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$EVWUDFW�� 0RWLYDWLRQ�� )XQFWLRQDOO\� UHODWHG� JHQHV� LQYROYHG� LQ� WKH� VDPH� JHQHWLF��
ELRFKHPLFDO��RU�SK\VLRORJLFDO�SURFHVV�DUH�RIWHQ�UHJXODWHG�FR�RUGLQDWHO\�E\�VSHFLILF�
FRPELQDWLRQV� RI� WUDQVFULSWLRQ� IDFWRUV� �7)V�� WKDW� ELQG� WR� VSHFLILFDOO\� DUUDQJHG�
ELQGLQJ� VLWHV�RQ�'1$� �FRPSRVLWH�PRGXOHV� �&0V����'LIIHUHQW� VLJQDO� WUDQVGXFWLRQ�
SDWKZD\V� OHDGLQJ� WR� WKH� DFWLYDWLRQ� RI� WKHVH� 7)V� FRQYHUJH� DW� NH\�PROHFXOHV� WKDW�
PDVWHU�UHJXODWH� FHOOXODU� SURFHVVHV� XQGHU� VWXG\�� 5HVXOWV�� :H� GHYHORSHG� D� QRYHO�
FRPSXWDWLRQDO� DSSURDFK� WR� LQWHUSUHW� JHQH� H[SUHVVLRQ� GDWD� DQG� WR� SURSRVH�
complexes of transcription factors and further “upstream” key signaling molecules 
WKDW� DUH� DEOH� WR� PDVWHU�UHJXODWH� WKH� REVHUYHG� JHQH� H[SUHVVLRQ�� 7KH� DSSURDFK�
XWLlizes data from two databases (TRANSFAC® and TRANSPATH®) and 
FRQVLVWV�RI� WZR�PDMRU�FRPSRQHQWV�����&0)LQGHU analyzes 5’�XSVWUHDP�UHJLRQV�RI�
FR�H[SUHVVHG�JHQHV�DQG�DSSOLHV�D�JHQHWLF�DOJRULWKP�WR�UHYHDO�&0V�FRQVLVWLQJ�RI�FR�
RFFXUULQJ�VLQJOH�7)�ELQGLQJ�VLWHV�DQG�FRPSRVLWH�HOHPHQWV�����$UUD\$QDO\]HU� LV�D�
IDVW�QHWZRUN�VHDUFK�HQJLQH�WKDW�DQDO\]HV�VLJQDO�WUDQVGXFWLRQ�QHWZRUNV�XSVWUHDP�RI�
WKH� 7)V� UHYHDOHG� LQ� WKH� SUHYLRXV� VWHS� DQG� ILQGV� NH\� PROHFXOHV� ZKLFK� FDQ� EH�
UHVSRQVLEOH�IRU�WKH�REVHUYHG�FRQFHUWHG�JHQH�DFWLYDWLRQ��7KH�DSSURDFK�ZDV�DSSOLHG�
WR� D� VHW� RI� PLFURDUUD\� GDWD� RQ� GLIIHUHQWLDO� JHQH� H[SUHVVLRQ� LQ� OLYHU� RI� JURZWK�
KRUPRQH�GHILFLHQW� PLFH� �6PD���� 7KH� UHVXOWV� REWDLQHG� LQ� RXU� DQDO\VLV� DOORZ� WR�
FRQILUP�WKH�VSHFLILF�UROH�RI�JURZWK�KRUPRQH��*+��LQ�DOWHULQJ�RI�JHQH�H[SUHVVLRQ�LQ�
OLYHU�RI�WKH�6PD��PXWDQW�PLFH��,Q�DGGLWLRQ�ZH�SURSRVHG�D�QXPEHU�RI�RWKHU�KLJKO\�
UHOHYDQW�NH\�PROHFXOHV���

��,QWURGXFWLRQ�

1HZ� WHFKQRORJLHV� JHQHUDWH� PDVV� GDWD� RQ� JHQH� H[SUHVVLRQ� SDWWHUQV� DQG� SURILOHV��
+RZHYHU��WKH�DYDLODEOH�FDSDFLWLHV�WR�LQWHUSUHW�WKHVH�GDWD�DQG�WR�ILOWHU�FDQGLGDWH�WDUJHWV�IRU�
GUXJ�GHYHORSPHQW�DUH�YHU\�OLPLWHG��
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5HJXODWLRQ� RI� JHQH� H[SUHVVLRQ� LV� DFFRPSOLVKHG� WKURXJK� ELQGLQJ� RI� 7)V� WR� WKHLU� '1$�
ELQGLQJ�VLWHV�DQG�WUDQVPLVVLRQ�RI�WKH�UHJXODWRU\�VLJQDO�WR�WKH�EDVDO�WUDQVFULSWLRQ�FRPSOH[��
6RPH�RI�WKHVH�7)V�DUH�VSHFLILF�IRU�D�SDUWLFXODU�WLVVXH��D�GHILQLWH�VWDJH�RI�GHYHORSPHQW��RU�
D� JLYHQ� H[WUDFHOOXODU� VLJQDO�� EXW� PRVW� WUDQVFULSWLRQ� IDFWRUV� DUH� LQYROYHG� LQ� JHQH�
UHJXODWLRQ� XQGHU� D� UDWKHU�ZLGH� VSHFWUXP� RI� FHOOXODU� FRQGLWLRQV�� ,W� LV� FOHDU� E\� QRZ� WKDW�
FRPELQDWLRQV� RI� 7)V� UDWKHU� WKDQ� VLQJOH� IDFWRUV� GULYH� JHQH� WUDQVFULSWLRQ� DQG� GHILQH� LWV�
VSHFLILFLW\��'\QDPLF�IXQFWLRQ�VSHFLILF�FRPSOH[HV�RI�PDQ\�GLIIHUHQW�WUDQVFULSWLRQ�IDFWRUV��
VR�FDOOHG�HQKDQFHRVRPHV��0HULND�DQG�7KDQRV��������DUH�IRUPHG�DW�JHQH�SURPRWHUV�DQG�
HQKDQFHUV� GULYLQJ� JHQH� H[SUHVVLRQ� LQ� VSHFLILF� PDQQHUV�� $W� WKH� OHYHO� RI� '1$�� WKH�
EOXHSULQWV� IRU� DVVHPEOLQJ� RI� VXFK� YDULDEOH�7)� FRPSOH[HV� RQ� SURPRWHU� UHJLRQV�PD\� EH�
VHHQ� DV� VSHFLILF� FRPELQDWLRQV� RI� 7)� ELQGLQJ� VLWHV� ORFDWHG� LQ� FORVH� SUR[LPLW\� WR� HDFK�
other. We call such structures  “composite modules (CMs)”. There may be several 
GLIIHUHQW�W\SHV�RI�&0V�ORFDWHG�LQ�WKH�UHJXODWRU\�UHJLRQ�RI�RQH�JHQH��WKDW�FDQ�EH�VSDFHG�
�H�J�� OLYHU� VSHFLILF� DQG� PXVFOH� VSHFLILF� HQKDQFHUV� RI� RQH� JHQH�� RU� RYHUODSSLQJ�� &0V�
FRQVLVWLQJ� RI� WZR�WKUHH� FORVHO\� ORFDWHG� VLWHV� EHORQJ� WR� WKH� VPDOOHVW� ORZHVW� KLHUDUFKLFDO�
OHYHO�RI�&0V��&0V�RI�D�KLJKHU�OHYHO�PD\�LQFOXGH�PRUH�VLWHV�DV�ZHOO�DV�&0V�RI�D�ORZHU�
OHYHO�VXFK�DV�&(V���

6SHFLILF�7)�ELQGLQJ�VLWH�FRPELQDWLRQV�ZHUH�XVHG�IRU�DQ�LGHQWLILFDWLRQ�RI�PXVFOH�VSHFLILF�
SURPRWHUV� �)UHFK� HW� DO��� ������ :DVVHUPDQ� DQG� )LFNHWW�� ������� SURPRWHUV� RI� OLYHU�
HQULFKHG�JHQHV��7URQFKH�HW�DO����������RI�\HDVW�JHQHV��%UD]PD�HW�DO����������RI�LPPXQH�
VSHFLILF�JHQHV��%RHKON�HW�DO���������)HVVHOH�HW�DO���������.HO�HW�DO����������DQG�SURPRWHUV�
of genes regulated during cell cycle (Kel et al., 2001). In the database TRANSCompel® 
�.HO�0DUJRXOLV� HW� DO��� ������ NQRZQ� &(V� WKDW� DUH� VSHFLILF� FRPELQDWLRQV� RI� SDLUV� RU�
WULSOHWV� RI� 7)� ELQGLQJ� VLWHV� ORFDWHG� LQ� FORVH� SUR[LPLW\� WR� HDFK� RWKHU� DUH� FROOHFWHG��
5HFHQWO\�� D� QXPEHU� RI� DSSURDFKHV� LGHQWLI\LQJ� FRPSRVLWH� PRWLIV� ZHUH� GHVFULEHG��
%LR3URVSHFWRU� �/LX� HW� DO��� �������&R�%LQG� �*XKD7KDNXUWD� DQG�6WRUPR���������0,75$�
�(VNLQ��DQG�3HY]QHU���������G\DG�VHDUFK��YDQ�+HOGHQ�HW�DO����������7KHVH�SURJUDPV�KHOS�
to discover new regulatory sites for yet unknown transcription factors, but an “ab initio” 
PRWLI� ILQGLQJ�PHWKRG�LV� OLPLWHG�E\� WKH� OHQJWK�RI�VHTXHQFHV�DQG�PD\�QRW�EH�VXLWDEOH�IRU�
WKH� DQDO\VLV� RI� ORQJ� UHJXODWRU\� UHJLRQV� RI� JHQHV� RI�KXPDQ�DQG�RWKHU�KLJKHU� HXNDU\RWLF�
organisms. A valuable source to identify TF binding sites is the TRANSFAC® database 
�KWWS���ZZZ�ELREDVH�GH����0DW\V�HW�DO����������1RYHO�PHWKRGV�KDYH�EHHQ�GHYHORSHG�WKDW�
XWLOLVH�WKLV�LQIRUPDWLRQ��&OXVWHU6FDQ��.HO�0DUJRXOLV�HW�DO�������E��'
6RX]D�HW�DO���������
728&$1�V\VWHP���$HUWV�HW�DO����������

:H�GHYHORSHG�D�QHZ�PHWKRG�IRU�GHWHFWLQJ�GH�QRYR�FRPSRVLWH�PRGXOHV�XVLQJ�LQIRUPDWLRQ�
from TRANSFAC® about positional weight matrices (PWMs) that characterize DNA 
ELQGLQJ�VLJQDWXUH�RI�PDQ\�GLIIHUHQW�WUDQVFULSWLRQ�IDFWRU�IDPLOLHV��7KLV�PHWKRG�DOORZV�XV�
WR� LQWHUSUHW�JHQH�H[SUHVVLRQ�GDWD�DQG�WR�SURSRVH�FRPSOH[HV�RI�WUDQVFULSWLRQ�IDFWRUV�DQG�
further “upstream” key signaling molecules that are able to master�UHJXODWH�WKH�REVHUYHG�
JHQH�H[SUHVVLRQ��
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��'DWD�DQG�0HWKRGV�

����'DWDEDVHV�DQG�3:0�EDVHG�VLWH�UHFRJQLWLRQ�PHWKRG��

7ZR� GDWDEDVHV� IRU� SUHGLFWLRQ� RI� JHQH� H[SUHVVLRQ� ZHUH� XVHG� �%,2%$6(� *PE+��
Wolfenbuttel, Germany, www.biobase.de) . TRANSFAC® (0DW\V� HW� DO��� ������ LV� D�
GDWDEDVH� WKDW� FROOHFWV� LQIRUPDWLRQ� DERXW� JHQH� UHJXODWLRQ� LQ� HXNDU\RWHV� � EDVHG� RQ�
DQQRWDWLRQ�RI�H[SHULPHQWDOO\�SURYHQ�ELQGLQJ�RI�WUDQVFULSWLRQ�IDFWRUV�WR�WKHLU�WDUJHW�VLWHV��
TRANSPATH® (.UXOO� HW� DO��� ������ LV� D� GDWDEDVH� WKDW� FRPSULVHV�GDWD� DERXW�PROHFXOHV�
SDUWLFLSDWLQJ� LQ� VLJQDO� WUDQVGXFWLRQ� DQG� WKH� UHDFWLRQV� WKH\� XQGHUJR�� WKXV� VSDQQLQJ� D�
complex network of interconnected signalling components. TRANSPATH® focuses on 
VLJQDOOLQJ� FDVFDGHV� WKDW� DLP� DW� WUDQVFULSWLRQ� IDFWRUV� DQG� WKXV� DOWHU� WKH� JHQH� H[SUHVVLRQ�
profile of a given cell. We used TRANSFAC® Professional rel.8.1 and TRANSPATH® 
3URIHVVLRQDO�UHO������

)RU� SUHGLFWLQJ� SRWHQWLDO� 7)� ELQGLQJ� VLWHV� LQ� QXFOHRWLGH� VHTXHQFHV� ZH� XVHG� WKH� PRVW�
ZLGHO\� XVHG� PHWKRG� ZKLFK� LV� WKH� DSSOLFDWLRQ� RI� SRVLWLRQDO� ZHLJKW� PDWULFHV� �3:0V��
�4XDQGW et al., 1995). TRANSFAC® pURYLGHV� WKH� ODUJHVW� FROOHFWLRQ�RI�ZHLJKW�PDWULFHV�
IRU� HXNDU\RWLF� WUDQVFULSWLRQ� IDFWRUV� �ZZZ�ELREDVH�GH�� ZZZ�JHQH�UHJXODWLRQ�FRP��� :H�
XVH� 0DWFK� SURJUDP� �.HO� HW� DO��� ������ WR� VHDUFK� IRU� SRWHQWLDO� 7)� ELQGLQJ� VLWHV� XVLQJ�
3:0V��7KLV�SURJUDP�UHTXLUHV� WZR�SDUDPHWHUV�IRU�HDFK�PDWUL[��FRUH�FXW�RII�DQG�PDWUL[�
FXW�RII��IRU�WKH���QXFOHRWLGH�PRVW�FRQVHUYHG�FRUH�RI�WKH�PDWUL[�DQG�IRU�WKH�ZKROH�PDWUL[�
UHVSHFWLYHO\���7KHVH� WZR�FXW�RII�FDQ�YDU\� IURP����� WR�����DQG� WKH\�GHILQH�KRZ�VSHFLILF�
DQG� KRZ� VHQVLWLYH� LV� WKH� PHWKRG�� 7KH� KLJKHU� WKH� FXW�RIIV� WKH� PRUH� VSHFLILF� DQG� OHVV�
VHQVLWLYH�LV�WKH�VHDUFK��:H�XVHV�D�VHW�RI�����PDWULFHV�WKDW�FRUUHVSRQG�WR�GLIIHUHQW�7)V�RI�
YHUWHEUDWH�RUJDQLVPV��7KH�FXW�RIIV�ZHUH�VHW�WR�JXDUDQWHH�IRU�HDFK�PDWUL[�DW�OHDVW�����RI�
VHQVLWLYLW\�IRU�UHFRJQLWLRQ�RI�WKH�FRUUHVSRQGLQJ�7)�ELQGLQJ�VLWHV���

����$�JHQHWLF�DOJRULWKP�WR�GHWHUPLQH�FRPSRVLWH�UHJXODWRU\�PRGXOHV��&0���

&RPSRVLWH�PRGXOH��&0��LV�D�SDUWLFXODU�FRPELQDWLRQ�RI�3:0V�IRU�GLIIHUHQW�7)V��ZKLFK�
LV�DVVRFLDWHG�ZLWK�D�VSHFLILF�IXQFWLRQDO�W\SH�RI�JHQH�UHJXODWRU\�UHJLRQV��,Q�WKLV�SDSHU�ZH�
XVH�WKH�IROORZLQJ�PRGHO�RI�&0V��:H�GHILQH�D�&0�DV�D�UHODWLYHO\�VPDOO�VHW�RI�LQGLYLGXDO�
3:0V� DQG� SDLUV� RI� 3:0V�� ZLWK� JLYHQ� FXW�RIIV� IRU� PDWULFHV� DQG� UHODWLYH� GLVWDQFHV�
EHWZHHQ�VLWH�PDWFKHV�LQ�WKH�SDLUV��&0�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�WKH�&0)LQGHU�WRRO��
DQ� DGYDQFHG� YHUVLRQ� RI� D� SURPRWHU� DQDO\VLV� WRRO� &OXVWHU6FDQ� EDVHG� RQ� D� JHQHWLF�
DOJRULWKP�DV�UHFHQWO\�GHVFULEHG��.HO�0DUJRXOLV�HW�DO�������E���&0V�DUH�FKDUDFWHUL]HG�E\�
WKH� IROORZLQJ� SDUDPHWHUV�� .�� WKH� QXPEHU� RI� LQGLYLGXDO� 3:0V� LQ� WKH� PRGXOH�� 5�� WKH�

QXPEHU�RI�SDLUV�RI�3:0V��PDWUL[�FXW�RII� YDOXHV� )(k
offcutq − �� UHODWLYH� LPSDFW�YDOXHV� )(kφ �

PD[LPDO� QXPEHU� RI� EHVW� PDWFKHV� )(kκ � WKDW� ZHUH� DVVLJQHG� WR� HYHU\� ZHLJKW� PDWUL[� N�

�N ��.��� DV� ZHOO� DV� PDWUL[� FXW�RII� YDOXHV� )(r
offcutq − �� UHODWLYH� LPSDFW� YDOXHV� )(rφ DQG�

PD[LPDO�GLVWDQFHV� )(
max

rd �WKDW�ZHUH�DVVLJQHG�WR�HYHU\�PDWUL[�SDLU�U��U ��5��LQ�WKH�&0��
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�0DWULFHV�DUH�VHOHFWHG�WR�EH�LQFOXGHG�LQWR�WKH�&0�E\�WKH�SURJUDP�IURP�D�JLYHQ�OLEUDU\�RI�
3:0V��$� FRPSRVLWH�PRGXOH� VFRUH� �&0�VFRUH�� LV� FDOFXODWHG� IRU� D�'1$�VHTXHQFHV�;�
�SURPRWHU�RI�D�JHQH��DFFRUGLQJ�WR�WKH�IROORZLQJ�HTXDWLRQ���
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)( rr dd < ���

7KH�&0)LQGHU�SURJUDP�WDNHV�DV�DQ�LQSXW�WZR�VHWV�RI�VHTXHQFHV��WKH�VHW�WR�EH�DQDO\]HG��
ZH�FDOO�LW�VHW�<��DQG�D�FRQWURO�VHW�1��DQG�D�OLEUDU\�RI�3:0V�IRU�WUDQVFULSWLRQ�IDFWRUV��,Q�
WKH� FDVH� RI� DQDO\VLV�RI�PLFURDUUD\�GDWD�� VHW�<� FRQVLVWV�RI�SURPRWHUV�RI� XS��RU�GRZQ��
UHJXODWHG� JHQHV� RU� JHQHV� WKDW� DUH� EHORQJ� WR� RQH� H[SUHVVLRQ� FOXVWHU�� DQG� WKH� VHW�1�
FRQVLVWV� RI� EDFNJURXQG� VHTXHQFHV� �H�J�� SURPRWHUV� RI� JHQHV� WKDW� GLG� QRW� FKDQJH� WKHLU�
H[SUHVVLRQ��� )RU� GHILQHG� SDUDPHWHUV� .� DQG� 5� DQG� RYHU� D� QXPEHU� RI� LWHUDWLRQV�� WKH�
program optimizes the CM by searching for a “best” combination of matrices, theiU�
FXW�RIIV�DQG� WKHLU� UHODWLYH� LPSDFWV� WKDW�GLVFULPLQDWHV� VHWV�<� DQG�1��7KH�RXWSXW�RI� WKH�
SURJUDP�LV� WKH�EHVW�GLVFULPLQDWLYH�&0�ZLWK� WKH�RSWLPL]HG�SDUDPHWHUV��:H�GHILQH�WKH�
JRDO� IXQFWLRQ� RI� WKH� JHQHWLF� DOJRULWKP� DV� D� ZHLJKWHG� VXP� RI� IDOVH� QHJDWLYH�� IDOVH�
SRVLWLYH�HUURUV�DQG�WKH�VWDWLVWLFDO�VLJQLILFDQFH��W�WHVW��RYHU�VHYHUDO�UDQGRP�LWHUDWLRQV�RI�
ERRWVWUDS�SURFHGXUH�E\� VSOLWWLQJ� WKH� LQLWLDO�<�DQG�1� VHWV� LQWR� WKH� WUDLQLQJ�DQG� WHVWLQJ�
VXEVHWV��,Q�DGGLWLRQ��ZH�WHVWHG�WKH�QRUPDO�GLVWULEXWLRQ�RI�WKH�)�IXQFWLRQ�LQ�WKH�<�DQG�1�
VHWV�� &DOFXODWLQJ� WKH� JRDO� IXQFWLRQ� DOORZV� WR� DVVHVV� WKH� XVDELOLW\� RI� WKH� REWDLQHG�
VROXWLRQV�IRU�FODVVLILFDWLRQ�RI�LQGLYLGXDO�VHTXHQFHV���

���� $UUD\$QDO\]HU™� –� D� IDVW� VHDUFK� HQJLQH� WKDW� DQDO\VHV� VLJQDO� WUDQVGXFWLRQ�
QHWZRUN��

7R�XQGHUVWDQG�WKH�PHFKDQLVPV�RI�JHQH�H[SUHVVLRQ��PLFURDUUD\�GDWD�VKRXOG�EH�DQDO\]HG�
LQ� WKH� FRQWH[W� RI� FRPSOH[� UHJXODWRU\� QHWZRUNV� RI� D� FHOO�� 7KURXJK� VXFK� QHWZRUNV�� IHZ�
UHJXODWRUV� FDQ� FRQWURO� H[SUHVVLRQ� RI� ODUJH� VHWV� RI� JHQHV�� :H� KDYH� GHYHORSHG� D� WRRO�
$UUD\$QDO\]HU™� LQWHJUDWHG� Ln the TRANSPATH® signal transduction database that 
DOORZV�IDVW�VHDUFK�IRU�NH\�XSVWUHDP�UHJXODWRUV�LQ�WKH�QHWZRUNV�RI�VLJQDO�WUXQVGXFWLRQ�WKDW�
LV�FRPSRVHG�RI�NQRZQ�H[SHULPHQWDOO\�YHULILHG�VLJQDO�WUXQVGXFWLRQ�UHDFWLRQV�DQQRWDWHG�LQ�
TRANSPATH®. $UUD\$QDO\]HU™�VWDUWV�LWV�XSVWUHDP�VHDUFK�IURP�D�OLVW�RI�VR�FDOOHG�WDUJHW�
PROHFXOHV� ZKLFK� DUH� FRQVLGHUHG� DV� WDUJHWV� RI� D� FDVFDGH� RI� VLJQDO� WUDQVGXFWLRQ�� 7KHVH�
WDUJHW�PROHFXOHV� LQFOXGH�SURGXFWV�RI�WKRVH�JHQHV�WKDW�DUH�GLIIHUHQWLDOO\�H[SUHVVHG�LQ�WKH�
FRQVLGHUHG�JHQH�H[SUHVVLRQ�H[SHULPHQW��$�OLVW�RI�7)V�WKDW�DUH�SURSRVHG�RQ�WKH�SUHYLRXV�
VWHS�RI�DQDO\VLV�DUH�XVHG�DV�LQSXW�IRU�$UUD\$QDO\]HU™���
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The program searches for so called “key nodes” (or key molecules) in the signal 
WUDQVGXFWLRQ� QHWZRUN� XSVWUHDP� IURP� WKH� WDUJHW� PROHFXOHV� LQ� VXFK� D� ZD\� WKDW� D� VLJQDO�
IURP�WKHVH�NH\�PROHFXOHV�FDQ�UHDFK� WKH�PD[LPDO�QXPEHU�RI�WDUJHW�PROHFXOHV�WKURXJK�D�
PLQLPDO� QXPEHU� RI� VWHSV�� %\� WKLV� ZD\� WKH� SURJUDP� FDQ� ILQG� PROHFXOHV� SURYLGLQJ�
FRRUGLQDWHG�VLJQDO�WUDQVGXFWLRQ�DQG��LQ�WKH�FDVH�RI�WUDQVFULSWLRQ�IDFWRUV��LW�FDQ�VXJJHVW�D�
“master�regulator” of differentially expressed genes. �

7KH�DOJRULWKP�RI�$UUD\$QDO\]HU™�XVHV�FRPSUHVVHG�VKRUWHVW�GLVWDQFH�PDWULFHV��'���ZKLFK�
DUH�FDOFXODWHG�E\��H�J���)OR\G
V�DOJRULWKP��7KH�FRPSUHVVLRQ�LV�SHUIRUPHG�E\�D�GHOWD�OLNH�
DOJRULWKP�� 7KH� LGHQWLILFDWLRQ� RI� NH\� QRGHV� LV� GRQH� E\� DVVLJQLQJ� D� VFRUH� WR� HYHU\� QRGH�
�PROHFXOH� RU� JHQH�� LQ� 75$163$7+�� GHSHQGLQJ� RQ� D� JLYHQ� PD[LPDO� GLVWDQFH� GPD[�
(“search radius”). The score 6� RI� HDFK� QRGH� UHSUHVHQWV� WKH� QXPEHU�1� RI� JHQHV� IURP� D�
FHUWDLQ�JLYHQ�DUUD\�H[SHULPHQW��ZKLFK�FDQ�EH�UHDFKHG�IURP�WKLV�QRGH��WUXH�SRVLWLYHV���LQ�
UHODWLRQ�WR�WKH�QXPEHU�RI�DOO�RWKHU�QRGHV�0�LQ�WKH�ZKROH�QHWZRUN�WKDW�FDQ�EH�UHDFKHG�DV�
ZHOO� �IDOVH� SRVLWLYHV��� DFFRUGLQJ� WR� WKH� FKRVHQ� GLVWDQFH� PDWUL[�'�� UDGLXV� GPD[� DQG� D�
value of “penalty on false positives” (P). �

$UUD\$QDO\]HU™� SHUIRUPV� D� VHDUFK� RI� WKH� SRWHQWLDO� NH\� QRGHV� LQ� WKH� 75$163$7+�
QHWZRUN� WDNLQJ� WKH� 7)V� WKDW� DUH� OLQNHG� WR� WKH� 3:0V� RI� WKH� EHVW� GLVFULPLQDWLQJ� &0V�
UHYHDOHG� RQ� WKH� SUHYLRXV� VWHS� �VHH�SDUD�� ����� DV� D� VWDUWLQJ� VHW� RI� WDUJHW�PROHFXOHV��7KH�
IRXQG�SRWHQWLDO�NH\�QRGHV�DUH�UDQNHG�DFFRUGLQJ�WR�WKH�FDOFXODWHG�VFRUH�6���

��5HVXOWV�

����7HVWLQJ�RI�WKH�&0)LQGHU�RQ�VLPXODWHG�GDWD��

:H� JHQHUDWHG� D� QXPEHU� RI� VHWV� RI� UDQGRP� VHTXHQFHV�� 7KH� QXFOHRWLGH� FRPSRVLWLRQ� RI�
WKHVH� UDQGRP� VHTXHQFHV� ZDV� DGMXVWHG� WR� WKDW� RI� NQRZQ� JHQRPLF� SURPRWHUV�� :H�
LPSODQWHG� LQWR� WKH� UDQGRP� VHTXHQFHV� VHYHUDO� ELQGLQJ� VLWHV� RI� FHUWDLQ� 7)V� E\� SODFLQJ�
WKHP� LQ� UDQGRP� SRVLWLRQV�� :H� XVHG� WKH� &0)LQGHU� SURJUDP� WR� FRPSDUH� WKH� UDQGRP�
VHTXHQFH�VHW�ZLWK�DQG�ZLWKRXW�LPSODQWHG�VLWHV��:H�YDULHG�WKH�PLQLPDO�VFRUHV�RI�WKH�VLWHV�
DQG�WKHLU�IUHTXHQFLHV�WR�ILQG�OLPLWDWLRQV�RI�WKH�PHWKRG���

7DEOH����5HVXOWV�RI�WHVWLQJ�&0)LQGHU�RQ�VLPXODWHG�GDWD��

��RI�VHTXHQFHV�ZLWK�LPSODQWHG�VLWHV

��

��� RI�

PDWU

LFHV�

,PSODQWHG�VLWHV

��

�

��� ��� ����

�� $K5��$3��� �����$K5��*$7$�� ���� ��
�� $K5��2&7��&�(%3��

$3���

���� �$K5�� &�(%3��

2&7��+1)���

�� ��

�� $K5��2&7��&�(%3��

$3����1)���+1)��

�����$K5��&�(%3��

+1)���+1)�$��

525��

�����$K5��&�(%3��

$3����*$7$��525��

+1)���&283��

���� �$K5�� 2&7�� &�(%3��

525��1)���+1)����
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���KHUH�WKH�QDPHV�RI�7)V�DUH�JLYHQ�ZKRVH�PDWULFHV�ZHUH�XVHG�IRU�LPSODQWDWLRQ�LQWR�WKH�
UDQGRP�VHTXHQFHV��:H�GLG�WKUHH�WHVWV�E\�LPSODQWLQJ�����DQG���PDWULFHV�LQ�WKH�VHWV�RI�����
UDQGRP�VHTXHQFHV�RI�WKH�OHQJWK����ES�HDFK��
���WKH�FRUUHVSRQGLQJ�SHUFHQW�RI�VHTXHQFHV�LQ�WKH�VHW�ZDV�XVHG�IRU�LPSODQWDWLRQ��RWKHU�
VHTXHQFHV�LQ�WKH�VHW�ZHUH�OHIW�XQFKDQJHG���
�����PHDQV�WKDW�DOO�LPSODQWHG�PDWULFHV�ZHUH�UHYHDOHG�FRUUHFWO\�E\�WKH�DOJRULWKP������
means that not all matrices were revealed correctly, the “correct” factors are shown in 
EROG��

�

7KH�UHVXOW�RI�WKLV�VLPXODWLRQ��VHH�7DEOH����VKRZV�WKDW�WKH�&0)LQGHU�SURJUDP�ZDV�DEOH�WR�
GHWHUPLQH� FRUUHFWO\� DOO� 7)� PDWULFHV� XVHG� IRU� VLWH� LPSODQWDWLRQ�� +RZHYHU�� WKH� PRUH�
PDWULFHV� ZHUH� XVHG� IRU� LPSODQWDWLRQ� WKH� PRUH� GLIILFXOW� LW� EHFDPH� IRU� WKH� SURJUDP� WR�
UHYHDO� WKH� VLWHV�FRUUHFWO\�� ,PSRUWDQWO\��PDWULFHV�ZHUH�IRXQG�WR�EHKDYH�GLIIHUHQWO\� LQ� WKH�
WHVW�� )RU� LQVWDQFH�� WKH� PDWULFHV� IRU� &�(%3� DQG� $K5� ZHUH� HDVLO\� LGHQWLILHG� ZKHUHDV�
UHFRJQLWLRQ�RI� WKH�PDWUL[�IRU�2&7�IDFWRUV�ZDV�PRUH�GLIILFXOW��DQG�WKH�$3���PDWUL[�ZDV�
PRVW�GLIILFXOW�WR�LGHQWLI\���

����7HVWLQJ�RI�$UUD\$QDO\]HU™�RQ�WKH�VLPXODWHG�VHWV�RI�WUDQVFULSWLRQ�IDFWRUV��

7R�WHVW�WKH�DELOLW\�RI�$UUD\$QDO\]HU™�WR�LGHQWLI\�NH\�PROHFXOHV�IRU�GLIIHUHQW�VHWV�RI�7)V�
ZH�UDQ�DQ�H[WHQVLYH�UDQGRP�VLPXODWLRQ��'XULQJ�VLPXODWLRQV�ZH�ZHUH�VHOHFWLQJ�UDQGRPO\�
D� FHUWDLQ� VHW� RI� 7)V� ��� WR� ���� IURP� DOO� IDFWRUV� WKDW� DUH� FXUUHQWO\� SUHVHQW� LQ�
75$16PATH® (590 TF family nodes in total). For each selected set we performed an 
XSVWUHDP�$UUD\$QDO\]HU™� VHDUFK� LQ� RUGHU� WR� ILQG� DOO� SRVVLEOH� NH\� PROHFXOHV� WKDW� FDQ�
UHDFK�DOO�WDUJHW�PROHFXOHV�LQ�WKH�VHW��(DFK�WLPH��ZH�VHOHFW�IURP�DOO�IRXQG�NH\�PROHFXOHV�
WKH� RQH� WKDW� KDV� WKH� FORVHVW� GLVWDQFH� WR� WKH� VHW� RI� WDUJHW� PROHFXOHV�� 7KH� GLVWDQFH� LV�
FDOFXODWHG� E\� DGGLQJ� XS� WKH� QXPEHU� RI� VWHSV� IURP� WKH� NH\� PROHFXOH� WR� HDFK� WDUJHW�
PROHFXOH�� :H� DVVXPH� WKDW� WKH� FORVHVW� NH\� PROHFXOH� LV� WKH� PRVW� SUREDEOH� RQH� LQ�
WUDQVGXFLQJ�WKH�VLJQDO�WR�WKH�WDUJHW�PROHFXOHV��7KH�UHVXOWV�RI�WKHVH�VLPXODWLRQV�VKRZ�WKDW�
WKH� WRWDO� FKDQFHV� WR� ILQG� D� NH\�PROHFXOH� LQ� WKLV� UDQGRP� VLPXODWLRQV� LV� DERXW� ���� ,W� LV�
SRVVLEOH� WR� ILQG� LW� IRU� SDLUV� RU� HYHQ� WULSOHV� RI� IDFWRUV�� EXW� UDWKHU� XQOLNHO\� IRU� KLJKHU�
QXPEHU� RI� IDFWRUV� LQ� WKH� VHW� ������ IRU� IRXU� WDUJHWV��� 7KH� PRVW� IUHTXHQW� IDPLOLHV� RI�
PROHFXOHV�WKDW�ZHUH�IRXQG�DV�NH\�PROHFXOHV�LQ�WKHVH�VLPXODWLRQV�ZHUH��-DN��3.$��3.&��
5DG���DQG�$.7��
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����$QDO\VLV�RI�PLFURDUUD\�GDWD�RQ�D�PRXVH�PRGHO�RI�WKH�FRPSOH[�GLVHDVH��JURZWK�
KRUPRQH��*+��GHILFLHQF\��%OLQG�YDOLGDWLRQ�RI�WKH�PHWKRG���

0LFURDUUD\� DQDO\VLV� RI� ����� PXULQH� JHQHV� H[SUHVVHG� LQ� WKH� OLYHU� ZDV� SHUIRUPHG� WR�
FRPSDUH�JURZWK�KRUPRQH�GHILFLHQW�6PD��DQG�ZLOG� W\SH�PLFH� �:DEQLW]�HW�DO��������� LQ�
SUHSDUDWLRQ��� 7KLV� VWXG\� DLPHG� DW� HOXFLGDWLQJ� PROHFXODU� PHFKDQLVPV� DQG� VXJJHVWHG�
SRWHQWLDO� QHZ� SOD\HUV� UHVSRQVLEOH� IRU� WKH� GLIIHUHQFHV� LQ� JURZWK� FRQWURO�� ERG\�
FRPSRVLWLRQ�� OLSLG�� DQG� VWHURLG� PHWDEROLVP� EHWZHHQ� 6PD�� DQG� ZLOG� W\SH� PLFH��
,PSRUWDQWO\��WKH�VHDUFK�IRU�SRWHQWLDO�FRPSRVLWH�PRGXOHV�DQG�IROORZLQJ�SDWKZD\�DQDO\VLV�
ZHUH�GRQH�ZLWKRXW�DQ\�NQRZOHGJH�WKDW�PLFH�XQGHU�VWXG\�DUH�JURZWK�KRUPRQH�GHILFLHQW��

$�GDWD� VHW�FRQWDLQV����JHQHV�ZKRVH� UHODWLYH�H[SUHVVLRQ�YDOXHV�GLIIHU��� WLPHV�DQG�PRUH�
EHWZHHQ�6PD��DQG�ZLOG�W\SH�PRXVH�VDPSOHV��7R�UHWULHYH�WKH�SURPRWHU�VHTXHQFHV�RI�WKH�
JHQHV�ZH�XVH�(QVHPEO�DQG�'%766�GDWDEDVHV��6X]XNL�HW�DO����������7KH�EHJLQQLQJ�RI�WKH�
DQQRWDWHG� ILUVW� H[RQ� ZDV� FRQVLGHUHG� DV� D� WHQWDWLYH� WUDQVFULSWLRQ� VWDUW� VLWH� �766���
+RZHYHU��IRU�VRPH�JHQHV�VHYHUDO�SRVVLEOH�766�SRVLWLRQV�ZHUH�DQQRWDWHG�GXH�WR�SRVVLEOH�
alternative transcription starts. In these cases several possible 5’�UHJLRQV� ZHUH�
FRQVLGHUHG��In total we extracted 40  5’ regions for up�UHJXODWHG�JHQHV�DQG����IRU�GRZQ�
UHJXODWHG�JHQHV��)RU�WKH�DQDO\VLV�ZH�VHOHFWHG�WKH����ES�UHJLRQV�DURXQG�766��������������
$�VHW�RI�����SURPRWHUV�IRU�YHUWHEUDWH�JHQHV�IURP�(3'�GDWDEDVH��3UD]�HW�DO���������ZDV�
XVHG�DV�D�EDFNJURXQG�VHW���

2QH� RI� WKH� EHVW� GLVFULPLQDWLYH� FRPSRVLWH� PRGXOHV� LQFOXGHV� PDWULFHV� IRU� &�(%3�� *5��
60$'��� 6WDW� � DQG� )R[� IDFWRUV� �)LJ�� ���� &RPELQDWLRQ� RI� WKHVH� PDWULFHV� DOORZV� WR�
GLIIHUHQWLDWH�SURPRWHUV�RI�6PH��VSHFLILF�JHQHV�IURP�RWKHU�SURPRWHUV��

)LJ����&RPSRVLWH�PRGXOH�IRXQG�LQ�SURPRWHUV�RI�GLIIHUHQWLDOO\�H[SUHVVHG�JHQHV�LQ�OLYHU�RI�JURZWK�
KRUPRQH�GHILFLHQW�PLFH��6PD����D��$�OLVW�RI�SRVLWLRQ�ZHLJKW�PDWULFHV�DQG�PDWUL[�SDLUV�FRQVLVWLQJ�
WKH�&0��,W�LQFOXGHV�WKH�LPSDFW�YDOXHV��ILUVW�YDOXH�LQ�HDFK�URZ���WKH�ZHLJKW�PDWUL[�LGHQWLILHU��,'���
FRUUHVSRQGLQJ�FXW�RIIV��LQ�SDUHQWKHVLV�DIWHU�WKH�PDWUL[�,'��DQG�WKH�PD[LPDO�GLVWDQFHV�EHWZHHQ�VLWHV�
in the matrix pairs (shown as “����“). b) Distributions of composite module scores. The plot shows 
GLVFULPLQDWLRQ�EHWZHHQ�GLIIHUHQWLDOO\�H[SUHVVHG�SURPRWHUV��EODFN�EDUV��DQG�QRQ�FKDQJHG�SURPRWHUV�
�ZKLWH�EDUV���7KH�&0�VFRUH

�
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$W� WKH� QH[W� VWHS�� ZH� KDYH� DQDO\VHG� WKH� VLJQDO� WUDQVGXFWLRQ� SDWKZD\V� XSVWUHDP� RI� DOO�
IRXQG�7)V� XVLQJ�$UUD\$QDO\]HU™�� 7KH� JRDO� RI� WKH� SDWKZD\� DQDO\VLV�ZDV� WR� UHYHDO� NH\�
PROHFXOHV� WKDW� FRXOG� SURYLGH� FRRUGLQDWH� UHJXODWLRQ� RI� VHYHUDO� WUDQVFULSWLRQ� IDFWRUV� DQG�
WKXV�FDQ�EH�FRQVLGHUHG�DV�SRWHQWLDO�GUXJ�WDUJHW�PROHFXOHV��

*URZWK�KRUPRQH� �*+��ZDV� LGHQWLILHG�E\�$UUD\$QDO\]HU™� DV�RQH�RI� WKH�PRVW�ZHLJKWHG�
NH\�PROHFXOHV��DPRQJ�ILUVW����PROHFXOHV�ZLWK�WKH�PD[LPDO�VFRUH�6���3DWKZD\V�XSVWUHDP�
RI� WUDQVFULSWLRQ� IDFWRUV� *5�� 67$7��� 67$7��� &�(%3� DQG� RWKHUV� ZHUH� FURVVLQJ� DW� WKLV�
PROHFXOH� �VHH� )LJ� �� DV� RXWSXW� RI�$UUD\$QDO\]HU™���$FFRUGLQJ� WR� WKH� GDWD� FROOHFWHG� LQ�
TRANSPATH®, growth hormone can act through its cognate receptor (GHR) or�
SURODFWLQ� UHFHSWRU� �35/5��� 'RZQVWUHDP� RI� WKHVH� UHFHSWRUV�� -DN� NLQDVHV� FRXOG� EH�
DFWLYDWHG�RQ�RQH�KDQG��DQG�6UF�DQG�3,�.�NLQDVHV�RQ�WKH�RWKHU�KDQG���

5HFHSWRU�7\URVLQH�.LQDVHV��57.��LV�DQRWKHU�IDPLO\�RI�PROHFXOHV�WKDW�ZDV�IRXQG�E\�WKH�
$UUD\$QDO\]HU™� DV� D� NH\� PROHFXOH�� 1FN� DGDSWRU� SURWHLQ� LV� UHFUXLWHG� E\� 5HFHSWRU�
7\URVLQH� .LQDVHV� �57.�� �IRU� H[DPSOH� ,QVXOLQ� UHFHSWRU�� ,*)�,� UHFHSWRU� DQG� RWKHUV�� DV�
ZHOO� DV�E\� LPPXQH� UHFHSWRUV� �7�FHOO� UHFHSWRUV��%�FHOO� UHFHSWRUV�� DQG� VHUYHV� WR�SURYLGH�
VLJQDO� IORZ�IXUWKHU�GRZQVWUHDP��3$.�� LV�D�SURWHLQ�VHULQH�WKUHRQLQH�NLQDVH�GRZQVWUHDP�
RI�5DF��� 3$.�� LV� NQRZQ� WR� EH� DFWLYDWHG� LQ� UHVSRQVH� WR� VHYHUDO� JURZWK� IDFWRUV�� DQG� LV�
LQYROYHG�LQ�F\WRVNHOHWDO�UHRUJDQL]DWLRQ�LQ�DFWLYDWHG�LPPXQH�FHOOV���

)LJ�� ���5HVXOWV� RI� WKH�$UUD\$QDO\]HU™� VHDUFK� XSVWUHDP� IURP�7)V� UHVXOWLQJ� LQ� LGHQWLI\LQJ��JURZWK�
KRUPRQH� �*+�� DQG� UHFHSWRU� W\URVLQH� NLQDVHV� �57.�� DV� SRWHQWLDO� NH\� PROHFXOHV� LQYROYHG� LQ�
GLIIHUHQWLDO�H[SUHVVLRQ�RI�WKH�JHQHV�LQ�OLYHU�RI�JURZWK�KRUPRQH�GHILFLHQW�PLFH��6PD����
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$Q\� RI� WKHVH� WZR� FDVFDGHV� RU� ERWK� FDQ� EH� UHVSRQVLEOH� IRU� FRRUGLQDWHG�
DFWLYDWLRQ�UHSUHVVLRQ�RI�WKH�IRXQG�7)V��*5��67$7��&�(%3��60$'��(WV�DQG�WKHUHIRUH�IRU�
WKH�UHJXODWLRQ�RI�JHQHV�WKDW�DUH�GLIIHUHQWLDOO\�H[SUHVVHG�LQ�WKH�OLYHU�RI�6PD��YHUVXV�ZLOG�
W\SH�PLFH��

��&RQFOXVLRQ�

,Q� WKLV�SDSHU�ZH�GHVFULEH� D�QRYHO� FRPSXWDWLRQDO� DSSURDFK� WR� LQWHUSUHW� JHQH�H[SUHVVLRQ�
GDWD��,Q�WKLV�DSSURDFK�ZH�DQDO\VH�SURPRWHUV�RI�GLIIHUHQWLDOO\�UHJXODWHG�JHQHV�DQG�DUH�DEOH�
WR� SURSRVH� FRPSOH[HV� RI� WUDQVFULSWLRQ� IDFWRUV� WKDW� SURYLGH� WKH� REVHUYHG� FRQFHUWHG�
UHJXODWLRQ�RI�WKHVH�JHQHV��)XUWKHU�DQDO\VLV�RI�WKH�VLJQDOOLQJ�QHWZRUNV�LQ�WKH�FHOO�OHDGLQJ�
to activation of these transcription factors allow us to propose “key signaling molecules” 
WKDW�DUH�DEOH�WR�PDVWHU�UHJXODWH�WKH�REVHUYHG�JHQH�H[SUHVVLRQ��7KH�DSSURDFK�ZDV�DSSOLHG�
WR�D� VHW�RI�PLFURDUUD\�GDWD�RQ�GLIIHUHQWLDO�JHQH�H[SUHVVLRQ� LQ� OLYHU�RI�JURZWK�KRUPRQH�
GHILFLHQW�PLFH��6PD����7KH�UHVXOWV�REWDLQHG�LQ�RXU�DQDO\VLV�DOORZ�WR�FRQILUP�WKH�VSHFLILF�
UROH�RI�JURZWK�KRUPRQH��*+��LQ�DOWHULQJ�RI�JHQH�H[SUHVVLRQ�LQ�OLYHU�RI�WKH�6PD��PXWDQW�
PLFH��

$FNQRZOHGJPHQWV�

'LIIHUHQW�SDUWV�RI�WKLV�VWXG\�ZHUH�VXSSRUWHG�E\�JUDQWV�RI�WKH�*HUPDQ�)HGHUDO�0LQLVWU\�RI�
(GXFDWLRQ�DQG�5HVHDUFK��%LRLQIRUPDWLFV�&RPSHWHQFH�&HQWHU��,QWHUJHQRPLFV���JUDQW�QR��
031U210B and “BioChance”, grant no. 0312432), and by INTAS (Ref. Nr. �������������
75$16)$&�DQG�75$163$7+�DUH�UHJLVWHUHG�WUDGHPDUNV�RI�%,2%$6(�*PE+��

5HIHUHQFHV�

��� $HUWV��6���9DQ�/RR��3���7KLMV��*���0RUHDX��<���'H�0RRU��%����������&RPSXWDWLRQDO�GHWHFWLRQ�
RI�FLV��UHJXODWRU\�PRGXOHV��%LRLQIRUPDWLFV��6XSSO���,,��,,����

��� %RHKON��6���)HVVHOH��6���0RMDDW��$���0L\DPRWR��1��*���:HUQHU��7���1HOVRQ��(��/���6FKORQGRUII��
'���DQG�1HOVRQ��3��-����������$7)�DQG�-XQ�WUDQVFULSWLRQ�IDFWRUV��DFWLQJ�WKURXJK�DQ�(WV�&5(�
SURPRWHU� PRGXOH�� PHGLDWH� OLSRSRO\VDFFKDULGH� LQGXFLELOLW\� RI� WKH� FKHPRNLQH� 5$17(6� LQ�
PRQRF\WLF�0RQR�0DF���FHOOV���(XU��-��,PPXQRO����������������

��� %UD]PD�� $��� 9LOR�� -��� DQG� 8NNRQHQ�� (�� �������� )LQGLQJ� 7UDQVFULSWLRQ� )DFWRU� %LQGLQJ� 6LWH�
&RPELQDWLRQV�LQ�<HDVW�*HQRPH��S���������,Q�'��)ULVKPDQ�DQG�+�:��0HZHV��HG����&RPSXWHU�
6FLHQFH� DQG�%LRORJ\�� 3URF��*HUPDQ�&RQIHUHQFH� RQ�%LRLQIRUPDWLFV�*&%� 
���� �0DUWLQVULHG��
*HUPDQ\��

��� '
6RX]D�� 8�0��� .HO�� $��� 6OX\WHU�� )�� �������� )URP� WUDQVFULSWLRQDO� UHJXODWLRQ� WR� DJJUHVVLYH�
EHKDYLRU��%HKDY��*HQHW��������������

��� (VNLQ�� (��� DQG� 3HY]QHU�� 3�� $�� �������� )LQGLQJ� FRPSRVLWH� UHJXODWRU\� SDWWHUQV� LQ� '1$�
VHTXHQFHV��%LRLQIRUPDWLFV�����6XSSO�����6����6�����

��� )HVVHOH��6���%RHKON��6���0RMDDW��$���0L\DPRWR��1��*���:HUQHU��7���1HOVRQ��(��/���6FKORQGRUII��
'���DQG�1HOVRQ��3��-����������0ROHFXODU�DQG�LQ�VLOLFR�FKDUDFWHUL]DWLRQ�RI�D�SURPRWHU�PRGXOH�
DQG� &�(%3� HOHPHQW� WKDW� PHGLDWH� /36�LQGXFHG� 5$17(6�&&/�� H[SUHVVLRQ� LQ� PRQRF\WLF�
FHOOV��)$6(%�-����������������
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��� )UHFK�� .��� 4XDQGW�� .��� DQG� :HUQHU�� 7�� �������� 0XVFOH� DFWLQ� JHQHV�� D� ILUVW� VWHS� WRZDUGV�
FRPSXWDWLRQDO�FODVVLILFDWLRQ�RI�WLVVXH�VSHFLILF�SURPRWHUV��,Q�6LOLFR�%LRO�������������

��� *XKD� 7KDNXUWD�� '�� DQG� 6WRUPR�� *�� '�� �������� ,GHQWLI\LQJ� WDUJHW� VLWHV� IRU� FRRSHUDWLYHO\�
ELQGLQJ�IDFWRUV��%LRLQIRUPDWLFV���������������
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