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,QYHVWLJIJDWLQJ 6WUDWHJILHYV WR ,QFUHDVH .QRFN ,Q (IILFL
&HOOV 7KURXJK &5,635 3URWHLQ (QJLQHHULQJ

$SEVWUDFW

&OXVWHUHG 5HIXODUO\ ,QWHUVSDFHG 6KRUW 3DOLQGUR
GHULYH IURP ERWK DUFKDHD DQG EDFWHULD DV D GHIHQVH P
LQIHFWLRQ 5HFHQWO\ WKHVH &DV SURWHLQV KDYH EHHQ U
WRROV +RZHYHU WKH HIILFLHQF\ DQG VSHFLILFLW\ RI ZLOG
WuUXO\ EH LPSOHPHQWHG LQWR PHGLFDO WUHDWPHQW VDIHO
HGLWLQJ HIILFLHQF\ RI 6S\&DV D SURJWD BPRBEOEBDSWU RWE LQ |
LQGXFH EUHDNV LQ '1$ DQG FUHDWHG D QRYHO IXVLRQ SURV
SURWHLQV O0OL&DV DQG &(&DV WKDW KDG EHHQ VKRZQ WR H
7TKHVH YDULDQWY ZHUH LQVHUWHG LQWR FDQFHU FHOO OLQH
WKHQ HITHFWLYHO\ HGLW KXPDQ HPEU\RQLF VWHP FHOOV %\
WKH VWUXFWXUDO SURWHLQ /DPLQ % LQ WKH QXFOHDU ODPL
SHWLFXOXP PHPEUDQH WUDQVSRUW SURWHLQ 6HF EHWD ,
SHSDLU LQ JHQH NQRFN LQ H[SHULPHQWYV 0\ VWXG\ VKRZV W]

HGLWLQJ HIILFLHQF\ &(&DV VKRZV JUHDW SURPLVH IRU LQFL

,QWURGXFWLRQ
7KH &5,635 &DV LPPXQH UHVSRQVH LV GHILQHG DV DQ DG

VA\VWHP ZKLFK SURWHFWY SURNDU\RWLF RUJDQLVPV IURP SKI



7KHVH PLFURVFRSLF RUJDQLVPV H[HFXWH WKH UHVSRQV
RI WKH IRUHLJQ SKDJH '1$ LQWR WKH &5,635 &OXVWHUHG 5H.
5HSHDWV ORFL DV VSDFHUV OF*LQQ ODUUDIILQL 7KH |
D JHQHWLF UHFRUG RI SULRU LQIHFWLRQ DQG DOORZV IRU W
SKDJHJ -LDQJ 'RXGQD 6SDFHU VHTXHQFHV DUH WKHQ
&5,635 51$V FU51$ WKDW JXLGH &DV HIIHFWRU QXFOHDVHV \
FRPSOHPHQWDU\ VHTXHQFHV OF*LQQ ODUUDIILQL %LQ
VHTXHQFH WULJJHUV WKH GHVWUXFWLRQ RI WKH LQYDGLQJ C
VHFRQG LQIHFWLRQ -LplQJ 'RXGQD
)LIXUK®5,635 &DV $GDSWLYH ,PPXQH 5HVSRQVH
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)L $ W\SH ,, &5,635 ORFXV KDV UH S HDI)NGVFIDYWIHHHSD BHGHA VSDFHUMV LQ"
JUHHQ IURP SKDJH LQIHFWLRQVBQRONK\H W KISQ PMUN Q\VF SUEHFE WV RU &5,635
7UDFU51$ LV WUDQVFULEHG VHSDISDI\RH CRUBQ$E FODQ/MHDIDWLWR Q@ SN BORZQ QX
WKH JXLGH VHTXHQFH WR  QWF\WQXFQ HWWH GHDW X §SRRUB HSLWDDBFUS51$ VWL
HQGRQXFOHDVHY DQG GLUHFWYLMWK VDRFR® S DWR HADKWDILRU H IQVQ PAKELS VHT X



380 VHTXHQFH -LDQJ 'RXGQD

,Q RUGHU WR KDUQHVV WKH SRZHU Rl WKH &5,635 LPPXQ'
VXEVWDQWLDO XQGHUVWDQGLQJ RI LWV VWUXFWXUH DQG IXC
LQWR WZR FODVVHY DQG VL[ GLIIHUHQW W\SHV DFFRUGLQJ W
VHWV Rl &DV &5,635 $VVRFLDWHG 6\WVWHPV SURWHLQV DQG |
IXQFWLRQ 7\SH , DQG ,,, VIVWHPV DUH FKDUDFWHUL]HG E\ OL
7\SH ,, VIVWHPV DUH FKDUDFWHUL]HG E\ D VLQJOH '1$ HQGRQ
VWUDQGHG '1$ GV'l$ DQG FUHDWH D EOXQG HQGHG GRXEOH
QXFOHDVH GRPDLQV +1+ DQG 5X9& -LDQJ 'RXGQD 'X H
RWKHU W\SHW &DRAJHGR&DY LV RQHRI WKH PRVW VWXGLHG
HIITHFWRU SURWHLQV

7R ORFDWH WKH VLWH ZKHUH WKH '6% LV WR WDNH SODF
DGMDFHQW PRWLI 3$0 WKDW IODQNV WKH WDUJHW '1$ VHTX#
VHTXHQFH LV D EDVH SDLU WDUJHW VHTXHQFH ZKLFK &DV
330 LQWHUDFWLQJ GRPDLQ 3,' YLD SURELQJ $V WKH SURWH
WKUHH GLPHQVLRQDO FROOLVLRQV LW UDSLGO\ GLVVRFLDW!|
330 VHTXHQFH DQG LQWHUURJDWHY IODQNLQJ '1$ IRU SRWHQ
GRHV ILQG WKH FRUUHFW VHTXHQFH 2QFH FRPSOHPHQWDUL\
WULJJHUHG EHIRUH DQ 51% '1$ K\EULG DQG DQ 5 ORRS GLVSC
WKH &DV HQJ\PH WR SHUIRUP LWV '6% -LDQJ 'RXGQD

7KHUH DUH WZR OREHV LQ WKH &DV SURWHLQ WKDW FRQ
WKH FXWWLDQJ DFWHYLOSKD KHOLFDO UHFRJQLWLRQ 5(& ORE

QXFOHDVH GRPDLQ DQG WKH QXFOHDVH 18& OREH FRQWDLQ



'RXGQD /TR SHUIRUP WKH EUHDN WUDQV DFWLYDWLQJ F!
PDNH DQ 51% K\EULG VWUXFWXUH NQRZQ DV D VLQJOH JXLGH
FOHDYH DQ\ VHTXHQFHY ZLWK D FRPSOHPHQWDU\ QXFOHRW
-LDQJ 'RXGQD 7KH GV'1$ EUHDN SURGXFHG E\ &DV LV
XSVWUHDP RI WKH 3%0 VHTXHQFH 7KH +1+ GRPDLQ FOHDYHV
JXLGH 51%$ L HWKH WDUJHW VWUDQG ZKLOH WKH 5XY& GRPDI

'RXGQD )LJ

J)LIXUKBDV 6WUXFWXUH 'XULQJ 7DUJHW '1$ 5HFRJQLW
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)LJ &RQIRUPDWLRQDO UHDUUDQJPPRQW RBFMKR W 2K B IQW USHRBRORDWVR DF WL
I[URP DQ LQDFWLYH VWDWH 7 IQH |3 OV K & W\HRD®¥AMAM QR UV B$\WOHVDRBILLQJ DQG W
SUHSDUHV IRU LQWHUURJDWLRPSRIHRHDMMD QI W1 $ )RWORALDJ 360 UHFRJIQL
51$ VWUDQG LQYDVLRQ DQG 5 RRRSYBRDPBWL RRQ LRHIKDWWRERM@ FKDQJH R
FOHDYH WKH '1$ -LDQJ 'RXGQD



6FLHQWLVWY KDYH DGRSWHG WKH &5,635 &DV LPPXQH UH
JHQH HGLWLQJ E\ DOWHULQJ WKH &DV DQG LWV UHODWHG 51
VLQJOH WUDQVFULSW VJ51$%$ VLPSOLILHY WKH VIVWHP IRU K>
51$ VHTXHQFH ZLWKLQ WKH FU51$ UHVHDUFKHUV KDYH EHHQ
PDQ\ '1$ VHTXHQFHV ZLWKLQ WKH KXPDQ JHQRPH -LDQJ 'RX
RI D '6% E\ &DV WKH FHOO ZLOO LGHQWLI\ DQG FRUUHFW WK
WZR SURFHVVHV QRQKRPRORJRXV HQG MRLQLQJ 1(+- RU KR
RFFXUV ZKHQ WKH '1$ UHSDLUV LWVHOI E\ LQVHUWLQJ RU GH
OHDG WR GHOHWHULRXV PXWDWLRQV +'5 LV FKDUDFWHUL]HG
WHPSODWH ZLWK KRPRORJ\ DUPV WR LQVHUW LQ RUGHU WR
NQRFN LQ .,
$V LPSUHVVLYH DV WKH &5,635 &DV LPPXQH UHVSRQVH L
OLPLWDWLRQV DVVRFLDWHG ZLWK LWV ZLOG W\SH VWDWH L
'1$ 'DPDJH WR[LFHW\ D®GGIKQYHQ ZLWK WKH SURWHLQYTV DGYDQT
VIVWHP WDUJHW FOHDYDJH FRXOG VWLOO RFFXU RQ '1$ VHT:
LQ WKH VJ51$ JXLGLQJ VHTXHQFH ZKLFK FDQ SDHW BQWR VXI
/DUJH GHOHWLRQV DQG XQZDUUDQWHG UHDUUDQJHPHQ!
'6%V PDGH E\ WKH &DV SURWHLQ FDQ DOVR WULJJHU FHOO G
HW DO
,PSRUWDQWO\ WKH HUURU SURQH 1+(- SDWKZD\ LV RIWH:¢
FRPPRQO\ XVHG LQ FHOOV GXH WR LWV LQFUHDVHG VSHHG D
ODUJH OLPLWDWLRQ RI +'5 LV WKH UHVWULFWLRQ RI WKH SD\

1(+- LV DFWLYH LQ DOO VWDJHV RI WKH FHOO F\FOH /LX HW



XWLOL]DWLRQ RI WKH VHTXHQFH IURP WKH VLVWHU FKURPDW
FDQ RQO\ EH XWLOL]JHG LQ 6 DQG * ZKHUH D KRPRORJRXV VFE
1+(-1V LQDFFXUDWH VXSHULRULW\ RYHU +'5 FKDUDFWHUL]HYV
LQFUHDVH +'5 7R FXUE 1+(-fV DGYDQWDJH LQ LWV FRPSHWLW
GHOHWLQJ NH\ HQJ\PHVY DQG SURWHLQV RI WKH 1+(- SDWKZD\
&RXSOHG ZLWK WKH LQKLELWLRQ RI PDMRU 1+(- IDFWRUV VF
GULYLQJ IDFWRUV WR HQKDQFH WKH IDYRUDELOLW\ RI WKH S

7ZR PDMRU ZzD\V VFLHQWLVWY DOWHU &DV IRU LQFUHDVL
IXVLRQ WR WKH SURWHLQ DQG HIILFLHQF\ LPSURYLQJ SRLQW
WKHP XVXDOO\ LQFUHDVH ., UDWHV EXW DUH RIWHQ ODUJH Z
LQVHUW WKH V\VWHP LQWR FHOOV 3RLQW PXWDWLRQ YDULD:
DOVR UHGXFH RIl WDUJHW LQGHOV KRZHYHU PD\ BHHWNGXFH WE
DO

5SHVHDUFKHUV DW WKH 8QLYHUVLW\ RI OLFKLJDQ FUHDWH
ZDV SURYHQ WR LQFUHDVH ODUJH VL]H JHQH .,V DQG PDLQWL
KXPDQ FHOOV LQFOXGLQJ ILEUREODVWY DLUZD\ HSLWKHOLD
VWHP FHOOV L36&V 7KH VFLHQWLVWY PDGH 0OL&DV E\ IXVLC
ZKLFK DOORZV WKH SURWHLQ WR ELQG 5%' DQG HQULFK LW
DFLG ORQJ PRWLI WKDW ELQGY DQG VWDELOL]HV 5% D SUF
VWUDQG H[FKDQJH XQGHUO\LQJSRPRORJRXR UHBRRBEALRBWH R
VFLHQWLVWY ILUVW NQRFNHG LQ D JUHHQ IOXRUHVFHQW SUR
KXPDQ FHOOWYWBIW DO 7KH H[SHULPHQW ZDV UHSHDWHG DW V

HQVXUH WKH ., UDWH LPSURYHPHQW ZDV QRW ORFXV VSHFLIL



WHVW SUHFLVLRQ UDWHV WKH VFLHQWLVWY WHVWHG PDQ\ &
ORFL DQG XVHG GHHS VHT DQDO\WVLVY WR GHPRQVWUDWH OL&EL
VDPH WHVWLQJ ZDV XVHG RQ PRUH HUURU SURQH ORFL WR G|

UDWHV DQG VDZ WKH VDRW PRVIMWLYH UHVXOWYVY 0D

)LIXuBL&DV ,QFUHDVHV ., 5DWHV DQG 5HGXFHV 2Q WDUJHW
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)L SBHUFHQWDJH RI *)3 SRVLWLYH XWHQQVWGDIWIKWHKH QW RHE$O6WOERFY 0D H

$ FROODERUDWLRQ EHWZHHQ WKH +RQJ DQG *LOEHUW OD
XVH RI WKH HIILFLHQF\ LPSURYLQJ SRLQW PXWDWLRQ DSSURI
SURWHLQ WKURXJK GLUHFWHG SURWHLQ HYROXWLRQ WKDW C
LQ KXPDQ FRORUHFWDO FDUFLQRPD +&7 FHOOV 7KH VFLH
HQFRGHG 6S\&DV ZLWK YDULDQWYV LQ WKH VHTXHQFH WKDW

EHWZHHQ WKH WZR QXFOHDVH GRPDLQV 7KH SRLQW PXWDWL



RFP Signal

PDGH YLD HUURU SURQH 3&5 7KH YDULPF®®V ZHHO®WKHQ WUL
FROWDEGGC®RIDIVPLG WKDW LV D '1$ J\UDVH WR[LQ XQGHU WKH

LQGXFLEOH SURPRWHU &HOOV ZLWK FFG% ZHUH WDUJHWHG
FFG% FXW ZHUH DEOH WR VXUYLYH RQ WKH SODWHYV FRQWDL(
IXQFWLRQDO 7KURXJK WKLV LWHUDWLYH VHOHFWLRQ F\FOH

PXWDWLRQ DW WKH SRVLWLRQ RI 6S\&DV YV JHQRPH DOOR.
GHWHUPLQH LI WKH YDULDQW LPSURYHG JHQH HGLWLQJ DSSC
ZHUH WUDQVIHFWHG LQWR +&7 FHOOV DORQJ ZLWK D *)3 WHE
FHOOV DOORZLQJ WUDQVIHFWHG FHOOV WR JORZ DURXQG WI
36S\&(&DV °~ GHPRQVWUDWHG D IROG LQFUHDVH LQ *)3 LQFR

HQKDQFLQJ PXWDWLRQ LQ WKH QXFOHDVH XLQGIDHGHDDRQ RI \

JLIXURBEVHUYHG *)3 VLJQDO RI :76S\&DV DQG &(&D\

Negative Control SpyCas9 SpyCECas9
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, QWULJXHG E\ WKH UHVHDUFK FRQGXFWHG LQ /L /DE )68
UHVHDUFK RQ &DV SURWHLQV WKHPVHOYHV , MRLQHG LWV V
GHYHORS WKLV SURMHFW WR JDLQ PRUH NQRZOHGJH DQG SR
HGLW KXPDQ HPEU\RQLF VWHP FHOOV , DWWHPSWHG WR DFK
DGYDQWDJHV RI WZR PRGLILHG &DV SURWHLQV O0OL&DV DQG &
SURWHLQ :H K\SRWKHVL]JHG E\ XVLQJ WKLV QHZO\ HQJLQHHU
DEOH WR SHUIRUP D VXFFHVVIXO WUDQVIHFWLRQ DQG LQVHU
1XFOHDU /DPLQ % ,I WKH WUDQVIHFWLRQ ZDV HIILFDFLRXV
‘H XVHG :76S\&DV WR LQVHUW WKH *)3 LQ +&7 FHOOV DV D

WUDQVIHFWLRQ HIILFLHQF\ WKLV UDQJH ZDV VHHQ LQ
8QWUDQVIHFWHG FHOOV ZHUH XVHG DV D QHJDWLYH FRQWUR
HITLFLHQF\ ZKHQ XVLQJ OL&DV VLPLODU WR WKH HIILFLHQFL
a HIILFLHQF\ ZLWK OL&(&DV DW WKH /01% ORFXV

7KH VXFFHVV RI WKLV H[SHULPHQW ZRXOG FRQWULEXWH
+XPDQ HPEU\RQLF VWHP FHOOV K(6&V DUH JHQHWLFDOO\ LQ
GLIIHUHQWLDWHG LQWR PDQ\ GLITHUHQW FHOO W\SHV WKDW |
'DPGLPRSRXORX HW DO JXUWKHUPRUH WKHLU DELOLW
GLIIHUHQWLDWH LQWR DQ\ FHOO W\SH RI WKH KXPDQ ERG\ UF
VRXUFH IRU UHIJHQHUDWLYH PHGLFLQH 'DPGLPRSRXORX HW I
LQFUHGLEO\ SURPLVLQJ LQ EHLQJ DEOH WR SRWHQWLDOO\ Ul
SURYLGHV D JHQHWLFDOO\ FRQWUROOHG V\VWHP WR VWXG\ (
-DHQLVEK TKHUHIRUH JHQHWLF HQJLQHHULQJ RI KXPDQ

WKH HIIHFW RI GLVHDVH FDXVLQJ PXWDWLRQV LQ D JHQHWLF



FRUUHFW WKHP 6ROGQHU -DHQLVEFK %YHLQJ DEOH WR |
HISHULPHQWDO PHGLFLQH VLIJQLILFDQWO\ DV VKRZQ ZKHQ X'
DQG PDQ\ RWKHU JHQHWW B3 VRROINHDWLRB LW PRUH HIILFLHQW
VIVWHP ZLOO RQO\ SURYLGH IXUWKHU LQQRYDWLRQ LQ OLIH
VWHP FHOOV KDYH EHHQ GLIILFXOW WR WUDQVIHFW DQG DUH
WXPRU FHOO OLQHV PDNLQJ JHQHWLF HGLWLQJ GLIILFXOW 29

DIRUHPHQWLRQHG PDQ\ VFLHQWLVWY DUH LQYHVWLJDWLQJ \

SHVXOWYV
OL&DV OL&(&DV ([KLELW /RZHU ., 5DWHV

7KLV ILUVW WUDQVIHFWLRQ LQFOXGHG 1XFOHRIHFWLRQ F
OL&(&DV LQWR :7 +&7 FHOOV DV ZHOO DV 1XFOHRIHFWLRQ |
2 +&7 FHOOV 7KLV ZzDV GRQH WR VHH LI OL&(&DV SURYLGF
DPRXQW RI HGLWLQJ HIILFLHQF\ FRPSDUHG WR WKH SUHYLRX
KDG DQ HGLWLQJ HIILFLHQF\ RI &(&DV LQ WKH VDPH FHO
HITLFLHQF\ OL&DV YV HIILFLHQF\ ZzDV ORZHU DW DORQJ ZL
DQG &(&DV LQ 5DILJ.2 PH&O@EDYVY GLG QRW KDYH D KLJKHU HGL\

&(&DV O0OL&DV RU 6S\&DV
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JLIXUNS &6 5HVXOWYV

RI TUDQVIHFWLRQ
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+&7 RQ WKHHWRYG R@ AMKGGERWWRP URZ 1HJD\

FHOOV

)LI BHVXOWYV RI )$&6 LQ :7
XQWUDQVIHFWHG :7 +&7

&KDQJLQJ 5HDJHQW $PRXQWYV :RUVHQV ., 5DWHV

$IWHU SRRU UHVXOWYV IURP RXU ILUVW WUDQVIHFWLRQ F

6S\&DV DQG /01% ., LQ +&7

GLIIHUHQW DPRXQWV RI &(&DV
UHSOLFDWH HGLWLQJ HWLBOHGB\YLRHQ/ HBQ BQEHUHQW UDWL
WUDQVIHFWLRQV FRQGXFWHG E\ GLIIHUHQW RUJDQL]DWLRQYV
KRZHYHU WKLV WLPH ZH KDYH DGMXVWHG WKH SDUDPHWHU\

7TKH WUDQVIHFWLRQ ZDV FRQGXFWHG LQ :7 +&7 FHOOV XVLC

KDG DQ HGLWLQJ HIILFLH

WUDQVIHFWHG ZLWK XJ /01% *)3 .,

., KDG DQ HIILFLHQF\ RI

WUDQVIHFWHG ZLWK XJ /01% *)3

., KDG DQ HIILFLHQF\ RI ZKLOH XJ &(&DV WU

XJ /I01% *)3



*)3 ., KDG DQ HIILFLHQF\ RI $GGLWLRQDOO\ WKH SRVLWLY]
WUDQVIHFWLRQ HIILFLHQF\ Rl )LJVX2UBQW LFOFWKORRD BIHFUR Q|
SRVLWLYH FRQWURO ZKHUH D JHQHUDO *)3 LV WUDQVIHFWHG

WUDQVIHFWLRQ HIILFLHQF\ DV VHHQ LQ ODWHU WUDQV|

ZRUVHQHG HGLWLQJ HIILFLHQF\ RYHUDOO

JLIXUWH$&6 5HVXOWYV RI 7TUDQVIHFWLRQ

Positve-P2 Spy2.6-P2 CE2BP?2
.-:__i In:'i o o
9 3
1‘4_-;-‘ 1~ ‘_Iw__'_
&1 8" s =1
8 3 s s 7
] : 45.5% i | @ = Q| @
= = & "::_-— o iy | os . " 3| o4
L . = e 0.0% - 0.1%
¥3 g 3 T T T g ]
T T w® L 131 :]- rqo‘ L - Ia;' ”'"I ) r:J. ”"'1}'
: 488 530730-A e 488 530730-4 " 488 }.31'30-#-
SPY3 3P CE33P2
L L]
o (.
T -
B 1 o =]
a g
=Ty a1l a2 = bl . e
8 ) i z ria B
g e | o "“,‘_ _ | o
o - ' 0.1% o= 0.0%
< b, — b
= L I'rv-rvl! T'Tr'q"Tl'r'l"'sT =4
0w ! L] " - T ™y TN
- 409830004 w0 et

JLI BHVXOWYV RI )$&6 LQ :7 +&7 SRVLWIFHDO BR OWUIIRDVIMFWH& 7ZZLWK WKH
*)3

&(&DV ([KLELWV +LJKHU ., 5DWHV &RPSDUHG WR 6S\&DV DW
JROORZLQJ DQRWKHU VHW RI SRRU UHVXOWYV IURP FKDQJ
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ORZ ., HIILFLHQF\ DQG VR D QHZ ORFXV 6(& % ZKLFK HQFRG
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)LJ &RPSDULVRQ RI JHQRPH HGLWL Q&A1 VRREZQFD VDY 6 HUFMHGVDJH RI
SREHUWV HW DO

2XU WKLUG WUDQVIHFWLRQ ZDV SHUIRUPHG RQ +XPDQ (P
XVLQJ 1HRQ (OHFWURSRUDWLRQ DQG WDUJHWLQJ WKLV 6(& ¢
UHDFK DSSURSULDWH FRQIOXHQF\ 7KH RULJLQDO UHDJHQW L
ORFXV 7KH SRVLWLYH FRQWURO RI &(&DV WDUJHWLQJ WKH /
&(&DV WDUJHWLQJ WKH 6(& % KDG DQ LQFUHDVH WR DQG
GXSOLFDWH 6S\&DV WDUJHWLQJ WKH 6(& E ORFXV KDG C
GXSOLEDWH. (&DV KDG EHWWHU ., HIILFLHQFLHV WKDQ +DQG

HITLFLHQFLHY DOVR LQFUHDVHG



JLIXUWH$&6 5HVXOWYV RI 7TUDQVIHFWLRQ
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)J)LI BHVXOWYV Rl )$&6 LQ +(. 7 FHOOVW KQ LGHY1LHFRQ HRH & RMUIRSBIRYUD WR Q W U R
FHOOV WUDQVIHFWHG ZLWK WKHDPIHWIRD[WISHD/Q G%& (RR WX W

2XU IRXUWK WUDQVIHFWLRQ ZDV SHUIRUPHG RQ +&7 FH
XVLQJ 1XFOHRIHFWLRQ LQ DQ DWWHPSW WR UHSHDW LQFUHD
(OHFWURSRUDWLRQ RI +(. 7 FHOOV 7KH RULJLQDO DPRXQW)\
WKH LQFUHDVH RI HGLWLQJ HIILFLHQF\ VHHQ LQ WKH +(. 7 1
SRVLWLYH FRQWURO Rl &(&DV WDUJHWLQJ WKH /01% OREXV
WDUJHWLQJ WKH 6(& % KDG DQ LQFUHDVH WR DQG HG
6S\&DV WDUJHWLQJ WKH 6(& E ORFXV KDG DQGJ HGLW

7KLV ZzDV DQRWKHU FRQILUPDWLRQ Rl &(&DV fV DELOLW\ W



WKDQ 6S\&DV DW LQWURGXFLQJ ., HYHQ WKRXJK 6S\&DV YV H
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J)LI BHVXOWYV RI )$&6 LQ +&7 FHOOW #&R SHEFWOOVNYWBRQWIWHFEONMOGWEZLWK W
3PD[ *)3 DQG &(&DV WDUJHWLQJ WKH /01% ORFXV

‘H WKHQ SHUIRUPHG D ILIWK WUDQVIHFWLRQ UHSOLFDWL
IXUWKHU FRQILUP &(&DV V DELOLW\ WR PRUH HIIHFWLYHO\ H

&(&DV HIILFLHQFLHY GLG QRW PDWFK)2UHYLRXVO\ LPSURYHCG



JLIXUH)$&6 5HVXOWYV RI 7TUDQVIHFWLRQ

)LJ B5HVXOWV RI )$&6 LQ +&7 FHOOW #&R SEWOMM WBRQWIHEMHG W LWK
3PD[ *)3 DQG &(&DV WDUJHWLQJ WKH /01% ORFXV

&HOOV WKDW ZHUH SRVLWLYH IRU IOXRUHVFHQFH RQ WKH )$&
XQGHU WKH /HLFD PLFURVFRSH LQ '"U)L3VKZMKGPWIO RZD Q B LMINVHC
DUHDV VKRZ VXFFHVVIXO NQRFN LQ RI WKH JUHHQ *)3 LQWR V

DUHDVY DUH WKH QXFOHL VWDLQHG ZLWK '$3,

JLIXUHBRVW 1XFOHRIHFWLRQ +&7 &HOOV XQGHU /HLF



)L &(&DV JHQH HGLWHG FHOOV ZI(QWEGRX® ADRWRFENH 6HWVQL FPAXP WKKIH Q XFOH L

WKH '$3, VWDLQ

7R GHWHUPLQH ZKHWKHU RXU UHVXOWV ZHUH VWDWLVWL
ZDV FRQGXFWHG WR FRPSDUH WUDQVIHFWLRQ HIILFLHQF\ EH!
5,) .2 GDWD ,QFOXGLQJ WKH GDWD Rl WKH WUDQVIHFWLRQ
RI 7KLV LV QRW VWDWLVWLFDOO\ VLIJQLILFDQW DV VWD
3 YDOXH RI EHORZ $ 0DQQ :KLWQH\ 8 7HVW ZDV DOVR FRQ
FHOOV ZKLFK JDYH XV D 3 YDOXH RI 1IHLWKHU DQDO\VLYV
SRVLWLYH FRQWURO LQ RXU WKLUG IRXUWK DQG ILIWK WUDC
QR VLJQLILFDQW GLIIHUHQFH VHHQ EHWZHHQ 6S\&DV DQG &(
ZDV FUHDWHG WR IXUWKHU YLVXDOL]H WKH HGLWLQJ HIILFLH
WUDQVIHFWLRQRZHYHU ZH EHOLHYH ZLWK IXUWKHU RSWLPL]D
&(&DV IRU JHQRPH HGLWLQJ LQ ZKLFK HGLWLQJ HIILFLHQF\ L

6S\&DV GHVSLWH OL&(&DV IV DSSDUHQW IDLOXUH

JLIXUH&(&DV DQG 6S\&DV (GLWLQJ (IILFLHQFL



)L /LQH JUDSK GHSLFWLQJ WKH GHRFHG@W® VB BRWVIHFMWHGFHONVK & (& DV
*
)3

'LVFXVVLRQ
"XULQJ RXU ILUVW WUDQVIHFWLRQ WDUJHWLQJ WKH /01%

DQG &(&DV ZH REVHUYHG SRRU UHVXOWY FRPSDUHG WR 0D |

KLOH WKHLU OL&DV KDG XS WR HGLWLQJ HIILFLHQF\ LQ
HITLFLHQF\ RI LQ :7 +&7 2XU 6S\&DV HGLWLQJ HIILFLHQ
HW DO &(&DV V FRQFHSWLRQ SDSHU DW HITLFLHQF\

GXSOLFDWHV RU WULSOLFDWHY FDQ OHDYH RXU UHVXOWV XQ
XJ &DV DQG XJ ., *)3 IDUHG HYHQ ZRUVH IRU *)3 ., SHUFHQ
7KHUHIRUH ZH UHWXUQHG WR WKH RULJLQDO DPRXQWV DQG
IROORZLQJ WKUHH WUDQVIHFWLRQV
2XU WKLUG DQG IRXUWK WUDQVIHFWLRQV VKRZHG DQ LPS
WUDQVIHFWLRQ LQWR ERWK +(. 7 DQG +&7 FHOOV UHVXOW
WKDQ WKH SURWHLQYY FRQFHSWLRQ SDSHU +DQG HW DO
WDUJHW VLWH 6(& % YV /01% 6WLOO WKLV VHHPV WR FRQ
WLPHV PRUH HIIHFWLYH WKDQ 6S\&DV DW LQWURGXFLQJ NQR
VLIJQLILFDQWO\ KLJKHU WKLV DJUHHV ZLWK 5REHUWY HW DO
IRU WUDQVIHFWLRQ DOWKRXJK RXU WUDQVIHFWLRQ HIILFLHC
YV 7KLV FRXOG EH GXH WR WKHLU XVH RI 513 GHO!|
FHOOV +RZHYHU RXU WKLUG WUDQVIHFWLRQYTV SRVLWLYH FI

HITLFLHQF\ , W LV SRVVLEOH WKH ORZ SRVLWLYH FRQWL



XVHG D 1HRQ (OHFWURSRUDWRU EHIRUH FRQGXFWLQJ WKLV F
WDUJHWLQJ WKH 6(& % KDV VKRZQ DQ LQFUHDVH LQ HGLWLQ

2XU IRXUWK WUDQVIHFWLRQ GLG KDYH D VWUDQJH RXWO
IXFOHRIHFWLRQ LQWR +&7 FHOOV KDG DQ DEQRUPDOO\ KLJ
UHDVRQ ZH UHGLG SODVPLG WUDQVIHFWLRQ LQWR +&7 FHC
6(& % ORFXV +RZHYHU WKLV WULSOLFDWH WUDQVIHFWLRQ
LQFUHDVHG HIILFLHQFLHV RI &(&DV W LV XQFHUWDLQ DV W
&(&DV HGLWLQJ HIILFLHQF\ DV WKH SURFHGXUH ZDV FDUULH
UHSHDWLQJ WKHVH H[SHULPHQWYVY WR JDWKHU PRUH GDWD LQ
HIITLFLHQW JHQRPH HGLWLQJ SURWHLQ

:KLOH LPSURYHPHQW FRQWLQXHYV WKHUH DUH FHUWDLQUC
LQFUHDVH HGLWLQJ HIILFLHQF\ IRU XVH LQ K(6&V ,Q DGGLWL
HISHULPHQWY ZH DUH DOVR FXUUHQWO\ SXULI\LQJ SURWHLQ
WUDQVIHFWLRQ HIILFLHQFLHVY &HOO &\FOH 6\QFKURQL]DWLR
I[UHTXHQFLHV /LQ HW DO $ ODUJH OLPLWDWLRQ RI +'5 |
DQG * SKDVHV RI PLWRVLYV ZKLOH 1(+- LV DFWLYH LQ DOO VW
%ORFNLQJ PLWRVLYVY DQG FRQVWUDLQLQJ FHOOV WR RQH RI W

DQG WKHUHIRUH HGLWLQJ HIILFLHQF\

ODWHULDOV DQG OHWKRGYV

ULPHU '"HVLJQ &UHDWLQJ PXWDWLRQV LQ WKH OL&DV SURW



7R FUHDWH OL&(&DV O0OL&DV RQ SODVPLG YHFWRU S-'6
SRLQW PXWDWLRQ DW WKH SRVLWLRQ RI WKH VHTXHQFH W
7KH SULPHUVY QHHGHG WR FRPSOHWH WKLV WDVN ZHUH GHVL.
S6QDSJHQH" 7KLV VRIWZDUH ZDV XVHG WR FUHDWH WKH IRUZ

PXWDWLRQ DQG WKH UHYHUVH SULPHU WKDW DPSOLILHG WKFE

4 6LWH 'LUHFWHG OXWDJHQHVLY YLD 3RO\PHUDVH &KDLQ 5HCL

7KH SULPHUV GHVFULEHG DERYH ZHUH XVHG LQ WKH 3RO
WHFKQLTXH WR LQWURGXFH WKH &(&DV PXWDWLRQ LQWR O0OL¢
OL&(&DV 1HZ (QJODQG %LRODEfV 4 6LWH 'LUHFWHG OXWDJH

1 PXWDWLRQ

(OHFWURSKRUHVLY DQG ./' 5HDFWLRQ

7KH 3&5 SURGXFW ZDV UXQ WKURXJK D DJDURVH JHO YL
S-'6 SODVPLG ZLWK WKH OL&(&DV VHTXHQFH ZDV WKH FRUL
EHFRPH OLQHDUL]HG ZLWKLQ WKH WKHUPRF\FOHU GXULQJ 3&
UHDFWLRQ 7KH ./' UHDFWLRQ HQWDLOV WKH DGGLWLRQ RI W
DQG 'SQ HQJ\PHV WR RXU 3&5 SURGXFW IRU UDSLG SKRVSKRL

UHFLUFXODUL]JLQJ WKH SODVPLG 'SQ LV UHVSRQVLEOH IRU

&UHDWLRQ DQG FRQILUPDWLRQ RI FORQHV XVLQJ UHVWULFWI
7R FRQILUP WKH VL]H RI OL&DV &(&DV 6S\&DV DQG WK

E\ /L /DE D UHVWULFWLRQ GLJHVWLRQ ZDV SHUIRUPHG IROOF



DIJDURVH JHO S(7 OL&DV SURYLGHG E\ WKH 8QLYHUVLW\ RI O
IRU SXULILFDWLRQ LQWR 513 ZDV DOVR VXEMHFWHG WR UHV!
3(70L&DV LV OL&DV RQ WKH S(7 SODVPLG GHVLJQHG IRU SXI
ZKLFK KDV EHHQ VKRZQ WR EH PRUH HIILFLHQW LQ WUDQVIHF
KDYH WKH FHOO LWVHOI FUHDWH WKH &DV SURWHLQV WKUR?>
'1$ 513 GHOLYHU\ DOORZV WKH &DV SURWHLQV WR EH WUDQ
SURWHLQ SK8 WKH SODVPLG WKDW FDUULHV WKH VJ51% IRU
OL&DV DQG OL&(&DV GR QRW H[SUHVV WKHLU JXLGH 51% RQ \
&(&DV GR S] LV D FR H[SUHVVLRQ YHFWRU O0L&DV LQ WKI
7TKH S| SODVPLG ZLWK WKH &(&DV VHTXHQFH LV NE ORQJ
DQG LV WKH VDPH VLIH 7KH FRUUHFW VL]H RI WKH S8& SOD
VHTXHQFH LV NE 7KH /01% ., ZDV GLJHVWHG XVLQJ WKH ;K
DQG OL&(&DV SODVPLGYV ZHUH GLJHVWHG XVLQJ WKH 1KH, UH
XVLQJ 6DF, UHVWULFWLRQ HQJ\PH 7KH 6(& % ., VHTXHQFH LV

VL]H LV NE DQG ZDV FRQILUPHG WKURXJK VHTXHQFLQJ E\ W

JLIXUHSHVWULFWLRQ (QGRQXFOHDVH "'LIJHVWLRQ R ¢



)L 5HVWULFWLRQ HQGRQXFOHDVH QLDHVWIRQRR/IH&IH/O S)WRW HLIQIW UXR BRL
ODGGHU 3(70L&(&DV OL&(&DV SK8 O0L&DYV

7TUDQVIRUPDWLRQ LQWR &KHPLFDO &RPSHWHQW '+ . ( &ROL

&KHPLFDO &¢RPSHWHQW '+ . FHOOV ZHUH SURYLGHG E\ W|
7KH FHOOV DUH PDGH FKHPLFDOO\ FRPSHWHQW YLD ZDVKLQJ
QHIJDWLYH FKDUJHV RI WKH FHOOVY SODVPD PHPEUDQH DQG \
WKH ELOD\HU PRUH SRURXV IRU '1$ HQWU\ 7KLV ZLOO DOOR.
HDFK UHVSHFWLYH SODVPLG IRU '1$ HIWUDFWLRQ X/ RI ./" S|
WKDZHG '+ . FHOOV DQG SODFHG LQ LFH IRU PLOQXWHYV 7KF
GHJUHH &HOVLXV ZDWHU EDWK IRU VHFRQGY EHIRUH EHLQJ
KHDW VKRFN VWHS LV HVVHQWLDO DV LW DOORZV WKH '"1$ WR
FORVH WKH FHOO PHPEUDQH DJDLQ X/ Rl /1% ZDV DGGHG W
VKDNLQJ LQFXEDWRU DW GHJUHHV &HOVLXV IRU DQ KRXU 7
JURZWK EHIRUH EHLQJ SODWHG RQ /% DJDU SODWHV ZLWK UF
D GHJUHH &HOVLXV LQFXEDWRU RYHUQLJKW

7KH QH[W GD\ DQ LQGLYLGXDO FRORQ\ ZDV SLFNHG XS Z
DQG GURSSHG LQWR D FXOWXUH WXEH ZLWK P/ /% DQG HDFK
S-'6 S| DQG S8& YHFWRUV .DQDP\FLQ IRU S(7 YHFWRU\

RYHUQLJKW WR JDLQ PDQ\ FHOOV FRQWDLQLQJ WKH SODVPLG

'1$ ((WUDFWLRQ XVLQJ OD[LSUHSVY DQG 6HTXHQFH 9HULILFDWI
7KH QH[W GD\ WKH FXOWXUHVY ZHUH SODFHG LQ D FHQWL
HIWUDFWLRQ 7KH 2PHJD %LR 7HN OD[LSUHS .LW ZDV XVHG WHF

FHOOV 7KH FRQFHQWUDWLRQ RI HDFK SODVPLG ZDV GHWHUP



2QFH FRQFHQWUDWLRQ ZDV GHWHUPLQHG VHTXHQFH YHULIL
8QLYHUVLW\ FORQLQJ IDFLOLW\ 7KLV FRQILUPHG OL&(&DV KI

ZHUH QRW UDQGRPO\ PXWDWHG

&HOO FXOWXUH DQG +XPDQ *HQH (GLWLQJ YLD /RQ]D 1XFOHRI

%HIRUH XVLQJ K(6&V WKH WUDQVIHFWLRQ SURFHGXUH ZI
ZLOG W\SH DQG 5,) NQRFN RXW 3URYLGHG E\ *LOEHUW /DE
SODWHG RQ FP GLVKHV IHG ZLWK OF&R\fV $ OHGLD VXSSOH
JHWDO %RYLQH 6HUXP DQG SBHQLFLOOLQ 6WUHSWRP\FLQ HY
&HOVLXV LQFXEDWRU ZLWK &2 5,) DQ 1(+- IDFWRU UHJX(
IRXQG WKDW 5,) .QRFN 2XW .2 FHOOV DUH SURILFLHQW IRU
OXNKHUMHH HW DO 'LWKRXW WKH LQWHUIHUHQFH RI 1(
KLIJKHU +'5 UDWH DQG WKHUHIRUH D KLJKHU WUDQVIHFWLRQ
T+ &7

7TKH ILUVW WUDQVIHFWLRQ LQFOXGHG WKH 1XFOHRIHFWL
+&7 DV SRVLWLYH FRQWUROV DQG LQWR 5LI .2 +&7 DV H[
OL&(&DV ZHUH DOVR H[SHULPHQWDOO\ WUDQVIHFWHG LQWR
WUDQVIHFWHG ZLWK WKH JXLGH 51%$ SK8 DV WKH\ GR QRW H
SODVPLG DV 6S\&DV DQG &(&DV GR S] LV D FR H[SUHVVLR
WUDQVIHFWLRQ PDVWHUPL[HV ZLWK XJ RI UHVSHFWLYH SO
PDGH LQ (SSHQGRUI WXEHV X/ Rl 6( 6ROXWLRQ DQG X/ RI ¢
OLQH " 1XFOHRIHFWRU VROXWLRQ NLW ZLWK SXOVH FRGH (1

7U\SVLQ ZDV DGGHG RQWR WKH +&7 DQG 5,) .2 FHOOV DQG



GHDFWLYDWLRQ ZLWK PHGLD 2QH PLOOLRQ FHOOV ZHUH FRX
IDOFRQ WXEHV IROORZHG E\ FHQWULIXJDWLRQ DW USP IR
QHZ IDOFRQ WXEHV ZHUH SUHSDUHG ZLWK P/ PHGLD DQG HO
WXEHV I[URP WKH FHQWULIXJH ZHUH DVSLUDWHG OHDYLQJ M’
ZLWK LWV UHVSHFWLYH PDVWHU PL[ 6( 6ROXWLRQ 6XSSOHPH(
ZHUH WUDQVIHUUHG WR LWV UHVSHFWLYH HOHFWURFXYHWW
QXFOHRIHFWLRQ WKH WUDQVIHFWHG FHOOV ZHUH WUDQVIHU
SUHSDUHG EHIRUH EHLQJ SRXUHG LQWR FP &RUQLQJ SODWF
&HOVLXV $IWHU WZR GD\V a KRXUV WUDQVIHFWLRQ HIILFI
$SFWLYDWHG &HOO 6RUWLQJ )$&6 PDFKLQH DW WKH )68 PHGL

2XU VHFRQG WUDQVIHFWLRQ ZDV FRQGXFWHG WKH VDPH

SDUDPHWHUV IRXQGDEODWKH OLWHUDWXUH

7TDEOHSHULPHQWDO 'HVLJQ RI 7TUDQVIHFWLRQ

3RVLWLYH FRQW| 1HIDWLYH FRQWURO X
X/ /[RQ]D 3PD[ *)3 SODV
SHU X/
&(&DV XJ FDV 6S\&DV XJ FDV XJ WRV
&(&DV XJ FDV 6S\&DV XJ &DV XJ WRV

2XU WKLUG DQG IRXUWK WUDQVIHFWLRQV WDUJHWHG WK
(QGRSODVPLF 5 HWLFXOXP PHPEUDQH WUDQVSRUW SURWHLQ |
WUDQVIHFWLRQ ZDV SHUIRUPHG RQ +(. 7 FHOOV ZKLOH ZDLYV

FRQIOXHQF\ 7KH +(. 7 FHOOV ZHUH JURZQ LQ '0(0 VXSSOHPF



6HUXP DQG 8 P/ BHQLFLOOLQ 6WUHSWRP\FLQ 7KH\ ZHUH NH:
LQFXEDWRU 2QFH WKH\ UHDFKHG a FRQIOXHQF\ XJ 6S\&D\
6(& % ., *)3 ZHUH WUDQVIHFWHG LQ GXSOLFDWHYV LQWR WKH
6FLHQWLILFYV 1HRQ 7UDRCHHRVEHRIQRAIAN WHMH WUDQVIHFWLRQ
FRXQWHG 5 EXIIHU IURP 7KHUPR)LVKHU 6FLHQWLILFYV 1HRQ
WKH FHOOV P/ RI ( EXIIHU ZDV WKHQ DGGHG WR WKH HOHFYV
WKH FHOOV ZHUH WUDQVIHUUHG WR WKH HOHFWURGH GHYLFI
Pv &HOOV ZHUH WKHQ SODWHG LQ D ZHOO GLVK 7UDQVIH
XJ 6S\&DV DQG &(&DV LQ GXSOLFDWHY DQG XJ RI WKH 6(&
XVLQJ /RQ]DTV 6( FHOO OLQH " 1XFOHRIHFWRU VROXWLRQ NI
GHVFULEHG QXFOHRIHFWLRQ SURFHGXUH ‘H DGGHG D VHFRQ
/101% ., *)3 IRU 7UDQVIHFIMEMRMIWO O DMQUD QVIHFWLRQ HIILFLHQF

XVLQJ WKH )$&6 PDFKLQH

7TDEOH[SHULPHQWDO 'HVLJQ RI 7TUDQVIHFWLRQ

3RVLWLYH FRQWUROV 1HIJDWLYH FRQWURO XQW
X/ /[RQ]D 3PD[ *)3 SODV
SHU X/

XJ &(&DV DQG XJ /01%

&(&DV  XJ FDV XJ 6( &(&DV ~ XJ FDV XJ
)3 )3
6S\&DV ~ XJ FDV XJ § 6S\&DV  XJ FDV X

*)3 6(& % *)3




)LQDOO\ D ILIWK WUDQVIHFWLRQ ZDV FRQGXFWHG LQ WU
WUDQVIHFWLRQ HIILFLHQF\ IRU 7UDQVIHFWLRQ ZDV REVHUY

WKH )$&6 $ULD PDFKLQH

$FNQRZOHGJHPHQWYV

, ZRXOG OLNH WR WKDQN WKH IROORZLQJ SHRSOH DORQ
DQG HQFRXUDJHPHQW GXULQJ P\ +RQRUV LQ WKH ODMRU MRX
D VXSSRUWLYH DQG DQLPDWLQJ 7KHVLV 'LUHFWRU , DP DOVF
WR ZRUN DV D ODERUDWRU\ WHFKQLFLDQ IRU SD\ WKLV VHPH
ODERUDWRU\ PDQDJHPHQW VWRFNLQJ DQG FOHDQ XS WKDW
WDXJKW PH 7KDQN \RX WR 'U 'DYLG *LOEHUW IRU EHLQJ D SI
FRPSOLFDWLRQV GXH WR EHLQJ LQ 6DQ 'LHJR 2XU ZHHNO\ Pt
SXVKLQJ P\WHOI WR EHFRPH D EHWWHU VFLHQWLVW 7KDQN \I
FRPPLWWHH DV ZHOO DQG IRU EHLQJ D ZRQGHUIXO +XPDQ 3k
&29," SDQGHPLF 7KDQN \RX WR DOO WKH JUDGXDWH VWXGF
DQVZHULQJ DQ\ TXHVWLRQV , KDG DORQJ ZLWK WHDFKLQJ PH
ODERUDWRU\ LQVWUXPHQWYV ,1G DOVR OLNH WR WKDQN 'U 0
WKH GHSDUWPHQW IRU WKH +RQRUV ,Q WKH ODMRU JXLGDQF}
WDXJKW PH DOPRVW HYHU\WKLQJ , OHDUQHG DQG ZDV DQ LQI
WR P\ IHOORZ XQGHUJUDGXDWH UHVHDUFKHU ODFNHQJLH %D

YDULRXV IDLOXUHVY DQG PDQ\ PLVWDNHYV D OLWWOH PRUH IX



SHIHUHQFHYV

' QXFOHRIHFWRUGE FRQH X Q& MW ULRIQY]DG 2FWREHU U
KWWSV ELRVFLHQFH ORQ]D FRP ORQ]JDBEV &+ HQ 7UDQ\

IXFOHRIHFWRU &RUH 8QLW

%LRODEV 14 (S 6WH GLUHFWHGIR%WBDHWQHHMYWSLAF WREHU

IURP KWWSV Z72ZZ QHE FRP SURGXFWYV H T VLWH GLU
%RKDFLDNRYD ' 5HQ]JRYD 7 )HGRURYD 9 %DUDN 0 .X
&DMDQHN / $Q (IILFLHQW OHWKRG IRU *HQHUDWL

(PEU\RQLF 6WHP &HOOV 8VLQ6BV&BP6&H QMW DO WHYHORSF

+ KWWSYV GRL RUJ VFG
%\UQH 6 0 O0ODOL 3 &KXUFK * 0 *HQRPH (GLWLQ
OHWKRGV LQ (QR\®RORJXS * (OVHYLHU
KWWSV GRL RUJ %

'DPGLPRSRXORX 3 5RGLQ 6 G6WHQIHOW 6 $QWRQVVRQ
+XPDQ HPEU\RQ®WMH VW 3R FFHWORH S5HVHDUFK &OLQL

*\QDHFROR X KWWSV GRL RUJ M ESREJ\Q

'"HPLUFL 6 J/HRQDUG $ +DUR ORUD - - B8FKLGD 1 7L

&5,635 &DV IRU 6LFNOH &HOO 'LVHDVH $SSOLFDWLRQV



&KDOOHQJHV ,Q .&HWOUN%HEORI\ DQG 7UDQVODWLRQDO

9RO SS * 6SULQJHU  QWHUQDWLRQDO 3XEOLVK
KWWSV GRL RUJ B B
'"HYNRWD 6 7KH URDG OHVV WUDYHOHG 6WUDWHJLH

KRPRORJ\ GLUHFWHG UHSDLU +'5 IRU LQFUHDVHG HIILF
WUDQVIAHOIHBEHBRUWYV =+

KWWSV GRL RUJ %O0%5HS

(=1%$S SODVPLG '1$ PLQLWNHINW Q & + YBWQLHYHG 2FWREE

I[URP

KWWSYV 7277 RPHIJDELRWHN FRP SURGXFW SODVPLG GQD

QL NLW

+DQG 7 + 5RWK 0 2 6PLWK & / 6KLHO ( .OHLQ . 1
&DWDO\WLFDOO\ (QKDQFHG &DV 7KUIRKIKS 685 FWH

-RXUQDO * KWWSV GRL RUJ FULVSU

-LDQJ ) 'RXGQD - $ &5,635+&DV EHQDXMVOXUHV DG
5HYLHZ RI %LRSK\VEFV

KWWSV GRL RUJ DOQOXUHY ELRSK\V




.OHLQ . 1 =KDR 3 $ /\X ; 6DVDNL 7 %DUWOHWW ' §
0O :Dwwv / 3 +LUDJD 6 , IDWVXPH 7 =KRX ; %DV
0O 7 'RQDOGVRQ $ ' =KDR + 'DOWRQ 6 &RUFHV 9
SHSOLFDWLRQ WLPLQJ PDLQWDLQV WKH JOREDO HSLJHQ

<RUN 1 < + KWWSV GRL RUJ VFLHQF
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