) was set 
WR���PROHFXOHV��DYHUDJH�RI�$6(5�DQG�$6(/�DW�/��VWDJH��EDVHG�RQ�WKH�VP),6+�H[SHULPHQWV�LQ�
ZLOG�W\SH�DQLPDOV�

7KH� ELQGLQJ� UDWH� RI� &+(��� DW� LWV� RZQ� SURPRWHU� fO and the target gene promoters fO is 
DSSUR[LPDWHG� E\� WKH� GLIIXVLRQ� OLPLWHG� ELQGLQJ� UDWH�� 7KH� GLIIXVLRQ� OLPLWHG� ELQGLQJ� UDWH� RI�
&+(���RQ�SURPRWHU�VLWHV�ZDV�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�GLIIXVLRQ�HTXDWLRQ��
, where reaction cross section ��L�H��WKH�VL]H�RI�WKH�SURPRWHU�ELQGLQJ�VLWH��DQG�
WKH�GLIIXVLRQ�FRHIˋFLHQW�FRQVWDQW�LV� ��7R�REWDLQ�WKH�GLIIXVLRQ�FRHIˋFLHQW�WKDW�ZH�
FDQ�DSSO\�LQ�RXU�VLPXODWLRQV��ZKLFK�LQFOXGHV�LQIRUPDWLRQ�DERXW�WKH�YROXPH�RI�WKH�QXFOHXV��
WKH�GLIIXVLRQ�FRHIˋFLHQW�fD�ZDV�GLYLGHG�ZLWK�WKH�DYHUDJH�QXFOHXV�YROXPH��VC��RI���wP

3�LQ�$6(5�
DQG�$6(/��UHVXOWLQJ�LQ�D�GLIIXVLRQ�OLPLWHG�ELQGLQJ�UDWH�RI� ��

7R�DSSUR[LPDWH�WKH�QXPEHU�RI�WDUJHW�VLWHV�ZKHUH�WKH�&+(���SURWHLQ�FDQ�ELQG��ZH�XVHG�WKH�
FUXGH�DSSUR[LPDWLRQ�GHSLFWHG�IURP�WKH�VWXG\�RI�(WFKEHUJHU�HW�DO����������LQ�ZKLFK�WKH\�IRXQG�
����JHQHV�UHSUHVHQWHG�ZLWK�DW�OHDVW�WKUHH�WLPHV�DV�PDQ\�WDJV�LQ�WKH�$6(�YHUVXV�$)'�6$*(�
OLEUDU\��ZKLFK�LV�H[SHFWHG�WR�FRQWDLQ�DOPRVW�QR�ȤIDOVH�SRVLWLYHVȥ��:H�DFTXLUHG�WKH�WRWDO�DPRXQW�
RI�$6(�PRWLIV��PLQLPXP�VFRUH�RI������LQ�HDFK�RI�WKH�SURPRWHU�UHJLRQV��������ES�XSVWUHDP�
RI�WKH�VWDUW�VLWH��ZLWK�D�FXVWRP�ZULWWHQ�5�VFULSW��XVLQJ�WKH�7)%67RROV�-$63$5�����SDFNDJHV��
UHVXOWLQJ�LQ�D�WRWDO�RI�����$6(�PRWLIV��+RZHYHU��WKH�GDWD�VHW�ODFNHG��IRU�H[DPSOH��KRXVHNHHSLQJ�
JHQHV�H[SUHVVHG�LQ�WKH�$6(�QHXURQV�WKDW�FRXOG�EH�XQGHU�FRQWURO�RI�che-1��7KH�VFL�51$�VHT�
GDWDVHW� IURP�WKH�VWXG\�RI�&DR�HW�DO�� ��������SURYLGHV� LQIRUPDWLRQ�RQ�JHQHV�H[SHFWHG�WR�EH�
H[SUHVVHG�LQ�WKH�$6(�QHXURQV��LQFOXGLQJ�$6(�QRQ�VSHFLˋF�JHQHV��&DR�HW�DO����������$�WRWDO�RI�
����������JHQHV�DUH�H[SHFWHG�WR�EH�H[SUHVVHG�LQ�WKH�$6(/�DQG�$6(5��VFRUH�!�����UHPRYDO�RI�
ȤIDOVH�SRVLWLYHVȥ���UHVXOWLQJ�LQ�a�����$6(�PRWLIV�RQ�ZKLFK�&+(���FRXOG�SRWHQWLDOO\�ELQG��,Q�
WKH�VLPXODWLRQV�ZH�XVHG�HLWKHU�����RU������WDUJHW�VLWHV�
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7KH� XQELQGLQJ� UDWHV� RI� &+(��� IURP� LWV� RZQ� SURPRWHU� DQG� WKH� WDUJHW� JHQH� SURPRWHUV��
b1�E2�ET DUH� WKH�RQO\�XQFRQVWUDLQHG�SDUDPHWHUV�� DQG� DUH� UDQJHG�EHWZHHQ����� DQG����� VHF�� 
LQ�WKH�))6�VLPXODWLRQV��7KH�&+(���SURWHLQ�GHJUDGDWLRQ�UDWH�bC��WKH�&+(���SURGXFWLRQ�UDWH�
fC and the che-1�P51$�SURGXFWLRQ�UDWH�fM�DUH�GHSHQGHQW�RQ�WKH�XQERXQG�IUDFWLRQ�RI�&+(���
SURWHLQ��7R� FDOFXODWH� WKH� WKUHH�XQNQRZQ� UDWHV�bC�IC�IM� ˋUVW� WKH�&+(���SURWHLQ�GHJUDGDWLRQ�
rate bC�ZDV�VHW�DW�WKH�H[SHULPHQWDOO\�PHDVXUHG�SDUDPHWHU��DQG�XVHG�WR�FDOFXODWH�WKH�che-1 
P51$�SURGXFWLRQ�UDWH�fM DQG�&+(���SURWHLQ�SURGXFWLRQ�UDWH�fC��7KH�&+(���SURGXFWLRQ�UDWH�LV�
LQˌXHQFHG�E\�WKH�DPRXQW�RI�&+(���ERXQG�DW�WKH�WDUJHW�JHQH�SURPRWHUV��KHQFH�ZK\�WKH�&+(�
��SURWHLQ�SURGXFWLRQ�DQG�GHJUDGDWLRQ�KDG�WR�EH�ˋWWHG�WR�WKH�H[SHULPHQWDOO\�PHDVXUHG�&+(���
SURWHLQ�)5$3�FXUYH��7KH�ˋWWLQJ�ZDV�GRQH�E\� LQWURGXFLQJ�&+(����*)3�VSHFLHV��EOHDFKHG�RU�
XQEOHDFKHG��LQ�WKH�H[LVWLQJ�PRGHO�LQ�RUGHU�WR�UHSURGXFH�LQ�VLPXODWLRQ�WKH�)5$3�H[SHULPHQWV��
7KH�EOHDFKHG�&+(����*)3�SURWHLQV�FRXOG�DOVR�ELQG�DQG�XQELQG�WKH�SURPRWHUV�DQG�LQGXFH�che-
1�H[SUHVVLRQ��EXW�WKH�EOHDFKHG�&+(����*)3�SURWHLQV�FRXOG�QRW�EH�SURGXFHG��RQO\�GHJUDGHG��

,Q�WKH�WDEOH�EHORZ��ZH�VXPPDUL]H�DOO�SDUDPHWHU�YDOXHV��,Q�WKLV�WDEOH��DOO�SDUDPHWHU�YDOXHV�DUH�
GHˋQHG�IRU�WKH�8QVWDEOH�&+(���VZLWFK���%���DQG�WKH�RWKHU�PRGHO�SDUDPHWHU�YDOXHV�DUH�RQO\�
JLYHQ�ZKHQ�WKH\�GHYLDWH�IURP�WKRVH�XVHG�LQ�WKH�8QVWDEOH�&+(���VZLWFK���%��

7KH�SDUDPHWHUV�IRU�WKH�GHSOHWLRQ�VLPXODWLRQV�SDQHO��)LJ��(��LQFOXGH�DQ�H[WUD�SURPRWHU��PO) 
with production and degradation rates of (PM��P51$��bp�Ip to simulate the production of 
WDUJHW�P51$�LQGXFHG�E\�&+(����7KH�ELQGLQJ�DQG�XQELQGLQJ�UDWHV�RI�WKH�H[WUD�SURPRWHU�DUH�
the same as for the target genes, fO��ET�

(VWLPDWLRQ�RI�UHTXLUHG�21�VWDWH�OLIHWLPH��
,I�VSRQWDQHRXV�VZLWFKHV�IURP�WKH�21�WR�WKH�2))�VWDWH�RFFXU�DV�D�3RLVVRQ�SURFHVV�ZLWK�UDWH�
r��WKHQ�WKH�SUREDELOLW\�RI�D�VZLWFKLQJ�HYHQW�RFFXUULQJ�DW�WLPH�t� LV�JLYHQ�E\�WKH�H[SRQHQWLDO�
distribution �� 7KH� IUDFWLRQ� RI� DQLPDOV� LQ�ZKLFK� D� VZLWFKLQJ� HYHQW� RFFXUV�
before time t=T�LV�JLYHQ�E\�WKH�FXPXODWLYH�GLVWULEXWLRQ� ��7KLV�IUDFWLRQ�LV�
VPDOOHU�WKDQ�D�YDOXH�q if ��)RU�VPDOO�IUDFWLRQV�q�5����WKLV�FDQ�EH�DSSUR[LPDWHG�
as r < q�
T���,I�D�VZLWFKLQJ�HYHQW�FDQ�RFFXU�RQO\�LQ���RXW�RI���6 animals, q�����u���<� , within the 
DYHUDJH�DQLPDO�OLIHWLPH�RI�T =2�ZHHNV��WKHQ�WKH�UHTXLUHG�OLIH�WLPH�RI�WKH�21�VWDWH�LV�JLYHQ�E\��
���r > ����u�����\HDUV�



��/LIH�ORQJ�PDLQWHQDQFH�RI�QHXURQ�LGHQWLW\

3

Parameter Description Value 
8QVWDEOH�VZLWK���E� 8QVWDEOH�&+(���VZLWFK��DYHUDJH�OLIHWLPH�a���GD\V

C 1XPEHU�RI�&+(���SURWHLQ�PROHFXOHV ���

M 1XPEHU�RI�che-1�P51$�PROHFXOHV 7

OS 1XPEHU�RI�che-1 promoters �

O7B6 1XPEHU�RI�WDUJHW�JHQHV ���

fO %LQGLQJ�UDWH�RI�&+(���RQ�che-1 or target gene promoters �����VHF��

bO 8QELQGLQJ�UDWH�RI�&+(���IURP�che-1 promoter ����VHF��

bT 8QELQGLQJ�UDWH�RI�&+(���IURP�WDUJHW�JHQH�SURPRWHUV ����VHF��

fM che-1�P51$�SURGXFWLRQ�UDWH �������VHF��

bM che-1�P51$�GHJUDGDWLRQ�UDWH ��������VHF��

fC &+(���SURWHLQ�SURGXFWLRQ�UDWH �������VHF��

bc &+(���SURWHLQ�GHJUDGDWLRQ�UDWH ��������VHF��

6WDEOH�VZLWK���E�
+LJKO\�VWDEOH�VZLWFK��VORZHU�XQELQGLQJ�UDWH�RI�&+(���IURP�LWV�RZQ�
promoter

bO 8QELQGLQJ�UDWH�RI�&+(���IURP�che-1 promoter ����VHF��

fM che-1�P51$�SURGXFWLRQ�UDWH �������VHF��

fc &+(���SURWHLQ�SURGXFWLRQ�UDWH �������VHF��

bc &+(���SURWHLQ�GHJUDGDWLRQ�UDWH ��������VHF��

6WDEOH�VZLWFK���(� +LJKO\�VWDEOH�VZLWFK��GHSOHWHG�WR�����&+(��

bO 8QELQGLQJ�UDWH�RI�&+(���IURP�che-1 promoter ����VHF��

fM che-1�P51$�SURGXFWLRQ�UDWH �������VHF��

bC &+(���SURWHLQ�GHJUDGDWLRQ�UDWH �������VHF��

fC &+(���SURWHLQ�SURGXFWLRQ�UDWH ������VHF��

bP 7DUJHW�P51$�GHJUDGDWLRQ�UDWH �������VHF��

fP 7DUJHW�P51$�SURGXFWLRQ�UDWH �����VHF��

8QVWDEOH�VZLWFK���(� 8QVWDEOH�VZLWFK��GHSOHWHG�WR�����&+(��

bO 8QELQGLQJ�UDWH�RI�&+(���IURP�che-1 promoter ���VHF��

bT 8QELQGLQJ�UDWH�RI�&+(���IURP�WDUJHW�JHQH�SURPRWHUV ���VHF��

bC &+(���SURWHLQ�GHJUDGDWLRQ�UDWH ��������VHF��

fC &+(���SURWHLQ�SURGXFWLRQ�UDWH ������VHF��

bP 7DUJHW�P51$�GHJUDGDWLRQ�UDWH �������VHF��

fP 7DUJHW�P51$�SURGXFWLRQ�UDWH ������VHF��

Auxin induced protein degradation

7KH� $X[LQ� ,QGXFLEOH� 'HJURQ� �$,'�� 6\VWHP�ZDV� HPSOR\HG� DV� SUHYLRXVO\� GHVFULEHG� �=KDQJ�
HW�DO����������$QLPDOV�ZHUH�LQLWLDOO\�JURZQ�RQ�1*0�SODWHV�ZLWK�23���ZLWKRXW�,$$��6LJPD�
$OGULFK���7R�LQGXFH�GHJUDGDWLRQ�RI�&+(����/��VWDJHG�DQLPDOV�ZHUH�WUDQVIHUUHG�WR�1*0�SODWHV�
ZLWK�23���DQG���P0�,$$�LQ�(W2+�DW����r&��
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)RU�WKH�&+(����*)3��$,'�PHDVXUHPHQWV��WKH�GXUDWLRQ�RI�DX[LQ�H[SRVXUH�DQG�UHFRYHU\�ZHUH�
YDULHG�LQ�HDFK�WUHDWPHQW��7KH�DQLPDOV�ZHUH�WUDQVIHUUHG�HYHU\�RWKHU�GD\�WR�QHZ�1*0�SODWHV�
ZLWK���P0�,$$�RU�UHFRYHU\�1*0�SODWHV�ZLWKRXW�,$$�WR�SUHYHQW�PL[LQJ�RI�JHQHUDWLRQV��(DFK�
treatment contained a control group of che-1::GFP::AID�DQLPDOV�QHYHU�H[SRVHG�WR�DX[LQ��)RU�
LPDJLQJ��WKH�DQLPDOV�ZHUH�SODFHG�RQ�DQ����DJDURVH�SDG�VXEPHUJHG�LQ������P0�/HYDPLVROH�
�6LJPD�$OGULFK��LQ�0��ZLWK�D�FRYHU�JODVV�RQ�WRS��:H�FKHFNHG�IRU�&+(����*)3��$,'�LQ�WKH�$6(�
QHXURQV�ZLWK�D�ZLGH�ˋHOG�PLFURVFRSH��2OGHU�DQLPDOV�VKRZHG�VWURQJHU�DXWRˌXRUHVFHQFH� LQ�
WKH�KHDG��JLYLQJ�ULVH�WR�QXFOHL�OLNH�VWUXFWXUHV�ZKLFK�FRXOG�EH�FRQIXVHG�ZLWK�$6(�QHXURQV��7KH�
*)3��),7&��FKDQQHO�ZDV�FRPELQHG�ZLWK�WKH�75,7&�FKDQQHO�WR�FRUUHFW�IRU�WKH�DXWRˌXRUHVFHQFH�
�7HXVFKHU�DQG�(ZDOG���������'XH�WR�WLVVXH�VFDWWHULQJ�DQG�GHFUHDVH�LQ�&+(����*)3�VLJQDO�LQ�ROG�
DQLPDOV��ZH�IRXQG�WKH�$6(�QHXURQ�FORVHVW�WR�WKH�FRYHU�JODVV�ZDV�PRVW�UHOLDEOH��7KH�FRQWURO�
JURXS�DOZD\V�VKRZHG�&+(����*)3��$,'�LQ�WKH�$6(�QHXURQV��HYHQ�WKRXJK�&+(����*)3��$,'�
OHYHOV�GHFUHDVHG�ZLWK�DJH��HYHQ����GD\V�ROG�DQLPDOV�KDG�ZHOO�LGHQWLˋDEOH�$6(�QHXURQV��

NaCl chemotaxis assay

7KH�TXDGUDQW�DVVD\�XVHG�WR�DVVHV�FKHPRWD[LV�WR�1D&O�ZDV�DGDSWHG�IURP�:LFNV�HW�DO���������DQG�
-DQVHQ�HW�DO����������%ULHˌ\��WZR�GLDJRQDOO\�RSSRVLWH�TXDGUDQWV�RI�D�VHFWLRQDO�SHWUL�GLVK��6WDU�
'LVK��3KRHQL[�%LRPHGLFDO��ZHUH�ˋOOHG�ZLWK������PO�EXIIHUHG�DJDU�������$JDU����P0�.�+324�
.+�PO4�S+������P0�&D&O��DQG���P0�0J624��FRQWDLQLQJ�1D&O�DQG�WZR�GLDJRQDOO\�RSSRVLWH�
TXDGUDQWV�ZLWK������PO�EXIIHUHG�DJDU�ZLWKRXW�1D&O��,PPHGLDWHO\�EHIRUH�WKH�DVVD\��WKH�SODVWLF�
GLYLGHUV� EHWZHHQ� WKH�TXDGUDQWV�ZHUH� FRYHUHG�ZLWK� D� WKLQ� OD\HU� RI� DJDU��$JH� V\QFKURQL]HG�
C. elegans�SRSXODWLRQV��FXOWXUHG�DW���r&�IRU�a���KRXUV��ZHUH�ZDVKHG���WLPHV�IRU���PLQ��ZLWK�
&7;�EXIIHU����P0�.�+324�.+�PO4�S+������P0�&D&O��DQG���P0�0J624���$SSUR[LPDWHO\�����
DQLPDOV�ZHUH�SODFHG�LQ�WKH�PLGGOH�RI�D�VHFWLRQDO�GLVK��$IWHU����PLQ���DQLPDOV�RQ�HDFK�TXDGUDQW�
ZHUH�FRXQWHG�DQG�D�FKHPRWD[LV�LQGH[��&,��ZDV�FDOFXODWHG�IRU�HDFK�SODWH��&,� ����DQLPDOV�RQ�
1D&O�ȟ���DQLPDOV�QRW�RQ�1D&O���WRWDO���DQLPDOV���7R�GHWHUPLQH�WKH�&,�RI�D�VWUDLQ����DVVD\V�SHU�
GD\�ZHUH�SHUIRUPHG�RQ�DW�OHDVW���GLIIHUHQW�GD\V�

7R�DVVHVV�WKH�HIIHFW�RI�&+(���GHSOHWLRQ�RQ�FKHPRWD[LV��DQLPDOV�ZHUH�EOHDFKHG�DQG�FXOWXUHG�
IRU����KRXUV�RQ�1*0�SODWHV�ZLWKRXW�,$$�DW���r&��$IWHU����KRXUV�DQLPDOV�ZHUH�WUDQVIHUUHG�
WR�1*0�SODWHV�FRQWDLQLQJ���P0�,$$��7R�UHPRYH�HJJV�DQG�ODUYDH��DQLPDOV�ZHUH�WKRURXJKO\�
ULQVHG�XVLQJ�&7;�EXIIHU�DQG�D����wP�SOXUL6WUDLQHU� �SOXUL6HOHFW��DQG�WUDQVIHUUHG� WR�D� IUHVK�
1*0� SODWH�� ZLWK� RU� ZLWKRXW� �� P0� ,$$�� VWDUWLQJ� DW� ��� KRXUV� LQWR� WKH� H[SHULPHQW� DQG�
UHSHDWHG�HYHU\����KRXUV�XQWLO�WKH�HQG�RI�WKH�H[SHULPHQW��$IWHU�WKH�H[SHULPHQWDO�WUHDWPHQW�
GXUDWLRQ��WKH�FKHPRWD[LV�LQGH[��&,��ZDV�GHWHUPLQHG��6XEVHTXHQWO\��UHFRYHU\�ZDV�VWDUWHG�E\�
WUDQVIHUULQJ�DQLPDOV�WR�1*0�SODWHV�ZLWKRXW�,$$�DQG�WKH�&,�ZDV�GHWHUPLQHG����KRXUV�DQG����
KRXUV�WKHUHDIWHU��$W�HDFK�WLPHSRLQW��WKH�&,�ZDV�GHWHUPLQHG�LQ�VLPLODUO\�DJHG�FKH���S���� and 
untreated che-1::GFP::AID�DQLPDOV��
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Time lapse

7LPH�ODSVH� LPDJLQJ� ZDV� SHUIRUPHG� DV� SUHYLRXVO\� GHVFULEHG� �*ULWWL� HW� DO��� ������� %ULHˌ\��
PLFUR�FKDPEHUV� DUH�PDGH� RXW� RI� SRO\DFU\ODPLGH� K\GURJHO�� PDGH� IURP� D� ���� GLOXWLRQ� RI�
�����DFU\ODPLGH�ELV�DFU\ODPLGH��6LJPD�$OGULFK��ZDV�PL[HG�ZLWK������DPPRQLXP�SHUVXOIDWH�
�6LJPD�$OGULFK�� DQG� ������ 7(0('� �6LJPD�$OGULFK�� DV� SRO\PHUL]DWLRQ� LQLWLDWRUV�� )RU� WKH�
WLPH�ODSVH�H[SHULPHQWV�WKH�FKDPEHUV�ZHUH����[���[���wP��WKHVH�GLPHQVLRQV�ZHUH�VXIˋFLHQW�
WR�FRQWDLQ�HQRXJK�23���EDFWHULD�WR�VXVWDLQ�GHYHORSPHQW�XQWLO�DQLPDOV�VWDUWHG�OD\LQJ�HJJV�

:H� XVHG� D� 1LNRQ� 7L�(� LQYHUWHG�PLFURVFRSH� ZLWK� D� ��[� REMHFWLYH� LQ� DOO� H[SHULPHQWV�� 7KH�
PLFURVFRSH� KDV� D� +DPDPDWVX�2UFD� )ODVK� ���� Y�� FDPHUD� VHW� DW� IXOO� IUDPH� DQG� IXOO� VSHHG��
7KH�FDPHUD�FKLS�LV���[���PP�DQG�FRQWDLQV��0S��:H�XVHG�����QP�ODVHUV��&RKHUHQW�2%,6�
/6�����������IRU�ˌXRUHVFHQFH�H[FLWDWLRQ��:H�XVHG�D�KLJK�ˌXRUHVFHQW�VLJQDO�RI�����P:�ZLWK�
DQ�H[SRVXUH�WLPH�RI����PV��VLQFH�WKH�ˌXRUHVFHQW�VLJQDO�RI�&+(����*)3�LV�UHODWLYHO\�ORZ��7R�
NHHS�WUDFN�RI�WKH�PROWLQJ�F\FOH�DV�LQGLFDWLRQ�RI�WKH�DJH�RI�WKH�DQLPDOV��ZH�XVHG�EULJKW�ˋHOG�
LPDJLQJ��ZKLFK�FRQWDLQHG�D� UHG�/('� �&RRO/('�����QP���7LPH�ODSVH� LPDJHV�ZHUH�DFTXLUHG�
HYHU\����PLQXWHV�ZLWKRXW�GHWHFWDEOH�SKRWRWR[LFLW\�HIIHFWV�

,PDJHV�ZHUH� DQDO\]HG�ZLWK� FXVWRP�ZULWWHQ� WLPH�ODSVH� VRIWZDUH�� DQG�ZLWK� ,PDJH-�� %ULHˌ\��
ˋUVW�ZH�FRUUHFWHG�WKH�UDZ�LPDJHV�IRU�H[SHULPHQWDO�DEHUUDWLRQV�ZLWK�ˌDW�DQG�GDUN�ˋHOG�LPDJHV�
DFTXLUHG�DW�WKH�HQG�RI�WKH�H[SHULPHQW��)RU�TXDQWLˋFDWLRQ�SXUSRVHV��ZH�FRPSXWHG�WKH�DYHUDJH�
ˌXRUHVFHQFH�RI�HDFK�$6(�QHXURQ�YLD�GUDZLQJ�D�UHJLRQ�RI�LQWHUHVW�DURXQG�HDFK�QXFOHXV�DQG�ZH�
FRUUHFWHG�WKH�DYHUDJH�LQWHQVLW\�E\�VXEWUDFWLQJ�WKH�EDFNJURXQG�OHYHO�FORVH�WR�WKH�$6(�QHXURQ�

4XDQWLˋFDWLRQ�DQG�VWDWLVWLFDO�DQDO\VLV

,PDJH� DQDO\VLV� RI� &+(����*)3� TXDQWLˋFDWLRQ� DQG� LQWHQVLW\�PHDVXUHPHQWV�ZDV� SHUIRUPHG�
ZLWK�WKH�,PDJH-�GLVWULEXWLRQ�)LML��6FKLQGHOLQ�HW�DO����������)RU�WKH�TXDQWLˋFDWLRQ�GDWD�VKRZQ�LQ�
JUDSKV�RI�DOO�ˋJXUHV��WKH�GRWV�UHSUHVHQW�LQGLYLGXDO�YDOXHV��WKH�ER[SORWV�ZLWKRXW�ER[�UHSUHVHQW�
WKH�PHDQ�DQG�WKH�VWDQGDUG�GHYLDWLRQ��

6WDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�HLWKHU�XVLQJ�5�VRIWZDUH��YHUVLRQ��������RU�ZLWK�3\WKRQ�
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SUPPLEMENTARY FIGURES

Figure S1. CHE-1 depletion leads to loss of ASE cell fate. (A)� 6FKHPDWLF� RI� TXDGUDQW� FKHPRWD[LV� DVVD\� DQG�
FKHPRWD[LV� LQGH[� �&,�� FDOFXODWLRQ�� (B)� 3HUFHQWDJH� RI� DQLPDOV� WKDW� UHFRYHUHG� &+(����*)3� H[SUHVVLRQ� DIWHU� DX[LQ�
WUHDWPHQW�RI�LQFUHDVLQJ�OHQJWK�ZLWK�D�UHFRYHU\�SHULRG�RI����KRXUV��(C)�&KHPRWD[LV�LQGH[�IRU�ZLOG�W\SH��FKH���S����
and che-1::GFP::AID�DQLPDOV�H[SRVHG�WR�DX[LQ�IRU�������KRXUV�DIWHU�D�UHFRYHU\�SHULRG�RI�������RU����KRXUV��

Figure S2. CHE-1 copy numbers in larvae and embryos. (A)�&+(���SURWHLQ�FRQFHQWUDWLRQ�LQ�$6(5��JUHHQ��DQG�$6(/�
�EOXH��DW�GLIIHUHQW�VWDJHV�RI�SRVW�HPEU\RQLF�GHYHORSPHQW��/��/���FLUFOHV��/��/���WULDQJOH��\RXQJ�DGXOW��VTXDUHV���&+(�
��SURWHLQ�FRQFHQWUDWLRQ�GHFUHDVHV�ZLWK�WKH�DJH�RI�WKH�DQLPDOV��(B) Images of che-1::GFP HPEU\RV�IRU�TXDQWL �̀FDWLRQ�
RI�&+(����*)3� LQ�$6(�QHXURQV�ZLWK�FRQIRFDO�PLFURVFRS\� �OHIW���1XPEHU�RI�&+(���SURWHLQ�PROHFXOHV�RYHU� WLPH� LQ�
HPEU\RV��VWDUWLQJ�DW�WKH�EHDQ�VWDJH�XQWLO�WZLWFKLQJ�VWDUWHG��DW����r&���ULJKW���(PEU\RV�VKRZHG�VLPLODU�OHYHOV�RI�&+(���
SURWHLQ�DV�WKH�/��ODUYDH�



89/LIH�ORQJ�PDLQWHQDQFH�RI�QHXURQ�LGHQWLW\

3

Figure S3. Dependence of ON state stability on number of targets and cooperativity. (A,B)�$YHUDJH�21�VWDWH�
OLIHWLPHV�FDOFXODWHG�XVLQJ�)RUZDUG�)OX[�6DPSOLQJ��))6��DV�IXQFWLRQ�RI�WKH�GLVVRFLDWLRQ�UDWHV�RI�&+(���IURP�LWV�RZQ�
promoter (b�,b�) and target genes (bT��SURPRWHUV�� IRU� WKH�FRRSHUDWLYH�PRGHO�ZLWK�2T
� ����� �$��RU������ �%��&+(���
WDUJHWV��21�VWDWH�OLIHWLPHV�DUH�ORZHU�IRU������WDUJHWV��EXW�ORQJ�OLIHWLPHV�RI�PDQ\�\HDUV�DUH�VWLOO�IRXQG��b� ���VHF

�� and 
b�,bT�YDULHG�EHWZHHQ�����ȟ�����VHF

����(C)�$YHUDJH�&+(���RFFXSDQF\�RI�WKH�SURPRWHU�RI�che-1 (left) and other target 
JHQHV��PLGGOH���DQG�DYHUDJH�che-1�P51$�OHYHO��ULJKW��GXULQJ�VSRQWDQHRXV�WUDQVLWLRQV�IURP�WKH�21�WR�WKH�2))�VWDWH��DV�
VDPSOHG�E\�))6��IRU�WKH�FRRSHUDWLYH�PRGHO��6KRZQ�DUH�WUDQVLWLRQ�SDWKV�IRU�SDUDPHWHUV�ZLWK�ORZ��UHG���b�� ȥ����V

��,bT ���
s�������PHGLXP��PDJHQWD��b�� ����V

��, b�� �����V
��),, and high (blue, b�� ���V

��, b�� �����V
����VWDELOLW\�RI�WKH�21�VWDWH��ZLWK�b�

 ����V����(D)�$YHUDJH�21�VWDWH�OLIHWLPHV�FDOFXODWHG�XVLQJ�)RUZDUG�)OX[�6DPSOLQJ��))6��RI�WKH�FRRSHUDWLYH�PRGHO�GXULQJ�
GHSOHWLRQ�RI�&+(���SURWHLQ��DV�IXQFWLRQ�RI�WKH�GLVVRFLDWLRQ�UDWHV�RI�&+(���IURP�LWV�RZQ�SURPRWHU��b�) and its target 
genes (bT), where b�� ����VHF

���
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Figure S4. Controls for promoter region mutants. (A)��4XDQWL �̀FDWLRQ�RI�gcy-22 (red) and che-1 �JUHHQ��P51$�OHYHOV�
in �$6(gcy-22�S��FKH�� and �$6(che-1�S��JF\���� /��/�� DQLPDOV�ZLWKRXW� DX[LQ� UHYHDOHG�ZLOG� W\SH�P51$� OHYHOV� IRU� ERWK�
JHQHV��(B) &+(����*)3�H[SUHVVLRQ�LQ��$6(gcy-22��� �̩DQNV�S��FKH���EHDQ�VWDJH�HPEU\RV�DQG�/��ODUYDH��(PEU\RV�VKRZHG�
&+(����*)3�H[SUHVVLRQ������DQLPDOV���ZKHUHDV�/��ODUYDH�QR�ORQJHU�H[SUHVVHG�&+(����*)3�������DQLPDOV�� (C) �$6(gcy-22

�� �̩DQNV�S��FKH���HPEU\RV�VKRZHG�VLPLODU�OHYHOV�RI che-1�P51$�GXULQJ�WKH�EHDQ�VWDJH�DV�WKH�FKH���S�����PXWDQW�
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)LJXUH� 6���7LPH� ODSVH� LPDJLQJ� DQG�TXDQWL �̀FDWLRQ�RI�&+(����*)3� LQ� �ĸ+'�S��FKH�� animals. (A)� /RQJ�WHUP�
WLPH�ODSVH�PLFURVFRS\�RI�D�VLQJOH��ĸ+'�S��FKH���DQLPDO��XVLQJ�PLFURFKDPEHUV�WR�FRQVWUDLQ�ODUYDH�WR�WKH� �̀HOG�RI�YLHZ�
�OHIW���&+(����*)3�H[SUHVVLRQ�LQ�$6(5�GLVDSSHDUHG�UDSLGO\�LQ�WKH�/��ODUYDO�VWDJH�����KRXUV�DIWHU�KDWFKLQJ��ULJKW���(B)
,PDJH�RI�&+(����*)3�LQ��ĸ+'�S��FKH���/��ODUYD��OHIW���4XDQWL �̀FDWLRQ�RI�&+(����*)3�SURWHLQ�LQ��ĸ+'�S��FKH���/��/��
VWDJHG�DQLPDOV��ULJKW��
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