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���,QWURGXFWLRQ
6SKHULFDO� SRO\HOHFWURO\WH� EUXVKHV� �3%�

FRQVLVW�RI�SRO\�VW\UHQH��FRUH�ZLWK�FRYDOHQWO\
GHQVHO\�JUDIWHG�SRO\HOHFWURO\WH�FKDLQV�>�Ü�@�
1RZDGD\V��WKHVH�FRPSOLFDWHG�SDUWLFOHV�VHUYH
DV� SURPLVLQJ� IXQFWLRQDO� PDWHULDOV� ZLGHO\
XVHG� LQ� FDWDO\VLV� >�@�� DV� QDQRUHDFWRUV� IRU
V\QWKHVLV� RI� QDQRVL]HG� SDUWLFOHV� >����Ü�@�
IRU�ELQGLQJ�RI�PROHFXOHV�DQG�LRQV�RI�YDULRXV
QDWXUH� >�Ü�@�� HWF�� 7KRXJK� WKH� 3%� GR� QRW
EHORQJ� WR� WKH� VHOI�DVVRFLDWHG� DJJUHJDWHV�
WKHLU� VKHOO� UHVHPEOH� WR� VRPH� H[WHQW� WKH�K\�
GURSKLOLF� SRUWLRQ� RI� LRQLF� VXUIDFWDQW
PLFHOOHV�� )RU� H[DPLQLQJ� WKH� VXUIDFWDQW
PLFHOOHV�� PLFURHPXOVLRQV�� ZDWHU�VROXEOH
SRO\HOHFWURO\WHV�� HWF��� WKH� VROYDWRFKURPLF
DQG�DFLG�EDVH�LQGLFDWRU�G\HV�DUH�XVHG�DV�XVH�
IXO�PROHFXODU�SUREHV� >��@��+RZHYHU�� WLOO� UH�
FHQWO\�� WKH� DELOLW\� RI� WKH� EUXVKHV� WR� ELQG
GLIIHUHQW�VSHFLHV�ZDV�VWXGLHG�PDLQO\�E\�WKH
H[DPSOH�RI�VRPH�LQRUJDQLF�LRQV�>�����������@
DQG�HQ]\PHV�DQG�RWKHU�SURWHLQV�>����@��,Q�RUGHU
WR�PHHW� WKLV� ODFN��ZH� VWXGLHG� WKH�EHKDYLRU� RI
VHYHUDO�FRPPRQ�LQGLFDWRU�G\HV�LQ�VROXWLRQV�RI
FDWLRQLF� EUXVKHV�06�.6�� SUHSDUHG� DQG� FKDU�
DFWHUL]HG�DV�GHVFULEHG�HDUOLHU�>�@��

,Q� RUJDQL]HG� VROXWLRQV�� VXFK� DV� PLFHOODU
VROXWLRQV� RI� FROORLGDO� VXUIDFWDQWV�� PLFURH�
PXOVLRQV��VROXWLRQV�RI�SRO\HOHFWURO\WHV��HWF��
WKH�QDWXUH�RI�WKH�H[SHULPHQWDOO\�GHWHUPLQHG
LRQL]DWLRQ� FRQVWDQWV� GLIIHUV� IURP� WKDW� LQ
WUXH� VROXWLRQV�� ,QGHHG�� WKH� NH\� FKDUDF�
WHULVWLF� RI� D� S+�GHSHQGHQW� LQGLFDWRU� G\H
+M5]�� GLVVROYHG� LQ� RUJDQL]HG� PHGLD�� LV� WKH
LQGH[� RI� WKH� VR�FDOOHG� DSSDUHQW� LRQL]DWLRQ
FRQVWDQW�DV�GHILQHG�E\�HTXDWLRQ������

S.DDSS� �S�+����ORJ
>+M5]@

>+M��5]��@�
���

7KH� UDWLR� RI� HTXLOLEULXP� FRQFHQWUDWLRQV
RI�+M5]�DQG�+M±�5]±��RI�D�G\H� LV�GHWHUPLQHG
YLV�VSHFWURVFRSLFDOO\��WKH�S+�YDOXHV�XWLOL]HG
LQ� FDOFXODWLRQV� FKDUDFWHUL]H� RQO\� WKH� EXON
�DTXHRXV��SKDVH�DQG�DUH�DV�D�UXOH�PHDVXUHG
ZLWK� D� JODVV� HOHFWURGH�� IROORZLQJ� WKH� DS�
SURYHG�SURFHGXUH��

���([SHULPHQWDO
7KH� VWUXFWXUH� RI� WKH� VWXGLHG� FDWLRQLF

EUXVKHV�LQ�VROXWLRQ�LV�JLYHQ�LQ�)LJ�����
7KH�FKDUDFWHUL]DWLRQ�RI�WKH�EUXVKHV�VWXG�

LHG�LV�DV�IROORZV��5�DQG�/�DUH�DURXQG����DQG
���QP��UHVSHFWLYHO\��WKH�JUDIWLQJ�GHQVLW\�RI
WKH� SRO\HOHFWURO\WH� FKDLQV� LV� DURXQG
������QPÜ���

$V� DFLG�EDVH� LQGLFDWRUV�� WKH� FRPPHUFLDO
G\HV� 0HWK\O� 2UDQJH� �+5r� /� 5����+��� DQG

ILYH�VXOIRQHSKWKDOHLV��+5����/�5�����+���ZHUH
XVHG��%URPRSKHQRO�%OXH� ����c����c�WHWUDEURPR�
SKHQROVXOIRQHSKWKDOHLQ��� %URPRFUHVRO� *UHHQ
����c����c�WHWUDEURPR����c�GLPHWK\OSKHQROVXOI
R�QHSKWKDOHLQ��� %URPRFUHVRO� 3XUSOH� ����c�GL�
EURPR����c�GLEURPRSKHQROVXOIRQHSKWKDOHLQ��
%URPRWK\PRO� %OXH� ����c�GLEURPR����GL�LVR�
SURS\O����c�GLPHWK\OSKHQROVXOIRQHSKWKDOHLQ��
DQG� 7K\PRO� %OXH� ����c�GL�LVR�SURS\O����c�GL�
PHWK\OSKHQROVXOIRQHSKWKDOHLQ��7KH����������
WULSKHQ\OS\ULGLQLXP���\O������GLSKHQ\OSKHQR�
ODWH�� NQRZQ� DV� WKH� 5HLFKDUGW�V� G\H�� ZDV
XWLOL]HG� DV� D� FRPELQHG� VROYDWRFKURPLF� DQG
S.D�SUREH� �+5��/� 5r� �� +��� �7KH� VDPSOH
RI� WKLV� G\H�ZDV� D� JLIW� RI�3URI�&�5HLFKDUGW
�3KLOLSSV� 8QLYHUVLW\� RI� 0DUEXUJ�� *HU�
PDQ\��� 7KH� G\H� )OXRUHVFHLQ� ZDV� SXULILHG
E\�UH�SUHFLSLWDWLRQ��DQG�Q�'HF\�OIOXRUHVFHLQ
ZDV�SXW�WR�RXU�GLVSRVDO�E\�'U�9�,�$OHNVHHYD
�5HVHDUFK� ,QVWLWXWH� RI� 2UJDQLF� ,QWHUPHGL�
DWHV�DQG�'\HV��0RVFRZ��5XVVLD���

)RU� FUHDWLQJ� GLIIHUHQW� S+� YDOXHV�� DTXH�
RXV� K\GURFKORULF�� SKRVSKRULF�� DQG� DFHWLF
DFLGV�� ERUD[� DQG� VRGLXP� K\GUR[LGH� ZHUH
XVHG�� 3KRVSKRULF� DQG� K\GURFKORULF� DFLGV
ZHUH� RI� DQDO\WLFDO� JUDGH�� &+�&22+� VWRFNVROXWLRQV� ZHUH� SUHSDUHG� IURP� JODFLDO� DFHWLF
DFLG��7KH�VRGLXP�WHWUDERUDWH�ZDV�UH�FU\VWDO�
OL]HG� WZLFH� IURP� ZDWHU� DW� ���&� DQG� WKHQ
GULHG�RQ�DLU��7KH�VWRFN�1D2+�VROXWLRQ��SUH�
SDUHG�IURP�VDWXUDWHG�FDUERQDWH�IUHH�VRGLXP
K\GUR[LGH� VROXWLRQ� XVLQJ� &2��IUHH� ZDWHU�ZDV� NHSW� SURWHFWHG� IURP� DWPRVSKHUH� DQG
VWDQGDUGL]HG� ZLWK� SRWDVVLXP� K\GURJHQ
SKWKDODWH� VDPSOH� RI� KLJK� SXULW\�� 6RGLXP
FKORULGH� DQG� SRWDVVLXP� EURPLGH� ZHUH� XVHG
LQ�WKH�SUHOLPLQDU\�H[SHULPHQWV�IRU�PDLQWDLQ�
LQJ�WKH�LRQLF�VWUHQJWK��WKH�VDPSOHV�RI�DQDO\WL�
FDO�JUDGH�ZHUH�GULHG�WR�FRQVWDQW�PDVV��

)LJ�����7KH�VFKHPDWLF�VWUXFWXUH�RI�WKH�VSKHUL�
FDO�FDWLRQLF�SRO\HOHFWURO\WH�EUXVKHV��36�LV�WKH
SRO\�VW\UHQH�� FRUH�� 5� LV� WKH� UDGLXV� RI� WKH
FRUH��/�LV�WKH�FRQWRXU�OHQJWK�RI�WKH�SRO\HOHF�
WURO\WH�FKDLQ��7KH�FRXQWHU�LRQ�LV�&O±��
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$EVRUSWLRQ� VSHFWUD�ZHUH�PHDVXUHG� XVLQJ
6)����VSHFWURSKRWRPHWHU��5XVVLD��ZLWK�UHVR�
OXWLRQ�RI���QP��LQ�D���FP�FXYHWWH��7KH�VSHF�
WUD� ZHUH� UHIHUHQFHG� DJDLQVW� WKH� VROYHQW
EODQNV�FRQWDLQLQJ�DOO�WKH�FRPSRQHQWV�H[FHSW
WKH� G\HV�� 7KH� S+� PHDVXUHPHQWV� ZHUH� SHU�
IRUPHG� DW� ����r����&� RQ� D� 3����� SRWHQWL�
RPHWHU� DQG� S+����� S+�PHWHU� �5XVVLD�
HTXLSSHG� ZLWK� D� (6/������� JODVV� HOHFWURGH
UHYHUVLEOH�WR�+�� LRQV�DQG�DQ�$J�$J&O�UHIHU�
HQFH�HOHFWURGH�LQ�D�FHOO�ZLWK�OLTXLG�MXQFWLRQ
�DTXHRXV���0�.&O�VROXWLRQ���6WDQGDUG�EXIIHU
VROXWLRQV� �S+� ������ ������ ������ DQG� �����
ZHUH� XVHG� IRU� FHOO� FDOLEUDWLRQ�� 7KH� H[SHUL�
PHQWDO� XQFHUWDLQW\� LQ� WKH� PHDVXUHG� S+
YDOXH�LQ�WKH�SUHVHQFH�RI�WKH�EUXVKHV�GLG�QRW
H[FHHG������S+�XQLWV��7KH�VWRFN�VROXWLRQV�RI
VXOIRQHSKWKDOHLQV�� 0HWK\O� 2UDQJH�� DQG
)OXRUHVFHLQ� ZHUH� SUHSDUHG� LQ� ZDWHU�� ZKLOH
LQ� WKH� FDVH� RI� Q�'HF\OIOXRUHVFHLQ� DQG
5HLFKDGW�V� G\H� WKH� ��� PDVV�� �� DTXHRXV
HWKDQRO�ZDV�XVHG�DV�VROYHQW��7KH�FRQFHQWUD�
WLRQV�RI�WKH�G\HV�LQ�ZRUNLQJ�VROXWLRQV�ZHUH
DV�D�UXOH���Ü�����Ü��0��7KH�PDVV�IUDFWLRQ�RI
WKH�FDWLRQLF�06�.6�3%�LQ�WKH�VWRFN�DTXHRXV
VXVSHQVLRQ� ZDV� ���� ��� 7KH� ZRUNLQJ� VROX�
WLRQV� ZHUH� REWDLQHG� E\� VXFFHVVLYH� GLOXWLRQ
RI� WKH� LQLWLDO� RQH�� WKH� PHDVXUHPHQWV� ZHUH
PDGH� ZLWK� IUHVKO\� SUHSDUHG� GLOXWH� VXVSHQ�
VLRQV��7KH�LQLWLDO�DTXHRXV�VXVSHQVLRQV�RI�WKH
3%�ZHUH�GLOXWHG� LQ� RUGHU� WR� HQVXUH� WKH� DE�
VRUEDQFH�RI�WKH�EODQN��L�H���G\H�IUHH�VROXWLRQ
WR�EH�d����XQLWV��

���5HVXOWV�DQG�GLVFXVVLRQ
,Q� WKH� SUHOLPLQDU\� H[SHULPHQWV�� LW� ZDV

VWDWHG�WKDW�WKH�G\HV�YLUWXDOO\�GLG�QRW�LQWHU�
DFW� ZLWK� WKH� 3%� LI� WKH� LRQLF� VWUHQJWK� VXE�
VWDQWLDOO\�H[FHHGV������0��)RU�H[DPSOH��WKH

S.DDSS� YDOXH� RI� %URPRSKHQRO� %OXH� DW� LRQLFVWUHQJWK� ����� 0� �EXIIHU���1D&O�� LV� SUDFWL�
FDOO\�WKH�VDPH�DV�LQ�WKH�DEVHQFH�RI�WKH�3%�
7KH�SRVVLEOH�UHDVRQ�FDQ�EH�WKH�VFUHHQLQJ�RI
WKH� QHW� FKDUJH� RI� WKH� HWK\OWULPHWK\ODP�
PRQLXP� JURXSV� E\� WKH� VXSSRUWLQJ� HOHFWUR�
O\WH� DQG� WKH� IROGLQJ� RI� WKH� SRO\HOHFWURO\WH
FKDLQV��%HVLGHV�� LQ� WKH�SUHVHQFH�RI�HOHYDWHG
FRQFHQWUDWLRQV�RI�1D&O�RU�.%U��WKH�3%�ZHUH
VDOWHG�RXW��7KHUHIRUH��WKH�PDLQ�ERG\�RI�GDWD
ZDV�REWDLQHG�DW�EXON�LRQLF�VWUHQJWK������0�
FDXVHG� H[FOXVLYHO\� E\� WKH� EXIIHU� VROXWLRQV�
7KH� S.DDSS� YDOXHV� DUH� FRPSLOHG� LQ� 7DEOH���7KH�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�RI�DFLG�EDVH
HTXLOLEULD� LQ� GLIIHUHQW� PHGLD� DOORZV� WR� UD�
WLRQDOL]H�PHGLXP�HIIHFWV��L�H���WKH�'S.DDSS� S.DDSS�Ü�S.DZ� LQ�ZDWHU��TXDQWLWLHV��$FFRUG�LQJ�WR�WKH�HOHFWURVWDWLF�PRGHO��WKH�DSSDUHQW
YDOXH��S.DDSS��XQGHU�FRQGLWLRQV�RI�FRPSOHWHELQGLQJ� RI� WKH� LQGLFDWRU� FRXSOH� E\� SVHXGR�
SKDVH� GHSHQGV� RQ� WKH� HOHFWURVWDWLF� VXUIDFH

)LJ����� $EVRUSWLRQ� VSHFWUD� RI� WKH�5r� ]ZLWWH�
ULRQ� RI� WKH�5HLFKDUGW�V� G\H� LQ�ZDWHU� ���� DQG
LQ� ������� PDVV���� DTXHRXV� VROXWLRQ� RI� FDW�
LRQLF�3%��S+� �����

7DEOH����7KH�S.DDSS�YDOXHV�RI�VXOIRSKWKDOHLQ�G\HV�LQ�VROXWLRQV�RI�FDWLRQLF�3%�DW�,�a������0�����&

'\H��LQ�SDUHQWKHVLV�WKH
S.DZ�YDOXHV�DW�,�o���DUH

JLYHQ�

S.DDSS�LQ�WKH�SUHVHQFH�RI�3% 'S.DDSS��

�������PDVV���
3%

�������PDVV���
3%

3%�VROXWLRQ��
,�a������0

&3&�PLFHOODU
VROXWLRQ��
,� ������0�
>����������@�

%URPRSKHQRO�%OXH������� �����o����� �����o����� Ü�����Ü����� Ü����
%URPRFUHVRO�*UHHQ������� ����r���� ����r���� Ü���� Ü�����
%URPRFUHVRO�3XUSOH������� �����o����� ����r���� Ü���� Ü����
%URPRWK\PRO�%OXH������� ����r���� Ü Ü���� Ü�����

7K\PRO�%OXH������� ����r���� ����r���� Ü���� Ü����
5HLFKDUGW�V�G\H������� ����r���� Ü Ü���� Ü�����
0HWK\O�2UDQJH������� ����r���� ����r���� Ü�����Ü����� Ü�����D
D,Q�&7$%�VROXWLRQ��,� �����0
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SRWHQWLDO� �HOHFWULFDO� SRWHQWLDO� RI� WKH� 6WHUQ
OD\HU���<��RI�WKH�PLFHOOH�RU�PLFURGURSOHW�>��@�

'S.DDSS� 
 �ORJ�ZJ+M��5]���P �e�ZJ+M5]�P ����<)�e��57OQ����

���

+HUH� ZJLP� LV� WKH� WUDQVIHU� DFWLYLW\� FRHIIL�
FLHQW� RI� WKH� FRUUHVSRQGLQJ� VSHFLHV� IURP
ZDWHU�WR�WKH�SVHXGRSKDVH��)� LV� WKH�)DUDGD\
FRQVWDQW�� 5� LV� WKH� JDV� FRQVWDQW�� DQG� 7� LV
DEVROXWH� WHPSHUDWXUH�� )URP� 7DEOH��� LW� LV
FOHDUO\�VHHQ�WKDW�LQ�WKH�SUHVHQFH�RI�FDWLRQLF
3%��D�VXEVWDQWLDO�GHFUHDVH�LQ�WKH� LQGLFHV�RI
WKH� DSSDUHQW� LRQL]DWLRQ� FRQVWDQWV� WDNHV
SODFH��'S.DDSS�������,Q�JHQHUDO�IHDWXUHV�WKLVLQIOXHQFH� UHVHPEOHV� WKDW� LQ� PLFHOODU� VROX�
WLRQV� RI� FDWLRQLF� VXUIDFWDQWV�� VXFK� DV� FH�
W\OS\ULGLQLXP� FKORULGH� �&3&�� RU� FHW\O�
WULPHWK\ODPPRQLXP� EURPLGH� �&7$%��� VWXG�
LHG� SUHYLRXVO\� >����������@�� +HQFH�� WKH
HOHFWURVWDWLF� FRQWULEXWLRQ�� H[SUHVVHG� E\� WKH
ODVW�LWHP�RI�HTXDWLRQ������LV�D�GHFLVLYH�IDFWRU
LQ� IRUPDWLRQ� RI� WKH� PHGLXP� HIIHFWV�� 7KH
ILUVW� LWHP�� UHIOHFWLQJ� WKH� QRQ�HOHFWURVWDWLF
FRQWULEXWLRQ�� JRYHUQHG� E\� WKH� ZJLP� TXDQWL�
WLHV��DOVR�VKRXOG�QRW�EH�XQGHUHVWLPDWHG��,Q�
GHHG��WKH�VHTXHQFH�RI�'S.DDSS�YDOXHV�RI�VXO�IRQHSKWKDOHLQV� LV� DQDORJRXV� WR� WKRVH� UHJLV�
WHUHG� LQ� &3&� PLFHOOHV� �ZLWK� H[FHSW� RI
%URPRWK\PRO� %OXH�� IRU� WKLV� LQGLFDWRU�� DV
IRU� WKH� 5HLFKDUGW�V� G\H�� WKH� H[SHULPHQWV
ZLWK��������PDVV����3%�ZHUH�KLQGHUHG���,Q
WXUQ�� VXFK� GLIIHUHQWLDWLQJ� LQIOXHQFH� RI� WKH
PHGLXP�XSRQ�WKH�DFLG�VWUHQJWK�RI�WKH�LQGL�
FDWRUV�UHVHPEOHV�WKRVH�LQ�PL[WXUHV�RI�ZDWHU
ZLWK�QRQ�K\GURJHQ�ERQG�GRQRU�VROYHQWV�DQG
ZDV�SUHYLRXVO\�DVFULEHG�WR�WKH�VSHFLILFLW\�RI
WKH�K\GUDWHG�6WHUQ�OD\HU�RI�FDWLRQLF�PLFHOOHV
>������@��

$W�WKH�VDPH�WLPH��WKH�G\HV�VSHFWUD�LQ�WKH
YLVLEOH� UHJLRQ� DUH� EXW� VOLJKWO\� DOWHUHG� DV
FRPSDUHG� ZLWK� WKRVH� LQ� ZDWHU�� 2Q� JRLQJ
IURP� ZDWHU� WR� QRQ�DTXHRXV� PLFURHQYLURQ�
PHQWV�� LQFOXGLQJ� WKH� VXUIDFWDQW� PLFHOOHV�
WKH� YLVLEOH� DEVRUSWLRQ� EDQGV� RI� WKH� \HOORZ
+5±� VSHFLHV� RI� VXOIRQHSKWKDOHLQV� GLVSOD\� D
GLVWLQFW� K\SVRFKURPLF� VKLIW�� ZKLOH� LQ� WKH
FDVH�RI�GHHSO\�FRORUHG�5�±� VSHFLHV� WKH�EDWR�
FKURPLF�GLVSODFHPHQW�LV�UHJLVWHUHG�>��@��7KH
LQVSHFWLRQ�RI�7DEOH���DOORZV�FRQFOXGLQJ�WKDW
LQ� WKH� 3%� VXVSHQVLRQ� QR� H[SUHVVHG� DOWHUD�
WLRQ� RI� WKH� +5±� VSHFWUD� WDNHV� SODFH�� 7KH
'OPD[�PHDQ�YDOXH�IRU�5�±�LV���QP��ZKLOH�IRU
WKH�VDPH�ILYH�G\HV�LQ�&3&�PLFHOOHV��'OPD[�LV��� QP� RQ� DYHUDJH�� 7KH� SRVLWLRQ� RI� WKH� DE�
VRUSWLRQ� EDQG�PD[LPXP� RI� WKH�5HLFKDUGW�V
G\H� VWD\V� XQDIIHFWHG� LQ� WKH� SUHVHQFH� RI
������� PDVV�� �� RI� 3%� �)LJ������ ZKLOH� LQ
PLFHOOHV� RI� FDWLRQLF� VXUIDFWDQWV� D� EDWR�
FKURPLF� VKLIW� DURXQG� ��� QP� LV� UHJLVWHUHG

)LJ����� $EVRUSWLRQ� VSHFWUD� RI� 5±� VSHFLHV� RI
0HWK\O� 2UDQJH� LQ� ZDWHU� ���� DQG� LQ� WKH� FDW�
LRQLF� 3%� DTXHRXV� VROXWLRQV� RI� ������� PDVV�
������DQG��������PDVV���������S+� ������

7DEOH����7KH�OPD[� �r��QP��RI�DEVRUEDQFH�VSHFWUD�RI�VXOIRSKWKDOHLQ�G\HV� LQ�VROXWLRQV�RI�FDWLRQLF3%�DW�,�a������0�����&
'\H :DWHU &3&�PLFHOOHV�>���

��@
&DWLRQLF�3%�VXVSHQVLRQ

�������PDVV��� �������PDVV���
+5± 5�± +5± 5�± +5± 5�± +5± 5�±

%URPRSKHQRO�%OXH ��� ��� ��� ��� ��� ���Ü��� ��� ���Ü���
%URPRFUHVRO�*UHHQ ��� ��� ��� ��� ��� ��� ��� ���
%URPRFUHVRO�3XUSOH ��� ��� ��� ��� ��� ��� ��� ���
%URPRWK\PRO�%OXH ��� ��� ��� ��� ��� ��� Ü Ü

7K\PRO�%OXH ��� ��� ��� ��� ��� ��� ��� ���
5HLFKDUGW�V�G\H�D ��� Ü ��� Ü ��� Ü Ü Ü
0HWK\O�2UDQJH�E ��� ��� ��� ��� ��� ��� ��� ���Ü���
D�7KH�]ZLWWHULRQLF�VSHFLHV��5r��E�+5r�DQG�5±�VSHFLHV��UHVSHFWLYHO\�
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�7DEOH����� 7KH� DQLRQ� 5±� RI� 0HWK\O� 2UDQJH
DOVR�SRVVHVVHV�VROYDWRFKURPLF�SURSHUWLHV��LWV
EDQG� LQ� WKH� YLVLEOH� SRUWLRQ� VKLIWV� IURP
���� QP� LQ�ZDWHU� XS� WR� ����QP� LQ� FDWLRQLF
VXUIDFWDQW�PLFHOODU�VROXWLRQV��7DEOH�����PLFURH�
PXOVLRQV�� HWF�� >��@�� ,Q� WKH� ������� PDVV�� �
VROXWLRQ�RI�WKH�FDWLRQLF�3%��WKH�VKLIW�LV�QHJ�
OLJLEOH��DQG�LQ��������PDVV���VROXWLRQ�OPD[ZDV�ZLWK� ����QP�DOVR� VPDOOHU� DV� FRPSDUHG
ZLWK�WKDW�LQ�&7$%�PLFHOODU�VROXWLRQV�

$V�LW�LV�VHHQ�LQ�)LJV�������DQG�VRPH�GDWD
LQ�7DEOHV���DQG����WKH�WKUHHIROG� LQFUHDVH�LQ
WKH�3%� FRQFHQWUDWLRQ� VWUHQJWKHQV� WKH� ELQG�
LQJ� RI� G\H� VSHFLHV� E\� WKH� EUXVKHV�� +HQFH�
WKH� LQIOXHQFH� RI� WKH� ODWWHU� XSRQ� WKH� G\H
HTXLOLEULD� DQG� VSHFWUD� VKRXOG� EH� PRUH� H[�
SUHVVHG� LQ� FRQFHQWUDWHG� VXVSHQVLRQV��0RUH�
RYHU��VRPH�RI�WKH�G\HV�VSHFLHV�FDQ�EH�ERXQG
E\� WKH� SRO\HOHFWURO\WH� FKDLQV� LQFRPSOHWHO\
RU� FDQ� EH� ORFDWHG� H[FOXVLYHO\� LQ� WKH� EXON
ZDWHU��)RU�LQVWDQFH��LW�FDQ�EH�WKH�FDVH�ZLWK
WKH� FRORUOHVV� FDWLRQLF� VSHFLHV� +5�� RI� WKH
5HLFKDUGW�V� G\HV� DQG� UHG� ]ZLWWHULRQLF� VSH�
FLHV� +5r� RI� 0HWK\O� 2UDQJH�� +RZHYHU�� IXU�
WKHU� HOHYDWLRQ� RI� WKH� 3%� FRQWHQW� LQ� WKH
ZRUNLQJ� VROXWLRQV� ZDV� XQGHVLUDEOH� EHFDXVH
RI�WKH�DVFHQGLQJ�WXUELGLW\��,Q�DQ\�FDVH��WKH
VSHFWUDO� GDWD� JLYH� HYLGHQFH� IRU� VWURQJ� K\�
GUDWLRQ� RI� G\H� VSHFLHV� LQ� WKH� SUHVHQFH� RI
������Ü�������PDVV���RI�FDWLRQLF�3%��HYHQ

XQGHU�FRQGLWLRQV�RI�PDUNHG�UHGXFWLRQ�RI�WKH
S.DDSS�DV�FRPSDUHG�ZLWK�S.DZ��7KH�H[WUHPHOHQJWK� RI� WKH� SRO\HOHFWURO\WH� FRQWRXU� DQG
UHODWLYHO\�VPDOO�GLVWDQFH�EHWZHHQ�WKH�FKDLQV
FHUWDLQO\� FRQILQH� WKH� SHQHWUDWLRQ� GHSWK� RI
WKH�G\HV��

7KUHH� QHJDWLYH� WHVWV� ZLWK� IOXRUHVFHLQ
G\HV� �)LJ����� GHVFULEHG� EHORZ� DOVR� VXSSRUW
WKH�LGHD�RI�VWURQJ�K\GUDWLRQ�RI�WKH�FDWLRQLF
3%� DQG� RI� WKH� DEVHQFH� RI� DYDLODEOH� K\GUR�
SKRELF� VLWHV�� ,Q� DTXHRXV� VROXWLRQV� RI� )OXR�
UHVFHLQ� DW� S+� DURXQG� ����� WKH� SUHGRPLQDW�
LQJ� VSHFLHV� DUH� QHXWUDO� RQHV� >��@�� 7KH� QHX�
WUDO� VSHFLHV� H[LVW� DV� D� PL[WXUH� RI� FRORUHG
]ZLWWHULRQLF�DQG�TXLQRQRLGDO�WDXWRPHUV��QRW
VKRZQ�KHUH��DQG�WKH�FRORUOHVV�ODFWRQLF�PROH�
FXOH� �)LJ���� >������Ü��@�� ,Q� PLFHOODU� VROX�
WLRQV�RI�VXUIDFWDQWV��WKH�ELQGLQJ�RI�QHXWUDO
VSHFLHV� UHVXOWV� LQ� D� GLVWLQFW� VKLIW� RI� WKH
WDXWRPHULF� HTXLOLEULXP� WRZDUG� WKH� ODFWRQH�
DFFRPSDQLHG� E\� WKH� GURS� RI� DEVRUSWLYLW\
>��Ü��@�� 6LPLODU� HIIHFWV�� PRUH� RU� OHVV� H[�
SUHVVHG��KDYH�EHHQ�REVHUYHG� LQ� VROXWLRQV�RI
FDWLRQLF� GHQGULPHUV� >��@� DQG�&7$%�FRYHUHG
VLOLFD� QDQRSDUWLFOHV� >��@�� +RZHYHU�� LQ� WKH
VROXWLRQV� RI� FDWLRQLF� 3%� WKH� )OXRUHVFHLQ
VSHFWUD� DW� S+� ����� VWD\V� XQFKDQJHG� DV
FRPSDUHG�ZLWK� WKDW� LQ� EUXVKHV�IUHH� DTXDWLF
PHGLD�� ZLWK� OPD[� ����� QP� DQG� WKH� VDPHLQWHQVLW\��� �� �� ��7KH�DEVRUSWLRQ�EDQG�RI�WKH
LQWHQVLYHO\�IOXRUHVFLQJ�5�±�GLDQLRQ�RI�)OXR�
UHVFHLQ� XQGHUJRHV� D� GLVWLQFW� EDWRFKURPLF
VKLIW� RI� FD�� �Ü��� QP� LI� ERXQG� WR� WKH� FDW�
LRQLF� VXUIDFWDQW�PLFHOOHV� >������@� DQG� VLPL�
ODU� SRVLWLYHO\� FKDUJHG� FROORLGDO� SDUWLFOHV
>������@�� %\� FRQWUDVW�� QR� VSHFWUDO� FKDQJHV
ZHUH� UHJLVWHUHG� DW� S+� ���Ü���� ZKHUH� WKH
5�±� VSHFLHV� SUHGRPLQDWH�� DIWHU� DGGLQJ� WKH
3%� XQGHU� VWXG\�� )LQDOO\�� WKH� G\H� Q�
'HF\OIOXRUHVFHLQ��VSDULQJO\�VROXEOH�LQ�ZDWHU
GXH� WR� LWV� ORQJ� K\GURFDUERQ� FKDLQ�� FDQ� EH
VROXELOL]HG� E\� VXUIDFWDQW� PLFHOOHV� DQG� DOVR
LV�DEOH�WR�DVVRFLDWH�ZLWK�FDWLRQLF�GHQGULPHUV
>��@�DQG�&7$%�PRGLILHG�6L2��SDUWLFOHV�>��@�6XFK�VWDELOL]DWLRQ�LQ�WKH�SUHVHQFH�RI�3%�DS�
SHDUHG� WR� EH� LPSRVVLEOH��ZKHQ� WKH� LQLWLDO�Q�
'HF\OIOXRUHVFHLQ� VROXWLRQ� LQ� ��� �� HWKDQRO
ZDV� LQMHFWHG� LQWR� WKH� DTXHRXV� VROXWLRQ� RI

)LJ����� $EVRUSWLRQ� VSHFWUD� RI�5�Ü� VSHFLHV� RI
%URPRSKHQRO� %OXH� LQ� ZDWHU� ���� DQG� LQ� WKH
FDWLRQLF� 3%� DTXHRXV� VROXWLRQV� RI
�������PDVV�������� DQG��������PDVV��� ����

�)LJ�����7KH�VWUXFWXUHV�RI�IOXRUHVFHLQ�G\HV�
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EUXVKHV�� WKH� G\H� UHDGLO\� GHSRVLWHG�GHVSLWH�LQ�
WHQVLYH�PL[LQJ��7KLV� LQGLFDWHV�WKH� ODFN�RI�K\�
GURSKRELF�UHJLRQV��DYDLODEOH�IRU�LQGLFDWRU�G\HV�
LQ� WKH� SRO\HOHFWURO\WH�PDQWOH� VXUURXQGLQJ� WKH
SRO\VW\UHQH�FRUH��

���&RQFOXVLRQV
7KH� LQIOXHQFH� RI� WKH� KLJKO\� K\GUDWHG

SRO\HOHFWURO\WH� FKDLQV� RQ� WKH� G\H� HTXLOLE�
ULXP� LV� JRYHUQHG� PRVWO\� E\� WKH� H[SUHVVHG
HOHFWURVWDWLF� LQWHUDFWLRQV� DQG� PRGLILFDWLRQ
RI� ZDWHU� SURSHUWLHV� LQVLGH� WKH� SRO\HOHFWUR�
O\WH� UHJLRQ�� 7KH� � � S.DDSS� VKLIWV� FDXVHG� E\WKH�VLJQ�RI�<��DFFRPSDQLHG�E\�WKH�GLIIHUHQ�
WLDWLQJ�RI�DFLG�VWUHQJWK�RI�PROHFXODU�SUREHV�
DQG� LQ� JHQHUDO� LQVLJQLILFDQW� DOWHUDWLRQV� RI
WKH� DEVRUSWLRQ� EDQGV� DUH� W\SLFDO� IRU� LRQLF
G\HV�ORFDWHG�QHDU�VWURQJO\�K\GUDWHG�FKDUJHG
LQWHUIDFHV�� IRU� H[DPSOH�� LQ� WKH� WUDSSHG
ZDWHU� ZLWKLQ� WKH� GURSOHWV� RI� $HURVRO� 27�
EDVHG�UHYHUVHG�PLFURHPXOVLRQV�>��@��

)URP�WKH�UHVXOWV�REWDLQHG�ZLWK�IOXRUHVFH�
LQV�� D� SUHOLPLQDU\� FRQFOXVLRQ� VKRXOG� EH
PDGH�DERXW�WKH�DEVHQFH�RI�K\GURSKRELF�VLWHV
DYDLODEOH� IRU� WKH� LQGLFDWRU� G\HV� ZLWKLQ� WKH
ODUJH� K\GURSKLOLF� PDQWOH� RI� WKH� EUXVKHV�
7KH� LQIOXHQFH� RI� WKH� SRO\HOHFWURO\WH� FKDLQV
RQ� WKH� G\H� HTXLOLEULXP� LV� JRYHUQHG� PRVWO\
E\� WKH� H[SUHVVHG� HOHFWURVWDWLF� LQWHUDFWLRQV
DQG�PRGLILFDWLRQ�RI�ZDWHU�SURSHUWLHV� LQVLGH
WKH�SRO\HOHFWURO\WLF�SRUWLRQ��

$FNQRZOHGJHPHQWV�� 7KH� DXWKRUV� DUH
JUDWHIXO� WR�'U�9HUD� ,��$OHNVHHYD��5HVHDUFK
,QVWLWXWH� RI� 2UJDQLF� ,QWHUPHGLDWHV� DQG
'\HV��0RVFRZ��5XVVLD��IRU�JLIWLQJ�WKH�VDPSOH
RI� Q�'HF\O�IOXRUHVFHLQ� DQG� WR� 3URIHVVRU� 'U�
&KULVWLDQ� 5HLFKDUGW�� 3KLOLSSV� 8QLYHUVLW\� RI
0DUEXUJ��*HUPDQ\��IRU�VXSSO\LQJ�XV�ZLWK�WKH
VROYDWRFKURPLF� G\H� ����������WULSKHQ\OS\ULG�
LQLXP���\O������GLSKHQ\OSKHQRODWH���

5HIHUHQFHV
� ���<�/X�� $�:LWWHPDQQ�� 0�%DOODXII�� 0DFURPRO�

5DSLG�&RPPXQ�������������������
� ���0�%DOODXII��3URJ��3RO\P��6FL�������������������
� ���&�+ROP�� 0�5HKDKQ�� :�2SSHUPDQQ�� 0�%DO�

ODXII��$GY��3RO\P���6FL�����������������
� ���*�6KDUPD��0�%DOODXII��0DFURPRO��5DSLG�&RP�

PXQ�������������������
� ���0�6FKULQQHU�� )�3RO]HU�� <�0HL� HW� DO��� &KHP�

3K\V���������������������
� ���0�6FKULQQHU��6�3URFK��<�0HL�HW�DO���$GYDQFHG

0DWHU��������������������
� ���7�1HXPDQQ��%�+DXSW��0�%DOODXII��0DFURPRO�

%LRVFL����������������
� ���$�:LWWHPDQQ�� 0�%DOODXII��0DFURPRO��%LRVFL��

��������������
� ���&K�6FKQHLGHU��$�-XVXIL��5�)DULQD�HW�DO���/DQJ�

PXLU����������������
����1�2�0FKHGORY�3HWURVV\DQ�� 3XUH� $SSO��&KHP��

�����������������
����0�+RIIPDQQ�� $�-XVXIL�� &�6FKQHLGHU� HW� DO��

-��&ROORLG�,QWHUIDFH�6FL��������������������
����1�2�0FKHGORY�3HWURVV\DQ�� 9�1�.OHVKFKHYQLN�

RYD��=KXUQ��2EVKFK��.KLP�������������������
����(�0�1LNLIRURYD��(�<X�%U\OHYD��1�2�0FKHGORY�

3HWURVV\DQ�� 5XVVLDQ� =K�� )L]�� .KLPLL� $�� ���
�������������

����/�1�%RJGDQRYD�� 1�2�0FKHGORY�3HWURVV\DQ�
1�$�9RGROD]ND\D�HW�DO���&DUERK\GU��5HV�������
�������������

����1�2�0FKHGORY�3HWURVV\DQ��9�,�.XNKWLN��9�'�%H]
�����XJOL\��-��3K\V��2UJ��&KHP�������������������
����1�2�0FKHGORY�3HWURVV\DQ�� 9�1�.OHVKFKHYQLN�

RYD��-��&KHP���6RF����)DUDGD\�7UDQV��� ���� ���
���������

����1�2�0FKHGORY�3HWURVV\DQ��(�<X�%U\OHYD��1�$�9RGR�
OD]ND\D�HW�DO���/DQJPXLU�������������������

����(�<X�%U\OHYD�� 1�$�9RGROD]ND\D�� 1�2�0FKHG�
ORY�3HWURVV\DQ�HW�DO���-��&ROORLG�,QWHUIDFH�6FL��
������������������

����1�2�0FKHGORY�3HWURVV\DQ�� 1�$�9RGROD]ND\D�
<X� $�*XULQD� HW� DO��� -��3K\V��&KHP��%��� ����
������������
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