
!"#$%&'()*+,-*$%,#(+./0)*/1*#+('"2&*$+,'.#

!"#$%&'$()*$+,-./*$+,.012%+,345(+,+6170/5(+,3489+,0.7:;.0)<*5=)>?$@"AB)CDE@F$()@FDGHFGD")
UH¿QHPHQW�DQG�HODVWLFLW\��

$+('"+*03*4+$+'/5676*+.#8+,-#(*9:(,/&/;56*'%<%+,+*=/11+*=+..+(+,56*-$)'(/*$3*'(/'&56*
(+<;+,*!+(+!+&>*+,-*-+,%#.*?3*1(/&'5

!"#$%&'()*%(+,%-'.(/'/0/1+2.'3%&('/4/+"#$&%0/*1+567899:+"#$&%0/*1+,%&;#.$
</DERUDWRLUH�GH�6FLHQFHV�GH�OD�7HUUH��&HQWUH�1DWLRQDO�GH�OD�5HFKHUFKH�6FLHQWL¿TXH��(FROH�1RUPDOH�6XSpULHXUH�GH�/\RQ�����DOOpH�G¶,WDOLH��������

=$-.+>%?%@+:A1+B&#.)%

+=&'(+!'
C/+D-E%&+;#./D%+)-.?'/'-.(1+(0F?0)/%?+;'?+-)%#.')+&'?G%+F#(#D/(+HIJK"L+E'DD+)&$(/#DD'M%+;-&%+

WKDQ����YRO��RI�DQ�DOXPLQXP�ULFK�SKDVH��ZKLFK�LV�UHIHUUHG�WR�JHQHUDOO\�DV�WKH�QHZ�DOXPLQXP��1$/��
SKDVH��*LYHQ�WKDW�D�VLJQL¿FDQW�SURSRUWLRQ�RI�WKH�ORZHU�PDQWOH�PD\�EH�FRPSULVHG�RI�VXEGXFWHG�FUXVW��
WKH�1$/�SKDVH�PD\�FRQWULEXWH�WR�WKH�EXON�HODVWLF�SURSHUWLHV�RI�WKH�ORZHU�PDQWOH��,Q�WKLV�VWXG\�ZH�
UHSRUW� IRU� WKH�¿UVW� WLPH� WKH� VWUXFWXUH��5DPDQ� VSHFWUXP� DQG� HODVWLFLW\� RI� VLQJOH� FU\VWDOV� RI�1D����+
NO#�����IG����CD�����P<NCD����+Q'����P�J!<�1$/�SKDVH��V\QWKHVL]HG�DW�������&�DQG����*3D��7KH�VLQJOH�FU\VWDO�
VWUXFWXUH�UH¿QHPHQW�RI�1$/��ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�VSDFH�JURXS�!��R"1+&%3%#D(+?$.#;')+?'(-&?%&+
RI�1D�DWRPV�DORQJ�FKDQQHOV�ZLWKLQ�WKH�VWUXFWXUH��7KH�HODVWLF�WHQVRU�ZDV�H[SHULPHQWDOO\�GHWHUPLQHG�DW�
DPELHQW�FRQGLWLRQV�E\�%ULOORXLQ�VFDWWHULQJ�VSHFWURVFRS\��7KH�HODVWLF�PRGXOLL�REWDLQHG�IURP�WKH�9RLJW�
5HXVV�+LOO�DSSUR[LPDWLRQ�XVLQJ�WKH�HODVWLF�FRQVWDQWV�GHWHUPLQHG�LQ�WKLV�VWXG\�DUH�#Q� �����*3D�DQG�ȝ�
 �����*3D��ZKHUHDV�WKH�LVRWURSLF�FRPSUHVVLRQDO�DQG�VKHDU�VRXQG�YHORFLWLHV�DUH�$3� �����NP�V�DQG�$Q+S+
����NP�V��7KH�1$/�SKDVH�LV�HODVWLFDOO\�DQLVRWURSLF��GLVSOD\LQJ�������FRPSUHVVLRQDO�DQG�VKHDU�ZDYH�
DQLVRWURS\��(ODVWLF�FRQVWDQWV�DV�ZHOO�DV�5DPDQ�DFWLYH�PRGHV�RI�1$/�KDYH�DOVR�EHHQ�FDOFXODWHG�XVLQJ�
GHQVLW\�IXQFWLRQDO�WKHRU\�DQG�GHQVLW\�IXQFWLRQDO�SHUWXUEDWLRQ�WKHRU\�

.H\ZRUGV��1$/�SKDVH��%ULOORXLQ�VSHFWURVFRS\��VLQJOH�FU\VWDO�;�UD\�GLIIUDFWLRQ�� ORZHU�PDQWOH��
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$V�D�FRQVHTXHQFH�RI�SODWH�WHFWRQLFV��EDVDOWLF�RFHDQLF�FUXVW�LV�

VXEGXFWHG�LQWR�WKH�PDQWOH��7KH�VXEGXFWLRQ�RI�RFHDQLF�OLWKRVSKHUH�
SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�G\QDPLFV�RI�PDQWOH�FRQYHFWLRQ�DQG�
LV�EHOLHYHG�WR�EH�UHVSRQVLEOH�IRU�WKH�FUHDWLRQ�RI�ODWHUDO�FKHPL6
FDO�KHWHURJHQHLW\�LQ�WKH�PDQWOH��+HOIIULFK�DQG�:RRG��������,Q�
WKLV�FRQWH[W�� WKH�KLJK�SUHVVXUH�DQG��WHPSHUDWXUH�PHWDPRUSKLF�
SKDVHV�WKDW�UHFU\VWDOOL]H�IURP�EDVLF�URFNV�WKDW�IRUP�WKH�RFHDQLF�
FUXVW�DUH�OLNHO\�WR�EH�LPSRUWDQW�FRPSRQHQWV�RI�WKH�ORZHU�PDQWOH�
DQG�DV�VXFK�WR�LQIOXHQFH�LWV�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV��
6HYHUDO� KLJK�SUHVVXUH� VWXGLHV� RQ�025%�EXON� FRPSRVLWLRQV�
KDYH�VKRZQ�WKDW�YDULRXV�$O�ULFK�SKDVHV�FDQ�IRUP�XQGHU�ORZHU�
PDQWOH�FRQGLWLRQV��,ULIXQH�DQG�5LQJZRRG�������.HVVRQ�HW�DO��
������,ULIXQH�HW�DO��������$NDRJL�HW�DO��������0L\DMLPD�HW�DO��
������������� ,Q�SDUWLFXODU�� ,ULIXQH�DQG�5LQJZRRG�������� ILUVW�
UHSRUWHG�WKH�EUHDNGRZQ�RI�PDMRULWH�JDUQHW�WR�DQ�DVVHPEODJH�RI�
0J�SHURYVNLWH��&D�SHURYVNLWH��DQG�D�VHSDUDWH�DOXPLQRXV�SKDVH�
DW�SUHVVXUH�DQG�WHPSHUDWXUH�FRQGLWLRQV�RI�WKH�ORZHU�PDQWOH��7KLV�
VR�FDOOHG�QHZ�$O�SKDVH�RU�1$/�KDV�D�KH[DJRQDO�FU\VWDO�VWUXFWXUH�
DQG�FDQ�FRQWDLQ� VHYHUDO�GLIIHUHQW�FDWLRQV�� VXFK�DV�1D��.��&D��
0J��DQG�)H��$NDRJL�HW�DO��������0LXUD�HW�DO��������*DVSDULN�HW�
DO��������0L\DMLPD�HW�DO���������������1$/�LV�WKHUHIRUH�OLNHO\�

WR� EH� WKH�PDLQ� KRVW� IRU� DONDOL� HOHPHQWV� LQ� RFHDQLF� FUXVW� WKDW�
KDV�EHHQ�VXEGXFWHG�WR�a���±�����NP��0L\DMLPD�HW�DO���������
'XH�WR�WKH�H[WUHPHO\�ORQJ�WLPHVFDOH�UHTXLUHG�IRU�WKH�FKHPLFDO�
HTXLOLEUDWLRQ�RI�VXEGXFWHG�FUXVWDO�KHWHURJHQHLWLHV�LQ�WKH�ORZHU�
PDQWOH��+RO]DSIHO�HW�DO���������LW�KDV�DOVR�EHHQ�SURSRVHG�WKDW�
WKH�EXON�RI�WKH�PDQWOH�PLJKW�EH�D�PHFKDQLFDO�PL[WXUH�EHWZHHQ�D�
GHSOHWHG�PDQWOH�UHVLGXH�DQG�VXEGXFWHG�FUXVWDO�FRPSRQHQWV��;X�
HW�DO���������,Q�WKLV�FDVH��1$/�LV�OLNHO\�WR�IRUP�D�PDMRU�SDUW�RI�
WKH�FUXVWDO�FRPSRQHQW�

5HFHQWO\��:DOWHU�HW�DO���������GHVFULEHG�VXEOLWKRVSKHULF�GLD6
PRQGV�KRVWLQJ�FRPSRVLWH�PXOWLSKDVH�LQFOXVLRQV�ZLWK�FRPSRVL6
WLRQV�HQFRPSDVVLQJ�SKDVH�DVVHPEODJHV�H[SHFWHG�WR�FU\VWDOOL]H�
IURP�EDVLF�FUXVWDO�PDWHULDO�XQGHU�ORZHU�PDQWOH�FRQGLWLRQV��,Q�
SDUWLFXODU��:DOWHU� HW� DO�� ������� VXJJHVWHG� WKDW� VRPH�RI� WKHVH�
LQFOXVLRQV�ZHUH�SUHVHQW�DV�WKH�1$/�SKDVH�DW�ORZHU�PDQWOH�FRQ6
GLWLRQV��JLYLQJ�IXUWKHU�VXSSRUW�IRU�WKH�H[LVWHQFH�RI�WKLV�SKDVH�LQ�
WKH�(DUWK¶V�ORZHU�PDQWOH��7KH�HODVWLF�SURSHUWLHV�RI�1$/��KHQFH��
PD\�LQIOXHQFH�WKH�EXON�HODVWLF�SURSHUWLHV�RI�WKH�ORZHU�PDQWOH�

1$/�SKDVHV� FU\VWDOOL]LQJ� LQ�025%�FRPSRVLWLRQV�GLVSOD\�
FRPSOH[�VROLG�VROXWLRQV�DQG�KDYH�WKH�JHQHUDO�IRUPXOD�;<<T�J!<+
ZKHUH�;�UHSUHVHQWV�D�ODUJH�PRQRYDOHQW�RU�GLYDOHQW�FDWLRQ��&D<U1+
.U1+O#U���<�D�PLGGOH�VL]HG�FDWLRQ��0J<U1+B%<U1+-&+B%��L1+#.?+T+#+
(;#DD+)#/'-.+HCD��+#.?+Q'9U��
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VWDELOLW\��DQG�FRPSUHVVLRQ�RI�1$/�SKDVHV�ERWK�LQ�FRPSOH[�DQG�
VLPSOLILHG�V\VWHPV��*DVSDULN�HW�DO��������0LXUD�HW�DO��������.R6
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��6SHFLDO�FROOHFWLRQ�SDSHUV�FDQ�EH�IRXQG�RQ�*6:�DW�KWWS���DPPLQ�
JHRVFLHQFHZRUOG�RUJ�VLWH�PLVF�VSHFLDOLVVXHOLVW�[KWPO�




