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'HHS VHTXHQFLQJ UMLSHD OM DXQPYWYRUJ\ QHWZRUN

WKHUDSHXWLF SRWHQWLDO LQ UKDEGRP\R

JUDQFHVFD %KBDVYBBQOR )UDOHFHWERUDEJIXRYBIQIBDQWLQD
YRJOL]]BLOYLD O/MHIMHIWMDL /D QJRWIWQQD $&HMDQGUR ORURW
8JR $OBDROR 3WBREHIRVR &KDPXBE 60QUARUDGDIQRPDV

7TXVFKODUROD 3RQIHWIWERDUGR 7DX0OO0OL

'HSDUWPHQW RI 2QRRRORMNUBQLYHEDWWMDMR 7XULQ
&H506 &HQWHU IR UHYHDWLAKHRQ® O HGULIFP O, WNRGLHYV 7
'HSDUWPHQW R 9H WSHQULYQHUUAL VA L RI IQFFRHU LMD ®U X JO LDV
&DQGLROR &DQRBQPGQRO®RWXXWH. Q ,WDO\

'HSDUWPHQW RI &OILFQLF BOLBQGE HY L R@ARYIH PWIEDY RD @ R
,WDO\

'HSDUWPHQW RI OROHFXODU %LRWHFKQRIO/RW)\DRIG +F
7XULQ 7XULQ ,WDO\

'HSDUWPHQW RI 3DWKRORJ\ %RVWRQ &KH®IGADHQ V +
6FKRRO %RVWRQ 86%

'HSDUWPHQW RI 6XUJHU\ OHPRULDO 61D @ RUHNVWH UL
86%

'HSDUWPHQW RI 3DWKRBRD .HWRRULIDDIL ED GRHW &HQW

86%



'"HSDUWPHQW RI 51RORO\HRRIDW Gk XIJKHWXWIBLFRBD ,Q

5RFNHIHOOHU 8QLYHUVLW\ 1HZ <RUN 868%

&XUUHQW DGGUHVYV IRU 9 )RJOL]]RLORBH+)OQ A ER&DMFRU )(

S5LGIJHZD\ /RQGRQ 8.

"7TKHVH DXWKRUV FRQWULEXWHG HTXDOO\ WR WKLV ZRUN

5XQQLQJ PLWOHRQFRVXSBUNVWYORYKOBWRP\RVDUFRPD

.H\ZRUGXKDEGRP\RVDUFRPD PL51% GHHS VHTRMMBLAY QRY

RQFRVXSSUHVVRU PL51%V UHVLVWDQFH WR WDUJHWHG WK

IRWBXSSOHPHQWDU\ GDWD IRU WKLV DWWDEHGK PQELOMD

KWWS FDQFHUUHYV DDFUMRXUQDOV RUJ



*UDQW VXSSRUW

7KLV ZRUN ZDV VXSSRUWHG E\ WKH HVBOUF® $3/,8R FIUDR\M_HRF
QXPEHU ,* & 3RQJHWWR $,5& 6WDUW XPXBOUBMHFWLQ X
SURMHFW QXPEHU ,*WL OB @KIRWUWW 78ULE6YHARRZVKL

) %HUVDQL DQG 5HJLRQH 3LHPRQWHR ,0021& 3URMHFW

&RUUHVSRQGLQJ DXWKRUYV
5 7DX0OOL DQG & 3RQJHWWR 'HSDUWPHOM) R&RQFR OR V\V L8R
GT$]HJOLR 7XULQ \ H PDLMODO ULFFDUGW WDXOO!

FDUROD SRQJHWW®HXQLWR LW 3 )DJ

'LVFORVXUH RI SRWHQWLDO &RQIOLFWV RI  QWHUHVW

1R SRWHQWLDOHURYM IZFHVUWH RBILVEWRVHG

$EVWUDFW ZRUG FRXQW
'RUG FRXQW
7RWDO QXPEHU RI ILIXUHV

7TRWDO QXPEHU RI UHIHUHQFHYV



$EVWUDFW

&XUUHQW WKHUDSWXWLSHRSWWRIQY FEUFRPD UKDE GRP\|
KDYH QRW LPSURYHGSWIEL@IOORK DR W @QWDR/NV B WH ¥ HDW ZR U N
SHUIRUPHG D GHHS PLFUR51% SURILOL®JVRE WW\SH W KDJGIRIQB
ZLWK FHOO OLQHV DQG QRUPDO PXNEOMHXLWR Z&WEWLKHQR
SRWHQWLDO 7KH VLIQDWXUH ZH G HWRHPUP X Q@ HGHF RMO/G! BEQ M«
VXEVHW RI PXVFOH HQULFKHG PLFURS51ELPRRFOS VWQRQXOI
XQGHUH[SUHVVHG LQDWXPRRVVRORILFDIOD\ QRGRBEBG RIHQL
GLIIHUHQWLDWLRQ DQG ZDV WUD QVFIWLUSW QR QMMO/O L GHIQ WQ I
P\RPL5 2QFH LQWURGXFHG LQWR 506 FH@®OVIHPDWLRGH
DQFKRUDJH LQGHSH@GHQAW HQOHWRIYWBR QG SVRPFRVUHERYBBRSYV
UHVWRULQJ PL5 MHSUWXPRRQJHRRFWXPRE SUMMH © MWHIBW L R
vVivo *HQH H[SUHVVLRQVISWRILOLEYJ DHY D OWX VIHEDEHHGO O V
DQRABSB DV SRVVLEOH GLUHFW PL5 WDUJRWYVYX@FWRRGLOQ.
H[SHULPHQWYV GHILDG® QU MOKHY EQ RI® RRIILSFVEK F\DIW Kl R DHHQYH Y QV
)LQDOO\ ZH GHPRQVWUDWHG WKH DRYGIUWRMRH RWLGH LYW UL
UHVLVWDQFH WR OYHGQRDELBAR®Q XEDU H JOXA CRAXIUR @ H 2 X & Wi
LGHQWLILHG D QRYHO PL5  UHJXOD®WRXIW LGFH WZRWINF ZWW R

506



 QWURGXFWLRQ

OLFUR51$V PL51$V DUH VPDOO QRQ FRQD@H 5IHQMR OH
H[SUHVVLRQ DW WWKHR GRO W MNUHDM VGHIFA5E HW KK D IFVWW L F D O
PL51$V KDV EHHQ UHSRUWHG LQ D ZLGHLQPQXBLRU EFHOO
SUROLIHUDWLRQ PLJUDWLRQ DSRSMRVQWLDWQRRJH FRPR)
LV QRW VXUSULVLQJ WKDW PL51$V QBHUI UHKEKY I WE\H & \F/OUH
HLWKHU DV RQFRJHQHV RU RQFRVXSWUHDWVRW D UWGHS\H QIEQ B\
)XUWKHUPRUH PL51$% VLIQDWXUHV KDYNLEHKRPDXF FB QWU
DQG WR GLVFRYHUUQJRWYOI BW W K BIEDIMEMIOMF LQWHUY

5KDEGRP\RVDUFRPD 506 LV WKH PRVR/I FRPPRB®RMRGW )
DQG WKH WKLUG RQH LG@LWXRSDINKRIVOUWERQ IEQ@DIXNEGHV
PDMRU VXEW\SHY HPEU\RQDO (506 DIOFf HFS@BU ($9®B6 DQC
DUH PRUH IUHTXHQW JHQHWLFDOOX KM\®HWRJHWD SRRV IRYGE

&RQYHUVHO\ $5PP RQHD QEVAREBR DJD WHRWMLY R XIMPARPH  $
GLVPDO FOLQLFDOHSUWRDOROXLDVEWY LEHG+ 5V R/ UDKH BREDWLR
SUHVHQW LQ PRUH WKDQ RI FDVHSRVLWLRWDORO\PSOBHB
PDUNHUV DQG UHVHPEOH QRUPDO PXVROFRBS®H MWL Wb\
GLIIHUHQWLDWLRQ SO UDPH Y L R X MO \K IV KFRXZ\HFED WV K Q WL FKKH C
PL51$V PL5 DQG PL5 P\RPL5V UHSURSWRA LWKHWR & HY
WKDW RI D QRUPDO PXVFOH LQ D SUBMH\RQDQ YRDN{LMD W

KXQGUHGV RI JHQ MET GPB ACTLAKDEBGIYDL =



,Q WKLV ZRUN ZH XVHG D QH[W JHQHUDWERQRRLBLI$ VH"
ODUJH SDQHO RI KXPDQ 506 SULPDU\MRXPRXEW LEH\D XBBHQO
DQG QRUPDO PXVFOH WLVVXHV WR LGFHQWM\LQR RO HGE 511G
SDWKRJHQHVLV 7KHFFPQBDY &L BQNWX Q HX WK/ H\D OULR @ DQ R L
VNHOHWDO PXVFOH DQG UHYHDOHG D LBWURKQ HMHEGXFWLF
+RZHYHU RQO\ WKH UHVEXH RI PL5 SH[BIWWHRG DXQHFWAL B
LOQWHUIHULQJ ZLW K URKSH WAJIDHON RR IUEREGHHGROY E R Q/H
H[SUHVVLRQ SURIHQSQHVR/ILOU5506 F MATCYN D\@XEGR5B D W H G
WZR FULWLFDO PL5 ERBBABDWBHWM GZIRIQOH XSRQ WUHDWPHQ
15$6 SRVLWLYH FHOOV ZLWK 0(. LQKLE W RWHT X$MWRQH W K
HIIRUW XQFRYHUHG D QRYHO PL5 R Q/F RAKXDSAS IRFE\B\RR/UH WU 15 |

WXPRU JURZWK DQ® KI®WHVLNWWDQEHMWKR 0(. LQKLELWL



ODWHULDOV DQG OHWKRGYV

&HOO OLQHYV
(PEU\RQDO 5' &&$ +7%  7( LQGLFD WG DD YMRODUWF
54 5+ 506 FHOO OLQHV ZHUH SURYL@HGS@ELYHUBLWU R
%RORJQD %RORJGIRPRUBKLF AHHOBSHOOREWBDIOHG ZDRP 6DPX
6LQJHUYV ODE +7% MQQHX ZHBPHOBUHGLQDR®\$READLQ
ODQDVVDV 9% 86$% 5+ DQG 5+ 5+ HGIUBRRUIBI=QDOO\
%UDXQVFKZHLJ *HUPDQ\ &&$ DQG 5% VWIHEOQOQ QG . @ HUW K
/XLJL /ROOLQLYVY ODEWW &HUR\REWDVQNRP® 'BEWDLQHG
%UDXQVFKZHLJ *HWADGHOBBWHOOLS%, 1S%HOOH
FHOOV DQG 1,+ 70 1S%, O\R' FHOOV ZHUH SWHBYERATO\ G
OLQHV 1,+ 70 FHOOV VDWHOOLWHDAHSONYRLBGVFOREBOIN YW
50 +7%  7( 5465+DQHOO0 OLQHV\ ZHUMK H R WWEQWE (
HYHU\ VL[ PRQWKY E\ VKRUW WDQGH®OUBEEBWIREY ZKDBID ¢

SURILOH LV XQNQRZWHGDBEA Yy KWXHQMLLF) RIXW B M LREPH

3DWLHQWYV

3ULPDU\ KXPDQ WXPRUV RI HPEU\RQDWR ORMHRODWKBIQG 50D
DQG PXVFOH WLVVXHV ZHUH REWDLQKRGQERP &HBPRHLD OL 161
<RUN 1< 86% ZLWK HQWRWBAH® UFR\QR/ WKH VOPOKXVDRG ZQW
REVEFXUHG LGMQWIWIR DIFEER UHFRP RMWXGDL\R DRP@V5RIY WHKZH %@\

WKH OHPRULDO 60RDQ .HWWHULQJ &DQWHKHY &HBRWHUFH RU



VSHFLILF IXVLRQ WUDQVFULSWYV ZDV5BRQIQBONGHE bQ@ 36!
VWXG\ KDG SUHYLRXVO\ EHHQ H[WHQWLRHO\S IDRID O L|GIJ
FRQILUPLQJ VXEW\WXKWVIBWFLILFLRUPQRE OFMIOROQ FRIQWIOH SURF|

VSHFLPHQV ZDV UHYLHZHG DQG DVVHVVHG WR EH OHVV WK

6PDOO 51$ LVRODWLRQ DQG OLEUDU\ JHQHUDWLRQ

51$ IURP FXOWXUHG FHOOV IUHVKO\ VURDN QH DVQED E&TH B PXV
7ULIRO ,QYLWURJHRQ@PDLISQIURRAG S D WDL VIMX HWP EADG/G HBR O [
ZLWK ODVWHU3XUHQ 1EWS X(BUEARWURI % L' RIWAKQR OR J GH.M |
\LHOG RI WRWDO 5% UWWKWLRQS5SH RHL QRH W RP SIDAHY \I'USH \Z H ¢
FRUUHODWHG DFURWWRW RBILFDOLRXFWKSY S FHISD OD WU R Q
SHUIRUPHG DV SUHYLRXVO\ GHVFULEHG EH IRXQBULHI H
6XSSOHPHQWDU\ ODWEVLBEVXDQG L@OHWAD \0 HMRIURDBHEO RD C
HWWHULQJ &DQFHUWMQWH WG BORVURHBG RQ365$$SODWI
&RPSXWDWLRQDO DQDO\VLV RI WK HQUDIZWEDW B [XHD DGRIPHR O

ODE 8QLYHWOLWWZRWYUDM DQG

/IHQWLYLUDO YHFWRUVY DQG VL51%V

1S%, DQG 1S%, YHFQHRIDWV HKBU BV ISBEJHHE L R X VIO FGVHRMUAW D Q

VL VK51%$V DUH GHWDQWB G\ L0 WXIII O DQG OHWKRGYV

I1RUWKHUQ EORW



1RUWKHUQ EORW DQDO\VLV ZDV SHUIRUPBOOEBOE&GHYSERXYV

ROLJRV DUH OLVWHG\LIP WX DWRHRPQG OHWKRGV

OLFURDUUD\V DQG GDWD DQDO\VLYV

$INPHWUL[ +XPDQ *HQ@H&KIDIUWBQH 611\PKVEWL[GLAHGHDW WK
&RIJHQWHFK FRUH | VOL@®\L VD\F FRUD®LQIRI\ RHRV YWD R GPW B FR O V
DUUD\ GDWD ZHUH DQDO\]JHG ZLWK VOKH/ 3MXREZHQJI*BQRRA UK\
H[SUHVVLRQ EHWZHHQ WKH H[SHULPHIQWHIQ WR DG 5 W2AREQ \
ZHUH WKHQ VXEMHEWHG KLR UDQFEXEAB®RBOYDW GDMVOD ZoU

GHSRVLWHG XQGHU VHULHV *6(

6HQVRU YHFWRU JHQHUDWLRQ DQG UHSRUWHU DVVD\V
*)3 OXFLIHUDVH UHSRUWHU YHFWRUW LEHSYWHFRL 3VILED QP\LISHLBW
SUHFXUVRU KVD PL5 30 7TKHUPR)LRUHUR'LBLOGLQJI F

VLWHYV YDOLGDWLR® UOXHEWRIDWV HIHUHIS VW ODQ VIS %W BI\®R '

FHOOV 'HWDLOHG LQURIH® WQ RBRX $YAHEEYW DS OBWKRGV

5HDO WLPH 3&5 DQDO\VLV

7DT 0ODQ PL51% $VVD\RVS$BWEPNG 26UH KVHGE QRUL WLHFO DWRY
PDWXUH PL51%$V O0LS5 ZDV XVHG WR QRSUPDWOALRQWXKDHV Ut
HYDOXDWHG DV SUHYLRXVO\ GHVFUGLEHSOHPH WD 8D WHH

DQG OHWKRGV +X32 ZDV XVHG WR QRUPDOL]JH WKH UHVXOW



&HOO SUROLIHUD WIORHQDEMMDV LWHD QGFIRSMRYPWHQW R
JRU SUROLIHUDWLRQGOBPWMHG RO O YZ IBEHID SOWWIRY RWO O
SUROLIHUDWLRQ ZDV HYDOXDWHG E\J&WRID 7ROVMHU DPW X BT

LQVWUXFWLRQV LWWHOQG \FORIS /RY OVAZ FSWHH YSLHRXRO WP BE V F U

$QFKRUDJH LQGHSHQGHQW FHOO JURZWE& DWOWIDWLYHQHVV I
6RIW DJDU DVVD\ ZDV SHUIRUPHG DMUSUBMHRXVRY ROWFPRE
LQ FXOWXUH FRORQLHV ZHUH FRXQWHGPDQGLILFDIHVR H
,QYDVLYHQHVV ZDV H[DPLQHG XVLQJ WIRPPEBDQHQUQMDN L
6FLHQFHVY DV SUHBLRXVOKWHVFK [ZRXQBLDWEDLQ BXSSOHPE

ODWHULDOVY DQG OHWKRGV

"HVWHUQ EORWPRE&QRRODWGWIRFKHPLVWU\
"HVWHUQ EORW DVVD\ 0+& LPPXQRVWBKQREL VYRR K& DD
ZHUH SHUIRUPHG DV SUHYLRXVO\ GHXNVHUGEWGH OLVWHIO

6XSSOHPHQWDU\ ODWHULDOV DQG OHWKRGYV

&KURPDWLQ LPPXQRSUHFLSLWDWLRQ DVVD\

&K,3 DVVD\ ZDV SHUURXYPEBGETHWBUHEH® DQG $SUMPHRGELDUH (

LQ 6XSSOHPHQWDU\ ODWHULDOV DQG OHWKRGYV

,QKLELWRUYV



BHOXPHWLQLE $=" BHOOHFNFKHP DQ®HPISPKHR)LEHUH

XVHG DW —0 '062 ZDV XVHG DV D FRQWURO

,Q YLYR WXPRULJHQHVLYV DVVD\

JRUh vivo WXPRU JURZWK FHOOV ZHUH UHVXVSH®GHG LQ

VXEFXWDQHRXYVOWR UQMDR WKKIH WO DQUNYUHALLF HR| 8KBDOHV 5LYH

IDERUDWRULHY 7XPRU VL]H ZDV PHDVXEBRQE@LWEREG Y DRKXLS
H[SUHVVLRQ ZDV LQGXFHG LQ PLFHREGRQPLWOMWU D/ IWRK

GULQNLQJ ZDWHUFH®O BQ IZAADIH 55 BB O HER EP IWWKWHHNVRL W

8QLYHUVLW\ RI 7XWDQLM@GOEQRQ WU\ RI +HDOWK

6WDWLVWLFDO DQDO\VLYV

7ZR WDLOHG SDLUHG RUt W@YDLUAHG/ 6WXEGH QWRUVHY DO XD W
VLIQLIL'™DQFH 3 3 3 $00 PHD® W\DHOGXHV DU
DV 6' RU 6(0 DV VSHFLILHG LQ ILIXWHO®GBDYW @K UBDIQIGLGEH

HISHULPHQWYV



SHVXOWYV

6PDOO 51%$ FORQLQJ DQG GHHS VHTXHQEILQDWXYHD® B0GL\
FRPSDUHG WR QRUPDO PXVFOH

7R LGHQWLI\ QRYHO PL51$%V LQYROYHGOHG P06 ISDWKR.
H[SUHVVLRQ LQ SULPDU\ KXPDQ 506 DRG VPQRWOPBHD$ PXV
OLEUDULHV 8Q V XSHWDYOL VRHIGX VW H U DQ.F GAKRAZ IHEGF VDL /@Y UERHQMD
PXVFOHV DQG WXPRUV )LJ $ 6XSSOHPOWWDWUVDEDH66 C
UHYHDOLQJ D FOHDU 506 UHODWHG PLSURIRKDED WX DC
G\WUHJXODWLRQ HY PPRZHYBQ WP WMV BB LCIVQUL@UXLVK D
(506 $506 DQG 3506 LQGLFDWLQJ WKDW HP RS 1Y¥'®HFDOQLFR W
VXEW\SHV 1RWZLWKVWDQGLQJ ZH V88 QWGILLHGW K E RID PADX
LQFOXGLQJ PL5 D ®QPLIPL5 DQG QRMQ HHRVUFONHGV
H[SHFWHG P\RPL5V MIHBUH SDUWLFXOWDH®\LXQQBEMA H[BUH V$
6XSSOHPHQWDU\ )LJ 6 $ DQG 6XSSOHPHQWDQJ TXED HR R6G
UHOLDELOLW)\ RI RXU VLIQDWXUH

,QWHUHVWLQJO\ LQ WKH WRS PXVBOMRHPIA FKHGEBL5
PL5 )L $ DQG 6XSSOHPHQWDU\ 7DEGHH® UHKEHIHNBL

DVVRFLDWHG WR 506 S\DKWHKBROGHR/ILBL®) HGKDR IDHP XQH[SOR

PL5 DQG DUH PXVFOH HQULFKHG PL51%V
‘H ILUVW YDOLGDWRHG PLSH[SWHNGYLRQ O WHHRIOQ\D WKIVLHD .

DSSURDFKHV 1RUWKHUQ EORW DQDPLAYLY PRQIBPUPHG MWXH



QRUPDO PXVFOH ZKLOH ERWK ZHUH EDUHOY GPAWHFWDI
JXUWKHUPRUH ZH DODNVHYVHG Q/HLIQEHBMWWVERRIHQLEBE LMIMWHF
GLIITHUHQWLDWHQGVRBRWH OP\REK IFH®ANHPDSL QJ HB[B6 FHOOV

DQG O\R' UHSURJUDPPHG 70 ILEUREODNV®GE DV S,QH D ORX Y ¢
UHSRUWHG IRU PL5 OD@WV& P\RIES WH TWURRRHBO\ LQGXF
GXULQJ GLIITHUHQWLIMWIRHNWLQJ WHKRH ERWRONIHFPISYW. Q WK
P\RJHQLF SURJUDP 1RWDEO\ IRU ERWRCPROI15Q WKH UMD MNX
VHTXHQFH RI KXPDQ DY GOQRRKR/@YV HXYWIEHUNQWWQRQV ZHK) GLC
REVHUYH DQ\ VXEVWDQWLDO GLIIHUHQRHPR31HYSURVVLR
GLITIHUHQWLDWHG VDWHOOLWH FHODDN DWIGH PR R K @/D X $WH JHXR
PL51% LQ O\R' UHSURJUDPPHG 70 ILEURECIDVWNWWL FXROBUIDD
LQGXFHG LQ PL5 H[SUHVVLQJ 506 FHOMDVL QYRIOYHE LRDRW

P\RJHQLF SURJUDP EpPHMWUW LD FURBALADO UROH LQ 506

PL5 DFWV DV D SRWHQW RQFRVXSSUHWWRW VHER UWLRHNGH U |
SURSHUWLHV RI 506 FHOOV

7R LQYHVWLIJDWH WKH UROH RI WKH KMZB QHBQ$VGHQ
506 SDWKRJHQHVLYVY ZH JHQHUDWHG 8HVY¥HOOVLSWNVKDIRW FRQ
LQ D 'R[\F\FOLQH 'R] GHSHQGHQW P\D'RQ W J X R B WMGWHPN
QR H[SUHVVLRQ LQ QRUPDO PHGLXP HAXILQHD'RIREGV IMQ PV 5V
LQGXFWLRQ FRPSDHWWDEWGE WRPRKVW WHRRSHAALD O ORXNRRUOHRLS5
6XSSOHPHQWDU\ )LJ 6 $ DQG % OLBHUDWGKE VRIRERW K U(13 ¥

5' DQG $506 5+ FHOOV )LJ $ DQGF\%O HS B WARILLE XA



DQDO\VLYV VKRZHG D UHGXFWLRQ LQFWRXO®WKRYH.Q QCKHE E
DQG LQ * 0 SKDVHV RI WKH FHOO F\ROH PLY & DRRRWH B
DSRSWRVLV ERWK LQ (506 DQG $506 FHBONVIHFW\ DIEGH
FRQILUPHG E\ FKDQRBVRLQS HRSWH\QM. LOYR OV HG DLWL KE O
DSRSWRVLV )LJ * :H QH[W LQYHVWLRBDMMGH WIKIH HD EZLLOW
WUDQVIRUPHG SURBBOWLHR/QRIVBIBE P PUL5] Q LILIQRDXFWQ R QP SD |
DQFKRUDJH LQGHSHQGHQW JURZWK RQHWRIML. DIDH[SUB V WLE
LPSDLUHG LQYDVLYHQHVV LQ PDWULJHO DVVD\V )LJ - DQ
,QWHUHVWLQJO\ PL5 LV KRVWHG LQFREHQUHFRQG F
OQF51% 0,5 +* 7KXV WR UXOH RXWRI WHKH RRMRNELDLWH YV
SRWHQWLDO REVHUYHG ZDV DVVRFELDWHBWRB M[SH HOWQHELE
VDPH PL5 SUHFXUVRU EXW ZLWK WKWMHPWL5P XWBHEQ VHTG
8VLQJ WKLV FRQVWUXFW ZH GLG QRW RRWHD Y H Pl Bl W\ URIQ P
FHOO SUROLIHUDWLRGQ 6X& SMAI®HQWIMIVMRO\H[EERUHG Wi
RQFRVXSSUHVVRU SRWHQWUBQWI\PWRBE PLZDV PLQ RXU
VHWWLQJ OHVV HIIHFWLYH LQ LQWWXUWHM QRI ZAOW K F MK®!
6XSSOHPHQWDU\ )LJ 6 ( * DQG GDWD WRWXWRRKZIU LIGKKWV i

WKH ELRORQIEFDRI PHOHYRQO\

0\R' ELQGV WR WKH SURPRWHU UHJLRQ RI JMGLF DW
GLIIHUHQWLDWRR® W QWWWWDQVFULSWLRQ
7KH REVHUYDWLRQXS KB WX PDWH& B\ OLG 1 PN R HOWLLED AH.

VXJIJHVWHG WKDW IMDAWRWHYV URHLIDKOD BB WWVSREWLEDWLIRQ O



WKH PDVWHU WUDQVFULSWLRQ IDFWIRU WKDW WRKHHUIUWHQRN UW
HIDPLQHG WKH FRUH SURPRWHU RI PLY¥YH LERQWL.VIWHGJIIR)
SUHGLFWHG 0\R' UHFRJQLWLRQ VLWHFD®@RIH\IHINY HEJILQ$W k
EODFN ER[HV 7KXVY3ZHVVBWRXSE 0DR& KUH SWRULEDJARFB-OD VWY  $\
HISHFWHG O\R' DQGE BFEWOC KQY W ROWSKUHRPRWHW RBHEBLRQV
REVHUYHG RQO\ XSRQ)IOIR"' % @@EXG- W L RBRWKHWLDN\R'KELQGLQJ
UHVXOWHG LQ WUDQVFULSWLRQDCFRGWWVYXWW \VZHVHQYHRWD W
DQG FRQWDLQLQJ DQG EBXXE8 & WA DP OXIF § IuHHU
UHSRUWHU 8SRQ O\R' LQGXFWLRQ RQOQMHQWRBVDQG DR
SXWDWLYH O0\R' ELGIGWYLY VQ W HIL WHVB\UHLGS W WRIKRIAD WVRIWVDIQY L

IRWZLWKVWDQGLQJ QR VLIQLILEGRMV GR Q HALHWQ RHE VIHU

EHWZHHQ WKH DQGQGLFRQYV YV IWWHARDIKX WBWLYHWNEWHY C
WK H IUDJPHQW ZHUH PDLQO\ UHWRRUPBLLEIH |RYWDR/LRI
ERWK ( ER[HV , ,, RVWUWHFW FRR S OMX\FH OH UDBRO L @ IGHKKE W L R

' LQGLFDWLQJ WKDW WKHVH WZROUIHRIX O TRV RMUJ DHO/MHFRJHL Q@ W

DFWLYLW\
‘H SUHYLRXVO\ VKRZHG WKDW PL5 D QRAIKIDWD VI HRG \
P\RPLS5 LY DEOH WR IRUFH 5F0® FHORZHNRUU ZXHKRBR

ZH H[SORUHG WKH PRRJFIQALF SRAVBQBHAKQX REYPIWRY WHUPL(
506 GLIIHUHQWLDWLRQ 6XSSOHPHQWDMUKDWI 0BR$ PRSP RoW Hé
P\RJHQLF GLIIHUHQMMLWDAWMWRIOQ E\PANRUERW VINQ S UWRCHV H T BMQ W C
GULYLQJ WHUPLQDO GLIITHUHQW L DQWIRROY HIGWRIQWVO O L Q) HW K HWV B

GHSHQGHQW FHOO F\FOH DUUHVW



PL5 DEURJDWHVY WXPRU JURZWK DQG GLVVHPLQDWLRQ
7KH DELOLW\ RI PD5SRWHRQIF RQEFR VX HE&UXW WR H O BR X!
LWV WKHUDSHXWoF :BRWHQWLDWHVVHG ZKHWKHU PL5  Z
SUHYHQW WXPRU JURZWK 7R WKLV DLPMHFWHQHHQWR
LPPXQRFRPSURPLVHG PLFH WKDW ZHUH\AL®PQIE L DRALIDBI LWVQU
FRQWURO PLFH WXPRIE JUBG XDELBHORPRRKEBWHA6\IRUPDW.L
)L $ 7KHQ ZH HWHEXDWH & W\LKHS FEW HQ ®X.MLA) R WKIH5 P L5 1
RQO\ DIWHU WKH WXPRU EHFDPH SDGI$DEDHY LRIV R H\QX OM I
SRWHQW LQKLELWLRIQ RI1%5 067 KH RYQWKLHWIX-PRW L RH QR E 5 Z
FRQILUPHG E\ UHGXFWLRQ RI .L VW FIOHI)NH B Q&D ¥ $ DWVKIH
SRVLWLYH FHOOV LQ WUHDWHG PLFHDELDLW\ WIRVMION HDHH
506 FHOO GLVVHPLQDYMRBW L7DQ OR ¥ WIRMH VX GXWHGES LKH VK H L
GLVVHPLQDWLRQ LQ OXQJV DQG NLGEB\V P)LI5] LO@GFWLR
IXOO0\ LQKLELWH G PRDFLWRWDYGE \P LR URDQWL R QJL Q' BRVEK( R
,PPXQRKLVWRFKHPLYMUP H® DMK ML S UFHR 8§ QR & L RH UIDRMLLQYIH @ X

FHOOV RQO\ LQ WEVAAW IRREOVPLRHHG)LUR ' DQG (

*HQH H[SUHVVLRQ SURILOLQJ RI PL5 IHFBWH$Y¥RQDBGG6 Ft
5$% % DV WZR FULWLFDO WDUJHWYV

7R LQYHVWLIJDWH WKH PHFKDQLVP E\HZMWULAKQFNLBUPHG\
SURSHUWLHV RI 506 FHOOV ZH FRPSRUHEG JHOW, H[SUHV\

LQGXFHG ,1' FHOOV ZLWK QRQ LQGXAAHDOUEFKLFBOONO XB\W



UHVXOWHG LQ D GHQGURJUDP ZLWBVWDARLROHOBO\ B8 LYYWH\Q
FHOOV IURP FRQWINWROM J6X$E S QE PSHIWW ICFXDOW L¥1@HYHDOH
WRWDO RI VL JQ HIG A/ QEVIM FRIR G WO DABIRJRIQG RZKQ B K J X O D W H
WKH LQGXFHG FRQGLSRRWQLEOR PGHQW EIDUDE WO JJHGH W KH
GRZQPRGXODWHG WWKHQVFUOLBSWRLSRYUGMY VBOHGEHRWHU
6XSSOHPHQWDU\ 7D E O Hrrahsforn$i RAQdic WalddHoil Containing
Protein 1 TACC1 DQAB5B UHVXOWHG RI SDAGEL EXODQQ GLHHHNEH DHNF WVQ |
UHODWHG JHQH ORFDWHG RQ FKURPRVAPHU S DRESOLII
WUDQVORFDWHG LQ JOLREODVWRPD 3DVHS % Q YR@WW B D GC(
LOWUDFHOOXODU WUDIILFNLQACOR @ 8715 FRWMRDQL QV WLRRV D E
O5(V zZzKABIB 875 LQFOXGHV WKUHH RI WKHP 6XBSOHPHQV
WKDW ERWK JHQHKMX BRXOKI IE R LEIIQUMHERNVGRRLAQ P R G-XVONDHNJHIG E O R
DQDO\VLYVY FRQILUPH® @GVY8SUR @JGCRLZGEGUHBKX® D WIREAX KWRRQ
ERWKitro DQiGvivo 6 XSSOHPHQWDU\ )LJ % DQG & ORUHRYF
HISUHVVLQJ WKH PXWDJHQL]J]HG RU WKRECLZDQRBBW\SH PL5

1875V VKRZHG WKDW ERWK JHQHV ZHUBHB XLSQSGAHHBHRLW D UG L

(DQG)

7$8&& DQG 5$% % FRQWRIRRHW®W KSHU RISHDUWLHY RI 506 FHOOV
7R VWXG\ WKH IXQFWLRQDO UHOHYDQEH RUUASE &N H \DWSH

WKH HITHFWV Rl R® W @ BD6 IFHHIXODVSR & HWIHOMQLRLIDN LI ¢

LPSDLUHG FHOO BUR®OLEHDOPG® )RQSUYRRRWHG DSMSMBR) DQG

LQKLELWHG VRIW DJDU JURZWK RI ERWRRXHDQIBOS5 T &&l C



RYHUH[SUHVVLRQ )LJ * SDUWLDO®@QGHRBW XHRZWKHDEQ®EK
PL5 H[SUHVVLQJ 506 FHOOV )LJ +

5$% H[SUHVVLRQ KDV EHHQ SUHYLRXVDWLRIQ D& ZL
LQYDVLRQ +RZW YHHQF RIBHG E\ WKIUGRABBARABSBQ FW S D
D RBB5C ,QWHURABSB. QWO KH SUHYDOHQW LVRIRUP H[SUHVVH
VXEW\SHV )LJ $ DQG % 7KXV ZH VODOHQRH® GG&Y%H P56 QR U0
ZKHWKHU 5%$% % ZDV LQYROYHG LQ 506DNIWOO \PKRRAZIHGEL W/\K D!
5%% % VLOHQFLQJ GR®RUHG DARXICH AHOPBVWO XYRDWHG MQ®H SR
ZKHUHDV 5%% % RYHUH[SUHVVLRQ )LJGYV) WHKGOKDRXEQGHRL DW
RI PL5 H[SUHVVLQLX}06* DHOOY $OVGRIHIVKKEISRXW D PRG
ZKLFK WKH RQFRVXSSUHVVRU UROH WILRL 5D UMQ G506 WHRO TH

DQG 5%% % GRZQUHJIXODWLRQ

PL5 SUHYHQWY LQWULQVLEF UHVLVWDBHSWW®JO0(5UW®QKLE
XSUHJXODWLRQ

&RPSUHKHQVLYH JHQRPLF DQDO\VHV UHVHD®HGW®OK D W
PXWDWHG LQ (506 WXPRUV % $OWKRKXHKWIMK® FSIKD L
FRQVWLWXWLYHO\QDFWHPB LIRS SHIRVWDHLQ JPROHFXOWPLQKLE
GLUHFWHG DJDLQVW WKH GRZQVWUHDPL(%HVIEIRE®OSIDW |
WDUJHWHG VWUDWHJI\ 1HYHUWKHOHWQ WKGFHU LFDWL HRQ V
PRGHVW 7KLV B DKWL EG HLH VIS R TXG QRO W R M VR FWD WD W |
FRPSHQVDWRU\ IHHGEDFN SDWKZD\V LQYRDRWBEIOQ SULPDL

FHOOV KDUERXU WKH FRQVWLWXWLYH D@FWIOQYGHDBH PUR D DSl



UHVLVWDQW WR 0(. LQKLEBLWERQ@QVLGRQUQRQFRMXSEWHV VF
SRWHQWLDO RI PL5 KH VZKHH[ \OKRWHRBELEQ H \FR XUR® 1B QYRS UH Y H
UHVLVWDQFH WR WKH O0(. LQKLELWRU 6HQBRHAWLRQE LQC
FRPELQDWLRQ ZLWKSBW H@W OE LEAOLARRFN H®W K5 ' H QFKHOIDEDF LJQR 2V K
HIITHFWV Rl WKH VLQJOH WUHDWPHQ®JOO R H HAHQ WS \DQ®
OHWKDO VFUHHQLQG D\SKD RD K BRI P IR R PUH FIKHDVQ Y W B QR H#
0(. LQKLELWRUV LPSOLFDWHYVY (5%% XSBHOXOYDWHRIPHWLS
WUHDWPHQW UHVXOWHG LQ D VWURQY HB% % QL Q/& X F SWLHR\DH C
PL5 BHOXPHWLQLE ZDV XQDEOH W R XISHV/HIX@D W K D(\B/%P4 5
ZDV LQWHUIHULQJ ZLWK (5%% HERBBS MWW/L G QF USSR UFGRLGON D
IXQFWLRQDO PL5 05( LQ WKH 1875 )LQ LPPPQ®IGD WHK®V
LOQWHUFHSW (5%% H[SUHVVLRQ XSRQ &HMHXAFHRWEQQD WL R]
WUHDWPHQW EDVHGXRQ/ BSDWPE WL QROEHWVHQKE PHGLBWOI G |
DJDU JURZWK LQKLEXWWKMU)ERQKLREGDQJUMIOHYRQFWLRI (5

SDWKZD\ DFWLQDWILROQQKQ EBWRW UHVLVWDQFH



'LVFEXVVLRQ

,Q WKLV ZRUN ZH SHUG6RR® IH® IPRBWUS$ 506 VBRGSO H/L 5%
DQG QRUPDO VNHOHWDO PXVFOHV 7BH L5/ LQIENYIDRADX B H\
PXVFOH DQG WXPRU VSHFLPHQV EXW LQZFRDHWWHD X QD& HD
GLVWLQJIXLVK W KD QR D WH LWLV OIRBIOOHNG HG 0I6Q $5X6 B QG
3506 VXJJHVWLQJ D FRPPRQ DOWHUDWH R@ & BSRIEA H QHY DV
506 VXEW\SH

+RZHYHU RXU PL51$% H[SUHVVLRQ SURQ®IPQF UHYHDO
WRJIJHWKHU ZLWK KW KB BWHHY HREX R RRBHN XZHWHHU BEISNHV H
LQ 506 FRPSDUHG WR QRUPDO PXVFOH O\DLWVRXE L® L5 KI5
EHHQ UHFHQWO\ UHSRUWHG WKH IDRIOKQRI[ SFOLBU H &K D Vk
ELRORJLFDO VLJQLILFDQFH RI PL5LDQ @ @0 QFHHP Y VWNRWE IO G
VSHFLILF :KLOH LW LV JHQHUDOO\ £RQW &R UHF HDOYWR OB R|
VXSSRUW LWV RQFRJHQLF SRWHQWIXQWR XV O\$ 6 PSKIRINKH B
SDUWLFXODUO\ HQULFKHG LQ FDU®L BB WPXMFO K\ SAKHUBIR ISW
UHPRGHOOLQJ $FFRUGLQJ WR RXQWG D@ W NPFOHW DY K
DQG WKH PXVFOH VSHFELILF WUDQV FWDLC WRR® IIDF WRUXD\RW
H[SUHVVLRQ LQ P\RJHQLF FHOOV :KLOHLIHERRIHUMHIGR @\QL
& & P\REODVWVYV LQGLFDWHG LWV SRS QF HQFD WKIHQ $ LPRE

KHUH ZH LGHQWLILHG WKH W3R SFIULMG POLAV HR/U XSH
0\R' ELQGLQJ DQG W UIHB\RAUUIN S LERQR VKW IQRW | XQRW LR QD (

506 GHVSLWH LWYVDMWEH QILW\KWR DAMWREDWRUVSDOQQONWRKE YV F



H[SODLQ ZK\ PL5 H[SUHVVLRQ LV L\RSDIFUMG DY WERVOMXP
P\RJHQHVLV UHJXORMN @J FIHO/ONV SW RKLH B UBDXWLITFOMH VGEFLILF
H[SUHVVLRQ 7K AV R H GILFDWPRHLWY RRBGWXQ GHUVWRRG X
VXJIJHVW WKDW DWKIHY B @QVFW BR @ CRUIIHURG L YD VD FFRIPBW LIVQ S D U
WUDQVFULSWLRQDOO\ E\ PL5 ,Q G HIH® 5 @& HFQ HHTFW RS LEDW
HPEU\RQDO DQG DOYHRODU KLVWRORRWV XSL.SU HWKREZ ISR VDH§
E\ LPSDLULQJ FHOOQSDRDYHOQUHIVW LR QG AUHDV LIQFID QWRS W F
%HVLGHV inWitko WMBR®J PL5 DOVR GLVSOD\HG DnUHPDUND
vivo OHDGLQJ WR IXFWIRIQ LFEIDIOW UHREAW KS B QG @M WD/ W D W
%\ JHQH H[SUHVVLRQ DQDO\VLV LQ PLH GHH&WUHWMHAQ.
7$8&& DQG 5%$% % DV SURPLVLQJ PL5 UHIQXODBWHG ERQYGELGC
DEFWLQJ RQ F\WRVNHOHWRQ G\QDPLF H DLYCGHY EGHIDG SIUG YALHR
WUDQVIRUPDWLRQ DQG IACGY XPRUI LGLWW HRELHODWLLIRBG DV Wi
VHTXHQFH ZLWKLQ WKH S EUHDVWFPBQEBH RY WRED D WIHRG
PRXVH ILEUREODVW,\QVEMN WMYWIOQ JGH UF VQ WDLIH FRIQWB06 XS
GLVSOD\V JDLQ RI WKH HQWLUH BKL BRRAVREB®H R®FRJW
UROH IRU JHQHV KDUERXUHG LQ WKLVDPKURPRPWRPHEH&RQ
FULWLFDO WUDIILENLQJ PROHFXO HDN S\WKFDAW GRU UFHF QU@ \P L QU
$FFRUGLQJO\ PRGXODWLRQ RIFH®GWKKK WDDQM R W
SURSHUWLHYV Rl 506 FHOOV :KLOH 7$&& HZPODRDLRXD\RLGYE
FHOO JURZWK 5%$% % SUHYDOHQWO\ \WRQW\RRESRHD/ 506 FH
DOVR D SUHGLFWHG WDUJHW RI PL5 % PHPE HLRQ BIO®H U (

UHGXQGDQW UROH LQ DFWLQ F\WRWNXNMOCKHHWVRRVEBLED O L W\ Ak



FRPSOH[ FLUFXLWV LQYROYLQJ P\RPL5V WDI& 5G%506HQH
SDWKRJHQHVLYV

6LQFH D VLQJOH PL®IG\ ALHY XSROWHHQ WXHDEW HEWDR NV BU LIS
RWKHU WDUJHWYV WLEXVOHNKMR\ PWR H B YU D BKIXW ER QHH S W
SDUWLFXODUO\ U0 WKXBQM GRQV DGF BB WWHGU YLLH D WKWV Q L
GLVHDVH SHJUHWWDEO\ WKH W\DRJLIFVWHIGD @ KHRUIDYSH QDN
FKHPRWKHUDS\ RIWHQ JLYHV ULVHVWR DJGDVSWWYDHD FHH V SR Q
FRQWH[W D FRPELQDWLRQ RI D WD BJ18 W LWKH WIXSHU DISW K W
SRWHQWLDO FRXOG EH EHQHILFLDOWID® BH HMH QW XY IJHPRSE R
WKH IXQFWLRQDO U HDDFW DR H @ IWKLEBY W HQMOL Q 5' , FMID OV
KDUERU D FRQVWLWXWLYH DFEWLYH IRYUW WR 1606 XPH MW LRR
WUHDWPHQW DQG KHUH ZH KDYH VK ®ZIH M&KDME NV R H\F KV QLY
FRPSHQVDWLRQ EDVHG RQ (5%ERBBSIZDNIREIWI RIQV HEW DEO!
Rl GRZQUHJXODWHG JHQHV XSRQ PLGH YV LR FX\VQREQL FD@DDAK |
7KLV DSSDUHQW GLVFUHSDQF\ LV EDWHGR@URKE ILDF W HW
JURZLQJ LQ PHGLXP ZLWKRXW GUXJV ,REBHHEGY HG %RQ OX SXSH
BHOXPHWLQLE WUHDWPHQW DQG LQ UMK FHR GRALWILRQ
HIILFLHQWO\ LQWHUIHUHG ZLWK WK FHF KBQKD PHRV KIRIZQ W
WKH FRPELQDWLRQ RI GUXJV 6HOXPHMAWLEH WBRSDWY Q!
WUHDWPHQWY +RZHYHU WKLV SKDH FOI)TREHRILEW 6 W UDUMHY

HPHUJHQFH RI IXBBWKMBHFHYIOWON @I RKXVKOGOKHWHURJIHQ



JRU WKLV UHDVRQV IXWXUH WKHUDSHXI/NF D®YD@MWDU
XVLQJ SOHRWURSLF RQFRVXSSUHVVRUFRLBH$YRZ SURSRVH
PL5

2YHUDOO RXU PL51% 1*6 DQG SURILOLQN WAYHDLFKO QR
PL5 SOD\V D FULWLFDO UROH E\ JXEVDMQLR QW $PXVKRIXS & HC
GLUHFWHG DJDLQVWWMGEIHWL G X000 B DRWMHLLGEHD WV M HX @ WDU D W
506 RXU GDWD VXJJHVW WKDW RQFHZWRBD SUHREOHPFRP
PL5 FRXOG UHSUHVHQW DQ HIIHFWLQHFRREUDSWXRQ FZR
WDUJHWHG DJHQWV LQ SULPDU\ WXPHRVNQWS LG/WXDIQLVD) CPXHAM

SULPDU\ UHVLVWDQFH



$FNQRZOHGJPHQWYV

7TKH DXWKRUV ZLVK WR WKDQN 3DYHO ORDRJRUN 5RFENE
1< IRU ELRLQIRUPDWLF VXSSRUW DQG\ORULDXBM.HO ODRGJ |
ZLWK LPPXQRKLVWWRIFKHPKIHDWOX DWW HRI5 MFKHH F R QIGREIOLQ QW

2Q0XV LV JUDWHIXOO\ DFNQRZOHGJHG



SHIHUHQFHYV

%DUWHO '3 OLFURGHBRJQWWURIQW DQ G WU R QX0 DRI |

+

)DELDQ 05 B6RQHQHHUYJ 15HIXOQDBWIR @ QRYOMBE BERWUD QG

VWDELOLW\ E\ BOURIBY $% L BFKHP +

.URO - /RHGLJH , )LOLSRZLF] : 7RH PULFRHRAELSHDG
ELRJHQHVLV IXQFWLR G HDYQ GH@HMD -
&DFFKLDUHOOL ' ODUWRQH - *LUDRGIO D QQGIRDQD G W

OLFUR51%V ,QYROY HGUIFYX LOR OIHH\X G B O FRAHDQ@QOWH | @ X)VWXEI D'
"\"VWURSK\ 3IDWKRJHQHVLYV $UH &RQWURMOKXDG ERHWRH '\

OHWDE *

1DQD 6LQNDP 63 &BBEH BHIXOPWLRQVRY WROPRRHUHQ

SURJUHVVLRQ DQG LQWHUSDWLHQWHKHWORRHIHDHR W\

+D\HV - 3HUX]]L 33 /DZOHU 6 OLFHUHRS1$VX.Q@FMDIOFFEQ YV

WKHUDS\ 7UHQGYV ORO OHG *

6KHUQ -) <RKH 0( .KDQ - 3HGLDWUIBHY ROIFRRP\RVD

+ +



&KHQ ; 6WHZDUW ( 6KHODW $$ 4X &&O0O%DRUDRWLQ J+|

R[LGDWLYH VWUHD¥ GRPNREDURFRPD WKQFHU &HOO

BKHUQ -) &KHQ / &KPLHOHFNL - :HL 0-6 H&DWOGDU
&RPSUHKHQVLYH JHQRPLF DQDO\VLV RIQGKNBESRPRRVDU
DOWHUDWLRQV DIIHFWLQJ D FRPPRIDQGHHMWRE [H YD WQ "

WXPRUV &DQFHU 'LVFRY *

6HNL O 1LVKLPXUD 5 <RVKLGD . O6RKRIDPWHRXUD 7 HBXKLL
, QWHJUDWHG JHQHWLF DQG HSLIJHQW®WUFVXEGDORXISW &

UKDEGRP\RVDUFRPD 1DW &RPPXQ

'LOOLDPVRQ ' OLVVLDJOLD ( GHOBHWQLGD GHGDHHOIR® °
DO )XVLRQ JHQH QHJDWLYH DOYHRO® DWW & KIREGHRPA\AD DO

LOQGLVWLQJXLVKDEOH I[URP HPEU\RQDO UKDEGRP\RYV

+

.HOOHU & *AWWULGIH '& OHFKDQLWPNRQRILQPSDL

UKDEGRP\RVDUFRPD )(%6 - *

7DX0OO0OL 5 %HUVDQL ) )RJOL]]JR B O/LEDUDRCS 7HHPXVYFO
VSHFLILF PLFUR51$ PLGXPDQEORFINEGRP\RVDUBRPD JUFR

[HQRWUDQVSODQWHG PLFH E\ SURPRWIILQ P ®RYHQWF C

+

7DXOOL 5 )RJIJOL]]JR 9 ORUHQD ' &RKBW DO $)YDO BXUWAH W

GRZQUHJXODWH WKH %$) D VXEXQLW RLYKH BPS®BH[FKL



FRQWULEXWHY W RRQV KEHO RFIN | HUH QUKIDTBVERPR RN QH FR P D

+

&RGD '0 /LQJXD 0) ORUHQD ' )RJOLHW ®O%B0Y¥D@PQG $
* 3' PRGXODWLRQ DQWVFURWLFD® H PHIGQWWH\ELRQ I IRIU

UKDEGRP\RVDUFRPD &HOO &\FOH *

/IDp 0 $KQ (+ OHUFDGR *( &KXDL 6 D@ JPQREDB®DZHQH%
H[SUHVVLRQ SURILOLQJ RI 3%; ).+5 IXVERQ+SRVLWLYH

IXVLRQ QHIJDWLYH HPEU\RQDO UKDEGRP\R¥DUFRPDV - 3

+DIQHU 0 /DQGJUDI 3 /XGZLJ - 5DFHGHQ@WIRLFDMDR&
PLFUR51$V DQG RWKHU VPDOO UHJXODWRHQBLOVY XVLC

OHWKRGYV *

3DODFLRV ' OR]JJHWWD & &RQVDOJIRVHBBIUHWWHW Do
71) S . SRO\FRPE VL Q®RAQI MR VIWNHO OQWOHD FADW VR@L

WKH HSLIHQHWLAHARQWQRO RWIPKYFOHOO 6M8WHP &HOO

OHJLRUQL ) &LDOIL 6 OF'RZHOO +3DQPMOAVH QHW D&DPHH
6HTXHQFLQJ WKH PLFURS51%$ SURILOH L@ WKDEKGRRP\RR/® U

RI PL5S IDPLQA\VPHFPOERH&DQFHU

ODU]L 0- 3XJJLRQL (05 'DOOY2O0OLR 19D Q&XHRF) *H W6 HBDWQ
'LITHUHQWLDWLRQ DVVRFLDWHG PLFURD1I$SWRD QWDWRQEM

SUROLIHUDWLRIORG &H *



&DR < .XPDU 50 3HQQ %+ %HUNHV §$SHWROHUDPRED &
DQG JHQH VSHFLILF DQDO\VHV VKRZJGDWWL @ RWPRROWNW

RI SURPRWHUV (0%2 - +

SDR 3. .XPDU 50 )DUNKRQGHK 0 % DRBHQLYEODHWRUWRC

WKDW UHJXODWH H[SUHVVLRQ RI PXQOF®HDGSHFLIBF6PEFL

+

BWLOO ,+ +DPLOWRQ 0 9LQFH 3 @ORIDTB&E &MIZHOO
HPEU\RQLFDOO\ H[SOAHWVBQV SRRUPH QN WRQQHGJFRLQHF [U|

WKH S EUHDVWREDQOHRRBJIBIMSOLF +

6LQJK ' &KDQ -0 =RSSROL 3 1LRBOBW BROOUDPRYIRULD
IXVLRQV RI )*)5 DQG 7%$&& JHQHV LQ KXPDQ JOLR

+

/IDQJHWWL / 3DODPLGHVVL $ $UHFDBIE /LV6PBLWDJI®DQO)L

*73DVH LQYROYHG LQ DFWLQ UHPRGHGOGULQLDWXUHHFH S

t

S3DODPLGHVVL $ )ULWWROL ( *DWwDO0, )HW HVOW DQG@ REAL
WUDIILFNLQJ RI SDF LV UHTXLUHG QRO MRKIHL QSIHPHNOLD® G LU

&HOO +

/JLX 6 &KHQ ;: =KHQJ + 6KL 6 /L <SUMRNNBRZGHFIUGDK
FDQFHU FHOO PRWLOLW)\ DQG LQYDQDRQ QN KIMRWKER DLQ W

%LRPHG 6FL



3DWULFHOOL 03 -DQHV 05 /L / 6H 4 D/@VHOWS5 DIDH WBHHIVHE
,QKLELWLRQ Rl 2QFRJHQLF .5%$6 2XWSXQWJZWWHK FPDEVOL YR

6WDWH &DQFHUD'QV F®RRL - &'

6DPDWDU $$ 3RXODWIHNWDNRY 5356 (5. FIDIQHHIO LSJURIPQVHV D

FKDOOHQJHY 1DW 5HY 'UXJ 'LVFRY +

5HQVKDZ - 7D\ORU .5 %LVKRS 5 9DO®HREZDQ 6 HHVD DHQ

'XDO EORFNDGH RI WKH 3, .$.7 P725 $=' DQG 5
$=" SDWKZD\V V\QHYKI KMV DIDKD E GR® \ RWBI\W R PIDQ F F
YLWUR DQG LOQHNR 58ULQ & +

OLVDOH 6 $UHQD 6 /DPED 6 6LUDWMI@Q@D * % (DFROFND GH
(*)5 DQG 0(. LOQWHUFHSWYV KHWHURJHQHWROWNPRFKDWRVF

DQWL (*)5 WKHUDWDHVFID@QFRORGHF 7UDQVODHG

&KDUGLQ 3 <HUDPLDQ 3 ODGDXOHRWAL YCDANLRQ D@ $WVKIHL

KXPDQ UKDEGRP\RVWODURRWPD FIH@FHO L Q +

6XQ & +RERU 6 H%AKMRWWXDBQJHW *D®LFQAWULQVLF UHV
WR 0(. LQKLELWLRQ LQ .5$6 PXWDQW @UPRUBGLERQRQL

LQGXFWLRQ RI (5%% &HOO 5HS +

6XEUDPDQLDQ 6 /XL :2 /HH &+ (VSUOAEKDO& IH\WONG Q

OLFUR51% H[SUHVVLRRPDLQ YDWRKRPADR/I 2QFRJHQH



=KDQJ - <DQJ < <DQJ 7 /LX < /B $ )XR& QHM JXG DRVLIFG R
KHSDWRFHOOXODU FDUFWERPIZLWRG SERAUDRIVEWMOOVXSS

SUROLIHUDWLRQ LDM\G %X P RDOWLFIHHWY L £

;X ' 7DNHVKLWD ) +LQR < )XNXQDJW @©0.XB8R5< 7DP
UHSUHVVHVY FDQFHU SURJUHVVLRQ E\ &QGCRFIEARTFHO

+

7VXFKL\D 1 ,]XPL\D O 2JDWD .DZDW<D 1DRBDPRWRYV.D QX
7XPRU VXSSUHVVRU HWL5S GHSHQUEH QW KFRHRXAXOHRYV W W

WUDQVFULSWLRRHS O WHIXFHIUWIRY +

-LDQJ ; +X & $SUQRYLW] 6 %XJQR - KIXVOD SRV H QMWD

WXPRXU UROH ZLWK WKHUDSHXWLF SRWHW KRE PXOQ D F

6RQJ 6- ,WR . $ODEFWBWYV /6 XXKBEORARMRDWQLYF PLFURS51
PL5 WDUJHWV WKH 7(7 WXPRU VXS8&BHWWHRR FHRO G UWREX

UHQHZDO DQG WHDQVE WHPDEAHR® & +

6RQJ 6- 3ROLVHQR / 6RQJ 06 $ODC OQHEYWRBHGS . 1J
DQWDJRQLVP UHJXOWWHNVH EQHDW W F® QFFRHMDPAVOD VLV Y I

GHSHQGHQW FKORPDWE&BOOHPRGH +
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VPRRWK PXVFOH FHOO GLIIHUHQWLPWWRQOIRRP BAVOIGR. G &

SURWHLQ $UWHULRVFOHU 7KURPE 9DVF %LRO

7TDSVFRWW 6- 7KD\HU 0- HLQWUDWEVBUFRPIODALHRAFD L

IDFWRU UHTXLUHGWRD @GRP\REWOWVLY 6FLHQFH

GH OD 6HUQD ,/ 5R\ . &DUOVRQ .$LQBEFG]FEAR G IF\POR
DUUHVW EXW QRW PXVFOH GLIIHUHQWQBWDLWQ YLH 6W,KaHL )S

FKURPDWLQ UHPRGHOLQJ HQJ\PHV - %LRO &KHP

'DQJ + *DUJRQ 5 6XQ + /DGQHU .- BQQJIK NSDSBR@PDQ
<< PL5 UHJXODWR®Q\VRIHIFXWWO\P\RGROWRAMINUBRBDUKD

&DQFHU &HOO *

<DQ ' 'RQJ ;'( &KHIQ /X &QDQJ - HRHSIPO OLMMDUJIHWYV

FOHW DQG LQKLELWWD UKDHEGRPRBPEQMAR -  %LRO
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5DR 3. OLVVLDJOLBD\GH6KLEXOmQY %& -6 KA KOHDU GLVWLQFW L
IRU PL5 DQG PL5 D LQ WKH SUROLIHURWLRQ I

UKDEGRP\RVDUFRPD FHOOV )$6(% - +

%DONKL 0< %DONKL 0< ,ZHQRIX 2+ Q%DONHND U 61 HD/E QMH
PL5 DFWV DV D GHFR\ LQ VDUFRPDVYRWR$ SUFRBWHFW WK

IURP GHJUDGDWLRQOEBDO+X5 6FL 6UD



‘'LDR < *XR ; -LDQJ / :DQJ * =KDQJ & DDWXPRHWW DC
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UKDEGRP\RVDUFRPD - %LRO &KHP *
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IHDWXUHV LQ HPE UDRIGR® DU KSDEIGRPSRYHQHWLFV



JLIXUH /HIHQGYV

)LIXUH

PL5 DQG DUH GRZ@UBOIECEDMWHBUH LQ®PXRHGQGKULQJ
GLIIHUHQWLDWLRQKI HYSBWVYRIR@IGWMQGQRIWEFA MRS XG
GLIIHUHQWLDOO\ H[SUHVVHG PL51$V LQ KX#P® QVRNIDBHW DO
FHOOV DQG WLVVXMM V< HQPWREDIVMHEL FIPIDHM\FIDRVOH VE OB EX F H
H[SUHVVLRQ % 1RUWKHUQ EORW DQD®WRQN RRVWAWDQ G1$
RQH 506 VDPSOH & DQG ' UHDO WLPH 3&GLIHD BMOLON L@ P
DQG & & FHOOV ' DURHQDVILRQRU3IR® WP IBELXR HJW ([ D\WG
) UHDO WLPH 3&5 RGRBPLEIOW [RL5. H[SUHMWAQJ 5'
FHOOV ( DQG O\R' H[SUHVVLQJ 1,+ 70 QS%EWER',IFHOOV

QRQ LQGXFHG 1, (UURU EDUV 6

JLIXUH

PL5 LOQWHUIHUHV ZRWKL QUKD EWODWVHY RIDRIBZ BHOOV

SUROLIHUDWLRQ DQDHD\RIS/ RH[SQUEXFLEDQEG 5+ %

1S%, FHOOV LQGXEBAGXFHGQRQ & DEGH GINOMUEEXWLRQ
5° & DQG 5+ ' 1S%, FHOOV LQGXFHG ,l'DQ®RQ LQGXI
DSRSWRVLV DVVHVVPHQW RI 5' ( DQG HBXFHG 18%, FH
QRQ LQGXFHG 1, * :HVWHUQ EORW DQDQ\VLFHO®\5' DC
LQGXFHG ,1' QRQ L@GX®EG, IMXDQWLILEDWYRQWDWAE YBH

LPDJHV RI VRIW DJDU JURZWK RI 5 + [OQYGC I5RGXFEFHGS %,



,1' QRQ LQGXFHG 1QYDVAQEQHVYV DVVHVV-PHD@QW Bk 5'
1S%, FHOOV LQGROH®GXFHG 1, 6(0UR3) EDUV

3 3 t WHVW

JLIXUH

PL5 LV WUDQVFULBWH & QDOMR 'U HJ X OF KHPCHDWFDWH R Q R
PL5 SURPRWHU UHJLRQ 7KH SXWDWLYH ELQGH®@JIEVLWHYV
EODFN ER[HV % DQG & &K,3 BORPRWWURUHIBERQV LQ 1,+ 1
0\R' FHOOV LQGXFH@BGXEHGRIQ L7ZR LQGR SSDA®NQIH RID L
XVHG IRU PL5 SURPRMHMHRWD DROQILRM $ DIGKG DROBHIRV %
HQKDQFHUV ZHUH XVHG DV SRVLWLYH DHOB CBHHIDUXILLYWP H R Qv
ZDV UHODWLYH WR QRUPDO UDEELW LI 1,6XD®%QXELRHU |
FHOOV LQGXFHG ,1'1lQRQUD@MXAFAWHGFRWHIG WKIFLLOGDV H

UHSRUWHU FRQVWUXFWY (UURBU EDUV3 t WHVW

YJLIXUH

PL5 EORFNV 506 WXPRG BURXYWRLQDWLRQU $JWDR¥GV R W X
FXUYH LQ QXGH PLFH LROBHPWHIHRKW® 500¥YS%Q $ FKIDOI
RI WKH RLFHZHUH JLYHQ GR[\R\GOLMWM WWBUWMLPH RI LQM
LQGXFHG ,1' ZKLOHP DMIQHI QU HK\QW UHDWHGL, QRQ LQGXEFHG
GR[\F\FOLQH ZDV JLYHQ WRNKD®IQA8! IKHQ PWKIPRUV EHFRI
SDOSDEOH EODFN DUWRR F K&H RIPPPIX@ KD @ \V H¥ RRIHW KIBRD W

WKH HQG RI WKH WQHGWRH@W 'HPRGD [ 5H SWPHNVHG WO W LY



ZKROH PRXQW OXQJV V' DXGSHLLGQORHO ( VXSSHAR BDQH®
PRQWKYV DIWHU VRILRIYSHLQ $®MH FRMIOFO\F M QLQGCKHFHG 1"
QRQ LQGXFHG 1, /RKREULBPRORKLVWRFKWRLF NGO MIRDV L

IURP WKH WLVWHGE WY BRHWHUWURU EDUV 6(0

JLIXUH

7$&& SURPRWHV 506HEBDOQ R RDQ BIGRHEHIQREHOKY DIQG
SURWHFWY 506 FHOOV IURP DSRSWRVLS' $DQ/WHUQ EORV
FHOOV H[SUHVVLQJ WKH VK51$ FACQW GROHFWKES 5V K RIS
VK7$&& % DQG & SUROLIHUDWLRQ DQDO\&L\FHOOY %
GHVFULEHG LQ $ ' $SRSWRVLV DVVHVVPGHMWEWRIEHG DQG 5-
( TXDQWLILFDMSLIR/ H@WDWLYH LPDJHV RI BRIWDRIDU JUFR
5+ FHOOV GHVFULEHZHHRVSLDIWHOWXUEORW: D\QDIOUWDLV L
5 DQG 5+ FHOOV GHVFULEHG LQ $ * S5MVWB®%Q EORW DC
FHOOV H[SUHVVLQJ *yY3%&&75+k RXDQWLILFDMMVRH®DDELYHS
LPDJHV RI VRIW DJDU 18BZWKFRIO®V G H\FQUEG BHEGHDWHG Z LW
GR[\F\FOLQH LQGXFHG ,1' IRU ZHHNV (UBRU EDUV 6(

3 t WHVW

YJLIXUH
5% % FRQWUROV 50BRFHP D PEIWDWHDO WILPAHRBES DQDO\
SDUDORJ WUDQVFULSWYV LQ 5° $ DQG BGRW % QPHIO DMV &(

5’ FHOOV WUDQVIHFWHG ZLWK VL51% RARR) & UWRHKF WHL&E 75/



VL51$V VL5$% $ % RU BHSUMHYG QWDWLYE TRDQKMA ILFDQ LR
( Rl ZRXQG FORVXUH RI 5' FHOOV WUDG$M BWHG ZLWHK
'HVWHUQ EORW DQDOGAYLVFHD OV H[SUHV VIL RU* 53 %& Fo5

* DQG + UHSUHVHQWDWIQGH TDPDIWVY ILFDWQR F ORVRIUBRRI
5°  1S%, FHOOV PDISUMDHQ@WE RQ GR[\FHF®LQH ' L @AXE

H[SUHVVLQJ *)3 &75% RWWBR®W EDUV 6¢0WHVW

JLIXUH
PL5 LOQWHUFHSWLQJ QEWY% WHRKXQWNUVWILEEMSRWR/ 0(. LQI
3UROLIHUDWLRQ DQD@\VL¥HOOY LQSXFRG LAGXRHGY 1,
DQG WUHDWHG ZLWK 6HDOXRRWILQLDWLBQ ORW: D\OWOUWDLE LQ
5'° 1S%, FHOOV LQGAUFWRQ,L'QGXFHG @,Z DG /S B\ WL E
/$3 GB6HOXPHWLQLE 6(/ RU FRPELQDWXBQW LR E DMKURHH D&
UHSUHVHQWDWILYRIWPDJBY RURZ®%,Rl FHOOV GHVFULEHG L
'XDO OXFLIHUD®H DNV¥BOOV WUDWWH EWEGFRMWMIG OXFLIHK
UHSRUWHU FRQVWUXFRAW ZWHG WOSH DD R Q JUALRIK ELLU V

6(0 3 3 3 t WHVW
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