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&RORQ FDUFLQRJHQHVLYV
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+LJK SHQHWUDQFH PXWDWLRQV
/IRZ DQG PRGHUDWH SHQHWUDQFH PXWDWLRQV
*HQRPH ZLGH DVVRFLDWLRQ VWXGLHWLRQFDQFHU SUHGI
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$LP DQG VWUDWHJ\

ODWHULDOV DQG PHWKRGYV



3UREHV DQQRWDWLRQ
,GHQWLILFDWLRQ Rl LQWHUJHQLF GBRIFRRE HVGHR B B WAL @M B
613V
$QDO\VLV Rl PLFURDUUD\ H[SUHVVLRQ GDWDVHWYV
&RORUHFWDO FDQFHU VDPSOHYV
51$ LMQLWVEULGL]DWLRQ DVVD\
&K,3 DVVD\
613V LQ OLQNDJH GLVHTXLOLEULXP
(471V
&HOO OLQHYV
&58& FHOO OLQHV VHTXHQFLQJ
&5,635 &DV V\VWHP
IXFLIHUDVH DVVD\
uv KDSORW\SH TXDQWLILEFDWLRQ
$FWLQRP\FLQ ' WUHDWPHQW
51$ H{WUDFWLRQ F'1$ VIQWKHVLV DQBGLRKD3EZELWDWLYH
JRUFHG VLQJOH FHOO VXVSHQVLRQ 16&6 DVVD\
51$ VHTXHQFLQJ DQDO\VLV
BHDKRUVH DVVD\
ODVV VSHFWURPHWU\
3ULPHUV WDEOH

SHVXOWYV

5HSXUSRVLQJ RI $INPHWUL[ 8 SOGAWHGFRDR E@GYHNWDLIDW
FRGLQJ 51$ WUDQVFULSWV LQ FDQFHU
SUREHV IURP $II\PHWUL[ 8 B®W¥K WRDUQWHBJIHQLI
WUDQVFULSWV RI WKH KXPDQ JHQRPH
7KH LQWHUVHFWLRQ EHWZHHQ LOQWHRBRIHDQB SIBBEHV OR
&DWDORJ LGHQWLILHV QF51$% WU FQQFHIUS B/WHIGPLS/FSIRW D WR KJ
[,1& LV D OQF51$%$ OLNHO\ DVVRFLDWHRQZLWK &5& SUH



/,1& LV HQULFKHG LQ QRUPDO F RWWRHO PXARW B LIVKG VKRJ Y
D FRKRUW RI &5& SDWLHQWYV

OHFKDQLVPV UHJXODWLQJ /,1& H[SUHVVLRQ
*HQRPLF FRQWHEW RIORFXV
/,1& KDSORW\SHVY DUH DVVRFLDWHG Z KWK OW \VOH QGHIWH
S5HIJLRQ DIIHFWV SRVW WUDQVFWLWGOMH®RY GO IHIEBOQWLI

PDQQHU
uv LV LQYRQ%HG B5@$ VWDELOLW\
uv LV LQFOXGHG LQ D /,1( UHSHKDWHKHAWEHRIQPWHRR

FRQVHUYDWLRQ DPRQJ VSHFLHYV

,PSDFW RI /,1& HISUHVVLRQ RQ &5& ELRORJ\
(VWDEOLVKPHQW RI &5& FHOO PRGHOV
/,1& WUBIQWFW RQ FHOO WUDQVFULSWRPH

&HOO MXQFWLRQV MLSVERFMELRLQD IJIIOH &HOO 6XVSHQVLR(
DVVD\

/1,1& LQIOXHQFHG PLWRFKRQGULD PHWDEROLVP
/[,1& FHOOXODU PRGHOV KDYH GLITHUHQW OLSLGRPLF
/,1& DIIHFWV DOVR &5& SURWHRPLF FHOOXODU SURIL!

'LVEXVVLRQ

%LEOLRJUDSK\



SEVWUDFW

&DQFHU LV PXOWLIDFWRULDO FRPSGN[ FGQ \(H FRIPEWRDW LRHK
QXPHURXV IDFWRUV DPRQJ ZKLFK JBHIMHDV E E ORI\ B UDRMLHR QAK B
RI WKH JHQHWLF ULVN LV GXH WR QWD QBB PRGH DODWH CSHWQ H
QXFOHRWLGH SRO\PRUSKLVPV 613V IZKGFHKE\FDHQ EMH L GG )
$VVRFLDWLRQ 6WXGLHV *:$6 7KHVHHOSWHRIFKH VR G IP\DSXFDH
DVVRFLDWHG 613V UHVLGH LQ QRQ KU RWKHHL & XFPROGL Q Bl QURRIHL ROQ
PDQ\ RI WKHVH ORFL PD\ EH WUDQVFEREHGJLRMR OGRYFE IGR
/QF51$V SOD\ GLIIHUHQW ELRORJMFOHD ANQBWDROW MQUDGWHF U L
SRVW WUDVFULSWLRQDO JHQH UHJXGEHWORQJ PKERPHDSWLIG Q
PRGXODWLRQ ORUHRYHU E\ WKHVH FRDQWLEXWMH VDR \BORRU
DQG SURJUHVVLRQ 'HVSLWH WKH QKHP IDWDFEX Y $DIG WIDGF HP\D Q DAV
VWLOO QHHG WR EH IXUWKHU ERDWLLIVH®& K HQI SSORMWLLRFFXD® W R
LPSDFW RQ FDQFHU ELRORJ\ Rl OQFFDSWHKDQERUL QL VRU YOF
7KHUHIRUH WKH DLP Rl WKLV BR'RWKBVANVQGLEFRWIG WQWEL1$V D
ZLWK FDQFHU SUHGLVSRVLWLRQ DROR LLFDHV \WXLQ BWIHR @K HLQG
UHOHYDQFH

7R WKLV DLP ZH UHSXUSRVHG GDWD SRENMVD/ILQRHG PEF URDY
SODWIRUPV WR H[SORUH WKH QRQ FRRGH QI S\WWHDW FKI RVK B QFH
DVVRFLDWHG ZLWK WXPRU SUHGLYVIS®RP WL F® R UBARDWHWRQ
H[SUHVVLRQ PLFURDUUD\ SUREHV ZLW&H *U$BWED W PO R JDPRXYJ R
D OQF51$% QDPIRO\ ZKLFK LV YHU\ FORVH WR WZR 613V D
FRORUHFWDO FDQFHU &5& SUHGLVSRVLWLRQ

$QDO\]LQAX H[SUHVVLRQ LQ VHYHUDO KXPDQ WILWVDYH\LVZ
H[SUHVVHG LQ WKH JDVWURLQW HWW LHJ5 0 HWWD RW CPHRYUHRW B U H
&58& PHWDEROLF PROHFXODU VXEW\SH P\GVFRU SHIQRD Q/RIWL XL MK
RI &5& SDWLHQWY )XUWKHUPRUH IVIV¥)QGAWQEF W B W IFEDVF \R ®
H[SUHVVLRQ ZH IRXQG WKDW RQH K4¥WDHLOQDWHEVLYYN Gl
GRZQUHJXODWHG FHOOXODU PRGHOV ZH GLVFRYHUHBGFWKDW /



JHQH H[SUHVVLRQ E\ JHQH SDWKZDWDR DDAV DVV DZHG VIKR ZH.G
/,1& LV LQYROYHG LQ PLWRFKRQG UL DHO O HVBQWDWWR @ ROUHG
PDVV VSHFWURPHWU\ DQDOWL& UHB®IWOXH® FHRDERWK OLSLGR
SURWHRPLF FHOOXODU SURILOH

,Q FRQFOXVLRQ ZH UBSRUW WKDRM) FRGLQJ WUDQVFULSW D
WKH ILUVW WLPH WR WKH EHVW RI| RRORW HFQWZD H®IHF H DL W
SUHGLVSRVLWLRQ DQG LQYROYHG DQGFHAORODYY P WMIMHIROAL

ILQGLQJV RSHQ LQWULJIXU@J LOXNWRWY YHQWROH LQ FDQFHU E
WKHUD S\
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VPDOO LQWHUIHUHQFH 51%
VPDOO QRQ FRGLQJ 51%

VLQJOH QXFOHRWLGH SRO\PRUSKLVP
VPDOO RSHQ UHDGLQJ IUDPH
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QWURGXFWLROQ

+XPDQ JHQRPH FRPSOH[LW\

+XPDQ JHQRPH LV GHILQHG DV WKH RIQWQUHFH® 0Q | RUIP\D WR |
E\ WZR GLVWLQFW SDUWV WKH QXFPOHDSDUHQRPHFKBRPRGRE
GLYLGHG LQWR SDLUV Rl DXWRVRAHVFRQBPRYRPSINLWD @G
PLWRFKRQGULDO JHQRPH FRPSRVHG'E$ BROLHRIXOMH F l7IKFHX RD §C
JHQRPH LV ELOOLRQ EDVH SDLUVDWESHORBH FRHWQKEQUHDU
SURWHLQ FRGLQJ JHQHV 3&*VERMWDW URS WHKHQWLDOLR
SDLUV RI '1$ XQGHUOLQJ WKDW WKHJIJHQRPH BRHVHQRW FRG
SURWHLQV WKH IRXQGDWLRQ RI (QF\FBRISEWNVD RK216 (O
GHWHUPLQHG WKH UHPDLQLQJ FRPSRQBAWN RILW KD W XH VG D
SURMHFW UHYHDOHG WKDW RI WE B DKXPWDHI XE DWRK\ GIX\Q
DQG PDQ\ Rl WKHVH UHJXODWRU\ HOB\PHRALYD WHE B KWKL REDBIOD
,Q IDFW '1$ WKUHH GLPHQVLRQDO DVVRBE®R QX0 MHWVADW
H[SUHVVLRQ ,Q FROODERUDWLRQ ZLRVKYVRUEZLUXP(VADUNHG WI
HYLGHQFH EDVHG JHQHQ HIIBMAXWH\RQ WR WKH 3&*V *(1&2'( DQC
SUHVHQFH Rl SURWHLQ FRGLQJ OWEDQVWKLEB® HDQDWQ WHNO \G
ORFL ZLWK WUDQVFULSW HYLGHQFHUDQ G LSMHW & R JSIQHWH XFHG
HOHPHQWY LQYROYHG LQ KXPDQ JHQRPH DVVHPEO\
$PRQJ WKH QRQ FRGLQJ JHQRPH RWK HZUW WH SAK [RWU O AW WX U]t
VDWHOOLWH '1$ ZKLFK DUH ODUJH DHOMMG R/IH WOHGHPO WK L
VWUXFWXUDO FRPSRQHQWV RI WHWRPREKVRPIKWE® DUH Ul
"77$***u '1$ UHIJLRQV ORFDWHG DW WK RI\OTPRIZKDFK BKBWH
WKHLU H[WUHPLWLHY IURP GHWHUDRBDWLRQWGERQMQ JZ KISF K +
WUDQVFULEHG '1$ VHTXHQFHV ZLWHKIQQ FJHUGIHYRQVH DIQQGNERUF
UHPRYHG GXULQJ WKH VSOLFLQJ SURBHSVWWR QREWDE@HNP DW
UHJXODWRU\ VHTMHQF$WRPRWHQKDQFBQWG VLOHQWHKWDW DUH



PRVWO\ QRQ FRGLQJ '1$ VHTXHQFHV LQQANFRIQSWERQ UHIHO /W D
FRGLQJ 51$% JHQHV ZKLFK DUH '1$ VHA®H@MHR/ 5M 1§ DPQRVOFHUFADEO H \
DUH QRW WUDQVODWHG LQWR SURWHKLLDO EXHI XDHDVR KD B B G,
IXQFWLRQV

7KH QRQ FRUUHODWLRQ EHWZHHQ JHBRWIKF JHRRPHH MLWN DC
JHQH QXPEHU LV D ELRORJLFDO PLVWK®J LPEHDFHD QRH STHIWZ
FRPSOH[LW\ DQG VL]H LV UHVROYH® FEQ MRGIL GU H\HSHPHV RG
VHTXHQFHY UHSHDWRPHYV ZKLFK FHR QWKL ENQ/RIP W RQLIMKUHH D V
RWKHU KDQG WKH QRQ FRUUHODW LIR®WG EHV/QAH B R PEERIRIS/O HYL S0
H[SODLQHG E\ WKH DOWHUQDWLYH WSRO IAQMUDIKL FKD QO @R ¥
PHVVHQJHU 51$V P51$V IURP D VLQKB HDIFVQ NV KIDWG JENQWM H[SU
LV UHJXODWHG DW ERWK WKH WDIQRPDICSWHRBOO DQG WUDQ

$OWKRXJK WKH IXQFWLRQ Rl QRQ FRGQQYU XBGRBMWRR ®R
EHFRPLQJ FOHDU WKDW LW FRYHUV JMH® H. PSHRIXWD@WRQRDE
PDLQWDLQLQJ FHOO ELRORJLFDO IXQFWLRQV

1RQ FRGLQJ 51%V

7KH WHUP QRQ FRGLQJ 51$% QF51$ L ROGWXOHW WODW5 GR
FRGH IRU SURWHLQV %DVHG RQ WXH51$\F A D Q YEGD UXIEK®LFWA IGRI
PDLQ FODVVHV LQIUDVWUXFWXUDO Q@FBUSW 7B Gl LUN WK GFIDW R
FRPSRVHG E\ QF51%$V ZKLFK SOD\ KRXVHMNHISSRFHWRQH DQ
WUDQVODWLRQ ,W LQFOXGHV UDRERWMRPBO$Y1 W5 IUB5/1$W P OO C
51$V VQR51$V VPDOO QXFOHDU 5 R¥VHUMREH B3R G/ MAR®D G
FODVV LV FRPSRVHG E\ QF51$V WKDWUSHNQRWPL RQ URHY XDHX
H[SUHVVLRQ LQ GLIIHUHQW RUJDQEWPGL YLIFGH &V DFER UIBQA\DR W
OHQJWK ZKHQ WKH\ DUH VPDOOHU WKBQ DUHQRBOBRW L\GMD/C
FRGLQJ 51$V VQF51$ DQG LQFOXGH PL¥PROS $\QWH.BIUHWH Q F |
VL51$V DQG SLZL LQWHUDFWLQJ 5K#HA BUH1HRQIKH QWWD Q
QXFOHRWLGHYV WKH\ DUH FDOOHG ORQJQFBRYVFRGLQ.



7KH QXPEHU Rl QF51$V LQ WKH KXPDQ JMH®®RAY HEY XQMRRE
UHVHDUFKHV VXVWDLQ WKDW PDQ\ QB Bl $RWKHU @RY HY@FWKR
QRQ FRGLQJ WUDQVFULSWYV KDYH IXQERVQ\R QY H QHWWK R \EH 1 G D\
%HORZ DUH GHVFULEHG WKH PDMROQFBQHVVHYV RI UHIJXODWRU\

OLFUR 51%V

OLFUR 51$V PL51$V DUH VPDOO VL@GILAIH WS PRCHEXQRY FF
DUH DERXW QXFOHRWLGHV LQ OHQHWHK[SUMHE VU R DX MW IS
WUDQVFULSWLRQDO DQG WUDIFEIG D WRREDO®D\WHYEDVHUHQW
IXQFWLRQV DV SUROLIHUDWLRQ RSWIRNUM QOL XW PR Q7 HBH) GO !
PDMRULW\ RI PL51$V GHULYHG IURP HQRMHJ DVMBHIMQ ¥ F WI$S WH RX
SURFHVVLQJ DQG IHZ H[RQK/HRFB@RWLFDO SDWKZD\ IRU PL51$\
VWDUWYV IURP SULPDU\ PL51$V WUWD QEFBROWRRQD VS L, P LISH[WV
PL51$% LV SURFHVVHG LQWR SUHFXUVRU P1$I1BLGUHPLSURW
'L*HRUJH 6\QGURPH &ULWLFDO 5HJLR®D Ut&ERQBPGHDRY ,,, HQ
7KHQ WKH SUH PL51$% LV H[SRUWHGFEW R[S®RDWA QZ K HQ HWIKM LV
SURFHVVHG LQWR WKH PDWXUH PL516 RQXEBPHWD\6H D YIHY DO ®I\Q F
PL51$ LV ORDGHG RQWR $UJRQDXWHW BRP S RSWUHRWRILEL WKOQG X |
VLOHQFLQJ FRPSOH[HV PL5,6& 7KLWLERPSORU [P\61%HWDR
UHFRJQLWLRQ DQG VXEVHTXHQW FOHDYG®JK HD\G EH\RIS/SILRQ
+RZHYHU PL51$%$V FDQ UHJXODWH JHQH WHIHIVWLRD PGY$
WUDQVODWKRQFKRLFH Rl RQH RU WKH RWKWR GBEHBDIGVLRQ WH
W\SH Rl FRPSOHPHQWDULW\ RFFXUULGJVEH\XEIQFE PRI SVKHHP 5
WDUJHW UHJLRQ XVXDOO\ ORFDMIH® @ W-87%QRIUPRIGO ZWHG W
LV D SHUIHFW PDWFK WUDQVFULSWVERKQDMD 1K ®XQFH G H1 QD &b
WKHUH LV DQ LPSHUIHFW SDLULGJEWSOHQRQ®L QY WEICHYOD W

BWXGLHV RQ PL51$V VKRZHG WKDW WRBL S DLEHIUNHWQ W RH
SDWKRJHQHVLYV RI PRVW KXPDQ PDOLFOMEFIHYV 7HKIQFDXGI
H[SUHVVLRQ DOWHUDWLRQV FDQ EHHWURQWUBBSDOLILFQWLR
PXWDWLRQV LQ PL51$V ORFL HSLWH@W EE LMW HROFD Q JGDDEH J »



3LZL LQWHUDFWLQJ 518V

$QRWKHU FODVV RI VQF51$V DUH 3ISZI51$MW HBDFVEVQD UHL &
DQLPDO VSHFLILF FODVV RI VLOH@FLQJ 51$NOHWRWSBWNGLQ O
ZKLFK UHJXODWH JHQH H[SUHVVLRQ FWQBQILBUE 1M UDOH L
FKHPLFDOO\ GLIIHUHQW IURP PL51$\K D\QBHRIUB HWK\OLBRELILHC
YWHUPLQL ZKLFK DOORZV WKHP WR CHMHG B ROGIR® IRQWHRY 3 L, HF
SURWHLQV UDWKHU WKDQ VBKH1$%2 KSIMNRHVB LW WLQFW ELRJH(
WKH\ DUH SURFHVVHG IURP ORQJ VVRUOWUWNQMFQGE® VS DRBX
GRXEOH VWUDQGHG 51% , QUPBREDRUDQYV PRUH WKDW RI Sl
XQLTXHO\ LQ WKH JHQRPH DQG FOXENIHRBILRLBERSY VRQRPLE XP
7KHLU VHTXHQFHYV DUH LPPHQVHO\ FRIQMWHILHGMW D@ B QUDWHHDR L
$QLPDO VWXGLHV UHSRUWHG W KDRQSILS V$ UDMPHB\RV RO 7 K\Q FWL
JHUPOLQH FHOOV

DPO, 5 Transcriptional silencing
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Post-transcriptional silencing
)LJ 3L51%$V VLOHQFH WUDQVSRVRWLRRWRK DWYGWERWW WUPMMFULSWL
DGDSWHG IURP 2]QpWD: HWQID/GIUDFWLQJ 51%$V VP DO OQBUHDWZALUMKS EHLYJ * IEK@HF W IL R\

SDJHV 2

,Q PRXVH IHWDO JRQRF\WHV SL518WWVIOHQWHK HI(V BAUDKS/ F
WKH QXFOHXV 3,:, SURWHLQV DUH QBRVGH®WE\7 S LVBUS\Q WFRI L S
PHGLDWH VLOHQFLQJ WUDQVFULSWURPDYH@HYDW/LQY RHWHW



PHWK\ODWARZHYHU WKH SRVW WUDQV FULSDV)L REPXUVDOWR A
F\WRSODV® WKLV FDVH WKH FRPSOH[ IRUPKG B\L31$ BURGAH 17
51$ DQG FOHDYHV LW E\ 3,:, SURWHWJV VOLFHU DFWLYLW\
,QWHUHVWLQJO\ SL51$V FDQ DFW XDWKEZ DKW R SIQFU 8B @ By SS
DEXQGDQFH DQG 7(V WROHRERQGHWDLO D VLQJOH VWUDQGH:
FDQ RULJLQDWH DQ DQWLVHQVH SLBHB WDKBWVRHEXDW BY:,7% FR
7KLV FXWWLQJ RQ WKH 7( FUHDWH.\6 THQWKDGAL WY RGBIQ W HRIVGI W
LQLWLDWRU SL51$ WKXV DPSOLID@MGE BRVH/T XHLDQVF G [ SV K
/JLNHZLVH SL51$V FDQ PRGXODWH 210V FRRQML YREH. GLBQFF O
DUH ORFDWHG LQVLGH OQF51% VHTXWHQBHRY1{\Q WIKFHPW HDI MAK [
SUHFXUVRUV RI , QURMR/SIRIYDLLDQ VRPDWLF FHOOV WKH LQVFH
WR FDQGLGDWH OQF51$ LQFUHDVHV GQNRIBH HRS UWKWNVRIQ 7
DVVRFLDWHG OQF51$V DUH UHODWE G ,W,RUBJIXADWHG UBQEYH

6PDOO LQWHUIHUHQFH 51%V

6PDOO LQWHUIHUHQFH 51$V VL51$VSPBUMHBWR®E G RPSODHPEGQ
51$ PROHFXOHVY FRPSRVHG E\ Q XK O BIIRPALIO®HNO L @/ R HPQ 31 V
UHJXODWH JHQH H[SUHVVLRQ WKUFRXIK 5B B AKDNDH Y FH WHKQMH H [
WKH FRPSOHPHQWDU\ VHTXHQFH EHWZHHQLS3MEUWRW PPRSILD D
WUDQVFULSWV GHEUDIGPVRILRQJLQDWH IURP ORQJHU GRKEH VV
LV FOHDYDJHG E\ 'LFHU 51DVH ,,, HQWIPH $ WEKDOW EQH D VQIXED H |
RYHUKDQJ RQ WKH : HQG RI HDFK NWIUP® ® O DAV PRGILEL E L Q
51$ LQGXFHG VLOHQFLQJ FRPSOH[ 5,6& VIZKHUHRRSOHPH QWKL
P51$%$ DOLJQPHQW DQG VXEVHTXHQW IGHHOGDWUR® PL51$V W
P51$V E\ WROHUDWLQJ QRQ FRPSOHPL5SQ$AD DF @ XLF® B RAVB IL & N\B H\
PDQQHU XVLQJ KLJKO\ VHTXHQ/KD YSYFWR PLMIY  VIQWKHWLF
EHHQ LQWURGXFHG LQ WKH WKHUDSH WV F DIV H Q)G O\DRV IR RIGDQ
HYHQ WKRXJK WKH\ KDYH VRPH XVDSIRIROLPWW B WRIRQ\V D QG NRI
HITHEWV



/IRQJ QRQ FRGLQJ 51%$V

/QF51$V UHSUHVHQW WKH PDMRU F®WVY\RRW®HA5K % DD DH/ER
,Q DFFRUGLQJ WR *(1&2'( Y KXPDQ JHDRPXHWFRQWDAQK51$
JHQHV 7\SLFDOO\ OQF51%$V DUH WO\PEBVPWYHEH ® @G5EBR D ; F
F\WRVLQH FDS DQG ; SRO\ $ WDLOQIDRNERKBGWUJIR VSOLF

/QF51$V DUH XVXDOO\ FKDUDFWHUL]R® B\HYO-RZW UUHNSHRA
3&*V DQG WKH\ ORFDOL]H ERWK LQ WK XFWRS YD VP WKIE QBF
OQF51$V UHJXODWH JHQH H[SUHVVLRKDWQ LQYIRDYHQW $Z B\M
SURWHLQ LQWHUDFWLRQRU LQVWDQFH OQF51$VHFD®W WHKIKC
WUDQVFULSWLRQDO OHYHO H[SUHW VER G LU FG\L | FKWHRP\D WID@ E!
UHFUXLWLQJ RU UHWDLQLQJ IDFWRQKNLWKWY RIH®H DSV FEDRWHR B
WKH FKURPDWLQ RSHQ RU FORVHG VWUXFWXUH
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YLIXUH /QF51$V UHJXODWH JHDRHHWIBQWVARL\RQWKDW LQYROYH '1$ 51%
LQWHUDPWURMGDSWHG IURP 6OWHWIHHRW WKOH DUW WHFKQRORJLR@LWQR H[SOF
51$V LQ FDOF&HWM@O ORO OHG 9RO 1R SS

mhlhltmn




7KHVH W\SHV RI LQWHUDF \WL¥RQ RBOD RBAXKY LLHIXODWLQJ QHL.
RU GLVWDQW WDUJHWYVY JHQHV UHWSHHFAWUMWN & Q WiGHIED, ROSIHS 1
ZKLFK LQIOXHFILAHKHLQHLIKERULEQJL BHRHE\ UHFUXLWLQJ 3RO\F
UHSUHVVLYH FRPSOH[HV 35&V WK D W QVWKHIQR W K$NK, KWWY H
LQVUDEQWXLGLQJ 35&YV WR LWV GLVWIDQW YWKWIKNUP RIUXHF KOV 5
FDQ UHJXODWH JHQH H[SUHVVLRQ DR\Q DVOK HD HSYRNON EUQ QNG|
VHTXHQFH PRWLIV RU SURWHLQ VRUHTWE WB\HFLOL R O®HSG 1%
FRPSOH[HV OQF513V 7KLV LQWHUDBWLRRQQDPWQXGQRPEHI$ D
DIIHFW GLIIHUHQW VLJQDO KQJIJWSKIHVKZBHD QW 2 D) ABHIXODWH V
'1$ UHSDLU DQG '1$ UHSOLFDWLRQ IDBWRUVSOBWXKZDYWUHDP
SDUWLFXXBBUPDLQWDLQV JHQRPLF VWDELOLW\ E\ SUHRWHV@ANH
ZKLFK LQ DEVHQ5$ BHSUHVV PLWRVLY DQG '1$ UHSDLU JHQH
FDQ SOD\ DV VSRQJHV IRU PL51$V ZQGWKQJF PHFHKW QWY FHY W
UHGXFLQJ WKH QXPEHU RI DYDLODEGH | PE 5WHW) RHMH [DWPVB OFE H
OQF5B8$87BRQWDLQV VHYHQ ELQGLQJ VLWHVZHRUOPN.GR ZQ ZKLLEFL
LQYROYH@DQG (% UHIJXODWERB FRPSOH[ IRUPHG3EST\®DHH Q
PL5 UHGXFHV PL5 DYDLODELOLWS UBHRGD®LRWR RD QWK
GRZQVWUHDP JHQHV ZKLFK SURPRW HPHDSL WKDQLVLORL ROV H QF K

%DVHG RQ WKHLU JHQRPLF ORFDW L\RQ | IOHG 5106 V F\D I UB i @ DFE
DQWLVHQVH DQG VHQVH

,QWHUJHQLF OQF51$V OLQF51%V GHUXMB FIW\REEHWQRAQF W
LQGHSHQGHQW FRGLQJ JHQHV DQG D WRH\RRDMWH UL EENYV HER |
GLVWLQFWLYH FKURPDWLQ PDUN VUJQYDWXKWWK\ODWLEQRRR®W
KLVWRQH + + . OHVUDPMSWK\ODWLRQ RI O\VLQH RI KLVWRGC
8QOLNH UHSRUWHG IRU RWKHU OQFY¥HIWYHGLOPRIGY ®UHHF
VSHFL®WG DUH H[SUHVVHG LQ D WLVVXHWIISBIGL3REVPFBIEYHU P|
DW 0$/$7DQG,6EHORQJ WR OLQF51$V FODVV

,QWURQLF OQF51$V DUH WUDQVFRQEHR HQWL UKW RRP\ DQ
IUDFWLRQ RI WKHP KDV EHHQ IXQFRAWLRQDOO\ FKDUDFWHUL]H

$QWLVHQVH OQF51$V DUH WUDQVWHKLE R\ HYKD R | L &N M UR/GI R
RWKHU VWUDQG DQG DUH DEOH WR RRGAXQJIDWH QWK HJIHRR
H[SUHVVLR@ LQVWDQFH ORQJ QRQ FRGL Q3 DR VEBYHIXOD WHD C



ERWSB2$ JHQH ZKLFK FRQWDLQV LW D@G. WKMHQ E L IKHERWXLQN L
+ . PH PDUNV DORQJ WKHLU SURPRPWIQU DHJILRRIV3&*YV KDYH I
DQWLVHQVH WUDQVFULB®GFRX@®W HOUWEFBUSY DUH DQWLVHQVH
VXVWDLQLQJ WKH IDFW WKDW D QMM WHERAP RIQQFHUBRF HX®DWLR Q

6HQVH OQF51$V DUH WUDQVFULEHGRIUFEP WHE G/RA DRV B DWMUD
WRWDOO\ RYHUODS WKH 3&*V ,QWBQHRYMVQBEDY MRPHNVRQ VI
51$V DQG 3&*V OLNH VWHURLG UHF6ISWRZKRB\IS WEWQWEFW RSW
RULJLQDWH D SURWHLQ EXW LQ\SDUDIGOWHD | LR\D GEDQW BB WH Y
UHSUHVVRU IDFWRUV

/IRQJ QRQ FRGLQJ 51$V DQG FDQFHU

7KH PDLQ FDXVH RI WXPRU GHYHO R SPH@WM W ¥ PMROHVDGW_HR@W
VRPDWLF DQG JHUPOLQH ZKLFK DGWHWU IWGFW[BQ HR\VRREORDBQ
RQFRVXSSUHVVRU,WHRDWVQRZ ZHOO NQRZQ WKDW OQF51$ JH
RQFRJHQHVY DQG RQFRVXSSUHVVRUV UXNOXORWQEJ WXRK F
SUROLIHUDWLRQ GLIIHUHQWLDWLRMO D&SRSWRMINQWOQE 0OX
DEHUUDQW H[SUHVVLRQ RU G\VIXGPWERQ SV R PSKDV¥DRVH G R B}
PRVW VWXGLHG OQF51$V LQ FDQFHW DA UHSBIHMHYWHGLVE
OQF51$% DVVRFLDWHG ZLWK WXPRU ZURFEDRMMEBWRHU'FDQFHU L
ZKLFK GLVSOD\V KLJKHU H[SUHVVLR @ HMWS HUR WWD VOIR OF QO RIS
SURVWDWLF WLVVXH DQG IRU WKRWH®DWRQ PWUKBW ERH QNI
GLDJQRVLV Rl SURVWDVRBRRMDKHHWH[DPSOH RI OQF51$ DVVRI
FDQFHU GHYHORSPHQWUW(7 0$/$7 UHIXODWHY DOWHUQDWLYFH
D VXEVHW RI SUH P51%V DQG FRQWR®CRM WKRIZWHK &R BDVLRDW
WKURXJK LWV LQWHUDFWS$/MQ@ KDWKEHBBQVLGHQWLILHG WR DF
RQFRJHQH LQ PDQ\ FDQFHUV ILUVWODQG® B RD FREHIIUHV V
RWKHUV OLNBQ@OGLUHRPORPHWULDO FPRFHQREPDLW WXUQV RXW
UROH DOVR L@ WHIVWWBRORIQRG EODGRHUFHUYV



LncRNAs DEREGULATION IN MECHANISMS DIAGNOSTIC REF.
CANCER MARKER
Overexpressed in Increases cell Prognostic 287-294
lung, breast, bladder, | proliferation and cell parameter for stage |
colorectal, liver and migration; regulates and Il of NSCLC;
renal carcer. cell cycle and favours | negative prognostic
MALATI EMT. factor to CRC
patients; associated
with poor prognosis
in renal carcinoma.
Overexpressed in Improves cell Correlates with poor | 295-305
breast, ovarian, invasiveness and prognosis and high
colorectal, migration; mantains TNM stage in ESCC;
hepatocellular, cell stamness and low OS and
HOTAIR pancreatic, renal, increases cell metastasis
non-small cell lung proliferation; involved parameter in CRC;
carcinoma. in chemoresistance. poor prognosis, and
lymph node
metastasis in ovarian
cancer.
Overexpressed in Promotes cell survival, | Predictor for poor OS | 306315
liver, breast, proliferation and in NSCLC and breast
colorectal, lung, angiogenesis; is cancer; associated
pancreatic, gastric, involved in EMT and with poor PFS and
HI19 bladder and cervical | metastasis processes; it | prognosis in CRC;
carcinoma. It is is activated in hypoxia | prognostic
crucial factor for and oxidative stress parameter for gastric
embryonic conditions. cancer.
development.
Overexpressed in Promotes cell growth Correlates with worse | 316322
gastric, colorectal, and invasion; involved | survival rate and
XIST pancreatic and lung | in chemoresistance; it | higher risk of
cancer. has arole in X lymphatic
chromosome metastases in CRC;
inactivation.
Overexpressed in Inhibits apoptosis and Prognostic marker of | 323-329
breast, lung, ovarian, | cell cycle arrest and poor outcome in
colorectal and promotes EMT; CRC.
NEAT] prostate cancer, and | involved in stem cell-
in hepatocellular like phenotype;
carcinoma and involved in
glioma. chemoresistance.
Overexpressed in Promotes cellular Its plasma 330-336
cervical, lung and invasion and concentration as
breast cancer, and in | metastasis; inhibits predictor for the
hepatocellular apoptosis; modulates early warning of
ANRIL carcinoma. cellular metabolism NSCLC; associated
increasing glucose with poor prognosis
uptake for glycolysis; of gastric cancer.
involved in
cardiometabolic
deseases.
7TDEOH VFKHPDWLF UHSUHVHQWDWXRBQHRGE WEHS5PRW W ZEH OWKHLU UROH LQ

$EEUHYLDWLRQV QRQ VPDOO FHOBVRSKD FIDQE® HWD QIFRU& (6&& RYHUDOO

VXUYLYDO 26 SURJUHVVLRQ IUHH VXUYLYDO 3)6



$QRWKHU OQF51%$ LQYROYHG LQ L@V RDWLRWL FXYG FOQREH
OLQF51%$ SQ ERWK KHSDWRFHOOXDQG FDVWUQRPRIOL@QF5WUS$ S
GRZQUHJXODWLRQ SURPRWHV LQYDVQRQFB QBT DHRZ HDYOHAR D
RQFRVXSSUHVVRU E\' S 5%DVWHIDOUQGEDPDJH RU YLUDO LQIt
DFWLYDWHWF51$ S WKDW  SURPRWHVY UHWLQREODVWRPD
K\SRSKRVSKRU\ODWLRQ LQGXFLQNHZHO®E FDP R+ DIGEFE YD /L
SRWHQWLDO ELRPDUNHU IRU GLDJGRVWR F HVQ GQWKHHYUDUSIHOK \F D
+27$,DULVHV IURP WKH WUDQVFULSWLRD R VK& JH@MPIGY H Q V |
RSHUDWHYV DV VFDIIROGDQRU O3¥&QH VSHFLILF GHPHWK\ODYV
FRPSOH[HV WR UHJXODWH JHQH H[S WMWY EROXR LRG X PONG D@W HA
FDWHQLQ VLJQDOLQJ SDWKZD\ SURPRATKQ P RXKHFH®DRS KD WD
PHWDVWDVQWDVWULF+RPD®EHAKLELWLRQ SURPRWHV WKH UHG X
LQYDVLYHQHVV IROORZLQJ PHW DO QZRSIHIW B DQOIRUM K B UFPR UG
+27$,5FDQ UHJXODWH DOVR RWKHU QF5IFHU OZKHUEGSES HD VW
LQFUHDVHYVY PHWDVWDVLY DQG LQY DWLQRQPABS DGR WQ EN PHITLWD L

'HVSLWH RQJRLQJ GLVFRYHULHV LQZ VBK H HOUMFEW ® \| LDHYOSG Z Lk
WKHVH WUDQVFULSWYV LQIOXHQFHVFBIQ® \E KR ORQ Y AWORS UNREMR/!
RSHQHG TXHVWLRQV /QF51$V GHHSNUQFMKEMWYNDW H WWRDMRARSYU H
WKH SK\WLRSDWKRORJLFDO W XP R UNKIHLWXWSH B RIG PV KWW W\R
EH SRWHQWLDO ELRPDUNHUV LQ YHCH FFHR®VFHOM R1 SHUVRQDOL

&RORUHFWDO FDQFHU &5&

&DQFHU RULJLQDWHV IURP FHOOV RVXWWRUWDEO\ W FIXARZ
PXWDWLRQV WKDW DIIHFW JHQRPH KRWDHR\OW VY LIVQ G QF B BPRID
ZLWK +DQDKDQ DQG :HAMEHUI FHOO SKHQRW\SH GHUL ¥ OURP
IXQFWLRQ DOWHUDWLRQV WKDW GMULWXIIPBIOHQBD Q@ RIRZHWK
LQVHQVLWLYLW\ WR DQWL JURZW K SRISWRVIW HYIPLIVWR@H VYR |
SRWHQWLDO SURPSWHG DQJLRJHQBVRNW /W WDXH . Q2YYDHVL RVX 1D



IXUWKHU VWXGLHV DGGHG RWKHU FYXFIHIO0D XIDWSH FVWHQ H V K
GHUHJXODWLRQ RI FHOOXODU PHW D ERELIOAPV \D QTK X\H QRIPGIF H
FRPSOH[ GLVHDVH FDXVHG E\ D FRPERQ®G WICR/Q IRR QJPHGWDR 6 L
WKDW FRXQWHG IRU PRUH WKDQ PSLPRMLIR @ KHDWMHY L@ LOOLR
UHSUHVHQWHG E\ FRORUHFWDO FDQFHW WEK& WERUHE® FFROWL GG L
FDQFHU LQ WKH ZRUOG

&5& HSLGHPLRORJ\

&RORUHFWDO FDQFHU &5& LV WKH WHFRO®BRRQBD QKH U GL
ZRPHQ DQG PHQ UHVSHFWLYHO\ ,W RV RDIQH W BEHDWKFDXV D
OXQJ FDQFHU LQ ERWK JHQGHUW IZRBRGYLGHUHG DQ DJLQ
VLQFH LW LV GUDPDWLFDOO\ LQFUHYYVHGWKI WWKWH [PHIG LD QH D
GLDJQRVLVY LQ ZRPHQ DQG/KHLQXRKNQYDO UDWH IRU &5& LV
IROORZLQJ GLDJQRVLV DQG DW H \$SIDHYR KREZHIYGW WKR JC
VXUYLYDO IDFWRU LV WKH VWDJH DW GLDJQRVLV

&5& LQFLGHQFH DQG PRUWDOLW\ LM VGHXHQARIB & LFRHXUHDWYIL
WR KHDOWK UHODWHGSRHIMGYIFR&Y&Y DFFRXQW IRU RI DC
DQG DUH DVVRFLDWHG ZLWK DFTXLUH® HUPPDLVRIGY JHEBRPKF
LQGHSHQGHQW IURP JHUPOLQH PXWDWKRBK RIFFKHWLWH QRS
DJH LQVWHDG DUH OHVV FRPPRQ DPLOLDQ&UWWORRWQ | KH L
FDQFHU V\QGURPHYV DQG RWKHUR DEH UG DWLRYHWU HE W
&RQFHUQLQJ IDPLO\ KLVWRU\ LPSDFWWRRDIVQEHHRQWRIEV &5 & ¥
KDYLQJ D ILUVW GHJUHH UHODWLYHDNYHMFWW®& E\W& P& \L. Q\FKIH
GHYHORSLQJ WKH GLVHDVH FRPSDUHG WLWKKLSHRBPIHOL
EDFNJURXQG

JURP WKH FOLQLFDO SRLQW RI YLHZOQ®BARVFWRN VL QF\D\W WRIC
GLIIHUHQW VWDJHV DWWULEXWLRQ \GHSR@REY RQG WKHPRWX P L ]
VSUHDGLQJ WR QHDUE\ O\PSK QRGHV R1 GLOY® DKW FSHIVHN V@ B/
%DVHG RQ WKHVH IHDWXUHV LW FD@FHBEH V@&HQWY | NVEDIRIXU 7
WKH HDUOLHVW VWDJH RI &5& D QG VAMGFHYQH GHMURLW W@/ D J |



WXPRU LV IRXQG LQ GHHSHU OD\HQJY EEXWVEZGW K R XYM NS U HDGGE
VKDUH WKH VSUHDGLQJ RXWVLGH FRWRRU R UG UIH R WK® WAIDMCH (
LOQYROYHPHQW RI O\PSK QRGHV LY WKB UWWTAWMHU]|HWGWBURHWDV
LQ RWKHU GLVWDO WLVVXHY DQG RUJDQV

&RORQ FDUFLQRJHQHVLYV

&DQFHU GHYHORSPHQW LV D PXOWLVWHSVRS UKRAHWR/O RVK |
PRUSKRORJLFDO DQG JHQHWLF FKDQUHVLGBWHVDORP EBQLRQ
IRUPDWLRQ ZKLFK WKURXJK WKH SR® JRUIHWQN W LIFF B RIEX B §MIIH
DOWHUDWLRQV LQ FRORQ HSLWKN®IODO GWRONQ WEPREYFRHUB G+
VXEVHTXHQWO\ LQWR DQ LQYDVAKH LFDLWFIHOIWLRQ VWHS DUL)
FRORQLF VWHP FHOOV LQ FRORQ FQVSWW VDL.QG DJ H B & H DPOXQOW DRW
WKH QW VLJQDOLQJ SDWKZD\ PRVW BRWPRDWL QYK RW DKV LI
$GHQRPDWRXV 3RO\SFRVINQEHRAWHDGLQJ WR G\WVSODVWLF DEHU
(SLWKHOLDO FHOOV VWDUW WR CSEUROLZDUVDWHHVREOWQERQ
DGHQRPDWRXV SRO\SV:- IRUPDWLRQH XK\IFGOD MR QK IL & HVOHHES EDAL
+RZHYHU WKH ULVN IRU &5& GHYHOHRVBRHQ V¥ LIVOKE WHCH/ HYP PMR D
VL]H 7KH SURJUHVVLRQ IURP DGHQRP D HWQRER DK ORFFX R X O® WM
RI JHQHWLF DEQRUPDOLWLHYV WKD@R P QB X¥AHD BIKBEKE RK \VF RQ JH
FODVVLI\ DV FKURPRVRPDO LQVWDEDWMOOLQWH DO\GN BEE DR\
)LJ ORUHRYHU DOVR HSLJHQRPDE FRGWMUEEXMWRQNR WKF
IURP EHQLJQ SRO\SV WR &5& IRUFR@J RO RESD OL \POIMKGO DNWLK \
SKHQRW\SH &,03

&,1 LV WKH PRVW FRPPRQ W\SH RI 1BQ&5EL Fal Q \RW VESRULDG\L
&5&V DQG FDXVHV WKH FRS\ ORVV RI ZLO® W IS REBRIRLLN M X S
73 DQ®0$' 7KH LQLWLDO VWHS LQ &5& FDHF&ORWDQH\RY L
ZKLFK LV D NH\ IDFWRU LQ FRORQ FIBGEMUWIRUPSRUWRQQW SOI
QW VLJQDOLQJ SDWEZOH\LQUADF®LYDWLRQ SURYRNHV A FDWI
WUDQVORFDWLRQ DQG SURPRWHYV IFHOWBR®OLIHUDWLRQ DQG



I
" Increasing CIN

Chromosomal instability I SR
Loss of 18q
SMAD4
APC KRAS CDC4 TP53

Early adenoma and Intermediate

Normal epithelium dysplastic crypt adenoma

Late adenoma Cancer

4 BAX
Wit signalling CDC4 TGFBR2 IGF2R
MMR gene inactivation
Microsatellite instability and hypermethylation
JLIXUH &RORUHFWDO FDQBHSH®OHSBIOW SFOHOOW WUDWHY WKHHWRWORUWXP|

FKURPRVRPDO LQVWDELOLW\ &,1 $&NRRPDWHEBRPORWKRQWRKRH SDVVDJIH IURP
DGHQRPD WR ODWH DGHQRPD LV GUi¥6DQ GO % X WODMEL REW IGHHYHORSPHQW R
FDUFLQRPD LV SURPRWHG E3 PXWID WREZAVY ISQUW LOOXVWUDW HREHRO RRUW X P
PLFURVDWHOOLWH LQVWDELQRWR®BHY 7@ W IVQUWDDO MW HSO W H UNDDWL RRXQD Q G
7KH QH[W SDVVDJHV DW5H$BXWDMQ EQYV LQ HDUO\ DGHQRPD DQG RQASLDQG ¢
ODWH DGHQRPD WKDW SURPRWH FDUBHQR®&D SMHGEDWRRQ: D OPIKAHWHW DO

SURJQRVWLF DQG SUHGLFWLYH PDBhB UD W UHR 6 R Y RAMDMEG D Q SDJHV

7KH SDVVDJH IURP SRO\S WR FDUF L QRW R HIWV DBARPRMROD G \P X
RQFRJHQH$6 DFWLYDWLRQ LQDBOW YMDWICRY RXKWDWLRQ .5%$6
UHJXODWHVY FHOO F\FOH DQG LWV PXWNDW ISRIR & DIX\HD¥VD R QD E H.
LV D WXPRU VXSSUHVVRU EHORQJE MVRV7PXAWDIWIOP® Q@ VQRIRP 6 R
DGHQRPTB PXWDWLRQ DIIHFWV '1$ GDPDJH UHSDL W Q/XDWHPHLC
FDQFHU SDWWHUQV

06, LV GXH WR D GHILFLHQF\ LQ '1$0(PLVPDMAKP UBRDEK L
SK\WLRORJLFDO FRQGLWLRQ FRQVEOROVYS$SDQSPREDWERY SRVWR
WKLV PHFKDQLVP LV DEHUUDQW RVKPRVDWORORWG OHIDIFW
HOHYDWHG PXWDWLRQ UDWH EULQVW®E MWOR6KLR RFXHQYRPQ FE RG
LQKHULWHG V\QGURPHV HJ /\QFK V\®GURMSKY DOGGVSRU
FKDUDFWHUL]HG E\ WKH 005 JHQH P XW DOMDLVRIOR/Q RRIF RXSHIU BH W
HDUO\ VWDJH RI GHYHORSPHQW 6XEWHRQWQRFRAX IRWEF)K BX\
PXWDWLRQ ZKLFK VWLPXODWHV 0$3 NIZ®DVHLQWBGLXIFLmAIL



WKH LQFUHDVH LQ DGHQRPD VL]H DQG*) ABPXSWDRVLUR QU I WILRIQ
FKDUDFWHULVWLF RI ODWI; PGMQWRRY WKDW LQVWHDG L
SURJUHVVLRQ WRZDUG FDUFLQRPD

&,03 UHSUHVHQWY D FKDUDFWHULWW LFSIHBPI\WR B HFRL @B\ D ZIL
FRQVLVWY LQ D GLIIXVH K\SHUPHWHKVOPWLIORQ SRIHBEHEGPRW H NI
&S* LVODQG VLWHV &S* LVODQG VLDUSIURPRRRW UHIXAGQV DC
WKDQ RI JHQHV DUH UHJXODWH X EW WHKHRRIUWML W BVFDQFH
LVODQGY DUH DEHUUDQWO\ K\SHUPHWKQDPWH®WER®VIRQJ J
DVVRFLDWHG WR WKDW VSHFLILF SHRMEWRIEG KQOB GDIMQEH G5 W
DGHQRPDV DQG KDV KLJK %5 E PXMWDPRN LRRQV

&5& PROHFXODU VXEW\SHV FODVVLILFDWLRQ

&58& B6XEW\SLQJ &RQVRUWLXP &5&6& ZDWKRUBHBVWGQFHEVR
DEVHQFH RI FRUH VXEW\SH SDWWHUGW D RRQIHRD WDRRBYD O7FF
LQYHVWLIJDWHG JHQH H[SUHVVLRQ QG GRRIOAL PE® DWBWERYVLD
Rl &5& VDPSOHV XVLQJ ERWK SXEODLW IDVMHIVSURSURKMWWW KP\G D
ELRLQIRUPDWLFVKWRRIQDO\VLY LGHQWLILHG IR P& OGHLAXHWDHIQ"
VXEW\SHV &06 LQ ZKLFK &5&V FDQ EH FODVVLILHG

&06 RI H[DPLQHG VDPSOHV LV FKBUDPWHYUXYHG HQRP
K\SHUPHWK\ODWLRQ DQG ORZ FRS\ QYPEHW DDWRDWLROUD\
HQULFKPHQW BR®EKXWIMWLRQV DQG JHQHV DVVRFLDWHG WR L
&06 RI H[DPLQHG VDPSOHV LV FKDWD&WHAUMKGKEIKK &19
RQFRJHQHVY DQG ORZ &19 LQ WXPRU VWSSUNSORUY BHQE
GLIIHUHQWLDWLRQ DQG :X3 DHROH WDRQHRIV &06 RI FDV
VKRZV ORZ &19 IHDWXUHV RI 06, DQGV\KDSMX\PHWIKIK DIVLR
RYHUDFWLYDWLRQ RI .5$6 0$3. SDWKZD\W R KR F W DLE/R QIHO FW €
DGDSWDW LE8R® RI VDPSOHV LV FKDUDFW DQGHGE BN KLOB \& |
RI (07 UHODWHG JHQHV OLNH JH QDO DIVQARIFLIDRAGH @ QV.R. R/ DR
LQIODPPDWRU\ VIVWHPV )LJ



CMSs2 CMS4
Canonical Mesenchymal

14% 37% 13% 23%
MSI, CIMP high, ) Mixed MSI status, :
hypermutation SioAmgh SCNA low, CIMP low SEhRigh
BRAF mutations KRAS mutations
Immune infiltration WNT and Metabolic Stromel |nii_|tralt|on.
i x TGF-p activation,
and activation MYC activation deregulation ; ;
angiogenesis
Worse survival Worse relapse-free
after relapse and overall survival
JLJ &06 FODVVLIDIEKDWURIYXPLQJ IRU HDFK &06 WKH 1UHDMQ/F\ WKHR QJ

ELRORJLFDO SURILOH DQG WKH FOUODMERQVRX\RPPMH. FSERSHYXPEHU DOWHU

PLFURVDWHOOLWH LQVWDELOLW\ D®WRU &EHQRWISHG &HWK\QPDJH DGDSWHI

*XLQQH\ HWKHO&RQVHQVXV OROHFXODU 6XEW\SHW RID&RWAUMHFGULIFQ @HD Q F ) R
1RYHPEHU 2

5HIJDUGLQJ WKH FOLQLFDO IHDWXUHV ZI8WE DV KDMHRF
KLVWRSDWKRORJLFDO JUDGH DQG DPBWHI VXOVYRYRO6 DLWHK\
GLDJQRVHG DW DGYDQFHG WXPRU VWH H\HORSV B LIWUSHMD D\Q @ RF
VXUYLYDO ,QVWHDG &06 DQG &06 DJH HDWWRELBWR GQ R LW\
UHODSVH ,Q FRQFOXVLRQ FRQVDGMBHIGQ JDD@HZ | WDZWRXQURPA B |
&06 DV LPPXQH &06 DV FDQRQLFDO &06Q®V&PHWDEROL
PHVHQFK\PDO

,QKHULWHG DQG VSRUDGLF &5&

&5& KDV D ODUJH DPRXQW RI IDPLOHD®WKADVHVRIZL@KHDEWR
IRUPV ,QKHULWHG &5& GLVRUGHUV D UHGZHE®ORRK DSDH WIHLH. QH\y
KLJK SHQHWUDQFH PXWDWLRQV WKDVQW URHKBXWRY RPDLQ GARE
&5& GLVHDVHV DUH /\QFK V\QGURPH DQ@RIXWLOROBRVENQR
VIQGURPH

/N\QFK LQKHULWHG V\QGURPH DFFRXR&W ODRG RFFRUW QQ WK
SRO\SRVLV IRUPDQWKRQ\QGURPH WXPRUV DUH FKD U FGXHJL]H
WR JHUPOLQH PXWDWLRQV LQ JHQHVOB®YRIBHHGOE® OBBH/+H J
DQG 306 +RZHYHU QRW DOO 005 JHQH PXWPW LRIXQF HE QUHUN



IRU LQVVBD®PKKWDWLRQV DUH DVVRFLDWHG ZLWSD ORGHMRFW&H
RWKHU 005 JHQ/HKW GHIHFWLYH 005 PHFKDQLVP LV @QRIIRFLDW
LQVWDELOLW\ WKDW LQFUHDVHYPWRMW UQRMN RIQ®X PRW FRORD R
DOVR IRU HQGRPHWULDO JDVWULF DQG RYDULDQ FDQFHU

)$3 DFFRXQWV IRU DPRQJ [O)CEQ YASRXDOV DIIHFWHG E\ Wi
GHYHORS LQ \RXQJ DJH KXQGUHG WR HORKRPXOWD @& LFRKORDY A R(
SUREDELOLW\ WR EHPRBBHGEBIYS&®ORSPHQW LV GULYHQ E\QHUPOI
$3& JHQH ZKLFK UHJXODWHV FHOGBURGKHWRWLRQ VXUYL
PDLQWHQDQFH RI DQ XQGLIIHUHQWIRWHE WO WH LQ SURJHQL

6SRUDGLF &5&V DULVH LQ WKH DE V HQ@RH R QG GRHSBIHIHS PR(QV
DFFXPXODWLRQ RI VRPDWLF JHQHWLFUDWGR®@SLJIJHQIOWHE Fb
HQYLURQPHQW DQG LQGLYLGXDO CDFWRVXO WKIHY HV R BDRUH VX %S
RI IXQFWLRQ RU RQFRJHQH JDLQ RU IXQ¥WQWQ IMKDVD FRI@IGIX O
DQG SUROLIHUWBRUPGLF &5&V DUH GLYLGHG LQ K\®HIRRXWDW
K\SHUPXWDWHG &5&YV +\SHUPXWDWHG &R &Y DRFEFRE QRN &IFEY D C
DUH FKDUDFWHUL]HG E\ D PXWEWVREY UDKWMHPDLQ IHDWXUHV X
06, DUH VRPDWLF PXWDWLRQV LQ 00G/ 4 H Q H\R QHK\SHFLAXOMDD W H
&58&V LQVWHDG UHSUHVHQW WKH &V RR G KD YI$ U B & WD WE R G

[ EDVHV 'LIIHUHQWO\ IURP K\SHUPXWD\®XW DIWH BV F DRAH
DUH FKDUDFWHUL]HG E\ VRP3W& F3POWBHMARQV LQRUHRYHU
QRQ K\SHUPXWDWHG FDQFHUV IUHTXHRWIOQJVWRKD W& 1\ K H QK L\
GLVSOD\ LPSRUWDQW FKURPRVRPDO RKIPQIH Y QGXMDE RORKNAR P F

*HOQHWLF FDQFHU SUHGLVSRVLWLRQ

%DVHG RQ JHQHWLF SUHGLVSRVLWLIRIQH® XPRYUYREDG [EFH FOD]
KHUHGLWDU\ FDQFHUV 7KH PDMRUWDMLRI WKXNHENURYH W SRR F
DOWHUDWLRQV ZKLFK DUH RIWHQ ®ULNFWREVH@EKHPREPBQ
DIJHQWY OLIHVW\OH EHKDYLR XD WPHQWMW L BRR PHGILF FO Q\FUH |



SULQFLSDOO\ DJHG SHRSOH DQG WKHLWHKOMONRRAHWR LU
FDUFLQRJHQHVLV FURVV PDQ\ \HDUV

,Q FRQWUDVW WR VSRUDGLF FDQFHDWQFKSY WRJH KR U HGL
FDQFHUWKXV GHULYHG IURP JHUPOLQH @XWRWHB G WHKOMW RE¥
JHQHV &3*V 8QOLNH WKH VSRUDGLFWORRAHW G LKSOBGHWDO\
GLVHDVH DQG FDQ DIIHFW PRUH WKL® @R QRUIMPKIOA UHQOMB QW L
QDPHG IDPLOLDO FDQFHUV ORVW KHWRBGHW DRO FERD FAHQ &KQ
DXWRVRPDO GRPLQDQW LQKHULWD Q FHO QKO KOO WR QEH | B X €
KDYH D KLJKHU FDQFHU SUHGLVSROWWR®BQ DILKWREW7EH MDD
VXSSUHVVRU JHQHV ZKLFK DUH L QMFOOWIHRX LYXENOOD S URQC
UHSDLULQDQ\ JHQHV ZHUH LGHQWLILHG DV RBOFHQ D\YBOUR AW
OLNA5&$ LQ EUHDVW DQG RYDULD®3 FDEHUIRU /L )UDXPH(
VIQGURPH1$ PLVPDWFK UHSDLU JHQHV LQ /\GBELWQBPR®HDO
DGHQRPDWRXV SRO\SRVLV )$3

+LJK SHQHWUDQFH PXWDWLRQV

*HUPLQDO PXWDWLRQV WKDW RFFXKLU® &B*\N PDR GRQHIOR D
GLVHDVH 7KH PDMRULW\ RI WKHVIRIPX\ERWILEDQY W UFX IV X IR VIR
DXWRVRPDO UHFHVVLYH PXWDWLRQVQIQGDONRI ;D DWQRD &0 OH
PXWDWLRQV $V PHQWLRQHG DERYH &3*V DUH SSSIYID\DWHRUNO \
WKXV WKH PXWDWLRQV FDXVH WKH JHKQH VLORWVHRD P$QFHWRIR QC
GLVHDVH FDXVHG E\ KLJK SHQHWUDQMULFEXWEWLRGA EO\D \SHRS
FDQFHU W\SH LV GXH E\ WKH WUDWWRPBWL RIG RR QULHOML PR O bV |
DQG ORVV RI WKH UHPDLQLQJ ZLOG W\ L QO OHFHID\D & QWRIPD \R
EUHDVW RU RYDULDQ FD®BEHESDIQWGGEBK HIK B HQHWUDQFH PXWD
ZKLFK DIIHFW RI ZRPHQ ZLWK RPRGLDQRADZRFAHLQ ZLWK EUH
FDQFHU+LJK SHQHWUDQFH PLVVHQVH JHBPDUA HJAX YPOMLREDH
/L )JUDXPHQL VIQGURPH GHYHORS P HIWF HAK BEK GV V5 R X DWILLFEQ V
WKDW DULVHV LQ \RXQJ DJHV DQG GEHQ FUDEW BQEGDVRIWEW L
$PRQJ DOO FDVHV Rl FRORUHFWDO F\DH)F BUHE&B%VRFLIROWHG ZL)\



SHQHWUDQFH LQKHULWHG PXWDWLRQW ZKRFHKWR ULQ ER DW® G
SURYRNHG E\ JHUPOLQH PXWDWLRQV QGU®RFPH JHIMM¥MSTESB\ V\
JHUPOLQH PXWDWLRQV DQG 087<+ DM\\BRM\DWH B PSR PDXRVAIGY E
ELDOOHOLF PRBMXWHRMV *HUPOLQH KLJK SHQHWUDQFH PXWDW|
WR FKLOGKRRG HPEU\RQDO FDQFHURPIVXFEGDYOHNWRSOREPRG
EODVWRPDQG WR DGXOW WXPRUV WULJJQUERQPMKIN RIRI RY
WK\URLG FDOQBHURRUH WKDQ RI DGUHQDO JODQG WXPRUYV

,QWHUHVWLQJO\ GLIIHUHQW JHUGDIIBHHRYW DWYRG@GM BRI H
VSHFLILF GLVHDVH EXW DOVR GLLRQY QMW WHWU E®WHH GRXM D\
GHYHORSLQJ GLIIHUHQW FDQFHUV XRUD\WQR @ D/Q\BHIL \B @ R WP
DVVRFLDWHG ZLWK /L JUDXPHQL VI\QRERPWLERW EONPRHRIBUG
%5&$PXWDWLRQV LQ WKH FHQWUDO SRUM DR RRA LW WH GHALHV B LR
FDQFHU UDWKHU WKDQ EUHDVW FDQFHU

/RZ DQG PRGHUDWH SHQHWUDQFH PXWDWLRQV

,Q DGGLWLRQ WR LQKHULWHG FDQBRHVYV VGKS PQGI\R RLQV V IRH
PXWDWLRQV WKDW RFFXU LQ ORZ SHM-DWLIR@AH LIH QH\H VHK BIH
VHTXHQFH YDULDQWY RU SRO\PRUSKLWPR G RFKFIRQ X QGHRISN QL
PRGHUDWH ULVN WR GHYHORS YBHFIHQHWBUDOBWHFEFDQGLGDYV
LQYROYHG LQ D KXJH YDULHW\ RI FHPOHO O X @K Z DR WY WDXRIO DV P
SUROLIHUDWLRQ DQG UHSOLFDWL R GRFIGMWUM & DNRIZBINWWY D Q
VRPDWLF FDQFHU LV D SRO\JHQLFOXIOVHD WHJ D\ K XR/U\R R W/ IERI@ L \
ULVH RI PRUH WKDQ RQH JHQHW LR PYEDL @QIDDALVR QDR QM WK H VFH Y
DQG RWKHU IDFWRUV OLNH IDPLOHEWDWRIDFWE&GVHQWYKD\RQ
FDUFLQRJHQHXHWH HYLGHQFHV HPHUJHG E\ WK HL®ENW UNIDDIW
KDUERUHG WKH VDPH PXWDWLRQ E XKW RVSSHIW V) B U | LEQW/HIVD BHC

Rl FRORQ FDQFHU LV GULYHQ GKHBXWWGEID/FKWRHBEWQE LOL
GHSHQGVY RQ ORZHU SHQHWUDQFH YDWMD®WNFYRG VHQYKDWR q
SURYRNH FOHDU FXW IDPLOLDO SDWWHUQV RI LQKHULWDQFH



7KH LGHQWLILFDWLRQ PHWKRGV IRULBRY $H @ HW®H DRRAP R
YDULDQWYV 0$)! DQG UDUH YDULDQWWDUFKL@®EU FRPPRQ
WUDLWYV DVVRFLDWLRQ VWXGLHV EKHWHKHLP S\DKH HGD WIHVQWALD .
VLIQLILFDQW GLIIHUHQFH LQ IUHTSHRGKODNW RQHDQRD RIFEO WK\
HJ JHQRPH ZLGH DVVRFLDWLRQ VWXGRRY SHGBWUYRQFHDP XW
WKH SURFHVV LQYROYHV WKH VHTXEBY¥LIQY RI\FHDIQGL GDRXS J H |
RU PRUH UHODWLYHV DIIHFWHG W KN DWYVRQVRHIWHRIFWKE |
JURXS DQG WKH HYDOXDWLRQ RI WKFHSR®YHOMI®IOS FR B VHT
IXQFWLR,@ SDUDOOHO ZLWK PXWDWLRQ |UMNIKHORZ SHRAPRQDD
PXWDWLRQV RIWHQ GLYHUJH IRU PRWSRWLRRUSKQV R VX MEFHHP X\
LWVHOI LV QRW DEOH WR DIIHFR/D OHOH LDYWEDW K H O X 8 FRXIWRD \
GLUHFWO\ WKH IXQFWLRQDOLW)\ DBHRIWHOLRQVWHQWVH RXMD i
FDXVH DPLQR DFLG FKDQJHV DQG LQFRWYRGYEDRWHUL Q WIHA
FULWLFDO SRLQW VKDUHG E\ ERWK WRPER Q \D Q/& W UMK ¥ DI B
RULJLQDWH GLVHDVH JHQRW\SH DQGKARB®WHSKMHQYWOBEZVHDVH S

*HQRPH ZLGH DVVRFLDWLRQ VWXGLHWLRQFDQFHU SUHGL

*HQRPH ZLGH DVVRFLDWLRQ VWXGLIWVWS6DWHP WKHWR/YRF
EHWZHHQ WKH SUHVHQFH RI D VSHF ISIKF QRI\® VW FS P DIQ GH M/ WW\D W
WKLY PHDQ WKH VWXG\ IRFXVHVY RQHEBWERHA YD®EH DQHW RIQ (
LQGLYLGXDOV LQ RUGHU WR XQGHUN@M QI6&/ ZKHWVRKH D WIHE\ 2
LQFUHDVHG ULVN WR GHYHORS D GASHGYHWVWWIIDALMWG DKHO VA
FHQWHULQJ WKH DWWHQWLRQ RQ &19DDQDWVYRDVO RPOHIXH® F
QXFOHRWLGH SRO\PRUSKIT\KRARXGBK3PLFURDUUD\ DQDO\VHV *
LGHQWLILHG 613V WKDW DUH DVVRFLBWHGVEDWKVYPRQ\ VEG
FRPSDULQJ 613 YDULDQW DEXQGDQFRCO QVKHDN®W IG\L \RHDFRGWR
SRSXODWLRQV
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FRQWURO SRSXODWLRQV SKHQRW\$16Q3V WKHQGILYREXILW IV REMHFWY WKUR.
SODWIRUPY DQG WKH FKURPRVRPH PDSBVYRMLDWEBQM MWK 6GIBVHDVH XVLQJ
DQDO\WLYV WR GHWHUPLQH OLQNDJADGHVBGRSWHBGHMZBE 6 RBNVKRUW KLVWRU\
JHQRPH ZLGH DVVRFLDWLRQ VWXG\ ZKHWH ZHH UK HBIIRRLZKY DQG ,QIRUPDWLFV

7KH 613V RYHU SUHVHQWHG LQ FDVH G RIS XYNDIW\RRF ZBIW H GF B O
WKHLU JHQRPLF ORFXV FDOOHGLEXUNUW B EVHIDRUH W-KDAM BHDW WW
DUUD\ GRHV QRW FRQWDLQ DOO JHQR®HRQ@DIVL EXW BRIW LBK
UHSUHVHQW DOO 613V LQ WKH VIPPH' OEQRBNH GLVHTXLOLEUL>

,QWHUHVWLQJO\ *:$6 GLVSOD\V WKD\WWH®R 16 ED\Q B LDBHAR L
FRGLQJ SURWHLQ DBIELM@WR WKH 613V LQ KLJK WK WKH UL
DVVRFLDWHG 613V ORFDOL]H LQ QRXIFRENYQG WOBHRARZHYHU
RSHQ PDQ\ SRVVLELOLWLHV DV WR K@®RZUSIOW BWLKH BLEN RD\GH
D VSHFLILF GLVHDVH 7KH PRVW UHVFRVUKQDL\H & KHYRWKHNKNL BV VR
UHJXODWH JHQH H[SUHVVLRQ R| EQLVLMMXD Q HQ}HX OWWRWY\OU H
HQKDQFHMQYG SURPRWHUWKH VHFRQG K\SRWKHVLV LQVEWHDG F
WKDW ULVN DVVRFLDWHG ORFL FDQ/LR® WXDQWKDERLY HH [\®
H47/6 ,Q SDUWLFXODU WKHVH UHJLRQ®W HDXK® R N IRWL B R WH/



LQIOXHQFH WKH H[SUHVVLRQ OH YHK® \RADDQJWM BHXQOIHOH FORV H U
ORFDO H47/ RU IDU JHQHV L HWXRXYRQVK#&T/YUHYDHM QW O\ D
H[SUHVVLRQ RI SUR[LPLW\ JHQHV IDRBP\ LQNED@WMOOHOLF V¢
PDQQHU

6LQFH WKH PDMRULW\ GLVHDVH DVVQFQR® 8 GLLGY OHRFIRDL
FDQ DIIHFW DOVR IXQFWLRQV DQG H{SBHEVYWLE®GRD W QFKHS$\FD Q
H[SUHVVLRQ RI OQF51$V SURPSWLQRQL RUJDQRLRLWKQFWL H
IXQFWLRQ WKH ELQGLQJ RI WUDQ\FBUWL SSURRG NB FRVGR UDVO WHK
VSOLFLQJ IRU WKH WUDQVFULSWIUR IV W KDXS WX WH H)IRIU VLHORRQIEQ
* PXWDWLRQ LQ 613 UV RULJIHQ RWHE/DY AL QG XG 1 QHL WL SSH
WUDQVFULSWLRQ IDFWRU %$7) EXDRKHV XVEK H TERFRH®EW O
WKLY OQF51$%$ DFWLYDWHV HQJ\PHV O DEWRKEV W RF DDOKLFRN HA
DFFHOHUDWLRQ Rl FRORQ FOB@RIWKHURHMKSOH LV 613 UV
ORFDWHG ZLWKUQ&OQF51%KH 613 DOOHOH $ RULJLQDWHV |
VHFRQGDU\ VWUXFWXUH WKDW SURPBWHWGLEOWREKSI PL5
PL51$ PHGLDWHG LQKLELWLRQ UHGXRKG RWKH .SKRVSBEW K YDD
GHFUHDVLQJ WXPRU JURZWK DQG P HFWID\ONO XDV EQ QFRIQY VPO
7KXV 613 DOOHOH FDQ LQIOXHQF S WWRI\DR WLKH RU LIV N DHFG IWK KB |

JRU LQVWDOQFRHHQR 613 UV JHQRW\SH 7& GHFDGOMHV Ul
FDQFHU FRPSDUHG WR WKH VDPH 613 EHRBMQIHRRPRRYRWH LXK
&&$7IJHQH 613 UV DOOHOH * LV DVWRBPLOPWHGE. ¥ § WYKL WILHRX)

WKDQ WKH 613 DOMXMLK)F DQ HQKDQFHPHQW Rl PHWDBROLF SI
RWKHU 613V ZHUH GLVSOD\HG E\ *:$6 S8 \DMAFRISWDMEH® LWMR &/
uv DQG U W K D W6 OBH VLKEQIHL @ V DPRQJ (DVW $VLE
DQG &DXFDVLDQV SRBAODMWLRQ LQ &KLQHVH SHRSOH

,Q FRQFOXVLRQ *:$6 LPSURYHG NQRZOMWIRVLR YKXP VK H
GHFDGH WU\LQJ WR ILOO WKH JDS DEHWZ DG KXPHWL B LYHHU
+RZHYHU WKHUH DUH VWLOO XQHI[SQDUIMHD PMKER QLY PAK IMFF
FDXVDO YDULDQWY DQG ZKLFK DUHF@RMR UK RUMFHW HAOR B/UKHIGH
WKH GLVHDVH DQG SRVVLEOH VSHFLILF WKHUDS\



7KH PLFURDUUD\V JHQH H[SUHVVLRQ SODWIRUPV

$ ZLGHO\ XVHG PHWKRG IRU JHQRW \SH QB QWK RRFDQ & VJ R6 1GLV
WLPH LV PLFURDUUD\ ,W FDQ EH Q®H®GLQEDDWVRWXBWHRQ EX\
LGHQWLI\ FKURPRVRPDO DEHUUDWLRQV D& GDWHIURKR PKIWDR
SDUWLFXODU PLFURDUUD\ SODWIRUPIVWFE®VESHHE A SOB\BIEY W
PDOLJQDQW WXPRUV

,Q UHFHQW GHFDGHV PLFURDUUD\RU®WH K $HHHH® Gf [S\OHDQW
XVHG LQ WKH FDQFHU ILHOG 7KH F®@HODRLBBSRUW PLFDRI
H[SHULPHQW® WKH HVWDEOLVKPHQW RI| BR\EWH B HIGI SR \W RAUHL
DYDLODELOLW\ Rl GDWDVHWYV GHUALY H&EHMHRPD 9DQ 8 AR Q VR [ HC
H[LVW IRU PLFURDUUD\ GDWD DQDOWLVS ®M\EIRBPY DHEH. Q GC
SUHGLFW FOLQLFDO RXWF R PsH | RPI HSADWALL] HOQWBV$JLOH QW DUUD\V |
WZR OHDGLQJ PLFURDUUD\ SODWIRUFRMLHW B®WIQ XADHGF HUWS$ \
ROLJIRQXFOHRWLGHY FDOOHG SUREHWR WISHWLIEPQSKHEVHG
WUDQVFULSWV DQG WKH K\EULGHMMLPROQWH V L\WE Bl OH [ UNHVQNL IRV
JHQH 7R GHVLJQ WKH SUREHV ER K >SEDFI RBIBR VULHORBICHR
WUDQVFULSWY HJ *HQ%DQN GE(67 (GWHPED * FDMGEH @ § D WKQ
LQFOXGLQJ SUREHV WKDW ZHUH D\WPQP PRRRGLRDWWBVZRWR W
JHQRPH UHJLRQ

,Q PRUH UHFHQW \HDUV WKH DGYHDRWHAKQRYOHRJ L\HV/TRBGFS
SURJUDPV WR DQQRWDWH KXPODY HHQ@RFRHDVHG WKH LGHQWL
WKH DQQRWDWLRQ RI WKH KXPDQ RXWD NORIZICHNGI HLEB WRYILQ J
JHQRPH DQG FRQVHTXHQWO\ LQ WXPRULOMQH H[SUHVVLRQ SU



$LP DQG VWUDWHJ\

&DQFHU LV D FRPSOH[ GLVHDVH WK DWDMHRHR BV QP BURRPVE LD
DPRQJ ZKLFK JHQHWLF DOWHUDW L RDKWHSRDM U E WX FRIDOD QR B H
ULVN LV GXH WR ORZ DQG PRGHUB®HYVS HQHWUBYQFW KDW N DDQ
LQ QRQ SURWHLQ FRGLQJ UHJLRQV RW KK JBIRMRLP B U BIDVQU RQ V F
QF51$V ZKLFK DUH UHSUHVHQWHG SUWYDQMBOWBVEX GGOFEKR X
RI *:$6 *HQRPH :LGH $VVRFLDWLRQ 6WXGLUHVHJI\VWR HDOQR U
FRQWULEXWLRQ WR FDQFHU RI WHCHNWD ®R DX HWOULR @\ WALV H I
VXFK DV ZKLFK DUH WKH FDXVDO YD WKHQ\8RWHRGV IZIXD WE LIRY
FRQVHTXHQFHY RI WKH DOWHUDWLR®QORIUBRY¥HUS$VWIK\H [ WQ P\
FKDUDFWHUL]HG DQG WKHLU LPSDHRMDRQVFTHIWF MR ELHR GRYFBY |
7KH RYHUDOO DLP RI WKLV 3K' RWKHO/ IF\D Q & LVB® W B HIQQFI5IA$Q DV
ZLWK FDQFHU SUHGLVSRVLWLRQ DRYGFD@Y HXQFW DRGV LWYG El
UHOHYDQFH

,Q WKLV SURMHFW ZH UHSXUSRVHG K DHYSUREWDR@ HG FEARD
SODWIRUPV WR H[SORUH WKH QRQ PRIGIL@ V8D URKRR | WY H B QMR
DVVRFLDWHG ZLWK WXPRU SUHGLVGROX®HR Q | LAXUN\DW UMD KHH 1\C
RI WKH EHVW VXLWHG PLFURDUUDHSQ@PDREIRWU FR | EVDD/AHS3 R)  DWKC
QXPEHU RI SUREHV PDWFKLQJ WR QFRE D% ON U DMK ULGSWIVU V¥
EHWZHHQ WKH JHQRPLF FRRUGLQDWHW RIQBL FU$D &DDAD S B R
YDULDQWY WR UHWULHYH WKH O @EDNMSHT R VW K VFE VG- B U3V LIVWV |
LQYHVWLIDWLRQ RI WKH LPSDFW GRQ F5HIHWU B QMFPWLLBQW R R @ F'
XOWLPDWHO\ KRZ WKH H[SUHVVLRSLR L MIOHF W QREQ GADXWPHR D G E
DQG FOLQLFDO RXWFRPH



ODWHULDOV DQG PHW

3UREHV DQQRWDWLRQ

‘H DQDO\]HG DOO - SUREHV FRQWDWQH[G8LQ S\ $11\P U
J)LUVWO\ ZH GRZQORDGHG WKH OLDW®R WKHPHWRVLSUREY LQ
IURP 8&6& 7DEOH %URZVHU KWWSV ZZZLJHIQRRHE7OEOHMGX :F
UHPRYHG SUREHV WKDW ZHUH UHSHDWHKG FORWHV WIK BIQ WRIQHF 16 U
PDWFKHG WR PXOWLSOH ORFDWLRQV 6BFW®E OK X ROR) LGHIRP H
DQQRWDWH SUREHV UHFRJQL]LQJ OQEHYV$W KDHV LPHDRRFKHEG SWR [
RU D SVHXGRJHQH LQ DW OHDVW ROHRQWIKIRP(Y&WRYHU 1H[
DQQRWDWHG WKH UHPDLQLQJ $II\PHWUWIR SVKRHE HAVR IDFHFRERBQ
WUDQVFULSWY DQG ELRW\SHV RI *(I82IQ MR ZRLWKIWKHQ® ZH
FXVWRP EXLOW GDWDEDVH WKDW FRRELQHE'D G DAL @RRW DWW LV
Y 7KH PDWFKLQJ RI SUREHV WR *(1&DV PD®H VED VKIVRQ JZ W
“)X]]\-RLQu 5 OLEUDU\ $INPHWUL[ SUREHVVDAHL H(REXO\ PDWFK
WKH SUREH ZDV IXO0\ FRQWDLQHG B\ WXRH JW\@ H DIGEG VWAKDHF
BUREHV WKDW PDWFKHG WR WKH JHQRP(L W OREDRMULRBQV R | EX W
RSSRVLWH VWUDQG GLUHFWLRQ WGD QV PWLVRVILQBOXKKEHEG UHKRPHR
WKDW K\EULGL]HG WR DQ LQWHUJH QKD ®/DERHR | QRRKH K\HEQR BH ]
SURWHLQ FRGLQJ DQQRWDWHG JHQRERYHWRDW D VPHIHGE. WRU
WKH IROORZLQJ FODVVHV Rl QF51$ GRIGVMQFOXG B G DM\ \RXWU O
SULPHBRYHUODSSLQJBQF51$ ELGLUF5EY L R PDFRIRBORRAS HY
DQWLVHQVH SURFHVVHG WUDQVFULBYHUQRBRSOSERGLGJI& VHR)
([SHULPHQWDOO\ &RQILUPHG ZKHUHDM 1% HP W[FWXGSH GP [P5ALE
PLVFB51$ U51$% VF51$ VQ51$% VQR51$% $ ULERDPUS V¢
QRQVHQVHBPHGLDWHGBGHFD\ QRQBV®WERBRGH NIHNQ WHHBN QIMIHRX
VKRUW QRQ FRGLQJ 51% JHQHV WKDWWRUWFE BQ XRORR KR \WHLQ
)RU UHIHUHQFH D IX0O0 GHVFULS®R® @ RR3LIQDFKL$FDODVY RYDL(



HOVHZKHUH KWWSV 777 JHQFRGHJHQHWRWKWIHDFRQGHBEGRV
$II\PHWUL[ SUREHV WKDW GLG QRW&L2QWH WWRI FW WD DRV *S W
UHWDLQHG LQ RXU OLVW DV SXWDSWLYD EBYHC ) RQ ¢ FRIQQL UF
H[SUHVVLRQ

,GHQWLILFDWLRQ RI LQWHUJHQLF GRRH Y GHR B B WRFI DMK
613V

7KH *:$6 GDWDVHW ZDV GRZQORDGHG IURP RWKH *
KWWSV ZZZ HEL DF XN JZDV  7KH RXOWSXWWIROH FRQMMBY D
HDFK 613 LW VSHFLILHV WKH UH I HU MQMTH. WWX B P S®LH Y D]HHDR) G
DQDO\]HG JHQRPLF SRVLWLRQ DQCGHQH YHDQHD ®HG WKHLRXG
IURP WKH 613 ULVN DOOHOH |UHTDXMWWIQRF\D GGYRDRH RRGWR/HUS O
XVHG WR LGHQWLI\ WKH 613 21 WKHIDFWHG MBKHZH H[WKDW
FRUUHODWHG WR FDQFHU BVLQNEB DQEQXEBMWYBOMRDQG
GRZQVWUHDP ZDV FUHDWHG DURXQG HDOLAKLEBPDQG LK H LB W
SUREHV WKDW LQWHUVHFWHG WKHVHDQKJ LLREGNQ VI HIWH GV KKV U E
“YX]]\-RLQpu OLEUDU\

$QDO\WVLV RI PLFURDUUD\ H[SUHVVLRQ GDWDVHWYV

7ZR ODUJH VFDOH WUDQVFULSWLRYDORURLEORQU UBQ B CHJS
WKH HQWLUH KXPDQ WUDQVFULSWRPH WHKHHSBRAQRORDDBHBGL (
*HQH ([SUHVVLRQ 2PQLEXV *(2 7GBWID EMFMXGH *6( DQG *6
ZLWK DQG VDPSOHV UHVSHRWHWHQ[ 7KHHOWDZ GSHIV ZHUH
ZLWK 5 VWXGLR DFFRUGLQJ WR WKHLDHMOLRFBHE( SLSHDOQC
3LSHOLQHB*6( 5 ,QWHQVLW\ YD@KWY IWKIHHS$SIY FOAHEVAMDHG QR
XVLQJ OLFURDUUD\ $QDO\VLV 6XLWH DQ® $6JRE DD FRWKNEQ D
FDOO LQ DW OHDVW RI WKH VDPISGHYQZHQW HHVARMWHYGD MX H \
WLVVXH ZDV HYDOXDWHG XVLQJ 5 UMV VE B QWL D\OSU WEKHVWHV V X
UDQNV RI WKH LQWHQVLW)\ YDOXHEHRIZHDFHKFDQ@W KO DMWHF IKRW



WLVVXHV IRU ERWK GDWDVHWYV *6( DUWDREBXOOAU WKRK BDOXH
DVVLIQHG IRU WKH WLVVXH WKDWHWVKHHFRWYGE /EDOQG S QRE B HY

&RORUHFWDO FDQFHU VDPSOHYV

6DPSOHYV IURP QRUPDO FRORQ WLV WA DKW DF H Q \& 5\& RS WIXFPI
WXPRUV Q DQG &5& OLYHU PHWDBAWDIVHYG QW WHHH&R2 $Y
IDWLRQDO &DQFHU ,QVWLWXWH \,WBDDO$Y LDV DSEHRQDO 5+
DQG (WKLFV &RPPLWWHH $00 VDPSKIBWWHHEW EWHMLRHBHTL \P
VLIQHG EHIRUH VXUJHU\ DQG VQDS IGRFHRY LSWH B UD W R EHBPL |
%LREDQN 3DWLHQW V FOLQLFDO WGR DRIBWLRQO RR2 VX U HEID W\
UHFRUGHG DW UHJXODU FKHFN XS NQ3DNUKROORI\ &5 LAMIRDQQ R Y [
WXPRU FRQWHQW LQ HDFK VDPSOH XV(RML@®DW®DWR]WLAQI D\
VOLGHV 2QO\ &5& VDPSOHV ZLWK D WXHARH XMHBEHIQW WKLV V

$SSUR[LPDWHO\ FU\RVWDW FXW W LHD/RKH 2HUH W HG IRUP 5
HIWUDFWLRQ E\ 7UL]RO
/1,1& HISUHVVLRQ DQDO\VLV LQ WKH IRXSHW%5ZQBRWHKHAXO

FRUUHODWLRQ EEWZHHQUHVVLRQ DQG VXUYLYDO UDWH ZDV .
%DOilV *\ UII\:V JURXS IURP ,QVWIRN WK BEKHHGWPR@ARJID U\

51$ LQ VLWX K\EULGL]DWLRQ DVVD\

,Q VLWX 51$%$ WUDQVFULSWV ZHUH GHWHEWH®QRORANI %
FRPPHUFLDOO\ DYDLODEOH NLW 51$VIPRS#52: %' $GHDPDEDMG &t
'LDJQRVWLFV +D\ZDUG &$ ZDV XVHG DEKRUFGLQUIHW R/ WIQN W U
))3( WLVVXH EORFNV ZHUH FXW LGWR)URPYWOIGKY RQMEHEX 7K
6FLHQWLILF :DOWKDP 0$ 86$% 60LGHW ZHUWKHR XIUQ MXE D W/
GHSDUDIILQL]HG DQG GHK\GUDWH® WHGG IR %MHYURIHID WHUR |

PLQXWHV DQG WKHQ ERLOHG DWHYRO FROQRWLRK) SRWU PLQ



ZDV WKHQ DSSOLHG IRU PLOQXWHWRBH +\& / 5K8SVFRSIGEBDQFH
&HOO 'LDJQRVWLFV +D\ZDUG &$ 8B%U ZHKRX KVEDWGLJBGIROOR
D VHULHV RI VLJQDO DPSOLILFDWBRQ DQ& ZWWISNVQZHMHSWU IR
D +\E(= +\EULGL]DWLRQ 6\VWHP +\EDVGIGBPWHR®WH@LJED O$?
FKURPRJHQLF UHDFWLRQ DQG LGHQWIWHHGRMWV EGBESOBXQE
FRXQWHUVWDLQHG IRU PLQXWHV \ZLWVOKG L O \@BG\QIE 8 B WZRI[U H
UHK\GUDWHG DQG PRXQWHG ZLWK FRY PHGOQXPV K BURE R RXHF
WR WKH KRXVHNHHSLQJ JHQH &\FORSKGE LR PR QB %O BI$ XQW
SUREH VSHFLILF WR WKH EDFWHULD D \G B84 DMAIQHH ZEDD/F NKIMHR
FRQWURO %ULJKW ILHOG LPDJHV ZHIWAD CPATPURM®R SH/ QW R I
REMHFWLYH

&K,3 DVVD\

+7 DQG 6: FHOOV ZHUH VHHQHBXU[ FP SODWHV 1H[W C
DVVD\ ZDV SHUIRUPHG XVLQJ WKH 6LRBBORRRVBISQ(Q3\PLDW LD J Q
%HDGV &HOO 6LJQDOLQJ 7THFKQRORJ\RODAGYHQY POK X8DP§ W X
SURWRFRO 7KH IROORZLQJ &K,3 JXDEBE DMMWILERGLWR @ UH DF
+ WUL PHWK\O . $EFDP &DPEULGJW\BHUDA8 51$SR 17' &l
6LJQDOOLQJ 7THFKQRORJ\ '1$ OHYHQW HRB WK i HIHH LTR@D W L I L |
XVLQJ VSHFLILF SULPHUYV

613V LQ OLQNDJH GLVHTXLOLEULXP

'H FRQVXOWHG /'SUR[\ GIRWDBEDVH DQG UV DQG
FRQVLGHUHG WKH 613V LQ OLNDJHEZLWKIUSE OLVWHG LQ WKH IF

6,13 L S3RVLWLR
7DUJHW61|§QN8JH & KU K J C$OOHOHV 5
uv FKU &
uv Uuv FKU $ ¥
uv FKU *$




‘H FRQVXOWHG

*7([ GWWDEBKHQJ 613V WKDW/,D®H H47/

uv FKU $ 7
uv FKU $ *
uvV uv FKU )
uv FKU 7 &
uv FKU 7 &
(471V

IRL

%HORZ WKH WDEOH FRQWDLQLQJ 6RENG GHRDORHG D Q GVIKY VH
WKH UHJLRQ GRZQVWUHDP LWV SRO\$

H47/ &KU SRVLWLR
KJ
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU
uv FKU

Q



&HOO OLQHYV

&58& FHOO OLQHV XVHG &2/2 /6 7 .0 .0282 562

&2/2 &$8&2 +&7 +7  6.&2 6: 6: H REWDLQHG IURP W
$PHULFDQ 7\SH &XOWXUH &ROOHFWISR@6%$7 & GOD QDN WD\ QW D |
LQ 530, VXSSOHPHQWHG ZLWK QHYVHUKPWDP®EEMQAG SHQL
VWUHSWRP\FLQ 8 P/ /LIH THFKQRORJILKV 86H D @B QOOOLQH)
JURZQ DW f& XQGHU &2 LQ KRRLMGDIQEGRIWXBDW\ WHV
O\FR$OHUW GHWHFWLRQ .LW /RQ]D &RORJPH R STHUWFIDQ\
FRQWDPLQDWLRQ 2QO\ P\FRSOD VP DX¥H GDIVOL WH i HH) ©I UZHP Bl W
FHOOV 7KHUPR )LVKHU 6FLHQWIILFD @HUMR EXAWLRQ DOGVEHU
'0(0 VXSSOHPHQWHG ZLWK ) % 6 P 0 XJFO S WDXPYLIMMH \DR)GSL QF
HVVHQWLDO DPLQR DFLGV DOO IWRPLEKHUPR )LVKHU 6FLHQ

&5& FHOO OLQHV VHTXHQFLQJ

&58& FHOO OLQHV '1$ ZDV H[WUDFWH G Q& L&HIO ©H QIWW D4 B U
+LOGHQ *HUPDQ\ LQ DFFRUGLQJ WRURPWXRDIFAW XLRHWU -VDP
SUHSDUDWLRQ ZH XVHG %LJ'\HE 7HHPXEQRWIRQJ Y LW & VKMHUBR )
6FLHQWLILF QJ RI '1$ ZHUH PL[6MTXHWRLQJ-%WXLIHU  —/ %
HQJ\PH —/ SULPHUV —0 DQG PQPXEDWHGVHF& f& IRU V

f& IRU PLQ IRU F\FOHV :H IS%UWUINH®HDFWLRQ XVLQJ !
;7HUPLQDWRUE 3XULILFDWLRQ .LWF 7KW PPR XLD KW X BH U AQ MQV
6DPSOHV ZHUH VHTXHQFHG E\ 6DQJHU VBTXIEQBLRY \XWHPRV $
*HQHWLF $QDO\]HU PDFKLQH 7KHUPR )LVKHU 6FLHQWLILF

&5,635 &DV V\VWHP

+7 1,1& 2 /,1& 5$%DQG/,1& PXW25FHODNUH
JHQHUDWHG E\ &5,635 &DV V\VWHP BoW IGH DR U WERHA BHO® U D W H
.2 FHOO OLQH IRXU GLIIHUHQW V$WJOXLUXHEH 513V DA ZH
FORQHG LQWR S/9 K8E& &DV 7 $ *)3 YHFWRUWRGZGJHGH 863



[ )7 FHOOV ZHUH SODWHG SHU F PUBIQM HFQ\GH G HY WWA
FDOFLXP SKRVSKDWH WUDQVIHFWLRMHPWWHKRGIZLRWVIS & 0DI FBIC

* DQG iJ SV3$; DOO $GRHHPHGLD ZDV FKDQJHG KR XL
WUDQVIHFWLRQ YLUDO VXSHUQDWD®GV ZKXWRXURO OHF WY G H
FKDQJH SDVVHG WKURXJK D (P IGIOWSHI) VSHRERR® G D Q BH O (

iJ PO SRO\EUHQH 6LJPD $OGULFK BKH WYRXIDWO ¥XS&HABQ D WL
H[EFKDQJHG IRU IUHVK PHGLXP +#7 KRXDYVGXWH® ZHUH VRU
IORZ F\WRPHWHU )$&6$ULD ,,, %' )& QDNQGQ*)/DSHRWLWLYS F
UHWDLQHG 6LQJOH FHOO FORQHV ZIBWH HIHIUARKMW®F\G Z R\5, B3\
WKURXJK JHQRPLF '1$ J'1$ H[WUD F WM XVQ B J& HODW. WY 4LL
DQG ZDV VHTXHQFHG XVLQJ OL6HT VOWWH® DE\6,D® XIPHIFD &® 8
DV PDQXIDFWXUHU-V LQVWUXFWLRQV 6HTWXDDALVGHG UX\DLGMI
,QWHJUDWLYH *HQRPLFV YLHZHU DPEUURBDIE ,@8VV8BW XWR F&RQ
JHQHWLF GHOHWLRQ $ SRRO I/RU®HG.R\ABRQHWV ZDV HVWDEOL
‘H H{IWUDFWHG 51$% DQG SHUIRUPHG T571 &&5 \BR ZHOWHIXDW W L R
VHH SDUDJUDSK
YRU,1& .5$% FHOOV WKH VDPH IIRX& VJI52$HO®YV ZHUH XVH
JXLGHV DQG ,Q WKLV IFHD ¥ IO RQIBG QIR S/9 K8 VJI5!
$7* *)3 DQG WUDQVGXFHG LQ +7 FHI® OWK M VOHEXW LH[ISWHY \F R Q \
KSEF G&DV .5%$% 7 $ 3XUR DQG JURZQ RQ BXGRB\FR®WBLQRO
+7 /,1& .5$% *)3 SRVLWLYH FHOOV ZHUH VRUWRB&E\ IORZ F\\
.5$% FRQWURO FHOOV ZH XVHG +¥ H G H\DKH OMQDEION LIW[SQ HFR Q
KSEF G&DV .5%$% 7 $ 3XUR DQG JURZQ RQ BXGRB\FR®WBLQRO
‘H H{WUDFWHG 51% DQG SHUIRUPHG T51&8&5 BWRZHUMHIXDWW L R (
)JRU,1& PXW25) FHOOV HVWDEOLVKPHQW WIZ®R VJEH{M JIX
FORQHG LQWR S/9 K8E& &DV 7 $ *)3 +7G Z}BUBSRW UW QYIS ¥FHHD OV
VRUWHG E\ IORZ F\WRPHWU\ DQG VH QMW FFHOHG FRRBRBY &b
HIILFLHQF\ ZDV WHVWHG WKURXJK J*IHQM[WU BRWHRQQXVEE D
4LDJHQ DQG ZDV VHTXHQFHG XVLQJ OXCPHTRQDV\VWORPEQDC
PDQXIDFWXUHU -V LQVWUXFWLRQV BHDHYHG) X WIHDIG,V 97 WRHF
WKH 25) JHQHWLF PXWDWLRQ :H XWHRGY$HI(HFRVWE FOHRQHV LQ



PXWDWLRQ KDG FDXVHG OHVV FRQVHBEBPBWURQ WIRD:D OQWXRBHIP
DD $ SRRO IRUPHG EV,IRXU +H/XW25) FORQHV ZDV HVWDEOL)
HIWUDFWHG 51%$ DQG SHUIRUPHG THh71&8&5 WRSHMPY QXD H

IXFLIHUDVH DVVD\

)RU SURPRWHU DFWLYLW\ ZH XVHGWRWH St/RPHIOXP DG YR Q
86$ DQG FORQHG DW WKH .SQ, VLWHJURQLRQ ES BESQG UHJLI
ES )RU HQKDQFHU DFWLYLW\ ZFH3X\HG@*YHFWRX 3URP
DQG FORQHG DW WKH 6DO, VLWH UHJR®Q )RUHSRR/QV WIUDGE) VH!
UHJXODWLRQ ZH XVHG S*/ >0 X FR B HPLID 300 B HFAWRRQH G DW WK
VLWH UHJLRQ UHJLRQ DQG UHR®WQY ZHOKHREWODHBHGHE\ DP:
+7 DQG &2/2 J'1$ ZLWK WKH VSHFIXHD FSHM ZHUW BKHFENHG X
GLUHFW 6DQJHU VHTXHQFLQJ ZLWK WYHGUWWRSBE®QYIN $'WsP b
%LJ'VH 7THUPLQDWRU Y &\FOH 6HTXHQFLQJ 6EWHQAKHIUPR D
$SSOLHG %LRV\VWHPV *HQHWLF S@DORHUVKBHRKBEOHHQWLII
$S( VRIWZDUH ZDV XVHG WR FRPSDUHLQKE EHGE X8 QH U W REXWQ F
JRU 613V PXWDJHQL]DWLRQ ZH XVHG 4XA\WE&DPXW D,J]HELNWH \C
$JLOHQW 7HFKQRORJ\ 6DQWD &ODEDH: &$FEOPV ZHUBQYHHGH
ZHOO SODWHWHO®Y SHU ZHOO RQH GD\ EHIRUHZWODQYHHFV
FR WUDQVIHFWHG iJ RI FRQVWUXPWMK YHBWRU S*R JH WX E
YHFWRU UHQLOOD YHFWRU 3URPAWDPLOROORZLQQY LVBRRE
':DOWKDP 0$ 86%$ PDQXIDFWXUHU:V WQ\DWWHUN LIFRH@\O V ZKIRDH O
fO RI SDVVLYH O\VLV EXIIHU DFFRUIGL@DN W B HSKRH WHDLO $XV D\
3URPHJD iO RI O\WDWH ZDV XDMB DEW MYKNV\ORADNMUHPH
,QILQLWH 0 PLFURSODWH UHDGHWZIWEBQODI@®HGRALIHUDV
ZHUH SHUIRUPHG LQ WKUHH WHFKIMWDWZBHSGHIFDIWN VWDLVP HO*-
YDOXHV ZHUH REWDLQHG E\ GLYLOQN BAKW KX F RIHWHDWSR QB (
YDOXH WR FRQWURO IRU Y DU L DMFLLRI@\F \L @ DNOXOHQ/V PHHFMAL R R UHPIL
WKH FRUUHVSRQGLQJ HPSW\ YHFW RDY HWRD D H FRLXI QMU HRU HV E H W
H[SHULPHQWY D WZR ZD\ $129$ WHVW H[BW $IHUH R WPG B\ DLWEK E



YDULDEOH LQ *UDSK3DG 3ULVP WaBUHVENMUIRW PHBEOL R QIDROI WLF L
YDOXHV ZHUH EDFN WUDQVIRUPHG WR SORW WKHP

uv KDSORW\SH TXDQWLILFDWLRQ

J'1$ ZDV H[WUDFWHG XVLQJ *HQWUD 3MXDHHQHDEHOBU .
PDQXIDFWXUHU -V LQVWUXFWLRQV EL®JZB5Y RFMGIUFW WG SIROW
SDUDJUDSK %RWK JHQRPLF '1$ DQGIGFHGZEWUBILEHT XV\V W H
E\ ,OO0XPLQD ,00XPLQD XVLQJ SOVPRDQXIPEWXUHU -V LQVW
BHTXHQFLQJ UHDGV ZHUH YLVXDOLVH®G X@V®1LWKKHH ,*D Q GbU
TXDQWLILFDWLRQ ZDV GRQH FRXQW LM IRW KIHO Q KPEHYU DR) QU BDG
uv JHQRPLF SRVLWLRQ KJ FKU

$FWLQRP\FLQ ' WUHDWPHQW

6.&2 FHOOV ZHUH VHHGHG LQ FP FXOWXUHIE[WKRWGRD

ZHUH UHSODFHG ZLWK P/ Rl 530, LWXSSOHPHDR@WG G Z—J P/
$FWLQRP\FGIQPD $0GWHXOV ZHUH WUHDWHG IRU G WKHRQG
FROOHFWHG E\ FHOO VFUDSLQJ 1H[@J ZH$ H]RFHHFW LRQORZIR F
7R HYDOXD&H H[SUHVVLRQ ZH XVHG T57 3&5 DQDOWBLY RQ F'I
DV KRXVHNHHSLQJ FRQWURO JHQHWILRQ DZHO MOHGT B DEHATL W\ K DA
,OOXPLQD ,00XPLQD XVLQJ SUPPKXVDIRWXWHU: -V L@WWUXFWL

51$ HIWUDFWLRQ F'1$ VIOWKHVLV DQQE RNB@YWLWDWLYH

7TRWDO DQG QXFOHDU 51% ZDV H[WQDEWUWRJIXQYLQDFFRIURK OC
SURWRFRO LQVWUXFWLRQV 51% HEWFDHWIQRRS ZDIWIKR & S RQ@ HFF
51HDV\ OLQ(OXWH &OHDQXS .LW 4LMHHMWNL R G XUERHXIIVJH 7K
JLVKHU 6FLHQWLILF 51$ TXDOLW\HZDHOWHOMHNFIG) E S KORIDHRIVWY
H[SRVXUH WR f& IRU PLQXWHV RQHUNVHRWUIBQAFWIWEHG LQ F!
$09 5SHYHUVH 7UDQVFULSWDVH 3URPHIU BQE&RHIPG RPS 3 BI&H Z



SHUIRUPHG LQ GXSOLFDWHV XVLQJ LEDG<%BURXMPVO LS YBL6RS
WKH DSSURSULDWH SULPHUV VIQWKHYU]HG EEX &HIPD GIGLIICGH
3ULPHU 30XV KWWSV SULPHU SOWYR®RREZDVTHD WBKSHGHRDXW |
ZHOO RSWLFDO UHDFWLRQ SODWG V DPH @& 57 ZIRWAHRFONRLLR G HD
0\L4 %LRUDG RU LQ ZHOO RSWDALQUHDEFWILHRE® % ODWHW H I
)DVW 5HDO 7LPH 3&5 6\VWHP 7KHUPRFHFRMKGELRQ 6§ FN R QRDLQ XIFD F W
SURWRFRO 7R FDOFXODWH WKH UHODINIH\H B HXQGDE WH HR | 5 [L
IRUPXOD DQG DGRSWHG *$3'+ DV KRXWHNHHSLQJ FRQWURO J

JRUFHG VLQJOH FHOO VXVSHQVLRQ 16&6 DVVD\

&HOOV PEHUH VXVSHQGHG LQ VHUXP IUHH 53@,6% DEBQWDL
PO ('7$ DQG FXOWXUHG LQ XOWUD GRY DIDMHAK PERUM VQ J ZH<

DQG KRXUV 1H[W FHOOV ZHUH 6BOSHFWHEG RERRWEQGD U
GLVKHV IRU GD\V 6XUYLYHG AROPNGWKPDOWRQUHY RQG FP ¢
ZHUH VWDLQHG ZLWK &U\WWDO 9LROMMNO 8L ROMHWOGWDRER H G G
DFTXLUHG XVLQJ LPDJLQH SODWIRUP 889, &80 G DFFEQRGLUHV :
FRXQWHG E\ )LML VRIWZDUH

51$ VHTXHQFLQJ DQDO\VLV

/,1& 7 1,1& 2 DQG1& PXW25) FHOOV ZHUH VHHGHG
LQ FP SODWHV $IWHU KR X U VH GF HE® O/\F WZIHSULHD F FDQ@ABH FWY U
IROORZLQJ 51% H[WUDFWLRQ SURFHGRORJLIFDIOQ DB S|GIGFD W HV
/,1& FHOOXODU PRGHO 7RWDO 51$% ZDVQBRIQ YHLEMBG LIHYWR
,OOXPLQD 6WUDQGHG 7RWDO 51$% 3UHBR/BOXWLRQY ZLOMKXBLEOR
ZHUH FKDUJHG E\ 1H[W6HT +LIJK 2XVESKOHW W, $OXPLQD
UXQ E\ 1H[W6HT VIVWHP ,OOXPLQN LDQN RRJQEM ERQN H

BHTXHQFLQJ UHDGV ZHUH DOLJQHG WR Q"B KDV VK.P E OV H KWW
+L6$7 )HDWXUH&RDQWWKHQ XVHG WR FRXQW DQG DVRLBEQ UHD
IHDWXUBWKH(1&2'( Y DQQRWDWLURUHQWMIQHE[SUH VVAIRQ



SHUIRUPHG XVLQJ '"(6HT %LRRRGGKKEMERIUA! DQG S YDOXH
3DWKZD\ HQULFKHG DQDO\VLYV ZDV SHAULRURHA RDVWQRFV$SORXUFI

6HDKRUVH DVVD\

BHDKRUVH DVVD\ ZDV SHUIRUPHG E\ 3W R U RXBUIQR P DHER W 1A
'HSDUWPHQW DW 8QLYHUVLW] GL\S&D\QH[HMOON G KWH IV&HED K R
$QDO\V]HU $JLOHQW 7HFKQRORJ\ [|RDQ RN UPTFQXIREW X UH

ODVV VSHFWURPHWU\

0DVV VSHFWURPHWU\ IRU OLSLGRPOP D GG FSIURW ZRRLSHH®AC
'U *LXVHSSH &RURQD:V JURXS IURP 'GISODWRERW R IH, BeRR P DU
2QFRORJLFL DW &HQWUR GL 5LIHULPHIQLWR PDGRORNDPR &52

3ULPHUV WDEOH

$00 SULPHUV DQG J51%V XVHG DURJIOWDWGEIE LQ WKH IROORZ

1$0( 6(48(16&

(; 5(* B 838 &T*&*T&T&TT&T&&T&
(; 5(* B &7T**8&T7T8&T&$*&&TS&T*&T
(; B KGR FTRTL&TT*$S7
(; B &T**&T&T&$*&&TS&T*&T
(; 5(* B KGR TTT**T*&TT*T**77

(; 5(* B $7&T*$&STE&*&T*&T*TT*
*$3'+B *Er S PR&RTESET*&T*
*$3'+B *$THTH&PT*$&S$**T*&
JXLGHB “8$8BP&P$*BRETSLET**&
JXLGHB *$*7%8$&$&$$*$8&7$8&&
JXLGHB 7% *78&T7T$&&TTTST*$*&S




JXLGHB 73$*PPP7$78&&7*&&&ED&
JXLGHB $*P*&*E&PEP*E&*&&EE&ET**S$
JXLGHB THT****$$*$7*8&&$7&&$

/,1& UHJLRQ

&&THET***$&*TTT*$7*&

/,1& UHJLRQ

7T*&$7&7$&$$**&$$**$$

/,1& UHJLRQ

&$*&P&ET*&*T&T&TT&T

/,1& UHJLRQ

&$778&&7T*$*&&ST*$$$&

/,1& UHJLRQ

&**$**&$*&77$7$$*$*$

/,1& UHJLRQ

W W| W W| W @

FRAAETTS*$&$E&&ESESS*S

3,57B

$$**$&77*$**&7*&*7$$

3,57B &T7**8&&T$&B&ETT*$$*&
3267B &&T*$$*$&T**T*&T**$7
32678B &7**$&T7T*7T8&T&&ES*$S
5(*B$B &&***QTSTT*$$&TT&T*T
5(*B$B &&&**8&S&S*TSTS**TTS$
5(*B&B $$7*7*&$$$*&T7*&T*$*$
5(*B&B K THERTTTRESS***$**TTT
5(*B(B 8&$S* *&T&SS**&T*TT$*
5(*B(B 77&$7*838$8&$8&$$$&$&*
5(*B)B *$FTFHRE&TT*&T*T&T&TE&
5(*B)B *QT*T*&$**$&TTT*$$&S$
5(* B 8$3&7&&&ETT* *&$$$*7&S$T
5(* B KB &T*FHR&KTTT*T&STT
5(* B AR GHHTHET RS S S &S
5(* B &T**&T*T**7*&T77*77$
uv B “TS&S E&&STTHRT*T*T*&
uv B &$*7&&E&DEEETTSS**T&S




S5HVXOWYV

S5HSXUSRVLQJ RI $INPHWUL[ 8 SCGAWHGFIER
LQYHVWLIJDWH QRQ FRGLQJ 51$ WUDQVFULSWV

SUREHV IURP $II\PHWULJ[ 8 SDWV¥K WR ULDNHUJIH
WUDQVFULSWYV RI WKH KXPDQ JHQRPH

,Q RUGHU WR UHSXUSRVH SUHYLRXWIPLFK RDIUQR\Q &R W DC
WUDQVFULSWV DVVRFLDWHG ZLWK HNVXPBVUWS U B ®HV SR\ DWIHR
PLFURDUUD\ SODWIRUP LV EHVW V&HWEGO |RIR UV KD KD ISR D VO
FRQVLGHUHG WKH QXPEHU RI DYDLODE®DH KXP DB QWXHBUHVY
2PQLEXV *(2 UHSRNVQ® RWKH QXPEHU RI SUREHY ORFDRUHG LQ L
7KH *(2 UHSRVLWRU\ LQWHUURJDWQRQ WG IDVBE® B HE WKLY FSLIE L
SODWIRUPV DUH WKH PRVW FRPPRQO\ MNMHGI WR. PQRLQ\KXPBQ
VDPSOHV $PRQJ WKHVH WZR ZH GHFWE&HGS MR HWYHV B/ LJIBWX
SODWIRUP DV LW KDV EHHQ XVH@XPRRD ODRSEHWHULHVWKNDQ
GDWD UHODWLYH WR -DQXDU\

'H DQQRWDWHG WKH $IIN\PHWUL[ 8 SOXV WR SUREHY Q
YHUVLRQ WR YHUVLRQ ZKLFK LMW Q\RAH PIRMIH PESIB D \E M GO !
PHUJLQJ WKH PDQXDO DQG WKH FRPSXWWWRA QDR GMKBMG DE
(QVHPEOH *(1&2'( LQWHJUDWHYV GLIUHPBQWWOLDWNFULBWS SU
HYROXWLRQDU\ FRQVHUYDWLRQ FRPGSXRMOWDMRH®D G5 [PW IVEKIR\GH/
DVVLJQ ELRW\SHV 3&* SVHXGRJHQH OQF5ISOBIEG® H RIAG)
LQWHUJHQLF SUREHV L H SUREHYLWKDWQ BRQQRAY VR IY® UXIRIEH
*(1&2'( YHUVLRQV IURP Y WR Y DQG RXWHRNUAMKI SOXV
DUUD\ SUREHV ZH REWDLQHG LQWHUJHQLF RQHV



7KLV UHVXOW VXSSRUWYV WKH LGHD SWEON. FDK HD Y Bl DQMEROHD

DOORZV WR REWDLQ LQIRUPDWLRQ R@G VIHYWHDOH Q RF) FHREGH. \Q
UHSUHVHQWLQJ D YDOXDEOH VR XBEFHS WRJ DXQUWF K H B W\ SLaQR B Bl QF

Gencode
from V4 to V38

Affymetrix U133 Subtract regions
plus 2.0 probes annotated as protein coding

Join Affymetrix probes in intergenic regions
with Gencode V4 to V38 (min overlap 1nt)

GWAS
Catalog Exclude probes in repeated regions

Create interval Affymetrix probes in intergenic regions
(+ 50kb) around the SNPs matching only once
GSE3526 dataset - -
GSE7307 dataset Select the probes that intersect these intervals

Analyze gene expression of probes
in intergenic regions

Select the probes enriched
in the normal corresponding tissues

Probe --> gene --> cancer association

236001_at --> LINC00675 --> colorectal
229280_at --> CASC15 --> endometrial
230889_at --> RP11-849119.1 --> prostate

)LJ  3LSHOLQH XVHG WR LGHQWLWMRQFBQ$W D SWRICHDMREBOQ RVERY LQGLFDWH
GDWDVHWYV XVHG IRU WKH DQDO\VR® O ZKURHAH EVRFENVKDWSAH® WR WKH LGH

OQF51%$V SLQN FLUFOH LQFOXGHV WHL WIKBHH HUEBREHILQUIWKQHY DQG WKH
WKH\ DUH DVVRFLDWHG ZLWK DFFRUGLQJ WR *:$6 613V



7KH LQWHUVHFWLRQ EHWZHHQ LQWHRQHIQE S:$R BHWO RF
LGHQWLILHV QF51$ WUDQVFULSWVH®ISRIRWVLQWREAU FDQFHU

$IWHU WKH UHDQQRWDWLRQ RI $II\PHREHY 8ZH ®®RWHG
LQWHUJHQLF SUREHV WKDW FRXO GREHSDWGR FISIRW HW LZRQV K7 RV ¥\F
ILUVW XVHG D SUR[LPLW\ FULWREH RQ VWK VEOR \FID) FHKUH SSUH G
613 WKH PRUH OLNHO\ WKH SUR EHZV KX 8 GHEH. \DS/RARLAL DRVH G

2XW RI WKH $IINVPHWUL[ LQWHUSHRER\VSBOREBEHVRXQG OHV

NE FORVH WR 613V OLVWHG LQ *:$BWSHGN\Y 8 FDIWD Q G DD/WW RBIH S |
)LJ 2XU VHFRQG FULWHULRQ ZDVLW®HR UGN RQWHSWIHQLF
QRUPDO KXPDQ RUJDQV ,Q IDFW D RG &HW KV R/ EMRDVYRHFG LV
WKH WUDQVFULSW KDV WR EH H[SUM\ZKHG KL @ KMK W XPWRID @ U
ORUHRYHU WKH IDFW WKDW WKH WQDWKBWL8WJIDWY NPSIIHWWH
VSHFLILF IXQFWLRQ LQ WKDW R UG DMZ R7 R IBRI WV RIQ\G ZKBOLHF O\ |
JHQH H[SUHVVLRQ FRKRUWV *6( DQGFRQWDLGG(SRVW PRL
WLVVXHV I[URP GRQRUV DQG RUQU@®PWRUWKDFRQWXPDQ RU
HLWKHU QRUPDO RU SDWKRORJLFDO

,Q HDFK RUJDQ RU DQDWRPLFDO DS S$DUDW KgWHU UBD@INHSUR
EDVHG RQ WKHLU H[SUHVVLRQ :H R ES/AHREHNG 2ZW KBIWH PSRV V HG
OHDVW RQH RUJDQ LQ ERWK GDWDEQYR W D\WIEGWK\D W QR B 1 \K |
KLIKHVW LQWHQVLW\ VLIQDO LQ ERWK FRKRUWV )LJ

$PRQJ WKH LQWHUJHQLF SUREHV OEFDVRIPGDOH¥6/ 6/ B D (
ZH VHOHFWHG WKRVH WKDW UDQNH®G WKHKRUKOQ H[LSRIMH \Z\KH. 6 K
WXPRU DVVRFLDWHG ZLWK 613 DUZWH\GH®BWWIKH®GHWKHIHHY L Q
SUREHYV BDW BVBDW DQG DUH BDORVWKDRV 613V DVVR
ZLWK FRORQ HQGRPHWULDO DQG SWRYWOW H @06 QAKLUF K UKDASH
H[SUHVVLRQ VLJQDO LQ WKHLU KIFRRQYWHREDD® DSSDUDWXV

7R VXP XS IROORZLQJ WZR FULW HLUALDNY KIP B GI6QEI1 BAK 1D GG R
GHWHFWDEOH H[SUHVVLRQ LQ QRUP BQ G YWKUMH R WID/QHNU ZHQ LK
DQG FRUUHVSRQGLQJ WUDQVFULSWM & KDW K RXPR (E 15 DNVG RFS
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yLJ $II\PHWUL[ SUREHV LQWHQVLW)\ IG@WXVHWWBFBRUGLQJ WR ELRW\SH
*UDSKV UHSUHVHQW WKH LQWHQVL®WLFRSURKHIV D P RIQUWW K BIH*6 ( DQG *6(
GDWDVHWY 3UREHV ZHUH GLYLGHG EBMMG3R®EHN&D'Q ERRWWHG DV OQF51$V
KLJKHVW LQWHQVLW\ VLIQDO LQ ERWK GDWDVHWYV

/,1& LV D OQF51%$ OLNHO\ DVVRFLDWHEB@LWK &5& SUH

,Q RUGHU WR VHOHFW D SURPLVLQJ DRWH®R GZLQUK JARGF
SUHGLVSRVLWLRQ ZH LQYHVWLJDWKO®FXKNWRH W KM KW KIHHR FS
LGHQWLILHG DERYH DQG WKHLU FRWHNWLIRY G Q QW KH. MHIOH FS
GDWDVHWYV

3UREH BDW PDVWBBKHYV WRD OQF51% RQ FKU DERXW
XSVWUHDP RI UV D 613 OLQNHGHWR SBRVWDWHVFDQF
H[SUHVVHG PRVWO\ LQ QHUYRXV VIVWBHP SURVWDWH DQG YD

3UREH BVBDW PDWFKHV WR &D QBB L6V REHSS\E L E LDD L W\
OQF51% RQ FKU DERXW ES GRZQVWWHBR3ROLOWHG W
HQGRPHWULDO FDOHBAH H[SUHVVLRQ DQDO\VLW&S$BRGLRDWHYV
XELTXLWRXVO\ H[SUHVVHG LQ QRUPDO KXPDQ RUJDQV

3UREH BDW PDWFEK&YV WB OQF51%$ RQ FKU  ZKLFK RYt
uv DQG LV ES XSVWUHDP RR WBM3V OLQWHG WR &
VXVFHSWLELOLWV,1& LV H[SUHVVHG SUHYDOHQWO\ LQ JDVV
DQG LQ SDUWLFXODU LQ VWRPDFKHDQ® FRERQW)IRUQV BVQF



*:$6 613 DVVRFLDWHG WR &5& LQ LWIW ISUVYRDHLRO B[EE HMW
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SUREH

)LJ

LQWHQVL

BDW WKDW&K\EUNBUMYVYUWHRWKH PHGLDQ RI

$II\PHWUL[ SUREH

HDFK WLVVXH 7LVVXHV DUH JURXSHBW®WX\D WHK® W QVWHKHEMHOSDQ) WR

LQ QRUPDO FRORQ

LV HQULFKHG

[,1&
FRUUHODWHY ZLWK VXUYLYDO LY D FRKRUW RI

,Q RUGHU WR HVWDEOLVK W&KH UHDKESRTFHGRFRQILUP WKH

UHSRUWHG E\ *6/(

LQYBDWBURWHG AMMMKH PLFU

IRU

GDWDVHW

VDPSOHV RI QRUPDO FRORQ PXFRVD

ORFDOL]DW,IRQ RLQ

DQDO\VLVQ M(MEXLGL]DWLRQ VWDLQLQ& VKRYHH SUKDWHG RQO
WKH HSLWKHOLDO FHOOV DQG QRWUW WRR IVWRMEPFIBEPRHR X QW

JXUWKHUPRUH WKH QXPEHLWFRWHGRZIRDGR WY RRGH

$
H[SUHVVHG LQ DSLFDO YLOOL FIHQEGWY WKWK ® UHHFRBHBHRVW WR W

WKDW DUH ORFDWHG LQ WKH FU\$W DBSURDFHKH WKHWXRHRNBG

yLJ
/,1&

H[SUHVVLRQ LQ &5& VDPSOMHYV& ILQIGL GIISWKIWHG RQO\
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51%$ LQ VLWX K\EULGLROWLRQ RWHFWLRQ IURP QRUPDO FRORQXPRARVD VX
VDPSOH PDJQLILFDWLRQ [/, 18SSHU[SDANYLRQ LQ WKH DSLFDO SDNMW RI WK
ORZHU SDQEO H[SUHVVLRQ LQ WKH EDVDO SDXW¥ BRXDKML LICAVDMM R QORIOSY B (
VLWX K\EULGU]D&ZLR@®REMDLQHG FRXQWLQJ WKH QXPEHU RDEBURRDQ BRWKR B KK
QXPEHU RI QXFEHRSUHVHQWDWLYH LPDJH GHULYHG GURPWARRRNIERWLWX K\EL
PDJQLILFDWLRQ [ RQ D VHFWLRQ IURP3&5&DVDOSAKY RIH[SUHVVLRQ LQ D
FRKRUW RI 51%$ VDPSOHY GHULYHG EBRP$& 5 & G WIKHUMVZBIWFRQVLGHUHG QRU
WLVVXH VXUURXQGLQJ WKH WXPRQ Q DQSUQPYHUY WHWRWWDVLV Q VDPS(
LQGLFDWHY PHDQ “ VWG S QSODLUHGXWLWBWW DVVXPLQJ XQHTXDO YDU



Results showed a higher LINC00675 expression in hormal colon mucosa compared to
primary CRC and liver metastasis.

CRC can be classified in four molecular subtypes (e.i. CMS1, CMS2, CMS3 and
CMS4), thus we explored LINC00675 expression among these CRC groups. Using
available Affymetrix U133 plus 2.0 gene expression CRC datasets, we subdivided
CRC samples according their gene expression molecular signatures, and we
observed that LINC00675 expression is higher in the metabolic subtype (CMS3), which
is the most similar to the normal colon mucosa. Contrariwise, the mesenchymal
subtype, featured by worse overall survival, displays a lower expression of LINC00675
(Fig.5A). This data is reinforced by the Cox proportional hazards regression analysis
for relapse-free survival (RFS) fime that we established for CRC patients. The Kaplan-
Meier plot depicts that patients with higher expression of LINC00675 have a better
prognosis compared to patients with lower LINC0O0675 expression (Fig.5B). Since
LINC00675 is enriched in CMS3, ifs expression appears not to be associated with MSI
status that is one of the hallmarks of tumors belonging fo CMST.

To sum up, LINC00675 is expressed in colon epithelial cells and in particular, it is
more expressed in healthy colon tissue respect to its tumor counterpart. Moreover,
LINC00675 expression is higherin CRC metabolic subtype and correlates with survival

in a cohort of CRC patients.

A B 236001_at
~ 1600~
ml e HR = 0.79 (0.61 - 1.03)
5 logrank P = 0.084
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Fig. 5: LINC00675 expression in CRC molecular subtypes (CMSs) and correlation with survival. A)
LINC00675 expression in the four CRC molecular subtypes. CMS1= immune subtype, CMS2=canonical
subtype, CMS3= metabolic subtype, CMS4= mesenchymal subtype. Data from GEO database. Bars are
mean * 95% confidence interval. B) Kaplan-Meier analysis for probe 236001_at expression (that matches
with LINC00675) from Affymetrix U133 plus 2.0 gene expression datasets (high expression in red, low
expression in black).
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OHFKDQLVPV UHOXARDWIHJSUHVVLRQ

*HQRPLF FRQWHERW RIORFXV

/,1& JHQH LV ORFDOL]HG LQ WKH VKRUW DUP R FIKXWBPR\
XQLTXH WUDQVFULSW LVRIRUP FRPWRNWG FEQ W IR HERIQY PDI
5KHVXV ORXVH 'RJ DQG (OHSKDQW LIVQEmOW R HF RLQMWHN HHIS L Q
)$1720 &DS $QDO\WLV Rl *HQH ([SUHVVLR®GLE®BW HWG DWKD W
WUDQVFULSWLRQ VWDUW VLWH L Q&4 QLV RI RFIONY H® DWW MR EHQ
ZLWK *(1&2'( DQQRWDWLRQ

,Q WKH LQWHUHVW RI FRASIBHKHDRWG UG XREZWHG ZH FRQVXO
VHTXHQFLQJ GDWD IURP KXPDQ FRORQ VDPSDHRFEVHGFRGH
DFHW\ODWLRQ DQG PHWK\ODWLR,Q& UR UHIHRP DB PREE W KK H FK
WUHQG UHSRUWYV UHJXODWRU\ DFWLYBW\ LD W KH.IQHVIVQH[R Q
WKH LQWUIRQ Rl UHVSHFWLYHO\ )LJ $

7R FRQILUP WKH (QFRGH HYLGHQFHV ZHDWIHU IR U
LPPXQRSUHFLSLWDWLRQ DVVD\ &K,3,, IR $I®OS R,0\RHUDH/ HD Q
+ . $F DQWLERGLHV :H FRQVLGHUHGA RQVIHQHYWRI[LSLWHIDQG
/,1& )L $ XVLQJ +7 DQG 6: &5& FHHOGUMANDE YV DR FK
KLJK RU QXOO OHYHOV UHVSHMHNVLZHRE V,IQUYHG FEHROMK/ 5CLIS SR (
+ .0H HQULFKPHQW DURXQG WK& ILUBW H[RQDRIG GHFUHDVLQ
WRZDUGV WKH LQWURQLF UHJLRQWGUHBBB) UNUB &% UHIBH VB L
VXJIJHVWHG WKDW WKH H[RQ FRQWRRRW HYUKIRI 766JBIQE WE&H S
DGGLWLRQ ZH IRXQG + . $F WR EHVHRQLFKHREME RIGIRIQE
IURP UHJB) WR UHJB$ LQGLFDWKXQ@D W& U CEFMWLLYR.G\D O 2WHW K H
6: FHOOV GR QRW VKRZ DQ\ HQULFEPHQWLERGQBE WVRHV \L
DFFRUGDQFH ZLWK WKH IDFW WKDHW WR MW H[SREFVO PLOLBH GR
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Fig. é: LINC00675 genomic locus and its epigenetic profile. A) Genomic view of LINC00675 locus,
localized in the short arm of chromosome 17, according to UCSC Genome browser. Red lines highlight
the two SNPs indicated by GWAS to be associated with CRC predisposition (rs1078643 on the left,
rs17817050 on the right). Pink lines highlight eQTLs for LINC00675 in colon tissues. From top to bottom we
report the three genomic regions (from left fo right: region 3, region 2 and region 1) on which we
focused fo study LINC00675 regulation; the genomic posifion of primers used for ChiP analysis; H3K4Me1,
H3K4Me3, H3K27Ac and franscription profiles obtained from ENCODE for LINC00675 genomic locus. B)
histone marks enrichment (measured by gPCR) in the putative promoter, enhancer, regulatory
genomic regions and in LINC00675 nearby gene PIRT. RNApol Il (left panel)= RNA polymerase Il
H3K4Me3 (centfral panel) and H3K27Ac (right panel)= histone H3 trimethylated on lysine 4 and
acetylated on lysine 27, respectively. Experiments were performed in HT29 (in white) and SW480 (in
black).
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/,1& KDSORW\SHVY DUH DVVRFLDWHG ZI&VHKH OW VO [BHUVH \

‘H HYDOXDWHG ZKHWKHU WKH '1$ UHJLRQVQERQWDLQLQJ U
SUR[LPDQ1WR KDYH UHJXODWRU\/HI&HFWW UP@VFULSW )LUV\
LQWHUURJDWHG WKH /'SUR[\ ZHERNISSOL MRVILRE 613V LQ /' ZLV
613V VLQFH /' 613 DOOHOHV FUHDWHFORPNQ L:HX H YK EBGHIMAEW G5
WKHUH DUH DQG 613V LQ OLQNDGHUY¥LWK UVUHVSHFE@/LYH
,QWHUHVWLQJO\ DOO RI WKHVHOATB\G LZQ WK MIKHDQH ORFD

1H[W ZH LQWHUURJDWHGNKD(W 3RIMWNO PXOWLSOH KXPDQ W
JHQHWLF YDULDWLRQ ZLWKLQ WKMHLUZHHQRRNMG, QR B DUKH. FRQ
EHWZHHQ WKH H[SUHV&LRQDAG WKH KDSORW\SH Rl KXPD¢
SRO\PRUSKLVPV L H H47/V T7KRXJQRHIWKHU UFRUUHODWH
/,1& H[SUHVVLRQ ZH GHWHFWHG  613V,WKDWLDURHRBRQV
VDPSOHV DQG ZKLFK DUH ORFDOL]JHBI/LD&WKH ¥ HRR Q& H [RHQJ L |
GRZQVWUHDP LWV SRO\$ ,Q YLH ZHRARQEINQ WU B W PIBWY R VIV X G
GLIIHUHQW UHJLRQV

5HIJLRQ ES WKDW LQFOXGHV WKHU 613 RQGODQRI
uv

5HIJLRQ ES WKDW LQFOXGHV UV LQ OIDGNDIUN DQG
RYHUODSV WKH VLU&W H[RQ RI

5HIJLRQ ES WKDW LQFOXGHV HWOMDSEV6BDW WQR Ry

VHFRQG H[RQ&RI )LJ $

7R XQGHUVWDQG ZKHWKHU WKHVH JHQRPUIFNW&JIJLRQV FLC
WUDQVFULSW ZH VHTXHQFHG WKHLW 'ESQQ@ OLOBQHORB | HCBF
EHORQJLQJ WR WKH UHJLRQ UHJLROIX DQFEHGHYKRQFREMHV S|
DOOHOH QXFOHREDVH LQ DOO &5&LRHOMQO DYWIW TKIFY H/HT M & QA
DUH WKUHH GLIITHUHQW KDSORW\SH BACKRORM \Z HRD®W & H GU K DISFOR
KDSORW\SH % DQG KDSORW\SH KHWHQRWHDG/ $@ UHJLRQ
GLIIHUHQWLDWLRQ DPRQJ KDSORW\SPYGCLYQBWIZRQO B &$IHDPH
D XQLTXH KDSORW\SH IRU DOO &5& &H O R UHRYHW KDB WRW\EDP |
Rl &5& FHOQ®, D& QHWH[SUHVVLRQ LV KLJKHU LQ FHOONFZL \WR KD
WKRVH ZLWK KDSORW\SH % DQG KD[FOGIBWILRQ$RE /BLWKPMOD W



KDYH KLJ1K HISUHVVLRQ GHVSLWH FDUU\LQJ K FROURW OSHV% R
EHWZHHQ KDSORW\NS8 DQHSUHVVLRQ VWUHQJIJWKHQV WKH *7(
/,1& H47/V FRQILUPLQJ WKDW 613V LQFOSCEHE RIQ WHKH L\RBP
KDSORW\SH EORFN DQG FR&UHGIDSWH Y VWKQ
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LS174T G G G G C|G C|T Al|lA G|C T G|A

COLO320 G G G G C|G @] 1r A G|C G|A

SW620 G G G G C|G (&7 | 5 Al|A Ul G|A

SW480 G G G G C|G (&3] 1 AllA T G|A

SKCO1 A G|C G|A G|C G|G C|G T C§i G A||A G|C T G|A

RKO A G|[C G|A G|C G|G C|G T C|T A[G A G|C T||A G|A
HCT116 A G|C G|A G|C G|G C|G|T|T C|T A[G A[|A G|C T||A G|A G
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yLJ ,Q D SDQHO Rl &581&HOH[BWIHWLRQ LV DVVRFLDWHG ZLIKK WMKHA/V KD
OHIW T57 3&5 DOD@\VLW[IKRWHVVLRQ LQ DYIMRQHRO FRIO OLQHYV %DUV LQGLFD
VWG RI WZR LQGHSHQGHQW ELRORHLFDIXKWHSDESOBWHWK2Q OMKHOH GLVWULE
FRQWDLQHG LQ WKH UHJLRQ UHQLR QS D @& RIHEERQFHOIO OLQHV ,Q UHG
DVVRFLDWHG ZLWK &5& SUHGLVSRVIEFV$IBR Q7 KH) MHFWRMHEIVQ L QBRFDWH 613 Q
DGHQLQH\WRVLQHXBRQLQH * WK\PLQH 7 LQ WKH FRIOOHUBEQ@BGILRH E5&L|
GLVSOD\V WKUHH GLIITHUHQW KDSORWSH\W QWK M KHD KOBWWW\SH % LQ YLF
KHWHURJ\VJRXV $% LQ \HOORZLVK

5HIJLRQ DIIHFWV SRVW WUDQVF DIOSOHICRD 6 B SHHIXIOQ W LPR

7R GHHSO\ FKDUDFWHUL]H WKH URQW RQ & \HK\HHLW 8 D HW B H W\
YDULDQWVLE&RQ WUDQVFULSW UHJXODWLRQ ZH SHWMMBHG
DVVD\V WUDQVIHFWLQJ +7 KLJK H[SRE\WBREVDRREQ6:FHOOV
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Fig. 8: Region 1 and region 3 affect LINC00675 transcript regulation. A) Schematic cartoon thatillustrates
vectors assembly used fo investigate whether the three LINC00675 regions display promoter function,
enhancer function and post-franscriptional regulation on LINC00675, by luciferase reported assay.
Yellow block indicates luciferase (LUC), grey block its polyA fail, the green block indicates the minimal
promoter (MP) and the black block indicates where we cloned the region investigated. B) Luciferase
reporter assay results in HT29 and SW480 cells for the region 1 cloned upsiream luciferase in pGL4.10.
We tested region 1 with the two rs17817050 allele (A in blue and G in yellowish). Values were normalized
fo the empty vector. Bars indicate mean * std of three independent biological replicates. C) Luciferase
reporter assay results in HT2? and SW480 cells for the region 3 cloned between luciferase and polyA fail
in pGlL4.24. We fested the region 3 with all SNPs with allele haplotype A (pink bars) and haplotype B
(violet bars). Values were normalized to the empty vector (not shown in the graph). Bars indicate mean
+ std of three independent biological replicates. D) Luciferase reported assay results in SW480 cells for
the region 3 in which we replaced haplotype B allele with haplotype A allele of all 9 SNPs separately.
The results is relative fo region 3 cloned between luciferase and polyA tail in pGL4.24. As conftrols, we
used vectors with the region 3 bearing all SNPs with haplotype A (pink bar) and haplotype B (violet bar)
and the values were normalized to this last vector. Bars indicate mean + std of three independent
biological replicates.
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,Q SDUWLFXODU ZH LQYHVWLJDWHXG DMKH HIQUKRDPRAMHIU | XOQE K
FRQVLGHULQJ DOVR WKH VSHFLILASHNJLRRQW SIURPHROWH KD X Q
UHVHDUFKLQJ ZH FORQHG UHJLRQQ UHUWRQWKBIQWZRHEIRBUH YV
613 KDSORW\SHVY XSVWUHDP OXFLIHUDWHSYRUTWHQFWHEW B/ )
‘H REVHUYHG WKDW RQO\ UHJLRQ WLVB®WD\W KRIRRRIWHY LDFF
OXFLIHUDVH VLJQDO UHVSHFW W R IWWKK-R KW SGW | MHUFHADREUH VE B MW
uv DOOHOH KDSORW\SHYV LV J @G LVOLW WHRKXQW ZLWK &K
LQ ZKLFK WKH SURPRWHU IXQFWLRQWR MAK\H WIRUEW SIYRQJIRH G
WKDW FRLQFLGHG ZLWK UHJLRQ )R@YHQWDQFW URIXQEM LFOR
UHJLRQV GRZQVWUHDP OXFLIHUDVH USFSR\I$ WHDL @ HFQV BW/ )L J
QRQH RI WKH WKUHH UHJLRQV GLVSOD\HG HQKDQFHU UROH

%DVHG RQ WKH SUHYLRXV HYLGH QFKDMW. Q HZKIRFK ZKDG R\R W
DUH DVVRFLDWHG ZLM{BEUHVVLRQ ZH ZDQWHG WR H[SCRUH WK
WKLV UHJLR&® LQSRVW WUDQVFULSWLRQDO UHJXOD®RRKG %\
S*/ UHSRUWHU YHFWRU ZLWK UHIULRWOH ARCGEDHHOHDXHEQIFH D
SRO\$ WDLO )LJ $ :H FDUULHG RXWKWHKRW KHPSHWH®H KW SORYV
DOOHOH KDSORW\SH % IRU DOO UKDWRWHJIBRBYV EH URXIQETI WD SC
KDV VLJQLILFDQWO\ KLJKHU OXPMIMWDYHIDR®WLYKS QRW 'SSHF %
UHLQIRUFLQJ WKH/JL®GLQM[SWKDWLRQ LV KLIKHU LQ &5& FHOO
KDSORW\SH $ IRU UHJLRQ 1H[W XGHWFH GIHIHBBQWLQERV Z
OXFLIHUDVH DVVD\V WR XQGHUVWD®G VZKH WH 16 U 3RYQIHU R D GPVRW HF
UHVSRQVLEOH IRU WKH GLIITHUHQWJISRDMWLEQDEN\WZHSWLRDDC
DQG % :H REWDLQHG RI GLIIHUNGW ROVWIXFWXFRLHISODFLQJ
% DOOHOHV ZLWK KDSORW\SH $ DSDOHOMYVOIRURD DB LV 6MBY \z

S*/ UHSRUWHU YHFWRU FRQWDLQLO@QXFUHIWUBYQYH \EHHWKAHHH@ L
SRO\$ WDLO 2EVHUYLQJ WKDW WKW HXIH¥M \RE LOOOFW IHHW Y H H (
6: FHOOV ZH SURFHHGHG RQO\ LQ OO FWMRIDVW1I3¥RWHAVWH
uv & KDSORW\SH $ UHFDSLWXWAD WH® MK H LOXKEL EAHUWHJILR
DOO 613V EHDULQJ KDSORW\SH $ URBSWH®BKXV WHRVK®WRWKHVI
uv DORQH LV UHVSRQIMLEOIBRRW WKIHDQVFULSWLRQDO UH.

DOOHOH GHSHQGHQW PDQQHU



uv LV LQYROIYYHG 1L51$ VWDELOLW\

,Q RUGHU WR H[SORUH KRZ UV ¥ D Q QWHF UX.G BW R QIROV W H
ZH DQDO\]HG LQ 6.&2 &5& FHOO OLQHJIREXV Fi% KNS ORWHNIHR D
H[SUH VN H& WKH UHODWLYH DEXQGDQFH RI UV$ DQG& KD
uv * KDSORW\SH % :H SHUIRURB® WRHERVBKI 6L&2 JHQRI
'1$ DQG FRPSOLPHQWDU\ '1$ F'1$ E\ 1HPMTHHQFILDWLR®6

DQDO\VLV WR H[SORUH ZKHW K HIUQWKHUHOHV SIH GE HIWB QI tD W W
OHYHO DQG DW WKH SRVW WUDQVEUWWS\GLREBED® OWHMH G H UHF HL

uv & LV WZR WLPHV WKH SHUFHOMMDWKRIJBQRPLF OHYHO
LQWHUHVWLQJO\ WKLV UDWLR LOHYHQ HDKHIGHDWK W KSH B FIHQ
uv & LV DOPRVW IRXU WLPHV WKH SHYUFHQW®PIH RUV UHYV

UHYHDOV WKDW WKH1QXPEHI$ RRSLHV IRU HDFK DOOHOH C
FRUUHVSRQG WR WKHL®XPEH$ RRSLHV 7KXM& WKSH1$ WKDW
FDUULHV UV * VHHPV WR EH ORYNUMKIGEWRY H QW H GVRR W
FDUULHV UV & 2QH SRVVLEOH RES/ONYBGLRIQ IRUWEFH LQ
DEXQGDQFH FRXOG EH D GLIIHUHQW U$RX®DMWLRQV FW K $W HRR
LQYHVWLODWHG 51$ VWDELOLW\ DIWHU WKH LQKMELRVL FEQ RI
$FWLQRP\FLQ ' $FW' LQ 6.&2 FHWONGLELUVWIH HISUMNVLRQ W
FRQILUP WKH HIIHFWLYHQHVV Rl $FWQJWWHKDOWPHQ® $ UHPDL
H[SUHVVLRQ GHFUHDVHV XSRQ LQEHIDIWPLHIWV KHIK BX U YHRWWI F
WLPH SRLQW ZH TXDQWLILHG WKH IDOOHOHD O DE®BGDREOH LQ
VDPSOHYV

‘H REVHUYHG, WeKDWZLWK UV * LV GHJUDGHG IDVWHU W
ZLWK UV & XSRQ LQFUHDVLQJWMKHD WRXQWR)ISFW $00 V
WKHVH UHVXOWV FRQILUPHG WKH WP SRUWDQ W KHR ®HR GRX O-DAW L
/,1& 51$ VWDELOLW\ ZKLFK LV VWURQJIDHGHSHQGHQW RQ 6
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LI /,1& 51%$ VWDELOLW\ GHSHQGV RQ H47/ WW D@M@HHHH &$D QG DOOF
TXDQWLILFDWLRQ LQ 6.&2 FHOOV PREWDML QMG IWRPXOWWERRZ WKH UHDGYV S
DQG * DOOHOH DW WKH UV OR FXWV XQWWKEHWDHIQHGWIKRU J'1$ RI 6.&2 Ft

ULJKW WKH UHVXOW REWDLQHG IRUTE7L$&5 BQOXOVFH® ORW[SUHVVLRQ DW
GLIIHUHQW WLPH SRLQWYV DIWHU $FMWO ®\U HIKW PUHHOWX Q & \6 . ZR2UH QRUMD/OL]IHG
DQG H[SUHVVHG DV SHUFHQWDJH RI 5H$*$BPDDYLORXVHNXNHSLQJ JHQH 'F
LQGLFDWH PHDQ “ VWG RI WZR LQGHSHIF®RQII EHRERUXBRW WHFDWLRQ RI
EHDULQJ DOOHOH & DQG * IROORZL@JI2$FWOW UHDWBHYWOMQ 6GHULYHG IURP
RQ F'1$ Rl 6.2 WUHDWHG FHOOV WM WKONUEDGY ISHGIFFHQWDJH IRU UV
WKH YLROHW EDUV LQGLFDWH WKW UHDG@OSHOFHHQ WIDWVIRQGLFDWH PHDQ
LQGHSHQGHQW ELRORJLFDO UHSOLFDWHYV



SY; LV LQFOXGHG LQ D /,1( UHS HKDW HGH WBHRH B QHRJ
FRQVHUYDWLRQ DPRQJ VSHFLHV

&RQVLGHULQJ WKH LPSDFW /RI&UV UHJXP@®WLRQ ZH VWDU
UHVHDUFK ZKLFK DUH WKH PHFKDQIAHP VW RG RO U )L UVIHIR
OREFXV 5V LV FRQVHUYHG LQ KDIJI HSW LB R W H\K LEPSW (A H H
+XPDQ ,Q SDUWLFXODU WKHUH EYQHREDMMFK KDRSRO RN HS B X% S
XQWLO WKH &KLPSDQ]JHH WR WKH QXFXPHRED JHJI& S UHKIHQMY L
SURPSWHG XV WR WKLQN WKDW UW\ UHJDRG EWY BSDRHLELRC
IXQFWLRQV VLQFH LW UHPDLQHG RRQ WHBYHBGRIGRUWVQRQJ DEG \
WRZDUG DOOHOH & LQ KXPDQV FRR®® UQCGK¥DWW DIHHYROXWL

)LJ uv FRQVHUYDWLRQ DPROV*ISQRPDW N L\HZHRL UV ORFXV ZLWK
FRQVHUYDWLRQ DPRQJ SULPDWH VSHIFLIBRVIQVURG RIK&1L 3 HQR ‘DWD GHU
9HUWHEUDWH OXOWL] $OLJQPHQW FLRIQVIGODWDEDR/® IURFPSBI&6& *HQRPH EUR.

,Q DGGLWLRQ ZH DQDO\WHG WKH SOHP?HQMV RIQUHH[RHD WHG |
ORFXV :H IRXQG WKH SUHVHQFH RI @XGRAD U G\ HPVRIU V/HI
RYHUODSV IRU a ES UHJLRQ UVJ LQROXIBHICGHQFH LV FRF
E\ WZR QRQ ORQJ WHUPLQDO UHSHBWVRQRQL/H5 /UBWGBRWURK
QHYHUWKHOHVY DUH LQDFWLYH LQKMKIP KX D'Q® QHQRPBHIL H X LHV
QRWHG WKH SUHVHQFH RI D QW BRIQN HHQ HIBH Q MJ MRKD WQ KR (
DGHQ\ODWH XULG\ODWH ULFK HOHPHROWHG5(LQ ZKILFKVWBELQ
PDPPDOLDQ FHOOV )LJ $00 WKHWHWHMLGBRQHAHR!I WXSSR D
UHJLRQ DV SRVVLEOI SODAWDY¥ LLA)L W\



)L  /,1& H[RQ FRQWDLQV UHSHDWH®RMFHPHQAR]I H[RQ ORFXV LQ
ZKLFK DUH LQGLFDWHG WKH JHQRPUF18R VL BAROOQR! MWMKH W@RB WKH $8 ULFK
$5( ,Q UHG LV KLJKOLJKWHQHG 6HBLYWG IURPDSMDSIBDWODVNHU SURJUDP
*HQRPH EURZVHU DQG 'DQJHOPDWHBOHN DO

,PSDFW R& HI[ISUHVVLRQ RQ &5& ELRORJ\

(VWDEOLVKPHQW RI &5& FHOO PRGHOV

7KH VXEFHOOXODU ORFDOL]DWLRQ RO OWRF X DI/H IUW \WXEED WHKQ
IXQFWLRQV WKHUHIRUH ZH/PDIVHVVWGI@KHRMKHEILQ WKH QXF(
WKH F\WRSODVP :H XVHG QXFOHXV DWBGFYWRIS OHYV P FH[QVAAD F
SHUIRUPHG T57 3&5 XVLQJ SULPHUGLWMKDWQWEWUH GEROE RR
JHQRPLF ORFXV DQG WR LWV PDW X WH W\SHGE AMIGD MR WPK H HH RREQ
DUH HTXDOO\ H[SUHVVHG LQ WK H RIXFDHX VE X QCWKH WIS IFFWG
LVRIRUP LV HQULFKHG LQ WKH FDMRB®DVEVLRQGD 6D WU IQEHEBK V ¢
DQG LV ORFDWHG SUHGRPLQDQWO\ LQ FHOO F\WRSODVP

1H[W ZH HVWDEOLVKHG GLIIHUHQWD GRPZRGHIX O R/ H/GV X G Y
LPSDFW RI /,1& RQ &5& FHOOXODU SKHQRW\SH



)LJ /1,1& GRZQUHJIJXODWLRQ FPRCGH®WLF FDUMWIRRQ RIRFXV IRU WKH IRX
/,1& FHOOXODU PRGHOV WKDW ZH HVWIDEHW/\RK& G WRRQ V&/B &GS KMHIOHR WRSH |, Q
/,1& .2 FHOOV ZH UHPRYHG WKH HIRIG HQWPLMMIJHAPBDOAWZH UHIRUHVVHG

WUDQVFULSWLRQ RQ H[RQ XVLQY ,G&DV PESRO\V¥WEOBVIZH PXWDWHG WKH S
V25) LQ WKH IlUVW BRBQDQDOAMILY IRH[SUHVVLRQ/LXR +7 :7 DQG .2 FHOOV
IRU /,1& HIRQ (; HIRQ G DRGPVSQLFHGBHVXOWY ZHUH QRUPDOL]F
/1,1& 7 FHOOV %DUV LQGLFDWH PHDQ “ WWGELRIOWR ZIRF D Q GHESI@LGHIEW H V
DQDO\WUIUM&RU H[SUHVVLRQ LQ +7 /,158%% D& FHOOV IRU /,1& H[RQ (
HI[RQ (; DQG VSOLFHG IRUP (; QRULMIVXIOWE XWHRUH7 .5$% HPSW\ FHOOV ¢
PHDQ * VWG RI WZR LQGHSHQGHQW ELRORJLFDO UHSOLFDWHYV

ORUH GHWDLO XVLQJ &5,635 &DV WHF®Q RDHR J\HRE &DTW HG
NQRFNRXW .2 FHOOV E\ UHPRYLQU&WKH DIQUIE H[RG$RI
FHOOV E\ UHSU&HVVL5A3 H[SUHVVLRQ RQ H[RQ PDLQWDLQLC
ORFXV LQWHJULW\ )LJ $ ,Q IDFWRUXQWQRPHWHBQWLQI PH
G&DV .5%$% V\VWHP FDQ UHSUHVV WWDQMFHVSMQ ROKRLUWBQ G
JHQRPLF ORFL ZLWKRXW DOWHULQJ WKEHQUHDKRPLWLREQQWI
FRQILUPHG E\ T57/,3& RM[RQ H[RQ DQI&RQ VSOLFHG IRUP
(; ,Q ERW& .2 DQG,1& .5$% FHOOV ZH REVHUYHG D G
Rl H[SUHVVLRQ LQ DOO VLWHV D@MNG\]HGHDPRE QRRQRIQOALIRI W
HIILFDF\ RI WKH GRZQUHJXODWLRQ PMKB®®LVPLEXW XQDWVRH
WUDQVFULSW ZLWK H[RQ DV D SBRPRMGFH )5§% BHRIZQGPRGXOI
LV HIITHFWLYH DW WKLV VLWH

,Q /L HW DO SXEOLVKHG RQ@KLEK] VDIQHD U QWG E ® HGIX® W H G
RSHQ UHDGLQJ IUDPH V25) LQVUGH: WKH7IKUWW2B)RRREBLILHV |



VPDOO SHSWLGH FRPSRVHG E\ DPIKQRKHLWMUPBG YIG&3 )2:$
5HIXODWHG &RQVHUYHG 6PDOO 3URWHLQ

,Q RUGHU WR HYDOXDWH WKH SRJVREO& H I IIKKFWF VRIL RQR/L Y QV & 5
FHOOV ZH HVWDEOLVK D FHOOXODXWDRNGH® WIKH SKUHGLEZW Hi
VHTXHQFH JHQHUDWLQJ D WUXQFDWHGHESHBQQGH WEKDWRIFRQ)
DD SUHVHQW LQ WKH ZLOG W\SH Q& L¥RIRUP )LJ $ D

YL  /,1& PXW25) FHOOXODU7PEGHOLOSOXVWUDWLQJ WKH FKBRUDFWHULVW
PXW25) FORQHVY 7DEOH UHSRUWM RO® RHK R I IMK\HWF AFROXP Q WWKH VHER@G FRO
VLIH LQ ES PDGH RQ WKH V25)&VHTMHRQFH [EQ &5,635 &DV WHFKQRORJ\ RQ
FROXPQ WKH QXPEHU RI DD FRQVHUYHGGBHIOWHWLRE) 2HYOH@IWK $V FHOOXC
ZH XVHG& :7 FHOOV WKDW GR QRW KDYH 25JHs HOWWXR @ R®N®IKWWHRXQD OLS U t
DD 25) OHQJWKT57 3&5 DQDOAMI IRH[SUHVVLRQ/ U@ +7 :7 DQG PXW25)

FHOOV IRU /,1& HIRQ (; H[RROLRHGDRGP (; 5HVXOWV ZHUH QRUP]
/,1& :7 FHOOV %DUV LQGLFDWH PHDQGHQWG ERIRWRR LIFP®HSHSOLFDWH V

'H FDOOHG WKLM&RGHWXWDWHG 25) PXW25) $V IRU GRZQUH

/,1& .2 DQG /,1& .5$% ZH SHUIRUPHG T57 3&BXRM25)1&

FHOOV LQ RUGHU WR FRQILUP WK B VQ RW H/RIBEF VX W PSVLHRKY IGRRGH
)LJ % 1H[MWL&RU ZLOG W\SH :7,IHOOW FHOOV/ DQG

PXW25) FHOOV ZH UHWULHYHG VL& QOMHUFHIDO G (R SRR D DEP\E R \
FORQHV HDFK



/,1& WUBIQWHFW RQ FHOO WUDQVFULSWRPH

,Q RUGHU WR HYDOXOWH ZKBWXHHDQFHY JOREDO JHQH H[SU!
DIIHFWLQJ &5& FHOO ELRORJ\ ZH SHUWIRUPEBGVL VHRPSOULQ.
/,1& 7 1,1& .2 DQG,1& PXW25) FHOOV 7KH 51$% VHTXt
DQDO\VLY EHWZHHQ7 FHOOV/ DG .2 FHOOV UHSRUWHG J
GLIIHUHQWLDOO\ H[SUHVVHG SDGM YDGRHEQUHJIXORIYHG DQG
XSUHJXODWHG JHQHV $PRQJ WKH HPRWNW GH O HBIDGW LEDHOVDZX H
DQG .2 FHOOV 7DEOH PDQ\ D UH UWIPISHGH\DIWH ® LLNH WPHRAR W K
D YDOLG ELRPDUNHU IRU PHWDVWD@EHDWDRG 10Q RZHLLFLKD Q
DVVRFLDWHG ZLWK O\PSK QRGH PHWDWVMDWMIQBMWLREHWRH F

/,1& 7 FHOOV/ QG PXW25) FHOOV VKRZHG JHQHV GLI
H[SUHVVHG SDGM YDOXH ORJ)&XODWHGE@TRYXYUHIXSUHJIXO
JHQHV $V VKRZQ E\ WKH KHDM& PDSY DERBVIK& PXW25)

FHOOV H[KLELW D GLIITHUHQW JHQHVIFFUMMYRRQ 7SBROMWHYV
VXSSRUWLQJ D SRVV1L&EZOH URGH®RI WUDQVFULSWRPH )LJ

yLJ /,1& DIIHFWV JOREDO JHQHHD\WBEHSVURRUHVHQWDWLRQ R
+7 /,1& :7 .2 DQG PXW25) FHOOV DV GHWHURLRAHG E\D5K$ WRLZT]
LQGLYLGXDO JHQHV DQG HDFK FROXPQ® EHRORYHRINV UHSXLLYAIBW H \
FRPSDULQJ JHQH H[SUHVVLRQ EHWZHM® .2 FHOOV ULJKWDSDFRHPGDKHDWP
JHQH H[SUHVVLRQ ,EBWZHH®QG PXW25) FHOOV



7DEOH VFKHPDWLF UHSUHVHQW DIWURQ \WLMMKM H[BRWWVGIG J
/,1& :7 DQG .2 FHOOV IURP 51% VHTXHQFU®GS DAGROAW LEL W K
YDOXHV RI CFKD QRBIG GRZQUHJXODWHG LQ JUHHQKWKHYDOKE
IROFRKDQJH XSUHJXODWHG )RU HDFK HHQ®H HL @ DURAHE RW KHH GX QY F
QXPEHU RI 3XEPHG SXEOLFDWLRQV GHODMOLWWDWRVFDQFHU DQ



$V GHVFULEHG LQ SDUDJUDSK W X HO B B Bl & HFSW HGV V @ i) \
H[RQ RL& WKXV H4T& PXW25) FHOOV VKRXOG EH D VXEJU
/,1& .2 FHOOV LQ ZKLFK E\ UHPRY L QJVW KMONR WWK i [FRQWAH K
7KLV DVVXPSWLRQ LV FRQILUPHG E\ $LY VHOXHFM. Q¥ FQQOD\
GLIIHUHQWLDOO\ H[SUHMYHG :EHWAHHQFHOOV ZLWK JHQHV GLI
H[SUHVVHG EMWEHHQ7 DQG PXW25) FHOOV ZH QRWHG WKDW
VKDUHG EHWZ&HQ .2 DQG PXW25) FHOOV )LJ

LI /,1& .2 DQG PXW25) FHOOV KDYH VLPLODHLQHPISSFUM RN RAIREDOVD W L Y H
9HQQ GLDJUDPV LOOXVWUDWLQJ JHGPHR\Q DEHW SH M ZD\\2 D@ GRPXW25) FHOOV
/JHIW GLDJUDP 9HQQ GLDJUDP UHSRUMH3JMXMLQRPE H[SRIHEVHG JHQHV U
DQDO\VLVN1&RU .2 DQG PXW25) FHOOV UHVSHFW WRKH GXROEH RQ) GEKHUHQV
H[SUHVVHG JHQHV WKDW/DI&H X Q2 TRHO (RW ,Q SLQN WKH QXPE®\W RI G
H[SUHVVHG JHQHV WKDW DUEB XQPKXWR2S5)RBEHOOV ,Q IXFKVLD WKH Q
GLIIHUHQWLDOO\ H[SUHVVHG JHQHV MXDW DU PRFP RRVEIBY Eii OO0V 5LJ
GLDJUDP 9HQQ GLDJUDP UHSRUWHG WNHHQXRE K HGRIRSDVKZPE PXW25)

FHOOV UHVSHFW WR :7 FHOO , QKR FKIHW KW B H QPCPELHRK IREG W KDW&E UH X QLT XH

.2 FHOOV ,Q IXFKVLD WKH QXP¥HW BRIL KKK SWORWDKWZ M\UH FRPIRRQ EHWZHH
.2 DQG PXW25) FHOOV $00 WKHGSDRNK&Z D\V PXK@R2BEFKFHOOV DUH L
FRPPRQ ZLW& .2 FHOOV LQ IXFKVLD& %RWKHIQRWLFKHG SDWKzZD\V DQG P X\

HQULFKHG SDWKzZzD\V DUH UHSRUWHG XIGNMSUHVHQWDWLYH ZRUGFOR



7KHUHE\ DERXW WZRL&/KLWPXWRS) GLIIHUHQWLDOO\ H[SUHVVF
WKH VDPHLIRI .2 GLIIHUHQWLDOO\ H[SUHVVHG JHQHV

51$ VHTXHQFLQJ UHVXOWV ZHUH |IXUWKHWR QD@D M\ QHAR WD\
FOXVWHULQJ XVLQJ '$9," %LRLQIRUWPDRXNFE WROW HVKH HQL
SDWKZD\V EHWZHHI® +7 :7 DQG,1& .2 FHOOV UHJDUGHG LQ\
FRPSRQHQWYV RI WKH PHPEUDQH FHORLGWX@HWLDRERO LVYPW D
FIWRFKURPH 3 SDWKZD\ 2Q WKH RWKHG KDIQIBW ZWHK R ERDMM R U L
HQULFKHG SDWKZD\V GHULYHG IURP WHK® ,FRPSDULDRG EHW
/,1& PXW25) FHOOV DUH RYHUODSSHG WR 1WKRVH HQULF
FRXQWHUSDUW VXJIHQWLQBXWRBWFHOOV KDYH WKH VDPH E
IHDWXUHV DQG FKDUDE&VHULY WHPWWRI )LJ

&HOO MXQFWLRQV M[SNERREFHWLRL@ IOH &HOO 6 XVSHQVLRQ

2QH RI WKH PRVW HQULFKHG SDW&ZD\V2IRQGE R& K
PXW25) FHOOV FRQFHUQV FHOO RIXBYWLRMWH , @ KRLYGHKHGY R W\ S
ZH SHUIRUPHG )RUFHG 6LQJOH &HOO 6XMEHYIWRL RQ&5&&BHO @V D)
PRGHOV )LJ $

7KLV DVVD\ DOORZV WHVWLQJ ERRGEWDEW R! FUHRDL®DWHI
XOWUDORZ DWWDFKPHQW SODWHQWDFG D REWV XRILBH Q7 $ MOKD \K
&D GHSHQGHQW FHOO FHOO LQWHUDFWIQREQWLRQWHRW HG D@}
KRXUV 7KH H[SHULPHQWN1&HSR2WHI® OAKDWUYLYHG PRUH LQ \
UHVSHFW1®R :7 DQG,1& PXW25) FHOOV ERWK DW DQG
)L % DQG & ,QWHURVWL®X®A25) FHOOV GLVSOD\HG D
SKHQRW\SH PRUH MLRLODUJ WROOV WKO@ WKH FHOOV ZKLFK
ZDV QRW H[SHFWHG E\ 51$ VHTXHQFLQJ GDWD






/,1& LQIOXHQFHG PLWRFKRQGULD PHWDEROLVP

,Q DGGLWLRQ WR FHOO FHOO MXWBWRRQVP DNGIWR CAMD XD I
SDWKZDA L& .2 DQG 1& PXW25) FHOOV

OLWRFKRQGULD SOD\ D OHDGLQJ URORQ LOQQGQHHODO X
ELRHQHUJHWLFVY DV ZHOO DV FRYRQ@ DQ WKXWHHEWRBID WXEQ
PDFURPROHFXOHV VXFK DV QXFOHRWIHHYUMNHQE ROQ\ELBN GRREL

HISORUH WKH PLWRFKRQGULD UHYVSQ UDRNGLIHRAYV L @V KRXRIX X6 &6 HFL
DQDO\VLV )LJ

yLJ 6HDKR UV BHBWHDAHQWDWLYH FDUWRRQ RI 6HDKRUPSINVD RQDY D2\ HI HAX & R
FHOO FXOWXUHV LV PHDVXUHG EHWRILRHQ DRIGLQKWEUWW KN FRPEIRXQGYV 20LJR
SRWHQRQH SOXV $QWLP\FLQ $ WKDWWRFKRQEIULBOIMXEQWLWY $73 OLQ
FRQVXPSWLRQ DQG R[\JHQ FRQVXPSW$BRRWRQ RFHINDHE EDWKEH PHDVXUHG I
20LJRP\FLQ ZKLFK LQKLELWYV $73R\Q\@W K&ER3H ZKKHH KD GG IDIPLXQFRXSOLQJ UHDJ
WKH PD[LPXP UDWH RI R[\JHQ FRQVXPSRWRQRQ@KHS®XM BQWLP\FLQ $ WK
PLWRFKRQGULD FRPSOH[, DQG ,,, BRWEUPDQHR[\QRQ PRYRXPSWLRQ

7KLV DSSURDFK PHDVXUHV PLWRFKRQGRDDUPMWH Q2 &R QD MPISU
DGGLWLRQ RI GLIIHUHQW FRPSRXQRQG WKD W XIEXQLELW PLLW R FX
WKDW LQKLELWV $73 VIQWKDVH FRPRQEH 9 WIDLUDRK® LR REH
3KHQ\OK\GUD]JRQH )&&3 WKDW FROODGNVHYWWERB GS GRWRXQS \&
PLWRFKRQGULDO PHPEUDQH SRWHQW L$mMAV LP Q. G RW H@® RBK ST
PLWRFKRQGULD FRPSOH[ , DQG ,,, UHVYSHEMPLHGMDOY BHORBWW



[,1& .2 FHOOV/,D®G .5%$% FHOOV KDYH VLJQLILFDQW KLJKHU
FRQWURO )LJ $ DQG M1&KRZPXWDP5) FHOOV GLG QRW VKRZ \
GLIIHUHQFHV IUIRP WKHFHOOV )LJ & 7KHVH UHVXOMKHFRQ
SDWKZD\ HQULFKHG UHDGRXWV HYLBHOQFQGQULOL I XQUFQWR QML
/,1& GRZQUHJXODWHG &5& FHOO OLQHV KRINRYHUKDWQZBIF
DOUHDG\ REVHUYHG IRUJ1KB5&6 PXWRS5) GLVSOD\HG IHDWXUHV
/,1& :7 FHOOV XQOLNH ZKDW KDV EHH QHREMHKHHEG DLQD © DWW

)L /,1& .2 DQG .5$% FHOOV KDYH KLJKHU 2 & 50FRIP/SCOVHVWRR 6 RQKVWRURVH D Q
SHUIRUPHG RIQ1&7 FHOOXODU PRGHOV 2[\JHQ FRQVXP SOWVILWR Q HDRIUHNV G 3R C
D[LV YHUVXV WLPH RQ [ D[LV 6MDKRU&H DQDG\IWVLKHGHUXQH DQG .2 FHOOV |

$ IRUL& .5$% GDVKHG OLQH DQG .2 RPHORWL&UHG: DLEBIVKHG OLQH DQG
PXW25) FHOOV ®HG OLQH



/,1& FHOOXODU PRGHOV KDYH GLITHUHQW OLSLGRPLF

,Q FRQVLGHUDWLRQ RI 6HDKRUVH WUMX&OWNH ZH. SHGR 8 HFS S
WKH WKUBH FHOOXODU PRGHOV E\ PDVV VSHFWGRWKWW)\
/1,1& 7 .2 DQG PXW25) FHOOV KDYH WKGHH SSURIWOGFW IZY
GLIITIHUHQFHV REVHUYHG LQ DOOWQDD\]HG Q@ GHIWEDIFOF G\DKWHY R O X
DQDO\VLV DVNR&ELDWRWQG,1& PXW25) FHOOV ZLWK D WUH
IURP,1& 7 1,1& PXW25) DIQL& .2 FHOOV :LWKLQ WKLV
WKHUH DUH SHFXOLDULWLHV FRQ¥VVYHWLQIFKRPY BHSYDEBLE H\O D
LV YLVLEOH WKH GLITHUHQWLDWLHRWQ ZHANWKZHBIQEW®H @OHILG VFDW
ORUHRYHU 06 HYLGHQFHG DQ DFFXPXODWRK®, D IDWa2N\ DFLC
FHOOV ZKLFK DOVR VKRZHG D UHGQXHWLEQORWRFNHOVEKBU QWW H
VXJIJHVW D SRVVLEOH DFFXPXODWLRKQORIVIDASWMEDEIOG\GKG WR
PLWRFKRQGULDO WUDQVSRUW

yLJ +7,1& :7 .2 DQG PXW25) FHOOV KDYH WK®HH SGIRMWHDWRDLSY H OL
UHSUHVHQWDWLRQ Rl OLSLG FODNY&V DEXQLDQBHPIX@W23) FHOOV REWDLQH!
DQDO\VLV (DFK URZ UHSUHVHQWV DLQG IHCLRXX B R OXIPSL @ FHWDHWVHQWY LQGLYL
UHSOLFDWHVY /HIW SDQHO UHSWUSHL\GHD&IVVWHKW DIHWVK QW D RU YH FHDHIQW VU L J K
WKH UHVXOWV IRU OLSLG FODVVHV ZLWK SRVLWLYH FKDUJH



LI /,1& LPSDFWV RQ OLSASLEEDVS/HHRWY LOOXVWUDWLRQ RHGESIOBYV DE X
LQ +7/,1& :7 JUHHQ OLQH .2 \HOORZ OLQH UMEG ORXQ#REE HFB CB\R WV IR
UHSUHVHQWDWLYH OLSLG FODVVHWPELXK VORI ERWMLW RIPF KBIWIHP UGHY &HU 1D\
SKRVSKDWLG\OHWK D Q ROEEAIGHN SORWY IRU UHSUHVHQW DRWLLYAHL YOH. SAKED B OHD \

JURP XS WR ERWWRP DF\OFDUQLWLQEBNKREHSQHWGKRESKBWUBG\OJO\FHURC
WULJO\FHULGHV 7*



7KH VSLGHU SORWYV IRU VRPH UHRBURNGERW DOV X HWALSW 8 LAFRE
WKH WHQGHQF\ DPRQJIVKH WHOBMNMODU PRGHOV LQ ZKLFK LV (
WKH GLYHUVLWA  EBHWZHH®QG,1& .2 FHOOV ORUHRYHU ZH
DSSUHFLDWHI& KDWXW25) FHOOV DUHIPLODWFHOROV IRU VRPI
OLSLG FODVVHV EXW IRU RWKHWY DUH PR/ YQFLQPIDIEOH AR DOU
REVHUYHG LQ 6HDKRUVH DQG 16&6 DVVD\

/,1& DILTHFWV DOVR &5& SURWHRPLF FHOOXODU SURIL(

,Q DGGLWLRQ WR OLSLGRPLF DQD@WHRNLEZB GHUNRUDPRG K
/,1& &58& FHOO PRGHOV H[SORLWLQJ WKHY I0WH® RR@D OAKH
UHYHDOHG WKDW HDFK FHOOXODU WRE HQ@ KW M RP [EK [3WRFMCHU L
+RZHYHU & .2 DQG PXW25) FHOOV WXUQHG RXWRPRKHUW RDQ!
WR1& ;7 FHOOV ,Q IDFW PDQ\ SURWHR@AMOUBYXEBWHQ W \AHW®D
/,1& 7 DQG,1& .2 FHOOV DUH WKH VDPH DV WKRVHAVIRXQC
EHWZHHDE& 7 DQG1& PXW25) FHOOV )LJ %

7KHVH HYLGHQFHV DUH FRQILUPHG RB &R BDODWRKZ S M bl IQRULPH
06 RXWFRPH SURWHLQV LQ ZKUFK&ZH R XEH30 O/\K/IMMRG
PXW25) FHOOV KDYH LQ FRPPRQ PDQ\ HQUILFKRHG YV LSD WKXC
PLWRFKRQGULD PHWDEROLVP FHOO PHPEEDQH LRRP ER QB QR
UHJXODWLRQ RI FHOO VKDSH &RQF BWOILG W KERE®\ SORVKZD\V
FHOOV ZH IRXQG $QQH[LQ LVRIRUPYD\DHD PRKR O LMHKDQGR'1I$ E L
PHWK\ODWLR®& IRUPXW25) LQVWHDG ZH IRXQG HQGRSODVP
$0O]KHLPHU GLVHDVH LQQDWH LPPXQGW\®QROSVIRW SRR WM
DOUHDG\ REVHUYHG E\ JHQH H[SUHVQDRQYD@G OPXMW2FBPLFE D
FHOOV KDYH PDQ\ IHDWXUHV LQ FRPPARY HUWKKHA FRQO WU XH
GLVWLQFWLYH VSHFLILF IHDWXUHV



yLJ /,1& LQIOXHQFHV SURWHRPLF FHOMXWPDS SURSIUWHYVHOWDWLRQ RI
DEXQGDQFH LIQ1&7 :7 .2 DQG PXW25) FHOOV E\ 06 DQD WUMVH QWY K QRZYWLES
SURWHLQ DQG HDFK FROXPQ UHSUHVRAR® W i § GILHWMD@H DL ELRDR UHSRUWHG
QXPEHU RI SURWHLQV UHVXOWLOW ¥EJRQDGD/ANOIRWRIHYE @ XW25) FHOOV
UHVSHFW WR :7 FHOOV ,Q RFKH B DQRWMHOQ GREHW ROWLSQRWHLQYL®KDW DUH X
.2 FHOOV ,Q SLQN WKH QXP BHUI RU WQNQ & LLAF\W B MW@ WKIEW DBKWIB)TXH IR

FHOOV ,Q IXFKVLD WKH QXPEHUHRHQW GUIRAMHQWO\WKDW DU& FRPPRQ EH
.2 DQG PXW25) FHOOV



LVFXVVLRQ

&DQFHU LV D PXOWLIDFWRULDO GLVAPVGDWRRQHGI| EAHQK!
DOWHUDWLRQV DQG PDQ\ VHYHUDO H®GRDHAQYRXWY DXXA FHK REIRIQ\K
WR LWV FRPSOH[ DQG GLIILFXOW @QHRVKQUDYHO HWLRSDWKRJH

BHYHUDO VWXGLHV UHSRUWHG WKH SFUXGLLDSR WIRDLR @ | L DH ¢
GHYHORSPHQW HVSHFLDOO\ IRU KLQK SHKLH\K WDDUQHF 8 LRX-/F BADL R
LQ FDQFHU SKHQRW\SH PDQLIHVWDW IHRVMU D«RZHYHQHWRE BH(
UHVSRQVLEOH IRU VPDOO HIIHFWY/ FDUFLQRYRQHNVSRUWQ QW LK
\HDUV LQ IDFW WKDQNV WR WKPRLGY S QMF RY HDWHTE b @FL@® J P
WKH LPSDFW Rl WKHVH ORZ SHQHWUW®/MHU FPKWDWERG VYV LABG ER
VHYHUDO DVSHFWV Rl WKHLU URICRDLUWHPDQBHQSIQREQV SRV LW

,Q WKLV WKHVLV ZRUN ZH UHSRURVHGHDVWIRY HXH 2/ \W¥DRW HG
QF513V LQYROYHG LQ FDQFHU SUH®DQS\ROIHNVRR QR WPHNL © I FUG
SODWIRUP DQDO\VLV 7KLV DSSURDFK VKBV VEHREV\DIGOBD
OLWHUDWXUHEXW QHYHU WR LQYHVWLJDWH FDQFHU SUHGLVS

,Q SDUWLFXODU FRPELQLQJ *:$6 613WPGIWRDREBVH\S @KWK
SODWIRUP SUREHV ZH ZHUH DEOHGA B /W M\ DY V8 ¥ UDHVHY R B QD
FDQFHU SUHGLWSRVLWLRRQV D OQF51%$ QHDU D 613 OLQNHG
FDQFHU ,W LV H[SUHVVHG LQ QHUYRXV VWDMWR DPRGLDW DQ®!
3&* 6$// ZKLFK LV LOQDFWLYDWHG L@ ¥ HBBUXYQEDDHFDIQE X P
LQ KHSDWRFHOOXODU &BSBRFLQRFIDRVH WR D 613 DVVRFLD
HQGRPHWULDO FDQEHLW/ H[SUHVVHG LQ QRUPDO KXPWDWXRUJID
VSHFLILFLW\ 6HYHUDO SX%56&FDYWMRMWHEHRRW WQ F D @RHA
LQ SDUWLFXODU LQ (07 SBRAMMYU WKHUH LV QR HYLGHQFH D
HQGRPHWULDO FDQFHE )LEROMKU LV D OQF51$ FORVH WR
DVVRFLDWHG ZLWK &5& VXVFMSWDELOUMAVXH VSHFLILE H[S
JDVWURLQWHVWLQDO WUDFW HVBGIRQDOO\ LQ VWRPDFK DQG |



,Q WKLV WKHVLV ZRUN ZH IREFXVHE GRYW WNMPRVGIRQHRQ
VLQFH LW LV ORFDWHG YHU\ FORVH DNRRW@RB 613VESIXSVWUH
/,1& DQG 613 UV LQ WKH ILU¥W HJRQHRI WKDW DUH
DVVRFLDWHG ZLWK &5& SUHGLVSRVDWAR®QVRB &/ SHRAH FL W[ KXWF
FRORQ WLVVXHV ZKLFK LV WKH QRUPRIRP ZRKXG W H5S.D D WL WH\X
SUR[LPLWY&lI WR FDQFHU DVVRFLDWHG 613V VXJDHFHWR/I D S|
WKHVH 618M&Q H[SUHVVLRQ VLQFH 613 YDULDQWYV WFIDQ@Q PRG
JHQHV E\ EHLQJ ORFDWHG LQ '1$ UHEXEHMWRYL QHDVREY7RWU 2
LQGHSHQGHQW LQYHVWLIRWLRWYVUERXM[SUHVVLRQ UHYHDOF
H[SUHVVHG RQO\ LQ HSLWKHO L KM FRO@ERIUR K FRX @\ B ULSD WW
51$ LQ VLWX K\EULGL]DWLRQ& ZH QW \WHS3 MAKDMG PRUH LQ FHOC
LQ WKH XSSHU SDUW RI WKH PLFWRYWRDQXN WSKIRP SWL DR YOG K
FRORQRF\WH GLIIHUHQWLDWLRQ %) R&® ¥\D/RYOAHH]HEERVWLHRG
/,1& LV H[SUHVVHG PRUH LQ QRUPDO FROPY \PXFR\DIN & IOD |
PHWDVWDVLYV

7KH VWXGUL&! HSLIJHQHWLF SURILOH WKURXJK &KDIWDQDO
/,1& H[RQ ZKLFK FRQWDLQHG UN1& SVRWRMWHU UHJLR
FRQVLVWHQWO\ LQ WKLV UHJLRQ HHVRERKUER® KD G 1HRRIQ FK
+.0H ELQGLQJ LQL&LJKH[SUHVVLQJ +7 FHOO OLQHV UHVS
ZKLFK KDYHW,1@R  H[SUHVVLRQ <HW E\ OXFLIHUDVHWKHSRUMW
UHJLRQ FRQWDLQLQJ UV DQG ORFES®IB® ZPRUWWUW R B QN K H
H[RQ RL& LQ WKH SUHVHQW ZRUN LGHQWLIVYHGRD&LYHEOIDR J
VSHFLILF SURPRWHU DFEWLYLW\ 7¥X¥YJBYWFWHKSMQ F\RF®XOFR Q)
uv UHJLRQ LV QHFHVVDU\ ESWRPRWI ¥ X | | LHF[ISHUBIW VR Q D Q
WKDW RWKHU SURWHLQV RWKHU WK G SUWSRO P, U R D)\ REL QUR
LQGLUHEWO\ WUDQVFULSWLRQ 2WKHU DVVD\V XQZDVUWDQW®W
[,1& WUDQVFULSWLRQDO UHJXODWLRQRDKLEBK | FRRXIOGW. QR
RQHV DQDO\]H RU FRPELQDWLRQV RI WKHP

*HQH H[SUHVVLRQ FDQ EH DIIHFWHG K CSWRI YED OHUIWO \ ZKH F>
SUR[LPLW\ JHQHV LQ DQ DOOHORK LY DHMLOLFLRDIQBIHUNLILHG G
WKDW/PU&H H47/V ZKLFK UHVLGH LQ WKH MHFRQ® G \RRQHR U



KDSORW\SH FRUUHMQBWHVHFSWKVVLRQ LQ D SDQHO RI &5& FH
IRXQG WKDW &5& FHOO OLQKY WKDWHHK®SORW\SH $ IRU H47/
LQVWHDG &5& FHOO OLQHV WHKRW GHRDYPRVKMHIOBMMSH % IRU
613V ,QWHUHVWLQJO\ ZH UHSRUWH®R @WDWQYVHIARY Y DAKIIFQ
/,1& H[RQ KDV D WR®H LGRVW WUDQVFULSWLRQDO UHJ
KDSORW\SH $ FRQIHUV KLJKHU OXFLKHDSD\RW\BHAW %Y L AR QWK
/,1& H[SUHVVLRQ GLIIHUHQFHV LQ &5&WZR0 R SKIIRVESXWL Q J

%\ GHHSHQUL®J SRVW WUDQVFULSWLRQDO UHJXORWLRQ E
VSRWWHG WKDW RQO\ UV/,1& UBWWEKWHHRVW WUDQVFULSWLF

$W WKH 51%$ OHYHO Z/H1KRXQGDUKDMQJ UV ZLWK DOOHO
UHSUHVHQWHG FRPB®UHGDWRI\LQJ UV ZLWK DOOHOH & O
UHGXFHG LQWULQVLF 51%$ VWDELOLWWKLVLGEH HDH QEEV HUW H
WUDQVFULSWLRQ LQKLELWLRQ DWW HMWH |LQ GLOIDUIVD\DXNWINI HFADD B KI |
VWDELOLW\ WKURXJK WKH DFWLYDWRRQLRIJ PSHBKEG B 1V DG DARIC
LQVWDQFH VLQJOH QXFOHRWLGH VPREHQFH PDRBHLHW LRI@GEQ
WKHLU P51$% WDUJBHWW: - VHFRQGDU\ DWW WHRM RUHVKHLU LQWHU
51$ ELQGLQJ SURWHRQX¥OHXV F\WRSODVPLF WUDDYGULSWSH[S
SRVW WUDQVFULSWLRQDO PRGLILFDVGILRIAQ HWORKLR Y SQKEX ER
PHWK\ODWLRQ,Q DGGLWLRQ ZH QRWHG WKDW WKIHUH SRWDE D
HOHPHQWY ORQJ LQWHUVSHUVHG QXROHDHW[RQHPRQMW R IZ&KVER
LQFOXGHV DOVR UV 7(V EDQ W HIKICFIKWRHSG ED WH WKHL
WUDQVFULSWLRQDO VLOHQFLQJ WXKWMRPXHIBWB , X \SLLORIVWHK 19 \F RIFS-C
PDWFK EHWZHHQ SL51$% DQ&LM BO®VVHV Rl UHWURWUDQVSRVI
/,1( DUH LQDFWLYH LQ KXPDQ F HIDFROWMV WLIQHFIHJ W IDIS\DIFD WH W R F
JHQRPLF SRVLWLRQ KRZHYHU WKHLHFRHIXHGFEV F5Q $EHD U\
WUDQVFULSWLRQ LQGXFLQJ WUDQ\WRAULSMOGHOWD'G ZWLRK LVKD
D/,1( VHTXHQFH FRXOG SURPRWH S3L518¥ GELOWHGJGMHIGED G D W
ORUHRYHU WKH LQYROYHPHQW RI SL51%0DWQRQQRDM EH!
GHPRQVWUDWHG LQ PXOWLSOH RUJRD @Y $VLREHWDOBY ZL W}
RQH 7(



$QRWKHU K\SRWKHVLY LQVWHDG P JKMHBRMNW G HUH.GS VO
HOHPHQW ORFDOL]JHG DWWKIDV-8PSRUWDQW LQ/GABWHUPLQLC
VWDELOLW\ DQG GHJUDEGRAMIYRIQ KRZ UV ZKLFK LV RXWV]
VHTXHQFH FDQ PRGLI\ WKLV SURFHWW LKDWMW® EH \HW LQYH

7KH UROMHI&!I KDV EHHQ LQYHVWLJDWHG LQ VHYHUDO F
HVRSKDJHDO JDVWULF SDQFUHDWLFO &DRQFHOUWRPDPRUWYRF
WKH UHSRUWYV /GIHVFULEWW SXWDWLYH WXPRU VXSSUHVVRU
LQYROYHG LQ SUHYHQWLQJ WXPRU VURZWKVREB G/DBMDVLFHQF
ZRUNV UHSRUW DQ RSSIRVLWH UROH RI

,Q WKH SUHVHQW WKHVLV/,182H |IRXD D WRFWDWHG ZKHQ K
H[SUHVVHG ZLWK D EHWWHU SURJ®QRILW LIH® W VF RAKFRUWL. \RW KB W
ILQGLQJ /WKDW H[SUHVVLRQ LV KLJKHU LQ &5& PHWWBROLF |
&06 ZKLFK LV NQRZQ WR FRUUHOMRN LA WKVD U RFE& SHRD S\
VHTXHQFLQJ DQDO\VLV UHY&DOHIGDW KOQN HIIHFW RQ &5& F
WUDQVFULSWRPH ,Q SDUWLFXODU ZH1&GHPRIQW\®X B WHEY
PLWRFKRQGULDO UHVSLUDWLRQ DHRP ER WHKOMDSLGU FSDRG Gl R
WKDW PHWDEROLVP DOWHUDWLRQV BUH :DH\EKB P SHRIQHRQW YV V
GULYH WXPRU SURJUHVVLRQ LQ B DREDVLFPRMINNU LEXWRIFKMRRQ 6 D
WUDQVIRUPDWLRQ E\ GLIIHUHQW PHFEDRGXFEW LRRF R | DR/H \WADKE
LQYROYHG LQ JHQHUDWLQJ '1$ BXWPWUPR®G VXFFLQDWH
WKH SURGXFWLRQ RI UHDFWLYH R[\JH YGHWKHYVUB28ODWLR
PLWRFKRQGULDO PHPEUDQH SHUPHDELDWWG ZKWKK FIHO ® VG
UHJXODWLRQ,Q GHWDLOV ZH SUHVY&QWHRAMKMHIXODWHG FH
GLVSOD\ KLJKHU 2&5 R[\JHQ FRQVXRSWRR:G BBWO YV UMHR/ASHIEY H L
IUDFWLRQ DQDO\VLY VKRZHG WKDW WIKRIQ RD Y EVWW\ DFFFGVX OB
ZLWK DF\O FDUQLWLQHVY UHGXFW L\RQL EDKL BIO WG G DRDLVRI) D B R L
WUDQVSRUW )XUWKHUPRUH WKHVSWVRAMRHR PU P HG RMK B ¥ HD@DLO3
IDFW WKH SURWHLQV WKDW UHWXDHWHHIG& W R FHD®IG | H2U FHIQOW K H
EHORQJ WR JO\FRO\VLYV DQG PLWRFNKZIBGW. D PHWDEROLVP SD

JURP RXU LQYHVWLJDWLRQV ZH1&RXQGPSDNMEVWKQ@W QWHJ
FRPSRQHQWYV RI WKH PHPEUDQH DQ®R BPRIO®I MK WRRE W G 3L



&HOO 6XVSHQVLRQ DVVD\ LQ ZKLFK HOO FEHROML VIKGIG FEHROK
LQWHUDFWLRQV ZH REMHUYHB FHKDON VXUYLYHG PRUH LQ \
UHVSHFW WR :7 FHOOV LUPIROLFIFPRQSOMKDIW UROH LQ &5& F
LQYDVLYHQHVV DQG (07 EHKDYLRU VISHYFNU WKMHLGOHDY VQ HW & I/V
LQYHVWLIJDWLRQV

5HFHQWO\ D SDSHU UHWIRUWHO/ WKDWODWHG E\ WKH WUD
IDFWRU )2;$ LQ ZHOO GLIIHUHQWLBNXWHGLRRY MHOOVSDR® IR
JHQH ORUHRYHU DQRWKHU SDSHU18HYHPRGIGLWKDWU D VP
SHSWLGH QDPHG )25&3 ZKLFK LV WBDQWFRBBHQGUNREPLQJ VIL
V25) ORFDWHG LQ WKH/,II8&UVW DHYBQL@WHUDFWYV ZLWK %5, ¢
HQGRSODVPLF UHWLFRREWLEDH VPDOO SHSWLGHV HQFRGHG
UHSRUWHG WR EH LQYROYHG LQ PDOHJGROWS$EH XPRUD SKKPR
VXSSUHVVRU SHSWLGH WKDW RULJHQOD®H5E\ $URRLWWK H DAY
SUROLIHUDWLRQ DQG LQVIRWE2RQ L\Q &FP& FURSURWHLQ GHULY
/,1& VHTXHQFH WKDW UHJXODWHV WKH GHJG DGBDMULRIQ R
WUDQVFULSWV E\ ELQGLQJ WR WKH HRIKDQSHBWHL®51$ (G& FD
LQVWHDG 8%$3 $67 LV WUDQVODWHSE $WRPGKIRP R{BBR XV HIBL
FDQFHU FHOOV ZKHUH LWV RYHUH[SURWVLLRQDWQRBRF DY GF+
IRUPDWLRQ

,Q RUGHU WR GLVWLQJXLVK EHWZHH® WKW WROW BR S WUMHGG!
HIITHEFW JLYHQ E\ )25&3 SHSWLGH ZH AM®OEODVKPRGH &i&Q ZK
PXWDWHG WKH )25&3 25) ZLWKR&W D518 FOHYHOV &RQVLGHULC
V25) LV ORFDOL]HG LQ WK ILUYW H[BREOFRIHG WR REVHUYH D
EHKDYLRU EHWZHHQ.2 LQ ZKLFK WKH V25) VHTXHQFH LV WRW
DQG,1& PXW25) FHOOV LI LW ZHUH GXH RQRI\ )&R& I KRIUSU
FRPSOHWHO\ RSSRVLWH LQ WKH FDVH )RBEBWIKB G HYR/L MIWKRA W
DVVD\V RQ WKHL&VKUHWHOOXODU PRGHOV VKRZHG GLVFUHSDQ
KDQG DFFRUGLQJ WR 51% VHTXHQ@FLQJ2DRHD@OVI MGG
PXW25) FHOOV GLVSOD\ VLPLODUPIHDRWUWYVR IVEDUHQYH QWKE\
JHQHV DQG WKH FRQVHTXHQW HQ UL FKW & HID MIKZ G \ \E RRADK VOK_IS L
SURWHRPLF SURILOHV/UKSRURX\E2B)KDMOOV SUHVHQW GLVWL



ZKLFK DUH LQ SDUwW PRWH VLPLEHDOJOWRH L IDWW\ DFLGV FO
RWKHUV DUH DVNMD&ODEQH MOV H L SKRVSKDWLG\OFKROLQI
2&5 DQG 16&6 DVVD\V GHPRQMWUD WH® 2KFWODOXYEQG:7
FHOOV KDYH VLPLODU EHKDYLRU RBPR®WWXWHWHR HRAISGRMCKAHL ] §
/1,1& IXQFWLRQ LQ &5& LV HIHUWHG ERWIS WRWHIXQ KP HZBLEBW |
DQG DOVR WKURXJK LWV WUDQVFULSW WKXV 51%$ PHGLDWHG
2XU IXWXUH SHUVSHFWLYH FRQFHU Q@YX R H FKDYHWW VIO WD R/C

/,1& VWDELOLW\ WKURXJK UV SRORPR[BSKRWHIP Z:KH SWKBIQ
HIITHFW LV PHGLDWHG E\ PL51$V XWLHQ WRRDNSVLSH HBDREB MWWV
uvV UHJLRQ EHDULQJ KDSORW\SH SRFAIE GHWHYVELQD FDQ(

PL51$V LQKLELWRU E\ OXFLIHUDNWWLDVWRM $RHRQURGHS W B HY H U V
VWDELOLW\ ORUHRYHU LW ZRXOBLEBH MXW W USKHNORPIH YRQHLE
SDWLHQWY VHDUFKLQJ ZKHWKHU BAHWHZHH Q VKD SFORRIN\SBIDIVQ &
VWDJH RU EHWZHHQ KDSORW\SH DQGLWARQ YD IOMWH W,R D
LPPXQRIOXRUHVFHQFH VWDLQLQJ WRWHRRWRUHHFHOCGKEDUL R
GLVWULEXWLRQ RI LQWHJULQV RVKBIGKNR® FROBRKGHQ WRAWD Q ¢
DVVD\V ' PDWULJHO LQYDVLRQ D@6 WIHOD WY MMEY MO HPHL J
FHOOXODU PRGHOV WR LQYHVWLIBWH GO HED F WO XWRDQHERIIK [
)XUWKHUPRUH ZH ZLOO1RVVHBVIHER®Y PHWDEROLVP E\ SHLU
SUROLIHUDWLRQ DVVD\V LQ WKH SGIH VHHOHFGWR B HIEDVBHRQCFLHN R V
IDWW\ DFLGY DQG DPLQR DFLGY DQ® B\FHEDIQRDWLRQ® RV H
FRQGLWLRQV DV VWDUYDWLRQ RU ORZ JOXFRVH WUHDWPHQW



AEOLRJUDSK\

(ULF 6 /DQGHU HW DO 9f,QLWLDO BH MXKIH FIX®D Q G & QBN LV
QR YHEUXDU\ 2 KWWSV GRL RUJ

T7KH (1&2'( (1&\FORSHGLD 21 '1$ (OHPKERMWHA\Q FHJ RIMEZFSARUN QR<
2FWREHU 2 KWWSV GRELRHOQJIFH

$GDP JUDQNLVK HW DO f*(1&2'( 5HIHURIQ PN K $Q @RMIQW DR® IORX\
*HQRPHV 1XFOHLF $FLGV 5HVHDW®RFK ' -DQXDU\
KWWSV GRL RUJ QDU JN\

-HQQLIHU +DUURZ HW DO f*(1&2'( 3QRHKXFL@RWDVBHRQUHRU (1&2'

*HQRPH %LROQR\ $XIXVW 6 KWWSV JERL RUV V

$ 5 /IRKH $ - +LOOLNHU DQG 31QY GIRFEHIHWYHIHOBDWSHG '1$ 6HTXHC
+HWHURFKURPDWLQ RI '"'URVRSKEBQHWIOD/QRID V\WXUX VW 2
KWWSV GRL RUJ JHQHWLFV

&L -L /LP DQG 7KRPDV 5 &HFK 9J6KDSLQJ)URPDKHBDWRIRHQH®DQG
&RPSOH[HV WR 7THORPHULF &KURPDDWMLXQUHUSIBDQULHZW IOR@-HFXODU &HOC
QR $SULO 2 KWWSV GRL RUJ \

‘HLVL /X HW DO f7HORPHUHV3:6WUXBWXDW LGRRWWGREHYREA&V5H:HOC

OROHFXODU %LRORJ\ LQ &XKRQD -DQXDU\ 2
KWWSV GRL RUJ M \H[FU
*LOEHUW T:K\ *HQHV LODWXWHHWR YHEUXD U\
KWWSV GRL RUJ D
$ - .LQQLEXUJK - ( OHUW] DHFXUVRRVRI §RKNBUGHWD *ORELQ OHV

&RQWDLQV 7ZR ,QWHUYHQLQJ 5&HOBGHTR®RQFHV-XO\
KWWSV GRL RUJ

IRXLVH 7 &KRZ HW DO 13$Q $PD]LQJ BT B QFW K UD@IG\P RI $GHQF
OHVVHQJHU BHPO QR BHSWHPEHU 2 KWWSV GRL RUJ

OLFKDHO /HYLQH DQG 5REHUW 7ML D LRQ DO\G $ DS WD RO M/MIX0L W\
QR -X 0\ 2 KWWSV G@&DWYUH



(ZDQ %LUQH\ HW DO T,GHQWLILPOQFMRICRQRG GQWMPHQYMNRIQ  RI W
*HQRPH E\ WKH (1&2'( 3LORWD®XRMHBW - -XQH 2
KWWSV GRL RUJ QDWXUH

6X HW DO 1'1$ /RRSLQJ EHWZHHSWGERQBY IRFUNLYDQVLRQL 6HOI $V
"1$ %RXQG 6S*HQHV 'HYHORSPHQ®WR 0D\ 2
KWWSV GRL RUJ JDG

9LQFHQW & &DOKRXQ $QJHOLNH 6WDMXKRERKQRYV ILRP BDWHKID3 U
7THWKHULQJ (OHPHQWY 5HIXODWH (QKDYKFHQ WK RWRHVIR SKEHEDIBQWH
&RPSOHRBURFHHGLQJV RI WKH 1DWLRQDO $FDGHPYQIRWHG LHMBWW VR I
$PHULFDQR - X0\ 2 KWWSV G8QIRWI

6 2JERXUQH DQG 7 0 $QWDOLV ITUROQMNMEGGOLB®WHROPOH&RIQWLOH
7TUDQVFULSWLRQDO 5HIJXODWLH @ ILRFKHNCLF\ROVHRRW QD QR 3W $SU
2 KWWSV GRL RUJ EM

9 $ (UGPDQQ HW DO 9f7KH 1RQ &RGXKQDWRIUAMIWLELERWGY 5HVHDUF
QR -DQXDU\ 2 KWWSV @RWURUJ

6 5 (GG\ Y1RQFRGLQJ 5&¥XUHBEW 2SLQLRQ LQ *HQHWLFQR 'HYHOR
'"HFHPEHU 2 KWWSV GRL RUJ | v

N <RXQJ &KRL (XQ &KDH .ZRQ DQG 1RP BB *L®DUXKHIDUDGR][ Zl
3RO\VSORLG\ 5HSHDWRPHV ,QWUR QVF RXKRIRMRPHIV D QG GRIPLRYR

-X 0\ 2 KWWSV GRL RUJ Vv
1DPVKLQ .LP HW DO f7KH $6%$3 ,, 'DWGEDNMSDIDMOLIYHV*HQRPLF
$OWHUQDWLYH 6SOLFLQJ LQLXFOMHLFD®F b S M FAHIGHRD /RS SO B -DQXD!
‘2 KWWSV GRL RUJ QDU JNO

&KULV 3 3RQWLQJ 3HWHU / 20YRBYWRLERG RPG JHQRWIRQV RI /RQJ
51$V & HOO QR YHEUXDU\ 2 RWWSV GWRIEHOO

6DP *ULIILWKY -RQHV HW DO 5BV EQVIKXIBO)DIPA OF LBV 5HWHRD UF K
-DQXDU\ 2 KWWSV GRDRUDNJ Q

0OLQQD 8 .DLNNRQHQ OLFKDHO 7 < /DP. POQBVEKYLRYWRRGLQJ 51%
5HIJXODWRUV RI *HQH ([SUHVVLR®DMEGE RS DVFIOW UFY@RHD UFKXQH
2 KWWSV GRL RUJ FYU FYU

-+ UJHQ %URVLXV 1:DVWH 1RW :DOQHWYRW 0MNUDWYVFRQOWOOMRQEMWDU\
LQ *HQHWLFV QR,* 0D\ 2 KWWSV GRM RMLY

$OH[DQGHU ) 3DOD]JR DQG (OL]D 6 $HHKOWRQY @RQEQLBQDO DQG
-XQN")YURQWLHUV LQ *HQHWLWEFWWSY GRL RUJ 1JHQH



-DFHN .URO ,QJD /RHGLJH DQG LWRGGVEOHPKBZEAD)XDMXWLRQ RI 0L
%LRIJHQHVLV )XQFWLRODWX® HHFBYLHZV *HXRHWLFWSWHPEHU 2
KWWSV GRL RUJ QuUJ

IXFD) 5 *HEHUW DQG ,DQ - ODF5DHFLﬂBE|]J$®)DQ\H_VRIQRIQIL(EZ)WQ(LUH-DOV
SHYLHZV OROHFXODU &HOO @R RORJ\ -DQXDU\
KWWSV GRL RUJ v

'DYLG 3 %DUWHO fOLFURS51%V *HQRAHNFQLVWPLRIAGHXQWOMHRQ -
QR -DQXDU\ 2 KWWSV GGRL RUJ

'"HUHN GH 5LH HW DO 1$Q ,QWHJUDIWHG1{® DHW/ IR G LINDDRPRWHU YV
DQG ORXVHDWXUH %LRWHFKQRDRI\ 6HSWHPEHU 2
KWWSV GRL RUJ QEW

-RQDWKDQ - ,SVDUR DQG /HHPRU -RVKXPR 7BRUJHWI RROXIEFXWDU ,QV|
(XNDU\RWLF 51% ,QWHUIHUHOQIFW X0oH 1 MWQUHKUF\W XU D O OROKMRXODU %LR
-DQXDU\ 2 KWWSV GRL RUJ QVPE

5REHUW ) 3ODFH HW DO fOLFURS51$RQ ROGHEOHY SWKVARPSOHPH
SURPRWHU 6HTBHM@FHWGLQJY RI WKH 1DWLRQDO $FDGHMR Rl 6FLHC
JHEUXDU\ 2 KWWSV GRL RUJ SQD

<DQ =HQJ 5XL <L DQG %U\DQ 5 &XO8PH® O 0QMHREHIM. QPR 61$V &D
051$%$ ([SUHVVLRQ E\ 6LPLOD B URFHKBPGLYPY Rl WKH 1DWLRQDO $FDGHP
RI WKH 8QLWHG 6WDWHV RI QRPHULFD $XIXVW 2
KWWSV GRL RUJ SQDV

(ULF +XQW]LQJHU DQG (OLVD ,]DXUUDOGLH URSHGM 64RG\PBLEIWL
7UDQVODWLRQDO 5HSUHVVLRQIDMGIB538YHEDY- *HQRWLFV)HEUXDU\
2 KWWSV GRL RUJ QuUJ

OLOHQD 6 1LFRORVR HW DO 9(OLFUREREDHV:KHMHKH RILFXRRGWHMHHWD VYV
IDWXUH 5HYLHZV &RQFHU$SULO 2 KWWSV Q@GHL RUJ

*HRUJH $GULDQ &DOLQ HW DO 1)UHRDH M XIDONWL RRQR/I DQBUR 51$
OL5 DQG OL5 DW T LQ &KURQLF /\P9®KBBRW¥FIHHGLONNPRI WKH 1DW
$FDGHP\ Rl 6FLHQFHV Rl WKH 8QLWHG @KRDWHYV RRSIRPEKBD 2

KWWSV GRL RUJ SQDV

<RQJ 3HQJ DQG &DUOR 0 &URFH f7KH 5ROPRQ GIDFUPBHELG D OL Q
7UDQVGXFWLRQ DQG 7DUJHWH®R 7KHUDS\ -DQXDU\
KWWSV GRL RUJ VLIJWUDQYV

/LQ =KDQJ HW DO 9fOLFURS51$V ([KALHEQRW & EJKOWHITRWQRQV LQ +XPDQ
3URFHHGLQJV RI WKH 1DWLRQDO $FDGHPQ®RRI 6FLHQFHV 2
KWWSV GRL RUJ SQDV



$OH[HL $UDYLQ HW DO 19 IRYHON&QDBDVWRRD,6PBORWHISY LQ ORXVE
IDWXUH QR - X0\ 2 KWWSV GRDVRXUH

. XQLDNL 6DLWR HW DO 9f6SHFLILW K\5\DR/AISDBAL RURY BIGZLURP 5HWUR
DQG +HWHURFKURPDWLF 5HJLRQV LQ WKHQHRVRISKHOR SPIQRWH
$XIXVW 2 KWWSV GRL®UJ JD

$QIJpOLTXH *LUDUG HW DO 1$ *HUPOALIGHO6 SHIL 1B E QRGN V1 PRRID@®O L D |
SURWHILRQWXUH QR - X0\ 2 KWWESV GRQIRWXUH

<RKHL .LULQR DQG =LVVLPRV 0RXUNH-OWDNFRM QMU0 RXSNH BUHE L -, Q@ OHWK\C
7TKHLU - 7HUPMWQXWUH 6WUXFWXUDO OROHERODU $BURORJ\ 2
KWWSV GRL RUJ QVPE

-XOLXV %YUHQQHFNH HW DO T'"LVFUBIWHR B P DDV OI\SWHQ HHHIW O D V

7UDQVSRVRQ S$FWLYLW\ LHHOORVRRKLOD - ODUFK 2
KWWSV GRL RUJ M FHOO

'HQL] 0 2]DWD HW DO 13,:, ,QWHUBDSWERW K 19%5V) sPDWRURGHYLHZV
*HQHWLFW®QR YHEUXD U\ 2 KWWSV VGRL RUJ

$OH[HL $ $UDYLQ HW DO 9% 3L51$BOMYKLLEXDIUERBGVERVRQV ,V /L
1RYR '1$ OHWK\ODWLRQMRQHFXEDUY &GO 6HSWHPEHU 2
KWWSV GRL RUJ M PROFHO

$OH[HL $ $UDYLQ HW DO T&\WRSOJDWPLEQ&R P B/XHW PIM@WDIL51$ 3D
OLFH - 3/R6  *HQHWLFV QR '"HFHPEHU H
KWWSV GRL RUJ MRXUQDO SJHQ

/IDOLWK 6 *XQDZDUGDQH HW DO 1$ 6QIPFHUJ 0-HBLHDMH 6 VOHRAKDOUH G
(QG JRUPDWLRQ LQ BFRMURFKLOIHZ <RUN QR 0DUFK
2 KWWSV GRL RUJ VFLHQFH

%UHQQHFNH HW DO f'LVFUHWH 6P DO/ DIBVVHIQUH B BWAQDOWREYV RI 7
$FWLYLW\ LQ '"URVRSKLOD -

,OGDU *DLQHWGLQRY HW DO 17ZRQ@RESRHWDE O HD(WIHHRWHLDN V7 B\ 3L51%
LQ +XPDQ 7H¥Y¥M$LVIHZ <RUN 1 <QR 1RYHPEHU 2
KWWSV GRL RUJ uQb

<XOL\D $ 6\WQLNRYD HW DO f7URQPSRVIEDH JOHBHDVDDWLRQ |
/IQF51% DQG *HQH ([SUHVVLRQ 'LYHUVLBWILDQ '&JHRY® SENMIPBHV -
5HVHDUFIQR '"HFHPEHU 2 KWWSV GRL RUJ

&UDLJ & OHOOR DQG 'DUU\O -U &RRW®IG TR5IH5/1HD, @MOH UVDHMBHLOH H
QR 6HSWHPEHU 2 KWWSV QB®RULXRUJ



6 0 +DPPRQG HW DO 1$Q 51% 'LUHFWWGE V1 3RO MDY¥WBD QNG UD SWLR(
6LOHQFLQJ LQ 'URVRSKDLDWRULKHODR - ODUFK 2
KWWSV GRL RUJ

6 0 (OEDVKLU HW DO T)XQFWL R QROW 0DV RAR\QR | (6 ILLFLUSVQ W 51$L LG
OHODQRJDVWHU (PEUVKH\YDW2H -R X U QDR '"HFHPEHU
KWWSV GRL RUJ HPERM

;:DYLHU 0 $QJXHOD DQG .DWKHULQH I ORGHUJ(QUDPHBLQB QW 7KHUL
$QQXDO 5HYLHZ Rl OHG L-BLGXD U\ 2 KWWSV GRIQRXUHY
PHG

<XKXD :HQJ HW DO 151%L 7KHUDSHXYW-IL%[DRNGHF\MQR,QIQR_\FDJ\&DL(YR
%LRWHFKQRORJ\ $GYDQFH®R 2FWREHU
KWWSV GRL RUJ M ELRWHFKDGY

6 0 (OEDVKLU HW DO 9T'XSOH[HVWOHGLOMOHBWSL GHVFHIBIHUHQFH LC
ODPPDOLDQ &HQAOWXUH QR 0D\ 2
KWWSV GRL RUJ

'LDROL =KDQJ HW DO 9f7KH 5ROH RLORQDIMMRW FRBEDQIHERRDVIBQLF
&KHPLVWU\IRYHPEHU KWWSV GRML RURIRUJ

(QULFR $OHVVLR HW DO 1% 6L QUG WHQD EXAULBQYV 'L$IHRXUQH\ LC
RI /RQJ 1RQ &RGLQJQMBYQDWLRQDO -RXUQDO RI ORQRFXODU BFLH(C
KWWSV GRL RUJ LMPV

7KRPDV 'HUULHQ HW DO f7KH *(1&2P(DYQ EFOQVDIRRIFRGERJ 513V $QD
RI 7KHLU *HQH 6WUXFWXUH (YR O X\MQR® HDIHG/ KBWER/V L REH SWHPEHU
2 KWWSV GRL RUJ Ju

6DUDK '"MHEDOL HW DO 9f/DQGVFDISXP RQ RHODWFXUBWIRRQ LQ
6HSWHPEHU 2 KWWSV GRLWUIJ QDWX

3KLOLSS .DSUDQRY HW DO f51$% 0D S&DSHWHWDDQIH D EBRSB\/‘&LEOH )X Q
3HUYDVLYH 7UDQ&FUHGMH ROHZ <RUN OR -XQH
KWWSV GRL RUJ VFLHQFH

/IXLVD 6WDWHOOR HW DO f*HQH 5HIYRGDWLRBQ$¥\DRGJ, WRQ%LRO
YXQFWLROQWXUH 5HYLHZV OROHFXODU @ROO %)RBBRIDU\
KWWSV GRL RUJ v

BWHSKDQLH )DQXFFKL HW DO 1,P P XIRH *FREKW WUHU DQMVFHIGE SWLRQ E
/IRQJ 1RQFRGLQJ 51$V /RFDWHG LQ 1XFO HIDW XRIF STHOHMQEW V -
-DQXDU\ 2 KWWSV GRL RUJ Vv

&L &KX HW DO f*HQRPLF 0DSV RI /RQJFIXSDRRG LEHIY BDR 2FUL QFLSC
51$ & KURPDWLQ ,QWHBDFFKRQV -&KQ®RO 1RYHPEHU 2
KWWSV GRL RUJ M PROFHO



OD[ZHOO 5 OXPEDFK HW DO T+L&K,53RFLHDYWHD® V& KU R PSR/AWR P |
&RQIRUPDWLRI@WXUH OHWKRGV QR -XQH 2
KWWSV GRL RUJ \Y, [

$KPDG 0 .KDOLO HW DO f0DQ\ +XPPQRQUERBLQ@WHILBEM QYVRFLDWF
&KURPDWLQ ORGLI\LQJ &RPSOH[HV D QG RQIHFRF HHGH QJSURIVWIKH 1D W
$FDGHP\ RI BFLHQFHV QR -X 0\ 2
KWWSV GRL RUJ SQDV

5REHUWR 7 $UULDO 5REHUWR & 7RODZDILLDIQEGERONBFUHORQEKYI 1RQ

51$Vv LQ 7UDQVFULSWRPHV IURP 1HJOHF3NHS 76S&EPYHV6BKIAQIR3 W

SDWKRJHQLF )XQJXV 3DUDFRFFLGXRKGHY R QDRAULPDIMMROFYY - $XIXVW
KWWSV GRL RUJ

ARNR / <DS HW DO fOROHFXODUQRRGHQSOIN\$RILH,KH QR OHWK\O|
+LVWRQH + /\WLQH E\ 3RO\FRPE R®D OL @LDHRFLRULBOHIF XBDDU &HOC
QR -XQH 2 KWWSV GMIPROBFHO

< .RWDNH HW DO T/RQJ 1RQ &RGDLDQUSLS IRILE WKW B5&% S5HFUXLWPH
6LOHQFLQJ RI 3 ,1. % 7XPRU 6XSBARIQRHQRIQH - $SULO 2
KWWSV GRL RUJ RQF

+XDQJ :X HW DO T8QXVXDO 3URFHVVEDIV*RAKDBW DWW H X H\BW HQFO X O W L
%LQGLQJ 3URODRIQRKIXODU &HOXR 1RYHPEHU 2
KWWSV GRL RUJ M PROFHO

.DUHQ <DS HW DO 1$ 6KRUW 7DQGHP 5HSHIPE GRVYLPKHGFOGHE
&RPSDUWPHQW WR &RQWURO $0OWHUQ B WIHYHO 6 &>X00 R IDBLIFOO@OSU 3&HRE® B W
QR I1RYHPEHU H KWWSV NMRRABGEHO

6XQJ\XO /HH HW DO f1RQFRGLQJ 51%HIPRBRL KB HIWKDBDMVMOHW E\ 6HTXH
380,/,2 SURWHL&WO-O QR 2 -DQXDU\ 2
KWWSV GRL RUJ M FHOO

ODUFHOOD &HVDQD HW DO f$ /RQJ 1RQVR®3>4_\Q:JOE|1$LI&IFR@N\QJ\NLDV‘
)XQFWLRQLQJ DV D &RPSHWLQJ (QBROHQRXV 51RFWREHU
KWWSV GRL RUJ M FHOO

6LPRQ *UHOHW HW DO 1% 5HJXODWHGG?SI.(BIZBI—DEZ&\WHQK/QI-H:GLBWHV (1
7XPRXU 3URJUHMWRQH &HOO %LRB®RRJI\ 6HSWHPEHU
KWWSV GRL RUJ QFE

OLWFKHOO *XWWPDQ HW DO fT&KURPODWHILQDGE Z KKRXWDRQH 5HIYKDO&RQ
/IDUJH 1RQ &RGLQJ 51%V LQ1DDWPRIHOWR ODUFK 2
KWWSV GRL RUJ QDWXUH

$P\ & 6HLOD HW DO 9f'LYHUJHQW WIDNQVFUWURBFMM RQVH MR $F

2



3DbXO +DOOH\ HW DO T5HIXODWLIR@ *RIQW K& XY RVMILLS ES DRMRIPJI 1RQ
51% - &HOO SHSRUWYV QR -DQXDU\ 2
KWWSV GRL RUJ M FHOUHS

6 .DWD\DPD HW DO f$QWLVHQVH UPPRYEFDQ SWWLIRXYY EAH LBANRFRH
1HZ <RUN 1 < QR BHSWHPEHU 2
KWWSV GRL RUJ VFLHQFH

(WLHQQH /H\JXH Y6WHURLG 5HFHSWRWBGXY $PW X IDWRHWWBSBS*HQH 3L
ZLWK 6XVSHFWHG 5HOHYDQFH WRXRF®HBD VM RIDJFRU 6 5XQROWQJ
H KWWSV GRL RUJ QuUV

IXF\' 5 <DWHV DQG 3HWHU - &DPSEHQDQHNBOMNQRR®BXRIHWSHYLHZV
*HQHWLFW®QR I1RYHPEHU 2 KWWSV Q@RI0 RUJ

IXFLD $ +LQGRUII HW DO 13 R W H@QPAWLLELRD DW L FPGRILFD QR QWX RI *HQ
$VVRFLDWLRQ /RFL IRU +XPDQ 'LYHDFMHYGDQGY TRIDWWMW- IDWLRQDO $I
6FLHQFHVQR 2 KWWSV GRLSRDYV

$UXQRGD\ %KDQ DQG B6XEKUDQJVX 6 0DQGBDSVY]/RRHUIRQF RBGILIU V
*HQH 5HJXODWLRQ (SLJHQHWLFV D®KHPOMIEKHPHRVH -6HSWHPEHU
2 KWWSV GRL RUJ FPGF

7RQ\ *XWVFKQHU DQG 6YHQ 'LHGHUL RKW FIHK H$+ 0RAQIPDRIQ R RGLQJ 5

3RLQW RI $li$2%LRORQR -XQH 2 KWWSV GHRMRUJ
0 - %XVVHPDNHUV HW DO T $ LHZF 3FUHRWWDBWHKOS HRFY HUH[SUHV
3URVWDWH &OMFHHWU-5HVHDQRK '"HFHPEHU

'DSKQH +HVVHOV HW DO 1" 3&% Y%DWHHGQDROWIFKORU WWKIH 'LDJQ
SBURVWDWH &DXWRSWHDQ 8URORR\ - X0\ KWWSV GRL RUJ

[

JLXTLQJ <DQJ HW DO f1F51$ DQG 3HQGHWW\ OB QH RF® ORFDWLRQ EF
1XFOHDU BWUXFWXUHY OHGLDWHYV *H Q&H®HFW QRD W L R Q@ RYUHRRIIEIDWP V -
2 KWWSV GRL RUJ M FHOO

3LQJ -L HW DO 10$/$7 D 1RYHO 1RQFROULA ©513UPGRIGFW OHWDVW
6XUYLYDO LQ (DUO\ 6WDJH 1RQ 6PDOQFRBIOQ@H/ ORI &DQFHESWHPEHU
KWWSV GRL RUJ VM RQF

7TRQ\ *XWVFKQHU HW DO 9f7KH 1RQFR&UWIQW LSFIFO0 $ HRI7ZX QB WRU RI WKH
SKHQRW\SH RI /XQJ &DQ&HMQF &M OSHW H D QRK JHEUXDU\ 2
KWWSV GRL RUJ &$1

< +DQ HW DO f7XPRU 6XSSUHVVLYQFRGQPWI5R® R$/BRQLQAROLRPD &
E\ 'RZQUHJXODWLRQ RI 003 DQG ,QDF3W YD WD ROADIO(SHDW K 'LVHDV
QR 0DUFK H KWWSV GRBIGRW.J



ODULD $ 6PROOH HW DO 9f/RQJ 1RCQR&RIWLLQ.D@1&DLL@V\QQLP®DWLRQD
-RXUQDO RI OROHFXODU 6BRHQFHV 1RYHPEHU
KWWSV GRL RUJ LMPV

5 /LQ HW DO f$ /DUJH 1RQFRGLQU DXULWY D ODINMRFIHROOXODU &I
DQG D 6SHFWUXP RI +XPDQ &DBERUEGRPDYR. JHEUXD U\ 2
KWWSV GRL RUJ VM RQF

-LDQ +XD /XR HW DO 9f7UDQVFULSWRPIF RDQXPHQRPHED WMRFHVQ
&DUFLQRPDV DQG +HSDWRHSDWWREBRDYV %DOWLPARH OXFWREHU
2 KWWSV GRL RUJ KHS

$OHVVDQGUR *XIIDQWL HW DO 1$ T UDDRUWIFRILISWHRRIDO %6 M HBWAK & D Q

'HHS 6HTXHQF%Q& *HQRPLFV $SULO KWWSV GRL RUJ
ODWWKHZ - (OOLV HW DO 9f1:KROHUPQRPUHBYWOWLYFHYI RSHVSR
$URPDWDVH ,QKLEDWKXR® - QR -XQH 2
KWWSV GRL RUJ QDWXUH
&KXDQ ;X HW DO T0$/$7 $ /RQJ 1RQ &RELEPBERUNDQW - (QG )XQ
ORWLI LQ &RORUHFWDO &D Q® Wb WWHDWDLVRQIDVA. VRXUQDOQRI| 2 QPFROR J\
2 KWWSV GRL RUJ LMR

/ILDQJ <LQJ HW DO 9Y8SUHJXODWHGNR$AOD REARWEDRDXWHW.HOO 0L
,QGXFLQJ (SLWKHOLDO WR OHVHQR&QWHHX® OUUDRQMVRWRRG PFHSWHPEHU
2 KWWSV GRL RUJ F PE H

OHQJ -LD HW DO T/LQF51%$ 3 ,QKIHFHEWD/'WWRVYDWIRRGWDREWBWRFHOOXOD
WKURXJK 1RWFK 6LJQDOLQJ ,QGXFHG (SIrwWRR UL WYOHREDWWHRYIFKJIP D C
5HVHDUFK 7KH 21ILFLDO -RXUQDORRHKFWXHWROBER 6RFRPAWREHU

2 KWWSV GRL RUJ KHSU

<LQJ &KHQ HW DO 9f'RZQ 5HJXODWLRQ@WULEXQFBY$WER &DVWULF
'"HYHORSPHQW WKURXJK +LSSR ,QGHSHQGHQWQFRFWDIWINMRRQ RI <$
6HSWHPEHU 2 KWWSV GROQREBWDUJHW

XUW (QJHODQG f&HOO &\FOH 5HJXQDWLERIO B 'HDWE% BLIIHUHQWLE
QR 0D\ 2 KWWSV GRY RUJ ]

< ;LRQJ HW DO 13 , V. D 8QLYHWWWLIO. L. QRDEMMMRI QR &
'HFHPEHU 2 KWWSV GRL RUD

ORKDPPDGUH]D +DMMDUL DQG $EEDV 6D @QFROWQLF+2RQGJI51BQ &RGLC
51$ LQ 'LIITHUHQW &D@FHIWY %LRORJ\ OHGQRLQH ODUFK
KWWSV GRL RUJ M LVVQ



-RKQ / 5LQQ HW DO 9f)XQFWLRQDYH'IDRIGUBEDOHEBW RKYRWDRWLQ 'R
+XPDQ +2: /RFL E\ 1RQFRGL@HGA$VQR -XQH 2
KWWSV GRL RUJ M FHOO

5DMQLVK $ *XSWD HW DO T/RQJ 1RQ5BGRQUAY &EKURBDWLQ 6W
3URPRWH &DQFHU OHWDWWWDNLVQR $SULO 2
KWWSV GRL RUJ QDWXUH

/ILQJMLH /L HW DO 9(Y7DUJHWHGD'GVUXBWRRE RWI+tRWDLQVIHRUPDWLR
'"HUHSUHVVLR® OO SHSRUWVQR 2FWREHU 2
KWWSV GRL RUJ M FHOUHS

)DQJ -XQ &KHQ HW DO f8SUHJIJXODWBRELRIJIJWKE #RQJ,ARWRPRW
(VRSKDJHDO 6TXDPRXV &HOO &DUFLQRP DR W H SR/ BOVRLWH Q0D U3 R
&DUFLQRJHQHMRYV 1RYHPEHU 2 KWWSV BRL RUJ

=KL <XDQ :X HW DO 9Y.QRFNGRZQ RI /RGR278RB GREIQHVYHV 7XP
,QYDVLRQ DQG 5HYHUVHV (SLWKHOILR® 0HY H Q¥ W\PIDFOGEBUITEIVAW/L R Q D
-RXUQDO RI %LRORJLFOR 6FLHQFHW KWWSV GRL RUJ LMEV

+RQJ\L =KDQJ HW DO f0L5 ,QKULEIABHG +QTGLBHAWBGFBE\O\ ,QKLELV
DQG 5HYHUVHV WKH (07 Rl %UHDVW &RZFAHUI % O/BIR LQHOWKNHEE7$7 3D
6WHP &HOOR 1RYHPEHU 2 RWWSV GRWHP

'RXJODV +DQDKDQ DQG 5REHUW $ :HLQE RU X DIYEHHDD OXRP D U N
-DQXDU\ 2 KWWSV GRL RUJ 6

ODUWLQ & 6 :RQJ HW DO f'LIIHUHQFIHRW W® QDWLGTHGIRHGD RE &R
&DQFHU :RUOGZLGH %DVHG RQ 6H[ $JH QG GIQPLFRPLFDAMFEDRH@W H
DQG +HSDWRORJ\ 7KH 2IILFLDO &O0QRIFWRHBYPHWILFBIQ REVUGYDRHQW
$VVRFLDWLERR) 0D\ H KWWSV GRW RIK

RUOG +HDOWK 2UJDQLVDWLRQ ¢9:RUOGRQHWRW K QQW-BDHWDLOMVK. ARU W
6XVWDLQDEOH '"HYHORSPHQW *RDOV:- WRBRQG +HDOWK 2UJDQLVD

<XH ;L DQG 3HQJIHL ;X Y*OREDO &RORUWUBFWDDE® QB R M HAEWLERQY W
7UDQVODWLRQDO 2QFRORR 2FWREHU
KWWSV GRL RUJ M WUDQRQ

$QJHOLQH 6 $QGUHZ HW DO 5L VNR)DEFRADRRUNM FRUD Q@ RDQRAHU DW D /
$ 3RSXODWLRQ %D V-iRE USQ\DXOG\R1 *HQHUDO ,QWHUQRO 0 H'GIEFHREH U
2 KWWSV GRL RUJ v

(OL]JDEHWK :DUG HW DO f&DQFHU KIQLSDW\WOLGIE &R FIDRAHE R RPLF ¢
&$ $ &DQFHU -RXUQDO IRU &OQRLFLDQWSULO 2
KWWSV GRL RUJ FDQMFOLQ

OHOLQD $UQROG HW DO 9f*OREDO &BWRWHLURQWD DQ&D QBHQ G, D ALLQG H (
ORUWDOKW\ -QR $SULO 2 KWWSV IXRALMRLO)



1D1D .HXP DQG (GZDUG *LRYDQQXFFL f*ORHBOUDEOXGOREOHRI &RBORJ
7TUHQGV 5LVN )DFWRUV DQG 3UHYBWWUWR Q5 HWWHZWH IFMDHWW-URHQWH
+HSDWROR®BR '"HFHPEHU 2 KWWSV GRL RUJ

-DQ 7 /RZHU\ HW DO 9f8QGHUVWD QREIL®P IMK\H+& RO W UL BORWERQ@R UH F
5LVN DQG ,WV &OLQLFDO ,PSOLFDWHICRQV 515Y @BDWHURIQRKH 6F
6HSWHPEHU 2 KWWSV GRL RUJ FQFU

$PHULFDQ -RLQW &RPPLWWHH & @RB@FRHHWBWDJILQJ WEQNGO YRO
&KDSWHU &RORQ DQG 5HFWXP 6SULQJHU 1HZ <RUN

.0$ &DQFHU &RPPLWWHH T&RORUHFAKBO ROWQFHO RD FKH . HQW XF N\
$VVRFLDWLR®

-DUQR 'URVW HW DO f6HTXHQW L &X®OSMDXQFHHGE -O3XR\DIOW,LRIQIVVINL QD O 6
1IDWXUH QR 0D\ 2 KWWSV GRQRWIUH

(ULF 5 )HDURQ DQG %HUW 9RIJHOVWRUQ& RO RHIDPHWDL G 0 RBRII JHQH
QR -XQH 2 KWWSV GRL RUJ ,

6WHYHQ 0 3RZHOO HW DO 1$3& OXWDODMARQAROFFNBPWDO O\XBRULJ
IDWXUH QR 6HSWHPEHU 2 LRWWSV GR D

HYLQ 2 7XUQHU S5REHUW 0 *HQWD DQG{$RQRRQ %RRIQHDE HUSHV (
&RORQ 3RO\SV RI230.FLALQHMRXUQDO Rl WKH $PHULFD@WIBRORJIH RI
$&* QR
KWWSV MRXUQDOV OZZ FRP DMJ ) X@\OBRHBWO OB7\SHMBY[IRVWBLQB&RO
BRIB$OO DVS]

7DQQD] $UPDJKDQ\ HW DO  §* HQHWLBHMNDP@U&WRAQ\AURQQ&\H—O/R/VL(
&DQFHU 5HVHDUFK QR*&5 -DQXD U\

6DQIRUG ' ODUNRZLW] DQG ORQLFD 0X®BUVWVDIQROWRI ROROHAU OR
%DVLV RI &4RORUHFWDH 18HYQFEHWDQG -RXUQDO ROQRHGLFLGHHPEHU

2 KWWSV GRL RUJ 1(-0UD
$VKUDI (. ,EUDKLP DQG ODUN - $UHQQY RIOBRREBRXGBWDOSE&DC
$SSOLFDWLRQV LQ 'LDJQRVLM QIQG\PSRBMWPH@ROHFXODU 'LDJQRVLYV
QR YHEUXDU\ 2 KWWSV MGRSGE

$[HO :DOWKHU HW DO T*HQHWLF 3 U RJIRWVHILM LD & RORHUGHFWDL @ H
IDWXUH 5HYLHZV QRQFHWXO\ 2 KWWSV GRUFRUJ

:LOOLDP O *UDG\ DQG -RKQ O &DUHWKHUN’QH’W—ILQ:RRJ_\F\ADI;E(EQBWJ\ LQ &
&DQFHU 3DWKRJIBDY WWIRHQWHURITRI\

+ *RVV DQG - *URGHQ 9Y%LRORJ\ R3RVKBRNMAHNQRPOWRXFRU 6XSS
-RXUQDO RI &0LQLFDO 2QFRORJ\WKH ISFHDDFIRXBRPIOHR/N RI &OLQLFLC
QR 0D\ 2 KWWSV GRL&RUJ



OXVDIIH 7XQD DQG &KULVWRSKHU , $8RVQ J*HXD & PQBFEGEIHX HHW W H UV
QR 1RYHPEHU 2 KWWSV M RD@OHW

& G5LFKDUG %RODQG DQG $MD\ *RHO LI®LWUR\QD &R O R UWFW 0O/ V&
*DVWURHQWHURORIJ\ QR -XQH H
KWWSV GRL RUJ M JDVWUR

' . &KDQJ HW DO T6WHDG\ 6 WDWXPIHI XDEDW.IVFP@Q\WWFK BHSDLU 6\VW
7KH -RXUQDO RI %LRORJLFQR &KHPBWWSWWHPEHU

6ZDWL %LVZDV HW DO TO0XWDW L REED OL QQDIFRFWIRMDMWHR@O RW R *B Q VW
&DQFHU $ULVHV IURP WKH &RRSHUDWLGAGRWR IDH® RPHLHF &§QRWYDB 2XW
7UDQVIRUPLQJ *URZWK )DFWRU %HHQHVHZKVRPRWRRH®Y®OWVORFHU
JHEUXD U\ 2 KWWSV GRL RUJ JFF

1 5DPSLQR HW DO f6RPDWLF )UDWHKWKAS$W *(DQHDMWIL RRORQ &DQFHU
OLFURVDWHOOLWH OXWDBWRHQFKHHQRWFHN QIR< JHEUXDU\
2 KWWSV GRL RUJ VFLHQFH

9LFWRULD 9DOLQOXFN /DR DQG : LO(V\LLDWGDQGDSG?\OR@H-LHN’DQ\ED(&BQFH
S5HYLHZV *DVWURHQWHURORJ\ QRISDWRORBIWFHPEHU
KWWSV GRL RUJ QUJDVWUR

.DUHQ &XUWLQ ODUWKD / 60ODWWHU\ BRS* : VO GG 6DIRWELY/DWL I
&RORUHFWDO &DQFHU 3DVW 3DMAMRIDRD GEHYMWHEEK , QWHUQDWLRQD

-XVWLQ *XLQQH\ HW DO 1T7KH &RQVIHHWRY OQRORE X B\ 0 COVEEOUWRF H U -
OHGLFLQHYR I1RYHPEHU 2 KWWSV GRE

-DHN\RXQJ 6RQ HW DO T*OXWDPLQH GQSEBU*\M‘RZBVDIQI-'\MI*HLDR/\XLJFK&DD
5HIXODWHG OHWDEROLBPVBOWK@RB\-

:LOOLDP 0 *UDG\ T*HQHWLF 7HVVRIQQ&D R B HU B BVHWBR-OQWHURORJ
QR 0D\ 2 KWWSV GRV RUJ

+HDWKHU +DPSHO HW DO f)HDVLERGEKWA\®GBRBHHIDARIIIRDWLHQW
&RORUHFWDO -KXURHDW RI &OLQLFDOQRQFRORJ\

5DYL 5 ,\HU HW DO 1'1$%$ OLVPDW FXQ53H 8 B E K D IN&KPWPLEEQ@QY 5HYLHZV
QR 2

JHLJKD 6HQWHU HW DO f7KH &OLQ<LBDQDGBJIRI-H>(B1RWHSWFRI*H\LQFF/LQH :
OXWDW LFOW URHQWHURIRJ\

ODUJDUHW 3 $GDP HW DO f*HQHS5HYLHZVS>, QWHUQHW@ -



(OL]JDEHWK +DOI 'DQL %HUFRYLFK D®@ICDGDX®HGRPDW RMWPIRO\S
2USKDQHW -RXUQDO RI 5D U H FMVRIEDR/H V KWWSV GRL RUJ

T&RPSUHKHQVLYH OROHFXODU &KDUDFVWIDWRI)DMQAR b HRA WHDIXDP DBD &F +
IDWXUH QR - X0\ 2 KWWSV GRDWXUH

6 OXQHPLWVX HW DO f5HJXODWIR G RW HIW Q D/FEY GIOX OD\UWIKH $G H
3RO\SRVLV &ROL $3& 7XPRU 6XSSRFANNBUQIVRRMHWEBH 1DWLRQDO $i
6FLHQFHV Rl WKH 8QLWHG 6WDWHYR Rl $PHUDB®FK 2
KWWSV GRL RUJ SQDV

7HD )HYU HW DO 1:QW %HWD &DWWGRLNW LD DWWV HRRMHRWNIRVWLY DQG |
RI , QWHVWLQDO BRVHPFXBOOWQG &HOOXDDU %LRYRBEHU 2
KWWSV GRL RUJ 0&%

(ULF 5 )HDURQ 9YOROHFXODU *HQHWLBEWRQ 2XRORBBINEWD R I&DMMWKROF
OHFKDQLVPV RI 'LVHDVH 2

"RKQ 0 &DUHWKHUV DQG %DUEDUD + -XABWLF*HQRWDLEWHQ/GLMH®GS
&RORUHFWDO &MMYMHWRHQWHURORR 2FWREHU H
KWWSV GRL RUJ M JDVWUR

1 3DUVD T(QYLURQPHQWDO )DFWRUVHWDGEBRQD G %RXQ QIR R 3>
+HDOWKQR 2

&OHPHQV % 7HPSIHU DQG ODUF $QGUp 5HQPRQE KHEBROBBX 6 BD %D \
RI +XPDQ &DQWGU:LOOLDP % &ROHPDQ DQG *UHZRWUN 7VR QEDUOLQ/I H;
1HZ <RUN 2 KWWSV GRL RUJ B

SHWHU +BUPHWLFDO *HQHWL F&&RXBQHH/FOLQJ

4LQJ :DQJ T1&DQFHU 3UHGLVSRVLWLRGEGEKBQHVPYV D@HGFLODQLFDO ,P <

3HUVRQDOL]HG &DQFHU &DUH ([DPSOHV RIG\QGBERP KRN D+%28&
3KDUPDFRORJLFD 6LQLFDQR YHEUXDU\ 2
KWWSV GRL RUJ DSV

+ - (YDQV DQG - 3URVVHU 9f7XPRULBOXEIDHDOVRBDFWRIHV LQ ,Q

3UHGLVSRVLWLRQ WR +XOPQUKRRQ®HIQWWD O +HDOW K BRNHWSEHFWLY HV
2 KWWSV GRL RUJ HKS

JHUJXV - &RXFK HW DO 9f%5&$ OXWDOMHERAVQUQLORRHEGVS 7KDW (YL
5LVN Rl %UHDVWI1RDQFHWDQG -RXUQDO RI OHXR FLQH
KWWSV GRL RUJ 1(-0

-XOLDQ 3HWR HW DO T3UHYDOHQFH @H % X&8D W QREQM 5.&% 3DWLHQW V
2QVHW %UHDVWI1&D QRNUQDO RI WKH 1DWLRQDOQR QFHU- XQWW LW XW }
2 KWWSV GRL RUJ MQFL



' ODONLQ HW DO f*HUP /LQH 3 OLONLDW LRQG URPB RDP%UHDVW
6DUFRPDV DQG 2WKHU H6HRIBOPNWPYHZ <RUN QK I1RYHPEHU
2 KWWSV GRL RUJ VFLHQFH

ODUMROLMQ - / /LJWHQEHUJ HWFDIHWK4B D MWL RBOMQER RDDF W LY DW L
)DPLOLHV ZLWK /\QFK 6\QGURPH 'XH - WRRQMRWILREARWWHKH *HQHWLF\
QR -DQXDU\ KWWSV GRL RUJ

6FRWW 0 :HLVVPDQ HW DO T.GHQONLIDMD BWL\RND IRU ,QQEXLERDB UR I
7TDUJHWHG (YDOXDWLRQV DQG *HQHWLW\7RVWHQH W 1B VIRX@D/A @ R B VHI
&ROODERUDWLYH *URXS RI WKH $PHULBBFNWRQ SIKHAHWHRBLQWORL
*XLGHOLQRXUQDO RI *HQHWLF &RXQRHOLQJI$XIXVW 2
KWWSV GRL RUJ \Y,

+ 1DJDVH DQG < 1DNDPXUD 9fOXWDW®HREVIRNRMXIWHIFIRISKRVLY &ROL
+XPDQ OXWDWQRQ 2 KWWSV GRL RNMJ KX

-XOLDQ 5 6DPSVRQ HW DO ($XWRVRWDO 55HIQRPDW RKR/OFRRUM SRV L
,QKHULWHG 0XWDWERIQ VDR) FG-KW)-R 2

$ODLQ 6SDW] &KULVWRSKH %RUJ RBE&GRPRQRIHXOMMHXQLPN DQG +X
&DQFHUDWXUH 5HYLHZV RQFHU 2

+HOHQ 6NDOHWVN\ HW DO f7KH ORI H 6BHQE Ld IIKYRPIRRU@ER RHWY D OR
RI " LVFUHWH 6HTXHQEBWODVYRYV - 2

< . )XQJ HW DO 9fB6WUXFWXUDO QW GHQW¥\HRIIRW KMK HXEXOWKHH W L Q R
*HQH - 6FLHQFH 1HZ <RUN 1 @R -XQH 2
KWWSV GRL RUJ VFLHQFH

.DWKU\Q $OVRS HW DO T%5&$ 0XW DDWLWE UQW TRAHTQUFN DDMRGH QW 5 H
%5&% OXWDWLRQ 3RVLWLYH :RPHQ ZLVBK RDW LIDG R BVKAH BXBWUDOLD
&DQFHU BWXG\ *RRXRDO RI &0LQLFDO 2QFRORJ\ KBIISPFHDOFBRXUC
6RFLHW\ Rl &OLQLFDO 2QFRRORJ\ -X 0\ 2
KWWSV GRL RUJ &2

.DWKOHHQ ( ODORQH HW DO fJ3UHYRIOHREH DQG %I5HEGLPWWROWLR
D 3RSXODWLRQ %DVHG 6WXG\ RI % U HKD%\® DSFINQFMHIULG DRLVRIR HDQA $J H V
<HDUV &DQFHU 5HVHDUFKQR $XIXVW 2

KWWSV GRL RUJ &$1

7DQ\D *XKD DQG 'DYLG ODONLQ 7,QKHDOQWHEKH3 /LOX\WRWHEADS\QG U
&ROG 6SULQJ +DUERU 3HUVSHFWLYHVQRQ OHGLFiSIH O
KWWSV GRL RUJ FVKSHUVSHFW D

.RU\ : -DVSHUVRQ HW DO f+HUHGOWO®Q W DIMFE Y ¥ RIRHPWHEIR OR J\
QR -XQH 2 KWWSV GRUIRWUWNUR M



1D]QHHQ 5DKPDQ f5HDOL]LQJ WKH 3GRYSERM LRV LSRN FAHHQUIBAOHR
-DQXDU\ 2 KWWSV G RQDRWXIU H

6LPRQ $ *D\WKHU DQG 3DXO ' 3 3KBGRDKQHWEKFHV,@KRYIDWLDQ
(QGRPHWULDO &PQBHQW 2SLQLRQ LQ *HQHWLFWR'HYHOREPHQW 2
KWWSV GRL RUJ M JGH

) 3DFLQL HW DO 9fYOHGXOODU\&BLQREG BRRQFR@RBD - $XJIXVW
2 KWWSV GRL RUJ M FORQ

ODULDP -DIUL DQG (DPRQQ 5 ODKHU NARFKURPRAIPMRRD3BVLQJ &O|
JHDWXUHV WR *XLGH *HQNWREHMHYWRRUQDO RI (QGRFRILQRORUXDU\
2 KWWSV GRL RUJ (- (

% & )LIXHLUHGR HW DO TISHQHWUDDKFMRRUVG GWVNQREBRWWGF B IOW

*HUPOLQH 73 5 + OXWBPWQRQ RI OHGLFDO ©HRQ HW-IDRY/X D U\ 2
KWWSV GRL RUJ MPJ

' 7KRPSVRQ DQG ' (DVWRQ 9fY9DULDWER®@XVQDAD@OHBRVILWVNIRQ L
OXWDWLRQ &BBHUMBPQ -RXUQDO RI +XPD@RHQHWERWXDU\ 2

KWWSV GRL RUJ

% / :HEHU DQG . / 1DWKDQVRQ 9/RZ$SHRHFWDWYEEHZEMXEHM FUHDV
IRU %UHDVW &DWQESIWDQ -RXUQDO RI &DQFHU 2[IRUG QRRJODQ®H
2 KWWSV GRL RUJ v

%HUW 9RIJHOVWHLQ HW DO 9(Y&DQFHGFEHQRPHOROQGVFDSHV: 2

- &DLUQV fOXWDWLRQ 6HOHFW LR\ [R(D@D’\Q@-EWD(WNL(DERO +LVW
0D\ 2 KWWSV GRL RUJ

6 - /IDNHQ HW DO ¢f)DPLOLDO &RIONRHIGIFM. P OX&IDW RHIJ \@ HUP XW D E C
LQ $34DWXUH *HQHWRFV 6HSWHPEHU 2 KWWSV QG RL RUJ

/IXLJL /XFD &DYDOOL 6IRU]D DQG :DRMHHQHWGFWREPHKWP DQ 3RSXO
&RXULHU &RUSRUDWLRQ

‘DOWHU %RGPHU DQG &DUROLQD %RQLO®DMDULDPERVPP R DD(XG)V\BLDDI
6XVFHSWLELOLW\ WR &R PIDRMOX UV HB@HWQR V -XQH
KWWSV GRL RUJ QJ |

(PLO 8IIHOPDQQ HW DO T*HQRPH LGN - $UWKRUID WHRKDQH B W X0GHWAK F
3ULPHUQYR $XIXVW KWWSV W RL RUJ

'DQLHOOH :HOWHU HW DO 17KH 1+*5,UD%6H & DIWHI/ARRUFB RK 613
$VVRFLDWLRRKOMHLF $FLGV S5HVHIDUMBDKVDEDVH LVVXH -DQXDU\ '
KWWSV GRL RUJ QDU IJNW



*OHE .LFKDHY DQG %RJGDQ 3DVDQLXF BDMH$BQRWDWLHRQFYWRQLQ
(WKQLF )LQH ODSSL@PBWKBRBVRXUQDO RI +XPDQRHQHWXEFXVW
2 KWWSV GRL RUJ M DMKJ

ODWWKHZ / J)UHHGPDQ HW DO {3 UL$EF L SQFHW LIRQDW K&K DRNDWW H U L ]
&DQFHU 5LVN /RPAUXUH *HQHWLFQR -XQH 2
KWWSV GRL RUJ QJ

/JLMLQJ <DR HW DO f)XQFWLRQDO SRQRMDVLRGY BI1BKRGORQ
&RPPXQLFDWLR@®WSWHPEHU KWWSV GRRPRVJ QF

<LQJ +DQ HW DO T,QWHJUDWLRQ SSIL QX OMAGI WIKQR P L. G QRWD W
3ULRULWL]H &DQGLGDWH )XQFWLRQDEDUGHSXVFHWW&LEFK‘Q)WMPB@SJDQQV
OROHFXODU *HQHWLFVQR 2FWREHU

KWWSV GRL RUJ KPJ GGY

-DVRQ (UQVW HW DO f0DSSLQJ D QG $SDIOWWL W QRO PRLKEWRIP@ WL Q H + X F
7\SHVIDWXUH QR 0D\ 2 KWWSV GRQIRWIUH

7 $ 'D\HK HW DO 9§,GHQWLILFDWLR@WHGE ZISWIKE1B\8 KV VRBEHWH V
"LIIHUHQWLDO '1$ OHWK\ODWLRQ L@ WXE-DBHIDRE R IRV L F0,\O
2 KWWSV GRL RUJ v

+XDGDQ <H HW DO T$VVRFLDWLRQ MRIW&KZDN QG HAKH REBERGEBN Z LW
&RURQDU\ +HDUW '®VYRPWMBLFLQH SKDUPDFRWKHUD S\ %LRP|
SKDUPDFRWKHUDBLH 2 KWWSV GRL RURSKD M EL

<XQIHL *XR 'DYLG 9 &RQWL DQG .PHE:BQYHB(QOQWHMWDWLRQ RI
SHVXOWYV ZLWK %LRORJL%DRLEYIRBMIDMWLRQV[IRUGR(QJODQIQ XD U\
2 KWWSV GRL RUJ ELRLQIRUPDWLFV EW

JUDQN : $OEHUW DQG /HRQLG .UXJOXDW WRKHIDRIQBVRILRSMH LQ &RPC
DQG 'LVHDYBWXUH 5HYLHZV *HQHWRLFV $SULO
KWWSV GRL RUJ QuUJ

*UHJ *LEVRQ -RVHSK ( 3RZHOO DQU(§8SNRWVLORDQ UXPWWDRLWDWLYH
$QDO\WLYV IRU 7UDQVODWLRO@PRPHOHGHGLRHQ-H)R
KWWSV GRL RUJ \%

7LQJWLQJ <DQ HW DO 9f5LVN 613 ,QGXMHYG&RFRUSH BWERO '&DQFHU
$FWLYDWLQJ *O\FRO\VAIVI BROQDORQVYGXFWLRQ DQG 7DQRHWHG 7KH!
YHEUXDU\ KWWSV GRL RUJ v

7LHQDQ )HQJ HW DO 9% 613 OHGLDWHG DQB506FUR&1$ OLS S
,QWHUDFWLRQ DQG ,WV 3RWHQWLDN - FROOFO\D ® (R WK BHIBEA R PAB O
&DQFHU 5HVHDOQRK $XIXVW KWWSV \GRL RUJ



<HUERO = . XUPDQJDOL\HY HW DO LRIQXQFIWELR@WIIFQ QP SRICARPWUSKLV
+XPDQ *HQRPHXPDQ OROHFXODU *H@Q®RWLFV 6HSWHPEHU 2
KWWSV GRL RUJ KPJ GGW

*HUDOG : 9HUKDHJK HW DO T3RO\PRHQKLURG IWKMILHVN RI %O
&DQFHU (XURSHDQ B8URORJ\ QR I1RYHPEHU 2
KWWSV GRL RUJ M HXUXUR

,DQ 7RPOLQVRQ HW DO 1$ *HQRPH :LGRI $VVRELOWLRBG QAFIDIQH
6XVFHSWLELOLW)\ 9DULDQW IRU &RORUBWWDI® SDIOHFRBFIW FXIXVW
2 KWWSV GRL RUJ QJ

5R[DQD 6 5HGLY HW DO 9fY$OOHOH 6BHEDIQFHUWHSHRIERRPLVRI E\ WK
1RQ &RGLQJ 51% &&BROHFXODU &HOR JHEUXDU\
KWWSV GRL RUJ M PROFHO

3HWHU %URGHULFN HW DO 1$ *HQRM®H 6KRHE \$ VKRML BWPRR Q6 WXO H
60%' ,QIOXHQFH &RORUHFW D Q D&DXQFHH U HELIW\NQLFE V 1RYHPEHU
2 KWWSV GRL RUJ QJ

(PPD -DHJHU HW DO T&RPPRQ *HQHWLEBS$SRULBDQ@3BV /RWXW KRIQ
&KURPRVRPH T ,QIOXHQFH &RORUHBW R O H& DHGHHVE IEF-\W N -

2

&KXQ]JH =KDQJ HW DO T&RPPRQ *HQHWLEQIDULDROBWLEXWHYV \
&RORUHFWDO &DQFHU 5LVN LQ ZIIFRMMHIIRBXODWLRHSWHPEHU
2 KWWSV GRL RUJ RQFRWDUJHW

$O0YLV %UD]PD HW DO fOLQLPXP ,QURURDWURQ (CSHRMXWHMW 0,%0
WRZDUG 6WDQGDUGYV IRU 01LIrW R D H UBI\Q'HDWYIRF V '"HFHPEHU 2
KWWSV GRL RUJ QJ

5RQ (GJDU OLFKDHO 'RPUDFKHY DQG @GHHY VDRE 2PQIEKY 1&%, *
([SUHVVLRQ DQG +\EULGL]DWLRQ $ULYRO BMWD $FH SRV EMARBUR U F K
-DQXDU\ 2 KWWSV GRL RUJ QDU

)DWLPD &DUGRVR HW DO § *HQH 67IHDMWXAHD I/V' I-EDFQ_\&BLBQMRLQ (D
%UHDVW &DIXAHWUHZ (QJODQG -RXUQDO RIQRHGLFLHMHIXVW
KWWSV GRL RUJ 1(-ORD

-RVHSK $ 6SDUDQR DQG 6RRQP\XQJ 3DLWKF'HY HORSE BNYW\ DIQG ,’
$SSOLFDWLRQ LQ &OLQLFDO 3UDFWRKM (DUIG RIO&QLEDODDUZQ PROR J\
-RXUQDO RI WKH $PHULFDQ 6RFLHW)\ RIQ®ROLQLFPHEDFPRORJI\ 2
KWWSV GRL RUJ -&2

3DWULFN &DKDQ HW DO f/LVW RI /1$VVDWBEQRMW D RW GQRRWDWLI
&RPSDULVRQ RI 3XEOLVKHG OLFURDQMH/D\QGRQH /L2WWREHU 2
KWWSV GRL RUJ M JHQH



-RUGDQ $ 5DPLORZVNL HW DO 1)XIQFXWPLIR® DROQY QIRFIVFBWLQ O ER1$V
OROHFXODU 3KHQRW\@RPH - 5HVHDUFKQR -X 0\
KWWSV GRL RUJ Ju

7DQ\D %DUUHWW HW DO 11&%, *(2 @UHIQLRYH—LHRUD)WQFN\HLVR‘(@SGE
1XFOHLF $FLGV SHVHDUGR ' -DQXDU\
KWWSV GRL RUJ QDU JNV

$PL O .DEDGL HW DO TOXOWLSOH[ &RBB5(&DVQ RHDWIHGI *IW@P D 6L
/IHQWLYLUDO 3®KFWHLF: - $FLGV S5HVHPR FK 2FWREHU H
KWWSV GRL RUJ QDU JNX

0 :D\QH 'DYLV DQG (ULN 0 -RUJHQVH® (GES(R$ JBOPMPHO\ $YDLOD
ODQLSXODWLRQ DQG O9LVXDOL]PURIRQLHBYRIUPP %LRLQIRUPDWLFV
KWWSV ZZZ IURQWLHUVLQ RUJ DUWLFOHYV IELQI

-RKDQQHV 6FKLQGHOLQ HW DO 9f)URUPS$I® 2 LR 6RIAUFBIO3 PDWH $G
IDWXUH OHWIQRGY  -XO\ 2 KWWSV  GRPLHRIKI

'DHKZDQ .LP HW DO f*UDSK %DVHG *HQRIFPQRMD\LS]LQQDJHZQWWK)QG6$7 C
+,687 *HQRW\IBWXUH %LRWHFKQRDRJ\ $XIXVW
KWWSV GRL RUJ v

<DQJ /LDR *RUGRQ . 6P\WK DQG :HL 6KIQ {)H B WXQYW &RIQMHWD O 3 X
3URJUDP IRU $VVLJQLQJ 6HTXHQFH 5H NGWWRLH@R PDRVRHFIYW X SULO
2 KWWSV GRL RUJ ELRLQIRUPDWLFV EW

OLFKDHO , /RYH :ROIJDQJ +XEHU DOEGERGHRPWIKQGNWLPDWLRQ |
&KDQJH DQG 'LVSHUVLRQ IRU 51% 6HT "HWR PH W R (BRIMR:
'HFHPEHU KWWSV GRL RUJ \Y

'D :HL +XDQJ %UDG 7 6KHUPDQ DQG 5UFKDPWE&PODWHPILGGEHL QWHJ
$QDO\WLV RI /DUJH *HQH /LVWYV 8VIFGY 'S4V RXIUBWNBRY BLDWWRFROV
2 KWWSV GRL RUJ QSURW

%UDG 7 6KHUPDQ HW DO f'$9,' $ FMELREDOHWURBKPHQW $QDO
)XQFWLRQDO $QQRWDWLRQ RI *HQHLXPOM\LF $FI8G\G BWYWHD UF K
ODUFK : KWWSV GRL RUINDF QDU

7DQ\D %DUUHWW HW DO 11&%, *(2 @UHIQLRYH—LHRUD)WQFN\HLVR‘(@SGE
1XFOHLF $FLGV SHVHDUGR ' -DQXDU\
KWWSV GRL RUJ QDU JNV

$KDURQ %URGLH -RKQDWKDQ 5R\ $]DUNBRD QBU<DJRIP\ WIKUHD®13 0D\
&DXVDWLYH *HQHMKFOH'LF $FLGV 5HVHIRUFK - X0\ 2
KWWSV GRL RUJ QDU JNZ



-DFTXHOLQH ODF$UWKXU HW DO T7RBORHRILIXEO(WKEBWHQRPH
$VVRFLDWLRQ 6WXGLHV *1¥6FG@BMWDHRIGYV 5HVHDUFK -DQXDU\
b2 KWWSV GRL RUJ QDU JINZ

JUHGULFN 5 6FKXPDFKHU HW DO R$WV\WRRFH DWKIDRXQ $QDCD\N’GVGHQWL
1HZ 3URVWDWH &DQFHU 6XVEBWWUHLCHLOWHWEFV - - X0\
KWWSV GRL RUJ \%

5RVDOLQG $ (HOHV HW DO 1,GHRWWIDWBWIIRGFRU 6 X\HZHSWLELOL
WKH ,&2*6 &XVWRP *HQRW\BDOYXY$HUBQHWRFY $SULO 2 H
KWWSV GRL RUJ QJ

7TUDF\ $ 2-0DUD HW DO T, GHQWLILEDPHRWLRLALWH /RHREZ BRU (Q
&DQFHU-1DWXUH &RPPXQLFDWLRAV $XIXVW
KWWSV GRL RUJ \Y,

OD[LQH 0 &KHQ HW DO 1*:$6 OHWD $ROTHRVGH@WLILHV 1HZ 6XVFHS
IRFXV IRU (QGRPHWULX®OER® QROBFXODU *HQRIWLFV -XQH 2
KWWSV GRL RUJ KPJ GGZ

3KLOLS - /DZ HW DO 9f$VVRFLDWLRIZ$RID/ANVRVL, GRHOWRIORUHFWD
6XVFHSWLELDWXUH &RPPXQLFDWLRRYV 0D\
KWWSV GRL RUJ \% Y4

<LQJFKDQJ /X HW DO T,GHQWLILFDWHR G LKINIRUHLD ORF L@ QGRZQ |
&RORUHFWDO &DQFHU 5LV & DL@F HDV (8 IS¢ HPORO-RJ\ %LRPDUNHUV  3U
3XEOLFDWLRQ RI WKH $PHULFDQ $V WRIMLWDAKL RR VBB QORFHE EHWKH $
6RFLHW\ RI SUHYHQWLYH 2QFRORJ\ )HEUXDU\ 2
KWWSV GRL RUJ (3,

<LQJFKDQJ /X HW DO ¢(/DUJH 6FDOH *HRQRAMXEGRI{DWRFBSVWDRQV ,G
/IRFL $VVRFLDWHG :LWK 5LVN IRU CRORWURHGM DU KORBHU$SSULO
2 KWWSV GRL RUJ M JDVWUR

&KHQMLH =HQJ HW DO T,GHQWLILURBW IDREG R H@¥WF HSUNV& R DRIUW F W D
5LVN - *DVWURHQWHURORJ\ QR -XQH 2
KWWSV GRL RUJ M JDVWUR

-HURHQ 5 +X\JKH HW DO 9f'LVFRYHU\ RI*ERPMWRGE BIQ\N 59]1ULDQ\
&RORUHFWDO &DIWFKUH *HQHWLRR -DQXDU\
KWWSV GRL RUJ v

,DQ 'XQKDP HW DO 9%$Q ,QWHJUDWHG QBPHQWRSH®LWIKRH *DSPDQ *HQF
1IDWXUH QR 6HSWHPEHU 2 L RWWSV GRDWXUH

&DUULH $ 'DYLV HW DO f7KH (QF\HQR/SHGL&®2R(I '1$V(J(D)HEFRUWDO 8SC
I1XFOHLF $FLGV SHVHDUFK ' -DQXDU\ 2
KWWSV GRL RUJ QDU JNJ



OLWFKHOO - ODFKLHOD DQG B6WHSKHQ$-:HEKBQRAB $9 SCLLGFND W L R
([SORULQJ 3RSXODWLRQ 6SHFLILF +® $IORNM\GH SRUINXFODIW HMGDRO O HO H
)XQFWLRQDO 9% URD@WVYPDWLFYV 2[IRUGR(QJODIRYHPEHU 2

KWWSV GRL RUJ ELRLQIRUPDWLFV EWY

-RKQ /RQVGDOH HW DO f7KH *HQ ROV VK[ 7 BV RXH WV8 U H VFHIQRI W L FV
QR -XQH 2 KWWSV GRW RUJ

'DQJHOPDLHU (PLO\ $ HW DO f$Q/HYRBEWILSRBIDAKL QO RRHQW LQ
8QWUDQVODWHG 5HJLRQ RI D 7UDQDFRIQIWM RQ¥RGQAW BWHEHDXODW H
6WDEL®RMDHFXODU DQG &HOOXOD®R %LRORJADUFK H
KWWSV GRL RUJ PFE

;LDR /LQJ /L HW DO 1$ 6PDOO 3URWWLYH(Q® RBIHG5BIXDODXNWHY $SR
DQG 7XPRULJHQLFLW\ LQ +XPDQ &RORWHGWODBDX WBHDHF HU OXHSRY -DQ

&RQVWDQWLQRV(/RXPRERMREHU H KWWSV GRLHRUJ H/L
*O\QQ 'HQQLV HW DO §'$9,' 'DWDEDVH VRDOLPIMWRMWRQN LRQG ,QW
'LVFRYHWHQRPH %LRORR $XIXVW 5 KWWSV JERL RUJ
U

(OHRQRUD *ULVDUG HW DO 9Y6OHHSLQIGHWEWXW\HVWHQUBWLE 8FT%'HQ
, QWHUDFWLRQ DV &UXFLDO IRU &ROIRUPREWRDIDCGEFPQHKHIXUYMWDVWDVY
KWWSV GRL RUJ M HELRP

=KRX 'X HW DO 9, QWHJUDWLYH *HQRPFPLELFOQDO\\VHYOFHYDOHDD /RQJ 11
51$V LQ +XPDQ &O0QMWHKWH 6WUXFWXUDO OROEBRXODWXOILRORJ\ 2
KWWSV GRL RUJ QVPE

OHQJ =KRX HW DO 1% SRWHQWLDROQELIR@WROBH®I FLIKVBUHGLFWYV
LQ 3IDWLHQWYV ZLWK 1RQ 6PDOOREHQO OXRIJ7&DQWOWLW-WLR@MDO OHGLFL!
- X0\ KWWSV GRL RUJ \%

OHQJ =KRX HW DO §,GHQWLILFDWRR/® QW GDID OUR DQRMNQLRI/QF51$
IRU 3UHGLFWLQJ 6XUYLYDO LQ 3 DRI RXUDIDAK RIX@SH.SIOFH QWD O ¢
&DQFHU 5HVHDUFKQR&5 6HSWHPEHU KWWSV V GRL RUJ

' %HFN HW DO 1$ )RXU *HQH /LQF5WXUYFSBHNMGBLR® \6IYMN LQ oxow
RI $FXWH O\HORLG /HXNHPUBXSBWLBQ®R/ - )YHEUXDU\
KWWSV GRL RUJ OHX

.L\RVKL OLVDZD HW DO fT(SLJHQHWNFDELOB®GHSED BRHGW//3UHGLFWI
6XUYLYDO LQ +HDG DQG 1HRNLG@DRDFHU (SLIJHQHWLFV
KWWSV GRL RUJ v

-XDQ =KDR HW DO f>&RUUHODWLR@IEBWZHBIQGO B WKYQ BN RRP Q F
=KRQJJXR \L [XH NH [XH \XDQ [XH EDR OSFGWLF L$F DI H6R QD H
2FWREHU 2 KWWSV GRL RUJ M LVVQ



‘XH :L <DQJ HW DO f$EHUUDQW OHWXXODWLRQ RRGDR®RAQUI +
+HSDWRFHOOXODU &RPUGGQRPAJQDO RI *DVWURMRDWH U R ORIN
2 KWWSV GRL RUJ ZMJ Y L

ODUtD 6ROHU $UWLJDV HW DO T*H QRRH / DLGH HRDROFH. DRABRZ XS , G
1HZ /RFL ,QIOXHQFLQJ /XQDWXQHWLREOH VQLRF V BHSWHPEHU
2 KWWSV GRL RUJ QJ

OLNH 5 5XVVHOO HW DO 1&%$6& VR /QHESIPRDW X\W&KSUHY 1HXUREO
6XVFHSWLELOLW&DRHNXY -5HVHDUF®&R $XIXVW 2
KWWSV GRL RUJ &$1

7KLOLQL 5 )HUQDQGR HW DO f7KH WQR5 bR & (6IXUHYNILR@QDLQ 58
SHDUUDQJHG $FXWH /AROHFXDDU &DQFRHR -X 0\
KWWSV GRL RUJ Vv [

<RQJ %DL HW DO 7&%$6& &RQWRIQERQWEV QWD BURQ@ WHKUBRWIK 5HJIXO
S ./. $[LV LQ /XQJ &®HTFOG &\FOH *HRUJHWRDR® 7H[6HSWHPEHU
2 KWWSV GRL RUJ

1LDQFDL -LQJ HW DO 9f/QF51$ &$6& &BQRRBWHNO G RIVRDLIHUDW
OHWDVWDVLV E\ 5HIX@DWLO5 WKWM BABWHQLQ 6LJQDOL @RBOMWKADVU -
OHGLFLQH S5HSRRWYV $XJIXVW KWWSV BRW RUJ

<bDQJ /L HW DO 1&$6& SURPRWHVQ EXN WXE! O/l WL.RVIORIQHD QG )D
ODOLJQDQF\ RI +HSDWRFHOOXODU &DDWML@QRPD:,8HOOMOH\ ([QBHMVLR(
OL5 D S 6SRQJIJPDQURSHDQ -RXUQDO RI 3KDUPDRIFREBRHBW
KWWSV GRL RUJ M HMSKDU

4LRQJ X HW DO 1/RQJ 1RQ &RGLQJ 51WH&$6OVWIHIKEDQFHU
SUROLIHUDWLRQ OLJUDWLRQ DQG (/SUDVIHOWILRID OHVHDEKNRDLQJ &'.1
=(% OROHFXQOQBRORJ\ QR -XQH KWWSV GRL RUJ

/ILQJ ; 6KHQ -DPHV 3 %DVLOLRQ DQG 96QRHQW BXGEWBAWRGH- 3RO \F
&DQ &DXVH 'LIITHUHQW 6WUXFWXBDRFHHBEAWYR1 REMVEKH 1DWLRQDO $I
6FLHQFHWR 2

7LQD *OLVRYLF HW DO 151$% %LQBURQ \BRRVSMLRQ DQ G HIXME HJ X O D
/JHWWHUW®QR 2

6WHIDQLH *HUVWEHUJHU ODUNXV HHiXQHU$ RRGVIWRRDYXPD/Q 51$% %L
SURWHLODW XUH 5HYLHZV *HQRHWLFV 2

5RELQ 5HHG DQG +RQJ &KHQJ f75(; $RWBW RW dBQSUDBOGW[2SLQLRQ
&HOO %LROFRI\ -XQH 2 KWWSV GRLFRBJ

5RELQ 5HHG DQG (G +XUW 1$ &RQVHUYHHL® 5% RISRUMGOWR 3UH C
6SOLFIPIDO QR 2



;LDRAX /L HW DO T1&KHPLFDO 3XOOGRZ\Q—|)6CHR’)HUDLCD/\ODQ\/D_FRLQ: Rl
ODPPDOLDQ 7UDQVFUDBWBHH&KHPLFDO % QRORJ$XJIXVW
KWWSV GRL RUJ QFKHPELR

-HITUH\ ( 6TXLUHV HW DO T:LGHVS WHIMGK 2FFYXWRMLQ@RH LRI +XPDQ &
DQG 1RQ &RGLQJ IXIMOHLF $FLGV S5HVHDRIFK -XQH
KWWSV GRL RUJ QDU JNV

s LDRWLDQ =KDQJ HW DO T7KH 7511% 06 W&WDVE U O Q\HOW UBH \EH.
OHWK\ODWLQJ WKH - 8QWUDQVODMWWHGUBHHSRR XRILEFDWDRRK
KWWSV GRL RUJ QFRPPV

+DLOLQJ 6KL -LDQJER :HL DQG &KXDQ@ @B HREHGR QMW 'HSHQG!
)XQFWLRQV RI 51$ OHWK\ODWLRQ : UDLWAHUO/R OHHFIX G 1D W VEQHBRMA (U0 D\
2 KWWSV GRL RUJ M PROFHO

7TRVKLDNL :DWDQDEH HW DO 15HW URRIUHIHWS B M RQAD WRIGO0 B VHWK L
/QF51%V YLD WKH 3L51%$ 3DWKZzZD\ EIQORRH SHYMHDIL@R - ODUFK
2 KWWSV GRL RUJ JuU

<XOL\D $ 6\WQLNRYD HW DO f7URQFYSRY DEOH 3(OHPHIOMODWLRQ |
/IQF51% DQG *HQH ([SUHVVLRQ 'LYHUVLBWILDQ '&JHRY® SENHMIPBHV -
5HVHDUFIQR '"HFHPEHU 2 KWWSV GRL RUJ

'DYLG .HOOH\ DQG -RKQ 5LQQ 9fY7UDQVHRWODE GMW O HPHHQAVESHFLILF
/IRQJ 1RQFRGLQJ B3H®RPH %LRORJIQR I1RYHPEHU 5
KWWSV GRL RUJ JE U

*UD\ 6KDZ DQG 5REHUW .DPHQ 1% &RQVHURM GVISE 6H8®RWQMDH VO D
5HJLRQ RI *0 &6) 051$ OHGLDWHV 6HOHFWRQMRKBBOISQRIUDGBWIXVW
2 KWWSV GRL RUJ

7 :LOVRQ DQG 5 7UHLVPDQ 9Y5HPRYRUHRIXBROA $HIDQGDARLRQ RI

051%$ )DFLOLWDWHG E\ - $8 5LERWNUKHERFHV - I1RYHPEHU 2
KWWSV GRL RUJ D
$ % 6K\X 0 ( *UHHQEHUJ DQG - *)RAHDDIVERFUYLZEW & 7DUJIJHWHC
'HFD\ E\ 7ZR 'LVWLQFW 051%$ 'HJUDGDWH®KV 3D WKZDAR S P HQRW
-DQXDU\ 2 KWWSV GRL RUJ JDG

=KLELQJ /L <LMLDQ /L DQG 4LEDD :DURJIQRMWELF )DFWRU DQG 5HJX
3UROLIHUDWLRQ OLJUDWLRQ DQ@LRYPMMREHLEH SRURPD -2FWREHU
%65 KWWSV GRL RUJ %65

;LDR /LQJ /L HW DO 1$ 6PDOO 3URWMHILYH (QFFRA GG HIXID BWWE $SR
DQG 7XPRULJHQLFLW\ LQ +XPDQ &ROR WG WODBDX WBHDHF HU OXHSRY -DQ
&RQVWDQWLQRV(/RXKPRHEM/REHU H KWWSV GRILHRUJ H/L



6KX\XQ 0D HW DO f7KH /QF51$ /,1& HOO5BUR@DWHM WLRQ OLJUL
,QYDVLRQ E\ $IIHFWLQJ :QW A &DWH QLYQ F BIQ) Q&DDAQHRP HE L&EHQ H
3KDUPDFRWKHUDS\ %LRPHGHFLQH 3KDURPHREWKHUDSLH 2
KWWSV GRL RUJ M ELRSKD

+XLPLQ /LX HW DO f&RS\ 1XPEHU gfswismwmm@yxenmwu-m/@RQWUL
3RRU 3URJQRVLV LQ &RORBBE®DOQRDQFHU -$XIXVW
KWWSV GRL RUJ DJLQJ

6KXR =HQJ HW DO 9f/RQJ 1RQFRGLQJGHRBV,3RRVSKRKDODWLRQ RI 9
RQ 6HU WR 6XSSUHVV *DVWULF &DMFHW 3 H R HWDWDEQ \ 2
KWWSV GRL RUJ M FDQOHW

'RX 'RX /L HW DO f/LQF ,V D 6IKRRYUHVD @DWWIHD AIDQG 5HFXUUHQF
ZLWK 3DQFUHDWLF 'XFWDO $GRQBGEDBXIU@QHRDRI *DVWURHRQWHURORJ'
$XIXVW 2 KWWSV GRL RUJL ZMJ Y

ODWWKHZ * 9DQGHU +HLGHQ /HZLV & &DKRPCSNR D QG QEIDWY WD Q G L (
"DUEXUJ (IIHFW 7KH OHWDEROLF 5HTUR®IH P KGR -REFH RO 3

2

2WWR :DUEXUJ )UDQ] :LQG DQG (UZHQ DHREDWHR R 7FXAROV LQ WKI
7KH -RXUQDO RI *HQHUD@RK\VLRORJ\

(GRDUGR *DXGH DQG &KULVWLDQ )UH]]DU I HO HHWAD ER @ LWR B RS Q&D (
&DQFHU OHWDERXRLVP 2

IXFDV % 6XOOLYDQ 'DQ < *XL DQG 0DW WKHIAW*HYUMHGGCHHIWDHERGAHLQV H
&DQFHU ,PSOLFDWLRQV IRU 7XPRXUKHURCGRIW BQI6 RDYQAHZY &DQFHU

QR 2

ODUFR 6FLDFRYHOOL HW DO TMXPDURWHILMUD QK DWW JHOQHWWENF (SL
OHVHQFK\PDO 7UDQWXVIHR@R 2

/LVD .LQFK 1LFN 9 *ULVKLQ DQG -FRIQDWURKQDRIREGDS PEXE $FWLY
1Ul 'HSHQGHQW $QWLR[LGDQW 3DWKZDLNY AU ) +5HQI DL KBWO3RDUFLQ
. &DQFHU &HQR

ODUFR 6FLDFRYHOOL HW DO f7KH RQMWRBEBQGBURPRWSHD IHRS O
*URZWK E\ ,QKLELWLQJ 6XFFLQDV&H OIOK0E WRDE-RDRWH- 2

6LPUDQ 6 6DEKDUZDO DQG 3DXO 7 6FKXPHFNHQ JDOWRE K RQIGUILD
$PSOLILHUV RU DQ $FKDWRHM:5+HHGI'ZV &R FHU 2

JUDQN :HLQEHUJ HW DO fTOLWRFKRQ@B L'IH® 19 H DAD ERQ LHPH 0§ & HE) W
.UDV OHGLDWHG 7XPRMWRFMHQHGELYIV Rl WKH 1DWLRQDO $FDGHP\ RI 61

2



*HRX <DUK /LRX HW DO f0XWDQW .5GWVL BRI XHHED WILW RFRVYRWDHVYV LQ
8SUHJXODWHV (*)5 6LJQDOLQJ WR '"UEREYHDMIUP BWHRDQRHB&KRYO/HVLF
5HSRUWW®QR 2

1DRXIDO =DP]DPL HW DO 9fO0LWRFKRF@HHDLD @ SKRFSOGMURRXRQDY RI
([SHULPHQWDO OHGQRLQH 2

1DRXIDO =DP]DPL HW DO f6HTXHQWKR® GHGXEWURQ \RR HHRBARD QH 3
DQG *HQHUDWLRQ RI 5HDFWLYH 2[\JHQUESHFLG \& H Q O DAKIW-BRIXRJ Q D O
(ISHULPHQWDO OHQRFLQH 2

9DOHQWLQD ,]]JR HW DO  T0LWRFKRIQGWLDIOR @H UMNHED)EIQEIMDJIV D QG
8QFHUWDL/QWRMHW:- LQ &HOOQRLRORJ\ 2

6DUDK % /D]DU HW DO 9f*HQRPH :LGH;$$QDUDYV¥ URISWIKRIQDO 1H
,GHQWLILHV 1RYHO 3URWHLQ &RGLQJ DQTDURBW\ R@FREORU BEW DO
&HOOVOROHFXODU DQG &HOOXODU QR6LRORJ\ 2FWREHU
KWWSV GRL RUJ 0&%

'LDR /LQJ /L HW DO $ 6PDOO 3URWMWQY(HDFREHG EHDXOOWHV $S
DQG 7XPRULJHQLFLW\ LQ +XPDQ &ROR UHGEF WOIDX RHDHF HU 0XHS RV -DQ
&RQVWDQWLQRV(/RXPHEMREHU H KWWSV GRLHRUJ H/L

-LQ =KRX +XDQJ HW DO 1% 3HSWLGI—NI(-IQ/R§FFC5EH$; €20 $BWEOVSISUHVV
&RORQ &DQFHU ORRPHFKXODU &HO O

1DGLD * '-/LPD HW DO 1% +XPDQ OLHURSFWRWHAILW K7 MIKWM 0GWS$ 'HFD S
&RPSOHIPWXUH &KHPLFDO ®RRORJ\ 2

6KDRKXD /X HW DO 19 +LGGHQ +XPDQ 3URWQ|I%¢FRI-GL(Q,IHIRGHQHE/\
I1XFOHLF $FLGV 5HVHDUFK 6HSWHPEHU
KWWSV GRL RUJ QDU JN]

7TRQ\ *XWVFKQHU HW DO f7KH 1RQPR&GUWIOW LSFIGFO0 $HBIPXQVWRU RI WK
SKHQRW\SH RI /XQJ &DQRWMQF&HHOGMVHDURR JHEUXD U\
KWWSV GRL RUJ &$1

6KX -XDQ ;LH HW DO TODVF51%$ DGGOIMWS7 SBURRRWH)BYROLIHUDW L
OHWDVWDVLV RI +HSDWRFHOOXODU L&MWILQ@QRRPD. &80 06L EFQDEFMWRJI 3DV
&HOO 'HDWK 'LVEKRRYHU\ 0D\ KWWSV GRL RUJ [

7RQ\ *XWVFKQHU ORQLND +IPPHUOH WQJG$6$HEOD IBHEBGLAR IRU /R
1RQFRGLQJ 51$ )XQFWLRQRXQ @DQ@RHWROHFXODU OHGLPLQH

+RQJ 7X =KHQJ HW DO f+LJK ([SUHSYLRRJIBRHVQN5D$ OLRPDUNHU |
3URJQRVLV LQ &RORUHFWIDDQOMNQRDO -RXUQDO RI &0 8DWKR® PG (

QR



<RQJKXD +DQ HW DO T,QGXFLQUK&HDWLRUR GISIRSWRVLRY DQG ORWL
E\ 6LOHQFLQJ /RQJ 1RQFRGLQJ 5L E RIWRO $\. ¥ RIFFLLIBVHGW/DX\DW $GHQRFD
7UDQVFULSW LQ S8URWKHOLDO &DSBUFROQRPDMRI WKH %ODBGHU

1LFROD $PRGLR HW DO 108/%7 $ 'QXYRBEQH 3RVIRIR 7TDUIJHWHG
&DQFHU $SSURD-RRHMDPO RI +HPDWRORJ\ 2QRRORJ\O0OD\
KWWSV GRL RUJ \%

+LURVKL +LUDWD HW DO 1/RQJ 1RBJUFRERWHV5 IR IWUHEYLYH 5HQC
&DUFLQRPD WKURXJK (]JK DQG ,QWHWDRWW UZ 5W K HOLEFK - $SULO
2 KWWSV GRL RUJ 1 &$

3LQJ -L HW DO f0%$/$7 D 1RYHO GREFRRBVYRQQ 6§1BUBIGLFW OHWDVV
6XUYLYDO LQ (DUO\ 6WDJH 1RQ 6PRQPREHQA ORQYJ &DGHISW-HPEHU

2 KWWSV GRL RUJ VM RQF
‘LDR 6RQJ *H HW DO +27$,5 D 3QRJIQRSYMOLFHDDFWRNDRRXV &

&DUFLQRPD ,QKLELWYV :,) ([SUHV\Q\R G DWIGCZSE QAN D VEHANVH Q R
'"HFHPEHU 2 KWWSV GREDRWJ

-XQ MXQ 4LX HW DO 9f2YHUH[SUHFNVQRG IR +RTHI51BQHER. FWV 3RRU
3URJQRVLV DQG 3URPRWHV 7XPRU DIOWDYIMDNLY & BMESARKRIILIE
2QFRORJ\ QR -X 0\ 2 KWWSV GWRLIRQR

'"HFKDR /L HW DO f/QF51%$ +27%$,5 50GXVFW U GKQ LWLEHEDO &DQFHU
DV D &RPSHWLQJ (QGRJHQRXV 51%$ WR 5HIXBOBD@MHO $& NRGSMD J&HO O
,QWHUQDWLRQDO?

<DQ <X HW DO 91.QRFNGRZQ RI /RQJ BR®) QFEGHPN BY$&tAYSODWLQ 6
LQ 2YDULDQ &DQFHU E\ ,QKLELWL XWRISKDIMVXIRD , QBXFHG $ 2

$OL 5 g]HU HW DO f7KHUDSHXWIRU 7@ HMHWILKR 3 BYWQG HX ,QKLELW
&RGLQJ 51$ +27%$,5 $FWLYLW\ LQ 2Y DQFHD®F DG Wh UHD YRR D W V

2

5\ XQRVXNH .RJR HW DO 9f/RQJ 1RQFRGXQ@DWHY +PNG\ERPE 'HSHQC
&KURPDWLQ ORGLILFDWLRQ DQG ,V $RVARNVDWHG ZRWR \3RRFEWIEBO & D Q F |
5HVHDUFKQR 2

&KXQPLQJ =KX HW DO 9f)XQFWLRQKDDQEP3QRBHUDAEDY 0MHFS,5 LQ &D
&KHPRWKHUDS\ 5HVE&N®O QFHIDWK 'LVFRYR{U\ 6HSWHPEHU
KWWSV GRL RUJ v

7TDND\XNL 1DNDJDZD HW DO ¢9f/DUJH 1RQGREQEOB B BY HPHEVLYH %LR
%HKDYLRU DQG ,V $VVRFLDWHG ZLWK YAKRPWWLQ VHXIP\DH) ) URIQ 6PDOO ¢
&DQFHWLRFKHPLFDO DQG %LRSK\VLFDO 5HVHDURIR &RPPXRQHDWLRQ\
2 KWWSV GRL RUJ M EEUF



.LP HW DO §+27%$,5 ,v D 1HIJDMWWKRH BORBIQJQRVRMIWV)BUR 2QFRJHQLI

3DQFUHDWLF  &DXFARIHQH QR O0DUFK 2
KWWSV GRL RUJ RQF
< - *HQJ HW DO f/DUJH ,QWHUYHRLOI7$BQ, &REWQRFISAWHG 2

+HSDWRFHOOXODU &DUFLQRKD 3ERUQIHWVVRRQQWHUQDWLRQDO OHGLF
QR 2 KWWSV GRL RUJ

5DMQLVK $ *XSWD HW DO 1/RQJ 1PRQ5HBGRQUDANY &RURPDWLQ 6W
URPRWH &DQFHU OHWDWWDH/ LV QR $SULO 2
KWWSV GRL RUJ QDWXUH

6RXGHK *KDIRXUL )DUG ORKDPPDGKRVRKDPPIP® HDEBEHUDRQ &+ /QF51
5ROHV LQ 7XPRU%RIRQHEULVLQH SKDUPDFRWKBDDBK
KWWSV GRL RUJ M ELRSKD

< =KRX HW DO f$VVRFLDWLRQ RI ARQDQAR Q@ L8ARUR5AS 51$[SUHVVLRQ
WKH %LRORJLFDO )HDWXUHV DQG SH®RI QR QLU VEBDERFY 6 PBIQE 7KHUDS\

QR 2

(UEDR =KDQJ HW DO & O\F 5HIXODWHG1RGJ LRGI8FOGLHV D 3R
3URJQRVLV DQG $IIHFWV &HOO 3UROLEHODWLRY IQPEMHIYEFRID R J\

2

&KDQJ IHQJ /L HW DO 17KH (IITHFW RI $QB51% RQ OWKH (SLWKH
OHVHQFK\PDO 7UDQVLWLRQ Rl &RORUHFWBHOOXGCHQRRBKVUVLR®RD\
%LRFKHPLVWR\ 2

+DR /L HW DO f2YHUH[SUHVVLRQ RV /QFBE$QRJIHQKIVQF¥ DQG OHWD
*DVWULF & PQ@FHRW D UJID\W

6XKDLO $\HVK HW DO 9f3RVVLERIMH+3K5/I$BRBHEKDD 5 RDHWFLQRJIHQ
3XEOLVKHG LQ &RRSHUDWLRQ ZLWK WK$QEPURILY BWBQ RH T BRI QW H U

2

'HL &KHQJ /LDQJ HW DO f7KH /QF5LW KH OLDRP RARHOM YHQFK\PDO 7U
)XQFWLRQLQJ DV 0L51$ 6SRQJHV LQ 2RORWPEWHMR &DQFHUSWHPEHU
2 KWWSV GRL RUJ RQFRWDUJHW

6pYHULQH /RWWLQ HW DO (f2YHUWH[$UHNNMIHR QOKIDRE HF WHRH 7XPRL
SURSHUWLHV RI % UHD \WD &BPLFAHIWH @ HWROW - 2

0LQJ /XR HW DO f8SUHJIJXODWHG GDG&RIQWD G R MWW V& MIRO Y8 UROL |
5HIXODWLQJ ,' ([SHHVW®BRQR XU QDO 2

(OL 5DYHK HW DO 9f7KH + /RQJ 1S0Q&RGLQILWLOPWORQ 3URJIUH
OHWDVWDVLV 2 D 3URSRVHGOBQHIFXQD OKHRGFHU 1RYHPEHU
KWWSV GRL RUJ v

<D ORQJ =KDQJ HW DO f7KH /QFRIHQEF GUREHWWLIQV YLD 5HIXOD
D DQG %FO LQ +XPDQ 1RQ 6PDOO SN JKQU PECFRFI-RILFMRBLQLFD
0DUFK 2 KWWSV GRL RUJ DSV



/JHL 0D HW DO Y/RQJ 1RQ &RGLQJ 5HP O, FURIWRRNWHY &LYDVLRQ
5HIJXODWLQJ OL5 0$&& S$[LV LQ *RDYRRMWD BID@EHU - -DQXDU\
2 KWWSV GRL RUJ RQFRWDUJHW

'RQJ OLDQJ &KHQ HW DO f/RQJ 1R® RFRODVPHVEIBVWILF &DQFHU 3L
E\ $FWLQJ DV D OROHFXODU 6SRQJH RWHLE=+ WBUNRKKMEXDO RI
([SHULPHQWDO &OLQLFDO &DQRHU 5HVHDUFK

6DUDK 0 :HDNOH\ HW DO f([SUHMVDL RRQUD A G RROQERGEIR®I 51$ *HQH :
+XPDQ &DQFHRUOG -RXUQDO RI BXQRHU\ $XIXVW
KWWSV GRL RUJ Vv

‘HL :HL HW DO 1/QF51% ;,67 3URPRD/QHFWU3BQROHDMUIFWE BEQ WKU
D (*)5:--RXUQDO RI &HOOXODU % IRFKHPLVWU\?

&DURO\Q - %URZQ HW DO 1$ *HQHKM RPXPDKH 5SHJDRWLRDWLRQ &H
([SUHVVHG ([FOXVLYHO\ I[URP WKH MODBWKXYH ; &KURPRVRP

'RQJ OLDQJ &KHQ HW DO T/RQJ 1R GHREMWHV 5A$W PVWOHVLY DQG 0
(SLWKHOLDO20HVHQFK\PDO 7UDQVLRAHBREHQQ SHRIO/RK H F'\W\DEDR ¥ B Q
$XIXVW H  2H KWWSV GRG @RI F

1DQ 'LQJ HW DO 71($7 5HIXODRVHYY @QE GS RBVRROLILMUBDIWAYDULDQ &
OL5 D S %& QFR7DUJHWYV DQG 7KHUDS\

9LYLDQ <YRQQH 6KLQ HW DO T/RGY 1RRQ@RBVQ@IQFRYHQLF 5ROH LC
1HIJDWLYH %UHDVW &DQFHU WKURXJK VORGK® QLAY & REFHHPR BBREHIVQ H V'
'"HDWK 'LVHD\WQR ODUFK KWWSV @RL RUJ

&KHQJELDR +H HW DO ﬂ$EHUUDQ\W$]&/(\$RFLCIWlH1I€BVX/ILWQ &OLQLFDO
+LJK *UDGH *OLRPD 88RLVH QW -

6LHQ *XR HW DO 9f&OLQLFDO ,PS@RBRWILRFLSRIL(AQI([BROVVLRQ
+HSDWRFHOOXODU &DUFLQRPBUQDWILIRQWY- -RXUQDO RI &OLQLFDO
3DWKRORQ®R

<XQORQJ /L HW DO 71($7 ([SUHMWRJXNFRINBGRFXDWHGFH DQG 8Ql
3URJQRVLV LQ &RORURMGMOMDLD @FRH U -

- <RX HW DO 9fOLFUR51$ D ,QKDRELX\QJ &HDQF HW RYWEK S5HIXODWH'
1RQFRGLQJ 51% 1XFOHDU (QULFKHG $EXQGDR® -RX@DFUIRSVRRQFHU
6XSSO H 2

'LPSOH &KDNUDYDUW\ HW DO 7KK QSR/IVIRIXQDWHHEH IQYRILS 1($7
&QULWLFDO ORGXODWRU RI1TDUVRXYWD 9RIPEXQEHRDWLRQV

<DKXL .RQJ &KLK +HQJ +VLHK DQO¥DXUD$&QSORNDDVRV WKH &'.1 $
IRFXV :LWK 5ROHV LQ &DQFHU DQG IUHRQMERQLF L' QVHDORFULQRORJ\
KWWSV GRL RUJ IHQGR

<XMLDR ;LH HW DO f&LUFXODWLGFWRQY BRQARGNLIQIO51KRYHO %LR
'LDJQRVLV DQG 3URJQRVLV RI 1RQ 68 DOR® HFHXOIMD X QQ FRRIDIRFH 0D\
2 KWWSV GRL RUJ



-L OD HW DO 9f.QRFNGRZQ RI /QF51% 1$09,/360RDIUHVDWYREY OHWD
,QYDVLRQ YLD 5HJXODWLQJ OL5 D W[BHHHO® KR Q UL @ BRSHIIQDRP [R |
&DQFHU 5HVHDUFK DQG &OLQLFDO 2QFRORJ\

6KXDQJ 7D ;X HW DO 9/RQJ 1RQ &REGRWIHY1&BUBLQRUHQHVLV YLD ¢
OL5 D LQ 7ULSOH 1HJDWLYH%%RPBSGW BQKWFHIKDUPDFRWKHUB S\

(U EDR =KDQJ HW DO T/RQJ 1RQFRGRIW H\ D $ABRU,GGRIQRVLV R
&DQFHU DQG 3URPRWHV 7XPRU *URZWHK. CGEBHQFLQIHEHWLIFDOD\0IB5 [
2QFRWDUJ QW 2

JHQJ TL 1LH HW DO f/RQJ 1RQFRGRWH S R ®2EEPDIURBRHOO /XQJ &D(
3UROLIHUDWLRQ DQG QKLELWV £)S FOSYGR 9 L V( [B\U 6IDEO@BIX@D U &D QFH L
7KHUDSHXW QRV

ODGRND 1DHPXUD HW DO 9T/RQJ 1RQFROIV M BIRD,LISIMDWLRQ R

&HOO /XQJ &DQFHU DQG &HUYLFQOWLEDQFHW SHYBRUFK 2

(YD &DSGHYLOD %XVTXHWVY HW DO V B%0U& DI B E®D QFGY *HDMH D 5R
$SRSWRVLV 5HIXOBWRRQ - 2QH QR H
KWWSV GRL RUJ MRXUQDO SRQH

'LWDR :DQJ HW DO (367, DV DQ3WPHXQMHN®GLRRE WBNHRIQRVLV RI 3I
6WDJH &RORQ &DQRBW-LHUV LQ ,PPXQRORJ\
KWWSV ZZZ IURQWLHUVLQ RUJ DUWLFOHYV ILPPX

+HOJD /LQG 1LHOVHQ HW DO ,GBQMWRNHBD YW@ ,RIGKFeTG E\ (SL\
6WURPDO ,QWHUDFWLRQ LQ +XPIHD RALFDVWRS&D Q FOHY
KWWSV GRL RUJ JHQR

$EUDU , $OMRKDQL HW DO 9fOWRYLWVXD/Q5HMNSWDIGHQW 3UHGLFWI
2XWFRPH LQ ,QYDVLYH % GhRBIWDWW W EQRHW-U 5SHVHDUFK DQ@GR7UHDWPH
-XQH 2 KWWSV GRL RUJ V[

5RODQG 6 &URQHU HW DO  T4XDQWIOWQWLRIH /\PSRS/RNRGM 2HU R V
QHJDWLYH &RORUHFWDO &DUFLQRPDW BNESRLRUVYAPISK \R@H 00HW DV
,QWHUQDWLRQDO -RXUQI)QRRI &DQFHU 2

(LML 7DKDUD HW DO 1* 3 DQ " WHUIHURQ ([QGH¥VHGHLQ *DVWULF
DQG ,QKLELWY OLWRFKRQGULDO OHGYWWIHRG SHB@RPSHMUR KO @ Q/L'PH  70.
&DQFHU ,PPXQRORJ\ ,PPXQRWKHUDS\

9HQXJRSDODQ &KHUL\DWK HW DO FERQGGULDO RALWMR/HG $QWLI
3URWHLQ 3URPRWHVY OHWDVWDW LG F3HUN& QO GV R U REUIH BOWKZER X U Q
RI &DQFHU QR 2

'LQ <LQ HW DO T/QF51$ &7' & ORDBWOQPWD\QRDYRHOO 6XUY
$SRSWRVLV WKURXJK 5HJXODW L&DQ,FH 7 & B QOF U1L\8 WIDERDW L R BB OX VW
KWWSV GRL RUJ Vv



-LDQLQJ 7DQJ HW DO T:HLJKWHGWERUNEKRQDEO'O/DWLRBAQAWLILHV 56
DQG &&/ DV 3URJQRVWLF &DQGLGDW HMW XRID DU IRD \&M GOMXQFBIW 3K\VLF
QR -DQXDU\ 2 KWWSV GFISRUJ

<L =KRX -LDQJ HW DO 9f7UDQV RWLISOMRPHI W DOXNV %W HRD VAW &D QFHU
,QWHJUDWHG 051%$ /QF51$ 6LJQDW XU H3ZLRN R BY\N GRRDIBYY -BOI® HD UF K
QR $SULO 2 KWWSV GRL R&S$1

 LDRELQ 5HQ HW DO 13'*) %% S5HURPOMIRY WKHLEUBRULIRVWV LQ\
$VVRFLDWHG )LEUREODVWYV YLD WKH ABF51$ ,£86493 ~+%6 GBEQDOL
SDWKZD2QFRORJ\ /HWW)HUYV -XO\ KWWSV GRA RUJ

1R]JRPL 7RJR HW DO 9f3URJQRVWI M QIGIQEWEDIQF dHPEWDOQH %RXQG
LQ &RORUHFWD®EOGFRYUQDO RI *DVWURHQWRURORJ\ :-*

6HEDVWLDQ ODUZLW] HW DO  §'RZ & BNHXERVIHEG W RUK B F0%, LQ 1F
&HOO /XQJ &DQFHU (QKDQFHV 7*)A 6RDBBROHQRIDWHE0%Q YIDY UXQJ &DC
&DQFHU 5HVHDQRK

6DQQ 6DQGD .KLQ HW DO T%$0%, c@QELOMHQAHGE QUWERBYEMW RI| +
%ODGGHU &P@WHUQDWLRQDO -RXUQI®RRI &DQFH

<RQJPLQ /LX HW DO f3UROLQH D[LGAMMRFKRQBWLRBQV7PRRU 6XSS
+XPDQ &DQFHBBQFHU B5HVHDUFKR $XIXVW 2
KWWSV GRL RUJ &$1

.RUQHOLD 3RO\DN HW DO f$ ORGRSGWRMBNX QG XFRHG $S

2

© /LX HW DO f0L5 E 7DUJHWV BRRIOQQMHRRIUGBXSSWHVVRU 3URWE
&DQFHUQFRJHQH QR 2

‘HL /LX HW DO T3UROLQH 2[LGDVHOQGURRBWHAD O7 XIPR U+\&R[LF
OLFURHQYLURQRBPQWNU 5HVHDUFKQR - X0\ 2
KWWSV GRL RUJ &$1

1DLU /RSHV HW DO 9% 3DQHO WILDQ®WRYWLIQONHUM IKRUHQ *3$ D
&DGKHULQ ,GHQWLILHV *DVWULF BYDRFHLE OBIWIHRMNRWLKY&D)Q F H U
QR 6HSWHPEHU 2 KWWSVV GRL RUJ

3,/$5 *DULQ&KHVD HW DO f2UJDQ RS HWKHL B RPSRIHCDIGFHU $QWLJF
&HOO B6XUIDFH 7DUJHW IRU $QWLEREBMN Y@DMGR QIOHU DPBBXUQDQRRI 2QFR

2

5LFDUGR &RHOKR HW DO 9f3HULWRYBDODQ V¥ HEPEODWERQHRRI| 0
OHVRWKHOLQ ,QWHUDFWLRQ DQG (PS@SHDWLROM HRURT WBHODWWFEB QFH U

QR JHEUXDU\ 2 KWWSV GRL RU

IDWKDOLH 6FKROOHU HW DO T"HIHORWRHQWQRAHID @$$SGKHVLRQ $
6FUHHQLQJ 7RRO IRU %LR@DIYAFNU'LWRARAHPRY - ODUFK 2
KWWSV GRL RUJ M FDQOHW

IDWKDOLH 6FKROOHU HW DO 1 BROCHVEROMK BIKDR-)H WH MD NFDIUWRKFAWH 3RV
)DFWRU )DPLO\ $UH '"HWHFWDEOH EQWsK 2P DIUIRPFPQ3 & DALFRENWNG®LQJIV RI
WKH 1DWLRQDO $FDGHP\ RQBFLHQFHV 2



