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&REDOW�LRQV�KDYH�EHHQ�LPSODQWHG�LQ�DPRUSKRXV�VLOLFD�OD\HUV�RQ�6L�ZDIHUV�DW�DQ�HQHUJ\�RI�����NH9�DQG�

DW�WKUHH�GLIIHUHQW�IOXHQFHV������
��
������

��
�DQG���

��
�DW�FP

��
���0DJQHWLF�SURSHUWLHV�RI�LPSODQWHG�&R�KDYH�EHHQ�

PHDVXUHG�ZLWK�D�648,'�PDJQHWRPHWHU�DW�����.�DQG���.�DQG�VKDSH�DQG�VL]H�RI�WKH�QDQRSDUWLFOHV�KDYH�EHHQ�

VWXGLHG� E\� 7UDQVPLVVLRQ� (OHFWURQ� 0LFURVFRS\� �7(0��� 9DULRXV� SRVW�LPSODQWDWLRQ� WKHUPDO� WUHDWPHQWV�

SHUIRUPHG�DW�GLIIHUHQW� WHPSHUDWXUHV�� IRU�GLIIHUHQW�GXUDWLRQ�DQG�XQGHU�QHXWUDO�RU� UHGXFLQJ�DWPRVSKHUHV�GR�

QRW� PRGLI\� WKH� FREDOW� SDUWLFOH� VL]H�� 3RVW�LPSODQWDWLRQ� LUUDGLDWLRQV� ZLWK� VZLIW� KHDY\� LRQV� RI� LPSODQWHG�

VDPSOHV�FKDQJH�WKH�SDUWLFOH�VL]H�DQG�XQGHU�KLJKHU�LUUDGLDWLRQ�IOXHQFH�FKDQJHV�WKH�VKDSH��

�

,QWURGXFWLRQ�

0HWDOOLF�PDWHULDOV�ZLWK�QDQRPHWHU�VFDOH�SDUWLFOHV�PD\�EH�XVHG�LQ�QXPHURXV�DSSOLFDWLRQV�
�RSWLFDO�� PLFURPHFKDQLFDO� DQG� LQIRUPDWLRQ� VWRUDJH� GHYLFHV���� 0HWDOOLF� QDQRSDUWLFOHV� VKRZ�
SURSHUWLHV�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKRVH�REVHUYHG�LQ�WKH�EXON�PDWHULDO��1DQRSDUWLFOHV�FDQ�
EH�SUHSDUHG�E\�SK\VLFDO�PHWKRGV��LQHUW�JDV�HYDSRUDWLRQ��VSXWWHULQJ��ODVHU�YDSRUL]DWLRQ������RU�
E\�FKHPLFDO�PHWKRGV��VRO�JHO��LQYHUVH�PLFHOOH�WHFKQLTXH������

&RQFHUQLQJ�PDJQHWLF�PDWHULDOV��VHYHUDO�VSHFLILF�IHDWXUHV�UHODWHG�WR�QDQRPHWHU�VL]H�KDYH�
EHHQ� UHSRUWHG� VXFK� DV� HQKDQFHG� PDJQHWL]DWLRQ� ��� DQLVRWURS\�� FRHUFLYLW\� DQG� GLSRODU�
LQWHUDFWLRQV� ��� $Q� LPSRUWDQW� FKDOOHQJH� LQ� XQGHUVWDQGLQJ� WKHVH� SKHQRPHQD� LV� WR� KDYH� ZHOO�
GHILQHG�VDPSOHV�ZLWK�FRQWUROODEOH�VL]H�DQG�LQWHU�SDUWLFOH�GLVWDQFH��,W�KDV�EHHQ�UHFHQWO\�VKRZQ�
WKDW� WKH� XVH� RI� DQ� LQRUJDQLF�PDWUL[� OLNH� JODVVHV� RU� D� 6L2�� [HURJHO�

������ LV� D� JRRG� KRVW� IRU�
FU\VWDOOLQH�PHWDOOLF�QDQRSDUWLFOHV��+RZHYHU��GXH�WR�WKH�ORZ�VROXELOLW\�RI�WUDQVLWLRQ�PHWDOV� LQ�
WKHVH� PDWULFHV�� RQO\� D� ORZ� YROXPH� IUDFWLRQ� FDQ� EH� REWDLQHG� LQ� WKH� IRUP� RI� PRQROLWKLF�
VDPSOHV��

,RQ� LPSODQWDWLRQ� LV� EHFRPLQJ� D� SRZHUIXO� WHFKQLTXH� IRU� V\QWKHVL]LQJ� QDQR�SDUWLFOHV�
HPEHGGHG� LQ� DPRUSKRXV� LQVXODWLQJ� PDWUL[� LQ� RUGHU� WR� FUHDWH� FRPSRVLWH� PDWHULDOV� ZLWK�
LQWHUHVWLQJ�RSWLFDO�DQG�PDJQHWLF�SURSHUWLHV�����

$PRUSKRXV� VLOLFD� VDPSOHV� KDYH� EHHQ� LPSODQWHG� DW� GLIIHUHQW� IOXHQFHV� DQG� DW� GLIIHUHQW�
WHPSHUDWXUHV�� SRVW�LPSODQWDWLRQ� WUHDWPHQWV� PDGH� RQ� WKHVH� LPSODQWHG� VDPSOHV�� VXFK� DV�
WKHUPDO� DQQHDOLQJV� DQG� KHDY\� LRQ� LUUDGLDWLRQV�� KDYH� EHHQ� VWXGLHG�� &REDOW� LPSODQWHG� VLOLFD�
OD\HUV�KDYH�EHHQ�FKDUDFWHUL]HG�E\�PDJQHWLF�PHDVXUHPHQWV�DQG�PLFURVFRS\��7(0���

�
([SHULPHQWDO�SURFHGXUHV�

$� VLOLFD� OD\HU� UHVXOWLQJ� IURP� WKH� WKHUPDO� R[LGDWLRQ� RI� D� VLOLFRQ� VXEVWUDWH� KDV� EHHQ�
LPSODQWHG�ZLWK�FREDOW�LRQV�DW�DQ�HQHUJ\�RI�����NH9��'LIIHUHQW�LPSODQWDWLRQ�IOXHQFHV����������
�������DQG������&R��FP����KDYH�EHHQ�LPSODQWHG�DW�WHPSHUDWXUHV�RI����.������.�DQG�����.��



'LIIHUHQW� WKHUPDO� WUHDWPHQWV� KDYH� EHHQ� SHUIRUPHG� RQ� LPSODQWHG� VDPSOHV�� VDPSOHV�
XQGHU� DUJRQ� DWPRVSKHUH� IRU��K� WR� VHW� WHPSHUDWXUHV�EHWZHHQ�����.�DQG�����.�� WKH\�KDYH�
EHHQ�KHOG�DW�WKH�VHW�WHPSHUDWXUH�IRU�WLPHV�YDU\LQJ�IURP��K�WR���K�XQGHU�QHXWUDO��DUJRQ��RU�
UHGXFLQJ� �K\GURJHQ�� DWPRVSKHUH�� WKHQ� WKH\� KDYH� EHHQ� DOORZHG� WR� FRRO� GRZQ� WR� URRP�
WHPSHUDWXUH�XQGHU�DUJRQ�IORZ��

3RVW�LPSODQWDWLRQ�LUUDGLDWLRQV�KDYH�DOVR�EHHQ�PDGH�ZLWK�VZLIW�KHDY\�LRQV�DW�WKH�9LYLWURQ�
$FFHOHUDWRU�LQ�6WUDVERXUJ��,PSODQWHG�VDPSOHV�KDYH�EHHQ�LUUDGLDWHG�ZLWK����,�LRQV�DW�����0H9�
DW�URRP�WHPSHUDWXUH�DQG�DW�IOXHQFHV�RI������DQG������LRQV�FP����

7KH�SURILOH�RI�WKH�LPSODQWHG�VSHFLHV�LQ�WKH�VXEVWUDWH�KDV�EHHQ�GHWHUPLQHG�E\�5XWKHUIRUG�
%DFNVFDWWHULQJ�6SHFWURVFRS\��5%6��ZLWK�DQ�DQDO\]LQJ�EHDP�RI��+H��DW�DQ�HQHUJ\�RI���0H9�DW�
D�VFDWWHULQJ�DQJOH�RI�������

$�6XSHUFRQGXFWLQJ�4XDQWXP�,QWHUIHUHQFH�'HYLFH�PDJQHWRPHWHU��648,'��ZDV�XVHG�WR�
PHDVXUH�WKH�PDJQHWLF�SURSHUWLHV�RI�WKH�LPSODQWHG�VDPSOHV�DW�����.�DQG���.�WR�D�PD[LPXP�
ILHOG� RI� �� 7�� $OO� TXRWHG� PDJQHWLVDWLRQ� DUH� H[SUHVVHG� DV� PDJQHWLF� PRPHQW� SHU� DUHD� RI�
VXEVWUDWH��

+LJK� 5HVROXWLRQ� 7UDQVPLVVLRQ� (OHFWURQ� 0LFURVFRS\� �+57(0� 7RSFRQ� (0���%��
REVHUYDWLRQV� ZHUH� PDGH� RQ� WKLQQHG� KDQG�SROLVKHG� FURVV�VHFWLRQDO� VSHFLPHQ�� DSSO\LQJ� DQ�
DFFHOHUDWLRQ�YROWDJH�RI�����N9��

�

5HVXOWV�

5%6�PHDVXUHPHQWV�KDYH�EHHQ�XVHG�WR�FRQWURO�WKH�GHSWK�SURILOH�RI�WKH�VSHFLH�LPSODQWHG�
LQ� WKH� VDPSOHV�� 7KH� SURILOH� RI� WKH� FREDOW� FRQFHQWUDWLRQ� LV�*DXVVLDQ�� DQG� IRU� LPSODQWDWLRQ�
PDGH� DW� DQ� HQHUJ\� RI� ���� NH9�� WKH� SURMHFWHG� UDQJH� LV� DERXW� ��� QP� IRU� DQ\� LPSODQWDWLRQ�
IOXHQFH��7KH�GHSWK�SURILOH� RI� LPSODQWHG� FREDOW� LV� QRW�PRGLILHG�ZLWK� WKH� SRVW�LPSODQWDWLRQ�

WUHDWPHQWV��

'RVH�(IIHFW�

6DPSOHV�KDYH�EHHQ� LPSODQWHG�DW� WKUHH�GLIIHUHQW�IOXHQFHV����������������DQG������DW�FP����
)RU�D�JLYHQ�LPSODQWDWLRQ�WHPSHUDWXUH��WKH�SDUWLFOH�VL]H�LV�QRW�PRGLILHG�ZLWK�WKH�LPSODQWDWLRQ�
IOXHQFH�� 7KHUHIRUH�� RQO\� WKH� GHQVLW\� RI� SDUWLFOHV� LQFUHDVHV�� DQG� WKH� LQWHU�SDUWLFOH� GLVWDQFH�
GHFUHDVHV�ZLWK�WKH�LPSODQWDWLRQ�GRVH��+RZHYHU��IRU�WKH�LPSODQWDWLRQ�RI��������DW�FP���PDGH�
DW����.��SDUWLFOHV� DUH� VPDOOHU��DQG� WKH�GLVWDQFH�EHWZHHQ� WKHP�EHLQJ� ODUJHU�� LW� LV�GLIILFXOW� WR�
REVHUYH�WKHP�ZLWK�7(0��

,PSODQWDWLRQ�7HPSHUDWXUH�(IIHFW�

)LJXUH���VKRZV�WKH�HIIHFW�RI�WKH�LPSODQWDWLRQ�WHPSHUDWXUH�RQ�SDUWLFOH�VL]H��)RU�D�VDPSOH�
LPSODQWHG�DW������DW�FP����WKH�PHDQ�GLDPHWHU�'��LQFUHDVHV�IURP�����QP�IRU�VDPSOHV�LPSODQWHG�
DW� ��� .�� WR� ���� QP� IRU� LPSODQWDWLRQV� PDGH� DW� URRP� WHPSHUDWXUH��� DQG� WR� �� QP� IRU�
LPSODQWDWLRQV�PDGH�DW�����.��
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�
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)LJ����7(0�LPDJHV�RI�VDPSOHV�LPSODQWHG�D��DW����.��'�� �����QP��DQG�E��DW�����.��'�� ���QP��

$QQHDOLQJ�(IIHFW�

7KHUPDO�WUHDWPHQWV�KDYH�EHHQ�SHUIRUPHG�RQ�VDPSOHV�LPSODQWHG�DW����.�DW������DW�FP����
$QQHDOLQJ�PDGH�DW�WHPSHUDWXUHV�YDU\LQJ�IURP�����.�WR�����.�IRU�WLPHV�YDU\LQJ�IURP��K�WR�
��K� DQG�XQGHU�QHXWUDO� DWPRVSKHUH�GR�QRW� FKDQJH�SDUWLFOH� VL]H��)RU� DQQHDOLQJ�PDGH�XQGHU�
K\GURJHQ�DWPRVSKHUH�DW�D�WHPSHUDWXUH�RI�����.�IRU��K��WKH�PHDQ�GLDPHWHU�RI�WKH�SDUWLFOHV�LV�
QRW�PRGLILHG�� EXW� WKH�SDUWLFOHV� WKDW� DUH� QRW� LQ� WKH� IRUP� RI�PHWDOOLF� FREDOW� DUH� UHGXFHG�� DV�
VXJJHVWHG�E\�WKH�LQFUHDVH�LQ�PDJQHWLVDWLRQ�DW�VDWXUDWLRQ��ILJXUH��������
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)LHOG��7�

�$V�LPSODQWHG

�$QQHDOHG�$U�������.������K

�$QQHDOHG�+
�
�������.�����K

�
)LJ����0DJQHWLF�PRPHQW�DV�D�IXQFWLRQ�RI�WKH�DSSOLHG�ILHOG�DW�����.�IRU�DQ�DV�LPSODQWHG�VDPSOH��IRU�D�VDPSOH�

DQQHDOHG�XQGHU�DUJRQ�DWPRVSKHUH�DW�����.�IRU����K��DQG�IRU�D�VDPSOH�DQQHDOHG�XQGHU�K\GURJHQ�DWPRVSKHUH�DW�

����.�IRU���K��

,UUDGLDWLRQ�(IIHFW�

)LUVW�� LUUDGLDWLRQV�KDYH�EHHQ�FDUULHG�RXW�ZLWK�HOHFWURQV� DW�����N9� LQ� WKH�7UDQVPLVVLRQ�
(OHFWURQ�0LFURVFRSH��$V�VHHQ�LQ�ILJXUH���D���IRU�D�VDPSOH�LPSODQWHG�DW������DW�FP���DW����.��
SDUWLFOHV�DUH�QRW�PRGLILHG�ZLWK�HOHFWURQ�LUUDGLDWLRQ�DW�URRP�WHPSHUDWXUH��QRUPDO�FRQGLWLRQV�
IRU� REVHUYDWLRQ��� 3DUWLFOHV� DUH� JURZLQJ� GXULQJ� WKH� REVHUYDWLRQ� ZKHQ� WKH� VDPH� VDPSOH� LV�
KHDWHG� LQ� WKH� IROORZLQJ� ZD\�� LW� LV� ILUVW� KHDWHG� IRU� �K� WR� D� WHPSHUDWXUH� RI� ���� .� ZKLOH�
H[SRVLQJ�D� VHOHFWHG� DUHD� WR�HOHFWURQ� LUUDGLDWLRQ�� DQG� WKHQ�PDLQWDLQHG�DW� ����.� IRU� �K�� DQG�
ILQDOO\� FRROHG� GRZQ� WR� URRP� WHPSHUDWXUH� LQ� ���PLQXWHV�ZLWKRXW� HOHFWURQ� H[SRVXUH��$IWHU�
WZR� KRXUV�� WKH�PHDQ� GLDPHWHU� LV� VWLOO� DERXW� ���� QP� IRU� SDUWLFOHV� QRQ� H[SRVHG� WR� HOHFWURQ�
EHDP��DQG�IRU�SDUWLFOHV�H[SRVHG�WR�HOHFWURQV�� WKHLU�PHDQ�GLDPHWHU�KDV�UHDFKHG�D�PD[LPXP�
VL]H�RI����QP�DV�VKRZQ�LQ�ILJXUH���E���
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)LJ����7(0�LPDJHV�RI�VDPSOHV�REVHUYHG�D��DW�URRP�WHPSHUDWXUH�DQG�E��DW�����.�

,UUDGLDWLRQV� DW� URRP� WHPSHUDWXUH� ZLWK� ���,� LRQV� DW� ����0H9� ������ DQG� ����� LRQV�FP����
KDYH�EHHQ�PDGH�RQ�VDPSOHV�LPSODQWHG�DW�����.�DW�D�IOXHQFH�RI������DW�FP���DQG�IRU�ZKLFK�WKH�
PHDQ�GLDPHWHU�RI�WKH�SDUWLFOHV�LV���QP��)LJXUH���VKRZV�WKDW�WKH�VDWXUDWLRQ�PDJQHWL]DWLRQ�LV�
QRW� FKDQJHG�ZLWK� SRVW�LPSODQWDWLRQ� LUUDGLDWLRQV�� EXW� WKH� FRHUFLWLYH� ILHOGV�PHDVXUHG� DW� ��.�
LQFUHDVH�ZLWK�WKH�LUUDGLDWLRQ�GRVH��ZKLFK�VXJJHVWV�DQ�LQFUHDVH�LQ�SDUWLFOH�VL]H�����
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)LJ����D��0DJQHWLF�PRPHQW�PHDVXUHG�DV�D�IXQFWLRQ�RI�WKH�DSSOLHG�ILHOG�DW����.��DQG�E��FRHUFLWLYH�ILHOGV�DW��.�

IRU�VDPSOHV�LPSODQWHG�DW������DW�FP���DW�����.�DQG�LUUDGLDWHG�DW������DQG������LRQV�FP���
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F��

)LJ����7(0�LPDJHV�RI�D������.�LPSODQWHG�VDPSOHV�DQG�LUUDGLDWHG�E��DW������DQG�F��DW������LRQV�FP����

�

$V�VHHQ�LQ�ILJXUH����7(0�REVHUYDWLRQV�FRQILUP�WKDW�SDUWLFOH�VL]H�DQG�HYHQ�SDUWLFOH�VKDSH�
DUH�PRGLILHG�E\� LUUDGLDWLRQ��7KH�PHDQ�GLDPHWHU�RI� WKH�SDUWLFOHV� LQFUHDVHV� IURP���QP�WR����



QP�IRU�WKH�LPSODQWHG�VDPSOH�LUUDGLDWHG�DW������LRQV�FP����IRU�WKH�LUUDGLDWLRQ�DW������LRQV�FP����
SDUWLFOHV� DUH� VWUHWFKHG� LQ� WKH� LUUDGLDWLRQ� GLUHFWLRQ�� WKH�PHDQ� GLDPHWHU� LV� VWLOO� ��� QP� LQ� WKH�
GLUHFWLRQ�SDUDOOHO�WR�WKH�VXUIDFH��DQG����QP�LQ�WKH�SHUSHQGLFXODU�GLUHFWLRQ��

�

&RQFOXVLRQ�

7KLV�VWXG\�VKRZV�WKH�GHSHQGHQFH�RI�SDUWLFOH�VL]H�RQ�WKH�LPSODQWDWLRQ�WHPSHUDWXUH�IRU�D�
JLYHQ�LPSODQWDWLRQ�IOXHQFH��7KH�PHDQ�GLDPHWHU�RI�QDQRSDUWLFOHV�LV�QRW�PRGLILHG�LI�ZH�DSSO\�
RQO\� WKHUPDO� WUHDWPHQWV� RU� RQO\� HOHFWURQ� LUUDGLDWLRQV�� +RZHYHU�� SDUWLFOH� VL]H� FKDQJHV� IRU�
HOHFWURQ� LUUDGLDWLRQ� DW� ���� .� DQG� IRU� LUUDGLDWLRQ� ZLWK� VZLIW� KHDY\� LRQV�� 1RWLQJ� WKDW� LRQ�
LUUDGLDWLRQ� LQGXFHV� ORFDO�HOHFWURQLF�H[FLWDWLRQ�DQG�WHPSHUDWXUH� LQFUHDVH��ZH�VHH�WKDW� LQ�ERWK�
FDVHV��WKH�FKDQJH�RI�SDUWLFOH�VL]H�QHFHVVLWDWHV�ERWK�WKH�HOHFWURQLF�DQG�WKHUPDO�FRQWULEXWLRQV��

������������������������������ �������������������

��$��0HOGUXP��5�)��+DJOXQG�-U���/�$��%RDWQHU�DQG�&�:��:KLWH��$GY��0DWHU�����������
�������

��:��*RQJ��+��/L���=��=KDR��DQG�-��&KHQ��-��$SSO��3K\V������������������

��6��+RQGD��7��2NDGD��1��1DZDWH�DQG�0��7RNXPRWR��3K\V��5HY��%������������������

��7��/XW]��&��(VWRXUQqV��DQG�-�/��*XLOOH��-��RI�6RO�*HO�6FLHQFH�DQG�7HFKQRORJ\����������������

���)��6FKZH\HU��&��(VWRXUQqV��0��5LFKDUG��-��/��*XLOOH��-��5RVp��3��%UDXQVWHLQ��-��/��3DLOODXG�DQG�

+��.HVVOHU��&KHP��&RPPXQ������������������

��7��2XOG�(O\��&��$PLHQV��%��&KDXGUHW��(��6QRHFN��0��9HUOHVW��0��5HVSDXG�DQG�-�0��%URWR��

&KHP��0DWHU�����������������

��-�6��-XQJ��:�6��&KDH��5�$��0F,QW\UH��&�7��6HLS��-�%��:LOH\�DQG�&�-�2¶&RQQRU��0DW��5HV��%XOO��

����������������

��-�3��&KHQ��&�0��6RUHQVHQ��.�-��.ODEXQGH�DQG�&�*��+DGMLSDQD\LV��3K\V��5HY��%�����������

�������

��5�+��.RGDPD��-��0DJ��0DJ��0DW������������������

���&��(VWRXUQqV��7��/XW]�DQG�-��/��*XLOOH��-��1RQ�&U\VW��6ROLGV�����������������

���&��(VWRXUQqV��7��/XW]��-��+DSSLFK��7��4XDUDQWD��3��:LVVOHU�DQG�-��/��*XLOOH��-��0DJ��0DJ��0DW��

���������������

���2��&LQWRUD�*RQ]DOH]��&��(VWRXUQqV��-�/��*XLOOH��'��0XOOHU�DQG�-�-��*URE��1XFO��,QVW��$QG��0HWK��

%�����������������

���2��&LQWRUD�*RQ]DOH]��&��(VWRXUQqV��'��0XOOHU��0��5LFKDUG�3ORXHW��$��7UDYHUVH��-�/��*XLOOH�DQG�

-�-��*URE��0DW��5HV��6RF��6\PS��3URF��������������2��������

���$��+HUSLQ��7KpRULH�GX�PDJQpWLVPH�3UHVVH�8QLYHUVLWDLUH�GH�)UDQFH���������
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