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,Q� WKLV�3K'�UHVHDUFK� ,�H[DPLQHG� WKUHH�DVSHFWV�RI� WKH�FKHPRWD[LV� UHVSRQVH� WR�1D&O� LQ� WKH�
nematode C. elegans��ZKLFK�VHUYHG�DV�DQ�LGHDO�PRGHO�IRU�WKHVH�VWXGLHV��)LUVW��ZH�LQYHVWLJDWH�
KRZ�WKH�DQLPDO�GHWHFWV�D�FXH��1D&O��IURP�LWV�HQYLURQPHQW��6HFRQG��ZH�LGHQWLI\�D�PHFKDQLVP�
WKDW�PDLQWDLQV�VWDEOH�FHOO�LGHQWLW\�DQG�IXQFWLRQ�RI�WKH�QHXURQ�SDLU�LQYROYHG�LQ�GHWHFWLQJ�WKLV�
1D&O�FXH��)LQDOO\��ZH�DWWHPSW�WR�LGHQWLI\�GLIIHUHQFHV�LQ�JHQH�H[SUHVVLRQ�WKDW�FDQ�H[SODLQ�WKH�
YDULDWLRQ�LQ�WKH�DQLPDOȢV�EHKDYLRUDO�UHVSRQVH�

,Q� &KDSWHU� ��� ZH� LQYHVWLJDWH� KRZ� C. elegans� XVHV� D� F*03� VLJQDOLQJ� FRPSDUWPHQW� DW� WKH�
WLS� RI� WKH� FLOLD� RI� DQ� DPSKLG� QHXURQ� SDLU� WR� GHWHFW�1D&O� LQ� LWV� HQYLURQPHQW��:H� LGHQWLI\�
LQWUDˌDJHOODU�WUDQVSRUW��,)7��DV�D�FRUH�PHFKDQLVP�WR�IRUP�DQG�PDLQWDLQ�WKLV�FRPSDUWPHQW�
ZLWK�D�KLJK�FRQFHQWUDWLRQ�RI�JXDQ\ODWH�F\FODVH�UHFHSWRU�SURWHLQV��,QVLJKWV�JDLQHG�IURP�WKLV�
VWXG\�FRQWULEXWH�WR�HPHUJLQJ�LQVLJKW�LQ�WKH�UHJXODWLRQ�RI�VLPLODU�VXE�FLOLDU\�FRPSDUWPHQWV�
LQ�RWKHU�V\VWHPV��IRU�H[DPSOH�LQ�KHGJHKRJ�VLJQDOLQJ�LQ�FHOOV�RI�KLJKHU�YHUWHEUDWHV�RU�F*03�
VLJQDOLQJ�LQ�SKRWRUHFHSWRU�FHOOV�

,Q�&KDSWHU���ZH�LQYHVWLJDWH�WKH�G\QDPLFV�RI�D�ELVWDEOH�JHQHWLF�VZLWFK�XVLQJ�WKH�VSHFLˋFDWLRQ�
RI�WKH�VHQVRU\�QHXURQV�LQYROYHG�LQ�GHWHFWLRQ�RI�1D&O��:KHQ�WKH�IXQFWLRQ�RI�D�QHXURQ�GHSHQGV�
RQ�WKH�FRQWLQXHG�H[SUHVVLRQ�RI�D�WHUPLQDO�VHOHFWRU�JHQH��VWDELOL]DWLRQ�RI�LWV�P51$�H[SUHVVLRQ�
LV�D�PDMRU�UHTXLUHPHQW�WR�SUHYHQW� ORVV�RI�H[SUHVVLRQ�RI� LWV�WDUJHW�JHQHV��7KH�WUDQVFULSWLRQ�
factor che-1� LV�VXFK�D�WHUPLQDO�VHOHFWRU�JHQH��:H�ˋQG�WKDW�&+(���IRUPV�D�ELVWDEOH�JHQHWLF�
VZLWFK�DQG�XVHV�D�VWDELOL]DWLRQ�PHFKDQLVP��QDPHG�target-reservoir buffering��ZKLFK�LQYROYHV�
SUHIHUHQWLDO�ELQGLQJ�WR�LWV�RZQ�SURPRWHU�

)LQDOO\�� LQ�&KDSWHU���ZH�FRUUHODWH�GLIIHUHQFHV� LQ�JHQH�H[SUHVVLRQ�EHWZHHQ�LQGLYLGXDOV�ZLWK�
WKH�RXWFRPH�RI�RXU�FKHPRWD[LV�DVVD\��0RVW�DQLPDO�EHKDYLRU�VKRZV�YDULDWLRQ��DOORZLQJ� IRU�
ˌH[LELOLW\� LQ� D� G\QDPLF�� HYHU�FKDQJLQJ� HQYLURQPHQW�� 7KH� FRQVLVWHQF\� RI� WKH� YDULDWLRQ�
REVHUYHG�LQ�WKH�FKHPRWD[LV�UHVSRQVH�RI�C. elegans�VXJJHVWV�DQ�XQGHUO\LQJ�PHFKDQLVP��8VLQJ�
C. elegans we can search for this mechanism in an isogenic population, eliminating genetic 
YDULDELOLW\�DV�D�FDXVH��

cGMP signaling compartment at the tip of a primary cilium

6LJQDOLQJ�FDVFDGHV�WKDW�LQFRUSRUDWH�WKH�FLOLXP�URXWH�FDQ�KDYH�WKHLU�FRPSRQHQWV�ORFDOL]H�WR�
GLIIHUHQW�VXE�FLOLDU\�FRPSDUWPHQWV��+RZ�WKHVH�FRPSDUWPHQWV�DUH�IRUPHG�DQG�PDLQWDLQHG�LV�
QRW�ZHOO�XQGHUVWRRG��%ODFTXH�DQG�6DQGHUV���������*LYHQ�WKH�LPSRUWDQFH�RI�FLOLD�LQ�GHYHORSPHQW�
DQG�KRPHRVWDVLV�DQG�WKH�LPSOLFDWLRQ�RI�FLOLDU\�GHIHFWV�LQ�D�ZLGH�UDQJH�RI�GLVHDVHV��1LVKLPXUD�
HW�DO���������5HLWHU�DQG�/HURX[���������WKHVH�FRPSDUWPHQWV�GHPDQG�IXUWKHU�LQYHVWLJDWLRQ��,Q�
&KDSWHU���ZH�H[SORUH�D�F*03�VLJQDOLQJ�FRPSDUWPHQW�DW�WKH�WLS�RI�WKH�SULPDU\�FLOLXP�RI�D�
1D&O�VHQVLQJ�QHXURQ�LQ�C. elegans�
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The results obtained using C. elegans�FDQ�KHOS�WR�EHWWHU�XQGHUVWDQG�FLOLXP�ELRORJ\��3ULPDU\�
FLOLD�DUH�KLJKO\�FRQVHUYHG�DQG�WKHLU�FRPSRQHQWV�OLNH�,)7��WKH�PLFURWXEXOH�EDVHG�D[RQHPH��
DQG� WKH� WUDQVLWLRQ� ]RQH� FDQ� EH� IRXQG� WKURXJKRXW� WKH� WUHH� RI� OLIH� �&DUYDOKR�6DQWRV� HW� DO���
������0LWFKHOO�� ������� )RU� H[DPSOH�� SURWHLQV� WKDW� DUH�SDUW� RI� WKH�%%6RPH� �1DFKXU\� HW� DO���
������� QDPHG� DIWHU� WKH� %DUGHW�%LHGO� 6\QGURPH�� DUH� FRQVHUYHG� EHWZHHQ� PDPPDOV� DQG� C. 
elegans�� DOORZLQJ�XV� WR� VWXG\� WKHVH�SURWHLQV� LQ� DQLPDO�PRGHOV��$GGLWLRQDOO\�� WKH� IDPLO\� RI�
0.6�SURWHLQV��DVVRFLDWHG�ZLWK�WKH�0HFNHO�*UXEHU�6\QGURPH�DQG�LQYROYHG�LQ�IRUPDWLRQ�RI�WKH�
WUDQVLWLRQ�]RQH��SHUIRUP�D�VLPLODU�IXQFWLRQ�LQ�PDPPDOV�DQG�C. elegans��*DUFLD�*RQ]DOR�HW�DO���
������:LOOLDPV�HW�DO����������0RUHRYHU��VXE�FLOLDU\�FRPSDUWPHQWV�FDQ�EH�IRXQG�LQ�FLOLD�IURP�
other organisms than C. elegans��,Q�PDPPDOV�D�FLOLXP�FRPSDUWPHQW�DW�WKH�WLS�LV�LPSRUWDQW�
LQ�+HGJHKRJ��+K��VLJQDOLQJ��6HYHUDO�PHPEHUV�RI�WKLV�FDVFDGH�FRQFHQWUDWH�WKHUH�DQG�LW�ZRXOG�
EH�LQWHUHVWLQJ�WR�H[DPLQH�ZKHWKHU�RXU�UHVXOWV�DOVR�DSSO\�WR�WKLV�+K�FLOLXP�WLS�FRPSDUWPHQW�

:H� LGHQWLI\� ,)7� DV� WKH� PDLQ� GULYLQJ� IRUFH� LQ� WKH� IRUPDWLRQ� DQG� PDLQWHQDQFH� RI� WKH� WLS�
FRPSDUWPHQW��:H�SURYLGH�VHYHUDO� OLQHV�RI�HYLGHQFH��*&<����FRORFDOL]HV�ZLWK� ,)7�SDUWLFOHV�
PRYLQJ�DORQJ�WKH�FLOLXP��FKHPLFDO�GLVUXSWLRQ�RI�$73�SURGXFWLRQ�VORZV�,)7�DQG�VXEVHTXHQWO\�
causes tip compartment collapse, and mutating IFT components interferes with tip 
FRPSDUWPHQW�IRUPDWLRQ��)XUWKHUPRUH��PXWDWLQJ�WKH�%66RPH�VXEXQLW�HQFRGLQJ�bbs-8 gene, 
LQYROYHG� LQ� OLQNLQJ� ,)7� FDUJR� WR� WKH� ,)7�FRPSOH[HV�� LQFUHDVHV� *&<���� OHYHOV� DORQJ� WKH�
D[RQHPH��0RUHRYHU��UHPRYDO�RI�ERWK�WKH�WUDQVLWLRQ�]RQH�FRPSRQHQW�0.6���DQG�WKH�$.10<��
KRPRORJXH�'$)����KDV�D�VLPLODU�HIIHFW�DQG�SUHYHQWV�WLS�FRPSDUWPHQW�IRUPDWLRQ��+RZHYHU��
,)7�VHHPV�WR�SURFHHG�QRUPDOO\��DV�YLVXDOL]HG�E\� WDJJLQJ� WKH�NLQHVLQ�260����VKRZLQJ�WKDW�
*&<����LV�QR�ORQJHU�ORDGHG�DV�FDUJR��7DNHQ�WRJHWKHU��ZKHQ�WKH�OLQN�EHWZHHQ�*&<����DQG�,)7�
LV�GLVUXSWHG��LWV�ORFDOL]DWLRQ�DORQJ�WKH�D[RQHPH�LQFUHDVHV�DQG�WLS�IRUPDWLRQ�LV�KLQGHUHG��

,)7�FRXOG�DOVR�SOD\�DQ�LPSRUWDQW�UROH�LQ�VXE�FLOLDU\�FRPSDUWPHQWV�RI�+K�VLJQDOLQJ��6HYHUDO�
VWXGLHV�LGHQWLI\�WKH�NLQHVLQ�IDPLO\�PHPEHU�.,)��DV�RQH�RI�WKH�UHJXODWRUV�RI�+K�LQWUDFHOOXODU�
VLJQDOLQJ�LQ�WKH�FLOLXP��+H�HW�DO���������������/LHP�HW�DO����������+RZHYHU��LW�VHHPV�WKDW�WKH�
effects of Kif7�PXWDWLRQV�DUH�LQGLUHFW�DQG�WKDW�WKHUH�PLJKW�EH�RWKHU�SURWHLQV�WKDW�VHTXHVWHU�
WKH�+K�VLJQDOLQJ�SURWHLQV�68)8�RI�*/,��DW�WKH�WLS��0XWDWLRQV�LQ�Kif7 alter the microtubule 
G\QDPLFV�DW�WKH�WLS�RI�WKH�D[RQHPH��&ROHV�HW�DO���������-LDQJ�HW�DO����������FDXVLQJ�FROODSVH�
RI�WKH�FLOLXP�WLS�FRPSDUWPHQW��/LNHZLVH��LQ�C. elegans�DV�RI�\HW�XQLGHQWLˋHG�SURWHLQV�FRXOG�
IDFLOLWDWH�GRFNLQJ�RI�*&<V�DW�WKH�FLOLXP�WLS��2XU�UHVXOWV�IURP�H[SHULPHQWV�ZLWK�1D13, which 
VKRZ�WKDW�DQ�DFWLYH�SURFHVV�PDLQWDLQV�WKH�FLOLXP�WLS�FRPSDUWPHQW��FRXOG�EH�VHHQ�LQ�D�VLPLODU�
OLJKW��:KHQ� $73� SURGXFWLRQ� LV� VWRSSHG�� ,)7� DQG� RWKHU� DFWLYH� SURFHVVHV� LQ� WKH� FLOLXP� DUH�
DIIHFWHG��FDXVLQJ�FLOLXP�VKRUWHQLQJ�DV�ZHOO�DV�WLS�FRPSDUWPHQW�FROODSVH�

7R�LGHQWLI\�*&<����SURWHLQ�ELQGLQJ�SDUWQHUV�ZKLFK�PLJKW�EH�LQYROYHG�LQ�FLOLXP�WLS�FRPSDUWPHQW�
IRUPDWLRQ��WZR�DSSURDFKHV�FDQ�EH�WDNHQ��$�JHQHWLF�VFUHHQ�FRXOG�EH�SHUIRUPHG�XVLQJ�KLJK�
WKURXJKSXW�PLFURFRS\�WR�LGHQWLI\�FDQGLGDWH�JHQHV�LQYROYHG�LQ�WKH�IRUPDWLRQ�RI�WKH�FLOLXP�
WLS��)LUVW��(06�FRXOG�EH�XVHG�WR�UDQGRPO\�PXWDWH�C. elegans�DQLPDOV�ZKLFK�VXEVHTXHQWO\�FDQ
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EH�VFUHHQHG��XVLQJ�D�FRPELQDWLRQ�RI�PLFURFRS\�DQG�PLFURˌXLGLFV��IRU�DQLPDOV�ZLWK�DEQRUPDO�
FLOLXP� WLS� ORFDOL]DWLRQ� RI� *&<�����*)3�� 2QO\� WKRVH� ZLWK� D� SURPLVLQJ� PLVORFDOL]DWLRQ� RI�
*&<�����*)3�ZLOO�WKHQ�EH�DOORZHG�WR�SURGXFH�SURJHQ\��$OWHUQDWLYHO\��LPPXQRSUHFLSLWDWLRQ�
RI�*&<�����*)3��ZLWK�RU�ZLWKRXW�FURVVOLQNLQJ��FDQ�EH�SHUIRUPHG�WR�LVRODWH�WKH�WLS�FRPSOH[�
IROORZHG� E\�PDVV� VSHFWURPHWU\� DQDO\VLV� WR� LGHQWLI\� FLOLXP� WLS� FRPSRQHQWV�� 6R� IDU�� RWKHUV�
KDYH�VXFFHVVIXOO\�LVRODWHG�,)7�FRPSOH[HV�IURP�WKH�FLOLD�RI�C. elegans showing that isolation of 
FLOLDU\�FRPSRQHQWV�LV�SRVVLEOH��<L�HW�DO����������+RZHYHU��WKHVH�,)7�FRPSOH[HV�DUH�SUHVHQW�LQ�DOO�
FLOLDWHG�QHXURQV�ZKHUHDV�WKH�*&<����WLS�FRPSDUWPHQW�LV�RQO\�SUHVHQW�LQ�RQH�QHXURQ��$6(5��
SRWHQWLDOO\�FRPSOLFDWLQJ�WKLV�H[SHULPHQW��7KHVH�DSSURDFKHV�PLJKW�LGHQWLI\�SRVVLEOH�ELQGLQJ�
SDUWQHUV�RI�*&<����WKDW�DOORZ�LW�WR�DFFXPXODWH�DW�WKH�FLOLXP�WLS�LQ�KLJK�FRQFHQWUDWLRQV�

6LPLODUO\�� LPPXQRSUHFLSLWDWLRQ�H[SHULPHQWV�FDQ�EH�XVHG�WR� LGHQWLI\�GLPHUL]DWLRQ�SDUWQHUV�
RI�*&<����SURWHLQ��3UHOLPLQDU\�UHVXOWV� IURP�DQ� LPPXQRSUHFLSLWDWLRQ�H[SHULPHQW�RQ�*&<�
����*)3��IROORZHG�E\�PDVV�VSHFWURPHWU\��VKRZHG�VWURQJ�KLWV�IRU�WKUHH�*&<V��5DGHPDNHUV�	�
-DQVHQ��XQSXEOLVKHG�UHVXOWV���VXJJHVWLQJ�WKDW�*&<����IRUPV�KHWHURGLPHUV�ZLWK�RWKHU�$6(5�
H[SUHVVHG�*&<V��+RZHYHU�� IXUWKHU� ELRFKHPLFDO� H[SHULPHQWV� DUH� UHTXLUHG� WR� LGHQWLI\�*&<�
���SDUWQHUV� DQG�GHWHUPLQH� LI� WKHVH�KRPR�KHWHUR�FRPSOH[HV� DUH� WKH�&O-� UHFHSWRU� LQ�$6(5���
,W�ZRXOG�EH�LQWHUHVWLQJ�WR�VHH�ZKHUH�WKHVH�DQG�RWKHU�$6(5�H[SUHVVHG�*&<V�ORFDOL]H�LQ�WKH�
FLOLXP��DW�WKH�FLOLXP�WLS��OLNH�*&<����DQG�*&<�����2X�HW�DO����������RU�DORQJ�WKH�OHQJWK�RI�WKH�
FLOLXP��OLNH�'$)����LQ�WKH�$6,�QHXURQV��-HQVHQ�HW�DO����������6WURQJ�FDQGLGDWHV�WR�VWDUW�ZLWK�
ZRXOG�EH�*&<�����H[SUHVVHG�LQ�$6(5�RQO\��RU�*&<����H[SUHVVHG�LQ�ERWK�$6(/�5���+RZHYHU��
JLYHQ� WKH� SRVVLELOLW\� WR� HQGRJHQRXVO\� WDJ� SURWHLQV� HDVLO\� XVLQJ�&5,635�&DV��� HDFK� RI� WKH�
UHVSHFWLYH���$6(5�H[SUHVVHG�*&<V�VKRXOG�EH�LQYHVWLJDWHG��

:KHQ� WKH� *&<����ˋOOHG� FLOLXP� WLS� FRPSDUWPHQW� LV� QRW� SURSHUO\� IRUPHG� RU� PDLQWDLQHG��
FKHPRWD[LV� WR�1D&O� LV� UHGXFHG��ZLWK� WKH� FKHPRWD[LV� WRZDUGV� ORZ� FRQFHQWUDWLRQV� DIIHFWHG�
PRVW��:H�HVWLPDWH�WKDW�WKH�GHQVLW\�RI�*&<����DW�WKH�WLS�LV�DW�OHDVW�FRPSDUDEOH�WR��DQG�PD\EH�
HYHQ� KLJKHU� WKDQ�� WKH� GHQVLW\� RI� UKRGRSVLQ� LQ� WKH� SKRWRUHFHSWRU� FHOOV� LQ� WKH�PDPPDOLDQ�
H\H����������s�������PROHFXOHV�wP��DQG��������PROHFXOHV�wP���UHVSHFWLYHO\���7KHVH�UHVXOWV�
VXJJHVW�WKDW�WKH�F*03�VLJQDOLQJ�FRPSDUWPHQW�DW�WKH�WLS�RI�WKH�$6(5�FLOLXP�LV�D�VHQVLWLYH�
Cl-�GHWHFWRU�

6WLOO��ZKHWKHU�*&<����LV�WKH�GLUHFW�&O-�UHFHSWRU�RI�WKH�$6(5�QHXURQ�UHPDLQV�DQ�RSHQ�TXHVWLRQ��
6R�IDU��JHQHWLF�VWXGLHV�LQGLFDWH�WKDW�*&<����DQG�*&<����FRQIHU�VSHFLˋFLW\�IRU�1D&O�LQ�WKH�$6(�
QHXURQV��2UWL]�HW�DO���������������6PLWK�HW�DO����������0XWDWLQJ�*&<����DIIHFWV�FKHPRWD[LV�WR�
PXOWLSOH�FRPSRXQGV��DOWKRXJK�WKH�VWURQJHVW�SKHQRW\SH�LV� LQ�FKHPRWD[LV�WR�1D&O��2UWL]�HW�
DO����������2WKHUV�KDYH�VXJJHVWHG�WKDW�D�KRPRGLPHU�RI�*&<����LV�WKH�UHFHSWRU�IRU�&O- and that 
*&<����KHWHURGLPHUV�ZLWK�RWKHU�*&<V�IXQFWLRQ�LQ�FKHPRWD[LV�WR�RWKHU�VDOWV��2UWL]�HW�DO��������
6PLWK�HW�DO���������)XUWKHUPRUH��*&<����DQG�*&<����FRQWDLQ�DOO�WKH�QHFHVVDU\�DPLQR�DFLGV�
WR�IXQFWLRQ�DV�KRPRGLPHUV��0XUD\DPD�HW�DO����������PDNLQJ�D�IXQFWLRQDO�*&<����KRPRGLPHU�
SRVVLEOH�



:H�DWWHPSWHG� WR� VKRZ� WKDW�*&<���� LV� FDSDEOH�RI�GHWHFWLQJ�1D&O�DQG�FRQIHUULQJ�1D&O� WKH�
GHWHFWLQJ�FDSDELOLW\�WR�D�FLOLDWHG�QHXURQ��)RU�WKLV��ZH�HFWRSLFDOO\�H[SUHVVHG�*&<����LQ�WKH�$6,�
QHXURQV�LQ�DQLPDOV�ODFNLQJ�IXQFWLRQDO�$6(�QHXURQV��7KHVH�DQLPDOV�VKRZ�QR�FKHPRWD[LV�WR�
1D&O��VXJJHVWLQJ�*&<����LV�QRW�VXIˋFLHQW�WR�GHWHFW�1D&O��+RZHYHU��WKH�GRZQVWUHDP�VLJQDOLQJ�
SDWKZD\� RU� QHXURQDO� FLUFXLWV� PLJKW� QRW� EH� DEOH� WR� IDFLOLWDWH� VXFK� D� UHVSRQVH�� ,QVWHDG� RI�
XVLQJ�FKHPRWD[LV�DVVD\V��F*03�RU�&D���LPDJLQJ�RI�WKH�$6,�QHXURQV�FDQ�EH�XVHG�WR�GHWHUPLQH�
ZKHWKHU�HFWRSLFDOO\�H[SUHVVHG�*&<����LV�VXIˋFLHQW�WR�HOLFLW�D�UHVSRQVH�WR�1D&O�LQ�WKHVH�FHOOV��
$OWHUQDWLYHO\��HFWRSLF�H[SUHVVLRQ�RI�*&<����LQ�;HQRSXV�RRF\WHV�FRXOG�VKRZ�WKDW�WKH�UHFHSWRU�
SURGXFHV� F*03� LQ� UHVSRQVH� WR� D�1D&O� VWLPXOXV�� )LQDOO\�� FU\VWDOORJUDSK\� FRXOG� EH� XVHG� WR�
VKRZ�ZKHWKHU�WKH�*&<����JXDQ\ODWH�F\FODVH�GRPDLQ�FKDQJHV�WR�DQ�DFWLYH�FRQIRUPDWLRQ�LQ�
SUHVHQFH�RI�1D&O�

7DNHQ�WRJHWKHU��ZH�LGHQWLˋHG�D�F*03�VLJQDOLQJ�FRPSDUWPHQW�DW�WKH�WLS�RI�D�FLOLXP�WKDW� LV�
IRUPHG�DQG�PDLQWDLQHG�E\�,)7��:H�IRXQG�WKH�JXDQ\ODWH�F\FODVH�*&<����WR�EH�SUHVHQW�LQ�WKH�
WLS�FRPSDUWPHQW�DW�D�KLJK�GHQVLW\�DQG�VKRZ�WKDW�LWV�ORFDOL]DWLRQ�DQG�GHQVLW\�DUH�UHTXLUHG�IRU�
VHQVLWLYH�GHWHFWLRQ�RI�1D&O�

6WDELOL]LQJ�PHFKDQLVPV�RI�WKH�&+(���JHQHWLF�VZLWFK

7KH� WLVVXHV�RI� D�PXOWLFHOOXODU� RUJDQLVP�DUH� FRQWLQXRXVO\� UHIUHVKHG�E\� UHPRYLQJ�ROG� FHOOV��
H�J��E\�DSRSWRVLV��DQG�UHSODFLQJ�WKHP�ZLWK�D�VWHDG\�VXSSO\�RI�QHZ�FHOOV�IURP�D�IHZ�WLVVXH�
VSHFLˋF�SURJHQLWRU�FHOOV��7KLV�WXUQRYHU�UDWH�YDULHV�EHWZHHQ�GLIIHUHQW�WLVVXHV�DQG�FHOO�W\SHV��
ZLWK�VRPH�WLVVXHV�VKRZLQJ�KDUGO\�DQ\�WXUQRYHU�DW�DOO��$�VWXG\�XVLQJ���C dating to determine 
WKH�DJH�RI�D�JLYHQ�FHOO�FRPSDUHG�WR�WKH�ELUWKGDWH�RI�WKH�LQGLYLGXDO��IRXQG�WKDW�WKH�DYHUDJH�DJH�
RI�FHOOV�LQ�WKH�LQWHUFRVWDO�PXVFOHV��WKH�PXVFOHV�LQ�EHWZHHQ�WKH�ULEV��LV������\HDUV��6SDOGLQJ�HW�
DO����������$�VORZ�WXUQRYHU�UDWH�FRPSDUHG�WR�UDWHV�RI������GD\V�WKDW�KDYH�EHHQ�UHSRUWHG�IRU�
HSLWKHOLDO�FHOOV�LQ�WKH�JDVWURLQWHVWLQDO�WUDFW��'DUZLFK�HW�DO���������6SDOGLQJ�HW�DO����������0RVW�
QHXURQDO�FHOO�W\SHV�LQ�WKH�XQGDPDJHG�FHQWUDO�QHUYRXV�V\VWHP�RI�KXPDQV�GR�QRW�WXUQRYHU�DW�
DOO��L�H��DQ�LQGLYLGXDO�ZLOO�XVH�D�SDUWLFXODU�QHXURQ�IRU�LWV�HQWLUH�OLIHWLPH��6SDOGLQJ�HW�DO����������
$�FRQVHTXHQFH�RI�WKLV�VWDELOLW\�LV�WKDW�WKHVH�FHOOV�QHHG�WR�PDLQWDLQ�WKHLU�SURSHU�IXQFWLRQ��RU�
FHOO�LGHQWLW\��IRU�GHFDGHV�

7HUPLQDO� VHOHFWRU� JHQHV� KDYH� EHHQ� LGHQWLˋHG� DV� WKH� ˋQDO� VWHS� LQ� QHXURQDO� FHOO� W\SH�
GHWHUPLQDWLRQ� LQ�YDULRXV�RUJDQLVPV� �*DELORQGR�HW�DO���������+LURWD�DQG�0RPEDHUWV��������
6HUUDQR�6DL]� HW� DO��� ������� 7HUPLQDO� VHOHFWRUV� FDQ� IRUP� ELVWDEOH� VZLWFKHV�� IRU� H[DPSOH� E\�
DXWRLQGXFLQJ�WKHLU�RZQ�H[SUHVVLRQ��,Q�D�ELVWDEOH�VZLWFK�ERWK�WKH�KLJK�H[SUHVVLRQ�DQG�ORZ�
QR�H[SUHVVLRQ�VWDWHV�DUH�VWDEO\�PDLQWDLQHG�DQG�DQ�H[WHUQDO�IDFWRU�RU�ȡWULJJHUȢ�LV�UHTXLUHG�WR�
VZLWFK�EHWZHHQ�VWDWHV��,Q�WKH�KLJK�H[SUHVVLRQ�VWDWH��D�ELVWDEOH�VZLWFK�IRUPHG�E\�D�WHUPLQDO�
VHOHFWRU� LQGXFHV� WKH�H[SUHVVLRQ�RI�QXPHURXV� WDUJHW�JHQHV� WKDW�JLYH�D� FHOO� LWV� LGHQWLW\�DQG�
IXQFWLRQ��2QH�RI�WKH�NH\�ZHDNQHVVHV�RI�D�ELVWDEOH�VZLWFK�LV�WKDW�LW�FDQ�VSRQWDQHRXVO\�VZLWFK�
RII�GXH�WR�PROHFXODU�QRLVH��VXFK�DV�YDULDWLRQ�LQ�WKH�H[SUHVVLRQ�RI�D�FRUH�WUDQVFULSWLRQ�IDFWRU

Chapter 5���



5

*HQHUDO�'LVFXVVLRQ ���

�$FDU�HW�DO���������2]EXGDN�HW�DO����������7KH�WUDQVFULSWLRQ�IDFWRU�&+(���LV�D�WHUPLQDO�VHOHFWRU�
WKDW�IRUPV�D�ELVWDEOH�VZLWFK�DQG�LQGXFHV�WKH�H[SUHVVLRQ�RI�WKH�QXPHURXV�WDUJHW�JHQHV�WKDW�
JLYH�WKH�$6(�QHXURQV�WKHLU�IXQFWLRQ�

%LVWDEOH�VZLWFKHV�FDQ�FRSH�ZLWK�PROHFXODU�QRLVH�E\�LQFUHDVLQJ�WKH�OHYHOV�DQG�OLIHWLPHV�RI�WKHLU�
FRPSRQHQWV��L�H��LQFUHDVLQJ�FRS\�QXPEHUV�DQG�P51$�VWDELOLW\�RU�SURWHLQ�FRQFHQWUDWLRQ�DQG�
VWDELOLW\�RI�WKH�IDFWRUV�LQYROYHG��0HKWD�HW�DO���������:DOF]DN�HW�DO����������+RZHYHU��ZH�IRXQG�
QR�LQGLFDWLRQ�WKDW�WKHVH�VWUDWHJLHV�DSSO\�WR�WKH�&+(���JHQHWLF�VZLWFK��,QVWHDG��ZH�IRXQG�WKDW�
WKH�WUDQVFULSWLRQ�IDFWRU�&+(���XVHV�D�PHFKDQLVP�ZH�FDOO�target reservoir buffering�WR�VWDELOL]H�
LWV�RZQ�H[SUHVVLRQ�DQG�WKHUHE\�VWDELOL]H�WKH�VZLWFK��7KLV�PHFKDQLVP�UHOLHV�RQ�WKH�SUHIHUHQWLDO�
ELQGLQJ�RI�&+(���WR�LWV�RZQ�SURPRWHU��HQVXULQJ�WKDW�H[SUHVVLRQ�RI�WKH�che-1 JHQH�FDQ�UHFRYHU�
ZKHQ�WKH�&+(���FRQFHQWUDWLRQ�GURSV�GXH�WR�PROHFXODU�QRLVH��&+(��ȢV�WDUJHW�JHQHV�ZLOO�EH�
DIIHFWHG�ˋUVW�ZKHQ�&+(���OHYHOV�EHFRPH�LQVXIˋFLHQW�WR�VXVWDLQ�WUDQVFULSWLRQ�RI�ERWK�che-1 
DQG�LWV�WDUJHW�JHQHV��+RZHYHU��che-1�H[SUHVVLRQ�ZLOO�EH�PDLQWDLQHG�GXH�WR�WKH�SUHIHUHQWLDO�
ELQGLQJ�RI�&+(���WR�LWV�RZQ�SURPRWHU��,Q�D�ZD\��WKH�&+(���SRRO�DW�WKH�WDUJHW�SURPRWHUV�DFWV�
as a buffer for the che-1�SURPRWHU��7KLV�PHFKDQLVP�HQVXUHV�che-1�H[SUHVVLRQ�IRU�DV�ORQJ�DV�
possible, allowing che-1�H[SUHVVLRQ�WR�UHFRYHU�DQG�UHWXUQ�WR�WKH�KLJK�H[SUHVVLRQ�VWDWH�

:KHQ�WKLV�PHFKDQLVP�LV�LQ�HIIHFW��VKRUW�OLYHG�LQWHUUXSWLRQV�RI�WKH�H[SUHVVLRQ�RI�WKH�&+(���
WDUJHW�JHQHV�PLJKW�RFFXU�DQG�DIIHFW�$6(�IXQFWLRQ��7R�EULGJH�WKHVH�LQWHUUXSWLRQV��WKH�VWDELOLW\�
RI�WKHLU�JHQH�SURGXFWV�FRXOG�PDLQWDLQ�$6(�IXQFWLRQ��3URWHLQ�VWDELOLW\�RI�FKHPRUHFHSWRUV�DQG�
GRZQVWUHDP�VLJQDOLQJ�SURWHLQV�FRXOG�DOORZ�WKH�&+(���JHQHWLF�VZLWFK�WR�UHFRYHU�IURP�VKRUW�
SHULRGV�RI�ORZ�&+(���OHYHOV��,QGHHG��ZH�IRXQG�D�GHOD\�EHWZHHQ�WKH�GHSOHWLRQ�RI�&+(���DQG�
ORVV�RI�FKHPRWD[LV��ZKLFK�FDQ�EH�DWWULEXWHG�WR�WKH�VWDELOLW\�RI�WKH�VLJQDOLQJ�SURWHLQV�LQYROYHG�
LQ�$6(�PHGLDWHG�FKHPRWD[LV��,Q�&KDSWHU���ZH�VKRZHG�WKDW�WKH�SRROV�RI�*&<����DW�WKH�WLS�RI�
WKH�FLOLXP�DQG�LWV�EDVH�DUH�YHU\�VWDEOH��$GGLWLRQDOO\��RWKHUV�KDYH�VKRZQ�VLPLODU�UHVXOWV� IRU�
WKH�F\FOLF�QXFOHRWLGH�JDWHG�FKDQQHO�VXEXQLWV�7$;���DQG�7$;���LQ�WKH�FLOLD�RI�$:%�DQG�$6.�
QHXURQV��:RMW\QLDN�HW�DO����������,I�WKH�SURGXFWV�RI�WKH�&+(���WDUJHW�JHQHV�DUH�VWDEOH�HQRXJK��
$6(�IXQFWLRQ�FDQ�EH�PDLQWDLQHG�IRU�VKRUW�SHULRGV�XQWLO�WKH�&+(���VZLWFK�UHFRYHUV�

:H�VKRZ�WKDW�WKH�VWDELOLW\�RI�che-1�H[SUHVVLRQ�GHSHQGV�RQ�DQ�Otx-related binding motif in the 
che-1�SURPRWHU��0XWDWLQJ�WKLV�PRWLI�OHDGV�WR�VWRFKDVWLF�ORVV�RI�che-1�H[SUHVVLRQ��VSRQWDQHRXV�
WUDQVLWLRQ� WR� WKH� 2))� VWDWH� RI� WKH� JHQHWLF� VZLWFK� DQG� ORVV� RI� $6(� IXQFWLRQ�� +RZHYHU�� D�
VXEVWDQWLDO�FKHPRWD[LV�UHVSRQVH�FDQ�EH�VHHQ�LQ�SRSXODWLRQV�RI�WKLV�PXWDQW��VXJJHVWLQJ�WKDW�
LQ�VRPH�DQLPDOV�WKH�&+(���VZLWFK�FDQ�VWLOO�PDLQWDLQ�$6(�IXQFWLRQ�

Otx�UHODWHG�JHQHV�DUH�LQYROYHG�LQ�GHYHORSPHQW�RI�WKH�DQWHULRU�QHUYRXV�V\VWHP�LQ�D�ZLGH�UDQJH�
RI�VSHFLHV��*HUPRW�HW�DO���������-LQ�HW�DO���������6HPLQD�HW�DO���������6LPHRQH�HW�DO����������
Three Otx-related genes (ttx-1, ceh-36, ceh-37��KDYH�EHHQ�LGHQWLˋHG�LQ�C. elegans which are 
LQYROYHG�LQ�WKH�GHYHORSPHQW�RI�WKH�$:&��$:%��$)'�DQG�WKH�ELODWHUDO�DV\PPHWU\�RI�WKH�$6(�
QHXURQV��&KDQJ�HW�DO���������/DQMXLQ�HW�DO���������6DWWHUOHH�HW�DO����������/RVV�RI�IXQFWLRQ�RI�



ceh-36��WKH�RQO\�Otx�UHODWHG�JHQH�H[SUHVVHG�LQ�$6(��UHVXOWV�LQ�$6(/�5�DV\PPHWU\�GHIHFWV�DQG�
ORVV�RI�FKHPRWD[LV�WR�1D&O��+RZHYHU��che-1 and gcy-22�DUH�VWLOO�H[SUHVVHG��LQGLFDWLQJ�WKDW�ceh-
36�LV�QRW�HVVHQWLDO�LQ�VWDELOL]LQJ�WKH�JHQHWLF�VZLWFK��7UDHWV�	�9DQ�=RQ��XQSXEOLVKHG�UHVXOWV��

$� VWDELOL]LQJ� IXQFWLRQ� RI� D� KRPHRGRPDLQ�FRQWDLQLQJ� SURWHLQ� KDV� EHHQ� GHVFULEHG� LQ� WKH�
differentiation of C. elegans�WRXFK�UHFHSWRU�QHXURQV��751V����7RSDOLGRX�HW�DO���������=KHQJ�HW�
DO����������+HUH��H[SUHVVLRQ�RI�WKH�/,0�W\SH�KRPHRGRPDLQ�JHQH�mec-3�LV�VWDELOL]HG�E\�ELQGLQJ�
RI� WKH� KRPHRGRPDLQ� SURWHLQ� $/5��� WR� WKH� mec-3� SURPRWHU�� 7R� ˋQG� WKH� KRPHRGRPDLQ�
FRQWDLQLQJ�SURWHLQV�WKDW�SOD\�D�VLPLODU�UROH�LQ�VWDELOL]DWLRQ�RI�che-1�H[SUHVVLRQ��SURWHRPLFV�
of isolated chromatin segments (PICh) or chromatin immunoprecipitation with mass 
VSHFWURPHWU\� �&K,3�06�� H[SHULPHQWV� FDQ� EH� SHUIRUPHG� �'«MDUGLQ� DQG� .LQJVWRQ�� ������
:LHUHU�DQG�0DQQ���������7KHVH�PHWKRGV�FDQ�EH�XVHG�WR�LVRODWH�WKH�che-1 promoter region, 
FRQWDLQLQJ�WKH�$6(�DQG�Otx�UHODWHG�PRWLIV��DQG�SURWHLQV�ERXQG�WKHUH�DQG�LGHQWLI\�DQ\�IDFWRUV�
WKDW�VWDELOL]H�che-1 H[SUHVVLRQ�

:H�UHO\�RQ�WKH�ORVV�RI�IXQFWLRQ�RI�WKH�$6(5�QHXURQ�WR�LQIHU�ORVV�RI�FHOO�LGHQWLW\��:KHQ�WKH�
&+(���WDUJHW�JHQHV�DUH�QR�ORQJHU�H[SUHVVHG��WKH�$6(�QHXURQV�ORVH�WKHLU�FDSDFLW\�WR�GHWHFW�
VDOWV��,I�WKHVH�FHOOV�ORVH�WKHLU�IXQFWLRQ�DQG�$6(�VSHFLˋF�JHQH�H[SUHVVLRQ��RQH�FDQ�DUJXH�WKDW�
WKH\�DUH�QR�ORQJHU�$6(�QHXURQV��+RZHYHU��ZH�GLG�QRW�H[SORUH�ZKDW�NLQG�RI�FHOO�WKH\�EHFRPH�
when che-1�H[SUHVVLRQ�LV�ORVW�

,Q�WKH�OLQHDJH�RI�WKH�$6(5�QHXURQ��WKH�GDXJKWHU�FHOOV�RI�WKH�SUHFXUVRU�FHOO��FHOO�$%SUDDDSSS��
GLIIHUHQWLDWH�LQWR�DQ�$6(5�DQG�$6-5�QHXURQ��)XWXUH�VWXGLHV�FRXOG�LQYHVWLJDWH�LI�WKH�&+(���
GHSOHWHG�FHOOV�JDLQ�$6-5�VSHFLˋF�WUDLWV��([FHSW�IRU�WKH�$6(�DQG�$6*�QHXURQV��FLOLDWHG�DPSKLG�
QHXURQV�DUH�FDSDEOH�RI�WDNLQJ�XS�D�ˌXRUHVFHQW�G\H�WKURXJK�WKHLU�FLOLD��+RZHYHU��LQ�che-1 loss-
RI�IXQFWLRQ�DQG�&+(���GHSOHWHG�DQLPDOV��WKH�ȡ$6(Ȣ�QHXURQV�VKRZ�G\H�ˋOOLQJ��8FKLGD�HW�DO���
�������VXJJHVWLQJ�WKHVH�FHOOV�JDLQHG�QHXURQDO�IHDWXUHV�WKDW�DUH�PRUH�EURDGO\�VKDUHG�DPRQJ�WKH�
DPSKLG�QHXURQV��:KHWKHU�WKHVH�FHOOV�DOVR�H[SUHVV�HDUO\�QHXURQDO�PDUNHUV��VXFK�DV�WKH�E+/+�
FR�IDFWRU�KOK����UHPDLQV�WR�EH�VHHQ��)XUWKHU�H[SHULPHQWV�FRXOG�WU\�WR�VWHHU�&+(���GHSOHWHG�
FHOOV� WR� DQ� $6-� FHOO�W\SH�� 7KH� $6-� FHOO�W\SH� LV� GHWHUPLQHG� E\� WKH� sptf-1 terminal selector 
JHQH�DQG�SHUKDSV�RYHUH[SUHVVLRQ�RI�WKLV�WUDQVFULSWLRQ�IDFWRU�FRXOG�LQGXFH�$6-�VSHFLˋFDWLRQ�
RI� WKH�&+(���GHSOHWHG� FHOOV� �*RQ]£OH]�%DUULRV� HW� DO��� ������� ,I� VXFFHVVIXO�� WKLV� H[SHULPHQW�
ZRXOG�VXJJHVW�WKDW�WKH�&+(���GHSOHWHG�FHOO�UHJDLQHG�WKH�DELOLW\�WR�GLIIHUHQWLDWH�LQWR�GLIIHUHQW�
QHXURQDO� FHOO�W\SHV�� $OWHUQDWLYHO\�� WKH� WHUPLQDO� VHOHFWRU� ttx-1� FRXOG� EH� RYHUH[SUHVVHG� WR�
GLIIHUHQWLDWH�LQWR�DQ�$)'�FHOO�IDWH��6DWWHUOHH�HW�DO���������6HUUDQR�6DL]�HW�DO�������D���WKH�ˋQDO�
FHOO�W\SH�LQ�D�PRUH�GLVWDQW�OLQHDJH�EUDQFK��,W�ZRXOG�EH�LQWHUHVWLQJ�WR�VHH�LI�WKHVH�FHOOV�DFTXLUHG�
WKH�WKHUPRVHQVRU\�IXQFWLRQ�RI�WKH�$)'�QHXURQV��RU�HYHQ�GHYHORS�ˋQJHUHG�FLOLD�

+RZHYHU�� PHFKDQLVPV� H[LVW� WKDW� FRXOG� SUHYHQW� VXFK� D� WUDQVLWLRQ�� ,Q� ZLOG�W\SH� DQLPDOV��
ZKHQ�RQH�WHUPLQDO�VHOHFWRU�JHQH�LV�H[SUHVVHG��FHOOXODU�SODVWLFLW\�LV�UHVWULFWHG�E\�FKURPDWLQ�
UHPRGHOLQJ�� SUHYHQWLQJ� RWKHU� JHQHWLF� VZLWFKHV� IURP� LQGXFLQJ� WKHLU� WDUJHW� JHQHV� �3DWHO
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DQG�+REHUW���������3UHYHQWLQJ�D� UHSUHVVHG�FKURPDWLQ�VWDWH��E\�NQRFN�GRZQ�RI� WKH�KLVWRQH�
chaperone OLQ���� RU� RWKHU� PHPEHUV� RI� WKH� 3RO\FRPE� UHSUHVVRU� FRPSOH[� �� �35&���� DQG�
VXEVHTXHQW�HFWRSLF�H[SUHVVLRQ�RI�che-1�DOORZV�FRQYHUVLRQ�RI�JHUP�FHOOV�LQWR�QHXURQV��3DWHO�HW�
DO���������7XUVXQ�HW�DO����������8VLQJ�D�VLPLODU�NQRFN�GRZQ�DSSURDFK��UHYHUVLQJ�$6(�FHOO�IDWH�
DQG�VWHHULQJ�LW�WR�DQRWKHU�FLOLDWHG�DPSKLG�QHXURQ�PLJKW�EH�SRVVLEOH�

:H� LGHQWLˋHG� D�PLQLPDO�PRGHO� IRU�PDLQWDLQLQJ� WKH� H[SUHVVLRQ�RI� D� WHUPLQDO� VHOHFWRU� DQG�
QHXURQDO�FHOO� IDWH��6HYHUDO�QHXURQDO� VXEW\SHV� LQ�PDPPDOV�DOVR�GHSHQG�RQ� WKH�FRQWLQXRXV�
H[SUHVVLRQ� RI� VSHFLˋF� WUDQVFULSWLRQ� IDFWRUV�� 'RSDPLQHUJLF� QHXURQV� LQ� WKH� ROIDFWRU\� EXOE�
LQ�PLFH�GHSHQG�RQ� FRQWLQXRXV�SUHVHQFH�RI�3$;��� D�KRPHRER[� WUDQVFULSWLRQ� IDFWRU��ZKLFK�
LQGXFHV� FU\VWDOOLQ�Į$�H[SUHVVLRQ� �1LQNRYLF�HW� DO��� ������� DQG�GRSDPLQHUJLF�QHXURQV� LQ� WKH�
FHQWUDO� QHUYRXV� V\VWHP� UHTXLUH� FRQWLQXHG� H[SUHVVLRQ� RI� WKH� /,0� KRPHRER[� JHQH� /K[��
�6HUUDQR�6DL]�HW�DO�������E���,W�UHPDLQV�WR�EH�GRFXPHQWHG�KRZ�WKH�H[SUHVVLRQ�RI�WKHVH�IDFWRUV�
LV�VWDEO\�PDLQWDLQHG�RYHU�WKH�OLIHWLPH�RI�WKHVH�FHOOV�

Behavioral variation

7KH� EHKDYLRUDO� UHVSRQVH� RI� DQ� DQLPDO� LV� VXEMHFW� WR� H[WHUQDO� IDFWRUV�� H�J�� FOLPDWH�� WLPH� RI�
GD\��GDQJHU�IURP�SUHGDWRUV��DQG�LWV�LQWHUQDO�VWDWH��GHWHUPLQHG�E\�KRUPRQH�OHYHOV�RU�JHQHWLF�
PDNHXS��9DULDWLRQ�LQ�WKHVH�IDFWRUV�ZLOO�FKDQJH�WKH�EHKDYLRUDO�UHVSRQVH�RI�DQ�DQLPDO�EXW�LQ�
DGGLWLRQ�WKHVH�UHVSRQVHV�FDQ�YDU\�EHWZHHQ� LQGLYLGXDOV��6XFK�GLIIHUHQFHV�FDQ�EH�DWWULEXWHG�
WR�JHQHWLF�YDULDWLRQ��EXW�EHKDYLRUDO�YDULDWLRQ�LV�REVHUYHG�HYHQ�EHWZHHQ�LVRJHQLF�LQGLYLGXDOV��
IRU�LQVWDQFH�LQ�FORQHG�SLJOHWV��$UFKHU�HW�DO���������6ºQGHUJDDUG�HW�DO����������,Q�&KDSWHU���ZH�
H[SORUHG�PROHFXODU�VRXUFHV�RI�YDULDWLRQ�LQ�WKH�FKHPRWD[LV�UHVSRQVH�EHWZHHQ�LQGLYLGXDOV�RI�D�
C. elegans�SRSXODWLRQ�

8VLQJ� VLQJOH�ZRUP� 51$�VHTXHQFLQJ� RQ� DQLPDOV� IURP� RXU� TXDGUDQW� FKHPRWD[LV� DVVD\�� ZH�
GHWHUPLQHG�GLIIHUHQFHV�LQ�JHQH�H[SUHVVLRQ�EHWZHHQ�DQLPDOV�WKDW�PRYHG�WR�VDOW�FRQWDLQLQJ�
DQG�WR�QR�VDOW�FRQWDLQLQJ�TXDGUDQWV��8VLQJ�XQVXSHUYLVHG�FOXVWHULQJ�DQDO\VLV��ZH�ZHUH�XQDEOH�
WR�LGHQWLI\�SRVVLEOH�FDXVDWLYH�GLIIHUHQFHV�LQ�JHQH�H[SUHVVLRQ�SURˋOHV�EHWZHHQ�WKH�WZR�JURXSV��
6XSHUYLVHG�FOXVWHULQJ�GLG� LGHQWLI\�VHYHUDO�GLIIHUHQWLDOO\�H[SUHVVHG�JHQHV��KRZHYHU��PRVW�RI�
WKHVH�ZHUH�H[SUHVVHG�DW�YHU\�ORZ�OHYHOV�DQG�RQO\�VRPH�FRXOG�EH�YDOLGDWHG�XVLQJ�57�T3&5�

:H�XVHG�D�TXDGUDQW�FKHPRWD[LV�DVVD\�WR�DQDO\]H�WKH�UHVSRQVH�RI�C. elegans�WR�1D&O��-DQVHQ�HW�
DO���������:LFNV�HW�DO����������,Q�WKLV�DVVD\��DQLPDOV�DUH�SODFHG�RQ�D�VHFWLRQDO�SHWUL�GLVK�ZLWK���
TXDGUDQWV��WZR�RI�ZKLFK�FRQWDLQ�DQ�DWWUDFWLYH�FRQFHQWUDWLRQ�RI�1D&O��$QLPDOV�DUH�DOORZHG�WR�
PRYH�RYHU�WKH�SODWH�IRU����PLQXWHV��DIWHU�ZKLFK�PRVW�DQLPDOV��a�����FDQ�EH�IRXQG�RQ�1D&O�
FRQWDLQLQJ�TXDGUDQWV��$PRQJ�WKH�DQLPDOV�WKDW�HQG�RQ�TXDGUDQWV�ZLWKRXW�1D&O��WZR�UHVSRQVHV�
FDQ�EH�LGHQWLˋHG��SHUVRQDO�REVHUYDWLRQ���6RPH�PRYH�WR�WKHVH�TXDGUDQWV�LPPHGLDWHO\�DIWHU�WKH�
VWDUW�RI�WKH�H[SHULPHQW��ZKLOH�RWKHUV�ˋUVW�PRYH�WR�WKH�1D&O�FRQWDLQLQJ�TXDGUDQWV�EXW�PRYH�
WR�WKH�RWKHU�TXDGUDQWV�GXULQJ�WKH�DVVD\��7KLV�LQGLFDWHV�WKDW�WKHUH�DUH�PXOWLSOH�EHKDYLRUV�LQ�
RXU�DVVD\�



)RU� WKH� DQLPDOV� WKDW� LQLWLDOO\� PRYH� WR� WKH� TXDGUDQWV� ZLWKRXW� VDOW� YDULRXV� FDXVHV� FDQ� EH�
K\SRWKHVL]HG��9DULDWLRQ� LQ� WKH� SUHVHQFH� RU� SKRVSKRU\ODWLRQ� VWDWXV� RI� VLJQDOLQJ�PROHFXOHV�
LQ� WKH� FKHPRWD[LV� SDWKZD\� PLJKW� FDXVH� WHPSRUDU\� GHWHFWLRQ� LQHIˋFLHQFLHV�� 9DULDWLRQ� LQ�
WKH� IXQFWLRQ� RI� WKH� LQWHUQHXURQV� RU� GRZQVWUHDP�PRWRU� FLUFXLW�PLJKW� SOD\� D� UROH� DV� ZHOO��
$QLPDOV�WKDW�VZLWFK�TXDGUDQWV�GXULQJ�WKH�DVVD\�FDQ�GR�VR�IRU�\HW�RWKHU�UHDVRQV��)RU�LQVWDQFH��
GHVHQVLWL]DWLRQ�FRXOG�RFFXU�PRUH�TXLFNO\�LQ�VRPH�DQLPDOV�WKDQ�LQ�RWKHUV��$OWHUQDWLYHO\��VRPH�
DQLPDOV�PLJKW�VWDUW�WR�DVVRFLDWH�1D&O�ZLWK�WKH�DEVHQFH�RI�IRRG�GXULQJ�WKH�FKHPRWD[LV�DVVD\��
([SHULPHQWV�RQ�JXVWDWRU\�SODVWLFLW\�H[SHULPHQWV�VKRZ�WKDW�C. elegans�DYRLGV�1D&O�ZKHQ�LWV�
SUHVHQFH�LV�DVVRFLDWHG�ZLWK�WKH�DEVHQFH�RI�IRRG��+XNHPD�HW�DO���������-DQVHQ�HW�DO����������DQG�
VXFK�DQ�HIIHFW�PLJKW�DOVR�SOD\�D�UROH�KHUH�

:H�ZHUH�XQDEOH�WR�LGHQWLI\�GLIIHUHQFHV�LQ�JHQH�H[SUHVVLRQ�XVLQJ�XQVXSHUYLVHG�DQDO\VLV��7KLV�
FDQ�EH�DWWULEXWHG�WR�VHYHUDO�LVVXHV��)LUVW��WKH�JHQHV�ZLWK�FDXVDWLYH�YDULDWLRQ�LQ�WKHLU�H[SUHVVLRQ�
PLJKW�RQO\�EH� H[SUHVVHG� LQ�RQH�RU� D� IHZ� FHOOV�� IRU� H[DPSOH� LQ� WKH�$6(�QHXURQV�RU� RQH�RI�
WKH�LQWHUQHXURQV�LQYROYHG�LQ�WKH�FKHPRWD[LV�UHVSRQVH��*LYHQ�WKDW�WKH�DGXOW�KHUPDSKURGLWH�
FRPSULVHV�SUHFLVHO\����� VRPDWLF� FHOOV� �PDNLQJ�C. elegans an eutelic organism), this would 
UHVXOW�LQ�DQ�XQIDYRUDEOH�VLJQDO�WR�QRLVH�UDWLR��6HYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW�YDULDWLRQ�LQ�
EHKDYLRU�FDQ�LQGHHG�EH�FDXVHG�E\�VLQJOH�RU�D�IHZ�FHOOV�LQ�D�QHXURQDO�FLUFXLW��*RUGXV�HW�DO���������
,ZDQLU�HW�DO����������6LPLODUO\��H[SUHVVLRQ�RI�D�JHQH�FRXOG�YDU\�RQO\�LQ�D�IHZ�FHOOV�DQG�VKRZ�
VWHDG\�H[SUHVVLRQ�LQ�RWKHU�QHXURQV�RU�HYHQ�LQ�PRVW�RI�WKH�DQLPDO��3UHVXPDEO\��DQ\�GLIIHUHQFHV�
LQ� H[SUHVVLRQ�ZRXOG� EH� HYHQHG� RXW� DQG� UHQGHU� RXU� DQDO\VLV� LQHIIHFWLYH� LQ� LGHQWLI\LQJ� DQ\�
H[SUHVVLRQ�GLIIHUHQFHV��6HFRQG��QRW�HYHU\�DQLPDO�HQGHG�RQ�D�TXDGUDQW�ZLWKRXW�1D&O�IRU�WKH�
VDPH�UHDVRQ��8QVXSHUYLVHG�FOXVWHULQJ�ZRXOG�EH�XQDEOH�WR�LGHQWLI\�FOXVWHUV�RI�DQLPDOV�LI�WKH\�
GLG�QRW�VKDUH�GLIIHUHQWLDOO\�H[SUHVVHG�JHQHV�

6XSHUYLVHG�FOXVWHULQJ��ZKHUH�WKH�DQDO\VLV�WDNHV�LQWR�DFFRXQW�WR�ZKLFK�TXDGUDQW�WKH�DQLPDO�
PRYHG��GLG�LGHQWLI\�VRPH�JHQHV�WKDW�ZHUH�GLIIHUHQWLDOO\�H[SUHVVHG�EHWZHHQ�DQLPDOV�IURP�1D&O�
RU�QR�1D&O�FRQWDLQLQJ�TXDGUDQWV���+RZHYHU��ZLWK��������SURWHLQ�FRGLQJ�JHQHV�DQG�a�������
51$�JHQHV��LW�LV�QRW�XQUHDVRQDEOH�WR�H[SHFW�WKDW�VRPH�JHQHV�E\�FKDQFH�EHKDYHG�LQ�WKH�ZD\�ZH�
VHW�RXW�WR�ˋQG��H�J��KLJK�H[SUHVVLRQ�LQ�DQLPDOV�RQ�VDOW�TXDGUDQWV�DQG�ORZ�H[SUHVVLRQ�LQ�RQH�RU�
IHZ�DQLPDOV�RQ�WKH�TXDGUDQWV�ZLWKRXW�VDOW�

7ZR�PHWKRGV� FRXOG� KDYH� LPSURYHG� RXU� VHDUFK� IRU� D� JHQH� ZLWK� FDXVDWLYH� YDULDWLRQ� LQ� LWV�
H[SUHVVLRQ��)LUVW��ZH�FRXOG�KDYH�QDUURZHG�GRZQ�RXU�VHDUFK�WR�D�VXEVHW�RI�WKH�����VRPDWLF�
FHOOV��)RU�H[DPSOH�� WR� LGHQWLI\�QHXURQV� LQYROYHG� LQ� WKH�EHKDYLRUDO�YDULDWLRQ�� F*03�RU�&D�� 
LPDJLQJ� LQ� IUHHO\� URDPLQJ� DQLPDOV� RQ� D� FKHPRWD[LV� DVVD\� FDQ� EH� XVHG� �)DQJ�<HQ� HW� DO���
������/XR�HW�DO����������$OWKRXJK�ZKROH�EUDLQ�LPDJLQJ�RI�C. elegans� LV�SRVVLEOH��1JX\HQ�HW�
DO���������<HPLQL�HW�DO����������GRLQJ�VR�LQ�IUHHO\�PRYLQJ�DQLPDOV�PLJKW�SURYH�GLIˋFXOW�ZKHQ�
ORRNLQJ�IRU�YDULDWLRQ�LQ�WKH�FHOOXODU�UHVSRQVH��,QVWHDG��ZH�FDQ�LPDJH�FKHPRVHQVRU\�QHXURQV��
LQWHUQHXURQV��RU�QHXURQV� IURP�WKH�GRZQVWUHDP�PRWRU�FLUFXLW�VHSDUDWHO\�DQG�DQDO\]H�WKHLU�
UHVSRQVHV�LQ�DQLPDOV�RQ�RXU�TXDGUDQW�DVVD\��7KLV�DSSURDFK�FRXOG�LGHQWLI\�GLIIHUHQFHV�LQ�WKH
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QHXURQDO�UHVSRQVH�EHWZHHQ�DQLPDOV�WKDW�PRYHG�WR�D�TXDGUDQW�ZLWK�1D&O�DQG�WKRVH�WKDW�GLG�
QRW��7R�LPSURYH�WKH�FOXVWHULQJ�DQDO\VLV��ZH�FDQ�VXEVHTXHQWO\�DQDO\]H�D�VXEVHW�RI�WKH�JHQHV�
IURP�RXU�VLQJOH�ZRUP�51$VHT�GDWD��IRFXVLQJ�RQO\�RQ�JHQHV�H[SUHVVHG�LQ�WKH�GLIIHUHQWLDOO\�
UHVSRQGLQJ�QHXURQV�

6HFRQG��D�JUDGLHQW�DVVD\�FRXOG�EH�XVHG�LQ�DGGLWLRQ�WR�WKH�TXDGUDQW�FKHPRWD[LV�DVVD\��,Q�D�
JUDGLHQW�DVVD\��D�VKDOORZ�JUDGLHQW�RYHU�D�ORQJHU�GLVWDQFH�FDQ�EH�DFFRPSOLVKHG��H�J��D�JUDGLHQW�
RI������P0�1D&O�RYHU����FP��DQG�XVHG�WR�WHVW�WKH�FKHPRWD[LV�EHKDYLRU�RI�C. elegans��6XFK�DQ�
DVVD\�FDQ�EH�XVHG�WR�VHOHFW�DQLPDOV�IURP�WKH�H[WUHPH�HQGV�RI�WKH�VSHFWUXP�RI�WKH�FKHPRWD[LV�
UHVSRQVH�� )RU� LQVWDQFH�� ZKHQ� VWDUWHG� DW� WKH� PLGGOH� RI� D� JUDGLHQW�� VRPH� DQLPDOV� PLJUDWH�
IXUWKHU�XS�WKH�JUDGLHQW�WKDQ�RWKHUV�ZKLOH�VRPH�PRYH�GRZQ�WKH�JUDGLHQW��/XR�HW�DO����������%\�
VHOHFWLQJ�DQLPDOV�IURP�WKH�IDU�HQGV�RI�WKH�JUDGLHQW��H[WUHPHV�LQ�WKH�YDULDWLRQ�FDQ�EH�VHOHFWHG�
DQG�D�SRVVLEOH�VKDUHG�PHFKDQLVP�FRXOG�EH�LGHQWLˋHG�

,Q�FRQFOXVLRQ�� ,�GLVFXVVHG�WKUHH�VWXGLHV�ZKLFK�H[SORUHG�YDULRXV�DVSHFWV�RI� WKH�FKHPRWD[LV�
response of C. elegans��:H� VKRZHG�KRZ� WKH�QHPDWRGH�PDLQWDLQV� WKH� IXQFWLRQ�RI� LWV�PDLQ�
1D&O�GHWHFWLQJ�QHXURQ�SDLU�WKURXJK�VWDELOL]LQJ�WKH�H[SUHVVLRQ�RI�D�WHUPLQDO�VHOHFWRU�JHQH��:H�
VKRZHG�KRZ�D�F*03�VXE�FRPSDUWPHQW�DW�WKH�WLS�RI�WKH�FLOLD�RI�WKLV�QHXURQ�SDLU�LV�IRUPHG�DQG�
IXQFWLRQV�DV�D�VHQVLWLYH�GHWHFWRU�RI�1D&O��)LQDOO\��ZH�DWWHPSWHG�WR�FRUUHODWH�YDULDWLRQ�LQ�JHQH�
H[SUHVVLRQ�ZLWK�GLIIHUHQFHV�EHWZHHQ�WKH�FKHPRWD[LV�UHVSRQVH�RI�LQGLYLGXDO�DQLPDOV�
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2��� ������ 5HPRYDO� RI� 3RO\FRPE� 5HSUHVVLYH�
&RPSOH[� �� 0DNHV� C. elegans� *HUP� &HOOV�
6XVFHSWLEOH� WR� 'LUHFW� &RQYHUVLRQ� LQWR� 6SHFLˋF�
6RPDWLF�&HOO�7\SHV��&HOO�5HSRUWV��������ȟ�����

5HLWHU�� -�)��� /HURX[�� 0�5��� ������ *HQHV
DQG� PROHFXODU� SDWKZD\V� XQGHUSLQQLQJ�
FLOLRSDWKLHV��1DW��5HY��0RO��&HOO�%LRO����������

6DWWHUOHH�� -�6��� 6DVDNXUD�� +��� .XKDUD�� $��� %HUNHOH\�
0��� 0RUL�� ,��� 6HQJXSWD�� 3��� ������ 6SHFLˋFDWLRQ�
RI� 7KHUPRVHQVRU\� 1HXURQ� )DWH� LQ� C. elegans 
5HTXLUHV�ttx-1��D�+RPRORJ�RI�otd/Otx��1HXURQ�����
���ȟ����

6HPLQD�� (�9��� 5HLWHU�� 5��� /H\VHQV�� 1�-��� $OZDUG�
:�/�0��� 6PDOO�� .�:��� 'DWVRQ�� 1�$��� 6LHJHO�
%DUWHOW�� -��� %LHUNH�1HOVRQ�� '��� %LWRXQ�� 3��� =DEHO��
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%�8��� &DUH\�� -�&��� 0XUUD\�� -�&��� ������ &ORQLQJ�
DQG� FKDUDFWHUL]DWLRQ� RI� D� QRYHO� bicoid-related 
KRPHRER[� WUDQVFULSWLRQ� IDFWRU� JHQH�� 5,(*��
LQYROYHG� LQ� 5LHJHU� V\QGURPH�� 1DW� *HQHW� ����
���ȟ����

6HUUDQR�6DL]�� (��� /H\YD�'¯D]�� (��� &UX]�� (�'�/��
+REHUW�� 2��� ������ %51��W\SH� 328� +RPHRER[�
*HQHV� 0DLQWDLQ� WKH� ,GHQWLW\� RI� 0DWXUH�
3RVWPLWRWLF� 1HXURQV� LQ� 1HPDWRGHV� DQG� 0LFH��
&XUU�%LRO���������������H��

6HUUDQR�6DL]��(���3RROH��5�-���)HOWRQ��7���=KDQJ��)���'H
/D�&UX]��(�'���+REHUW��2�������D��0RGXODU�&RQWURO�
RI�*OXWDPDWHUJLF�1HXURQDO�,GHQWLW\�LQ�C. elegans 
E\� 'LVWLQFW� +RPHRGRPDLQ� 3URWHLQV�� &HOO� �����
���ȟ����

6HUUDQR�6DL]��(���3RROH��5�-���)HOWRQ��7���=KDQJ��)���'H
/D�&UX]��(�'���+REHUW��2�������E��0RGXODU�&RQWURO�
RI�*OXWDPDWHUJLF�1HXURQDO�,GHQWLW\�LQ�C. elegans 
E\� 'LVWLQFW� +RPHRGRPDLQ� 3URWHLQV�� &HOO� �����
���ȟ����

6LPHRQH�� $��� 3XHOOHV�� (��� $FDPSRUD�� '��� ������ 7KH
Otx�IDPLO\��&XUU�2SLQ�*HQHW�'HY��������ȟ����

6PLWK�� +�.��� /XR�� /��� 2Ȣ+DOORUDQ�� '��� *XR�� '��
+XDQJ�� ;��<��� 6DPXHO�� $�'��� +REHUW�� 2��� ������
'HˋQLQJ� 6SHFLˋFLW\� 'HWHUPLQDQWV� RI� F*03�
0HGLDWHG� *XVWDWRU\� 6HQVRU\� 7UDQVGXFWLRQ� LQ�
Caenorhabditis elegans��*HQHWLFV���������ȟ����

6ºQGHUJDDUG�� /�9��� +HUVNLQ�� 0�6��� /DGHZLJ�� -��
+ROP�� ,�(��� 'DJQ¨V�+DQVHQ�� )��� ������ (IIHFW� RI�
JHQHWLF� KRPRJHQHLW\� RQ� EHKDYLRXUDO� YDULDELOLW\�
LQ�DQ�REMHFW�UHFRJQLWLRQ�WHVW�LQ�FORQHG�*¸WWLQJHQ�
PLQLSLJV��$SSO�$QLP�%HKDY�6FL��������ȟ���

6SDOGLQJ�� .�/��� %KDUGZDM�� 5�'��� %XFKKRO]�� %�$��
'UXLG�� +��� )ULV«Q�� -��� ������ 5HWURVSHFWLYH� %LUWK�
'DWLQJ�RI�&HOOV�LQ�+XPDQV��&HOO���������ȟ����

7RSDOLGRX�� ,��� 2XGHQDDUGHQ�� $�� YDQ�� &KDOˋH�� 0��
������ Caenorhabditis elegans aristaless/Arx 
gene alr-1� UHVWULFWV� YDULDEOH� JHQH� H[SUHVVLRQ��
3URF� 1DWLRQDO� $FDG� 6FL� ����� ����ȟ�����

7XUVXQ��%���3DWHO��7���.UDWVLRV��3���+REHUW��2��������
'LUHFW� FRQYHUVLRQ� RI�C. elegans germ cells into 
VSHFLˋF� QHXURQ� W\SHV�� 6FLHQFH� �1HZ� <RUN�� 1�<���
��������ȟ��

8FKLGD�� 2��� 1DNDQR�� +��� .RJD�� 0��� 2KVKLPD�
<��� ������ 7KH� C. elegans che-1 gene encodes a 
]LQF� ˋQJHU� WUDQVFULSWLRQ� IDFWRU� UHTXLUHG� IRU�
VSHFLˋFDWLRQ�RI�WKH�$6(�FKHPRVHQVRU\�QHXURQV��
'HYHORSPHQW����������ȟ�����

:DOF]DN��$�0���2QXFKLF�� -�1���:RO\QHV��3�*��� �����
$EVROXWH� 5DWH� 7KHRULHV� RI� (SLJHQHWLF� 6WDELOLW\��
3URF�1DWLRQDO�$FDG�6FL�����������ȟ������

:LFNV�� 6�5��� 9ULHV�� &�-�� GH�� /XHQHQ�� +�*�$�0�
YDQ�� 3ODVWHUN�� 5�+�$��� ������ &+(���� D� &\WRVROLF�
'\QHLQ� +HDY\� &KDLQ�� ,V� 5HTXLUHG� IRU� 6HQVRU\�
&LOLD� 6WUXFWXUH� DQG� )XQFWLRQ� LQ� Caenorhabditis 
elegans��'HY�%LRO���������ȟ����

:LHUHU��0���0DQQ��0���������3URWHRPLFV�WR�VWXG\�'1$
ERXQG�DQG�FKURPDWLQ�DVVRFLDWHG�JHQH�UHJXODWRU\�
FRPSOH[HV��+XP�0RO�*HQHW�����5���ȟ5����

:LOOLDPV��&�/���/L��&���.LGD��.��� ,QJOLV��3�1���0RKDQ�
6���6HPHQHF��/���%LDODV��1�-���6WXSD\��5�0���&KHQ��
1��� %ODFTXH�� 2�(��� <RGHU�� %�.��� /HURX[�� 0�5���
������ 0.6� DQG� 13+3� PRGXOHV� FRRSHUDWH� WR�
HVWDEOLVK� EDVDO� ERG\�WUDQVLWLRQ� ]RQH�PHPEUDQH�
DVVRFLDWLRQV� DQG� FLOLDU\� JDWH� IXQFWLRQ� GXULQJ�
FLOLRJHQHVLV��-�&HOO�%LRORJ\����������ȟ�����

:RMW\QLDN�� 0��� %UHDU�� $�*��� 2Ȣ+DOORUDQ�� '�0��
6HQJXSWD�� 3��� ������ &HOO�� DQG� VXEXQLW�VSHFLˋF�
PHFKDQLVPV� RI� &1*� FKDQQHO� FLOLDU\� WUDIˋFNLQJ�
DQG� ORFDOL]DWLRQ� LQ� C. elegans�� -� &HOO� 6FL� �����
����ȟ���

<HPLQL�� (��� /LQ�� $��� 1HMDWEDNKVK�� $��� 9DURO�� (��
6XQ��5���0HQD��*�(���6DPXHO��$�'�7���3DQLQVNL��/���
9HQNDWDFKDODP��9���+REHUW��2���������1HXUR3$/��
$� 1HXURQDO� 3RO\FKURPDWLF� $WODV� RI� /DQGPDUNV�
IRU� :KROH�%UDLQ� ,PDJLQJ� LQ� C. elegans�� %LRU[LY�
�������

<L�� 3��� /L�� :��-��� 'RQJ�� 0��4��� 2X�� *��� �����
'\QHLQ�'ULYHQ� 5HWURJUDGH� ,QWUDˌDJHOODU�
Transport Is Triphasic in C. elegans�6HQVRU\�&LOLD��
&XUU�%LRO���������������H��

=KHQJ�� &��� -LQ�� )�4��� &KDOˋH�� 0��� ������ +R[
3URWHLQV� $FW� DV� 7UDQVFULSWLRQDO� *XDUDQWRUV� WR�
(QVXUH�7HUPLQDO�'LIIHUHQWLDWLRQ��&HOO�5HSRUWV����
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