
!"#$%&'()*%(#$'+,-%./0)1,+2"#)3440)5'-#.)67896:;0)743<

!!!"#!!$%&'(&!!!$)*+,-!(.!!&/012345562&&78.79:.9;<&'!.+'"=&>?#+!'(#(!*"3 33333*+,3

@3A#?>:B23CD7;E>.FE;G9DHID:G>.E7I.>I

!"#$%&'(&'#)*+$&',-./$(&'-$'.+$)/01*+#1(+'#)'2)3#4'#/-+1#)#+$5/6)61(/&+(/-

!"#$%&'#(%'#)%'#)!*'%!+%$*!,"#(-.

'J:DE;>BG3>D73J>5E;:>BG3KL:EDLE3M3NEL4D9B9<OP3J>QG9D31DG5:5I5EP3RD:SE;G:5O39T3K9I543CIG5;>B:>P3J>QG9D3U>VEGP33
K9I543CIG5;>B:>3(!*(P3CIG5;>B:>

'/,0!'10
1LFNHO�LV�W\SLFDOO\�GLVWULEXWHG�DFURVV�VHYHUDO�¿QH�JUDLQHG�PLQHUDOV�LQ�QLFNHO�ODWHULWHV��IRUPHG�E\�

LQWHQVH� WURSLFDO�ZHDWKHULQJ�RI� XOWUDPD¿F� URFNV�� ,QGRQHVLD� DFFRXQWV� IRU� DSSUR[LPDWHO\�����RI� WKH�
Q9;B7WG3B>5E;:5:L3D:LVEB3;EGE;SEGP3Q4:L436B>O3>D3:DL;E>G:D<3;9BE3:D3<B9X>B3D:LVEB36;97IL5:9D.3Y9QESE;P3
UHODWLYHO\� IHZ�JHRFKHPLFDO� VWXGLHV�RI� ,QGRQHVLDQ� ODWHULWHV�KDYH�EHHQ�XQGHUWDNHQ�DQG�TXDQWL¿FDWLRQ�
9T3Z:3G6EL:>5:9D3:G3IDLBE>;.31D354:G3G5I7O354E3Z:3<E9L4E?:G5;O39T3>D31D79DEG:>D3B>5E;:5E3L9?69GE739T3
B:?9D:5E3>D73G>6;9B:5E34>G3XEED3E8>?:DE73IG:D<3GODL4;95;9D3?:L;96;9XE3>D>BOG:G3[?:L;96;9XE3%#;>O3
ÀXRUHVFHQFH�PLFURVFRS\��ȝ�;)0��PLFURSUREH�;�UD\�GLIIUDFWLRQ��ȝ�;5'��PLFURSUREH�;�UD\�DEVRUSWLRQ�
VSHFWURVFRS\��ȝ�;$6��DQG�EXON�;$6��7KLV�DSSURDFK�SURYLGHV�VHPL�TXDQWLWDWLYH�VSHFLHV�VSHFL¿F�LQIRUPD#
WLRQ�QRW�UHDGLO\�REWDLQDEOH�XVLQJ�WUDGLWLRQDO�ODERUDWRU\�PHWKRGV�WKDW�DUH�KDPSHUHG�E\�WKH�¿QH�JUDLQHG�
KHWHURJHQHRXV�QDWXUH�RI�ODWHULWHV��,Q�WKH�OLPRQLWH���������RI�WKH�1L�ZDV�IRXQG�WR�EH�VXEVWLWXWHG�IRU�$O�
LQ�OLWKLRSKRULWH�ZLWK���������EHLQJ�DVVRFLDWHG�ZLWK�OL]DUGLWH��D�VHUSHQWLQH��VXEVWLWXWHG�IRU�0J��$�PLQRU�
SURSRUWLRQ�RI�WKH�1L�LV�DGVRUEHG�RQWR�WKH�0Q�OD\HUV�RI�SK\OORPDQJDQDWH��H�J���OLWKLRSKRULWH���+RZHYHU�
WKH�PDMRULW\�RI�WKH�1L�����������LV�VXEVWLWXWHG�IRU�)H�LQ�JRHWKLWH��7KH�PDMRULW\�RI�WKH�1L������������
ZLWKLQ�WKH�VDSUROLWH�LV�IRXQG�WR�EH�DVVRFLDWHG�ZLWK�OL]DUGLWH��WKH�SUHGRPLQDQW�PLQHUDO��$�IHZ�UHODWLYHO\�
ODUJH�1L�DVERODQH�JUDLQV�DUH�DOVR�REVHUYHG��ZKLFK�DFFRXQW�IRU���������RI�WKH�1L�ZLWK�WKH�UHPDLQLQJ���
�������RI�WKH�1L�UHSODFLQJ�)H�ZLWKLQ�JRHWKLWH�
7/"8'&4-9)1D79DEG:>D3D:LVEB3B>5E;:5EP3B:?9D:5EP3G>6;9B:5EP3%#;>O3>XG9;65:9D3G6EL5;9GL96OP3GODL4;95;9D3

?:L;96;9XEP3ȝ#%5'��ȝ#%)0

2#0!")3102"#
Z:LVEB3B>5E;:5EG3>;E3T9;?E73XO3:D5EDGE35;96:L>B3QE>54E;:D<39T3

IB5;>?>T:L3;9LVGP3GIL43>G36E;:795:5EG3>D73GE;6ED5:D:5EG3[F9B:<45BO3
�������7KH�UHVXOWLQJ�SURILOHV�FDQ�EH�KLJKO\�YDULDEOH�GXH�WR�IDFWRUV�
GIL43>G3LB:?>5EP3 5969<;>64OP37;>:D><EP3 >D73954E;34O7;9B9<:L>B3
:DTBIEDLEGP3?:DE;>B9<OP3 >D73XE7;9LV3 G5;IL5I;E3 [FBEEG9D3 E53 >B.3
�������'HVSLWH�WKH�GLYHUVLW\�RI�ODWHULWLF�SURILOHV��VRPH�FRPPRQ�
TE>5I;EG3L>D3XE3T9ID73ED>XB:D<3B>5E;:5E35O6EG3593XE3LB>GG:T:E73>G3
R[LGH��FOD\��RU�VLOLFDWH�ODWHULWHV��%UDQG�HW�DO��������
0D3 6;9B9D<E73QE>54E;:D<3 IB5;>?>T:L3 G5;>5>3 7EL9?69GE3

UHOHDVLQJ�PRELOH�HOHPHQWV�VXFK�DV�)H��1L��0J��DQG�6L��)H�DQG�
CB3>;E3 BEGG3G9BIXBE3 54>D3J<3>D73K:3>D734EDLE3>;E3ED;:L4E73 :D3
WKH�XSSHU�]RQH�IRUPLQJ�WKH�R[LGH�OLPRQLWH�OD\HU�WKDW�LV�ULFK�LQ�
<9E54:5EP34E?>5:5EP3>D73JD398:7EG.3Z:3>D73\93>;E3>BG93G5;9D<BO3
:DL9;69;>5E73>D73L9#6;EL:6:5>5E73:D593JD398:7EG3GIL43>G3B:54:9#
SKRULWH�DQG�DVERODQH��(OLDV��������6RPH�1L�SHUFRODWHV�IURP�WKH�
9SE;BO:D<3B:?9D:5E3B>OE;3>D73:G3:DL9;69;>5E73:D59354E3ID7E;BO:D<3
4O7;9IG3G:B:L>5E3G>6;9B:5E3B>OE;354>53:G3;:L43:D3GE;6ED5:DE3?:DE;>BG3
�(OLDV��������6LOLFDWH�ODWHULWHV�DUH�IRUPHG�DIWHU�D�ORQJ�SHULRG�RI�
DJJUHVVLYH�ZHDWKHULQJ��7KH�VDSUROLWH�]RQH�PD\�DOVR�RFFDVLRQDOO\�
XE3L9?69GE739T3LB>O3?:DE;>BGP36;E79?:D>D5BO354E3G?EL5:5E3LB>O3
D9D5;9D:5E.3\B>O3B>5E;:5EG3>;E3T9;?E73:D3BEGG3GESE;E3QE>54E;:D<3
FRQGLWLRQV��*DXGLQ�HW�DO��������
Z:3 G6EL:>5:9D3Q:54:D3 >3Q:7E3 S>;:E5O3 9T3?:DE;>B3 G>?6BEGP3

VXFK�DV�JRHWKLWH��GH�&DUYDOKR�H�6LOYD�HW�DO��������0DQFHDX�HW�

DO��������6LQJK�HW�DO���������SK\OORPDQJDQDWH��0DQFHDX�HW�DO��
������ ����E��3HDFRFN� DQG�6KHUPDQ�������3HxD� HW� DO�� ������
5RTXp�5RVHOO�HW�DO��������DQG�SK\OORVLOLFDWHV��'lKQ�HW�DO��������
.LF]ND�HW�DO��������0DQFHDX�DQG�&DODV�������������KDV�EHHQ�
E85EDG:SEBO3 :DSEG5:<>5E7.3Y9QESE;P3 54EGE3 G5I7:EG3 4>SE3?9G5BO3
T9LIGE739D3:D7:S:7I>B3?:DE;>B3;>54E;354>D3D>5I;>B3B>5E;:5EG3Q4E;E3
Z:3:G35O6:L>BBO37:G5;:XI5E73>L;9GG3GESE;>B3T:DE#<;>:DE73?:DE;>BG.
N;>7:5:9D>B3?:DE;>B9<:L>B3?E>GI;E?ED5G39T3GIL43T:DE3<;>:DE73

>D734E5E;9<EDE9IG3G>?6BEGP3GIL43>G369Q7E;3%#;>O37:TT;>L5:9D3>D73
GEBEL5:SE3 L4E?:L>B3 E85;>L5:9DP3 6;9S:7E3XIBVP3 S9BI?E#>SE;><E73
7>5>354>539XGLI;E3:?69;5>D53G6>5:>BBO3S>;:>XBE3:DT9;?>5:9D.3]IBV3
%CK3>BG936;9S:7EG3S9BI?E#>SE;><E73:DT9;?>5:9D3;E<>;7:D<354E3
B9L>B3EDS:;9D?ED5G39T354E3?E5>B39T3:D5E;EG5.3N4E3:D5E;6;E5>5:9D39T3
XIBV3%CK37>5>3T9;3>3?>5E;:>B3L9D5>:D:D<3?IB5:6BE3G6EL:EGP3>G3:G3
T;E^IED5BO354E3L>GE3:D3>D39;E39;3G9:B3G>?6BEP3;E^I:;EG3>3L9?6BE5E3
7>5>X>GE39T3;ETE;EDLE3G6EL5;>.3J:L;96;9XE3%CK36;9XEG3:D7:S:7I>B3
<;>:DG3>53>3?:L;9?E5E;3GL>BEP39TTE;:D<3GEBEL5:SE3 B9L>B3 :DT9;?>#
WLRQ�WKDW�FDQ�EH�XWLOL]HG�LQ�WKH�LQWHUSUHWDWLRQ�RI�EXON�;$6�GDWD��
KODL4;95;9D#X>GE73?:L;96;9XE3%#;>O3TBI9;EGLEDLE3?:L;9GL96O3
�ȝ�;)0���PLFURSUREH�;�UD\�GLIIUDFWLRQ��ȝ�;5'���DQG�PLFURSUREH�
;�UD\�DEVRUSWLRQ�VSHFWURVFRS\��ȝ�;$6���WRJHWKHU�ZLWK�EXON�;$6�
>D>BOG:GP36;9S:7E3>369QE;TIB3599B3593E8>?:DE3X9543B>5E;:5:L3G>?6BEG3
>53?:L;9?E5E;3GL>BE3>D73>BG93GE?:#^I>D5:5>5:SE3>D>BOG:G39T3 54E3
6;E79?:D>D53Z:3>GG9L:>5:9DG3Q:54:D354E3XIBV3?>5E;:>BG.

,QGRQHVLD�DFFRXQWV�IRU�DSSUR[LPDWHO\�����RI�WKH�ZRUOG¶V�ODWHU#
:5:L3D:LVEB3;EGE;SEGP3Q4:L436B>O3>D3:DL;E>G:D<3;9BE3:D3<B9X>B3D:LVEB3
SURGXFWLRQ��%HUJHU�HW�DO���������$V�IRU�3KLOLSSLQH¶V�ODWHULWHV��DQG�
7IE359354E3G:?:B>;3LB:?>5:L3L9D7:5:9DGP31D79DEG:>D3D:LVEB3B>5E;:5EG3




