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5HFHLYHG�1RYHPEHU���������
7KH�LQIOXHQFH�RI�WLWDQLXP�R[LGH�DGGLWLRQV�RQ�PDJQHWRHOHFWULF�HIIHFW�LQ�EXON�3=7����Û

QLFNHO� IHUULWH� FRPSRVLWHV� KDV� EHHQ� VWXGLHG�� ,W� KDV� EHHQ� IRXQG� WKDW� WKH� EXON� FRPSRVLWH
GRSLQJ�ZLWK�WLWDQLXP�R[LGH�LQ�DQ�DPRXQW�XS�WR�����LQFUHDVHV�WKH�PDJQHWRHOHFWULF�YROWDJH
FRHIILFLHQW�E\���Ü������PDJQHWRHOHFWULF�SRODUL]DWLRQ�E\���Ü�������GLHOHFWULF�FRQVWDQW�E\
��Ü��� ��� 7KHVH� UHVXOWV� DUH� H[SODLQHG� E\� IRUPDWLRQ� RI� D� SKDVH� LQWHUOD\HU� HQULFKHG� LQ
WLWDQLXP�R[LGH��ZKLFK�SUHYHQWV�WKH�PXWXDO�VROXELOLW\�RI�WKH�SKDVHV�
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���,QWURGXFWLRQ
7KH�VLQWHULQJ�RI�EXON�IHUULWH�Û�SLH]RHOHF�

WULF�FRPSRVLWHV�LV�DFFRPSDQLHG�E\�PXWXDO�GLV�
VROXWLRQ�RI�SKDVHV�DQG�FURVV�GRSLQJ�RI�LQLWLDO
FRPSRQHQWV�UHVXOWLQJ�LQ�UHGXFHG�PDJQHWRHOHF�
WULF��0(��HIIHFW�>����@��,W�LV�NQRZQ�WKDW�LQWUR�
GXFWLRQ� RI� DGGLWLRQV� DOORZV� WR� LQIOXHQFH� WKH
FHUDPLFV�VLQWHULQJ�DQG�WR�LPSURYH�LWV�SURSHU�
WLHV�� 7KLV� SUREOHP� ZDV� QRW� FRQVLGHUHG� ZLWK
GXH� DWWHQWLRQ� LQ� WKH� ILHOG� RI� EXON� FRPSRVLWH
SUHSDUDWLRQ�>�@��7KHUHIRUH��LW�LV�RI�LQWHUHVW�WR
VWXG\� SURSHUWLHV� RI� WKH� EXON� FRPSRVLWHV� RE�
WDLQHG�XVLQJ�YDULRXV�DGGLWLRQV�

���([SHULPHQW
7KLV� SDSHU� SUHVHQWV� WKH� UHVHDUFK� UHVXOWV

RQ�WLWDQLXP�R[LGH�DGGLWLRQ�LQIOXHQFH�RQ�WKH
0(�FKDUDFWHULVWLFV�RI�EXON�FRPSRVLWHV�LQ�WKH
OHDG�]LUFRQDWH�WLWDQDWH�Û�QLFNHO�IHUULWH�V\V�

WHP�� 7KH� PDWHULDO� XVHG� ZDV� WKH� FRPSRVLWH
FHUDPLFV� EDVHG� RQ� WKH� LQGXVWULDO� SLH]R�
FHUDPLFV� 3=7���� DQG� PRGLILHG� QLFNHO� IHU�
ULWH�1L)H���&R����2��ZLWK� WKH� IHUULWH� WR�SLH�]RHOHFWULF� UDWLR� ������ �&RPSRVLWLRQ� ��� DQG
������ �&RPSRVLWLRQ�����7KH�DPRXQW� RI�7L2�DGGLWLRQV� ZDV� ����� ��� ��� ��� �� DQG� �� ZW��
ZLWK� UHVSHFW� WR� IHUULWH� ZLWK� SLH]RHOHFWULF�
7KH�0(�HIIHFW�ZDV�VWXGLHG�E\�PHDVXULQJ�WKH
DOWHUQDWLQJ� YROWDJH� WKDW� DSSHDUHG� LQ� WKH
VDPSOH�XQGHU�WKH�VLPXOWDQHRXV�LQIOXHQFH�RI
YDULDEOH� DQG� FRQVWDQW� PDJQHWLF� ILHOGV�� 7KH
0(� YROWDJH� FRHIILFLHQW� G(�G+� ZDV� GHWHU�
PLQHG�SURFHHGLQJ�IURP�WKH�VDPSOH�WKLFNQHVV
K�� YROWDJH� G9� DQG� WKH� YDULDEOH� PDJQHWLF
ILHOG�LQWHQVLW\�G+��G(�G+� �G9��K�G+���7KH
LQYHVWLJDWLRQV�KDYH�EHHQ�FDUULHG�RXW�IRU�WZR
GLIIHUHQW� VDPSOH� RULHQWDWLRQV� DW��� N+]� IUH�
TXHQF\�� ,Q� RQH� FDVH�� WKH� HOHFWULF� SRODUL]D�
WLRQ� YHFWRU� ZDV� SHUSHQGLFXODU� WR� PDJQHWLF
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ILHOGV� �WUDQVYHUVH� HIIHFW��� ZKLOH� LQ� RWKHU
FDVH�� SDUDOOHO� WKHUHWR� �ORQJLWXGLQDO� HIIHFW��
%DVLQJ� RQ� WKH� GDWD� REWDLQHG�� WKH� YDOXHV� RI
WKH� 0(� SRODUL]DWLRQ� FRHIILFLHQW� D� 
�SG3�G+�KDYH�EHHQ�FDOFXODWHG�

���'LVFXVVLRQ
7KH�VWXG\�UHVXOWV�RQ�WKH� LQIOXHQFH�RI�WL�

WDQLXP� R[LGH� DGGLWLRQV� RQ� WKH� 0(� YROWDJH
FRHIILFLHQW�DUH�SUHVHQWHG�LQ�)LJ�����7KH�GLD�
JUDP� VKRZV� WKDW� WKH� WLWDQLXP� R[LGH� LQWUR�
GXFWLRQ� DGGLWLRQV� LQ� WKH� ILUVW� FRPSRVLWLRQ
LQFUHDVHV� WKH� PHQWLRQHG� FRHIILFLHQW� E\
������)RU�WKH�VHFRQG�FRPSRVLWLRQ��WKLV�SD�
UDPHWHU� LQFUHDVHV� E\� ������ $V� WR� WKH� 0(
SRODUL]DWLRQ� FRHIILFLHQW� �)LJ������ WKH� WLWD�
QLXP� R[LGH� DGGLWLRQ� LQFUHDVH� WKDW� FRHIIL�
FLHQW�IRU�WKH�ILUVW�FRPSRVLWLRQ�XS�WR������
IRU�WKH�VHFRQG�RQH��E\�D�IDFWRU�RI�DERXW�����
7R� XQGHUVWDQG� WKH� PHFKDQLVP� RI� WKLV� SKH�
QRPHQRQ��ZH�FRQVLGHU�WKH�HIIHFW�RI�WLWDQLXP
R[LGH� RQ� WKH� GLHOHFWULF� SURSHUWLHV� RI� WKH
VWXGLHG�PDWHULDOV�

2QH�RI�QHFHVVDU\�FRQGLWLRQV�IRU�WKH�H[LVW�
HQFH�0(�HIIHFW�LV�WKH�PDWHULDO�SRODUL]DWLRQ�
7KH�0(�HIIHFW�GHSHQGV� RQ� WKH�YDOXH� RI�SR�
ODUL]DWLRQ�� 7KH� H[LVWHQFH� RI� WKH� PDJQHWLF
SKDVH� UHGXFHV� WKH� FRPSRVLWH� UHVLVWLYLW\� DV
FRPSDUHG�WR�WKH�SXUH�SLH]RHOHFWULF�PDWHULDO�
WKXV�ZRUVHQLQJ� WKH� SRODUL]DWLRQ� FRQGLWLRQV�
7KHUHIRUH��ZH�XVHG�WKH�PRGLILHG�QLFNHO�IHU�
ULWH��1L)H���&R����2���KDYLQJ�D�KLJK�UHVLVWLY�LW\�� ,Q� DGGLWLRQ�� WKH� WLWDQLXP� R[LGH� LQWUR�
GXFWLRQ� LQFUHDVHV� WKH� FRPSRVLWH� UHVLVWLYLW\
E\���WR���WLPHV��7KLV�UHVXOWV�LQ�D�UHGXFWLRQ
RI�WKH�OHDNDJH�FXUUHQWV�GXULQJ�WKH�SRODUL]D�
WLRQ�DQG��DV�D�FRQVHTXHQFH��LQ�HQKDQFHG�SLH�
]RHOHFWULF�DQG�0(�FKDUDFWHULVWLFV��

7KH�LQYHVWLJDWLRQ�RI�GLHOHFWULF�SURSHUWLHV
KDV�VKRZQ�WKDW�WKH�LQWURGXFWLRQ�RI�WLWDQLXP
R[LGH�DGGLWLRQV�FDXVHV�DQ�LQFUHDVH�RI�GLHOHF�
WULF� SHUPHDELOLW\� IRU� WKH� ILUVW� FRPSRVLWLRQ
E\�������ZKLOH�IRU�WKH�VHFRQG��E\�������,W
LV� DOVR� DFFRPSDQLHG� E\� D� KDOYHG� GLHOHFWULF
ORVV� WDQJHQW� �)LJ������ /HW� WKH�SRVVLEOH� FDXVHV
RI� WKLV� SKHQRPHQRQ� EH� FRQVLGHUHG��7KH� FRP�
SRVLWH�PDWHULDO� FRQVLVWV� RI� WZR� SKDVHV��PDJ�

)LJ�����0(� SRODUL]DWLRQ� FRHIILFLHQW� GHSHQGHQFHV� RQ�7L2�� FRQWHQW� IRU� EXON� FRPSRVLWHV� RI� &RPSRVL�WLRQV����D��DQG����E���FXUYH���Ü�WUDQVYHUVH����Ü�ORQJLWXGLQDO�

)LJ�����0(�YROWDJH�FRHIILFLHQW�GHSHQGHQFHV�RQ�7L2��FRQWHQW�IRU�EXON�FRPSRVLWHV�RI�&RPSRVLWLRQV���D��DQG����E���FXUYH���Ü�WUDQVYHUVH����Ü�ORQJLWXGLQDO��

9�0�/DOHWLQ��*�6ULQLYDVDQ���,QIOXHQFH�RI�WLWDQLD�����

��� )XQFWLRQDO�PDWHULDOV�������������



QHWLF� DQG� SLH]RHOHFWULF�� ,W� LV� ZHOO�NQRZQ
WKDW� GLHOHFWULF� SHUPHDELOLW\� RI� IHUULWH� FDQ
UHDFK�WHQV�DQG�KXQGUHGV�RI�WKRXVDQGV��+RZ�
HYHU�� LW� LV� DOZD\V� DFFRPSDQLHG� E\� LQFUHDVH
RI� GLHOHFWULF� ORVV� WDQJHQW�� ,Q� RXU� FDVH�� WKH
GLHOHFWULF� ORVV� WDQJHQW� GHFUHDVHV�� +HQFH�� WKH
PDJQHWLF� SKDVH� FDQQRW� EH� UHVSRQVLEOH� IRU
WKLV� SKHQRPHQRQ�� 7KH� VWXGLHV� RQ� WKH� LQIOX�
HQFH� RI� WLWDQLXP� R[LGH� DGGLWLRQV� RQ� WKH
3=7���� GLHOHFWULF� SURSHUWLHV� KDYH� QRW� UH�
YHDOHG� DQ\� LQFUHDVH� LQ� WKH� SLH]RFHUDPLFV� GL�
HOHFWULF� SHUPHDELOLW\�� 7KHUHIRUH�� WKDW� WKH
REWDLQHG� UHVXOW� FDQ� EH� DVVXPHG� WR� EH� D� FRQ�
VHTXHQFH� RI� WKH� WZR�SKDVH� VWUXFWXUH� SUHV�
HQFH� LQ� WKH� LQYHVWLJDWHG� PDWHULDOV� DQG� H[�
SODLQHG� DV� IROORZV��

$Q�LQWHUSKDVH�OD\HU�LV�IRUPHG�GXULQJ�WKH
EXON� FRPSRVLWH� VLQWHULQJ�� 7KH� WLWDQLXP
R[LGH� DGGLWLRQV� LQFUHDVH� LWV� UHVLVWDQFH� DQG
SUHYHQW� WKH� PXWXDO� GLVVROXWLRQ� RI� SKDVHV�
7KH� FRQVHTXHQFH� LV� WKH� LQFUHDVH� LQ� VSHFLILF
UHVLVWDQFH�� GLHOHFWULF� SHUPHDELOLW\� DQG� UH�
GXFWLRQ� RI� GLHOHFWULF� ORVV� WDQJHQW� RI� WKH
FRPSRVLWHV��7KHVH�SDUDPHWHUV�DIIHFW�GLUHFWO\
WKH�0(�FRHIILFHQWV��SURPRWLQJ�WKHLU�JURZWK�
7KH� LQYHVWLJDWLRQ� RI� WKH� VLQWHULQJ� WHPSHUD�
WXUH�LQIOXHQFH�RQ�WKH�GLHOHFWULF�SHUPHDELOLW\
KDV� FRQILUPHG� WKLV� PHFKDQLVP�� 7KH� GLHOHF�
WULF�SHUPHDELOLW\�RI�WKH�LQYHVWLJDWHG�PDWHUL�

DOV�GHFUHDVHV�ZLWK�WKH�VLQWHULQJ�WHPSHUDWXUH
HOHYDWLRQ�� ,Q� WKH� FRPSRVLWHV� PRGLILHG� ZLWK
WLWDQLXP�R[LGH��WKLV�GHSHQGHQFH�LV� OHVV�SUR�
QRXQFHG� DV� FRPSDUHG� WR� WKH� LQLWLDO� PDWHUL�
DOV��6LPLODU�UHVXOWV�ZHUH�REWDLQHG�LQ�D�VWXG\
RI�FHUDPLF�FRPSRVLWH�PDWHULDOV� IRU� WKH�EDU�
LXP� WLWDQDWH�Û�QLFNHO� IHUULWH� V\VWHP��6XFK
UHJXODULWLHV� FDQ� EH� DVVXPHG� WR� EH� UHOHYDQW
WR� DOO� EXON� FRPSRVLWHV� RQ� WKH� EDVLV� RI
SHURYVNLWH�DQG�VSLQHO�PDWHULDOV�

���&RQFOXVLRQV
7KH� LQIOXHQFH�RI�WLWDQLXP�R[LGH�DGGLWLRQ

RQ� WKH� 0(� HIIHFW� LQ� EXON� FRPSRVLWHV� KDV
VKRZQ�DQ�LQFUHDVH�RI�WKH�0(�YROWDJH�FRHIIL�
FLHQW�E\���Ü�����)RU�0(�SRODUL]DWLRQ�FRHI�
ILFLHQW��WKLV�LQFUHDVH�ZDV�IURP����WR�������
7KH� REWDLQHG� UHVXOWV� DUH� H[SODLQHG� E\� WKH
IRUPDWLRQ�RI�DQ�LQWHUSKDVH�OD\HU�HQULFKHG�LQ
WLWDQLXP� R[LGH�� ZKLFK� SUHYHQWV� WKH�PXWXDO
GLVVROXWLRQ�RI�WKH�SKDVHV��
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