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,Q� ODVW� GHFDGHV�� WKH� LQWHUHVW� RI� UH�
VHDUFKHUV�LV�VHHQ�WR�EH�WXUQHG�VKDUSO\�WR�WKH
ILHOG� RI� QDQRGLPHQVLRQDO� VWUXFWXUHV�� 7KH
PRVW� SHUVSHFWLYH� LV� LQYHVWLJDWLRQ� RI� RSWLFDO
SURSHUWLHV�RI�VHPLFRQGXFWRU�QDQRSDUWLFOHV�RI
D� VL]H� FRPSDUDEOH� WR� WKH� %RKU� H[FLWRQ� UD�
GLXV��ZKHUH�WKH�TXDQWXP�VL]H�HIIHFWV�DSSHDU
EHFDXVH�RI�FKDQJHV�LQ�WKH�HOHFWURQ�VWUXFWXUH
RI� VHPLFRQGXFWRU� FU\VWDO� >����@�� 7KHVH
FKDQJHV�UHVXOW�PDLQO\� LQ�D�EDQG�JDS�EURDG�
HQLQJ�RI� WKH� VHPLFRQGXFWRU� ��EOXH��VKLIW�RI
WKH�IXQGDPHQWDO�DEVRUSWLRQ�HGJH���TXDQWL]D�
WLRQ� DQG� UHGXFWLRQ� RI� HOHFWURQLF� VWDWH� GHQ�
VLW\�DW�HGJHV�RI�WKH�FRQGXFWLRQ�DQG�YDOHQFH
EDQGV�>�@��7KXV��LW�LV�SRVVLEOH�WR�FKDQJH�WKH
HQHUJ\�VSHFWUXP�RI�WKH�V\VWHP�E\�YDU\LQJ�WKH
VHPLFRQGXFWRU�FU\VWDO�VL]H��TXDQWXP�FRQILQH�
PHQW� YDOXH�� WKDW� SURPRWHV� WKH� RSWLPL]DWLRQ
RI� WKH� NQRZQ� VHPLFRQGXFWRU� GHYLFHV� DQG� WKH
GHYHORSPHQW�RI�QHZ�RQHV�

0HWKRGV� IRU� SUHSDUDWLRQ� DQG� LQYHVWLJD�
WLRQ� RI� VHPLFRQGXFWRU� QDQRSDUWLFOHV� DUH
ZLGHO\� SUHVHQWHG� LQ� OLWHUDWXUH�� WKH� PRVW
VWXGLHG� DUH� QDQRSDUWLFOH� RI� FDGPLXP�� OHDG�

]LQF�FKDOFRJHQLGHV�>����Ü�@��+RZHYHU��GHYHO�
RSPHQW� RI� RUGHUHG� VWUXFWXUL]DWLRQ�PHWKRGV
LV� QHFHVVDU\� WR� SURYLGH� PDWHULDOV� RQ� WKH
EDVLV� RI� VHPLFRQGXFWRU� QDQRFU\VWDOV� ZLWK
SUHVHUYDWLRQ� RI� TXDQWXP� VL]H� HIIHFWV�� 7ZR
ZD\V�WR�QDQRVWUXFWXUHG�PDWHULDOV�KDYH�EHHQ
GHILQHG�LQ�WKH�ODVW�GHFDGH��7KH�ILUVW�LV�YROX�
PHWULF� VWUXFWXUL]DWLRQ� RI� QDQRFU\VWDOV� LQ
WKH� PDWUL[� YRLGV�� H�J��� LQ� ORQJ� SRO\PHULF
PROHFXOHV�� WKH� VHFRQG� FRQVLVWV� LQ� IRUPDWLRQ
RI� QDQRSDUWLFOHV� RQ� D� QDQRSDUWLFOH� VXUIDFH
�6L2��� $O�2��� SRO\PHULF� QDQRSDUWLFOHV�� >�Ü��@�� 1DQRPDWHULDOV� RI� WKH� VXUIDFH� W\SH� DUH
PRUH� FKHPLFDOO\� DFWLYH� WKDQ�PDWHULDOV�ZLWK
QDQRLPSXULWLHV�LQ�EXON��WKDW�LV�ZK\�WKH\�DUH
PRUH� SHUVSHFWLYH� IRU� PDNLQJ� YDULRXV� OXPL�
QRXV�GLRGHV��WKH�VHQVRU�FRQWUROV��QHZ�HIIHF�
WLYH�FDWDO\WLF�DJHQWV�>������@�

+HWHURQDQRVWUXFWXUHV� ZLWK� GLHOHFWULF� VLO�
LFD� FRUH�DQG�DQ�H[WHUQDO� VKHOO� FRQVLVWLQJ�RI
PHWDO� SDUWLFOHV� �$X�� $J�� >��@� DQG� VHPLFRQ�
GXFWRUV� SDUWLFOHV� �&G6�� &G6H�� =Q6�� KDYH
EHHQ� REWDLQHG� EHIRUH� >�Ü��@�� +RZHYHU�� WKH
TXHVWLRQ� RI� DQ� RSSRUWXQLW\� WR� PDQDJH� WKH
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RSWLFDO� SDUDPHWHUV� RI� VHPLFRQGXFWLQJ� KHW�
HURQDQRVWUXFWXUHV�LV�VWLOO�RSHQ��,Q�WKLV�FRQ�
QHFWLRQ��WKH�SXUSRVH�RI�RXU�UHVHDUFK�ZDV�WR
VWXG\� WKH� GLUHFWLRQDO� VXUIDFH� DGVRUSWLRQ
SURFHVV�RI�VHPLFRQGXFWRU�QDQRFU\VWDOV��&G6�
3E6��RQ�VLOLFD�SDUWLFOHV�RI�YDULRXV�GLDPHWHU�
WR� LQYHVWLJDWH� WKH� PDQLIHVWDWLRQV� RI� TXDQ�
WXP� VL]H� HIIHFWV� RI�&G6�� 3E6� QDQRFU\VWDOV
LQ� RSWLFDO� DEVRUSWLRQ� VSHFWUD� DQG� LQIOXHQFH
RI� VHPLFRQGXFWRU� VKHOO� FRPSRVLWLRQ�DQG� WKH
FRUH� VL]H� RQ� OLJKW� DEVRUSWLRQ� E\�6L2��&G6�6L2��3E6�KHWHURQDQRSDUWLFOHV�7KH� QDQRFU\VWDOV� ZHUH� REWDLQHG� E\� FRO�
ORLG� V\QWKHVLV� LQ� DTXHRXV� VROXWLRQV� LQ�SUHV�
HQFH�RI�SRO\�DFU\OLF��DFLG�DV�D�VWDELOL]HU��$V
SUHFXUVRUV�� FDGPLXP� DQG� OHDG� QLWUDWHV� DQG
VRGLXP� VXOILGH� ZHUH� XVHG�� 7KH� PRQRGLV�
SHUVHG� VSKHULFDO� VKDSH� VLOLFD� QDQRSDUWLFOHV
KDYH� EHHQ� SUHSDUHG� E\� WHWUDHWK\O� RUWKRVLOL�
FDWH� K\GURO\VLV� XVLQJ� WKH� PRGLILHG� 6WREHU
PHWKRG� >��@�� 7KH� VL]H� RI� REWDLQHG� VLOLFD
QDQRSDUWLFOHV� ���Ü���� QP�� ZDV� FRQWUROOHG
E\� YDU\LQJ� WKH� UHDFWLRQ� WLPH�� UDWLR� RI� UH�
DJHQWV��DQG�WHPSHUDWXUH��7R�SUHSDUH�KHWHUR�
QDQRVWUXFWXUHV�� WKH� VXUIDFH� RI� VLOLFD
QDQRSDUWLFOHV� KDV� EHHQ� PRGLILHG� XVLQJ� EL�
IXQFWLRQDO� RUJDQLF� FRPSRXQG�� ��DPLQR�
SURS\O� WULHWKR[\VLODQH�� ZKLFK� IRUPV� FRYD�
OHQW� FKHPLFDO� ERQG� ZLWK� VLODQRO� JURXSV� RI
WKH�FRUH�DQG�SURYLGHV�FRQQHFWLRQ�RI�D�VHPL�
FRQGXFWRU�VKHOO�WR�WKH�FRUH�GXH�WR�WKH�DPLQR
JURXS�� 6\QWKHVLV� RI� FRUH�VKHOO� KHWHUR�
QDQRSDUWLFOHV�ZLWK�GLHOHFWULF�VLOLFD�FRUH�DQG
VHPLFRQGXFWRU�VKHOO�ZDV�FDUULHG�RXW�YDU\LQJ
WKH�FRUH�GLDPHWHU�����QP������QP������QP�
DQG� WKH� GHQVLW\� RI� LWV� FRYHULQJ� ZLWK� VHPL�
FRQGXFWRU� QDQRSDUWLFOHV�� 7KH� FROORLG� VROX�
WLRQ� RI� V\QWKHVL]HG� QDQRFU\VWDOV� ZLWK� WKH
VSHFLILHG� FRQFHQWUDWLRQ� ZDV� PL[HG� ZLWK
DTXHRXV� VXVSHQVLRQ� RI� 6LH�� SDUWLFOHV�� 7KHV\QWKHVLV�ZDV�FDUULHG�RXW�DW� ORZ�FRQFHQWUD�
WLRQV� RI� VHPLFRQGXFWRU� VROXWLRQV� �>&G6@� 
����Ü�� PRO�O�� >3E6@� �����Ü�� PRO�O�� WR� SUH�
YHQW�IRUPDWLRQ�RI�FRQJORPHUDWHV�RQ�WKH�VLO�
LFD�VXUIDFH��7KH�SUHFLSLWDWH�RI�REWDLQHG�KHW�
HURQDQRSDUWLFOHV� ZDV� VHSDUDWHG� DQG� GLV�
SHUVHG� E\�XOWUDVRXQG� LQ� D� VPDOO� DPRXQW� RI
ZDWHU�� 7R� JHW� D� WKLFNHU� FRDWLQJ�� WKH� SURFH�
GXUH�ZDV�UHSHDWHG��6XFK�VWDJH�E\�VWDJH�VKHOO
IRUPDWLRQ� SURYLGHV� XQLIRUP� GLVWULEXWLRQ� RI
VHPLFRQGXFWRU� QDQRFU\VWDOV� RQ� WKH� VLOLFD
VXUIDFH�

7KH� SKRWRPHWHU�PHWKRG�ZDV� XVHG� WR� GH�
WHUPLQH� WKH� FRQFHQWUDWLRQ� RI� DGVRUEHG�3E6
QDQRFU\VWDOV� RQ� WKH� VLOLFD� VXUIDFH�� ,W� ZDV
FDOFXODWHG� WKDW� DW� HDFK� VWDJH� RI� WKH� VKHOO
IRUPDWLRQ�� DQ� DYHUDJH� RI� ������ 3E6
QDQRFU\VWDOV�DUH�DEVRUEHG�RQ�D�FRUH��7UDQV�
PLVVRQ� HOHFWURQ� PLFURVFRS\� RI� V\QWKHVL]HG

QDQRVWUXFWXUHV� ZDV� SHUIRUPHG� XVLQJ� D
(l�����PLFURVFRSH�DW�WKH�DFFHOHUDWLQJ�YROW�
DJH� ���� N9�� 7KH� VDPSOHV� ZHUH� SUHSDUHG
XVLQJ� D� VWDQGDUG� SURFHGXUH� E\� SODFLQJ� D
GURS� RI� DTXHRXV� VROXWLRQ� RI� QDQRSDUWLFOHV
RQWR�FDUERQ�ILOP�GHSRVLWHG�RQ�D�FRSSHU�JULG�
2SWLFDO�DEVRUSWLRQ�VSHFWUD�RI�WKH�FROORLG�VR�
OXWLRQV�RI�QDQRVWUXFWXUHV�ZHUH�PHDVXUHG�LQ
WKH�ZDYHOHQJWK�UDQJH����� WR�����QP�XVLQJ
6SHFRUG�0����VSHFWURSKRWRPHWHU�LQ�D�TXDUW]
FHOO� RI� �� FP� WKLFNQHVV�� 7KH� SKDVH� FRPSRVL�
WLRQ� RI�&G6� DQG� 3E6� QDQRSDUWLFOH� VDPSOHV
ZDV� H[DPLQHG� E\� ;�UD\� GLIIUDFWLRQ� XVLQJ
'521����� �)HD� UDGLDWLRQ�� O� ���������c�WKH� VFDQQLQJ� ILHOG� �T� ���� WR� ������� 7KH
VDPSOHV� ZHUH� SUHSDUHG� E\� SUHFLSLWDWLRQ� RI
QDQRFU\VWDOV� IURP� WKH� FRQFHQWUDWHG� FROORLG
VROXWLRQ� XVLQJ� DQ� 231��� FHQWULIXJH� DQG
GU\LQJ�RI�REWDLQHG�SUHFLSLWDWH�

7KH� FROORLG� V\QWKHVLV� PHWKRG� LV� WHFKQR�
ORJLFDOO\� VLPSOH�� GRHV� QRW� GHPDQG� VSHFLDO
HTXLSPHQW� DQG� DOORZV� WR� REWDLQ� &G6�� 3E6
QDQRFU\VWDOV�RI�D� VSHFLILHG�VL]H�DQG�QDUURZ
VL]H� GLVWULEXWLRQ� �������� DQG� DW� WKH� VDPH
WLPH� WR� VWUXFWXUL]H� WKHP� RQ� VLOLFD� SDUWLFOH
VXUIDFH�� $Q� DGYDQWDJH� RI� WKLV� PHWKRG� LV
WKDW� VHPLFRQGXFWRU� QDQRFU\VWDOV� DUH� DQ�
FKRUHG�RQ�D�VXUIDFH�RI�VSKHULFDO�VLOLFD�SDUWL�
FOHV�� ZKLOH� EHLQJ� DYDLODEOH� IRU� �H[WHUQDO�
DFWLRQV�� H�J��� IRU� LQWHUDFWLRQ� ZLWK� OLJKW
TXDQWD�� 7KH� REWDLQHG� VROXWLRQV� RI
6LH��&G6�� 6LH��3E6� KHWHURQDQRSDUWLFOHVVKRZ� VWDELOLW\� DJDLQVW� DJJUHJDWLRQ� GXULQJ
VHYHUDO� ZHHNV� DW� WKH� FRUH� VL]HV� OHVV� WKDQ
���� QP�� 2EWDLQLQJ� RI� SKRWRQ� FU\VWDOV� DV
FORVH� SDFNLQJ� RSDO� VWUXFWXUHV� ZLWK� DGMXVW�
DEOH� SURSHUWLHV� LV� DOVR� SRVVLEOH� DW� JUHDWHU
FRUH�VL]HV�E\�QDWXUDO�VHGLPHQWDWLRQ�

7KH� VL]H� DQG�PRUSKRORJ\� RI� V\QWKHVL]HG
QDQRVWUXFWXUHV�ZHUH� H[DPLQHG� E\�PHDQV� RI
WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��)LJ������,W
KDV�EHHQ�VKRZQ�WKDW�&G6�DQG�3E6�VHPLFRQ�
GXFWRU�QDQRFU\VWDOV�DUH�RI���DQG���QP�VL]H�
UHVSHFWLYHO\�� GR� QRW� FRDJXODWH� LQ� VROXWLRQ�
DQG� DUH� XQLIRUPO\� GLVSHUVHG� RQ� WKH� VLOLFD
SDUWLFOH� VXUIDFH� IRUPLQJ� D� PRQROD\HU� RI
&G6� RU� 3E6� QDQRFU\VWDOV�� 7KH� PRQROD\HU
WKLFNQHVV�LV�GHILQHG�E\�WKH�QDQRFU\VWDO�VL]H�
7KH� V\QWKHVL]HG� VLOLFD� QDQRSDUWLFOHV� DUH� RI
VSKHULFDO�VKDSH�DQG�WKH�SUHVHW�VL]H�����QP�
����QP������QP��DW�D�QDUURZ�VL]H�GLVWULEX�
WLRQ���������

7KH� SKDVH� FRPSRVLWLRQ� RI� WKH� REWDLQHG
VHPLFRQGXFWRU� 3E6� DQG� &G6� QDQRSDUWLFOHV
KDV� EHHQ� LQYHVWLJDWHG�E\�;�UD\�GLIIUDFWLRQ�
;�UD\� GLIIUDFWLRQ� VSHFWUD� RI� WKH� VHPLFRQ�
GXFWRU� QDQRFU\VWDOV�&G6� DQG� 3E6� DUH� SUH�
VHQWHG� LQ� )LJ����� 7KH� V\VWHP� RI� GLIIUDFWLRQ
SHDNV� LQGLFDWHV� WKH� FXELF� VWUXFWXUH� RI�&G6
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DQG� 3E6� QDQRFU\VWDOV� ZLWK� WKH� SHULRG
�����c�DQG������c��UHVSHFWLYHO\��7KH�EURDG�
HQLQJ� RI� GLIIUDFWLRQ� SHDNV� LV� GXH� WR� WKH� IL�
QLWH� VL]H� RI� WKH� QDQRFU\VWDOV� DQG� LQGLFDWHG
WKDW�WKH�GLPHQVLRQV�RI�WKH�QDQRSDUWLFOHV�DUH
YHU\� VPDOO�� 7KH� VL]H� RI� VHPLFRQGXFWRU
QDQRFU\VWDOV� ZHUH� HVWLPDWHG� XVLQJ� WKH
6FKHUUHU�HTXDWLRQ�>��@��7KH�VL]H�RI�&G6�DQG
3E6�QDQRFU\VWDOV��FRKHUHQW�GLVSHUVLRQ�ILHOG�
LV� ���� QP� DQG� ���� QP�� UHVSHFWLYHO\�� ZKLFK
LV�LQ�JRRG�DFFRUGDQFH�ZLWK�VL]HV�GHWHUPLQHG
E\�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\�

7KH� OLJKW� DEVRUSWLRQ� E\� VHPLFRQGXFWRU
QDQRFW\VWDOV� ZLWK� QRQ�GHJHQHUDWH� HQHUJ\
EDQGV� GHSHQGV� RQ� WZR� IDFWRUV�� ZLGWK� RI� D
EDQG�JDS�EHWZHHQ�DOORZHG�EDQGV��WKH�RSWLFDO
EDQG� JDS� HQHUJ\� (J�� DQG� GHQVLWLHV� RI� WKHGHIHFWLYH� OHYHOV� LQ� WKH� RSWLFDO� EDQG� JDS� HQ�
HUJ\��7KH�ILUVW�IDFWRU�GHILQHV�WKH�SRVLWLRQ�RI
WKH� DEVRUSWLRQ� HGJH� LQ� WKH� ORQJ�ZDYH� DUHD
UHODWLYH� WR� WKH� H[SHFWHG� DEVRUSWLRQ� HGJH� IRU
EXON� PDWHULDO� �EOXH�VKLIWHG� DEVRUSWLRQ� HGJH
ZKHQ� WKH� EDQG� JDS� HQHUJ\� LQFUHDVHV��� ZKLOH
WKH�VHFRQG���WKH�VKDSH�RI�DEVRUSWLRQ�HGJH�DQG
LQWHQVLW\�RI�DEVRUSWLRQ�LQ�WKH�ILHOG�RI�KQ���(J�ZKHUH�KQ�LV�WKH�SKRWRQ�HQHUJ\��>����@�

2SWLFDO�DEVRUSWLRQ�VSHFWUD�VHPLFRQGXFWRU
QDQRFU\VWDOV� LQ� VROXWLRQV� DUH� SUHVHQWHG� LQ
)LJ����� 7KH� DEVRUSWLRQ� HGJHV� DUH� FKDUDF�
WHUL]HG� E\� VKDUSO\� H[SUHVVHG� DEVRUSWLRQ� DW
KQ� �(J�ZLWK�QHJOLJLEOH�DEVRUSWLRQ�DW�KQ���(J�WKXV� HYLGHQFLQJ� WKDW� OLJKW� DEVRUSWLRQ� E\
&G6� DQG�3E6�QDQRFU\VWDOV� UHVXOWV�IURP�WKH
DOORZHG�GLUHFW� EDQG�WR�EDQG�HOHFWURQ� WUDQVL�
WLRQV�

$EVRUSWLRQ� RI� D� OLJKW� TXDQWXP� E\� VHPL�
FRQGXFWRU� QDQRFU\VWDOV�ZLWK� WKH� HQHUJ\� H[�

FHHGLQJ� (J� UHVXOWV� LQ� IRUPDWLRQ� RI� DQ� HOHF�WURQ�KROH� SDLU� FRQQHFWHG� WRJHWKHU� GXH� WR
&RXORPE� LQWHUDFWLRQ�� 7KH� &RXORPE� LQWHUDF�
WLRQ�EHWZHHQ�RSSRVLWH�FKDUJHV�UHVWULFWV�WKHLU
IUHH� PRWLRQ�� WKXV�� WKH\� PRYH� DV� D� VLQJOH
ZKROH�DQG�FDQ�EH�FRQVLGHUHG�DV�D�TXDVL�SDU�
WLFOH�� ([FLWRQLF� VWDWHV� LQ� WKH� EXON� VHPLFRQ�
GXFWRUV�FDQ�EH�HDVLO\�GHVWUR\HG�E\�D�WKHUPDO
PRWLRQ�RI�WKH�ODWWLFH�EHFDXVH�RI�VPDOO�ELQG�

)LJ�����7UDQVPLVVRQ�HOHFWURQ�PLFURVFRS\�LPDJHV�RI�KHWHURQDQRSDUWLFOHV�6L2��3E6��D��DQG�6L2��&G6�E���6L2��SDUWLFOH�GLDPHWHU�����QP�

)LJ�����;�UD\�GLIIUDFWLRQ�RI�&G6� �È��DQG�3E6
�E��QDQRFU\VWDOV�
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LQJ� HQHUJLHV� DQG� ODUJH� H[FLWRQ� UDGLXV�� ,Q
ORZ�GLPHQVLRQDO� V\VWHPV�� H[FLWRQLF� VWDWHV
DUH� VWDEOH� LQ� D� PXFK� ZLGHU� WHPSHUDWXUH
UDQJH�� WKDW� UHVXOWV� LQ� D� VHULHV� RI� H[FLWRQ
SHDNV� DW� WKH� IXQGDPHQWDO� DEVRUSWLRQ� HGJH
>�@�� )RU�&G6� QDQRFU\VWDOV�� WZR� VWDEOH� H[FL�
WRQ� PD[LPD� DUH� REVHUYHG� QHDU� ���� DQG
����QP��7KH�SRVLWLRQ�DQG�LQWHQVLW\�RI�SHDNV
LV� PDLQWDLQHG� LQ� DEVRUSWLRQ� VSHFWUD� RI
6LH��&G6� KHWHURQDQRVWUXFWXUHV�� WKDW� FRQ�ILUPV� FRQVHUYDWLRQ� RI� TXDQWXP� VL]H� HIIHFWV
IRU�&G6�QDQRFU\VWDOV�DGVRUEHG�RQ�VLOLFD�VXU�
IDFHV��([FLWRQ�PD[LPD�IRU�3E6�QDQRFU\VWDOV
DUH�REVHUYHG�QHDU�����DQG�����QP��([FLWRQ
PD[LPXP� QHDU� ���� QP� LV� PDLQWDLQHG� IRU
6LH��3E6�KHWHURQDQRVWUXFWXUHV��)LJ�����$V� WKH� FRDWLQJ� GHQVLW\� RI� D� FRUH� ZLWK
VHPLFRQGXFWRU� LQFUHDVHV�� WKH� SHDN� SRVLWLRQ
LV�NHSW�� ,QFUHDVH�RI�WKH�PD[LPXP�LQWHQVLW\
DSSHDUV� DW� FRQFHQWUDWLRQ� RI� VHPLFRQGXFWRU
QDQRFU\VWDOV� �������� SHU� RQH� VLOLFD� SDUWLFOH
�)LJ����� FXUYH� ���� 7KH� IXUWKHU� LQFUHDVH� RI
VHPLFRQGXFWRU�QDQRSDUWLFOH�FRQFHQWUDWLRQ�LQ
WKH� VROXWLRQ� DQG� RQ� WKH� VLOLFD� VXUIDFH� ����
SDUWLFOHV� DQG�PRUH�� UHVXOWV� LQ�GHWHULRUDWLRQ
RI� DOO� H[FLWRQ� VWDWHV� GXH� WR� D� VKLHOGLQJ� RI
&RXORPE� LQWHUDFWLRQV� DV� LW� RFFXUV� LQ� EXON
VHPLFRQGXFWRU� VDPSOHV� �)LJ����� FXUYH� ���
([FLWRQ� PD[LPD� LQ� WKLV� FDVH� DUH� DOVR
PHUJHG�ZLWK�WKH�FRPPRQ�VSHFWUXP�HGJH�

7KH�RSWLFDO�EDQG�JDS�HQHUJLHV�DQG�GLDPH�
WHUV� RI� &G6� DQG� 3E6� SDUWLFOHV� LQ� VROXWLRQ
DQG� RQ� VLOLFD� VXUIDFHV� KDYH� EHHQ� FDOFXODWHG
�7DEOH��� &DOFXODWLRQV� KDYH� VKRZQ� D� VLJQLIL�
FDQW� LQFUHDVH� RI� RSWLFDO� EDQG� JDS� HQHUJLHV
IRU� &G6� DQG� 3E6� VHPLFRQGXFWRU� QDQRFU\V�
WDOV� DV� FRPSDUHG� WR� WKH� EXON� VDPSOHV� �'p
PDNHV�����H9�DQG�����H9�IRU�3E6�DQG�&G6�
UHVSHFWLYHO\�� WKDW� LV� PDQLIHVWHG� LQ� DEVRUS�
WLRQ� VSHFWUD� IRU� VHPLFRQGXFWRU� QDQRSDUWL�
FOHV�DV�D�EOXH�VKLIW�RI�ORQJ�ZDYHOHQJWK�IXQ�
GDPHQWDO� DEVRUSWLRQ� HGJH�� 7KH� VL]H� RI
QDQRFU\VWDOV� KDV� EHHQ� FDOFXODWHG� XQGHU� HI�
IHFWLYH� PDVV� DSSUR[LPDWLRQ� ZKLFK� LV� EDVHG

RQ�WKH�DVVXPSWLRQ�RI�WKH�HIIHFWLYH�PDVV�LQ�
YDULDQFH�IRU�HOHFWURQ�DQG�KROH�ZKHQ�SDVVLQJ
IURP�EXON�WR�QDQRGLPHQWLRQDO�V\VWHPV�>��@�

+HWHURQDQRSDUWLFOHV�RI�WKH�FRUH�GLDPHWHU
RI� ��� QP�� ���� QP�� ���� QP� DQG� LGHQWLFDO
FRUH� FRDWLQJ� GHQVLW\� ZLWK� VHPLFRQGXFWRU
QDQRFU\VWDOV� KDYH� EHHQ� V\QWKHVL]HG� WR� DQD�
O\]H�WKH�FRUH�VL]H�LQIOXHQFH�RQ�OLJKW�DEVRUS�
WLRQ� E\� 6L2��3E6� DQG� 6L2��&G6� KHWHUR�QDQRVWUXFWXUHV��,W�KDV�EHHQ�HVWDEOLVKHG�WKDW
WKH� DGVRUSWLRQ� SURFHVV� RI� QDQRFU\VWDOV� RQ
WKH� VLOLFD� VXUIDFH� UXQV� LQ� WKH�VDPH�PDQQHU
IRU� DOO� WKH� FRUH� GLDPHWHUV� DQG� LV� TXDQWLWD�
WLYHO\� GHILQHG� RQO\� E\� WKH� VXUIDFH� DUHD� RI
VLOLFD� SDUWLFOHV�� $EVRUSWLRQ� VSHFWUD� RI� RE�
WDLQHG�6L2��3E6�FROORLG�VROXWLRQV�ZLWK�YDULRXVGLDPHWHU�RI�D�FRUH�DUH�SUHVHQWHG�LQ�)LJ�����7KH
SRVLWLRQ� RI� H[FLWRQ� PD[LPD� LV� NHSW� DW� DOO
FRUH�GLDPHWHUV��DQG� WKHLU� LQWHQVLW\�GHSHQGV
RQO\�RQ�WKH�VHPLFRQGXFWRU�VKHOO�GHQVLW\�

,W� LV� HVWDEOLVKHG� LQ� H[SHULPHQW� WKDW� WKH
VKHOO�FRQVLVWLQJ�RI�3E6�RU�&G6�PRQROD\HU�LV
IRUPHG� LQ� RXU� V\QWKHVLV� FRQGLWLRQV�
QDQRFU\VWDOV� GR� QRW� IRUP� FRQJORPHUDWHV� RQ
WKH�FRUH�VXUIDFH�ZKDW�LV�WHVWLILHG�E\�NHHSLQJ
RI�WKH�QDQRFU\VWDO�VL]H�DW�DGVRUSWLRQ�RQ�WKH
VLOLFD�VXUIDFH��,W�LV�SRVVLEOH�WR�DSSURYH�WKDW
WKH� FRUH� LQ� KHWHURQDQRVWUXFWXUHV� DFWV� DV� D

7DEOH���2SWLFDO�EDQG�JDS�HQHUJ\�DQG�GLDPH�
WHUV� RI� 3E6� DQG� &G6� QDQRFU\VWDOV� LQ� WKH
VROXWLRQ�DQG�RQ�WKH�VXUIDFH�RI�VLOLFD�SDUWL�
FOHV

(J��H9 5��QP
3E6 ���� ���

6L2��3E6 ���� ���
&G6 ���� ���

6L2��&G6 ���� ���

)LJ�����2SWLFDO�DEVRUSWLRQ�VSHFWUD�IRU�ZDWHU�VR�
OXWLRQV�RI�&G6�����DQG�3E6�����QDQRFU\VWDOV� )LJ�����2SWLFDO�DEVRUSWLRQ�VSHFWUD�RI�DTXHRXV

VROXWLRQV� RI� 6L2��3E6� KHWHURQDQRSDUWLFOHV�1XPEHU� RI�3E6� SDUWLFOHV�SHU�RQH�6L2��SDUWL�
FOH�����������������������������������������������
6L2��SDUWLFOH�GLDPHWHU�����QP�
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VXSSRUW� RQO\� DQG� GRHV� QRW� LQIOXHQFH� HVVHQ�
WLDOO\�WKH�RSWLFDO�FKDUDFWHULVWLFV�RI�3E6�DQG
&G6�VHPLFRQGXFWRU�QDQRFU\VWDOV�

7R� FRQFOXGH�� WKH� DGVRUSWLRQ� PHFKDQLVP
RI�&G6�DQG�3E6�VHPLFRQGXFWRU�QDQRFU\VWDOV
RQ� WKH� VXUIDFH� RI� VSKHULFDO� VLOLFD� SDUWLFOHV
KDV� EHHQ� VWXGLHG�� 7KH� PHWKRG� RI� VWDJH�E\�
VWDJH� VKHOO� IRUPDWLRQ� KDV� EHHQ� GHYHORSHG
WKDW� SURYLGHV� D� XQLIRUP� GLVWULEXWLRQ� RI
VHPLFRQGXFWRU� QDQRFU\VWDOV� RQ� WKH� VLOLFD
FRUH� VXUIDFH�� ,W�KDV� EHHQ� FDOFXODWHG� WKDW� DW
HDFK�VWDJH�RI�WKH�FRUH�FRDWLQJ�ZLWK�VHPLFRQ�
GXFWRU� VKHOO�� DYHUDJH� ������ VHPLFRQGXFWRU
QDQRFU\VWDOV�DUH�DEVRUEHG�SHU�RQH�VLOLFD�SDU�
WLFOH�� 7KH� SUHVHQFH� RI� TXDQWXP� VL]H� HIIHFWV
LQ� �FRUH�VKHOO�� KHWHURQDQRVWUXFWXUHV� ZLWK
WKH�GLHOHFWULF�FRUH� �6L2�� DQG�VHPLFRQGXFWRUVKHOO� KDV� EHHQ� HVWDEOLVKHG�� ,W� KDV� EHHQ
VKRZQ�WKDW�LW�LV�REYLRXVO\�SRVVLEOH�WR�DGMXVW
RSWLFDO� SURSHUWLHV� RI� KHWHURQDQRVWUXFWXUHV
�LQWHQVLW\�RI�H[FLWRQ�PD[LPXP��E\�FKDQJLQJ
WKH�GLHOHFWULF�FRUH�FRDWLQJ�GHQVLW\�E\�&G6�RU
3E6� VHPLFRQGXFWRU� QDQRFU\VWDOV�� WKH� FRUH

VL]H� GRLQJ� QRW� LQIOXHQFH� WKH� SRVLWLRQ� DQG
LQWHQVLW\�RI�H[FLWRQ�PD[LPXP�

$XWKRUV� DUH� WKDQNV� WR� 6�9�'XNDURY� IRU
WKH�KHOS� LQ�WHVWLQJ�RI�H[SHULPHQWDO�VDPSOHV
E\�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\�
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