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&RQMXJDWHG� SRO\PHUV� DUH� SURPLVLQJ� PD�
WHULDOV�IRU�SKRWRQLFV�DQG�HOHFWURQLFV�LQFOXG�
LQJ� SKRWRYROWDLF� DSSOLFDWLRQV�� 2QH� RI� WKH
PRVW� VWXGLHG� SRO\PHU� EDVHG� PDWHULDO� IRU
SKRWRYROWDLFV� WRGD\� LV� D� GRQRU�DFFHSWRU
EOHQG�RI� D� VROXEOH� FRQMXJDWHG�SRO\PHU�� H�J�
SRO\>��PHWKR[\�����c�HWK\O�KH[\OR[\������S
KHQ\OHQH� YLQ\OHQH@� �0(+�339���ZLWK� D� VRO�
XEOH� GHULYDWLYH� RI� IXOOHUHQH� >�@�� ,Q� VXFK� D
EOHQG��SKRWRQV�JHQHUDWH�H[FLWRQV�DW�WKH�FRQ�
MXJDWHG�SRO\PHU��ZKLFK�GLVVRFLDWH� LQWR� IUHH
HOHFWURQV�DQG�KROHV�DW�WKH�SRO\PHU�IXOOHUHQH
LQWHUIDFH� LQ� WKH� 3&7� UHDFWLRQ�� )XOOHUHQHV

DQG� WKHLU� GHULYDWLYHV� DUH�ZHOO� NQRZQ� WR� EH
WKH�PRVW�HIIHFWLYH�DFFHSWRUV�LQ�3&7�>�@��(V�
VHQWLDOO\�WKDW�IXOOHUHQHV�LQ�WKHVH�EOHQGV�FDQ
IRUP� D� KLJKO\� FRQGXFWLYH� QHWZRUN� IRU� FRO�
OHFWLRQ�RI�SKRWRLQGXFHG�FKDUJHV� WKDW�PDNHV
IXOOHUHQHV� LQGLVSHQVDEOH� LQ� EXON�KHWHURMXQF�
WLRQ�SRO\PHU�VRODU�FHOOV��+RZHYHU��WKH�RSWL�
PL]HG� DFWLYH� OD\HU� RI� VXFK�D� FHOO� FRPSULVHV
XS� WR� ����� RI� IXOOHUHQH� >�@�� ZKLFK� DOPRVW
GRHV� QRW� DEVRUE� OLJKW� LQ� WKH� VRODU� FHOO�� ,Q
WKLV�ZRUN��ZH�VWXG\�3&7�LQ�EOHQGV�RI�0(+�
339�ZLWK�D�IXOOHUHQH�EDVHG�FRRUGLQDWLRQ�ROL�
JRPHU��3W����&���Q��2XU�PRWLYDWLRQ�ZDV�WKDW
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�3W����&���Q� FKDLQV� FRXOG� IDFLOLWDWH� FKDUJHWUDQVSRUW� LQ�EXON�KHWHURMXQFWLRQ�GHYLFHV�DO�
ORZLQJ� GHFUHDVLQJ� WKH� IXOOHUHQH� FRQWHQW� LQ
LW�� 0HDQZKLOH�� �3W����&���Q� LV� H[SHFWHG� WRFKDUJH� GRQRU�DFFHSWRU� SKDVH� VHSDUDWLRQ� SH�
FXOLDULWLHV� HVVHQWLDOO\� LQIOXHQFLQJ� FKDUJH
FROOHFWLRQ�LQ�EXON�KHWHURMXQFWLRQ�GHYLFHV�>�@�
:H� FKDUDFWHUL]HG� 0(+�339��3W����&���QEOHQGHG� ILOPV� E\� XVLQJ� RSWLFDO� DEVRUSWLRQ
DQG� VFDWWHULQJ� WHFKQLTXH�� DQG� WKHQ� LQYHVWL�
JDWHG� WKHLU� SKRWRSK\VLFDO� SURSHUWLHV� E\
XVLQJ�SKRWROXPLQHVFHQFH��3/���SKRWRLQGXFHG
DEVRUSWLRQ� �3,$��� DQG� SKRWRFXUUHQW� VSHF�
WURVFRS\� PHWKRGV�� :H� DOVR� VWXGLHG� 0(+�
339�&��� EOHQGV� DQG� FRPSDUH� WKHLU� SURSHU�WLHV�ZLWK�WKRVH�RI�0(+�339��3W����&���Q��6DPSOH�SUHSDUDWLRQ�� �3W����&���Q�ZDV�V\Q�WKHVL]HG� E\� UHDFWLRQ� RI� &��� ZLWK� 3W�GED���GED� �GLEHQ]\OLGHQHDFHWRQH�� ZLWK� PRODU
UDWLR� 3W�GED���&��� ����� DFFRUGLQJ� WR� >�@�7KH�FRPSRXQG�ZDV�FKDUDFWHUL]HG�E\�HOHPHQ�
WDO�DQDO\VLV��,5��DQG�5DPDQ�VSHFWURVFRSLHV�

'URS�FDVW�ILOPV�RI�0(+�339��3W����&���QDQG� 0(+�339�&��� EOHQGV� ZHUH� SUHSDUHGIURP� FKORUREHQ]HQH� IRU� PRODU� DF�
FHSWRU�GRQRU� UDWLRV� LQ� WKH� UDQJH� ������Ü��
7KH� VROXWLRQV� ZHUH� WUHDWHG� LQ� XOWUDVRQLF
EDWK�EHIRUH�GURS�FDVWLQJ��

)RU� SKRWRHOHFWULF� VWXGLHV� ZH� IDEULFDWHG
SKRWRGLRGHV� LQ� WKH� VDQGZLFK� VWUXFWXUH�
)LOPV� RI� 0(+�339�DFFHSWRU� EOHQGV� ZHUH
GURS�FDVW� RQ� ,72�FRDWHG� JODVV� VXEVWUDWHV�
7KHQ� D� WRS� $O�HOHFWURGH� ZDV� WKHUPDOO\� GH�
SRVLWHG��7KH� DFWLYH� DUHD� RI� WKH� GHYLFHV�ZDV
|����FP��� 7KLFNQHVVHV� RI� WKH� ILOPV� ZHUH
HVWLPDWHG� DV� a���� QP� IURP� WKHLU� RSWLFDO
GHQVLW\��

/LJKW� DEVRUSWLRQ� DQG� VFDWWHULQJ�� 2SWLFDO
DEVRUSWLRQ� VSHFWUD� RI� 0(+�339�DFFHSWRU
EOHQGV� ZHUH� PHDVXUHG� E\� XVLQJ� D� VSHFWUR�
SKRWRPHWHU�� ,Q�RUGHU�WR�HYDOXDWH�VHSDUDWHO\

WKH� DEVRUSWLRQ� DQG� VFDWWHULQJ� FRQWULEXWLRQ
LQ�WKH�PHDVXUHG�RSWLFDO�GHQVLW\�RI�WKH�ILOPV�
ZH� HODERUDWHG� D� VLPSOH� WHFKQLTXH� GHVFULEHG
HOVHZKHUH� >�@�� %ULHIO\�� ZH� PHDVXUHG� WKH
ODVHU� EHDP� WUDQVPLVVLRQ� MXVW� EHKLQG� WKH
SRO\PHU� ILOP�DW�����DQG�����QP�E\�XVLQJ�D
ZLGH�DSHUWXUH�SKRWRGHWHFWRU�ZLWK�DQG�ZLWKRXW
D�VPDOO�GDPS�SODFHG�LQ�IURQW�RI�WKH�SKRWRGH�
WHFWRU�WR�EORFN�WKH�VWUDLJKW�ODVHU�OLJKW��

3,$� DQG� 3/�� ,Q� 3,$� VSHFWURVFRS\�� WKH
PHDVXUHG�VLJQDO� LV� IUDFWLRQDO� FKDQJH� LQ� WKH
VDPSOH� WUDQVPLVVLRQ� �G7�7�� LQGXFHG� E\� D
SXPS� EHDP�� 7KH� SXPS� EHDP�ZDV�PHFKDQL�
FDOO\� FKRSSHG� DQG� WKH� 3,$� VLJQDO� LQ� WKH
SUREH� FKDQQHO� ZDV� SURFHVVHG� E\� D� ORFN�LQ
DPSOLILHU�DW�PRGXODWLRQ�IUHTXHQF\�I��,Q�WKH
SUREH� FKDQQHO�� ZH� XVHG� D� WXQJVWHQ�KDORJHQ
ODPS� LOOXPLQDWLQJ� WKH� VDPSOH�� D�PRQRFKUR�
PDWRU�� DQG� VROLG�VWDWH� SKRWRGHWHFWRUV� �6L
DQG� ,Q*D$V��� $V� D� SXPS� VRXUFH�� ZH� XVHG
VHFRQG� KDUPRQLF� UDGLDWLRQ� RI� D� FZ�1G�<$*
ODVHU� ����� QP��� 3,$� GDWD� ZHUH� REWDLQHG� DW
DPELHQW� FRQGLWLRQV� RU� XQGHU� QLWURJHQ� IORZ
LQ� WKH� WHPSHUDWXUH� UDQJH� ���Ü���� .�� )RU
3/�PHDVXUHPHQWV��ZH�XVHG�WKH�VDPH�VHW�XS
ZLWKRXW� WKH� SUREH� EHDP�� 7KH� 3/� VSHFWUD
ZHUH� UHFRUGHG� LQ� WKH� EDFNVFDWWHULQJ�JHRPH�
WU\�DW�DPELHQW�FRQGLWLRQV�LQ�WKH�UDQJH����Ü
���� QP�� 7KH� 3/� LQWHQVLW\� ZDV� QRUPDOL]HG
WR� WKDW� RI� SULVWLQH�0(+�339��7KH�3/�GDWD
ZHUH� DOVR� QRUPDOL]HG� WR� WKH� VDPSOH� DEVRUS�
WLRQ� DW� ���� QP� HYDOXDWHG� IURP� WKH� VDPSOH
RSWLFDO�WUDQVPLVVLRQ�

3KRWRFXUUHQW�PHDVXUHPHQWV��,Q�SKRWRFXU�
UHQW�PHDVXUHPHQWV��RSWLFDO�UDGLDWLRQ�IURP�D
WXQJVWHQ�KDORJHQ�ODPS�GLVSHUVHG�E\�D�PRQR�
FKURPDWRU� ZDV� FKRSSHG� DW� a���� +]� ZLWK
SRZHU�RQ�WKH�VDPSOH�QR�PRUH�WKDQ�����P:�
7KH�SKRWRFXUUHQW�ZDV�PHDVXUHG�E\�D�ORFN�LQ
DPSOLILHU��:H�WRRN�LQWR�DFFRXQW�WKH�VSHFWUDO
UHVSRQVH� RI� WKH� H[FLWDWLRQ� ODPS� DQG� WKH

)LJ�����0LFURSKRWRJUDSKV�RI�0(+�339�3W����&����OHIW��DQG�0(+�339�&����ULJKW��EOHQGV�ZLWK�GLIIHU�HQW�DFFHSWRU�GRQRU�UDWLR�VKRZQ�LQ�HDFK�SKRWR��
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VSHFWUDO� WUDQVPLVVLRQ� IXQFWLRQ� RI� WKH� H[�
SHULPHQWDO�VHW�XS��7KH�SKRWRFXUUHQW�VWXGLHV
ZHUH�GRQH�LQ�DPELHQW�FRQGLWLRQV�

0LFURVFRS\�� DEVRUSWLRQ� DQG� VFDWWHULQJ
GDWD�� )LJ���� VKRZV� PLFURSKRWRJUDSKV� RI
0(+�339�3W����&��� DQG� 0(+�339�&��ILOPV��,W�LV�VHHQ�WKDW�IRU�DFFHSWRU�FRQFHQWUD�
WLRQ�KLJKHU�WKDQ������ERWK��3W����&���Q�DQG&��� IRUP�WKHLU�RZQ�SKDVH� LQ� WKH�EOHQGV�UH�VXOWLQJ� LQ� D�PRUH� LQKRPRJHQHRXV� ILOP��)RU
DFFHSWRU� FRQFHQWUDWLRQ� KLJKHU� WKDQ� ��� ��
ILOP�V� RUDQJLVK� UHG� FRORU� UHVXOWLQJ� IURP
0(+�339� DEVRUSWLRQ� ZHDNHQHG� DQG� IXOO\
GLVDSSHDUHG� LQ� WKH� ���� EOHQGV�� $W� ORZ� DF�
FHSWRU� FRQFHQWUDWLRQ� ����� ���� RSWLFDO� DE�
VRUSWLRQ� VSHFWUD� RI� 0(+�339�3W����&��EOHQGV� ZHUH� VLPLODU� WR� WKRVH� RI� 0(+�
339�&���� 7\SLFDO� DEVRUSWLRQ� VSHFWUD� RI� D������0(+�339�3W����&���EOHQG�LV�VKRZQ�LQ)LJ����� )RU� KLJKHU� �3W����&���Q� FRQFHQWUD�WLRQ��OLJKW�VFDWWHULQJ�JDYH�D�QRWLFHDEOH�FRQ�
WULEXWLRQ� WR� WKH�RSWLFDO� WUDQVPLVVLRQ�RI�WKH
ILOPV�LPSHGLQJ�WKH�RSWLFDO�DEVRUSWLRQ�PHDV�
XUHPHQW��

:H� HYDOXDWHG� ERWK� RSWLFDO� DEVRUSWLRQ
�DG�� DQG� 5D\OHLJK� VFDWWHULQJ� �VG�� WR� WKH
PHDVXUHG�RSWLFDO� GHQVLW\� �2'�� RI� D� EOHQGHG
ILOP� ZLWK� WKLFNQHVV� G� E\� XVLQJ� WKH� WHFK�
QLTXH�GHVFULEHG�DERYH���)LJ����VKRZV�WKH�UH�
VXOWV�DW�����QP�� ,W� LV� VHHQ� WKDW� WKH�FRQWUL�
EXWLRQ�RI�VG� WR� WKH�2'�JUDGXDOO\� LQFUHDVHV
ZLWK� �3W����&���Q� FRQFHQWUDWLRQ� ZKHUHDV� WKHDG� GHFUHDVHV�� 6LPLODU� GHSHQGHQFLHV� ZHUH
PHDVXUHG�DW�����QP��EXW�ERWK�WKH�DG�DQG�VG
FXUYHV� ZHUH� FORVH� WR� HDFK� RWKHU� PRQRWRQL�
FDOO\� LQFUHDVLQJ� IURP� ]HUR�ZLWK� �3W����&���QFRQFHQWUDWLRQ���,W�VHHPV�WKDW�WKH�QRWLFHDEOH
DEVRUSWLRQ� RI� 0(+�339�3W����&��� DW
����QP� LV�GXH�WR� �3W����&���Q��2Q� WKH�RWKHUKDQG�� IRU� 0(+�339�&��� EOHQGV�� ERWK� WKHDG�DQG�VG�DW�����QP�ZHUH�EHORZ�WKH�H[SHUL�
PHQWDO�HUURU��a�����

7KXV�� RXU� OLJKW� VFDWWHULQJ� DQG� PLFURV�
FRS\� GDWD� VXJJHVW� WKDW� WKH� FKDUDFWHULVWLF
VL]H� RI� RSWLFDO� LQKRPRJHQHLW\� LQ� 0(+�
339�3W����&��� EOHQGV� LV� FRQVLGHUDEO\� FORVHUWR� WKH� RSWLFDO� ZDYHOHQJWK� WKDQ� WKDW� LQ
0(+�339�&��� EOHQGV�� )XOOHUHQH� PROHFXOHVIRUP�ODUJH�VHSDUDWHG�IHDWXUHV�REVHUYHG�RSWL�
FDOO\� DW� KLJK� IXOOHUHQH� FRQFHQWUDWLRQ� �)LJ�
���ULJKW���7KHUHIRUH��ZH�VXSSRVH�WKDW�HVVHQ�
WLDOO\� GLIIHUHQW� PRUSKRORJLHV� RI� 0(+�
339�3W����&��� DQG�0(+�339�&��� EOHQGV� DWWKH� PLFURVFDOH� FDQ� OHDG� WR� WKHLU� GLIIHUHQW
SKRWRSK\VLFDO�SURSHUWLHV��

3/�GDWD��7KH�HIILFLHQF\�RI�3/�TXHQFKLQJ
LQ� GRQRU�DFFHSWRU� EOHQGV� LV� GHWHUPLQHG� E\
WKH�UDWLR�EHWZHHQ�WKH�FKDUDFWHULVWLF� OHQJWKV

RI� VLQJOHW� H[FLWRQ� GLIIXVLRQ� DQG� RI� SKDVH
VHSDUDWLRQ��7KH�VKRUWHU�WKH�ODWWHU��WKH�PRUH
HIILFLHQW� 3/� TXHQFKLQJ� ZLOO� EH�� :H� KDYH
REVHUYHG�WKDW��3W����&���Q�VWURQJO\�TXHQFKHV0(+�339�3/�� )LJ���� FRPSDUHV� 3/� TXHQFK�
LQJ� HIILFLHQF\� LQ� 0(+�339�3W����&��� DQG0(+�339�&��� EOHQGV�� 2QH� FDQ� VHH� WKDWERWK�DFFHSWRUV�GLVSOD\�VWURQJ�3/�TXHQFKLQJ
DW� ORZ�DFFHSWRU�FRQWHQW����������KRZHYHU�
WKH� TXHQFKLQJ� HIILFLHQF\� LQ� 0(+�
339�3W����&��� LV� �Ü�� WLPHV� OHVV� WKDQ� LQ0(+�339�&��� DW� DFFHSWRU� FRQFHQWUDWLRQVd������:H� VXJJHVW� WKDW� WKH�PRVW� SRVVLEOH
UHDVRQ� RI� WKLV� GLIIHUHQFH� LV� GXH� WR� PRUH
SURQRXQFHG� SKDVH� VHSDUDWLRQ� LQ� 0(+�
339�3W����&��� EOHQGV� DV� FRPSDUHG� ZLWK0(+�339�&����,Q�IDFW���3W����&���Q�LV�LQVRO�XEOH� DQG� FDQ� IRUP� UHODWLYHO\� ODUJH� DJJUH�
JDWHV� DW� WKH� QDQRVFDOH� ZKHUHDV� IXOOHUHQH
PROHFXOHV� DUH� H[SHFWHG� WR� JLYH� PRUH� LQWL�
PDWH� PL[LQJ� ZLWK� 0(+�339� FKDLQV�� $V� D
UHVXOW�� D� VLQJOHW� H[FLWRQ� SKRWRH[FLWHG� DW
0(+�339�KDV�WR�WUDYHO�D�ORQJHU�SDWK�WR�WKH
GRQRU�DFFHSWRU� LQWHUIDFH� LQ� WKH� 0(+�
339�3W����&���WKDQ�LQ�0(+�339�&����7KH�VKDSH�RI�WKH�3/�TXHQFKLQJ�FXUYHV�LQ
)LJ���� LV� HVVHQWLDOO\� GLIIHUHQW� IRU� &��� DQG�3W����&���Q� WKDW� FDQ� DOVR� EH� DWWULEXWHGPDLQO\� WR� WKH� GLIIHUHQFH� LQ� FKDUDFWHULVWLF
SKDVH� VHSDUDWLRQ� OHQJWKV� LQ� ERWK� W\SHV� RI
EOHQGV��

1RWH� WKDW� 0(+�339�&��� EOHQGV� GHPRQ�VWUDWH� VRPH� LQFUHDVH� LQ� WKH� QRUPDOL]HG� 3/
DW� DFFHSWRU� FRQFHQWUDWLRQ� !��� �� �)LJ�����
7KH�UHDVRQV�RI�WKLV�DUH�XQFOHDU��:H�EHOLHYH
WKDW�WKLV�LV�QRW�DQ�DUWHIDFW�RI�3/�QRUPDOL]D�
WLRQ�WR�WKH�DEVRUEHG��SRZHU�SXPS�VLQFH�WKH

)LJ����� 6FDWWHULQJ� �VG�� DQG� DEVRUSWLRQ� �DG�
FRQWULEXWLRQV�WR�WKH�PHDVXUHG�RSWLFDO�GHQVLW\
�2'� �VG���DG�� IRU�0(+�339�3W����&��� ILOPVYV�DFFHSWRU��GRQRU�UDWLR�DW�����QP��7KH�OLQHV
DUH�JXLGHV�WR�WKH�H\H�
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XQQRUPLO]HG�3/�DOVR�LQFUHDVHG�ZLWK�&���FRQ�WHQW��0RUHRYHU��ZH� UDWKHU� RYHUHVWLPDWH� WKH
SXPS�SRZHU�DEVRUEHG�E\�0(+�339�LQ�ERWK
W\SHV�RI�EOHQGV�PDLQO\�EHFDXVH�RI�GURSSLQJ
0(+�339� DEVRUSWLRQ� DW� KLJK� DFFHSWRU� FRQ�
WHQW�

3,$� GDWD�� 3,$� VSHFWURVFRS\� LQ� FRQMX�
JDWHG� SRO\PHUV� SUREHV�PDLQO\� WZR� W\SHV� RI
ORQJ�OLYHG� SKRWRH[FLWDWLRQV�� WULSOHW� H[FLWRQV
DQG�SRODURQV��,I�WKH�IRUPHU�DUH�QHXWUDO��WKH
ODWWHU� DUH� FKDUJHG� DQG�� WKHUHIRUH�� FDQ� EH
XVHG� WR� PRQLWRU� 3&7�� )LJ���� VXPPDUL]HV
RXU�3,$�GDWD�IRU��������0(+�339�3W����&��DQG� 0(+�339�&��� EOHQGV� PHDVXUHG� XQGHUWKH� VDPH� H[SHULPHQWDO� FRQGLWLRQV�� )LJ���D
VKRZV�3,$� VSHFWUD� RI� ERWK� EOHQGV��2QH� FDQ
VHH�WKDW�3,$�DEVRUSWLRQ�VSHFWUD�KDYH�QHDUO\

WKH� VDPH� VKDSH�� %RWK� VSHFWUD� VKRZ� KLJK
�����H9��DQG�ORZ�������H9��HQHUJ\�EDQGV�DV�
VLJQHG� WR� SRODURQV� DW� 0(+�339� >�@�� 7KH
KLJK�HQHUJ\� EDQG� KDV� WZR� IHDWXUHV� DW� ���
DQG�����H9�DWWULEXWHG�WR��Ü��DQG��Ü��YLEUD�
WLRQDO�VLGHEDQGV�>�@��$V�WKH�ORZ�HQHUJ\�EDQG
LQ�0(+�339�SHDNV� DW�����H9� >�@��ZH�FRXOG
REVHUYH� RQO\� LWV� KLJK�IUHTXHQF\� WDLO� ZLWKLQ
RXU� VSHFWUDO� UDQJH� �)LJ���D��� %HFDXVH� RI
WKLV�� ZH� ZLOO� DQDO\]H� RQO\� WKH� KLJK�HQHUJ\
EDQG�� $V� )LJ���D� VKRZV�� ORQJ�OLYHG� FKDUJH
VHSDUDWHG� VWDWHV� DUH� HIIHFWLYHO\� H[FLWHG� LQ
ERWK� EOHQGV�� PHDQZKLOH�� WKH� 3,$� VLJQDO� DW
����H9�LQ�0(+�339�&��� LV�a��WLPHV�KLJKHUDV� FRPSDUHG� WR� 0(+�339�3W����&���� 7KLVUDWLR�ZDV�QHDUO\�WKH�VDPH�IRU�DOO� WKH�SXPS
LQWHQVLWLHV�VWXGLHG��

7KH� IUHTXHQF\� GHSHQGHQFH� RI� WKH� 3,$
VLJQDO� FDQ� SURYLGH� LQIRUPDWLRQ� DERXW� WKH
OLIHWLPH� RI� SKRWRH[FLWDWLRQV�� ,I� WKH\� IROORZ
D� PRQRPROHFXODU� NLQHWLFV� ZLWK� OLIHWLPH� W�
WKH�IUHTXHQF\�GHSHQGHQFH�RI�WKH�3,$�LV�
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,Q� SULVWLQH� 0(+�339�� WULSOHW� H[FLWRQV
DUH� NQRZQ� WR� GRPLQDWH� LQ�3,$� DW� ORZ� WHP�
SHUDWXUH��a����.��JLYLQJ�D�EDQG�DW������H9
ZLWK� WKH�PRQRPROHFXODU� NLQHWLFV� >����@�� 2Q
WKH�RWKHU�KDQG��SRODURQV�LQ�339�W\SH�FRQMX�
JDWHG�SRO\PHUV�VKRZ�D�SRZHU�ODZ�IUHTXHQF\
GHSHQGHQFH� ��ID� ZLWK� D�a����� >�@�� 7KLV� GH�
SHQGHQFH� LV� XVXDOO\� LQWHUSUHWHG� DV� D� UHVXOW
RI� �GLVSHUVLYH�� UHFRPELQDWLRQ� LPSO\LQJ� D
EURDG� GLVWULEXWLRQ� LQ� SRODURQ� OLIHWLPHV� DQG
FDQ�EH� ILW� E\� WKH�HPSLULFDO�&ROH�&ROH�PRGHO
>����@

)LJ�����3/�TXHQFKLQJ�LQ�0(+�339�3W����&������DQG� 0(+�339�&��� ���� EOHQGV� YV� DF�
FHSWRU�GRQRU� UDWLR� UHIHUHQFHG� WR� SULVWLQH
0(+�339�3/��6ROLG� OLQHV�DUH�D�JXLGH� WR�WKH
H\H�� $OO� YDOXHV� DUH� QRUPDOL]HG� WR� WKH� DE�
VRUEHG�SXPS�SRZHU�DW�����QP�

)LJ�����3,$�GDWD�IRU��������0(+�339�3W����&�������DQG�0(+�339�&�������EOHQGV�UHFRUGHG�IRU�SXPSLQWHQVLW\���:�FP��DW�����.��$OPRVW�DOO�WKH�SXPS�SRZHU�ZDV�DEVRUEHG�LQ�WKH�ILOPV���D��3,$�VSHFWUD
IRU�FKRSSLQJ�IUHTXHQF\����+]��7KH�OLQHV�DUH�D�JXLGH�WR�WKH�H\H���E��1RUPDOL]HG�IUHTXHQF\�GHSHQG�
HQFHV��6ROLG�OLQHV�DUH�ILWV�WR�WKH�GDWD��VHH�WKH�WH[W��

$�$�%DNXOLQ�HW�DO����3KRWRLQGXFHG�FKDUJH�WUDQVIHU����
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)LJ���E� FRPSDUHV� IUHTXHQF\� GHSHQGHQFHV
RI� WKH� SHDN� DW� ���� H9� IRU� ������� 0(+�
339�3W����&���DQG�0(+�339�&���EOHQGV��,WLV� VHHQ� WKDW� WKH\� DUH� TXLWH� GLIIHUHQW�� �'LV�
SHUVLYH�� NLQHWLFV� DFFRUGLQJ� WR� (T����� ZLWK
D� ������ DQG� W� ����PV� JDYH� D� JRRG� ILW� WR
WKH� H[SHULPHQWDO� GDWD� IRU� 0(+�339�&���)LJ���E�� VROLG� OLQH��� )RU� 0(+�
339�3W����&��� EOHQGV�� WKH� IUHTXHQF\� GH�SHQGHQFH� KDG� D� FKDUDFWHULVWLF� NQHH� �)LJ�
�E��� DQG� DQ\� VLQJOH� �GLVSHUVLYH�� NLQHWLFV
�(T������ GLG� QRW� JLYH� D� VDWLVIDFWRU\� ILW� IRU
DOO� WKH� GRQRU�DFFHSWRU� UDWLRV� VWXGLHG�� :H
UHODWH�WKLV�WR�WKH��FRQWULEXWLRQ�RI�0(+�339
WULSOHW� H[FLWRQV� LQ� WKH�3,$�EDQG�DW�����H9�
$� VXSHUSRVLWLRQ� RI� �GLVSHUVLYH�� DQG� PRQR�
PROHFXODU� NLQHWLFV� JDYH� D� JRRG� DSSUR[LPD�
WLRQ�WR�WKH�IUHTXHQF\�GHSHQGHQFH�IRU�DOO�WKH
0(+�339�3W����&��� EOHQGV�� 7KH� ORZHU� OLQHLQ�)LJ���E� VKRZV� VXFK� D� ELPRGDO� ILW� E\� WKH
VXP� RI� �GLVSHUVLYH�� �D� ������� W� ����PV�
DQG� PRQRPROHFXODU� �D� ���� W� �����PV�� NL�
QHWLFV� �(T������� 7KHUHIRUH�� RXU� 3,$� GDWD
VXJJHVW� WKDW� 0(+�339� WULSOHW� H[FLWRQV� LQ
0(+�339�3W����&��� EOHQGV� DUH� QRW� FRP�SOHWHO\� TXHQFKHG� LQ� FRQWUDVW� WR� 0(+�
339�&��� EOHQGV�� 7KLV� LV� DOVR� VXSSRUWHG� E\WKH� 3/� TXHQFKLQJ� GDWD� LQ� )LJ���� VKRZLQJ
WKDW� WKH� 3/� LQ� WKH� ������� 0(+�
339�3W����&��� EOHQG� LV� TXHQFKHG� RQO\� E\� DIDFWRU� RI� ��� 7KHUHIRUH�� D� SDUW� RI� VLQJOHW
H[FLWRQV� OLYHV� D� VXIILFLHQW� WLPH� WR� EH� FRQ�
YHUWHG� LQWR� WULSOHW� RQHV� YLD� LQWHUV\VWHP
FURVVLQJ��

3KRWRFXUUHQW� DFWLRQ� VSHFWUD�� )LJ���� GHP�
RQVWUDWHV� SKRWRFXUUHQW� DFWLRQ� DQG� RSWLFDO
DEVRUSWLRQ� VSHFWUD� IRU� ������ 0(+�
339�3W����&���EOHQG��,W�LV�VHHQ�WKDW�WKH�IRU�PHU� FORVHO\� IROORZV� WKH� DEVRUSWLRQ� HGJH� RI
0(+�339�LPSO\LQJ�WKDW�SKRWRH[FLWDWLRQV�DW
0(+�339� GLVVRFLDWH� LQWR� IUHH� FDUULHUV� LQ
WKH� EXON� KHWHURMXQFWLRQ� DV� LW� RFFXUV� LQ
0(+�339�&��� EOHQGV�� 7KH� SHDN� UHVSRQVLY�LW\� RI� WKH� SKRWRGLRGH� ZDV� ���� P$�:� DW
���� QP� WKDW� FRUUHVSRQGV� WR� WKH� H[WHUQDO
TXDQWXP� HIILFLHQF\� DERXW� �� ��� 7KLV� HIIL�
FLHQF\�LV�HVVHQWLDOO\�ORZHU�WKDQ�WKDW�RI�W\SL�
FDO�0(+�339�&���GHYLFHV��$W�WKLV�SRLQW��ZHFDQ� QRW� FRPSDUH� WKH� HIILFLHQF\� RI� FKDUJH
FROOHFWLRQ� LQ� 0(+�339�&��� DQG� 0(+�
339��3W����&���Q� GHYLFHV� VLQFH� WKH� ODWWHUZHUH�QRW�RSWLPL]HG�RQ�GRQRU�DFFHSWRU�UDWLR�
SUHSDUDWLRQ�FRQGLWLRQ��HWF��

,Q�FRQFOXVLRQ��ZH�KDYH�GRQH�FRPSDUDWLYH
VWXGLHV�RI�RSWLFDO�DQG�SKRWRSK\VLFDO�SURSHU�

WLHV� RI� 0(+�339�3W����&��� DQG� 0(+�
339�&��� EOHQGV�� 7KHLU� RSWLFDO� FKDUDF�
WHUL]DWLRQ� KDV� VKRZQ� WKDW� WKH� PRUSKRORJ\
RI� WKH�EOHQGV� LV� HVVHQWLDOO\�GLIIHUHQW�DW� WKH
PLFURVFDOH�� %\� XVLQJ�3/� DQG�3,$� VSHFWURV�
FRS\��ZH� KDYH� IRXQG� WKDW� WKH� HIILFLHQF\� RI
3&7�LQ�0(+�339�3W����&���LV�DERXW���WLPHVORZHU� WKDQ� LQ�0(+�339�&����:H� DWWULEXWH
WKLV�GLIIHUHQFH�WR�KLJKHU�SKDVH�VHSDUDWLRQ�LQ
0(+�339�3W����&���DW�WKH�QDQRVFDOH��0HDQ�ZKLOH�� RXU� SKRWRFXUUHQW� VSHFWUD� LQGLFDWH
WKDW� �3W����&���Q� FRXOG� FROOHFW� WKH� SKRWRLQ�GXFHG�FKDUJHV�

$FNQRZOHGJHPHQWV�� 7KLV� UHVHDUFK� ZDV
VXSSRUWHG� E\� WKH� (XURSHDQ�2IILFH� RI�$HUR�
VSDFH�5HVHDUFK�DQG�'HYHORSPHQW�YLD�WKH�,Q�
WHUQDWLRQDO� 6FLHQFH� DQG� 7HFKQRORJ\� &HQWHU
�SURMHFW�����3��DQG�E\�WKH�5XVVLDQ�)RXQGD�
WLRQ� IRU� %DVLF� 5HVHDUFK� �JUDQW� ������
�������

5HIHUHQFHV
� ���&�-�%UDEHF�� 1�6�6DULFLIWFL�� -�&�+XPPHOHQ�

$GYDQFHG� )XQFWLRQDO� 0DWHULDOV�� ���� ��
��������

� ���1�6�6DULFLIWFL��/�6PLORZLW]��$�-�+HHJHU�HW�DO��
6FLHQFH��������������������

� ���+�1DJDVKLPD�� <�.DWR�� +�<DPDJXFKL� HW� DO��
&KHP��/HWW����������������

� ���6�*�(OL]DURY�� $�(�2]LPRYD�� '�<X�3DUDVFKXN
HW�DO���3URF��63,(�������������������

� ���+�6�:RR�� 6�&�*UDKDP�� '�$�+DOOLGD\� HW� DO��
3K\V��5HY��%������������������

� ���;�:HL�� =�9�9DUGHQ\�� 1�6�6DULFLIWFL� HW� DO��
3K\V��5HY��%�������������������

� ���'�6�*LQJHU�� 1�&�*UHHQKDP�� 3K\V��5HY��%�� ���
��������������

� ���2�(SVKWHLQ��*�1DNKPDQRYLFK��<�(LFKHQ�HW�DO��
3K\V��5HY��%���������������������

� ���$�%HOOR�� (�/DUHGR�� 0�*ULPDX�� 3K\V��5HY��%�
������������������

)LJ����� 3KRWRFXUUHQW� DFWLRQ� VSHFWUD� �VROLG�
DQG� RSWLFDO� GHQVLW\� �GDVKHG�� IRU� WKH� SKRWR�
GLRGH�ZLWK�������0(+�339�3W����&���ZRUNLQJOD\HU�
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