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+ 105 6SHFWURVFRS\ SURILOLQJ RI OHWDE
SHSURJUDPPLQJ RI &KLQHVH +DPVWHU 2YI
/HPSHUDWXUH 6KLIW GXULQJ &XOWXUH

-DQH / :DIJVWSRIVDO\Q - ODBVWHQHNRBRYH\ & ODUGDGMDOHARZDUG

&HQWUH IRU OROHFXODU 3URFHVVLQJ DQG 6FKRRO &D %WRVEXHQFHVMO WV Q8YHWWIGW\L.RUGRP

$EVWUDFW

‘H UHSRUW DQ 105 EDVHG DSSURDFK WR GRIWHDPPLQH R/IK&KR QW DE R WS RYDU
D WHPSHUDWXUH VKLIW GXULQJ FXOWOXGIDE\ AHQY G AN DIVDXWLH P MELHD HY QG [ OFCU D F |
&+2. DQG &+2 6 FHOOV GXULQJ FXOWXUH DQG G  XEMHRQNHVWIRH FROKBUV[KBRR K\
FXOWXULQJ $ WRWDO RI FRPSRQHQWWGZHUWRPSRQWQWWGEGARQWHIZHG (RU &+2 6
LQFOXGLQJ WKH REVHUYDWLRQ WKDW &WRH6 CPH\GH® KR QOWCFIRMH RIVWHRHVPHGLD D
‘H FRQILUP WKDW DQ 105 PHWDEROLF DS SMNRDEK/ ISWRY LEKRPSR®E QW VWDYFKYBYV J(
DODQLQH ZLWK ERWK FHOO OLQHV UBYS RRRPLSDIUDE OH WLR LOWHY PRRVMNUPHSRU W +
DQDO\VLV RI ODFWDWH FRQILUPV D GDIQBU&PWA D\Y GRY KEDHW DHISQ RRIMPDPP|LQJ RI P
UHVSRQVH WR WHPSHUDWXUH ZDV FHORI GRXQUHUHSHKFLWLF LV KHU WV HDWIH® §FHQJ SU
DQDO\VLYV 3&$% WKDW FRQILUPV FKDQJH VVIH WRI WHEPRSGIIUWMW SWIR IDQB U® HRIMNHLR Q 8
DSSURDFK GHPRQVWUDWHY WKH FDSDELOQBW\RLVLO/BRSGRWHFMW) UKMSDRIWDPALRJ |
XSRQ FHOOXODU SHUFHSWLRQ RI FROG VKR FKMX K 3K \W KR ORRIW FHIDOV IWIH® S§HU DWW & B |
PHWDEROLWHV LQ FXOWXUH VXSHUQDWDR®W WR LPSURYH JURZWK RU SURGXFWL

&LWDWDRQWDII -/ ODVWHUWRQ 5- 3RYH\ -) 6PDOHM®06SREWURWFRS, 3URILOLQJ Rl OHWDEROLF 5HSURJUD
+DPVWHU 2YDU\ &HOOV XSRQ D 7THPSHUDWXI(H 6KLIV GX WL &X O WKRIXU @DR6 SR Q H

(GLWBDPyQ &DPSRV 20LYDV 6SDQLVK 1DWLRQDO &DQFHU &HQWHU 6SDLQ
5HFHLYIIRYHPEHU $FFHSWHMGWHPEHU 3XEOLVEKFEBREHU

&RS\ULJKW :DIJVWDII HW DO 7KLV LV DQ RSW®& ® KRH:HU DWKVH. MCH BY VRV WWLIEEK & UHD W L X K L& R PSPHRUDPAL W W U L E X
XQUHVWULFWHG XVH GLVWULEXWLRQ SDR® LGHIS3U W& KFRUWLIRIQ QODMX WKL XPQG VRXUFH DUH FUH|IGLWHG

YXQGLQ@XLY SURMHFW ZDV VXSSRUWHG WKUR XM\ 7KIH6 8 QH QI H VLA LROWHQME )HDYFEKO R S PHRIOWH ) KQ &/ WG | X Q G H
GHVLJQ GDWD FROOHFWLRQ DQG D) BOWIVU BWMER QLRIQWKR $OBOXMNAU LB W

&RPSHWLQJ LQMHUBIXWKRUYV KDYH GHFODUHG WKDW QR FRPSHWLQJ LQWHUHVWYV H[LVW
( PDLO P M KRZDUG#NHQW DF XN 0-+ F P VPDOHV#NHQW DF XN 06
1 7KHVH DXWKRUV FRQWULEXWHG HTXDOO\ WR WKLV ZRUN

,QWURGXFWLRQ LPSURYHG WKH YLDEOH FHOO FRQFHQWUDWI
ELRUHDFWRU DQG UHGXFHG WKH WLPH WDNF

ODPPDOLDQ FHOO OLQHV DUH URXWEQROXFWWRQLNHGO IO QWKH @ $QRWKHU DSS

ELRSURFHVVLQJ LQGXVWU\ WR  PDQXDImMFWIXEWX U LKQIKRY DGIXIRPELQDQW WKHUDSHXW
ELRWKHUDSHXWLF SURWHLQV DQG DUH PRNWORIWHRQHOQKNBGEHGNIMHUNH WKHWR XVH D WH
WDUJHW SURWHLQ KDV VSHFLILF SRVWKWMUBEVQKWYLRQDOV B URFHDMOD DO L G XFOUNGHILH
UHTXLUHPHQWYV WKDW FDQQRW EH XQGHWW DWUHQDB\G RIKISHU FHO[\W B HN )OR F BYRR QVRL W ORBY
VIVWHPV > @ 7KH FXUUHQW PDPPDOLDQUBHQG O PP RD WIKRQ FH BQRPDVYV DIWHU ZKLFK
LQGXVWULDO JROG VWDQGDUG LV WKH &KV QH\GK KD WWRHU RO B\ @+27KH UHGXFWLRQ
FHOO OLQH ZKLFK KDV EHHQ XVHG WR PHHXIDERZYHLQ WORHHCRMHY WR UHVXOW LQ
ELRWKHUDSHXWLF SURWHLQV QRZ PEQWKERMK. FHROO @ SHKH LFHDHGRBROXPHWULF SURG
Rl PDPPDOLDQ FHOO OLQHV IRU KLJKD @G YSHI®R GMNFSW HXWDICRW\REW UHGXFHG WHPSHU
UHFRPELQDQW SURWHLQV KDV SURJUHW/QGE HOHAKI\ WKITWL FHPHQWY. R WKH FHOO DOV
FRQVWUXFWLRQ SURMHFWV QRZ URXWLQKRY SWMAG/XBHIPHEWVOEQEQJIJWKDV) MUHW LQWUDF
FDSDEOH RI GHOLYHULQJ JUDP SHU DWWK PHWID/ERIOY. \RH SSBRBENOM\L QDIGIG BVKH ELRORJ\ V
FXOWXUHV > @ 7KH HQKDQFHPHQWYV WR FKH®GH VKR Y VOQRWHBN HQ HOWWRNLYHO\ VWXGLH
UHVXOW Rl H[SUHVVLRQ YHFWRUV PDQLSXEGDWILRED WK WRYE G LKFROWQW FHIKD QFHPHQWYV L
OLQHV GHYHORSPHQW RI PHGLXP DQG GIHHEQRSPHEWWPHVSHFQELFDOO\ WKH GHVLJQ |
DGYDQFHG VFUHHQLQJ WHFKQLTXHYV WIHKDMELEDSHRERPROWILRDA®SURYHG UHFRPELQ
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105 3URILOLQJ Rl &+2 &HOOV RQ 7HPSHI

VXFK DGYDQFHPHQWY KDYH ODUJHO\ EHHQWXHGULIHWH@HURB YHG HWLYIMVRILIDWHG WKH PHW
H[SHULPHQWY SKHQRW\SH REVHUYDWLF@®KHUHQOW &URZWKHODQGLQH DQG D VXVSHQVL
SURGXFWLYLW\ DQG VXEVHTXHQW PDERHWNOPMWQRQ! QRUIIHUHRAHY EHWZHHQ WKHVH .
FRPSRQHQWYV DQG IHHGLQJ ZLWKRXW Q HIRK\OFAH® \WKRIQ ¥ HGHDELRQIL BV W SURJUDPPLQJ D
PHWDEROLF VWDWH RU QHHG RI WKH GO C00.\QHQ XKW XHB XFHG @ HP YRODWXUH FXOWLYLC
QXPEHU RI VWXGLHV KDYH QRZ EHJXQ WR XVH JOREDO PHWDEROLF

SURILOLQJ WR LGHQWLI\ FKDQJHWRW®& WEWLIDW [HRJI LADHOWD EDRPE WOHVWEK R G V

DQG H[WUD FHOOXODUO\ WR KLJKOLJKW FKDQJHV LQ WKH IOX[ RI NH\
PHWDEROLWHYV LGHQWLI\ SRWHQW L O HOLFHWWKQJ PHWDEROLWHV RU W

EXLOGXS RI WR[LF PHWDEROLWHV WRZL QIR WHH SSHEHHRRSAHI RV RUFXDVHG IURP 6LJIP
PHGLD DQG IHHGLQJ UHJLPHV WKDVD UFROEEW WKH QIEIC R Wi EHSHUH RI DQDO\WLFD.
H[DPSOH 6HOOLFN DQG FROOHDJIXHV XMHG yP R §&x¥o tFPW RAKHUZLVH VWDWHG
DSSURDFK WR SURILOH FKDQJHV LQ WKH LQWUD DQG H[WUD FHOOXODU

FRQFHQWUDWLRQV RI NH\ PHWDEROLWHVéEIQO%&F'F)gd:\ﬁQQHOW%'I_‘—'k‘é%q’&ﬁ\(/LQ‘]

D PRGHO PRQRFORQDO DQWLERG\ VQEVHTXH P WL

QXWULHQWYV 8VLQJ WKLV NQRZOHGJIH W |§‘\ %DV HRgDT;/;V&H&U gggml
DSSURDFK WR UHSODFH WKHVH QXWUQBiQ, 'nv o kI%O AxP 0(0 QXY
RI WKH DQWLERG\ WLWUH DQG DQ LQj 'E,g'fé( g XSSOHPHQWHG LW
DSSUR[LPDWHO\ > @ 6HOYDUDVXLIQW DLo !%N 0 DVSDUDJLQH 0
VLOLPRGHOLQJ DQG PHWDEROLF SURILOLOQ FAWLGLQH 0 XULGL
FKDUDFWHULJH IHG EDWFK &+2 FHOO Fx \|_ %Q YVAOWLDO DPLQR
PHWDEROLWHV DVVRFLDWHG ZLWK FHOO bq{R w UHOQVW LB O\ HG TRH
HQHUJ\  JOXWDWKLRQH DQG JO\FHURSK KRSOLS g HV\ \%;\yRQ DGDSWHG &+2
DORQJVLGH DPLQR DFLG FRQWHQW LR &4 2 QJVOVK6Q|WZI§\;_|H|5LL ﬂ)‘EBHG LQ & &+2 PH

RWKHU FHOO W\SHV > @ &KRQJ DQG F8R09§ JOXWDPLQH 7

PHWDERORPLFV EDVHG DSSURDFK WR Wﬁ_ﬁﬁlsﬁiﬁ%\/@\y{ r—bu(\;v%g 'i?i%m[b%LRQv DUH OLV
PHWDEROLWHY LQ GXSOLFDWH IHG ED\N)PF WXUHV
UHFRPELQDQW &+2 FHOOV SURGXFLQJ D Qﬁf%&'?/% 30 PRAWMLERG) N HY DOG VDPSOH
XVLQJ +3/& FRXSOHG ZLWK DQ /74 2UELW RS RONY Y SHF \Q/UPF PHWKRU oo DW YDULR DX
8VLQJ WKLV DSSURDFK WKH\ LGHQWHNHG,WgRy f—hvy(%EgonnyW IODVNYV ZHUH
WKRVH DFFXPXODWHG ZKHQ WKH FXOWXUH H@WHUHGAW DFW)L DUL §KRGPH DQG LQFX
DQG WKRVH WKDW GHFUHDVHG LQ DEXQGBQFRH D¥y¥KEY AXRWEKYHWXUHG DW  f& XG
SURJUHVVHG > @ ,VRWRSLF ODEHOLQJ ByWKypsroH ABHBXFRRBYRPE JURZWK ZKLFK ¥
>8  &@JOXWDPLQH FRXSOHG ZLWK *6 066KRY & RYRWVEKHH ROBYRG WRUH WKHQ VKLIWHG W
GHWHUPLQH PHWDEROLF IOX[HV LQ &+ FHPOV >¢ @pAKLON¥ W7 kB WRBIBY HLos 10DVNV VW
DO DOVR UHFHQWO\ UHSRUWHG XVLQJ "¢ W@ UNRoPYUBAVAR FARUFHORRXUV WKUHH RI W
PHWDEROLWHV LQ FHOOV ZLWK GLIIHUHQ\ KWYRAWKW KDARD M BHULYWWARMUDHE WR WKH
%UDGOH\ HW DO ZHUH WKH ILUVW WR Xy&lygDFR ABVYYREFRRDWB OO FRQGLWLRQV Z
TXDQWLWDWH PHWDEROLWHV LQ &+2 FHPQ WYPYXUWDWHGCERP WV KXWBKUH WLPH SRL
XOWLPDWH DLP RI XVLQJ VXFK GDWQ RRU WKH WDWkRQX® RENMWBIPW zDY UHPRYHG IUR!
&+2 EDVHG PHGLD WR HQKDQFH WKHUDSHEWK BWRWHER RURGHFWHP@HUDWXUHYV LQYH
7KHVH DXWKRUV UHSRUWHG RQ WKH GHYHORSPH QW RDbBLAKWWRGCRARIMDUYHVWEG DOO W
WKH\ WHUPHG u)HUPHQWDQRPLFVT WR JH@bWRWHWO $IDERSHWIEPWHSKEGWWIRD) WKH DQDO\N
ZKHUHE\ FRPSRQHQWY ZHUH LGHQWLIIWHE PH VR Qv W MBI XIWRW D XQLTXH IODVN DOC
VWXG\ E\ $SUDQLEDU HW DO XVHG 105 WR $YRpPLGHKPQ & DIPHP QMO W LDMWH FXOWXUH & X OW)
PHWDEROLWHV LQ D &+2 FHOO OLQH HQJERBWIRE WRENIERKYVQR RRGWRH PHGQDDDQG W
IXVLRQ SURWHLQ GHPRQVWUDWLQJ WKDWEW & HKP i\ B ERHOG- W/ I PXUIHY MARHBHRWWH FHOOV D
FRUUHODWHG ZLWK FXUUHQWO\ DFFHSWHhG QG IRLRMOBERFWGFREODVY XWHKHVH ZHUH VFUD
YDOLGDWLQJ WKH XVH RI 105 IRU VXFK DQURIS FURDAXK ZDVQUHPRKHPY DQ DOLTXRW ZDV FH
WKH DGYDQWDJH RYHU RWKHU PHWKRGWILVEAKO DY & NKHQUMKIDIMYLQI FHOOV ZHUH TX
ODEHOLQJ GHULYDWL]IDWLRQ RI W KK IPAHKWR ERHD LSRR @ W V] FQRRW UHHA Y VUWER ZKHQ WKH FHOC
UHGXFHV WKH WLPH WDNHQ WR SURFHVWHHDE$SOHY DQG LQ SULQFLSOH
PHDVXUHPHQWY FDQ EH PDGH LQ UHDO MPRERXUVSELWHRIWMKKHVAEXUYHY DQG VDPSOH
VWXGLHY WKH DSSOLFDWLRQ Rl 105 PHWBERYLWE WRIHHGIODV WR+2 6 DW YDULR
LPSURYLQJ RXU XQGHUVWDQGLQJ RI &+2 WWHP®HBEBWRERQLWFPNKDNO RN ZHUH LQLWLDOO
EHHQ ZLGHO\ DSSOLHG DQG QR JOREDP PAM®ER®OWHQ VFUMM RIQRHGLD 7KH FHOOV
DSSURDFK KDV EHHQ XVHG WR LQYHWWLJDMHXW WH O OXK HR | PHD¥BERBORMG H[SREHKQWLDO ¢
XSRQ UHGXFHG WHPSHUDWXUH FXOWLY DRFFIFKQ URHIG &\ F HO GW WELRXWLPH FRLOW RQH |
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105 3URILOLQJ RI &+2 &HOOV RQ 7HPSHI

D FRQWURO WZR ZHUH VKLIWHG WRU P&BBBWWDRZWRK & (588¥( VROYHQW VXSSUHVVL
IXUWKHU KRXUV WKH f& IODVN UHPDRQHG DW WSRIVQWNPSHUWWRQMLHQWY DQG D V
RQH RI HDFK RI WKH IODVNV DW fWKMHQG [&]ZIQHDEAKXNVRWLRQ WLPH RI V DQG
UHVSHFWLYH WHPSHUDWXUHY ZKLOVW \WKIKDIHFIRQGY RTKWYXHSURDNVGENVDMW) RYHUDOO H[
f& DQG f& ZHUH UHWXUQHG WR f& RRU UHZDUFA GURGKGEEBY D WRWDO H[SHULPHQ
FRXQWVY ZHUH WDNHQ XVLQJ D 9L FHOWKD@QNWQREBBW HWHFINP@W DQG IDVMDGDWD L
&RXOWHU 8. WKDW XWLOLVHV WKH WU\SHIQHE@/X & XG\ v R{68 B D DK MRMB/ KRG V ZLOO HJS
DQG WKH FHOO YLDELOLWLHYV UHSR UNKHG DO HH MWHKRW IHY 8 HMDHQPMHWYDIH B WKIVR@Q JUHFRYHU\ JUH
LQVWUXPHQW 6XSHUQDWDQW ZDV FROOHFWRHG\DW. QVLEH SRLAOEY 6BABODQDJIJHU 9 LQ
K DQG VDPSOHV ZHUH TXHQFKHG LQ DG@EIOMURY WR FROGHRAWMQI OFGI® P X OMQWODBDW L
FRXQWV DQG VXSHUQDWDQWYV DW K OLQH EURDQ@EQLQJ EHIRUH )RXULHU WUDQVIRU
$IWHU VHHGLQJ DQG HYHU\ PHDVXUHPHQWGW®& W L FDONM O BUBRVKMG&26< B Q&
ZLWK EHIRUH UHVHDOLQJ WKH OLG +64& H[SHULPHQWY ZHUH FRPSOHWHG IRU DOO
:KROH FHOO TXHQFKLQJ:KRIRWRFARIOV VDIREBHV+ 72&6< VSHFWUD ZLWK :$7(5*$7( VR
KDUYHVWHG DQG SUHSDUHG IRU DQDO\VVXSBWHBWLRE XHU\HGHRVWIOUKEWAG ZLWK D ZLGW
> @ %ULHIO\ DIWHU FRPSOHWLQJ FHOOGEBNRWINR@V YROHPH RISRXQWXUH WUDQVLHQV
FRQWDLQL@HOOV ZHUH KDUYHVWHG IURPSWKEHWVREQQIFAXQOWXWHRQ WLPH RID\ RIV DQG
DQG PHWDEROLVP TXHQFKHG E\ WKH DGGLWURYHRIDR H[SROXKPHQRM WLPH RI K (DFK
PHWKDQRO VXSSOHPHQWHG ZLWK H[SHULPRIRRQIZOR/ UXQ ZLWK :$7(5*$7( VROYHQ
ELFDUERQDWH DW D PLQLPXP WHPSHUDWXWGHVRHFWfALD 04 XH Q AKH/GR | +] LQ ERWK G
FHOOV ZHUH SHOOHWHG E\ FHQWULIXJDMWURR FRQOHWWHGSR®OHW UBQVEWYV FRPSC
EHIRUH EHLQJ UHVXVSHQGHG LQ P/ RIWUD @YWKDRR O$QJ DIFYIKLVLWLRQ WLMORV \%
IURIJHQ RQ OLTXLG QLWURJHQ DQG ZKHQ WKPHBHGW SHONODIOVHEBEHEAMLPHQWDO WLPH IRU
FHQWULIXJDWLRQ 7KH VXSHUQDWDQWR @D UHMDIY QHG (B €F (WY R O MW FWES S 6 #& VHG
SURFHVV UHSHDWHG 7KH SRROHG P/ RYSHMUDE WHGE HP W DEROMMW HASHFWUDG ZLGWKYV
ZHUH GULHG E\ VSHHG YDF DQG VWRUHG BWPHQWLRQWDHLQGLO5 VDRYOIHP HQR/MLRQ 'DWD ZH!
SUHSDUDWLRQ FROOHFWHG RYHU SRLQWYV FRPSOHJ[ ¢
WUDQVLHQWY WKHUHIRUH ZLWK D UHOD[DWLI
105 VDPSOH SUHSDUDWLRQ DQG DQDO\WIFM XLVLWLRQ WLPH RI V. WKH WRWDO H[SH
BUHSDUDWLRQ RI FHOO FKX\O WVEKRIGIL WG LBL W KP OQW K H
&+2. PHGLD ZHUH SUHSDUHG IRU 1050HDEORPLWHEY LGHQWLILFDWLRQ E\
PHWKDQRO FKORURIRUP H[WUDFWLRQ 7KRQDODVLWPERDDW\HEHFWDKWHQW LQ 105 VDPSOF
UHVLGXDO SURWHLQ IURP WKH VHUXP D GG HGER RED WK Q0 Rl MHOIDWHG FKHPLFDO VKLIW)
DIIHFWHG WKH EDVHOLQH RQ WKH ' SURWRWYWDIORIH[SRRZQHEWW DEROLWHY XVLQJ WKI
FRQVHTXHQWO\ DFFXUDWH PHWDEROLWH UHMRXWEH ¥ D WIKRIQ 0D GLVRY 60HWDERORPLFV &R
JLOH 6 / RI PHGLD ZHUH PL[HG ZEWKO0&P/ RI ® DQG WKH 6SHFWUDO 'DWDEDVH
FROG PHWKDQRO FKORURIRUP VROXWLRERPSBEQERUWIK[MHE IRWWWS ULRGE LEDVHCL
VHFRQGV / Rl LFH FROG PHWKDQRO ¥YDWLBQBAG , DWGLWXWH RI $GYDQFHG ,QGX
VDPSOH YRUWH[HG 7KH VROXWLRQ ZDV FHBKMQRORING DAWREHWSYPFHPEHU ,QLWLI
IRU PLQXWHYV DQG WKH DTXHRXV O D\H UPHRODOHROAMEH GG GWILHEDWLRQ ZHUHVBHIDZQ I
D VSHHG YDF GU\LQJ WLPH DSSUR[LPPRPI®RQHQWXURI 'U0(®G PHGLXP DQG VXEVHT
PHWDEROLWHY ZHUH VWRUHG DW f& FRPSDULVRQV PDGH WR WKH &' &+2 PHGLXP
105 VDPSOH SUHSDRUWMRKH DQDO\VLV RI &+2065 GDWD DQDEOMWILY7(5*$7( VSHFWUD
H[WUDFHOOXODU PHGLD / RI PHGLD ZDWUFHRFEURAHY YHWKXVLQJ $&' ODEV 6SHFODQL
Rl 2 *RVV 6FLHQWLILF /WG 8. / RI '"66HVFULEH/GVRFBNRYH WKHQ DXWRPDWLFDOO\ S
LQ 2 PDNLQJ ILQDO FRQFHQWUDWLRQ RIFRUWUHMOMG XVILRD EXLOW LQ SURJUDP IXQFWLI
ZY VRGLXP D]2G/AVREON VROXWLRQ )RBIWKKHHDODOGIYLYVHTXHQFH ZDV VHW WR SURYL
Rl WKH GULHG PHGLD PHWDEROLWHY DQG TXH®YFKHG F3HSPO HIWKIIFWD UVURE VXSSUHVVLF
GULHG PDWHULDO ZDV UHVXVSHQGHKG LQ +] “/ RISSP DERXW WKH ZDWHU UHVRQDQF
FRUUHFWHG WR XVLQJ 1D2' *RVV 6FLHQWIIEPUWGIU8IUHDXQMHQF\ 6SHFWUD ZHUH WKHQ
/ RI HDFK '66 DQG VRGLXP D]J]LGH VWRFN @LPWHRVRGGHGLWIOMD $6WDQH VXOIRQLF DFLG
VDPSOHV ZHUH WKHQ WUDQVIHUUHG WR DUHPWLQDPMDGEK FHO® OLQHV WHPSHUDWXUH V
WXEH DQG VWRUHG EULHIO\ DW f& EHIRUWHIORQQ FRYWYLQLQJ QR GLVFHUQDEOH SHDN\
105 GDWD FRO GHPWVYBQYFWUD ZHUH UHFRUGMKMRE DW SfRPREHUH H[FOXGHG IURP WKH L
D 8QLW\,129% 0+] 105 VSHFWURPHWHUDYBULORHQW VBROREDUN UHJILRQV"™ $XWRPDW
$OWR &$ 86% ILWWHG ZLWK D PP WULI@WHHYRGDREGHZBEIWKHREADUULHG RRW XVLQJ
ZLWK ] VKLHOG JUDGLHQWY $00 VSHFWUD Z$3MH VS-OHWWQBH GVWIR VEHBPWUD LQWR DSSU|
SSP IRDQG WR FDUULHU DV& > @ SSP MOLFHV $XWRPDWLF LQWHOOLJHQW EXFNHWLGQ
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ODEV 6SHFODQDJHU SURJUDP WKDW VSOLWV WKH ' VSHFEWUXP LQWR
VHFWLRQV RU EXFNHWV 7KLV LV QRW GRQH DUELWUDULO\ EXW ZLWK
UHIHUHQFH WR SHDNV ZLWKLQ WKH VSHFWUD PDNLQJ VRPH VHFWLRQV
ODUJHU RU VPDOOHU WR ILW WKH HQ®LUH SHDN LQ RQH VHFWLRQ DOOR
HDVLHU TXDQWLILFDWLRQ EXW LQWHIRKDWLRQ RI WKH SHDNV ZLWKLQ
VHFWLRQ +RZHYHU VRPH EXFNHW DUHDV GLG UHTXLUH PDQXDO
DGMXVWPHQW LQ RUGHU WKDW UHVRQDQFHV IURP WKH VDPH PHWDEROLWHYV
ZHUH LQFOXGHG LQ WKH VDPH EXFNHW $V WKH '66 SHDN DW

SSP LV FRPSRVHG RI FKHPLFDOO\ HTXLYDOHQW SURWRQV WKH
LQWHJUDWHG DUHD RI WKLV SHDN IRQMTXLYDOHQW WR 0 Rl SURW

7KH QXPEHU RI SURWRQV ZLWKLQ HDFK PHWDEROLWH SHDN ZDV WKHQ
DFFRXQWHG IRU LQ WKH ILQDO 0 FROE®IQWUDWLRQ *OXFRVH LQ VROXW
DGRSWV WZR PDMRU F\FOLF VWUXFWXUDO IRUPV . DQG ZLWK RI
WKH WRWDO . JOXFRVH WKHUHIRUMXWRKWHFRQFHQWUDWLRQ RI WRWDO J
ZDV DGMXVWHG IURP WKH LQWHJUDWLRQ RI WKH DQRPHULF . JOXFRVH
SHDN ZKLFK ZDV DGMXVWHG WR DFFRXQW IRU DWWHQXDWLRQ FDXVHG E\
WKH :$7(5*$7( VROYHQW VXSSUHVVLRQ

&XUYH |LWAXD@WLWDWLYH DQDO\VLV ZDV DFKLHYHG E\ FXUYH

ILWWLQJ PHWDEROLWH FRQFHQWURWWRRQZLWK WLPH WR D VLJPRLG IX
VKRZQ EHORZ XVLQJ .DOHLGD*UDSK 6\QHUJ\ 6RIWZDUH

(DFK FXUYH ZDV SORWWHG DV PHWDEROLWH FRQFHQWUDWLRQ \ DQG
WLPH LQ KRXUV [

y
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PDLQWDLQHG DW WKH SUHYLRXV FXOWRUHRXWMNPSHUDWREBHYD WH W IUMHHFRRIHQW G AV LQGLF

OLQH

GRL MRXUQDO SRQH J

UHPRYH WKH ODUJH DPRXQW RI PHWKDQRIOWWERQLWHWXVUSRQ&HG LG &+26 FHOOV F.
GHXWHULXP+ R[LGKLFK FDQQRW EH MBBEQ EROMKHFWHG DW K DIWHU VHHGLQJLDWH VKR?Z
VSHFWUD $V D UHVXOW WKHUH LV QR OD&JJH VROYHQW SHDN DW SspP

LQ WKH &+2. VSHFWUD ,Q FRQWUDVW WKHO0&+2Ve/ PHELX@WAS BEWWXKRZQ LQ 7DEOH 6 LQ
GLVSOD\V D YB\BHDXMDEHFDXVH WKHVH VDWE&EHRHEBROWIRRERQHQWY LGHQWLILHG &+2.
RQO\ GHXWHULXP R[LGH IRU 105 VSHRWSROHQWY DHREMLOIDQWLILDEOH E\ KDYLQJ
+RZHYHU WKH XQLIRUP SUHVHQFH RI WKRWRG® MSHRHFOSHHDWKLIW WKDW GLG QRW R
FRQILUPVVROYHQW VXSSUHVVLRQ IRU &+PHNGPRMLWRHBWQRWMQW RU FRQWDLQHG D

KDYH DQ DGYHUVH HIIHFW RQ TXDQWLWDWYRQ ®VSWKE ZEWMK (RPEHR @D VI XD QWQGLDEOH

LGHQWLFDO DQG VLJQDO WR QRLVH FRPSWKBEBH BEHVEHHXQHG+2RUDDED QWLILFDWLRQ SX
&+2 6 GDWD $OVR D UHVLGXDO FKORURMSHF\WHDNFRQWBIYQGH@DUIH YROXPH SHDN D

WKH &+2. VSHFWUD DW SSP DV KLIJKOWHK®W BW.IQY HOX EHHHY) DVVLJQHG DV WKH SUR
JLIXUH UHSRUWYV WKH K ' SURWRQ SBOBFMWUID\ORQHEROYWRBGED D NQRZQ VXUIDFWI

WASHV LQ UHG 7KLV LOOXVWUDWHVVW K\DXW S\HKOHY IPRODQM R H DWW\ CRLIQ PIHRVADEEHRDOWWMRHU HG XFH PH
DUH XVHG E\ WKLV ODVW WLPH SRLQW VDWUKNMW VBERIDWKKHEHOMOV PIHPHEUDQHY 8QOLNH
UHGXFHG $ QRWDEOH H[DPSOH RI WKLV BRAORBXWHKM DDQRPOWLF SDWWHR® RI WKLV PHGL
Rl . JOXFRVH DW DSSUR[LPDWHO\ SSP SARAVFIKEDWH HWHKRXWONRRWKQJ WKH PRIOHFXOD!L
WKH &+2. DQG WKH &+2 6 VSHFWUD DW WKH SRIOMBHWHXWHKEBUBQG KHQFH WKH QXPEH!
EHLQJ D KLIJIKHU JOXFRVH FRQFHQWUDWLRBQRVOROY K KBUY2PKR PHIGAXR DW

K 1RW DOO WKH PHWDEROLWHWUGHICPML IEKMB DEJH $SHHBNO HDVWHE® RZLWKLQ HDFK VSHFWUD
LOOXVWUDWHG E\ WKH LQFUHDVHGFKBPEUG&MTRL YWDKOHQWFRIDWHODRIGS URRUWRQV DQG VR E\ N
SHDNV LQ ERWK PHGLD ([DPSOH 105 VSHFWIURWR QYWAUDWVFRHKGHPHBOPHGLD FRPISRQHQW
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JLIXUH+ 105 VSHFWUD RI FHOO FXKOWHKWUBHREBQDXODU PHWDEROLWH SURXIOOWHXRHVS '&+2.
105 VSHFWUD 6DPSOHV WDNHQ DW K DU WHRZ B 0Q FSBFWUDQIBUH WKRZQ RQ WKH VDPH
GRL MRXUQDO SRQH J
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JLIXUH7KH HIIHFW Rl LQFXEDWLRQ WHPSHUDWXGH. @®% UDAMHDEXODX OB U $OX FRFH FRQFH
FRQFHQWUDWLRQ RI JOXFRVH LQ PHGLD ®& 9@C DOQGH&+REOOV V' SORIWEBHG DV SHUF
PD[LPXP Rl HDFK PHWDEROLWH UHFRUGHG EXWWIXQ HV KH REEHAD W MWH \6 KIVI V& H QIRRQVGHI G E\ W
UHFRYHUHG WHPSHUDWXUH ZLWK WKH F&RWW GOVKHOBVOKQH f &HVKRQI®¥ # f & fGHEFRNRIYH U
GRL MRXUQDO SRQH J

DVVRFLDWHG SHDNV ZLWKLQ WKH ' VSHFW UWPMHGIKH PHRVOIHFWRYIARBO WU BWLIRMHU WKH WHPS
Rl HDFK FRPSRQHQW FDQ EH HVWDEOLVKWGOGHQGN RRIFHNGBNPWLRQW RIJOXFRVH XVDJH
HDFK TXDQWLILDEOH PHWDEROLWBFH®DQRHGL BCGWZE WK IDQ @ KRUHEWWK VKLIWHG WHPSHU
PHGLD DFURVY DOO WLPH SRLQWYV DQG JFRDWKK FRY XML DOR Q/HVVHIOXVFRNHG LQ FRPSDULV
7TDEOHV 6 6 6 DQG 6 LQ )LOH 6 ZLWKFMBOMFWHXOWXWDERILBWRIWK FHOO W\SHV VKF

GDWD VKRZQ LQ ILIXUHV DWB FRRWXPSWRRB ZEKBIRWDKLIWHG DQG RIHEWHDW  f
DODQLQH LVROHXFLQH DQG JOXWDPLFFXIORALBU H HVE® AWK HOQD GKFRQFHQWUDWLRQ F
PHWDEROLWHY LGHQWLILHG ZHUH VHOHRWHIGVHEG VG W X B BYVWKR DI SWRPWVPDWHO\ RI

KDYH SUHYLRXVO\ EHHQ LPSOLFDWHG'DDWD FER®JIJWRPSBMDWXUH UHFRYHUHG FXOW:
PDPPDOLDQ FHOO FXOWXUH DQG ZKHUH YHPGQDBURWWHIQGH LK ERWK/ FHOO W\SHV 7KH L
JLIXUH $ DQG & VKRZV WKH HIIHFW RI LQRXEDM.®RQJKWHP BQUDWPUHDVH LQ JOXKFRVH GF
RQ WKH FRQVXPSWLRQ RI JOXFRVH RYHUVKLKWMRG MXXHW&AHV Q&K WKH f& VKLIW DQG
&+2 6 FXOWXUH PHGLD UHVSHFWLYHO\ 7XKWHGf®HVIVPBHOKRRUWHWMIRDQ WKH f& VKLIW DQ
ERWK FHOO W\SHV VKRZ WKDW DOO DYDL®DEROHWKMHXFHR\H RKDWKHHFHXQWXUH JOXFRVH
FRQVXPHG E\ K 7KH QRUPDOLVHG GDWHKH WUHI YEKDOWX IDH V WHMGKHY WKDW RIOMOKH &
FRQVXPSWLRQ RI JOXFRVH LQ ERWK WK WXXFHNVVKSGWROMMHGRLQW RI
ILUVW WHPSHUDWXUH VKLIW DW V KLUWWEZYXHRIEQSWRGWRWW RDWJWXERVH PHWDEROLVP
WHPSHUDWXUH VKLIW WLPH SRLQWXFRVYH WKW L | LRIGWKH. QR RQB RO LWV WZRD GEGRWRQ ¢
KDV EHHQ GHSOHWHG IURP WKH &+2. PH®IKM ZXRWRMD DV VOIHEY D DWFRADDW H FRQFHQWUDWLRQ
RI WKH RULJLQDO JOXFRVH KDV EHHBRMAKH® KH) WEH RQB6&+2 6 FXOWXUHV LQ )LJ.
PHGLXP 7KLV UHIOHFWV WKH ODUJH GUHNSHFQFIHWHQ\Q 7WHKHP OUQPWRDUHFRUGHG FRQFF
FRQFHQWUDWLRQV RI PO DQG PO LQ WKH RWX FHD® &W2SHV ZDV REVHUYHG LQ WKH
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JLIXUH7KH HIIHFW RI LQFXEDWLRQ WHPSHUDWXGHLRY H]WHOGEKODXOBU © BFWDKMWH FRQI
FRQFHQWUDWLRQ RI ODFWDWH LQ PHGLD+2$ &$ PIQ @ QCGVEE26HROVLW SORRNWUWEG DV SHUF
PD[LPXP Rl HDFK PHWDEROLWH UHFRUGHG EXW®WWIXQ HV KH REEHAD W MWH \6 K IVI V& H QIRRVGHI G E\ W
UHFRYHUHG WHPSHUDWXUH ZLWK WKH F&RWW GOVKHOBVOKQH f&HVKRQI®¥ * f & fGHEFRNRIYH U
GRL MRXUQDO SRQH J

UHFRYHU DW f& ZLWK PO DW K IRU ™KH F&RQFHRMWORIDVWPLRQ SURILOHV IRU WKH DP|
DQG PO IRU &+2 6 PHGLXP DW K 7KHVIHQODNO | WRWHRWKREFHOO OLQHV DQG WKH QF
ODFWDWH SURGXFWLRQ RYHU WKH K WKPH FRX DWH JKIRZQVLRBHMWZKHR $ DQG & IRU
WKH WZR FHOO OLQHV 7KH &+2. f& &FROW KHBOVRRIWVDQRBVSHFWLYHO\ 7KH KLJKH

LQFUHDVH LQ ODFWDWH FRQFHQWUDWLRDORQWQB ZHUH REMHUYHGFKQWKKH &+2. PHGL
ODFWDWH FRQFHQWUDWLRQ EHJLQV WRPDDOQ@KHMKIDW M/K HP LKILURKHWN® UG FROGHG DODQL
WHPSHUDWXUH WLPH FRXUVHV ZLWK WKHVHKHF&FQLE P REG IOPF WDW BPWHGXEHG PO DQG [
LQ WKH f& DQG f& VKLIWHG FXOWX&UH2V |RUWWHKHYV WL VELIWKMHQG UHFRYHUHG FXC
WHPSHUDWXUH VKLIW DQG UHFRYHU FXOGDXFMNWER\S K RKDYHVWKKHKIHI KWV VWHDG\ LQF
PHDVXUHG ODFWDWH FRQFHQWUDWLRQ BWUDFKOO XOK UD IDMOHDWQ MQKHRYHU WKH FRXUVH
UHFRYHU\ WR f& ZLWK WKH f& VDPBOHXOWXQHYD VAMWKWGELKLIRE WR f& @G f& |
FRQFHQWUDWLRQ WKDQ WKDW RI WKL QX DAVDR SROHL QRWKD ERWIKQ LAHWDEROLWH FRQFHQW
WR OHYHOV VLPLODU WR WKH f& PRQMURRHEFXPW ¥FROWWRO KQ WKHFR&+2. PHGLXP WKH
WKHUH LV QR UHF\FOLQJ Rl ODFWDWH VHAMQWRUHWKBS&8HDB WHRGKPORH DODQLQH FRQFH
/IDFWDWH OHYHOV LQ WKH f& FRQWURO RRDNDGR.® \DIQWF ¥ K DIWVHH B QAXIOOV X UHY  ZKHUH DV
DW ZKLFK SRLQW WKH FRQFHQWUDWLRQPRWPDRQEGLBRQVWD@WKBKLIWFRQRWURO LQ WK
WKH FXOWXUH WHPSHUDWXUH WR f& UHVIXKHWE B UIP® ®LVHG XFRIGF D@ WHOVRLRQ FKDQJHV
GHWHFWDEOH ODFWDWH ZLWKLQ WKRQ HWKXP&42Q GDI) G LRHR2WHRHGHB XFWH. VKRZQ LQ )LJ >
LQ ODFWDWH FRQFHQWUDWLRQ ZDV VHHOHVHHPWHYH®E FEKORXJIKRXBHWKH FXOWXUH WL
ZDUPLQJ WKH WHPSHUDWXUH VKLIWHG FXOMGUBYV VBKIR @%RHGFW®E8 VK DIKGHVW PO RI LVROH
UHFRUGHG OHYHOV RI ODFWDWH ZLWK \EKHHOf@V VAKIWWLDQQEKHHEFRY 6l PHGLXP ,Q ERWK
FXOWXUH KDYLQJ WKH PRVW ODFWDWH SUFHRXHYWVWDWKH KLVROHXFLQH FRQFHQWUDWLRQ

3/26 21( _ 2ZZ SORVRQH RUJ 2FWREHU _ 9ROXPH _ ,VVXH



105 3URILOLQJ Rl &+2 &HOOV RQ 7HPSHI

100 { A A 100 | B
80 -
60 -

40 -

20 -

100 - D n|
80 -

60 -

40 -

Alanine concentration as percentage of maximum recorded

20 - 20 -
O T T T T T T T T T 0 T T T T T T T T T
0 24 48 72 96 120 144 168 192 216 240 0 24 48 72 96 120 144 168 192 216 240
Time (h) Time (h)

JLIXUH7KH HIIHFW Rl LQFXEDWLRQ WHPSHUDWXGH.L QW H] AHDOEXODXOBU $XBD @RHH FRQF!
FRQFHQWUDWLRQ RI DODQLQH LQ PHGLIER+2.& D BG DQGHG+ EHODY W 'SORWWHG DV SHUF
PD[LPXP Rl HDFK PHWDEROLWH UHFRUGHG EX®WIXQ M KWHH FEHAD W X WH \6 K IVI V& H QIRRQVGH G E\ W
UHFRYHUHG WHPSHUDWXUH ZLWK WKH V&RUW GO VKHOBVOKQH f&HUKRQIGY # f & fGHERNRIYWHU
GRL MRXUQDO SRQH J

WLPH 7KH HIITHFW RI WHPSHUDWXUH OMXUW | WEQ B REAVBURRWF SOWEKFAN DMPL DQWDPHK XQWL
WUHQGV LQ WKH WZR GLIITHUHQW F HXDX OIFE @V H@QVW RMW l8RQ . D ¥ [WKID FIRQWURO WHPSHUDW
PHGLXP WKH UHGXFWLRQ LQ LVROHXFLQH? iR GRQIW QMW DAY S FHBPWM HYRZLWKLQ WKH

RFFXU DW D VLPLODU UDWH LQ DOO FXOWXRURVY¥RQEPWWRMMH BO0NKRE &H2 lBVROHXFLQH I
PHGLXP WKH HIIHFW Rl WHPSHUDWXUH EXBWKHUY | PRHMWbERWHHEEY DSSOVLQJI FXUYH 1
ZLWK WKH VKLIW RI FXOWXUH WHP StRLmw X § HYWRD W lu\ § KRIZQ LYRPEOH 6 LQ J)LOH 6

FRQVXPSWLRQ DQG WKH f& DQG f& BBORZQ AL Vki{XWHY % 6 6 6 6 DQG 6 LQ)
UHFRYHU FXOWXUHY DOO KDYLQJ UHGXFHGEVROWM VM SLIEQP PR ZLWK WKHOHWHB®@LRQ
)LODOO\ WKH QRUPDOLVHG JOXWDPLF 'B'FWd"‘éﬁ‘ﬁﬁfepﬂ?&ﬁ(ﬂ:x‘%m%rpoo PHWDEROLWY

PHGLD RI WKH &+2. DQG &+2 6 FHOO OLQIILT\V\/\{Y\»-| }gl!? Pﬁ%gﬁHHDVLQJ RU GHFUHDVLQJ
G LWL DO

Rl V XJIHVW WKDW FKDQJHV LQ V
$ DQG & UHVSHFWLYHO\ 7KH PD[LPXPIUR‘%sg qul_g \/OD I IROORZHG VWD RQL Q H D

JOXWDPLF DFLG ZHUH GHWHUPLQHG DV R B WK Ty 520 FOXGHG ZLWK D BODWHD X
PHGLXP DQG PO LQ WKH &+2 6 PHGLXP ERWK QW BIRH SR GXFWLRO RU FRQVXPSW
K $V VHHQ ZLWK WKH GHPDQG IRU EVRQHXHRY sYRELIWFSow GLIIHUHQFHV DFUR
HIWUDFHOOXODU PHGLXP WKHUH LV QRzRENLERXVHGEHE UWRER X FQ WK viEIPQEBEG H[SUH
JOXWDPLF DFLG XVDJH DW GLIIHUHQW F¥QW¥UHUW HPSVSIPAMUHA \REMWKEHG BY WKH +
&+2. FHOOV ,Q WKH &+2 6 FHOOV WKHKHEPWEKUGwWWHIRFEH, RIGE WWEHHQO FEHIILFLHQ
UHVXOWHG LQ UHGXFHG JOXWDPLF DFLGGGHRGREUDY MK H [WEHPRE EHWZHHQ “ 5
f& VKLIWHG FXOWXUHV ZLWK WKRZHMWERYRWRWH VKRIKQIWVKY &£+2. DQG S\UXYDWH f
GHPDQG RI WKH DQG WKH VKLIW DQG WHVFRNHWLFNOWXWHY KDPYHQDO WUHQG IRU SDL
JOXWDPLF DFLG FRQFHQWUDWLRQV EBWZHHEAIWKRMBW IYD®MHWK Z HUHGKD QKHU IRU  f& G
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Isoleucine concentration as percentage of maximum recorded
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JLIXUH7KH HIIHFW RI LQFXEDWLRQ WHPSHUDW X® H QRUUHD[FMHDICAHIOX O U % ROBBRHQH FRQ
FRQFHQWUDWLRQ RI LVROHXFLQH LQ PHGLEDH2$ &% DIQ ® QGVAEE26HOOVLW SORRVWHG DV SHU
PD[LPXP Rl HDFK PHWDEROLWH UHFRUGHG EXW®WWIXQ HV KH FEEHAD W MWH \6 KIVI V& H QIRRVGHI G E\ W
UHFRYHUHG WHPSHUDWXUH ZLWK WKH F&RWW GOVKHOBVOKQH f&HVKRQI®¥ # f & fGHEFRNRIYH U
GRL MRXUQDO SRQH J

&+2 6 DQG ORZHU IRU VKLIW DQG VKLIW URKR YIHUWG DWHO Q@ CFIRQ WXRNRWH FRQFHQWUDW
WKLY WUHQG ZDV QRW REVHUYHG IRU +IRQO &+RH || IDFQLE Q&K 2Y ® OXHVS HFR\PLYHO\ VKRZ F
&+2. ODFWDWH DQG JOXWDPDWH WK D W KDHPIHM WIKRWO\HGRQUWOQWHIOHFW WVKH DPR:
DFURVV WKH H[SHULPHQWDO FVHKRHNG TKHPWmIEK HS RH[WWDFHOOXODU PHGLXP DV RYHU
YDULDWLRQ EHWZHHQ FRQGLWLRQWDRDWHRR¥BWWUDWDERQHR DFIOG XIFRVH GRHV QRW Ut
LQ &+2. FHOOV EXW WKH VDPH PHWD E RGIOKXHFWY VH [ & DEMKARKGKORWJAD\ EH H[SHFWHG W
SHULRGV WR UHDFK WKHLU KDOI SRLQW JOXF&RA?H6L BMQUDOVFHSDONWDRBERODRVANOXFRVH SKR
ZKHQ VXEMHFWHG WR f& DQG & VKLIWGHMARAWHHIGFRRWKWIORFRVH DQG JOXFRVH SKR
$W DQG K WKH PHWDE® OL42HFHR@F H QMWDAWYV XVLQJ *& 06 DQDO\VLV DC
ZLWKLQ WKH FHOOV LQWUDFHOOXODUO\VRPWY DRIV R/ KOH) DI@O\WHREY HO HOMHIMEHRFOLN B FRXOG S|
ZLWKLQ F[HOOV ZDV TXHQFKHG XVLQJ D FRQ® PHWOMNQAR® DQRBP WKH PHGLD WKH WUH
DPPRQLXP ELFDUERQDWH VROXWLRQ DIWHID W KAH K- DX I HVHRWDAE DALV RRQLWRU LQWUDF
ZHUH H[WUDFWHG XVLQJ PHWKDQRO DQG HXOQW,IQ LEHGN E\WIB &DPWDDQG &+2 &JAHOOV W
DQDO\VLV XVLQJ WKH VDPH WHFKQLTXHVWH/ASH URW XMKH \H{ MWD AMROOXQ®DRU f& LQFUHD
PHGLD $ WRWDO RI FRPSRQHQWV ZOXHRWH FQWEHQVEUIMWICRQ WR OHYHOV DERYH
TXDQWLILDEOH LQ WKH &+2. H[WUDFGH® IRHIO W HDRXSH UD WRKWHS ZIDY FKDQJHG :LWK WKI
TXDQWLILHG LQ WKH &+2 6 FHOOV ZLWKFWBEJH UHFRQEWQ®LU DY VR GRIUJHVW FRQFHQ\
HDFK PHWDEROLWH OLVWHG LQ WKH L7®H GHW KeH 16Q WeH D30 6FRQFHQWUDWLRQFRI DOO F
6 7KH QRUPDOLVHG LQWUDFHOOXODU FR@FERDVOUDMKLR @ DPKDWUHY AW WKH f& FRQV
JOXFRVH ODFWDWH DODQLQH LVRDGHXBLJHKH QQWOXMDIPQXODAL®DRWDWH FRQFHQWUDV
&+2. DQG &+2 6 FXOWXUHV DUH VKRZQ LG IVERZHGLIIHUHQWQ®BURILOHY RYHU WKH WLPH
% DQG ' UHVSHFWLYHO\ " UHVSHFWLYHO\ 7KHUH LV DQ LQFUHDVHG
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105 3URILOLQJ Rl &+2 &HOOV RQ 7HPSHI

JLIXUH 7KH HIIHFW Rl LQFXEDWLRQ WHPSHUDWXUHGRQRQW{\WEEBKMWXORODU% '$ & O OWD

FRQFHQWUDMWHRBRQFHQWUDWLRQ RI JOXWDPLF DFLG LQPRG2D 3Q% OD\YWEGLFHOOY 'LV S

SHUFHQWDJH Rl WKH PD[LPXP RI HDFK RAKHHW®EW O LWHNU BRR WG HG EX\W WLXQ RV WEHIPGH U D W X U

GDVKHG OLQH DQG UHFRYHUHG WHPSHQBWAMUHIGWEK WHKE WKR U &RV OHFB WL IW
f& UHFRYHU

GRL MRXUQDO SRQH J

ODFWDWH LQ DOO K FRQGLWLRQVMVRHOQMQF XERW IFRI@® OWHRSHU DMWY IROORZ D VLPLO
DW K DIWHU ZKLFK WLPH DOO VDPSOHYVFRIWFHQWUHBXER Q JRYPRX YWPR ZLWK BQO\ WKH
ODFWDWH SUHVHQW $W K WKH &+2 6 WXOWHNUBWRIH VX B WHGOFHOIOW. QJ D ILQDO LQF
KDYH D KLJKHU LQWHUQDO ODFWDWH FRQFW&W UDWL®R @ LW KDSR VDKW R1 f & K
FRQWURO FXOWXUH KRZHYHU DW DQGI DOWR WESIOGHG HWHQWLSDO FRPSRQHQW DG
WHPSHUDWXUH FXOWXUHV KDYH PRUH VL FIR®PBW HKO\DWLVRIDWW HFRQQAHTQXW U DWRL RMKH WRD QWL IL
JRU WKH &+2. FHOOV WKH LQWHUQD G RI)ODQR QWK H R VDMQWWRWDRR QULIRXWRHBXU VW
LQFUHDVHV IRU DOO FXOWXUH W\SHV DWMRPQ\ WRIIHWKH@®RHY VRKHQLIFDLAM ULWLHVKFHRXOG EF
K J)LIXUH % 7KH OHYHOV RI LRUMIDWGIDOR DPDO QRIPWDERDQWI) SURILOHV LQWUD DQC
LQ DOO FXOWXUHV DW f& DW K EX\®LUIHRBIQW GKKOMOX URUWWREBNUBDWXUH FRQGLWLF
FXOWXUHV DW FROGHU WHPSHUDWXUHV GHSELPIWMMNIBU C5\D VEWHIWDL D W HJ VFHRMW M GSORW R
KHUH IRU WKH &+2. LQWHUQDO LVROHXFI3@H FRIQUAMXYWSIDWQERSBO)ERPSRQHQW 3& )
% $ GLIIHUHQW SDWWHUQ LV VHHQ LQVKOKWM 8\ D 6J HFGIDWIVO ZUXWKH DV K H JIDRHEG O RRH W D |
JHQHUDO WUHQG RI DQ LQFUHDVH L® DODDRQLGH FRI@FHQWQBWLGR® WIPSBOLQXIBRLQW D
FXOWXUHV RYHU WLPH REVHUYHG )LJXWHPSHUDWKMUHVRDWXFHQGKFHG VDPSOHV FOXVW
FRQFHQWUDWLRQ ZLWKLQ WKH &+2 6 FHOON&JARGWD @OV GHIGLHFDWHW R YRHUD FHKWWGIH LQ

WK H K SHULRG ZLWK WKH FR&HUB& RIKOMW D@ KH H[WUD FHOOXODU VDPSOHV :
DQG f& VKLIWHG FHOOV DOO KDYH D@ LI@G HD VR MX AFRTFAHOEUOMWMIRQRU WKH &+2 6 DQ
K JLIXUH ' )LQDOO\ WKH LQWHWQRQW 8 X WDPDMWH 6R QEWEWIED DFFRXQWLQJ IRU

IRU WKH &+2. DQG &+2 6 FHOOV DUH VKRZAOQYLDME)IOXWHL @ WRK &+2 6 DQG &+2. VDPSOH
" UHVSHFWLYHO\ 7KH SURILOHV RI WKHWWXR PRV CH/OD¥DBVNMEDOOW\ ZDV FRYHU
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105 3URILOLQJ Rl &+2 &HOOV RQ 7HPSHI

JLJXUH 3ULQFLSDO FRPSRQHQW DQDO\VLV RI HHWEBDEHO® X0 DIQ BHAAPBR GL W HRKIOW X U H V
DQDO\VLV RI WKH LGHQWLILHG H[WUDFRW &XGDE\ MHHW B BROFLWHWVXEL QA$FRQSLWLRQV $ &
GRL MRXUQDO SRQH J

)XUWKHU WKHUH ZDV YHU\ OLWWOH VHSHV/DMAREDR EH VRZ HH @ H\ODP ®Q BW XQGHQGD JLYHQ
SULQFLSDO FRPSRQHQW 3& DQG DOFRXD GO WK WHRSDEP®WRQ WKRYVHPEBOO OLC
EHWZHHQ VDPSOHV ZDV LQ 3& )LJXUH RU R IWKUIHH Q @WALLDFGIHOWDK IRUSHUWXUEDWLRQV L
VDPSOHV ! Rl WKH YDULDELOLW)\ ZDV LQ 3& IRU WKH &+2 6 FHOOV

ZLWK DSSUR[LPDWHO\ LQ 3& ZKLOVW IRVPKH/&R2Q VDPSOHYV

DOPRVW Rl WKH YDULDELOLW\ ZDVQLQ 3& ZLWK OHVV WKDQ L

3& )LIJXUH 6 LQ )LOH 6 'KHQ FHOOV WHKHBWHZEMHIFKBWWURIG WKHWH XVH RI DQ 105 ED)
ORZHU WHPSHUDWXUHV ZHUH DOORZHGL@RHWHMWOWH WRH H[& U B/KHO O X O D UOMHIO O F X C
UHVXOWLQJ 3&$ VKRZHG WKDW WKHVH ¥ BRDERO RPHQRBIH&+ W R DRGF&+2 6 FHOOV GXULQ
DJDLQ FOXVWHU DURXQG WKRVH IURPFVDRPSOBR@OWH WR 7KXYG VKRFN DQG VXEVHTXHQ
105 DQDO\VLV DQG 3&$ FDQ EH XVHG WRKNSRIWHHIBWR IQAVFWEW XIWIREID T KLV LV WKH ILUVW
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105 3URILOLQJ Rl &+2 &HOOV RQ 7HPSHI

105 PHWDERORPLF DSSURDFK WR WKH VWX \WRP W KH WPHIQWD BARKOLR/P URISURJUDPPLQJY RI P
FXOWXUHG FHOOV GXULQJ K\SRWKHUPLF KHBRYHXSFO® G SHKUHF WXWYRDXHRW FROG VKRFN
UHFRYHU\ IURP VXFK FXOWXULQJ FRQGLWWROEHHQW RS IMBSOUBWRIR KK WKH WZR KRVW

SUHYLRXVO\ EHHQ XWLOL]JHG WR LQYHVWLIHYW H SR QDWW W HQSRIOWDER GIMPHUHQW PDQQHI
DIWHU PLOG K\SRWKHUPLF WUHDWPHQW RIHR[KHHRDIDEHFOMHNG R 6 UR.IY W W H RFGH W DVE ROR.W H V|
LQ D QHRQDWDO EUDLQ VOLFH PRGHW RLAMESRKYH- DURKWELRU WHKR&XPWLYLW\ VKRXOG E
QRUPDO WHPSHUDWXUHYV f& $73 OHYHOMSHHUKH R IEMBODOIOO W IKGRFHGH DV GHWHUPLQH
EXW WKHVH ZHUH UHVWRUHG RU PDLQWD Y@@ ) UPPH@ELID WHRR B EGHOHHEHFWY QRW RQC
K\SRWKHUPLD VXJIJHVWLQJ FKDQJHV LQ FHOOXK EXYy PW WH EFRREHY PRXQBRYWK VXVSHQVLR
VXFK FRQGLWLRQV > @ $ IXUWKHU VWXQURY %PIUEFROON DPKNVHGWHEROLFE UHSURJUDPF
WR LQYHVWLIJDWH PHWDEROLVP XSRQ WKWUPSHYWWX KNS BWKVXPDPOLQVRBYWNUWY FRQWL
DQG IRXQG WKDW K\SRWKHUPLF DQLPDOV)YKREK G WH GpXF HFo © H YW DAWRD v OR BRI WD W H

DODQLQH DQG ODFWDWH > @ 2XU V@XGLHHY MG RWWHW KEKIH XBHQIDPROLF UHSURJU
105 PHWDERORPLFV DSSURDFK VKRZ WKDWH{POWHWHG §F HAHRMK YWY SIRRE FKDQJIH LQ JO\FF
LQ D VLPLODU PDQQHU ZLWK DODQLQH QM FHSERHRVROWKBOHWWKS Lo WKH PH
ODFWDWH OHYHOV REVHUYHG ZHUH &+2 KRN¥N¥H FHRQUAN D YEHFHBEUD® O\ UHGXFHG

ERWK FDVHV WKH HYHQWXDO HIIHFW ZO\e\By JWHEX FAMLRR WR HORAWRWHRXUVH LQYHVW
DOWKRXJK WKH &+2. FHOO OLQH VKRgRG; WKLY LRBREHRWIHPrXLUHPHQW IRU HQHU.
LQWUDFHOOXODUO\ EXW WKLV ZDV RQQ\y RE¥YHPYHE D WM%HQ%L%@&—)WR%QHY@U WKHU
LQFUHDVH LQ ODFWDWH LQ WKH &+2 6 FHQQ QLYK | oF ¥HivY R BRHRIFHO OXWDHD U ODF\
RI PHWDEROLVP LQ UHVSRQVH WR WHPSHRPPWXYR % VzW%HHH\'/ HE‘HW\/OQ/KDW WKH LOL
OLQH VSHFLILF DV GHWHUPLQHG XVLQJ{) MR DR P 1% WRMSF UHDVH JO\FRO\WLF 10X

DSSURDEK 05 KDV DGYDQWDJH RYHU *& 06 EDVHG
7KH SRZHU RI 105 IRU PHWDERORPLF SURJLD }&QW\/QFH/DQf—iWDEROLWHV LQ WK
RI PHWDEROLWHV FDQ EH VLPXOWDQHRX}§FFLJ1_R(\6>§,\P B\/\H_(?a R AN BHGDEROXWHY IRU D
WR JHQHUDWH D PHWDEROLF IRRWSUQ(DW \’/\m{lb%{ﬁv L%X WKth y \R/]L[{/WH& 06 LV DQF
WKH H[WUDFHOOXODU PHWDERORPH RI LRy WHWRGRHV QRrW

‘B%

WKH JOXFRVH XWLOL]DWLRQ UDWI)(LDG)KBSO%F}El

K\SRWKHUPLF WHPSHUDWXUH FXOWXULQJ {5} }}Wg %

%EI& I%HVéQ/HTXLUH D OL
R1 105 IRU VXFK VWXGLHV 2WKHU VWXG %/ 10 SSURDFK Gh

Eﬁ@ %
U
PHWDEROLF EDVHG DSSURDFKHV FDQ EH GPW%DE(g-S \W \% E/\H(OLL VelUIDVH%\ SvaircL)Jll)\j(l—jl
DQG H[WUDFHOOXODU PHWDEROLWHYV OLEEW?%J IH-PO% Z{?\l% HSLC'S ﬁ J\
6

LE? KLJK VHQVLW!
JHQHUDWHG GDWD UHSRUWHG KHUH FRQI\}.

VWDWXV DQG XVHG WKLV LQIRUPDWLRQ WREHYEVWHES PILR KRIK WKH 105 DS
LPSURYH FHOO JURZWK DQG RU UHFRPELODYURYWIRRRL FRY YHoDQG OHVV DFF
YLWUR FXOWXUHG &+2 FHOOV > @ 6xFRITWHELYR kDFHWKRY o kW 'ORZ  WKURKX.
JOXFRVH LV GHSOHWHG DW QRUPDO FXOW)YWWW‘F%V%%WW&%WQ% P 5D G VXIIHVW Y
IHHGLQJ VWUDWHJILHV FDQ SURORQJ JURMNRKPR é%%%%@ié‘é\fi\ﬂ/D§ RRKPYY PRWDEROLF
SURGXFWLYLW\ +HUH RXU VWXGLHV VKR%YWKDWRESHES WY sQuBAXQWLPH WR DLG |
GRZQVKLIW WKH LQWUDFHOOXODU F®QFHOWBHLRBRREWBRE¥ AR ¢ JHRESRYI VHILPHY
LQFUHDVHV  VXJJHVWLQJ WKH JOXFRWKHWHEROVYsKEWH PEWIHRQRO FKORURIRUP H[W
FRPSURPLVHG DW ORZHU WHPSHUDWXUHVX@WURKBWCEBR Wi WOHSFROO\ VHUXP TUHF
GHPDQGV RI WKH FHOO GURS LQ UHVSRE&WMPERCLEHEHuDWX B PWHUPLQHG UHOD)
LQWUDFHOOXODU OHYHOV GURS ,QGHHGYDBASE-@H\ RACDBXRRYKELRIVRI xVh@OV EHIRUH
105 VSHFWURVFRS\ WR TXDQWLWDWH PRABPERGVWIR LEHRWLRH®HERVH NH\ PHWDER
FXOWXUH PHGLXP IRU FHOOV FRQWLQXDG®QExQDIWROGcHPWKHY CHERHEWL QI ®RE LQFUH
XOWLPDWH DLP EHLQJ WKH UDWLRQDO KHWEFL|DRAVWQURY WP NHRyHER LQWHUYHQH
PHGLD WR HQKDQFH WKHUDSHXWLF SURWH QY LRPHWY Ry FX@WXUH PHWDEROMWH SURI
7KH VWXG\ RI 6HOOLFN HW DO WKDW XWLOLPRGD @DQ\\OIYDFPSURHFKRXSOHG ZLWK 3&$ V
UHSRUWHG WKDW LQWUDFHOOXODU PHVHMMPFRPHRP HRRI &0r FHEHDO OV QHUKRGHWH JLYHQ
JO\FRO\VLY DQG WKH 7&$%$ F\FOH ZHUH SU3VRIG@WHYXE0KY WMHIAHIGH O @ LBIdYSRQVH WR WHP
SKDVH EXW DEVHQW RU GHFUHDVHG GXUIURP GMEBDSBHDMWXEY H/WEBRERPRAAZ VXFK DQDO\WV
SKDVH Rl JURZWK > @ 7KHLU SUREZKM@ILOBYW MXIVKRWHGFWADOWOLQHYV WKDW UHVSRQ
FHOOV HQWHUHG VWDWLRQDU\ JURZWK SORMHUWKHURK ZBYVWXWEDWERQM) LQ FXOWXUH
PHWDEROLVP WKDW UHIOHFWV WKH UHGDSSPWRDRR RLA®XFRYRXBWHSKYPRWG LQ RXU
FRQWLQXHG $73 JHQHUDWLRQ DQG PDLQWH\WYDBRELRI FHDOXIWDP RIQGRRI FXOWXUHG F
VWDWH WKDW XOWLPDWHO\ OLPLWV JUWEW®REHDQWS XV HQ VEKMAY D\O VRRI WKHIZR XJKRXW FXOW
PDFURPROHFXOHV EXW DOORZV FHOO VXVYNUYBW\RU PUUBWWIQDQFH > @
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105 3URILOLQJ RI &+2 &HOOV RQ 7HPSHI

6XSSRUWLQJ ,QIRUPDWLRQ 6 6LJPRLG FXUYHV IRU LVROHXFLQH LQ &+2. I
JLJXUH 6 6LJPRLG FXUYHV IRU JOXWDPLF DF

)LOH §LOH 6 LQFOXGHV 7DEOHV 6 6 DQ&* ZL‘%PHIW*'% )G'-JXUH 6 BLIPRLG FXUYHV IRU S\
7DEOH 6 0 FRQFHQWUDWLRQV Rl &+2. 'EB ) bW E DQDOI\LV RI LQWUDFH
7DEOH 6 0 FRQFHQWUDWLRQV RI &+2. |9|H€>>E)UHHQNDE[ﬁl"dJLR/\'/:NV\%QﬂDEBRWH'—Q ITURP WKH &+
6 0 FRQFHQWUDWLRQV RI &+26 PHGLD-BAWHEROLWHY ¥RHEWUD RI PHWDEROLWHYV

GXSOLFDWHV ZHUH WDNHQ VWDQGDUG GW%W‘LWR% FOWYpsoH LV VKRZQ

EHQHDWK LQ SDUHQWKHVHV 7DEOH 6 ROFHQWUDWLRQV RI &+26

FHOO PHWDEROLWHV ZKHUH GXSOLFDWHV ZHUH WDNHQ VWDQGDUG

GHYLDWLRQ RI VDPSOH LV VKRZQ EHQHDWWL@REJD&R@\MHMJEXWWQM

6 &KHPLFDO VKLIW DVVLJQPHQWV IRU PHWDEROLWHY 7DEOH 6

6LIPRLG FXUYH ILW FRHIILFLHQWYV IRU D&RQEHIYHIH PG CHYWHRHG WKH H[SHULPHC
7DEOH 6 &RPSRVLWLRQ RI '0(0 PHGIDHUIRADREHGH WKH H[SHULPHQWYV -/: 5-0 $QDO\]H
&RPSRVLWLRQ RI &' &+2 PHGLD )LJXUH 6 9 8LIBRLERRMPHFX Wl UHDIHQWYV PDWHULDOV
*OXFRVH LQ &+2. DQG &+26 OHGLD )LIJRUH B3 &P6yPrLc'URWH WKH PDQXVFULSW -/: 2
FXUYHV IRU ODFWDWH LQ &+2. DQG &+P6*0OHGLD )LIXUH 6

6LJPRLG FXUYHV IRU DODQLQH LQ &+2. DQG &+26 OHGLD )LJXUH

S5HIHUHQFHYV

:XUP )O B3URGXFWLRQ RI UHFRPELQDQW SURWBILQRWHEBUDSHEWQFV UHJLPHY WKDW HQKDQFH UH
FXOWLYDWHG PDPPDOLDQ FHOOV 1DW %LRWHFEQRGXFWLRQ %LR®RIFKQRO %LRHQJ ELW GRL
QEW 3XEOHG 3XEOHG

OHDG (- &KLYHUWRQ /0 6SXUJHRQ 6. ODUWLQ (% 6BRQYWDDXMN 68 HR DO &KRQJ :3 :RQJ 16 <XVXIL )1 H
(ISHULPHQWDO DQG ,Q 6LOLFR ORGHOOLQJ &Q@PPLQHG RQ WKGILERQHRGHOLQJ DQG PHWDRBRORPLFV

([SUHVVLRQ 3DWKZD\ IRU 5HFRPELQDQW $QWLERIG ED@GK %R2+2URBEBOWFXOWXUH %LRWHFERRO %LRHC

3URGXFWLRQ LQ 16 &HOO /LQHV 3/26 21( H GRALW 3XEOHG

MRXUQDO SRQH 3XEOHG &KRQJ :3 *RK /7 B5HGG\ 6* <XVXIL )1 /HH '< HW D

$0 )DJHHK 0% ODUFKDQW 5- &DUGHQ 0- 6PDOHV @HWDERDHRIPIFROGURILOLQJ RI H[WUDFHOGXODU PHW

VKRFN UHVSRQVH LQ FXOWXUHG PDPPDOLDQ FHO O&K L«DHMMHH VADLIRQ/W\N K H 2YHDWS RIGMGHEDWFK FXOWXUH 5D

IRU WKH LPSURYHPHQW RI UHFRPELQDQWOSURW IS® FSWLRRPX FSI0ORQ %LRWHFKGRL UFP 3XEOH

%LRHQJ GRL ELW 3XEOHG

$0 )DJHHK 0% 6PDOHV &0 &ROG LQGXRLEOH HXN EKIG L QUQSWIRMH HZLF] 05 3DUD®OHORDEHOLC

&,53 H[SUHVVLRQ LV PRGXODWHG E\ DOWHUQDWLYH P&@IOX5R¥H DQG >8 &@JOXWDPIQMWHR SURYLGH
GRL UuQD 3XEOHG &+2 FHOO PHWDEROLVP OHWDE (QJ

ODVWHUWRQ 5- 5RRERO $ $0 )DJHHK 0% &DUGH®VWPDIEBPHBOHRGAMRQ 03 4XHN /( 7LPPLQV 1( &KU\VDQ

3RVW WUDQVODWLRQDO HYHQWV RI 5 PRGHM®HSRUWBHWIEROHMWH SURRFHBOLQJ RW &HZREWROV ZL
ZLWK KLJKHU ILGHOLW\ DQG DFFXUDF\ XSRIQ PLOBKRWRWHIULRKWLFXOWXBMWHFKQRO %LRHELW

&KLQHVH KDPVWHU RYDU\ FHOOV %LRWHFKQRO %LRHIXEOHG GRL

ELW 3XEOHG %UDGOH\ 6% 2X\DQJ $ 3XUGLH - 6PLWND 7% :DQJ 7
5RRERO $ &DUGHQ 0- 1HZVDP 5- 6PDOHV &0 )H WALHRGW B R IRFPDLG V PRQLWRULQJ PDPPDOLDQ FHOO
LQVLIKWY LQWR WKH PHFKDQLVPV FHQWUDO WR WSHFWURESRRYH RI POPRREORDQRF GRL
FHOOV WR FROG VWUHVV DQG VXEVHTXHQW UHZDWRLQJ H(B&KEOHG
GRL M [ BXEOHG $UDQLEDU 1 %RU\V 0O ODFNLQ 1$ /\' 9 $EX $EVL 1 HW
5RRERO $ 5RRERO - &DUGHQ 0- %DVWLGH5$ :LOEGDWHGC HWWODERORPLFV RI PDPPDOLDQ FHOO DQG WLV
DWD[LD WHODQJLHFWDVLD PXWDWHG DQWH®G UB®DWHG NLQDVHSRILV DFWWV 3XEOHG
E\ PLOG K\SRWKHUPLD LQ PDPPDOLDQ FHOOV DQG VXEVHTXHQWO\ DFWLYDWHYV
S %LRFKHP - GRL % - 3XE®OHGOLFN &% +DQVHQ 5 ODTVRRG $5 'XQQ :% 6WHSE

(ITHFWLYH TXHQFKLQJ SURFHVVHV [IRU SK\VL
8QGHUKLOO 0) ODUFKDQW 5- &DUGHQ 0- -DPHV '& HONPDERIYVL®EMH SURILOLQJ RI VXVSHQVLRQOFXOWXUHC

2Q WKH HIIHFW Rl WUDQVLHQW H[SUHMYERQ)R! PX@OMPHG H,) D OGKID DF 3XEOHG

HXNDU\RWLF WUDQVODWLRQ LQLWLDWLR®@ IDFWR UV VK@ UM SRUBMUVIQH H[SBHKWPLFDO VKLIWV DV D W

PDPPDOLDQ FHOOV XSRQ FROG VKRFN ORO %LRWGHHFWEEBPLQDWLRQ GRHWKRGV (Q]\PRO C
0% 3XEOHG 6 3XEOHG

ODUFKDQW 5- $0 )DJHHK 0% 8QGHUKLOO 0) 5DF&XWU 4- /BPDVOHY &HJIHPDQ $' $QGHUVRQ O0( /L - HW
OHWDEROLF UDWHV JURZWK SKDVHFEQG P 518 HWDYEHROO/L W CQOGHIPMLILFDWLRQ YLD WKHXRDGLVRQ (

VSHFLILF DQWLERG\ SURGXFWLRQ OHYHOV IURP LMWYEWYVR FXOWXUHKRWBPRERQDQ GRL Q
FHOOV DW VXE SK\VLRORJLFDO WHPSHUDWRIUHYV ORXEMWRWHFKQRO
\ 3XEOHG /LX - /LWW / 6HJDO 05 .HOO\ 0- <RVKXWBRPH+$ HW D
/L - :RQJ &/ 9LMD\DVDQNDUDQ 1 +XGVRQ 7 $PDQADWEHK BHWDERORPLF SDWWHUQV IURP D+ 3 105 DI
JHHGLQJ ODFWDWH IRU &+2 FHOO FXOWXUH SURWHHDHWP HGPBY FRM RQJIJARQOIVOXFRVH GHSULWYHHNLRQ LQ
PHWDEROLVP DQG SHUIRUPDQFH %LRWHBRQRO %IPRHGIO RI DVSK\[LD - &HUHE %ORRG )ORYOOHWDE 2
ELW 3XEOHG 6RFLHW\ 21 &8HUHEUDO %ORRG )ORZ OHWDEROLVP

/IXR - 9LMD\DVDQNDUDQ 1 $XWVHQ - 6DQWXUD\ 5 MFEGRRQ 7 HW DO
&RPSDUDWLYH OHWDEROLWH $QDO\VLV WR 8QGHUNMNLEDG, /RRYWWXU MWD ERUIFY® 'RUDGRXF&QRDGRED -
6KLIW LQ &KLQHVH +DPVWHU 2YDU\ &HOO &XOWRDBHQHWRFHYHNV R®QDRW HFKMWOG PHWDERQRPLF DSSURDH

%LRHQJ GRL ELW 3XEOHG HQFHSKDORSDWK\ DQG PRQLWRULQJ WRKHK HIUIRLFDNYV R
6HOOLFN &$ &UR[IRUG $6 ODTVRRG $5 6WHSKHQVQ UBWWHUKRIU +QWVEIl - ,QWHUQDWNLRXIDIKISVVRFLDW
DO OHWDEROLWH SURILOLQJ RI VHFRPELQDQWHE&+2 FHOOV GRL M [
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