N

N

h?2 a+7fEBiIi T i?r v BKTH2K2Mib b2H7@Q
2TBi?2HB HT ii2 MBM;

H2t M/ 2 *?mv2M- *? "HQii2 _mH[mMBM-6 # B+2. B

_T? H*HOK2Mi-G m'2Mi EQ/D # +?B M- M/ 2

hQ +Bi2 i?Bb p2 " bBQM,

H2t M/ 2 *?mv2M- *? "HQii2 _mH[mBM-6 # B+2 . B M- 0B ;BMB2 h?QK.
a+7fEBi T i?r v BKTH2K2Mib b2H7@Q ; MBx2/ 2TBi?2HB H T ii2"MBM;:
TTXdN8@3RyX2dX RyXRyRefDX/2p+2HXkKkykRXykXyke X ? H@yjkRe9l

> G A/, ? H@yYjkRe9N3
2iiTh,ff? H@ KmX +?2Bp2b@Qmp2i2bX7°f?2 H@Y
am#KBii2/ QM 9 J v kykR

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X
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7TKIBFI.LEDWKEZPS O HPHH{RUVBHE SLWISBOMOHU QL QJ

$OH[DQGUH &KRWHIRWWBBXEFH AMUDOQQLH BOBKDSO &OpPHQW

IDXUHQW .RGMDBBFEQOBQHD 3DVLQL

$LODUVHLO®QHS58QL%'0 ODUVHLOOH )UDQFH

&RUUHV S RIGHOHMH SDOPFLGBROUMOW NRGMDEDFULDQ#XQLY

IHDG FRQWDFW

&RHQRRWKRUV

+LJKOLIJKWYV

, PP DW XXUHVP FRHOMIWDHIRIPWD G LV R Q GRHIGSOMMBRHIRY H LQWHUFD
LQWR WKH HSLGHUPLY RXWHU OD\HU

7KH WUDQVLWIURQ QBW REHNO | PXWKB ®SMD G DIIRQLWKH RXWE
OD\HU FHOO PHPEUDQHYV

$US GHSHQGHQW DFWLQ UHPRGHOOLQJ LV UHTXLUHG IRU SEC

TKHFE.LBYDWKIZWDRP EWWYK UHB® G VLIPREMPARHWIEPHQWYV

H72& EOXUE
,Q HXY HORSIQRISKYLGHUPP®D W XXUHN PF BOQ W EGLQLWUDQGRP O\
GLVW UZEWEMPOE Q Q HWP & IBHWD Q R U G HURR (RIVRMIDEGY @ X WHU OD\H L

SURHAHWROY HX WD O U H SIXIOVQARRPA IDWNEY DR M W H.Q WMHXUFFHVDLORXQDM

TKHFLWLIQDOOLGBUEPWERBMRSHUWLHY WR DOORZ UHJXODU C
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+RZLQGLYLRHM®BKDYLRXUV OHDG WR WKREIBIHUQSQ R OR |
XQGHUV,WRK&OopusHPEU\RQLF H PX®NMUFLLD L DM FHH ERVQ LQ |
UDQGRPWWHUQ ZLWKHQHDE KO@QB@G V X E V H.TXWHA IQUNBAXOWNX O D U
LQWHUQYW®AVD ¢! RDWMBHDO BB DQJ ERWK H[SHULPHQWY DQG PDWK
ZH VKRZWMRDM QVLWURQGRRMRUGHUHG GHORM@YX B\ DRQHS X0V
DPRQJ PRAPDWWXUH (BRRE DIILQLWRXWRHNAHWGVLQWHUFHOOXOD!L
&RQVLVWHE WHOI\G L DIWFMAHP RIBLHY J LV UHTXLUHG IRU 0&& SDWYV
8VLQJ PXOWLSOH IXQFW HVXRW KIIB/E H RN FIKRIWL QH UNE® B WHR U
H[SUHVVHG D@ G&l8WV FJILH P8 \6V H GO DQF B BDAMHU BRIV LR H G
UHJXOSHLGLVWULEHPERQ QWRFBBWHEHBKDYHY DV D SRWHQW DC
0&&YV ZKLOH LWV VROXEOH IRUP SURPRWHV WKHLULRXWXD
H[SUHV RQLFWIRQW IRWGWRBG LV R U GHWHI RPHRI R XX O D IKLR Q
ZRUNHYHDOV KRZ D VLQJOHFNQPSDOICHIBN YD\DW W RGF DO/ J H

SDWWHUQLQJ

_H\ZRUGYV
6F1.LWSDWWH U Q VIIRRIPTINWME®MQ RS KYOLDWHG HSLWKHOENMP OFHC

UHSXOVLRQ DFBHMRNRIFROVWDFW LQKLELWLRQ RI ORFRPRWLR
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,1752'8&7,21
2UGHUO\ FHOOXODU SDWWHUQV KDYH DO DR\® FHDBWWKGIGL §/
PHFKDQLVPV DQG IRUFHY HMUDME G RQKPGIRIIR YUMBR GHQR | DW R M
GHYHORSROIRIWNDWKH SDVW GHFDGHV FODVVLFDO DQG PROH
WRKIGHQWLILEBWXR®Y RHQH 5HIJXODWRU\ IHQWZRDWM S5 DAW F
FRQFRPLWSHEWMHN OO XODU ISRWQWLRQ ZQEKLQ GRYWHERRBHQD QH
6PDOO 'DYLGWRZHBBWWHUQV RI UHIWORQ FBIQ O GYRW
ZKHQ WYKRIE K DRRAY H P H Q WFHRIOP R RVIDOMHD %/D B OAA\U B G\ IIRHWV W[DLP S O
PXWXDO UHSOFEVERBQR EHOIHKBYHEBW UGDMEIPVWD HW DO
PRXVH FHUHEUD OOBRIYWRR HW OBEUDILVK HSLGHUPDO SL.
':DOGHULFK HW (QC®MRVRSKDBPRFYWHIW HW DEXW WKH XQGHU
PROHFXODU PHFKDQLVPV DUH RQO\ VWDUWLQJ WR EH XQUDY
,Q YHUWRBDUBIDMMYJ H[RIRSIGHAHDOXODU SDWWHUQ LV SURYLC
HSLGHURKH RIP SKLER DK HKXQ G UHFERVO ®Y FDUU\LQJ PXOWLSC
OXOWLFLOLDWHG &HOOV RU 0&&V DUHSURKBQGELGLVIRELCEXN
DFFRUGDRQUWWRFW VS DHEQD G®WHNHWIQE OR Q W RWHRXFRIFLOLD U\
HSLWKREEXRVKURXJK D PXOMERIWHSVEURFHWNDH HY D VHP®E W U
GLYLWSROQWLWLRQ WKHQKWPED\R G WRREDRWBPXWEOU HSLWKHOLDO
PHVHQFK\PB® QD VAU XIOHD RAWDH B \O DVHIY H D DG HIB\RMY WHRQ QX P .
RQOREOHW FHOOV ZKLOH 0&&V DUH ERUQ ZLWKLQ WKH LQ
LRQRF\WHV VMARURWRQL®BPDOO 6HFUHWR U\ 7&HIGROWMHRED G D Q C
'QBDWKZD\V KDYH EHHQ VKRZQ WR FRQWUR 66&\X H RX® EZH W K
WKH LQQHWEOD@HAUH HWWXEEV HW ODOHV HW DOXLJOH\ HW DC
&LERLV HW DO +DDV HW DO  6W DARMNEIIUDXQGED 1\ W R
WKH 0&&V LRQRF\WHW DG GE®CRIA DU DNDRA UZDGLHMWO O\ LQWHUFL

RXWHU OD\HU ZKHUH WKH\ ZLOO &IREPFSIO/HWW UWKHQUOG L KR Dt



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

RQO&&YV GLVSOD\ D UHJXODU SDWWHUQ RI QWM BXHEKWLRH) 3.
SK\VLRORJLFD M QREREVRQHRDLQVY WR EH DGGUHVVHG D UHJ
PD\ EH RSWLPDO WR KRPRJHQL]H 10XLG&KRAXDIR Z2HWHI® \E \ LE
RXWHU OD\H UDIQEFOM\GIXCHIO\LQ FRUUHVSRQGHQFH RHWXQFW
OD\HREGHWOV YHBKWQFHW DO 'HEODQGUH HW DO
5D G LLDQON H U FLDQOYIRVOLYRIQY VW S K D \LIP PIDQAORKME® WKH L QRN OD\
DSLFHROD B R ® U YN RRORMVOHDUHU YHUWLFHV S KDVGIR RH GD EL\F
H[SDQVLRQVKHKLMWQDSLFDO DVSHFW DFWXDOO\ HPHUJHV DW
SURJUHVVLYHO\ H[S\DR) 0 © QRILURAH BERGQMH HW DO 6HG]LQ
BWXEEV HW:RIOOH PXOWLSOH VWXGLHRMOKXCD D @GUH \P\R
PHFKDQLVPVORE UMGHWRKIDRW LHRD DO .LP HW DO
6LURXU HW DO KR WW HH WHI® O DU O\ B D WXHIWHV H
0&&V LV JHQHRDMMHGWR EH KDWY RION @ G/ X& & HS/IWWHE HW KFLDR U P D W
UHVXOBQIWRMHUSOD\ EHW ZHHDQ GHK HQRIAWKHBEY LVIPFRWP LW WH G
0&&VDQG WKH QXPEHU DQG GIDAWULEXWWRGHRI| DRODLBDEOH
'HEODQGUH HW DO BWXEEV HW DO :KLOMHKBEHUWIZR!
SDUDPHWQE®MW BXWDEO\ LQYROYHG LW VDM I XBLHIEW DLRK B DK W
HPHUJHO®EM ZH K\SRWKHVL]H WKDW 0&& PRYHPHQW PD\ EH [
QHYHU EHHQS8MY QO X\DUDH)X/LHQW WUDQVJHQHVLYV ZH FRXOG |
0&&YV LQ WKH LQQHU OD\HU DQG FRQFOXGHG WKUSHGRY WSO
LQWHUFDODWLRQ 8VLQJ PDW K MKDMWL. PXW RPRGCG HGISX@N LRI 1R
DIILQLW\ I@D\HRXWBWHUFHOOXODU MX¥FRWQRQ VYR D UNKMKG LIGTD
SDWWKHQH WZR EHKDYLRXUVWHURPURY®GLOLNYBSSBERQGLQJ\
LPSRUWDQFH RI 0&& QR ¥EH WHISBYRVRGLOWHG DFWLQ UHPRGHC
ODPHO UG SNRWUXVLRQV LQ 0&&Y KRPRW\SLF 0&& UHSX

ZLWKRXW DIIHFWLQB DGRV NQFRIUBMKLURONR X QN QRZQ QDR®H QR
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SDWKZD\ GHSHQGHQW RQ WKH LQWHUDFWLRQ EHWZHMQ WK
H[SUHVVHG DLQGO&WWFO HJ5QIEVE HG DLBHRIRW HIL & SDWWHUQ HPF
7KHF6.LWLJQDOOLQJ SPMBEDWNDEDVYVIKHG UROH LQ FRQWUROO
FHRPRWLAMLW\YDULHW\ Rl YHHWBPUDW MRQVIWHPBRQQVWUDQG
DO 5XQ\DQ HW DO 6D PD\DZDYBGXGIQWD HW DO

DO DQGWWLPXODWIRIY 2ZRWRG® WR UHVXOW LQ WKH SKRVSK
$53 ODQL HW D®VLQJ D YDULHW\ RI |XQFWDR\YFWEDGLINY RE
W K FA1.6& WAV W HPU RVIRRRWBKUHH S X O V D GH HMRAWHH U BB WE R DWAVH.GD IQFER
WKXV LEBRUWIMKMW LUPHPUIMERHIXODWRHQRISMK HSDWWHUQLQJ S
SHPDUNDEO\ ZH IRXQG WKDW D6NIR@XEHODB GIRUFR FRR WW A
GLVSHUVLRQ ZKLGEHRXDQBHIFREUPD OHGLDTWKHYV DKM Y OR®V W U
D ODUJH FHOO SRBYIDMRVAEGRSW DHOHIXODU WSHREID®G 8B W W
PRYHPHQWY FRQVWUDLQHEHE X O VEL® DIFG ERWK BFZDIQMG KK H

VDPH OUBPRGWRU V\VWHP

5(68/76

(PHUJHQFH Rl 0&& RUGHUHG SDWWHUQ SUHFHGHV UDGLDO L
JOXRUHQF6EWAXU L G L]DBOHRR® Q R $HP\E UZR W KO &&RD U NRWX B 1Q
WXBHYH@&EDW DW NWIMEHXUDO SO DWRHD WRMUBA/AH UHJ UHJXODUC
G MWW L EXXWIKG@ @YK KU DO H FRWR G PIUBPUISEMQ G Y H UL QR BAFKREDRND F W
ZLWK HDFPH RWKEBBWDLQLQJ ZLWK DQ DW IWILKEVR GAXDDIN IQR/QY SW K
WR PDUN WBRMNHRXMSLEDO I DIVRRIZW X Q FW D R/QMWKEER L MKEDY Y
ZHURIRVLWIL@ FRGUHVSRROIDOAH RHNUMWILFFHE ,Q WKH RRXUVH
GHYHOREREBWHUXSR VL W&V H UMD FUHOR IMIHRX QG DV VHSDUDW
JLIXWH % DQSURJUH\ORFGE@DAMQ FRUUHVSRQGH@PEHY REXDO Y

JLIXWH & LOQWKRLFK WKH\ | IHEDAMKAK VL Q VR UDWH X §QDYCHSE\ DWW R ) MO\
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RUGISDW@/H X $H 7R T XD QMBIUR JUK VV LERRQIGRPOD GWR/KRHUO/MHG
GLVWULEXWLRQQ ZRU G H Y HIOQRGSHHG EIX WHI & DROJKIOW WH RFH @W UR L G
WXSRVLWLYSHK K ®QVLQGH[ LV LQYHUVHO\ SURSRUWLRQDO W
FHQWURLIZGXOEQ ®HDFK LWV KLIJKHVW YDOXH ZKHQ 0&& FHQ
VWDJJHUIE VRRYQJIXQPH WKH RUGHU LQGH[ RI WKH 0&& SRS)
LQFUGRDMHU WKH  KRXUV \VHODIBWMNW EHERHE Q&&YV DUH LQWH
LQWR WKH RXWHU OD\HU
7KBSSDUHQW LQFUHD VB R FROMGHIRWPHO HFW XBHWG 8 DWW HR U H Y
RI PLVSODFROGURPLYRRYHPHOWRUHVFHQW GHWHFWLRQ RI WK
&DVSDVH DEFWLYLW\ DV D SUR[\ Rl DSRSWRVLV IDLOHG WR
HPERV IURP VWDJH DWRSBWERDNR F\FORKHDWHGHIR DG\IRFZH HW
JLIX&@SHDQBRYBEH 7R HYDOXDWHFERRMW SREVAMERG RHFHO®DC
SHUIROMKGE6+ LQ HPEUIRW UDRR JHQLF B)3@ 0 GiHSUW KM LFRRIQW U |
0&&VSHFDWREURPROWHUEEY HW 'BEB WR WEMH KERRI HK D Q\
LPPDVORGHYZLWIPKBOIDWLW\ WR WKDWIIRHD GHOBUMGW VERKO
IOXRUHVFHQFH ZKLOHOWRWELUQ D VERBKSADYRIXYVZHUH QHMCH®D R E\
RXW 0&& IDWH UHYHUVDO G X YLUXQGH % & P,QOF B & WHIDR SW KAHWQ R
URERWWEJQDO ZDV RFFDVLRQDRE OD VG HR-ESNDIBY E)QHEHZEL @M
RDV\QFKVWRGERSH F L | L F)LXAUGRE 6&
7KH ODFN RI| ORUD WHDYWENVG O{BYWRU WKH WKBRWE HAVRW LO LW\

SODRIMMIRRIOH LQ WKH BHRIWGINFN IRMHD UG 4&X%C DVXBMWY HUQ RI

7LPBDSVHMHULRAHRFRSOVEERFRWOUL W)\
TRHYDOXDWHOZKWVHWRRWLOHMHQMHFWHG HPEU\RV ZLWK FRQVYV
IOKRVFHQW PDUNHUSFW3HROLODOHW XQGHU WKH FRIDWMXERO R

SIPRWBQG IROORZHG WKH EHKRXRWL@ XQLRUIQUODHEMBWRE 'HVSL

-6 -
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GHJUHH RI PRVDLFLVP ZKLFK UHVWULFWHG WUDQVJHQH H|
IOXRUHVFHQRAHHOMX HORLEQWRE UH¥RDEMQAQJ IURPIRWDIH
GXUDWLRQ KRXOYLVQRELL ¥RQIRFDO YLGHR PLWWRWHRSU MK\RIZGIG
0&& VL QGRREIDFWLAMMHNOKLQ W K\ KSEDMHH GRD \ H H YXHIRWWAEREABM \
FRUUHVSRQGHQFH RI Y HI)WY R HM WHIHUMFHBHIANRGHRP R B WK H )
DFVELQGLQJ UHSRUWHU /LIH$FW*)3 DOORZHG IRU PXFK EHWYV
DQG Rl FHOOXODU SURWUXVLRQV ZH H[SORLWH& HWHIRWK PR
DEOH WR UHFRUG WKH PHDQ LQWN[SDBYIVI&BW AR RHU DLPIDS$ERX
KRXUV $V VKRZQ LQ )LJXUGHVKH L0 &RHDIQQEQWW D PR PULSHHGH W |
GXULQJ WKH ILUVW KRXUV WKHQ SURJUHVVLYHO\ VORZ
VXFFHVVLYHH BKOREQG WKDW HBHEHFWW) QH [ WEE&D® G UHIGV U D F V
DFWIGK ODPIOQRNHSRERBHKIVG W KH HFW P®SU R JIUHYHU YGHIDH BK
WKHLUIVRBSHMDDW PHVPARBK\FBGSWRW D QLG X3BHDPE GLROY L H
7KHVH REVHWXYDMMRBE® WKDW FHOO PRWLOLW\ PD\ LQGHHC

HVWDEOLVKPHQW RI D UHJXODU 0&& SDWWHUQ

$ PDWKHPDWLFDO PRGHO IRU PRWLOH 0&& SDWWHUQ HVWDE(
'H QH[W EXLOWDIV®I G @BWHKHPDWLFDO PRGHO WR QB HQWWLD U W
WR UHFDSLWXODWRUWBELRDWL.RQHR | VAHFOVLOH 0&&YV ,Q WKL)\
FDQ PRYH GQPHQEILRQDO SODQH DJDLQVW ®DHUW KKIQN WILHRS
GHILQHG ELPPXQRIOXRUHVFHQFH \SHWHXKERVSES IBA QAKINRIW H Q

UHTXLUHG IRU KRPRJH®RRMEWGE XS B U VI REK @ CHW. D@V 91
&HUYLQR HW DWW LQWURGXFHG D ILUVW WHUP UHODKMMG WR
SUR[LPLW\ WR DQRWKHU 0&& LQFUHDVBGDBGQHWIRQ HHH6U HD
KRPLQI &AW RXVOHDUHU YAXWWFHESPDUNHGQLW\ IRSLWKH®HD

MXQFWKR¥VZH LOWURGXFHG D VHFRQG WHUP UHODWHG WR



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

ZLWK MXQFWLRQV GHFUHDVHG HQ&BH\ L¥HGKXBRAMPSZ RRHIDIOR B R
YHUWLFHY UHSUHVHQW WKH UHJLRQV RI KLJKHR@D®RYN URG
VSHFLILF LQIRUPDWIKRQ PRDOIHHERHWHULF FRQVWUDLQW L
KDEGUH SRWHQWER®S QRN SEMDVEE B MQ 608EWWLQJ IURP D UDQC
GLVWULEXWLRDWRD 0&&YVLW\ FRPSDUDEOH WR W\SLFDO VL
VWDQGD WD OURQWEK HKRH G WR DOORZ $\W WBIPKHWRBSWDRQQ JL
ZI¥ DVVLJQHG D UD@GRPRVSHAWYYRQGLVSODFHPHZDN §$
VIVWHPDWLFD Q@R HWKEWHNGWMHP WRWDO H QHMI UGYDN @ MPK H |
HQHUUWDFFHSWDQFH SURGBGDBRMDHDWGEHODN ZLWKVHH HBI$S5 LQ
PHWKR&YY HYHQWXDOO\ OHG WKH V\VWHP WRZDQGNIIHDX UK
GRPLQDWHG UHJLPH L H ZKHQ WKH FRQWULEXWLRQ RI PXW
O R FADW/H Q H DW ER HVH UZ KAHROXPMY KM VH WKHLU L Q WOHDA B WML R Q F XML
DQG PLQLPL]H WRHEHYWHLYHREI&X JD U G O FB\RW RW BWMYGHHRUV 0\8R
WKDW QR RYHUDGQO WHIBRBYRYRGUHD QG PRY,QHFRQWUDVW
UHSXGRPR@QDWHG UHJLPHHDRKE \RW KB HOBOE FRINGLQUEWW HD U
SDWWHUQ WEWWHRD[PXMWKDO GLVWDQFH URDJ\IDHDG DB WWH BRW M
JLIXUHDQG PRYILDOO\ LQ DQ LQWHUPHGUB®XOVHRIQP BQ® X
W H WZRMARP P H Q V X IV DVRHD G/H. WA VRLER/GHIBYERZGH UOHR FADWREX VOHDW H U
YHUWLFIHYGDQIGGXDOO\ VFDWWHUHG DOWKRXJKIJRBMDQ® D S
PRYLHVHH DOVR 67$BKRMWICRGYW FRQGLWLRQ FORVHO\ UHVHPE
IRXQG LQ HMKEXWRWHRU JD®A&E&GLVWUIEFDQNERQFDSWXUHG LQ
PDWKHPDWLFDO FIHFO®RY G PHQMIMT B UH H® Q ¥ WW DR Q HIGQQ WHU SO D\

KRPRW\SLF UHSXOVLRQ @MmME WD MXQIEFEWA\L RRW RXWHU

OXWXDBSXOVLRQ DQIRURXMEIMNWMU MXQFWLRQ&& XRIBWMWE U

HVWDEOLVKPHQW



=

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

‘H QH[W H[SORWIE&PXKNIDIOH UH S X OV L RROX IDEDE HIVI 1V &6 Q\MYE LIRWY YA G
WR EH LPSRUWDYPRIFERGNQG I6H G/ H E\Y DE.OYHRY Y ORD V. H VORKH U H
PRVDLFLVP D®DWRZBIGL VW L RLQ KA RWH) YHERFDAB )@ BIH V V L QZHO0 & & V
IRXQWKPMHQHYHWKH FRXUVH RI WZKRH IMX FPKEPFHH D RDGNRR/ VR IQH D F
ZLWHZGIW R FK RWKXHBH $PQG ©OHG PRYLMDVXUHPHQW RI WKH
VSHHG RI SDLUV Rl FROOLGLQJ 0&&V VKRZHG WKDW LQGHSH
WKH FROOLVLRQ WRRN SODFH LW ZDV TXLFNO\ IROORZHG E
% &ROOLGLQJ 0&&V FIDPBIL RGD LIQDBR\Q W DFFV) XREBM W U D J H

6' )LIXUH WKHQ UHJDLQHG VSHHGQ ® YRES RV IRW HR B\l WBRAME FEQ
$% 6HFRQGOULQJ RI HPEU\RV VLPXO WHNXERXBBWLQG EEWKG
VIQWKBEMSLFRFG L Q P HRE UIDRFD ORLYIRE6RE WR R POEHUH U UHHYGHD\O H G
WKDW ZKLOH LQ WK &\ GHH I8 D H{BL FEIRYMNOEWL.RQV DPRQJ
ODUHFHOOV Rl DQDO\VHG 0&&YV FORVHDD\HRIOMR QA G LRQWVHRY
J)LIXW&H+ DQG PRYQHFRQWUDVW RQO\ RI WKHVH 0&&V VWLO
MXQFWLRQV ZKHQDWHEBOMRQFYRRWQLJIQDO ZDV URWDMWMHRGER f
SURYLGH D FRQWIKRH/ H) IRIE\UHHU ¥YDWLRQV FRQILUPHG IWIQRW \K R
IRRXVOIDUHU MXQFWLRQV DUH OLNHO\ LPSRUWDQW IRU WKH H
7KHFWLQ F\WRVNHG/RW R Q DEESRHMELP X WX DO UH 3 XYORE R QOD @G
IRU REDMHIU MXQESWRRYM QW HBWIMKQVLHQW FRQWDFWV ZLW
/LIHS FWHRX HIB OD P HOLONYS B)GRBKDWHY UH VX EVH TIXHQIM G\ UHWU
6 $DQG PRYDE/BIHSFWILEK FISORWEBKNWIDBQFD OO\ B\ WSS H G
WKH\ FEZROXNQ YRR QJ RDOWHHW AHR®®MDQG PRYISN D ILUVW VW
WRZDUGV GLVVHFWLQJ WKH UROH RI WKH DFWLQ F\WRVNHO
ZHGRDUDFWKNURBBRORJLFDO L QPHLLEL\SRWK ZRI\W RH DVARLQ SF
&. DQ LQKLE DWRWIRQ FMKK IV RQSE GHIVULFN HWQBD 60, )+

LQKLE LW RRWRRMNGHWIRR LDPASQ.]YL HW D)6+ IPWXERXSOHG ZLW
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=2 ,) R(PEU\RV WUHDPWRG ZUWRP VWDQ®[H G/ W JIWHK RIZV K D W
PRVOR&WBSURSHUO\ HPHUJHID\HW W & HF IR BMKAKUEE | DEXIW H
LUUHJXODUO\ GLVWULEXWHG [RIG FOIQRVDXIH® ,G £ USHRFQW [E\RW) MDD\
ZLWK WKLV REIHUGIDRMWERQIRFDO YLGRRDWKEUIRSFR/SYBG
P5)3LQMHFBHG WM UHDWH® HLAMMKO MG W KD W D0 &8\ EBHL DINGEHIL\UH C
PHDQ LQVWDQW VSHEXW )DRIRKHL® FUHDVH RI WKHLDYRXW XD O
WLPH RI FREOQWDFW PLQLIXUH WKXV IRPPOQJFOXNX&H UV
DQG PRYDMUWKHUPRUH WKH FRUUHODWLRQ EHWZHGIRVRRO:C
JLIXUH 6RZHYHQ &. WUHBREHGBRY 0&&V G/ WU 8 CH BIRIGAMDLID RXOW H
OD\HU MXQFWLRIQV DQDDE@RM)EIXUH &RQVLVWHQW ZLWK GHEFI
LQVWDQW VSHHG WKH WRWDO GLVWBKRHEHUFR RMWWDHG GE\V S/QD
UHGXFHG FRPSDUHG WR FR®QW U0 DISBSBUNRYW) L DFWH BVH LQ V
VSLN\ |LGORSIRGY DRWHEWRDGNU ODEPNBORGRGHD ,fDQG PRYLH
6 UHPLQLVFHQW EHENPW EHG PRULDSE ILBXRPQBYW HW DO
ZDV DOVR REVHUYHG

,Q FRQWUDYMREWRHZXB® |R OO RALQDVERRADW RY WIRHPD WM B J H
ZLWWKKRUPLQKLBOWRWWPO 0&&WZHWHJRSHUO\ GLVSHUVHG DQG
YHUW L PMKH IBXHPSLUFTHR FH DAV G/MVDMHIK YH D Q)& IXE K L Q
DJUHHPIHVQKY S X EO LA/KKG G EMINED 2XUHVWKWMYWBRE LPSRUWDQF
DEWLQ F\W®\WN\HQH W RIMG P R YLHP 1 QBRDWIVOBDOEQ FRYSRVVLEOH
X Q FWG RBIOFOW R P\ DFHRMEPIGIRK LQJ UHTGLYISE DRMROBLE EXQGOL

LOQYROYHG LQ WKH DSLFDO HPHUJHQFH RI 0&&V

7KH 5HFHSWRU 7\URWYOQH[ SUGIVWH G LQ 0&8\Q RWNDNMLU FOIG BV
1H[W ZH VHDLFRGOIGFXROW U MHKAKD FRUEUEBRQY J D QIL&A/& G DWW H U Q

HPHUJHQFH :H UHDVRQHG WKDW B R W®ZRYRSRWWDOHBUW HF UU M % ® © W/ IL
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PXVW LQYROYH FHOO VXUIDFH PROHFKHHKFH W R UD W\W R QMQH
57. LWZKLFEEHHQ LGHQWDQ\HRUIDSWDRQDO WG QR \D R W
0 X OW IDFFLLABLOD O D HYSVG HUFPLWW DO D HW DO 6WXEEY HW
DGGLWLRQ LWV WUDQVFULSWNHRDYW UTHHCG (GIHBWRH-BEREENG LEQ V
%ULJIIV HW DO

KWWSV NOHLQWRROV KPV KDUYDUG HGX WRBR ONMKFEQUDUHMLVY']

SDWKZD\ GHSH®®MQMWNVRQOLIDQG 6F PP MRIRIQ L MFBIRWW &H O O
*URZWK )DFWRU RUVEBWERDQ)MWARVRBQWURO DFWLQ FWVRVNH
K\SRWKH VL PG KWEBDVRY RORGWUROOLQJ WKH FHOOXWRH EHK
UHJXODU SBQR@KBEY: RROFFR X Q@ W\EXLGLMWHELRE@SD$S SUREH
UHFRJ QN DGV FER R WVD QRE B/K R P H R G R WMHH W/ BV WLIRIDVENHUHG FH
WKH @HRXQUDO HFW R GHRFP H/DAVUDOU WILDDDBWHD QEE U V LW WU RO W H U
GHYHORSPHQWDO \JWIXEHH ) \6WPYH FWLRQHG HP BUKRW WHKWHD
GHYHORSLQJINBSU D@ ZRILKSAMOX VERIADU HZVAMBKH 08&& PIRJMHUV
DQ®WXEXQAUFUH &RQYHUW[ISOHVWEKREAXJIJKRXW WKH QGHYBIORS
HFWR & BEHPHIQ S RIRMAD QG P RMK OBEBEMHERAW FA *ROGPDQ HW DO
ODUWLQ DQG +DJUOR®®B 573&5 RQ WRIMWDORP DQLPDO FDSV FI
WKH H[SUN¥VIUR® RWDJH WR G HEMME WMDIDGHS)YBR UHYHDOHC
W K\DRA W U D Q \ZFHUUSS\W Y D O ID@WD O L WXKGV HIQ MK\ U ZLWK PXFK O
H[SUHWY MRQQHU )ODXB®T ,Q SDUWEIF{ODHVV IUPQHOVGHWHFW!
RQO\ DW YHULQD R \OUSRBGN XU $FRUGLYILQFEB O WWRMMY FUL S
UHYHHW®&DW WQRSQRQBXVYDO HFWRGHWHIKILSKHYWLRQYODRBEOHW
H[FOXGHG IURP 0&&VLIIV HW DO

KWWSV NOHLQWERRGX WRR & D UG 2 WMDHH & V®® "W U H H
,OPDQ\ WHVSEID® REBW K HG VDD WIDHPHE P REX@EWX\OHJ QDWLYH VSOL

HIRQGXULQJ P51% PEPOIVX WIHWRR &/ HDUR QD RNRFHOIDH/IHVDWMA D UHV XO W

- 11 -


https://kleintools.hms.harvard.edu/tools/currentDatasetsList_xenopus_v2.html

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

WKHRQFRQWDLQLQJ DWRNRHE WR UHOHDVH D VROXEDMLBHEW
LVRIRDRQO\ EH FOHDYHG D VDWW KK LW VER@HIWK X B VKW DI HD B JBi L
FHOO PHPEVRBHDWH® BBRQEBROHW DO )ODQDJDQ HW DC
5RQQVWUDQBWKROXEOH D QG PHPEWHD® H \FRD RIBEPO/BRMA. Y DWH W
.LWHFHSWRU DOEHLW ZDQBLRQ RHMKRFPRRPOIMWWDBVHW DO
/HQQDUWVVRQ DQG 5RQQVWUDQG (JOLL\Q J Bl DHMWDEDO ',
(JOLQJHU HW5DIR5 ZLWK VHOIFR-PBEDVVLQJ HPRD W VRKRA\ WKH H
FRQWDLQLQJEVIRM RBHPWRIFWH G ; HQ RGHHNWMR @BL)@IE. +RZHYHU
WK VLBRGNG [RQ 6RIQDQEEI6 KDWHHU\ ORZ VLPLODULW\ WR PDI
DQGR \WWRGLVSOD\ REYLRXV 5RRWH®DOXW LEOBRIINGD NRDA) H7AR
DGGUHVV WKH VXEFHOPQIR®RV ZRFD-OQANDOMIRG BIFRQVWUXF\
WHUPLQDWD@)BG YHBVLRQXREH® QB[SWHGW ;HQ R HPEU\RQLF
HFWRDERBMRREHWKRI) M DJIJHG YHUVLRQ RI WKH W LKW WKXQF
HW DO 6FI*)3 FKHBSBRWBYQSULPDULOW &H VOHDFR-EUE® 6 eSRUD Q H
RXWHU HFWRGINYVRDEDDFBEOWRXUH ' +REZHYHYWHUQ EORWWL
O\WWDWHV)BLGMHFWHG ZQWRKDDOFD ®WWLERG\WKHYBDBBEQFH
SHSWRPSDWLEOH ZZMM&KER® DY VR HW K & B OZDMEHIY BWAKOS U R W
JLYUH H WKXV DVVXPHHWEDDQBERRUKHG DQG VRRIXEMEHI RUPV

SUHVHQW LQ WHKERGEHFWHRRISUP J

3HUWXUEDWLRQWRIQDIOHGLVUXSW 0&& SDWWHUQLQJ
$VDILUVWWREZBSGY DGGUHVVLQJ WKWMLSRVYODEQH L@ O &R I
HVWDEOLVKPHQW ZH W RRW URMNLD@WP UR DFRWRALFADMORU DL
+XRZH HW DO6SLQ@LYN FRQIRFDO Y LRSIBR XFHLFH KRFMRIEG
P5)3LQMHFWHGNVHABMWR0 D[LWLQLE |URKRANEDAE VU HWDLQHG

WKHLU PRWLOLW\ )LJXUHKNVEWRQER W GHLFUSHIEDA @& IBXIMR Q G
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PRYLHZLWK D WLPH RI FRQWPEGDYHUBIH)LIJXWH 7KH UREXVW
FRUUHODWLRQ EHWZHHQ PXWX®HBRDYW® FON UHFGV YRPQ LADVL R
DQG VRPH FROOLGLQJ 0&&Y FRQWLQXHG PRYP@JY D/ 6SDLQ 8
PRYLH 6+RZHYHU QRKWXGDWWXH GLVWDQFH FRYHUHG E\ 0¢
GLVSODFHPHQW JHMXHHI6HFWHGLQ FRQWUDVW WR ZKDW ZD
WUHDWPHQW +)LJXDHLWUGIDENHG HPE U\RV DIM®O\R NHRDAW H U
MXQFWLRQRI DQDO\VH)& JX&BW $ QDWXE6+ =2 ,) WLPH FRXUVH
D[LWWQIHD WH G RIQ EW\RWG VEKDW 0O&VHO\ DE O 6 MBROA @ B/HHW\ED ¢
SURSHUDXUH *, $V DQ DOWHUQDWLYH LREHRAKLRZG MY RHHKEBM\S D L U
GRPL@MMHIWWLYBDFRNLMI. VBRPDLQ Rl WKHROGEBEHOWHRW DO
&RQVLVWEDMMYR FDXVHGIXSHWHREGVE8DPEBOWKRXJK DSLFDO H
DQG FLOLRUUMPHVHY\ZSULHXEWQHGPRYRBOOHZ LWH | L FOL&HRQW
RIWHQ VWLOO LQ GLUHFW FRAHVRKX\Y GV R WIDSBHISG ¥ IL\Y K HY WHKE
VWD JHLIX&H

7RIXUWKRIQUP WKH LQYRQ@WHP & QWS RWHWHAIE O L ¥ KPH\DLW Q H G
PRUSKRP®IGQARLHG DQWLVHQVE2RORIE QRF & HRKNHNWAMMYESW D W L R
P51$V OR7*NLUWQG SZ*NLBWRU WKHLU VSE[LFQQIW BRM@MW KWH R Q
02VSOMEWQG WBONBW)LIXEH 6 % $IWHWG FIQRIXE KR 6

02V ZHUH LQMHF\WRGRL. Y MOKWHUW @ RE 6B © O RIFPHEWN R VRDY FRENW |
02 $7*NUW  QJ EODVWRP HLZS ON B QJ EODVWELPHOBU WR
D [L WWQ HD Q@IS LY M HFRAEHUGRW X E6 + DQG s)PWWDJH  WKRDRWG
02 LQM HFMENGH UHJRSHUO\ L Q WIHURHIXDW H G\ EKIMW W U VEPXOVOHDG D
FOXVWHNMH &RLQMHFWLIRYZRWK DQ PRGEQJ] IRNQLKGIO QG
FDUUHQWQOHQW RXWEMHEEGQVSHUVKRY FRYKDW WKLY SKHQR!
EH VSHFLILFDOO.\L \l QY DWUN EXIWHCR @ RT $V VSOIDRA®IWUDQVODY

EORFNLON\LHDG KH VDPH) UG OOWNY DOXOEVHTXHQW H[SHULPFE
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SHUIRUPHG ZLWRKQ MWK X VOLDNQRIEMN FRQIRFDO Y LG HIRERLRWRV
LOQMHFWBW XZLWHS FW *)3 QQIQEO DV WIRR MUHY HIVEBD® 0Q&&WDLQHG
PRWLOH )LJXUBHONVR EXWDUDWH |URPHUDFHK WWHKH BRI FRQW
PLQLJXUG4E ,Q DGGLWIHRK FRESUVRPLVHG LQ WKHLU I
RXVWHDUHU LQWHUFHOOXORU M XOQQFDIE\E\E GRIDA/RD FW)LR ® Y H
%&IDQG PR YLHPDUNBBE\LQM HIF&NIES SHBWRPLW PRUH OLERSRC
WKDQ OD PGIONH. ¥RGIOP WD B WWRJ BDWR X OMP QG PRYLH
$V.LWKXQFWWRQHO\ WRWDHIWHRY ZLWK LWNI ERJWRWEG DURB BB
DGGUHVV WEKFNBDRAR®REZOR & SDWWHUQ 02V ZHUH GHVRDQHG
RI ER\NKDQWGFAP51$V O0R7*VFHI6 *ROGPDQ HWRIOWKHRQWURQ
VSOLFMQUHFRP51$ 02 VSOVFH )LIX®H 6 % $IWHU YD QLIXBMALR Q
6' QJEMVWRPHUB7RVER6ZDVQM HFBSH G HUPDFX UV RWHBODVWRP
FHOO PWRHEMHDQG =2)DW VWWKRZGHGIHFWY LQ 0&8LGKWBHHUVLRQ
ZKLQBVHUWOMRRY WKH RXMSHHIDQUHIIGBY PPL X BH ,QMHFEWLRQ F
QJ EODVWRPHUIGNRHOHG WR WKH VDPH $KNGRM)\LSIHKEDN 02
6 )T DQWKLY ODWWHU 02 ZDV XVHG IR WbSLQOQAXEY HR & HRPD GH [X
PLFURVFRIPERVRV L QM HDRMKHEGI HZLAWWK: ) 3/ IDQ O/ KR Z H G 0 W&/D W
UHPDLQHG PRWLOH G)MX@BVB\GRMEXOF HG ICHSIDMLPG®! R1 FRQV
6' PLQ)LIJXYH)DQG PRYLH
5HP D UN DEH)FIZ ZD Y. Q M HZALWWHKGPBWAF B OV WLEDIFHJ RUERY Bi L D I&\&.R/
DW VWSUHIHUHQWLDODW DVFKNFBREMEBIOGORAEH Q  )LIXUH
* | Q FRQWUDVW ZBHRVH ORWQWKH ERUGHUV RI FRQWWHRO |
6 + $QDO\WLYWIVKRIZVKDW DBIGVLQLWLDOO\ GLVWULEXWHG KR
02 LQMHF VWG OMPEFRONG  V X J J W YRARELMHIU WHK® W H U P IZOIVOGX HV W B |
PLJUDWLRODRKWVUHGHRQV GHYRDGA RQJ WKH KRXUV VHSDUDW

6SLQQGAINNLGHR PLFRIRVABBUDGGOERXFERQ VRRIZEOQ G HMBNW
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RIWH @ FE-H SOBMIHEK Q V DHEL MVDEBE. YRRQ DV WHKED QARG H L
R X VOHDW A Q@W H U H DWR.DM Q \DI&VE YV R SEVRIR Y H D NERY VQMHFWHG
UHJLRIQVKRXW IRO ORXMRQ FRARMREY RI DQDO\VHHG0&&YV
MXQFWLR®WH ,DQG PRYIBWULNIQYVYOWLPRODWLRQV OB HDOH
DFFXPXOFWRRDR@MIMRXBRQEH UHFDSLWEQ D\ H® & PEKQ XD O UH
D QB! | L QN RVA DRIXGADHDUM X Q F W BEDEEW HQW | U R R URUCRRX@BERHUGNE & V X H

JLIXUBQG PRYLH7KIMXJIJIHVWKPWKOWEHFRBRYH\WIRWK D UHSXC

DQ DGKHVLYH VLJQDO

7KIBFILWLIJQDOOLGURPRWHIF ERWK DGKHVLYH DQG UHSXOVLY
2X U G/DAW DH VW 6 KLDS\D W KOS SRUWY ERWK PXWXDO M ELQHEXO
IRU RGDAHW M XZDFW VRAV'SWLQJ PHFKDQLVWLF H[SODQDWLRC
GHVFULEHG LQ RWKHU PRGHO V\VWHMQFW¥RHH®GR ORERH R Q&
FRQWURO D GLVRPBIFWPD@ FWLRQ -RUGDQ DQG -DFNVR
5RQQVWUDQG OL\D]DZD BR@HYOHU HW DO (JOLQJIHLE RIGH O
$V D ILU\RWWAMKMS W\SRM KHFWR/SLF DO O\6 Fi 53U A KH/BIID W K H
0&&V E\ PHDQAWRSHEWRKCHEWPIUODU @RV HRKWHOOV )LIJXUH ' 0&&
D IUDFWLR)3 RLSGEDO DW WKH SODVPD PHPEUDQH )LIXUH $
GR QRW QRUPDOO\PB[SDFHV W &FI BWQGPHY UHTXLUHG IRU LWV
WXE6+ DW VW R REW KD IWFIH VRNGIRIQQ M HFRVEN & UHR® U R % 6 5) 3
H[SUHWQYER@ILIXSH %7 KLV VXJJIHVVOWH YWD WFK S O BEYHRQYHV D
VLW XDKHWR) DGKHVLRQ GRESOOWMYILGHRXPVARRDWHREILUP HG
W KEFW)3 H[SUHVVLQR BREEORVHO\ SDFNHG JURXSV WKDW GLG Q
RI PRUKDQLEXWDQG PRYIZKXEFI FDQ DFW D® KM \BIRVHHBXH WR

.LWM[SUHVVLQJ 0&&V
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7R DGGUHVV WKH IXQFWLRQ Rl VROXEOH 6F|EZ8 GHIH VB X3
DQG FDUU\LQJ D )/$* WDJ IROORZHG E\ D VWRS FRGRQ LPPHC
H[RQ WKXV FR&DQJHG) HUVLRQ RS RMWKML R QNVRIID WH 6 OSUDRVWH L
(&' )/$* HLIXUH ' :HVWHUQ EORWWLAW LFIRGK PRQDIQUWPIHG W
RI WKH SURWHLQ LQ WKH FRQFHQWUDWH® AMXBHEFODSDQW R
P51$ DORQH RU WRSAWKHB JZUWKHI2( :KLOH WKLV FRQVWU
LQ FHOO VWDJH HPEU\RV VOLJKWO\ LPSDLUHG 0&& GLVSHU
FOXVWHBPRUSKDQWYV -)LYXUBHHYWLQJ WKDW VROXEOH 6FI FD
GLVSHUVLRQ
)IQ D O B\ WZH VW H GV B K HSAUKINV/UH . Q RHH RHBMKRIY X I ILFLHQW WR KHOS
QRO &LQWHUFDODW L\ K AP DIOBRNU H L QM MAKWBIG P51$ FRGOQJ |
OHQJIWKDQG VXEMHFWHG WRJDGEO ZWWKKB $ & RIRKK\W I HP\DHJ\N HOLX
,Q FRQWURO HPEU\R\HGORPRIHADBHY SLWSHDHG FZIHG HY RIWLH
IRXQ®GIDFHQW) ISRWIMILRQVFRNBWH VWMHFWLRQ HQGRZHG LF
WKHSDFLW\ WR GLVSHUVH DQG DGRSW D)PRWH2UHX{LYDUDY DY
VHWHSIHULP HQ VWKDYFYHRINYI QDO OLQJ VIVWHP LV VXIILFLHQW
UHSXOVLYH IXQFWLRQV ERWK QHFHVVDU\ WR HV\WQBOWXD VI
WKHVH IXQFWLRQV DUH OLNHO\ W RV G SPHPEQRORRAHS® DO R

IRUP RI 6FI UHVSHFWLYHO\

',6&866,21

Xenopus0& & SDWWHHQLBRBY RQ FHOO PRYHPHQWYV

SOWKRKQR DRV KDYH EHHQ WKH REMHFW RI SDWWQWLIDNHY L @ ¥
VWXGLHRFKKIVHIG ROHWKHIWWKWILGR WKH LQQHU HRBQ GRHKUFRPKIDAD DM H
RI WKHLU UDGLDO L Q WGL\HUO DR\HGHIMER B QM WROW M MRIAV KNHQ R Z C

PHFKDQLVPV WKDW®WLVRQWBRW §REEFBQMHNHSQR §F MAKHEANV WKH 0&
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VEDWW H U HJGH VSOONMWYR WBRS LDWHG O DWHQ DWK HQKQ B EMBLKRD \ H U
FRQ VW UDVQRWU RDFDOMHDIRHU Y HWEBOF@SUH HW FDAH Y WU DWW H U
VXJIJHWKIB® WKH RXWHU OD\XS WEQF B FB RORRBEHRILR W F K
LQKLELAMMRIQ QR YLRODWR AW LR X MWAKEHUB@&UH HW DO 6 W\
7KLYGLRMIXDAMVLQ QRUPDO FRQGLWLRQ YHUWLFHV DUH L
W KOV SDFLQJ UWF\RON GALIQHN IS 6 \BWRHW QL R K W L R ® UR GLBUMHD W K FH \
ILUVX\Q WRREXVBR VKRZ WKDW 0&&YV DFWLYHO\ PW KB VZ LRARBALIQO YW
QHFHVVDU\ FRXGILWLRQ D QVDWIGERF WRLIFEXOWLRQ FKDUDFWHU
IOWIHE FRQWDFWVY \VERW/QHRQG&EWEMHHVHQW DV LVRODWHC
ORFDOLVHGRIEG HQBH HR/D D\@ HRXWSHUW XDWLRQV RI 6/HYWUH D
SDWKZD\ SHUVEKUBXQIRIQMMIMEFLQJ BHHWWHDHNQORVW GHVSLWE
LQWHUF DIOXOWN LIRI)Q VDIHO\ FRQFOXGH WKDW 0&& SDWWHUQ H
RI UDGLDOLR QW M LNGLLFORDVB WILRMHE G FRQGLWLWR WH UHQ@ ®LDHE W U
SRS XODWQWR PEWLO® H HHRZO M SYLFUKVHICPLROWIE I G VUV S H OR WK FKJ
WKXV PLQWRHLYIPXWXDO FRQWDEWYV W K\HA L PR WOHDE B L P L
MXQFWRRDY WR WHLEAGIHRKIDW WKH KLJKHVW ORFRO RV L\
OLYH 0&&V LQ GHYHORSLQJYHFEKDR\HD @& R AHDE\E R E R B D YW R R
DEWLQ F\WRW NBGTRQ EREPD WXGJEM. Q WKH L QHYMUKX®® ROD UL]HC
EDVRODRMWBILEO SURW UXVLERQNKH\WKR YH DQG H[SORUH WKH VX
' KHQHYHV XWRR. Y FRPH LQMRR \B/DEMFDE WK 5 U RMUURO R LQ |
FROQWDFWHWUDFWHG ZKLD® &M KHWUHWQDIW HHGHB Q RARBGRAW F H
LQ WKFH®RY LDZD\ I[URP HDAKKHRWHKHDWXUHY DUH W\SLFDO RI
PHOGLBG E\ FRQWDFW LQKLELWLRQ RI ORFRPRWLRQ ZKLFK
FHOOXODAWWLRPHQJIDQG O0PRRERPLWHORDWIKEND OVR HPLW DSLF
SRODUL]MHGFBFSWRWRZMPEFW LRQV EGIDAENHBOHROWH UV SLWH

ERWK EDVRID@W BSYSG DY PW HGEGR WX VR R - KEDJMWKW. Q HDHK 0&&
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FOHDU WHPSRUDO VKLYWREMWUZWH® WKHUNWRPH WKH EDVR(
GHFUHDVHV ZKL®HUWKWHIES RROFOODLQY LQVHB WHRREMKUMQG
& DQG PRYKHWKLARUUHOD VEH\R ALNIKRFADYRHD VB & PRWLOLW\ ZLW
LQQHU ADXHW V& UHVXOW E\ HDUO\ WDLOEXG VWDJH DOO 0
DW UHJXODU LQWHUYDOV WRJEKKZKKFW KWK H Q ERDRD M\QAD WXL
ZLGH UHJXODU SDWWHUQ LWR HEHEUNWH LIENDRWLRQ LOEEW. DOH H[S
DVIQFKURQRXV PRYHPHQWY DQG7EB®N MRIRYDWH G EROMLE QWWTE
RXU GDWD )LUVW LQVWDRGWHGSHH & HMDHD WXWDWP B Q&8W GR PRY
WKHLU PRWLOLW\ LV KLJKHVW )LJXUH % 6HFRQG WKH G

ZLWKLQRDG UDQJH(,)EJXUH 6

FHARUJDQIMGHUDWLRQ RI D UHJXODU FHOOKXR® W GG VKW AUQJE\
2XU GDWW KWW E LIQQ@WKH O D GHIY RO MK\ G HUPRIYW X UH 0&&V
PRYHQ PDUWUDQGRP IDMKURQHH GLVSO FRNNIEDPR REHI DD
UHSXOVLRQ DQG DOIDHQW HIRAH ROXX\OBDQG MXIQFW LRW&MVH PRY
UHTXLUHG IRU WKH HVWDBQUSKRNA®E GR&SD\SBRINEDBDW KH P I
VLPXODWLRQ DOORZHG XV WR XQFRXSOH PXWXDO UHSXOVLR
XQDEOHVWRH[GBRULPHQWDOO\ 7KXV WKH FRQWULEXWLRQ RI
SURFHVV PD\ DSSHDU PRUH GLIILFXOW WU H@YALNDS H HWKHDDAGQL
DIILQLW\ OMRHRXWKQFWLRQV LV UHITKSEXEGLR®A EVRODQ AMRPXWH
LQWHUFDODWLRQ LQWR D SDUWLDOO\ UHJXODU PDWUL[ RI
FDXVHG E\ HPEU\R H[WHQVLRQ RGN BRMNMFIQOWY JEILRE BMKE DWOLDW
DQ$RVVQEOJ K ERNQH H

2XU ZBURPB@WNORJLHV ZLWK RGAHKYHHORORMW@WBBVSRWWHUQYV
V H VW R F KDRAPHLG WR | FSHRGSX O DIKIHRQRP H RIDWDHSHQGHQW KRPR

UHSXQWQLRARPKWXDOO\ FRO¥OMFR\AQDZ SUGNRRUFDMQRFEIEWLRQ R
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PRYHPHQ@HWIOH UHJXODU GLVSHW]EXWLREG BULHMREMRKYKQR HW D
DQG 5HWLQDO +RULFRQHYOV D5 HWFIBE®D @D PPBIOMHQMQ FHOO
JHEUDIDWGHULFK HBVQICDHPRF\WRY RRKRLOIDV HW D/KHDFH R
'HQR®X®¥E SDWWH U @HYH Y WRINESHAL | LBERWWHY W RE MO BIHD G\
SUHVHQW WKURXJKRXW PRVW RW WWHH &/RWOHIOR RU QW WK IBE MU
WKWWHLU VFDWWHULQJ UHOLHVUQIP RYRE HOEQX V LYH®G RPQ P\
ZLWKRXW QHHG IRU I FRHF BRIMD QWRORPIWKHIBDALRQRU &5
&RQVLVWKEAWMUH X TSRO MWIARKHIBILQHBGLQJ SURFHY VX @A UNH
'DQLSRPHQW FHDWWLDQH BRWWWGFWKH BQWWWWHP GRHV QI
DGMXVW WR YDULDWLRQV LQQDBRQR &XMRASB\WH.DNDMOKPEKHLLOD
KDHPRF\WHV ZKLFK FRQWLQXH PRYLQJ DQG U HHSHMO DOW HU
UHJXODU GLV WU IDEXWIGREENG F RIPHHEGD QFKRULQJ DQA QWWHU |
RXVOHDWHU Y HQWHBHWRLRXO\ NQRZOHGJH WKH RRDVHPWKHU
RUGHISOWKHOLDO LQWHUFDODWLR @ IRASD HSR BROQ W RAEE @I VL G
WKH GHYHORSPHQW RI WKH SHULSKHUDO QHUY R XHQMMWR P
*XWLHUUH] HW DO . D DYWHKQHE B 6 & HHWAO TCLADIUAHFE R DQ V P V
2YHUD GZRURXUHYHDOV D QHREUUGCWIDQABEHRY HORSPHQWDO SO
HPHUJLQJ |UR R HUISKV/DR FRVMDKWRUDBUH S X OV LW\MD B QIOQ WU FH O O X
L QW H U D PWIKRIQWW KIOPL RKWV O\ FRQWUROOHG *51V DQG FODVV
7KLV LV SUREDEO\ WK3DBRVRR QQ RAXYP DW WR@AHG L WWRUR B YW P RY
SRSXODKR\RH | XQFW LW RDWH I WIW BV HD FRIY BERES O M IWRIW® \EBX W
UHQGGDQXX@\ LGHQWLILFDWLRQ Rl D PROHBXGRQUWIRWIOZID
GLVSHUQGRGHQGHQWO\ Rl FHOO QXPEE P\DRIB G\ LS RY/WH 8 /i D

HISORUH WRKH. BXOVRRODXHAKIMMWHUQ DQG WKH SRVVLEOH RXWF

,PSOHPHQRXBNOIUKRIEZ & SDWWHU QY IKRHIEEDWKZD\
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7KH PROHFXODU PHFKDQLVPV FRQWHRODWOES KSOPRWH SIOR QU
FOHDBBQWLILHG LQ NKH FDKWH B ROMSKHILLY PRQWQURY WKH GLV
RI &5 QHXURQV LQ WKH PLOORRDUYILIMER FRWUWBWRFDGKWHKHQV L
LPPXQRJOWESHOLIQ PLO\ SURWHLQV 'VFDPWKKDKRPRMARDEQRR
SKHQRPHQD XQGHUO\LBHOED®PQIUMN BW D@ WHYHV GIW DO

ZKLOHVWKWNVRHUHEUDILVK SLIPHQW FH®OY DISIKMDURI VER OWDH

PROHFXOHV DPRQ@MMNMKDB& WDVVLXP, FKRQ GHHO DO ,ZDVK

2XU GDWD WHKRIZ) QKM H UH G QBN HWKD FW LR Q EIHNDAH H'QY WF® HI B .
LV UHTXLUHG W/IRH HYRMIXEMIBX\S BW WHHORGIRE Y $OWKRXJIK W
QRWRUSBHVRWURSLF VLIQDOOLQJ SDWKZD\ KDV EHHQ LQYRC
FHOO PR YHPOHQ VA RQYIDRQ JXLGDQFH DQG F\WRVNHOHWDO U}
WLPHLWRONMWEHHQ VKRZM WRR SODR VAUNVRADGMKHHIXODU GLVSH!L
ODUJH FHOO SRSXODNAESSHBWP DUR DEMW\D GLUHFW WKUHD QVF
PXOWLFLOLRJHQHYV IO ®\W \OMHEDER HWUROOHU 0D HW DO

DO 6XFK LQWHJUDWLRQ WKURXJEVHD GRW P RE@LAD HIRKURDQ R
EHKDYLRXU PD\ H[SODLQ KRZ WKRXYVDRUGWG@EW R @FKYHYX¥XDD 3§
FR O O S BW/LW HHU Q

2XUHVROW\DOVR WHPDKRDEODHWKDW WKH DFWLYLW\ RI D VLQ
UHVX\WMHIR) RSERWLWHAFRRH]DVOWLQJ ELRORJLFDO RMVBXKRONHR @
DQOBIILQLW)\ I®RD\HRX WIEKEIDPMKLRRYQAK W K HR\PHH Q\DZ R LS KMQ VHHP GLI
UHFRQVFKMKMWLIQDOOLRDWDOWHD G\ EHHQ VKRZQ WR SURPRW
FHOO EHKDYLRXUV VXRIR LMGRHYURY L RED CPHDMEGERELGEIDQND Q G
-DFNVRQ +DHKQHOH DQG : HVWPRQRSRLHWLF 6 WHIRLE MDD W W
DO 7DMLPD HQEBUL®RUGLDO *HUP* & HOOB O 3*%\HW DO

5XQ\DQ HW BRAXUUHQWIORS WHKBW RVW ZLGHBODRF-WESSRJWHG |
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LQ YHYR/ DYQGQ YGWWR WKEHAVPE UPRXQ QG WRKONEORY RIFWKH 6
OLIJDQG FDQ ERWK ELQG LWURH FDHEW BE W E X BW L Wi RVHGH. UIHHIR R @I
WULJJHULQJSGREWE QF VD § WIIUIRAQA VWL FS BIW K Z DWML QIFEGI® IOV LDQUF
UHVSRQVHNOHYDQFH WRRO RRIHZ FEHERY @ MMORG WR WUDQVLHQW
WKHWQWULQVLF DQOFOMLYRAMBWERQ RI FHROWGPRWRLQGEWDFNVRC
7DERQBLQJHU HW DO (JOLQJIHERMWH ®PQYHUVHO\ERX®E&URQH
LPPRELCAIOHDBGH WR | RRRLWHEIQH BRI YLHWR P SIDBW WKH FHOO VX
LQGHSHQGHWEWFWRNLFRQOILQJHU HW DO (JOLQJIJHLE R@HDWD
GDWD VKWREHWK D VQ GPIA B & UDH) ALADHDRISOSY. G H PR J H WWKLDQN
WKH GLFKRWRP\ EHWYZWRIBL BWPES BRIBISHRGHEOM VLIQDOV DO\
EDODQFH EHWZHHQ DGKHYVLIRQY FQEEHEIWOW, MR QVUIHID XL WHRG S L
WKDW WKH EDVRODWHUDO O FERD0 REKMVALR QF RO WU B \WIHKEH € DY |
WKH LQWHUDWMURYVRIQJ 0&&YV ZLWK LQWHUFHOOXODU MXQ
YHUWLEFHV ZK HRIHWRHEGHMIPS HW W HIGL WKRA MY YIVHZ XSSRUWHG
RXU REVMWKDMARLDWHG GHSROMWIORMHBHG 0&& PLRNWWURQ
OD\HU MXQF WRRIPAWDVQML.E WUHDWPHQW GLG QRW FDXVH WKH
DEWLYLW\ LV GLVSHQVDEOH IRU FIRQEVR X WS)QENGE HADKME BNWH. (G
7DERQOLQJIJHU HW2XW HFWRSLF H[DUHAMMLIRDO D \GHP\R QV W U D W
OHQJWK 6FI FDQ DFW DV D SRWH[BW DGO &G QW MBIR UL
UHYHDOHG WKDW WKH SDWWHUQLQJ VIVWHP FDQQRW DIIRUG
GRXEOH ),6+ GDWQV PG \ERRWKFWUIDO\VLY VXJIJHVWLQJ WKD
VEDD HW DO

%\ FRQWUDVW LW HQY DWRRQWR 6 BB BEWRPRWH 0&& PXWXDO |
JLIXUH2QH SRVVLEOH H[SORPQOBENEGHRGP H\WWWHIG Q S URF DEHY D
PRWRJHQLF VLJQDOH [P S A B UEPIREX VRWPH®D® PEXED VD FN VR (

WKXV NHHSLQJ 0&&V FRQVWDQWO\ PRYLQJ DURXQG DQG GL
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YHUWH[ E\ WKH VWURQJO\ DGERXQGHSREHYBO R)QCHPEU D QR
LQVWDQW VSHHG BHS®E WGHES CBHEWHG  DVQWEHDS [ LHPIEQILRY DL C
XQFRYHU VLJQLILFDQW GLIIHUHQFHV ZLWK FRQWURO HPEU\
WKHLU RYHUDOO GLVSODFHPHQW ZHUH QRW WHD®IHGF BI® B/
$OWRJIJHWKHU RXU GDWD VRWHKZIN RKO@WUREW WKIH. LDIF WsX D
SKHQRPHQRQ UDWKHU WKDQ WKH FDSDFLW\ Rl 0&&V WR PRY
2QH H[SODQDWLRW KE®W 6 G DEENW WRK® \B A V& WQ JKROXGIOMLD WH |
WDON ZLWK RWKHU P ROKH 0@’ VV N L WHFVIH@EGD®Y SRQVLEOH |
UHSXOVIRRQ/HHVEBKULYYV DQGRZISKMU WKH UHPDUNDEOH Il
RYUH[SUHV VL RQSRMWEXOIGFLHQW WR LQGXFH WKH G MVKSHW WL R
UHSXOVLYH DOWUYHW\SRE QRIOMN W VRIWD IWKDW QHFHVVDU\ FRIL
UHWWHIGRF 0 & &W LV WKXV OLNHO\ WKDW W KH W/RJ @/IX® OF\QWIR KNV

HITHFWRUV RI FHOO UHSXOVLRQ DQG DWWUDFWLRQ LV D UDW

6FI.LWLJQDOOLQJ DQRARVOREYNIHFOMHMVOD O G\QDPLFV

2XU GDWD IURP SKDUPDFRORJLNXOJ MWLM LAUHR@QW HFFWHE R\ H
SRO\PHULUIHWEKRQHG IRU WKH IRUPDWLRQ RI GERgYWRRBRDUWD\VSH
DVSHAWWEHKD Y )LRXOR IHDPWWHOW ZLIVK LQ RLENWHEDPWERLQJ
IDFWRS 0&&\5UHWHROW | L ORS\RHE HPW H Q V L R Q VP RWK IR LEGRNDXTHED V |
UHSXOVPRESMOWW HUQLQJ G B WHH WHIEGERMILLRIRErEsngly, Arp2/3-
fibroblasts, in which motility only relies on filopodia, also show defectsin mutual repulsion
dependent cell movemer(Suraneni et al., 2012)

2Q WKH RWHKMHWHE®EBQKMH ZDFWKL QL @KIQEBLOWRUVWURQJIO\ GHO
LQWHUFDODWLRQ ZLW K RKNFEDLBHDMKIZD) EDWWHHQLYIWRZQ WR
DFWLYDWQRMW DDQIGQ RXU PRGH®W L\WQMHF WHW®ROQOWY LQ GH

SDUWVU DRI DU &K WKRR %W UHD WREKDIWFQLELQW P DNB R SRIGN_HD
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SURW U X VI RIQGHQ@EH U Q L Q D WGEHH IHEFM\HY VIR KUHD R b WK IRLVEKD 8H U

WUHDW PRI UWBDWKZOKLELWLRQ DOVR LQFUHDVH REKGW®XWDM
+RZHYHU XQOLWBH®WPHQW 6FI .LW SDWKZD\ SHUWXUEDWL
0&& PRWLOLW\ DJDLQ VXJIJHVWLQJ D GLUHFW H:IHHFMQ RIOK WK |
SURSRVH D PRGHO LQ ZK L&EKI MSKHEMRDIIQQ BB R W DRV XWKIHO0 & &V LV
SURPRWLRIDRIHG OBGPHORUSRMAVRY D WORGFER XDFLOLWDWH
IRUP DW WRID GEV/DWRGD W H U D QU I D¥PLHOH®BL SRIG LWDHGLUHFWLQJ 0&&
IURP HDFK RWKHU DIWMHPERXW XBBRRROQE DWWDER OH ] B HWK HV W
DSLEDA@WUNMMIRRDWHG IRU DQFKRULQJ6XEEVDWRR GHK® ZHWWDLF

YDOLGDMWHGR® HARO MG ELRFKHPLFDO DSSURDFKHYV

&RQFOXVLRQV
‘H VKRZ WKOMWULQJ GH YWORLFHOQW F RESIE D) RIEHRWEHAD Q

EH REWED LK FRPELQDWLRQ Rl WZR UHO DMK RORDKERISEON F
UHJXODWHG SDW\WHHQMEEIDRMPWEPWKH VDPH VLIQDOOLQJ V\
DFWLYDWHG ZLWK GLITHUHQW NLDGMKRFYVHE\ NRRIGXE RIFDDQIGQ B
FRQWURO ERWK EZRKIDWVRKHY VIKERYWHD\WQ FRKBRDQIHO\VWHPV L

GHYHORSPHQWDO ELRORJ\

$&.12:/('*0(176

$& ZDV VXSSRUWHG E\ D GRFWRUDO IHOORZAVKHSY |(GRH DVKLF
5HVHDUFK DQG ,QQRYDWLRQ 0(65, &5 ZDV VXSSRUWHG E\
7XULQJ &HQWUH IRU /LYLQJ7ERWV\WHRWMHBWL.7BEDPGLQJ WR WK
UHFHLYHG IXQGLQJ IURP ([FHD®WNGIED Q& LSOO\ UNDH YRAH ®IE[K
S, QYHVWPHQWVHIBURN KB R NMWWULGBHS ED OPHYRHSBKH ZRUN ZDV

DOVRSSRUWHGSIEQJ IURP &DQFpURS{OH 3%$&% 3WRRWEBAPH (P
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JRQGDWLRQ SRXU OD S5HFKHUFKH (4&LFDOH WR /DQWKH
$VFRDWLRQ SRXU OD 5HFKHW~EH FRQWWR OHPRDIQFH ZDV
SHUIRBBH&6)/%, FRUH IDFLOLW\KWXSSRUVKHID B\LRQDO 5HVHDU
WRHYHVWPHQWY HRBURXHDBXIFMRPDILQJ ,$%%B :H DUH
LQGHEWHG WR ( %D]HOOLQUHV - &KULVWLDQ 5 +BUODQG
7DVVDQ IRU WKH JLIW R) SRDMPUHERRUKEWEDIBENZD UP O\ WKDQ
$QQD $GDPLRN ODULH &LERLV DQG 0DUWHPHRQWOLR)DIRE % U
&ODXGLR &ROOLQHW DQG /DXUHQFH 5|GHU IRU LQVLJKWV RQ
.RGMDEDFKLDQ ODERUDWRU\ LQ SDUWLFXODU &DPLOOH %R
DQG WHFKQLFOODV%DSROQBLOYBEHQW % HILQWUD RBRPRIY WY RQ W

PDQXVFULSW

$87+25 &2175,%87,3EFRUGLQJ WR &5HGL7
&RQFHSWXBOLNDWAHRWKRGRORJI\ $& 5& &SRIWZDUH$BP& &5
JRUPDO DQDG\WLE5 $OYHVWLIDWLRQ $& 5&D&IG)BYIRES3

)’ 97 5& /. $3 S5HMRBXNFHVYLVLRQGE&BURBMHFW DGPLQLVWUD\
)XQGLQJ DFTXLVLMLIRIQVEQ I¥3 Q 3G S DIWUBYLHZ DQG HGLWL

$3

"(&/$5%$7,21 2) ,17(5(676

7KH DXWKRUV GHFODUH QR FRPSHWLQJ LQWHUHVWYV

),*85( /(*(1'6
JLIXUHKH RUGHDWO/RHURDWXUH 0&&YV USRIIRODUHVVLYHLEKBPIKOB

GLVWULEXWLRQ
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$ JOXRUHWFIBOWEXULGL]DWLRDV XVHG WRVXBIF®WDIOVLYH LPPDYV
0&&VIJUHHERPELQRBXWRIOXRUHVFHQFH DJDLQVW WHRHUWM LY HO/D
RXVOHDUHU LQWHUFHQOXE® W KK G RW U R B I &G N HHIGIRFSPHDOML Q J C
IRXQG DV LVRONWBSH® FHORBD OLYFIG LQ FR VUG Y RORXNHH
YHUWHHIOH EDPP %VUDSK VKREALSHUWFHQWEERV RRMHYEBY GLUHFW
FRQWDFW ZLWK YDU\LQ@W SRNVEMLYIE BNRQEUBP \WRR &

*UDSK VKREALQXPEHU SRV LRIXWHUHU YHUWLF H VR QWREKEHD DRIRV D

SURMHFIWHBERYOSRVLWLY HKIORNN KR ZWK H S HUF H'Q WMUDHS\K
VKRZL QR UWEKH ADYEFHKO D VHKDGEDH @RP/ V H OW B MV IFRIQ \RWRSEHSWL WIL Y H

FHOOKH RUGHQFUGE®KMIH- QJ GHYHORSWHKEWS URH LOHHVAMRYRI W U D G

FKDRWLF W®WRQGRWVGWH LEXWLRQ

JLIXUB&&YV DUH PRW&IOAHPBQGE OWOHYHIDOV WKDW PXWXDO UHSX(
IRU RXOWHHUU MXQFWLRQV SURFSHDBVIVKHUBRBCGHMRNUD EOLVKPHQW

$ 6SLQ@UQOARQIRFDO YLGHR PLFURVFRDMXBBW XU B @DEAR®L W UD
ZLWKLIOQQ@WHSH GHUPDO OD\HU PRNVILGIO H WDISRHMHIWIRPNY SRLQW W
WKDWGRRGHR) 3L Q M HEEXWBHBUHKMO @WK H%D QG R WIHUMMH ARWUDQGPD
DSSUHFLDWH 0 &&r&ghEhonivgihe instant speed of 55 LifeActGFexpressing

MCCs recorded over a maximum of 8 hours. Dotted {gyiely lines: instant speeds of individual

MCCs. Black line: mean instant speed of the 55 MQie dark grey area represents the standard
error.C: 6 WLLMDPHY RERPHOWX/EIH$FW *) 3 HEHQY LW H @ UM HIGF WU R W U X
DFWIWKBW SURVKHRYRPHWKH EDVRODWHUDO WR WRKIH HDSLKF D
IUDPH RUWKRJRQDO YLHZ PD[LPXP LQWHQVLW\ SURMHFWLRC
D[LV ULJKW)SD®@HPB®V VURROPWYRIY) DQGUHVSHFWLH HODFN
PHVKZRUN VR)SWHMHQW QWHUFHDQ@BH®D B LM X QFHW LRIQN 7XKHG HU O

XSSHUVHRZYV WKH LQLWLDORU D@ &R E ROA R R\PKEREV WHKAT 1YQDO €
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REWDLQHG XQGHUWMRHVBPRBBIWOWH 0&& DIILQOWIHRUMR R WW L
GRPLQDMWERYV OFRPMONYWH WLHRHBWVR BEXWSIHDUYH GWRESHOOAKHUH 0&
PXWXDO UGIBKIOQ/INGXHUWHIXODUO\ GLEWIRVEXONRHF® OEYW DW Y

,Q D PREHBMWXDO UHSXOVLRQ D@ HU I MOAGNERMIRRMWFEIELHA U

ZHGHVSHUVHG DQG SRVLWLRQHG DW YHUWLFHYV

JLIXUHW&&Y GLVSOBHERWIKRXUV RI PXWXDO UHSXOVQBMWQG
MXQFWLRQV
$ ,QLWLDO N@® HV QIRE PIHOW X/E IH$ FWOIBEHOOLQUKDMY HERBQHY
0&&YV FRPH LQWKRAQRRNYBIBWDZD\ IURPEHDE&K&RWHKHIH ILOPHG RI Z
Qf UHG GRW DQG Qf OLJKW EOXH GRW ZHUH WJDFNHG
+LJKHU PDJQLILFDWLRQ RI IUDPHV IURP PRYLH WR EHWWE!
0&&Y Qf UHG DUURZ®HDGN BEQGHQPUURZKHDG ZDV IROORZ
GLUHFWLRQ RI PRYHPHQW % QD EK WKR ZU QJHW B b DVOLVRADD Q WV
UHG OLQH DQG Qf OLJKW EOXH OLQH IURP PRYLH H&T
HYHQWYHFMALYHO\ PDWKHPDWLFDO H[SRQHQWY ODEHO WKH
VHSDUDWLRQ & YHRRMHV BB REWM KR Z DQIW X/E | H$ F\WO P E HHRGH G
PDJHQWD PRMQUUIR®J WKH LQWHUFHOOXODU MERWNLEGO T
ODEHOOHG7KHPBEPXH DQG WK H IWHK® [IIKWR BMKHHD GFLWLDO DQG
ODEHOOHGH && VUH 5 D HMDK 1D [5\R V MKIHR R K VRIIURYHHEU F&RBO D F N
GRWWHG OLGHWSKRYAH WHKGW R1 WK H( PR G\ Bk QWU b RWEHRP GV W D J H
ZLWK '062 ° PO $US LQKLELWRYU ®QGP0 )RUPLQKLELWRU
60,)+ ) DQG DQDO\VHG DWXEWMDDBG #\WR H[DPL SHWWHUQLQJ
JROORZLQJ WUHDVORKEGNVY W H GRIMARY W KH  REXVIH UIHOWHKE X O D U C
GLVWU ) EXWHDGVAPHRW)+ OH® WRUPDO 0&& SDWWH@®GLED CE X\
LQVHDWGRK[SDQVIL®RQ@ FDVHV PPFDOBIDBEBUVKRZLQJ RIKH&E& X UD YV
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PXW XD O VERQFVRI)FMAU ROWWDHED WHG HPEWD\BXH 1Q D VW XNGIVOW W
+ *UDSK VKRZLQJ WKH SUR'S R UNVR R @HB HO& &' QWFKADIVIR QRIORONRZU
LQ FRQWUROV LQ FRQMUROW ZKGIDE IMKH URMRIRMEAS WH O ERK (
DQG LQ &VUHDWHG HPESKRWKREZE RUGHU LQGHW WD HG HPEU
YV FROQWURO *WPBIREMOJ WKH GLVWULEXWLRQ RI WK&&QXPEH

DW VWDJH & Q FRQ®URONUHDWHG HPEU\RYV

JLIXUHSUHVVIVROQDRN FU L S WIMBHEGF R MAILQ DIDICH G HKEreIKR S L Q J
HSLGHUPLYV

$ 'RXEDIB+RQ VHFWLRQHBGWHPELNR VELVDU B MO0 & PDUNHUV
IR[- RWW XE XOHGH YHIVEDMD RQ O\ H[SUHVVH®B 'R®EQYRAY RQ
VHFWLRQHG/ KIRBWKRM UHB[SUHWMY.RRURPLQHQWD LR RXW D) G
YLUWXDOO\ X QGHRVHFRMPEOHH@®D Q% '$3, EOXH KLIJKOLJKWYV
& 6FKHPDWLF G U DRIt)BJ FKIL WIKHBREZ WKH H[WUDFHOOXODU (&
70 DQG LQWUDGRPDXE@HMIRDI&EKW EOWHUPERB DI JUHHQ \
SRVVLEOH SURWHDVH FOHDYDJH VLWH LQ H[RQ OHGJMMKUR
SURWHLQ DQ @ MVHW DPLHQAHEG) BO HD Y R ¥H. H54U R G YORWD\ RKME RO O V
DQ HPEU\R LQMHIFPWVHER BLWEFIRGE WKHHQ BRGE2WKHHG IXVLRCG
SURWH)LDVOXRUBWOHRGEPDLVHG DW6GWRD HP EBEUPRHWKRIRQDO
YLHZWKH LQWHUFHOOXODGDMKEKEWRR Q ¥ KWRXV QWHBIH 3
FKLPIZHMWPD L @RFDWRVW&H EDVRODWHUDO PHPEUD®AFD OLH FEHD®EL
LVPP ( /\VDWH\DQURPO FDSV LQMHBALBG RW KLREHE ZXBURIU 6
VXEMHFWHG WRVLEYWHWGE) DAQRWPMEIREINOH DQG GRSRQLIPW VW
UHVSHFPWR/KHODNX @B Q JMPK36DQG WRN'WKEDQG FRUUHVSRQGL

PHPEUDKW BLURHGX F WROIRLIWS BY®MIBY H[R Q
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JLIXUHQKLE LRV ILIMG W LO/ILVAYR & 8% SDWWHUQLQJ

$ JUDPIHARPRYLH,QP0 D[LWWQIHDWH G/ H P E BWS'RY LOKNH UHHQ
PDJHQWD DDA/GMR LSANRSHUO\ VHS D U PV H DIRIRWP RHEIRPK, R WORH U
$7*NUW LQMHFWHG/IHRAEEWSRY LWL UHHRD JHQWD DIMEHRU LV N
SURSHUO\ VHSDUDW, 6 I V@® PDBK RMER HBOEDIHU FHOO PHPEL
%1$ FORSBHRI WKH ER [k G/ DRIZHIUIKERADIQH G | L CORLNRIG VIV &I X FW X U
AXDQWLILFDWLRQ RI 0&& PXWXDO FR®WDIFWH GSLIPGIH\VED FRQV
LQMHFWHG HPEYD\R¥YH [Q D VW XGIWOMWI MSK VKRZLQJ WKH SUR
0&&YV WKDW |IROCIIREMGMRRQWWURQYV RYHU D SHW.RKD RIHMW D QG
02 LQMHEFWHG HPEUYEY+ JUHHQ DQE ZXMMRIZWKDW FRPSDUH
FRQWURO 'HPE&IRWUHIUHIXODUO\ G [MMWILIERW DN +
LQMHFWHPE WDRVVWDJIHP5)3 P51$ UHG ZDNOEWHGDEM DOO FDVH
VEFDOH EFPU* L\AUDSK VKRBIHMWFWEWDJH RI 0&&Y LQWHUFDODWH
VWDJHV ,DMMUFDODWLRQ ZDV VFRUHG SRV IMXIQFWARBY O
LQKLELWLRQ GHOD\HG EXW GULG*QRSK SUKHRYZE QUEWME W & UFEID O/E
QXPEHU RI FRQWDFWY EHWZHHQ OR[& VWA BANDEEHEL@QGLIQF BRI\
HPEU\RKFSURJUHVVLYH GIWSERWVMRCQ HRI0 8RIW U X.SWBHHGL EIOH Q W
FRQGLWARIBK VKRZLR®UGHU LQGH[ DW WWUHIHWHOR@ Q BHNFMWH E

HPEU\RV YV FRQWURO HPEU\RYV

JLIXURZQUHIJXOBWWR® LBJQDO B IBWWHUQLQJ

$ %WOWXYEs+ JUHHQ DQG G HY&BHE FRP S D UHRE W\R WRAEW U R O
ZHUKMUHJIXODUO\ S W Q MEMNMERGRDW VWIDE)E P513DV XVHG DV
V102 WUDRHLU WR RX\DOLIQW SRHENDMWFDWLRQ RI 0&& PDQVXDO
FRQWOQWBM2 LQMHFWHG HBBBKRVKIRRZL RUGHU LQGH[VIFM2 VWD JH
LQMHFWHG HPEU\RV Y(V)ER®WWY RAREMEWRN LQMHFWHG HPEU
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/LIH$FWSRY LWEKWHIUHHQHGMRLGURSHUO\ VHSDUDRBGY3IURPGHD F
ODBHOXVOHDUHU FHOO $\MWWHEUDWOMW ODEHO LQGLYLGXDM@MDOEEY
FHOOV IRU)UHUBISK QRIRZLQJ WKSEHE CXXIDXNDLAOR € RRIRVID IEFR D
LQMHFREHUGRY SYDOXH IQ D VWXGHOPMWWNES+ JUHHQ DQG 5)3
UHGHREU\RV LQMWHBYB® ZHWX VWDJH DQG IL[HG DW GLIIHUH
5)3Z¥ XVHGODWWDFHWVZWE&HYHQO\ GLVWOU2BRWHG LEY B DHIGQ
02 QHJDWLYH DUHDOHDW PROXPH) DEDGV DN PEROOMGHD U\ EHW Z
DUHDW ODWHU VWDJHV PLGGOHUD®EVUPRRRHFRORPIQYJ D
/LIH$ FWSR3/ LW L Y\HH O &RVAV HUK VKV WY LQLWLDO SRV ISRVR @ LKV
DUHD ZKLWH DDQUGJ RZZNKRMDRH GE RYVQ G D U\ @ HWIXWW K HQU E R QRVQU D V \
0&&YV RXWYVLGIHR WIKML Y RAKH D LGLFD W BHPRRH GRWWHG OLQH
WKH WU D FGIHGND ERO O REZDRKW WX QFIMA® (P\DVHY RPFDOWMDERU L\
VKR ZWXIPWNMRULW\ RI 0& &V RXVGHDIRWQ FROIERRAL Q @ HFREHIGR V
FRPSDUHG W R UIRRHVWMRIBRROPRNMIRMODWKHPPRGHADBWHGLFWHG W
PRWLOH 0&&V WHQG WR DFFXPXOHBWR QW GEHRYXRLGED BLH\R \E K W

DWW UD FWRQERWRIWRIDDVHILRQV

JLIXUBGKHWVLQ® UHSXOVLYHBFDEWLYQWQHV R

$ DWXE6+ DQG *)3 ,) RQ VWDJH H POEAY XEE ) 3Q/NK IREWKHD®Y ZQ VK
LOQMHFWMMSER VLWLYH HR®VJIRWBNDHGU H DMK 36FRVLWLYH 0&&\
6FDOH EPPU%MUDSK VKRZLQJ WRHAYGH VOWRIERHIPEKRWX DO FRQWD
FROQWURWXBRIQ3 LOMHFWH®& HPERHRRBERPHKRDWKH VWDELOL\
6FI*)3 SRV LWL YFHOX&/BAWHHWY BFIDFOHH EBRI'LBFKHPDWLF GUDZLQJ RI
OHQJWK 6FI PROHFXOH WR&' ZDRYG) /M WHIK Q E D MAHEGFHWHIUHUL @ Q
EFORWWLR DRQUBOWQWLERG\WKHY BD BWIEG FHWDIJIJHG WUXQFDWH (

EODFN DUU® ZKKID &R QFHQ W UDRWPH G Q\L R DIOU BIDSWD DAWHIFSFH G Z
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(&'Z R([)/$* P51%$ DORQH RU WRJISIWKFU6 Z&ERMKFBQWUDWHG VX
IURP PDWFKHSUHSBVLQJ DQXKBIG PIVSY QHYDWLYHSARRIWE RQJ Q@
DW N'D VHUYHV DV D-ORNGIVGE'ERIWUBRWUHVWRUHY WKH GL
RI 0&&V LQ70¥FHI6LQMHFWHG HRREUWRRO *HRPEBURRY LQMHFWHG
QJ 037*VFI6+ (PEU\RV LQMHFV0HGHMBFKR RS[)/$* P51$,

(PEU\RMLERHFWHG @IUMHVEERI R([)/$* P51$ DQG QP760YFI

/6 ,Q DOO FDVHV PPFDOHAEE6EY UHG P5)3 ,) DV*DDWKDFH
VKRZLQJ WKH QXPBPHUXRIOOFRGWIDFEXWH Q D &RIXDUHGOWHVW
&RQWURO HPEQGRNMPEU\RV LQMHRWH@JPBEWE FRGLQJ IRU IX0O
LW IL[HG DW VWDJH DQG SURFHVVHG IRV D,§+DZDW®VW
HQGRJHQRXV RQZ DIJDLQMWFRRHG P5K8JKOLJKQBIG R XWKQEWLR Q
RYHUH[SUHVVLRQ OHG WRI RRQR FHAWHY GRPSHWHER Q/FP FRQW U
1 *UDSK VKRZLQJ WKDW LRQRF\WHV HVWDEO L QKIHE W HBH W KF
FRQWURO HPEWIRVXH ROIXDBKE WRHQRE\WH RUGHU LQC

LQFUHDVE®UVMEFWWG HPEU\RV ZLWK UHVSHFW WR FRQWURO +

67$50(7+2'6

(WKLFV VWDWHPHQW

$00 SUREHOGXUSNWUIRUPHG IROORZLQJ WKH 'LUHFWLYH

DQG RI WKH FRXQFLO Rl  6HSWHPEHU RQ WKH SURWHEW
([SHULPHQWOYDR®IM DSSURYHG E\ WKH p'LUHFWR\RIFVWERQ W
3RSXODWLRQV 3{OH $OLPHQWDWLRQ 6DQWp $QLPDOH (C

DJUHHPHQW QXPEHU )

(PEU\R FXOWXUH DQG LQMHFWLRQ
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2YXODWLRQ ZDV;VODMMCDAONHGHPQOHYV HURWSI $6&K2Z HEDVFR |

LOMHFWLRQLRWQLPDO +XPDQ &KRULRQLF %R Q0Q GRRHU RSO @R 2K
HJJV ZHUH UHFRYHUHG ELQ TYZHWMIRQJSHH P WU R P | BSA & DIEDHDG] V

F\WWHLQH K\GURFKD®E LOH K$6 LUVWQLQ ;ZD W6 U0 R\GKH Q-
%DUWK V 6DOLQH (PEU\RV ZHUH NHSW LBQWLOWSKBIW U Hf&F
VWDJH VXLWDEORH®AO R FWKRHQ W YDRRODUIUM G, 0@%6 ,QM]
ZHUH SHUIRUPHG XVLQJ QHHGOHV PDGH IURP SXOOHG JODV
LOMHFWRU 'UXPPRQG (PEU\RV ZHUH LQMHFWHG LQ DQLPL
QHXUDO HFWRGHUP 2RMEOEWDVYMW RIPHEUWKMRY.QRU WZR FRQWUDOI
FHOO VWDJH HPEU\RV ZHUH LQMHFWHG DFFRUJDL@QUIMERL BV K

WXEBE)3 DGXOW IHPDOHVY ZHUH SXUFKDVHG IURP WKH 1DWLRQL

30DVPLGYV
OLQHD DPRXQW
30D PQOGPH EDENE 5HIHUHQ
ZLWK| LOQOMHFWHG
S.7XE *)3 S&6 1RW, SJ 6WXEEV HV
S.7XE 5)3 S&6 1RW, SJ ODGH LQ W
S.7XE /LIH$FW*| S&6 1RW, SJ
S.7XE /LIH$FW5| S&6 1RW, SJ
S.7XEFI93 S&6 1RW, SJ
S&6 6FI *)3 S&6 1RW,
S.7XE O02UBV. | S&6 1RW,
S&0902UHNW S&096S| 1RW,
S02UHMV@&FZ R([ | 3DWHQJ ;KR, ODGH EA\ Y
)/ $* YHFWR Z2ZZ H
J\YHE FRP
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$O.ONXESORGREWWHG FRQVWUXFWYV ZNB+)BH@HUDWHGRBRP S.(
HLWKHU ZLWKEREBH Q®QLQJ .LW 7DNDUD %LR RU E\ VWDQ
PHGLDWHG FORQLQJ

JRU )QVLRQ FORQWQEEWKMERQH H[FO26GLQADWE&5*PP SOLILHG
WKH 3RXVIRGHOLW)\ '1$ 3RO\PHUDVH 1HZ (QJODQG %LR/DE\
S.WXEIR&TSFSS&TSTS*7*$*7&17 DQG S.WXEUHY 1
&*$&E**T**ST&T*TT*TT*¢

7R JHQHWDEH3S WKH 5)3 25) ZDV 3&5WHEHE® LPISHRODURPR. G D JL
IURP 2 B5RVQHW ZLWK+LWHIGHBHKLXMLRIS 3RO\PHUDVH DQG
,Q)X5)3 RIS *F7&&P&E**T&*&ST**&&T&E&T&E&*$* B &*7 DQG
,Q)X5)3UBRSE&NSTS*7T7T&TS*STT7T$**&*&&**T**$*T7**&*

7R JHQHWDX\EHIB$SFW*)A | MBKEW *)3 25) ZDV 3&5 DPSOLILHG IUR
ILIHDFSODVPLG D JLIW IURP ( %D]HA® DL GHD L WM\W K$ WBKRHD \FPKH
DQG WKH SULPHUV &Q)K7RIGIRRNIRY* TH7***7*7&*&$S*$ST77TA*$7
DQG ,Q)X/LIHDFa*QBYHI7TN& A7 $&T7T7*7$&$*&T&*7 &S

7R JHQHUDXWAHIB$FW5)3 WKH /LIH$FW5)3 25) ZDV 3&5 DPSOL
ILIHDFSMDVPLG D JLIW IURP ( %D]HA® DL GHD L AWM\W K$ WBKRHD \PKH
DQG WKH SULPHUV &@)X7RICTRBRWTIR&* TH7***7*7&*&S*$ST7T7THM*$7
DQG ,Q)X5)BBBYSAS*7T78&T7TS*$7TTS**&* Q& *T**¥$*7**&*

,Q DOO WKH DERYH FDVHV WKH YHFWRU DQG LQVHUW 3&5 S
ZLWK WKH ODFRE@NFOHRGEHDDQG 3&8SEMHWQWKHQ UHFRPELQ
,QXVERQ&ORQLQJ .LW DFFRUGLQJ WR WKH PDQXIDFWXUHUTfV
7R PDNH WKWBFB&$3 FRQVWURBW ;OBMMHISO SODVPLG D JLIW |
FRQWDLQGERIJ FWIKSH ZDV 3&5 DPSOLILHG XWILQK. GWKGILVBXXYEF

SRO\PHUDVH DQG WK H RUMNIRHHIENS SN & &1&& X7 * 7 $ $% *D QF3 6
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THQAUMNVY7H7$$&$8&&*$&$S7&S$*77*A** LQ RUGHU WR JHQHUDW
EDFNERQHWVMXBIFNIMRIS FRGRQ DQ'G3 ZB)7ZDVK3&S5 DPSOLILHG IUR
WXE)3 FRQVWUXFW XV +QJJMEKHOBWXVIRQ@RO\PHUDVHFIDQG W
*)BIXMRU *§7*7&**7*77$7$*7*$*&$$***&*$**$*§& DQG *FAIXE

UHY $*****$777*7**&77T$2F&$*&7&*7&$ &7 O9HFWRU DQG LQVH
SURGXFWYV ZHUH UXQ RQ DJDURVH 7%$( D500 SKWH RGSEOTD QUK W
3&5 &OKDNLW WKHQ UHFRPEXQERD XR\OLRJILYKHLWQ DFFRUGL
PDQXIDFWXUHUJV LQVWUXFWLRQV

7KH S&®FI/ *)3 SODVPLG ZDV XVHG ERWK \BV)SVRPISS0 D /G \WRRU
JHQHUDWWXEKH3ISFRQVWUXFW 7\RIWKLY5PZ®D VWIS DPSOLILHG
S&6 6FI *)3 XVLQJ WKH +RHKVAHR@LW) '1$ 3RO\PHUDVH DQG
WXEB&)*)3&BUS 78 &S&E&* *T&*TST*$$*$$*$&SSSSS& M7 ** DQG
JQ)X/LIHDFW*SBRAY7SF778&7$*$77$&T7*7$8&$*&T&NT&E&KH JHO
SXULILHG 3&5 SURGXFW ZDV UHFR REHL XN G QQW RRY KB RSQ 7. QH
LW

7R JHQHUDWH OWHKHNVE &DODV P LIGLBABBK HZDV 3&5 DPSOLILHG IL
'KDUPDFRQ *( FORQHQRSXV MM KMLQJ W KH+ BKKBHRQW\ '1$
3RO\PHUDVH DQG W K H SULPHUBVRU !
8$3*$7&83$8&* *T&*T* A THBRB*7T& RS TR LT TT& T $&I*7&$** 1 LQ
EROGNWKWDUW FRGRQ LQ EROG XQGHUOLQHG WKH VHYHQ
PLVPDWFKHYV ZLWKS$7*. L@ 02 DQG CWALYELY
8$&TSTS*7T7T&TS*$T&S*&&*T&*&T*TT&STEPS&BKH SXWQRILHG 3&5
SURGXFW ZDV UHFRPWXEHDBFNEWR K HVKYHIVER WEBR@LQJ .LW W
FUHDWLQWXBRK W SODVPLG 7KLV ZDV VXEVHTXRQ@W OQ 6XWK

O2UMNMBR25)FRQWDLQLQJ IUDJPHQW ZDV OLJDWHG LQWR $JH, 1
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7TKARQVWUXFW (802 RHM6F1 ZDV JHQHUDYWHE R H UDAZFH
J\YHF FROFFRUGLQ 3 DWRH QW HGUWHFKQRORJ\ 'HWDLOV RQ WK
UHTXHVW

$00 FRQVWUXFWV ZHUH PDGH XVLQJ WKH 6WHOODU70 &RPSFH
DFFRUGLQJ WR WKH PDQXIDFW® G HRUMHE XG WWISOTREALED W L R BV
SHUIRUPHG ZLW R JMDIPKHIUHHRESAMV P LG 43 LIFNG XIUKHF O fWR QG

OLGL NLWYV

P51$V\QWKHVLYV

6HQVH P51%$V ZHUH VIQWKHVL]HG IURP OLQHDUL]HG SODVPLC
NLWS /LIH 7THFKQROWURLM\KHDG ARMDEIOYJSURYLGHG LQ WKH W
ODFKHUMNM QA XFOHR6EBILD &OMBONLW $IWHU GHWHUPLQDWLRQ

DOLTXRWYV ZHP& NHSW DW

$PRXQ
ILQHDY 7UDQVF
30DVPLG ¢ 9HFWR LQMHRE  S5HIHUHQ
ZLWK ZLWK
EODVW
S&6 P5)3 S&6 1RW, |6S 518% ¢ QJ
S&6 *)3JSL | S&6 1RW, |6S 51% 9 QJ &KDUWUDL(
S&6 6FI *)3 | S&6 1RW, |6S 51% ¢ QJ ODGH LQ W
S&6 5)32 S&6 1RW, |6S 51% { QJ +LJDVKL ¢
S&6 GIOW S&6 1RW, |6S 51% { QJ *ROGPDQ
S&09GQLW3 | S&096SH 1RW, |6S 51% § J ODGH LQ W
S&0902UHN® | S&096SF 1RW, |6S 51% ¢ QJ |ODGH LQ W
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SO02UHVG6FI SDWHQW ; KR, 6S 51% § SJ ODGH E3\YH

(&'Z R(;)/$* | YHFWRU ZZZ WYHF F

ORUSKROLQRYV

ORUSKROLQRV 02V ZHUHI1$SXREMBVHGNIWRP DQG $NZWO?2

ZHUH LQMHFWHG WRJHWKHU LI L QQROR CEEVDN WV RCSHOZH U H
LQMHFWHG WRJHWKHU DW 6FQJ602 EDYY V\QRMHHWH G$ D*W QJ E
6F/ H L WORODW QJ EODVWRWBDUBHG KH$E DKM ZDV LQMHFW

DW QJ EODVWRPHUH

02 QDPH 6HTXHQFH
$7*NLWO 2 MT7&*7$$$**$7**$$$*7**&7 &SV
$7* N80 2 1&&*7T$$**$$7**$$7$7**&T7& K7
NwH L W0 17*7$$&&7T7$7*$$7*$&7T7$&% &
NWH L W0 T"*$$&&&$$7*$$7*$&77$&& &7
$7*VHIG602 MT**7$*&77*7&7$77$7&&&E&TV S
VHIH L W0 M7**&7$**7$$$$&7&T7T78&&SH7 T

SKDUPDFRORJLFDO LQKLELWRUYV

6WRFN VROXWLRQV RI SKDUPDFRORODGWLF K& KEZ B UW RUM SDQG
DQG DGGHG WR HPEU\RV FXOWXUHG LQ 0%6 ; DW WKH VW
VKRZQ LQ WKH IROORZLQJ WDEOH &\F O RKGIF XEDGH QMIUM B BAF

VWDJH LQ, PROQWDLQLQJ —0 F\FORKH[LPLGH WZR KRXUV E

&RQFHQV ,QFXEDWLRQ )
"UXJV 6RXUF SHIHUHOQ
LQ ; 09 VWDJH
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$[LWLQLE 6LJPD | $* —0 JURP VWDJH
&. $OGULFI| 60/ —0
60,)+ 6 —0
&\FORKH & —0 JURP VWDJH

$SRSWRVLVY GHWHFWLRQ
7KH &HOO(YHQWE*UBNQDWHWAMVHFWLRQ 5AIIHVQWLVYKRDOWHR JHQ
DQG DGGHG WR VWBVIVHORKHRMPMHMBMCHR HPEU\RV LQ 0%6 [

FRQFHQWUDWLRQ

Insitu K\EULGL]DWLRQ DQG LPPXQRVWDLQLQJ
' KROARXQW FKURGREMELA GLIDWLRQ ,6PR XIMWG ) DEKRUH V FHQ W
+\EULGL]DWLRQ ),6+ ZHUH SHUIR WPHGVOELGRIGIR LIRXE O R G M Dy
ODUFKD® HWPEU\RV ZHUH IL[HG LQ 0(0)$ x0 0236 S+
xPO (*7% Y Y IRUPDOGHK\GH K DW URRP WHPSHUDMW
GHK\GUDWHG R Q LQ P HRWK D (BRORQWV H FXWIBRQ HPEU\RV
0(0)$ VWRUHG L@ PHOWKDQRE UHK\GUDWHG LQ 3%7 3%6x x
ZLWK WULHWKDQRODPLQH PO DQG DFHWLF DQK\GULGH LQ
HPEHGGHG LQ 2&7 9:5 &KHPLERDNN FFUXWE VLHF W k FPP &/%MHOREUWW R
K\EULGL]DWLRQ HPEU\RV ZHUH UHK\GUDWHG LQ 3%7 3%6
xPLQ DW/ x WWRIWQ IRU ),6+ WKH HQGRJHQRXV SHUR[\GD
LQFXEDWLRQ ZILQR%6 IRU)RYPLIQQJOH VWDLQ HUH ®EE BUREK
GLJR[LOBBIBQ5RFKH )RU GRXEOH VWDLQLQJ YDULRXV FRPE
ODEHOHG ULERSUREHV ZHUH XVHG )RU HDFK K\EULGL]DWL!

XVHGVXEX@IYQD xQUR[M QJINW QJVFI QJ WR QJ IRU HPEU\RV
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DQG VWDJWHVSHRWHYH®LN]DWLRQ ZDV SHUIRUPHG RYHL
K\EULGL]DWLRQ WKH HPEU\RV ZHUH ZDVKHG DW LQFUHDVL
HIWHQVLYHO\ LOILFSHBELBGDBXIIHUHG VROXWLRQ 7ULWRQ
ODEHOOHG SUREH ZDV UHYHDOHG WKURRIKLERBX FHRWQIVRQ X\
32° SRFKH 2Q WKH WKLUG GD\ HPEU\RV ZHUH H[W
VWDL@D®J UHYHDOHG XVLQJ 7\UDPLGHG6HLIQDOOXVSQIDOHRR

JOXRUHVFHLQ 6\VWHP 3HUNLQ(OPHUS 7KLV UHDFWLRQ Z
xPLQ
JROORZLQJ ),6+ ODEHOLQJ LPPXQRVWDLQLQJ ZDV $SHUIRUPF
% 5 )%6 ZLWK WKH DQWLERGLHV OLVWHG LQ WKH IROC
0$%; HPEU\RV ZHUH IODWWHQHG ERWXMWWIRQ MOR PIE KR B

6LIBMGULFK IRU FRQIRFDO LPDJLQJ

$QWLERG) 6SHFLH\ 6RXUFH 'LOXV
=2 7-3 ORXVH ,J* | 7TKHUPR
6FLHQWLIIL
*)3 &KLFNHQ $YHV /DEV
5)3 5DW PRQF &KURPRW
,J* D
$OH[D JOXRWDWD| *RDW OROHFXOD
$OH[D JOXRWKLFIN *RDW 3UREHYV
$OH[D )OXMWMRX| JRDW
N

&RQIRFDO DQG HOHFWURQ PLFURVFRS\
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7R OLPLW WKH PRYHPHQW RI WKH HPEU\R GXULQJHPLEWHR\PD.
ZHUH HPEHGGHG LQ /03 DIJDU LQ ; 0%6 ZLWKLQ D VPDOC
DQG VLOLFRQ ODEDNH PDURIKJI ZDV GRQWDIW DfRGVIRD UW G U [
RI  WR KRXUV RQ BSLDNRIQIE®RISSMH 7L LQYHUWHG PLFU
'BREMHFWLYH IRU DSRSWRVLV UHFRUIGPIRHIUVRRQ REMBFW L1
WKH RWKHU H[SHULPHQWDN SHDIRUPHTX ZORMWE KV & Rzl WM2\B D H
GHHS = VHFWLRQV ZHUH DFTXLUHG HYHU\ WR PLQ LQ W
IRU WKH IOXRUHVFHQFH LQWHQVLW\ YDULDWLRQV DFURVV
DGMXVWBEKIRIYSHULPHQW ([FLWDWLRQ ZDYHOHQJWKYV ZHUH
DQG 5WDJIJHG SURWHWD DG IRU BBXSHFWLYHO\
J)LIHG ZKREBHW\RV DQG VHFWLRQV ZHUH H[DPLQHG RQ =HLV
PLFURVFRSHW RB X RBIWREDWO LPDIJHYV ZHUH DETXLUHG XVLQJ V
FROQYHUWHG LQWR VLQJOHUS® XWH BIUP\DH AW )R Q VIRQ\E ZIDQHHO \V
VHEFWLRQ
)RU 6FDQQLQJ (OHFWURQ OLFURVFRS\ 6(0 VWDBIG | RER GW
JOXWDUDOGHK\GH LQ x0 SKRVSKDWH EXIIHU S+x x P
xP/ GLVRGLXP SKRVSKDWH x0 ZDVKHG LG LYKR\CSXHDGV H |
SURJUHVVLYHO\ GHK\GUDWHG LQ HWKIPQROHDWK WLPH DXMH (
IUHVK HWKDQRO DW xf& R Q (PEU\RV ZHUH IXUWKHU GH
HWKDQRO DQG WZLFH LQ HWKDQRO IR ULAPLED & DFR
GHVLFFDWLRQ &3' xf%DIDQBWEDWDMW )LQDOO\ VDFROWWHG HLM
JROG YDFXXPx7RIGU EHDR HHBUIDQG VWXFN RQ WKH VXSSF

JOXH IRU LPPHGLDWH 6(0 GLILWDO LPDJLQJ )(, 7(1(2 RI WKF

,PDJH DQDO\VLYV

$00 LPDJHV ZHUH SURFHVVHG ZLWK WKH LPDJH- )LML IUHH V
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=VWDFNV IURPLBRI®RIREBORMFREQYHUWHG LQWR VLQJOH SOD(
LOQWHQVLW\ RU VXP LQWHQVLW\ SURMHFWLRQ (DFK FKDQQH
VHFWLRQ FRUUHVSRQG @DYHLR AMROID RXWDHQLQJ $00 YLVLEC
WUDFNHG ZLWK WKH ptPDQXDO WUDFNLQJY SOXJLQ

7R RYHUFRPH WKH ORVV RI IRFXV DUWHIDFWXDZK PRK PG
WKH GHWDLORBOIQPDIYDWRRQ DQG WKHLU SDWWRPDMANL DL
UHIRFXVLQJ DQG VWDELOL]DWLRQ SURFHGXUH ZDV LPSOHPH:
JRU HDFK YLGHR DQG IRU GHDERHGDWXQ FRMIR X VADN WUDENH
ODQXDO 7UDFNLQJVXYOMWIL GDXQLY VHW RI FRRUGLQDWHV RI1 V
WKH ZKROH YLGHR 7KLV ZDV WKHQ SDVVHG WR

KWWSV JLWKXE FRP IKHEGE PEOESWGEAHU UHRRRW GLQDWHY WK

GLPHQVLRQDO *DXVVLDQ ILOWHU ZLWK VLJPD WR DGRLG P
WKH KRUL]RQWDOVPIQW ZHHOWWEZ BOFBRQVH¥F XWLYH IUDPHV XVL
LPDJH E\ VKLIWLSRVLWH XRWKLHRRSVDO DQG YHUWLFD@DGLUHF
WKHQ DSSOLHG WR WKH UHIRFXVHGBQFNGGHRO IREDWKRJ WK
LPSOHPHQWHG LQWR WKH ,PDJH 6WDELOL]
KWWS ZZZ FV FPX HGX &SWDEL®OL FRGKWPDJHBVHG ZLWK GH
DOVR PRYLH 6

JRU HDFK UHIRFXVHG DQG VWDELOL]JHG YLGHR 0&& FHQWURI
7TUDFNLQJ )LML SOXJLQ DQG WKHLU GIRFPHQWLIR® CF&R VDKW E
VIPD $ VHW RI EHKDYLRUDO GHVFULSWRUV ZHUH WKHC
PRYHPHQWY DQG WKHLU LQWHUDFWLRQV WKURXJKRXW D Z

KWWSV PLWEXD PEFBSDSHU

JRU HYHU\ 0&& DQG DW HYHU\ IUDPH WKH HXFOLGHDQ GL
FRQVHFXWLYH IUDPHV ZDV FDOFXODWHG DV ZHOO DV WKH

I UDPH 7KH LQVWDQW VSHHG ZDWV VGKHLRXEBXOVWLKH & XIRHRIH
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GLVWDQFHV EHWZHHQ WKH FHQWURLG SRVLWLRQV DW WZR
WLPH

7KHVH YDOXHV ZHUH FRQYHUWHG IURP SL[HO IUDPH WR —P
SDUDPHWHUORKODWRGMWKH RULHQWDWLRQ LQ GHJUHHV RI
DQG WKH RULJLQ RI WKH FRRUGLQDWH V\VWHP DV WKH DU
GHJUHHV WKH RULHQWDWLRQ LQ GHJUHH RI WHKH PRHOPVHEX PRI
IUDPHV RUEMRHRI WKH FRRUGLQDWH V\VWHP DV WKH DUFWI
SRVLWLRQV FRQYHUWHG LQWR GHJUHHV DQG FDUGLQDO GLU
&HOO FRQWDFW HYHQWV ZHUH HVWLPDWHG E\ FRX®WQRRQ \
DPELJXRXV FRQWDFW WLPH SRLQWYV &HOO FRQWDFWV DOU
SHUVLVWLQJ EH\RQG LWV HQG ZHUH H[FOXGHG IURP TXDQWL
7R FKDUDFWHUL]H WKH PLJUDWRU\ GIDWHK RHO® &N XRFLOMIMW Q Y
FULWHULD ZHUHY SIS LSACR WXV LRQV LQ FRUHMHVBRQGW QX
RYHUODS EHWZHHQ 0&RBRDVHKD FH OQBG MXQHVULRQV FRUUHODWI
PLJUDWLRQ DQG RULHQWMHWLREQPW MWRKH/ REWOIOV DOUHDG)
LQWHUFDODWLRQ ZLWK SHUPDQHQW FRQWDFW ZLWK YHUW
TXDQWLILFDWLRQ

$QDO\VLV RIBDKD ® FJIOREDSHFHIVO GRQH WKURXJK PD[LPXP LQ
UHVOLWMBENY IROORZLQJ ; = DQG < = RULHQWDWLRQV ZLW
LQGLFDWHG WLPH SRE)W2$RDULVIOD RIOKRFDOL]DWLRQ ZDV ¢
VWDFNVVIURIPHV DW  V-WPD NGIW HUOP@®J FKRVHQE L GW R VFHFQQRQ
LQWHUFDODWLQJ 0&&V SURELQJ MXQFWLRQV DQG YHUWLFHYV
7R FKHFN IRU WK HF I'Q B SSOHRWLHRLQD RAX@R UEHYXH QW WDJJIMBI YHUV
/ 602 LQHZHYSURFHHGHG DV IR@OREW )B50QG PREL AHUMHFR HG

LQ WKH WZR DQLPDO Y HQWRHIMOEWVW b WR PAMAKHHEY SEY@MA M \X D ¥ H
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LOMHFWHG LQ WZR RI WKH IRXU D @HRIDO VYWHIREN G DIDQ & OD® XV
IOXRUHVFHQFH IWWHVDHFARUGH G

,PDJHV IURP IL[HG ZKROH HPEU\RV DQG VHFWLRQV REWDL
PLFURVFRSHV ZHUH FRQYHUWHG LQWR VLQJOH SODQH SURI
FDOFXODWH 0&& DQG LRQRF\WH PXWXHO G RYWWDKNY Y HGBNVR B
YHUWLFHV DQG WKHLU LQWHUFDOWWE RRQY QBRN LRXW 6 L DH® OF
PDQXDOO\ GUDZQ IURP PD[LPXP LQWH QMPW\PHURM HFWWIQRQ:\D F
,QWXRV 3UR JUDSKuE2WPPQBWHD®GVRRO OXWXDO FRQWDFW
SRVLWLYH YHUWLFHV ZHUH PDQXDOO\ GHILQHG 0&&V ZHUH
VXUIDFH ZDV FOHDUO\ \RX\WODQKBEA\JPRXY FDVHV ZHUH FOD
QG R FDOFXODWH WKH 2UGHU ,QGH[ FHOOWKH BD WD G FRIFH

GHVFULEHG LQ WKH VHFWLRQ pODWKHPDWLFDO ORGHOOLQJY

'HVWHUQ EORWYV
$QLPDO FDSV ZHUH REWDLQHG E\ PDQXDDQG D%SHF Q/G RNH SWR
: 0% XQWLO PDWFKHG FRQWURO HWEHRWRYBHE AIQH G LMW DG H
DQG VWRPEARDWPPHGLDWHO\ O\WHG E\ EREQOQS+RU PLQ LYQ
6'6 PO 77 7R GHWHFW&WKRI(]/$* SURWHILQMHFWHG DQLPDO F
LQFXEDWHGP® QO4¥% $IWHU UHFRYHU\ WKH VXS H UPQ DI DKW
WKH 3LHUFH &RQFHQWUDWRU 3(6 N 0:R2$MWWHPG GALKH® Q/
%URPRSKHQRO EOXH *O\FHURQ@ $¥DPGODMVG B H35H ( QIRHIDG/H B QRS |
+RHTHQLIKW)\ 8PDODQL VI\VWHP ZLWK 7ULV *O\FLQH 6'6 EXIIHU
PHPEUDQHY ZDV SHUIRUPHG LQ 7ULV *O\FL®RA( (WKDLR DD BDXI |
%ORWWLQJ 8QLW WHPEW® QUWRHWDMWHU VWDLQHG ZLWK 3RQ
IRU PLQ HDFK WLPFROLQURM6 PO 1D&0O S+ Y Y EOR

LQ 76 Z Y QBR® GU\ PLON WKHQ LQFXEDBWKG IZARXK D7RD
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3LQHVO BER 73 7L QR GU\RRLON UD)W$D QWWLERG\
6LIPSIDGULFK FORQH 7%& QRIRWURLORYHU@WKWE $IWHU
ZDVKHVY PLQ HDFRHPEWDRGBHY ZHUH LQFXEDWHG IRU K DW L
D QWDLEEI3FRQM X JD W HRSU D) \§ REAIGIH G RWQ M X JDWHGQYQWURR B

LQ 7" QRIPW GU\ PZONKWEH®XU WLPHV P LDKH DWK QIDG
REWDLQHG IURP HQKDQFHG FKHPLOXPLQHVFHQFH :HVWHUC

GHWHFWHG ZLWK 0\(&/ ,PDJHU /LIH 7THFKQRORJLHYV

3&5

'KROH HPEU\RV RU DQLPDO FDSV ZHUW DQOGSVWRJHG DW GL;
51$V ZHUH SXULILHG ZLWK WKH 4LDJHQ 51HDV\ NLW 4LDJHC
L6FULSWE 5HYHUVH 7UDQVEYLSWER Q@ XIS HADRLY L G2RXW Z LV
)OH[L '1$ 3RO\PHUDVH 3URPRIJB[RBPBSCEHURFRWRIR® X WFRJ WK
/| H[ IRU  (**$&&77*7$&&$7*&&7*& DQG VFIH[ UHY ¢
$77&&T7T&T*&&S**T&T*TRWFI VFOH[ IRUT&**&&T&TT&TTT*T$T&*
MIDQWGFBH|[ UHY*7$&$*7$&$*7*77$$7$MRVFA 7R FKHFN IRU WKH H
RI NWH L W20 WKH IROORZLQJ SULPHUVVSDHOQHLWYWIR® F
$8&$7*$$87**$8TT7TS&ET*H** DQG NISIOPIR . LW/6UH Y|
&T77&$$7T*7&&&S&T&T*$TN7&R FKHFN IRU WHKHWHILLWRBYKHR |
IROORZLQJ SULPHUV VZODR . XKWHTFRE R AFNE *$7&$&SS7*$*& 7 **

1 DQG NISIOBIR . LW/TOAY&$7*$$7$*$*$$7*7*&7H&

6WDWLVWLFDO DQDO\VLV

*UDSKV ZHUH GRQH ZLWK *UDSKSDG 3ULVP VRIWZDUH DV Z

XVLQJ VWHKHWOW7/MWH RI FRQWDFW DPRQJ 0&&V ZDV FRPSD
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ODWKHPDWLRHD)AJI PRGHO
*HRPHWU\

7KH RXWHU OD\HU FRQVLGHUHG DV D VW DWW LR FYRADYOWRKIRW FDQ
0&&V UHG GLVNV LV H[WUDFWHG IURP WKB VWIREHY WRG KHP B UMRR |
QXPEHU RI 0&&YV LQMHFWHB/GEHS )W RRQPVWORWLRQE ZDV ZLWKLQ WKH
UHFRUBWGJMXH V\VWHP BO@RBBEOXVLQJ WKH HITHEFWLYH HQHUJLHV
WZR PHFKDQLVPV Rl 0&& PXWXDO UHSXOVLRQ DQG DIILQLW\ IRU RX
IURP D UDQGRP LQLWLDO VWDWH WR WKH ILQDO VW DWHUHDW H XRLIG H
WKH VIVWHP WRWDO HQHUJ\ ODWKHPDWLFDO H[SUHVVLRQV IRU W

FRUUHVSRQGHQFH ZLWKXWKHRBEXDOY WD WQ YHH SFHKIDPH-QRW V

(QHUJLHYV

7R DFFRXQW IRU PBSADXUBG XG\SXROY HRMH UJ\ ZLWK DQ H[SROYRQWHDO G
HTXDO WR WK N ARREYUTKRIVHQ 7R SUHYHQW WXHIH QRIY B1&JEWD SWIKHR QH SXH
HQHUJWZXB8OHPH@VKIERELWKRUUHVSRQGLQRZWR & KWWHLEAH EG VD DH
FHOOV %DVHG RQ H[SHULPHQWDO REVHUYDWLRQV VKRZLQJ WKDW
KDUG FRUH ZDNyGHARLEBEXDMH WKDW WZR QHDUE\ 0&&V XQGHUJR D
SUHYHQW MmEHIUXUDQW FRY ZKHUH WZR 0&&Y UHPDLQéYMXEN RDWE D
FRUH HQHUJ\ GHFNHD D BGgzEHWZHHQ

VBl NR N
7KXV WKHS0QWLRQ My gl\g-ka]\JU%Plé\GV BzZKHNHY WKH GLVWDOQ
Q Re #kt F NieN gak NVO Ngr H# Q

EHWZHHQ WKH F HIDOMEY LAVRW K B 80\& & GRGLKKIY DIOSXOVLRQ FRQVWDQW
FRQVMRIQWK HFRDHGHQHUJ\ LV#EKRYHORODKDW WKH@®ER BDE L[EH. WW IR L

GLVWDQFH ORIZHRP WRRA KHU 0&8&E4* YsH88 VPDOO
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$IILQIRMAXQFWLRQV ZDV DFBRYDQWGERHMHUR UV EILW KS VRS R KW LRRGDUOD S E
0&&Y DQGOMXWH W XQFWLRQV FDOFXODWHG DV WKH WRWDO SL[HO
0&&V 7KH DIILQLW\ HQW WK IDFGHAQ .p 8a ZKHGILY WKH DIILQLW
FROWW SRMLWIWKH VHW Rl SL[HO SRV LMDLQRE V. VF R/NKHHU Y EBOB\H WRK HWKKE
DW WKH SRIVRMWWRE HSLWKHOLDO FDQYDV 7KH PLQXV VLJQ HQVXUt
WRWDO SL[HO LQWHQV LMWAFRRNHHYG E\ WKH 0&&

7R EXLOG WKH HSLWKHOLDO FDQYDV XVHG WR FDOFXODWH WKH DII
GLDRHW DV DSSOLHG WR WKH VHJIRHQVERG VHSHWKHEDL XID \P\J WQV [ W K
GLUHFWLQJ 0&&V WRZDUGV MXQFWLRQV WKDQNV WR DQ HQHUJ\ JU
WKLV FRXOG DOVR UHIOHFWDWKDRWH B KD QR © BXODMLER U BINDOGYRRA/ LKRHQV K |

HSLWKHOLDO FHOOV LV PLQLPDO DW MXQFWLRQV

"\QDPLFV

7KH WRWDO HQHUJ\ RI WKH VA\VWHP LV WKH VXP Rl WKH;UHSXOVLF
Ay 6utEEAy v 40Ny ZKHUBIQ@ HIHU WR 0&&DUORQWH XODWLRQV RI WKH
SHUIRUPHG ZLWK D OHWURSROLYV DOJRULWKP WR LPSRVH WKH HQH
WKH VLPXODWLRQ D UDQGRP GLVSODFHPHQW ZDV ERS6RWHIRH Q Q/C
FRUUHVSRQGY WR D GLIIXVLYH PRWLRQ ZLWK D GMWHOMR @ FRQRHD
UDGLXV GLVWDQFH ORYHV ZHUH DFFHSWHG RU UHMHFWHG IROORZ
RIA (sl 'ca¢=BRAF ' 4c>ABKNWKH GLIIHUHQFH EHWZHHQ WKH V\VWHP W
HDFK PRYH ,1 WKH WRWD® H@H UWKKDFRYMFUWDFHFGESWHG ,| WKH
LQFUHDMEPG WKH PRYH LV UHM HEKWHIGDVQDP@R @] FDRHWREDELOLW\
LQFUHDVH LV Rl WKH RUGGE® GR LW MH RV RHRWAD] ®@ CHROGHKEHR\Q/\HWF B B WD BV«

ERWK VHW WR LQ RXU VLPXODWIIEQ)@'QQ@':IQ/%K O KSH R BADLERLKDDEYY WXLHY H
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VLPXODWLRQ LV LQF WHHHWEKGE KE\G RXDHP LOA VG LV WaHDSNO RRYHPBHIR §WH S

VLPXODWLRQ ZDV &IXQORR W IDPBIRQWH FLHQW IRU WKH V\VWHP WR UH
'HSHQGLQJ RQWWKH DHVBHE RI WK G HROG J ) FRDY WINDMHY ZLWK C
TXDOLWDWLYH SDWWHUQLQJ RI WKH 0&&V ZHUH JHQHUDWHG /HW
GgRGuy KH@Q<sF WKH WRWDO HQH4JLVRIRPKB DWHGHE\ WKH UHSXOVL

U; s WKH WRWDO HQHUJ\ RI WKH V\VWHP LV GRPLQDWHG E\ WKH C

AXDQWLILFDWLRQ

,Q RUGHU WR KDYH D PRUH TXDQWLWDWLYH GHVFULSWLRQ RI WKH
WKH OBSSDWLDO RUGHU DQG WKHLU ORFDOL]DWLRQ DW MXQFWLRQV
7KH RUGH{Z DY GHR[PSXWHG IURP '"HODXQD\ WHVVHOODWLRQ RI 0&& S|
LV FRPSXWHG DV D VLQJOH SRLQW ORFDWHG DWWEMY.EHQWUIRELG
DV WKH UDWLR EHWZHHQ WKH WRWDO DUHD RFFXSLHG E\ 0&&V D
GLVWLQJXLVKHG VLQFH WKH QXPHHVULRQ 8 R\QWLEHDHV H\Q B DWIKS: &/ IR i) I
7KH RUG HUJLWDWQBHHDVXUH RI WKH QDUURZQHV#,RR | WK E DXIQDN UN B XIVQ J
ZKLOH DFFRXQWLQJ IRU &Y #KaeD YSIFLEQ S1HD PVHD ;_XIAH YLD

+LV PLQLPDO ZKHQ WKH VWDQGDUG GHYLDWLRQ RI '"HODXQD\ DUHEL
WKH VWDQGDUG GHYLDWLRQ LV VPD9DVFRP[EPDBGZ WHRQWIKRHE \P DG S
RUGHUHG DQG PLQLPDO ZKHGI1\RWHH\ WK B W RWKW VG GURIVUGBIHWIFR Q R R L
VLPXODWLRQV DQG H[SHULPHQWDO GDWD

7KH FRYHUBQUHYBHYHQWLQJ WKH H[WHQW BRVHRIYY MX QBWS$E RQJY EDHUGZ 61
FRPSXWHG DV WKH WRWDO SL[R®HUHGHBDWRARE VR 8:\V KPH. GS\L VD KOIRILX P
WHUP 7KLV QRLVH WHUP FRUUHVSRQGLQJ WR WKH EDFNJURXQG
FRQILJXUDWLRQ RI 0&&V ZDV FRP®XWH® EN ZXROBJIHG I WERHHOS X[H D §

WKLV YDOXH E\ WRKIRAPHDE, VX4pFKH FRYHULQJ LQGH[ ZDV QRUPDC

46



10

11

12

13

14

DFFRXQWLQJ IRU WKH PD[LPDO SRVVLEOH H[WHQW RI RYHUODSSLQ

ILQGLQJ WKH PDR.YPHDUDO B8 8V QE OBBV/GOH) QR.Q D DFRFOD) DO OT,EBNVVLEOH ¢

RILWVBHOWHWA. 0. &

7TKXV WKH FRY HdLl-

7TKH LQGH[ LV WKXW R € LFRIXBVZKWE MXQFWLRQV GRHV QRW H[FHHG

IURP D UDQGRRIOSRDWW HWLRD[LPDO ZKHQ WKH RYHUODS LV WKH KL.

Order index Covering index

0.6 T T T T T 0.6

0.5 | 2 0.5

Moy
ppes o
04 f-"':.\ 4 ran P S 03 St N 04r
My FAY I . % &w . ‘>
i
. ”» 4

2 1 2 2
a=10 . : a=10
5*10‘; . 4 5#10%

": 10 015 10°
0.1 fs\.\ 1 . '3

0.1 . . . . . 0.1 I I I I I
0 100 200 300 400 500 600 0 100 200 300 400 500 600

time time

2UGHU DQG FRYHULQJ LQGH[ HYROXWLRQLZLWEKWLPH IRU GLI
,Q WKH UBRROYDRMHG UHDIBRY HYROYH WRZDUG D VWULFW R
MXQFWLRQV KHQ FIH VOKH RHU G K UOLHQ W K I DBD OL Q, IQWWHRP P KVH\S \
UHJLPH 0&&YV ILQDOR®Q® GREIMXQAWLRQV YHUWLFHY UHJDUGO
D ODUJH DIILQLW\ LQGH[ ZKLUFADWIOH RUGKY LQ B[P HBDD@AH

WKH WZR LQGLFHMOWBNHD DEAWWYUPH
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Order and covering indexes
0.7

0.6 7
&‘*i I S

03 | a

0.2

-0.1 I I I I I

log o(Kpep/Katr)

J)LQDO YDOXHW WIQR DIILQLWN LQGLFHV IRU GLITHUHQW VLPXO
7KH SRIHBMWWHVHQW PHDQ YDOXHV FRPSXWHGERYNUUHY BIHWHRXA

VWDQGDUG GHYLDWLRQ

&ORQDO VLPXODWLRQV

,Q FORQDO VLPXODWLRQV ZKHUH SDWFKHV Rl WKH HSLWKHOLXP O
FORQH UHJLRQ VDXV \WRID @HHE L Q WESIDFE:, @ HF RIQWW DIGHWVVGHSHQG L
SRVLWLRQ RI W5KH RO& &K BMIMELHW KXV PRGLILHG

7KH UHSXOVLRQ HQHUJ\ UHDGV

2 Gigat SKFN g ok LR N<
agaNyL Pyt S FNEN gk LEF D<

8§Q®é@ga¢§3FM9l\éghg?E{D<=J@N<; RU:D<=J@N<;S

..

IRNy NgrWKH KRUK H QR Ny RQ VHFEWHIRIQHXQFKD QNKOINSKHDRW G WKH

GuRXWYLGH

DIILQLW\ HQHYUE\LFHARGE, GouiTd); &a Z L WG oTa; L Y povelbn
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ORYLHV

ORYLHO&&V PRYH DFWLYHO\ ZLWKLQ WKH SODQH RI WKH HFWHR

ORYLH'\QDPLF EHKDYLRXU RI WKH DFWLQ F\WRVNHOHWRQ LQ

ORYLH QDVLPXOUGDWRRQPWE&&DIILQRWBX VOHDUM X Q FW ER &R PW R

YHUWLFHV EXW GR QRW GLVSHUVH SURSHUO\

ORYLH@VLPXOOGRRR@MWMEBPEP XWNXNHEHOSXDEERAEL V SHUR SHH X@R R W

KRPMRHUWLFHV

O R Y L Hn a simulationwhereMCC mutual repulsionand affinity for outerlayer junctionsare

balancedMCCsdisperseandhomecorrectlyto vertices.

0 RY L WWhenMCCs comeinto contactvia lamellipodialike structurestheywithdrawfrom each

other. OW X3 WUDQVJIHQLF 0&&V ZLWKLQ WKH LQQHU HSLGHUPD!

LOQMHFWEDB\RY®HIOD®G GDUN EOXH GRWY DQG OLQHV VKRZ W

FHOO Qf DBGSBFWLYHO\ WHMRIVXSIRL@®W FRQWP PYETEHW ZH
ZKLWRWH FHOQG UHGLFK DUH IROORVIHGWEK HFIGRQHHFWLRQ RI F&t

Movie 7: MCCspreferentiallymovealongouterlayerintercellularjunctions.

Movie 8: MCC mutualrepulsionis stronglydecreaset axitinib-treatedembryos.

Movie 9: MCC mutual repulsioris stronglydecreaseth kit MO-injected embryos.

Movie 10: MCC mutualrepulsionis stronglydecreaseth scfMO-injectedembryos.

Movie 11: In scf mosaicmorphants MCCs leave Scf-depletedregionswithout following outer

layerintercellularjunctions.The centroid of the tracked MCC is marked 1, the initial position within

the clone is marked 2. The mark 3 points an MCC, which remains assdacitttecborder but never

enters the Seflepleted region.

Movie 12: Mathematicaimodelling predictsthat MCCs tendto accumulateat boundariedbetween

regionsdevoidof bothrepulsion and affinityandin normalregions.

Movie 13: When only repulsionis suppressedn clones surroundedby normal regions,MCCs

remain withinthe clonesbutdo not dispersehomogeneously.
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Movie 14: Whenonly affinity is suppresseth clonessurroundedy normalregions MCCsdisperse
homogeneouslwithin theclonesbutdo not preferentially associate vertices.

Movie 15: MCCsoverexpressingctGFPform stableaggregates.

Movie S1: Fluorescentabellingof activatedcaspase8 and7 revealsno apoptoticcell deathwithin
theectoderm.

Movie S2: WhenMCCscomeinto contactvia largecell protrusionstheywithdrawfrom each other.
Movie S3: Tilted 3D projection from movie 7 showing MCC apically-directed protrusions
occurringin correspondencef outerlayerintercellularjunctions.

Movie S4:MCC mutualrepulsionis stronglydecreaseth CK-666-treatedembryos.

Movie S5: CK-666-treatedembryosstrongly decreasedMCC mutual repulsionand LQFUHDVH W

RFFXUUHQFH RI VO3IINH VMWEREREOHBHU ODEBNA GGHRGLD

Movie S6: The colliding MCCs of control embryos separate through mutual repulsion. A large
cohort of LifeAcGFRpositive MCCs with low mosaicism (left panelivas tracked for two hours
(right panel) showing thatolliding MCCs move away from each other andange their direction

of migration This behaviour was visible f@0 out of 36 contactamongl8 cellsovera period of

2 hours.

Movie S7: 0& &V PHRIXV SDLUV RQOILWRWHEWY D W H G AHdPde LtbRovt of
LifeActGFPpositive MCCs with low mosaicism (left panel) was tracked for two hours (right
panel) showing thaKit-deficient MCCs failed to separate and move as pairs or groups. Chly
evants of repulsion were visible owf 22 observed contactamong18 cellsover a period of2
hours.

Movie S8: MCC mutualrepulsionwas stronglydecreaseth dn-Kit-injectedembryos.

Movie S9 Example of a movie subjected to our refocusing stabilisation procedures (see STAR

Methods).

/IHIHQGV WR VXSSOHPHQWDU\ ILIXUHV
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JLIXUH&H OO ®IBWKHOO IDWH UHYHUV DOP D NUMRBE @ WNDH @\L WKRL ¢
WKH 0&& UHJXODU SDWWHUQ

$ 6WDJHP5)3LQMHHERMEHGRY ZHUH L QU MEDOMHBE W RV MU HH Q
'HWHEFWLRQ 5HDJHQW WR GHWHFW DFWLYDWLRQ RI WOKH H[H
F\FORKH[LPLGH DV DQ DSRSWRVLV LQGXFHWRU7UQQ®@B/GH HW
FRQWWRO ILOP K& WRUKWRSWRWLF FHOOV JUHHQ DUH IRXCG
F\FORKHMBHOMWHG CHPIBEXW VQRW LQ FHR/G\Y SRIGVOFREEWHEU Y D WL R
ULJKMEU\RV ZHUH L Q@M HF WHERZDO®R 2Y DVEBWMWHWLRQ RI FH
6FDOH EPP %WWXBE)3 WUBQLF HPEU\RV ZHUH GHMNGO RSP IEQ W
VWDJHWXB®REBFWHG WRS5)3ZDYWLER AQ WHGG W,RS$ DREXEX WL Q
JUHHQLGGOHHWRAQJ WKB QMDY FERWWRP URZXSRWREE YIH Z
QHJDWLYH FHOOV ZKLWH DUURZKHDGR V LEBMAMEHD DOV YWHR FX@
'$3, VWDLQLQJ EOXH BARKHWIRPH QR | IDFEEDRIYR/QE RR) Q X F@H)L

GLDJUDPV VKRZLQJ WKH RYHW OBV RWLWKHFHGO SRSXODWL

GHYHORSPHQWDO VWDJHV

JLIXUHSROH RI DFWLQ F\WRVNHOHWRQ LQ 0&& SDWWHUQLQJ
$ JUDPHVABRPHKREZIHEFIWH[SUHYV VLGV IMDEBEOWVIRIQQILHQW FRQ
ODPHO @US\RGMDWUXFWXUHYV UHG DUURZKHDGV7KWK DHAD OOREZH
DUURZKHDG SRLQWV WR DQ HODLRNHOWWRIFORWAX®ER™ b $1 MO ROSNRHEG
" SURMHFWIPRQY IBHUNRKR ZWQKIDW D SUHFOMHGGSURWUXKNHRQ ZK|
FRUUHV KRXQGDWHRJ FHOR MXQBWILRGADWLRQ RI 0&EJHQMHI FDC
VDMH LRRQWURO HPEU\RV DQG&8HPEWRBVGWWHDMIIB& YKWEKLQJ \
LQVWDQW MfBAtHEEP-BXpressingMCCs from CK666 treated embryos, recorded over a
maximum of 4 hours. Dotted liglyrey lines: instant speeds of individual MCCs. Black line:

mean instant speed of th® MCCs the dark grey area represents the standard &vrdmitial and
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final frame lURPRYBHVKRBJ WKUHHF WH)SUHVVLQZKA&EKVIDLO WR VH
RYHU WKH FRXUVH RI WIR KRW b\ GRAPBU EIPR) )LYUDSK VKRZLQ.
W H.I® VWD Q WV RHIHEGEWRI LIKWDBDAXHHG IURP PRYWBSK SORWWLQ
FXPXODWLYH SDWK GLVWDQFHV FRY HU HGUHED 0\8HRGA HHERDB\IRK Q
SORWWLQJ WKH GLV SN FMHETHRW® SEVVYWERRY RI 0&&V IURP

WUHDWHG, HPERPNRVIURP VRRZHVE DMQ 08 & WUHDWHG HPEU\R
GHFUHDVHG PXWE® G QREHROVWKG RXWOLQHG DUHD IORWH, W

VWUNVWZXKLWH DUURZKHDGYV

YLIXUH([B UHV VKRS L RenopusHSLGHUP LV
$ :KROARXQW ,6+ ZLWK DNSWRGHE SD/JOROWW[SUHVVLRQ LQ VFI
QHXUDO HFWRGWIMIRH GQWBWLRU LV WR WHKHE WR SVFR W KKV D}
VWDJHV WEROAHRXQW ,6+ ZLWK DVS/UREYHDONVLBSVWKRXWRQ
WKH HFWRGEMWWDRHYRSQWRHULRU WR, BHRIY OHVWFWLRQHG HPEU\
VKRZV VWGEBRKBUHVVLRQ UHG LQ WKHS$BI,FWROGHU PV R DWEI
QXF@Hl73&5 RQ WRWDO 51% IURP DQLPDO FDSV DMW KGS U HRHHDM
HQFRPSDVVLQJ WKH HI[R® | WFRURQKRM DPSOLILHRQD\VIS EDQ
/| ZKLEBUHRNHQW DW DOO GHYHORS®SPN@WED RR\DN B H@IKQ D OV
F'1$ Rl HLIWFKHIBROBSRWBW) RUFd S&0%BSRWBW)6 ZHUH XVHG D
SRVLWLYH FRQWUROWR ORHF YXOPBO LAHEDKMM. RRDUNHU LV *HQHS5)

IDGGHU

JLIXUH 6 ,QKLELWLRQ RI .LW VLJQDOOLQJ E\ D[LWLQLE WUH
*UDSK VKRZHKIGQUVWBOWG RUIHSFWH)SUHVVLQJ 0&&V UHFRUG
PPLPXP RKRXUV LQWRHI/WEGE HPE U\RW H\R@/MXHG/ OLQNWDQW

LQGLYLGXDO 0&&V %ODFN OLQH ORKINQ W &M WDQW SIUBHHVHHBEOURAN
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WKH VWDQ@DUDBSHKUWKRRIZLQJ WKH LQVWDQW RNHEHEG) IRD PMX/R 0 ¢
IURPRYBHVKRZLQH$SFWH)SUHVVLQJ 0&&V IURP D FERQMNLRA RP
0&&V ITURRPYBH VKRZLQJ WKHLU SDWKVKRXHYVUD SKX VEWZ RQJ RA
LQLWLDO DQG WKH ILQDO SRVLWLRYEBH)R ) WDKRH WRIECRFBNH G 0 & ¢
VKRZLQJ /LIHH{BWHMVLQJ 0&&V IWRPHDWYW BDELWRBDEERRL.QJ RI 0&&
I[URPRYBH VKRZLQJ WKHLU SDWKV RYHW DSEXWKRVZILR)QJ RIKHKLRQ
WKH ILQDO SRVLWLRQV RPRXEH WKBD AMNKILG- N 8RO RKRIPFHG DU UR.
0&&V WKDW GLG QRW VHSDUDWH *GRSKQS OMHKHNEREA OB WD ¥ H
GLVWDQFHV FRYHUHG E\ 0&&V WWRHDRARHBY HFRIBSRAMSORMW WL QL
GLVSODFHPHQWY EDVHG RQ LQLWLDO DQG ILQDOWYIR\DIWH®

HPEU\RYV

JLIXUH (§SUHV VER BPLROQIM WLYHHFWV 0&& GLVWULEXWLRQ
$ %WKROMFRXPWZLWKSUREH MWREF®RRQY D QRUPDO 0&& GLVWUL
FRQWUROS$HPEBRIDOWWHUQLQJ P DWHEGEEDD U W E WW G6H PEH\ R
$TDQBPUH PCBRASRD QBUHV SHF&VL'YKROARXQW ),6+ ZLWK D SURE
DWXEXZKLQVH L Q& FBR@G®UROVMHFWMW®JH HPEU\RV P51$ FRGL
JUHHQ LVWWYBBEDBMABUS$ '$3, EOXH VWAEOADOMHQEIFED & Q G
'f DUH PCSRV&EARDQ'G UHVSHFWLYHO\ VKRZLQJ WKH LG@WHMODU
LQMHFWH G6 FHIPERURER ( ) 6FDQQLQJ HOHFWURQ PLFURMVFRS\ L
DQGQ LV MH F WH\G J H HPELQBWUH PCGRVRDQG UHVSHFWLYH
VKRZLQJ WKDGNUSBEMHFWHG HPEU\RV DUH IGUSIHR G RPR GF\L 6 DX
JUDPHV IUR® PWRKRZLQLIWKPWERY LWLYH 0&&YV IDLO WRE@HSDU
NUMMHFWHG HPEU\RV P51%$ FRGLQJ IRG @)B% 156G D @ H UK BIU DLV

PP
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JLIXUH&EDUDFWHULVDWLRQ RI ORUWBIKBQBSR 20LJRYV DIDLQVW
$ ORUSKRQDQJRQMWD /DUJH IRAWGHYRMWHHRBQVPDOO IRQW VL
1875VPDOO IRPWOMLAHLQWURQ LQ UH GS$WKNL WW DK WH K RQDW
VLPHQGHURMWHHBQVPDOO |RGM O/LAH LQWWHRE WKH VWUHWFK W
VSOMEWOORUSKROLQR 2 QLR VDI QRANYG\HLL] B B® HREQV P D O O
IRQW VI§AYPDOO IRYWOMLAHLQWURQ LQ UHGS$SWKMHEWWKHHW F K
DVWHULVN DU UR Z KHYGEVIR/L @ WWWD RV MG RVNRLEIWH (CHULIIWIR @ /U VLY
XQGHURBOIHREQVPDOO IRQM OLAHLQWURWUHWE KUWG WSIOMFIG E
NLW /\VDWHV IURP DQLPDO FDSV LQMHBWHBSEZSE ¥R ®5Q$ ARG
&WHUPLQDWDJIJHBG GERRIDWOQWHNLRDERRIH RU WRJHWKMW ZL Wk
/| 6ZHUH VXEMHEWHG WR :HVWHMHUDEORMRGUGQE ZLWIKR DIQHDG WA
*)3SRVLWLYH EDQG FRUUHVSRQGLQJ WR WKH LQWUDFHOOXC
RI WKH.WQ® SURWHLQ ZKLFK LV LORMF W BCHPEWMAREY' FR7
3&5RQOLWDQNGBWR WHVW WKMASDEWRRQLRID RV DQLPDO FDSV Z
HPEU\RV DJDURVH 77%HJHQOMH F WL.RGN BWR 0202SONEFWHVXOWV LQ
GHFUHDA\KH FOIHN ADQNRANP51$Y UHVSHFAWNESO®\ JUHHQ DQG 5)3
UHRBQ VWDJH HPEU\RV VKRZ IURP OHIW WR ULJKW QRUPE
DQG LQ HPEU\RV LQMHFWHGP R UWKRRPEIGR MRIEAMIHNRE B O R Q H
DEQRUPDO 0&& FOXVWHULQJ LQ $PEUWR VDIQIIVAHRWWHHIG R LVQR U
0&& GLVWULEXWLRRQQMX FHW B G RAYNERORQE@ UHMBAWR 51$,Q DOO
FDVHV P51$ IRU 5)3 ZDV XVHG6FD M®H BRI HFWX G WIW B FHHQU
DQG =2) ZKRWHRQWURO HPEU\RVHREHUMRVSRQMEFWEG7ZLWK HL
NUW PLGGOH RADQROONEW ULJKW BORBMRDW ERWRGS A#*SOLFH
WDUJHWLQJ 02V OHDG WRLWKHJIXDPK GB\KE Q\RMU § B XBWH & VDRIH |
P5)3 P51$ UHG ZDV XVHGFD\O 92EBU CIRH W UDMEK KRZV D

TXDQWLILFDWLRQ RI WKH DEQRBRPDOUBLBQEO ¥FFWHEMIQJI LQ
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LOAMWHHG HPEBWUMVS K VKRVZKIQYWDQW VEHHGEWI)SUHVVLQJI 0&&
LQ 0OR7*NUVW LQMHFWHG HPEU\RV UHFRUGHG RYHU DURD[LP X!
OLQHV LQVWDQW VSHHGV RI LQGLYLGXDO 0&&\V & 8\ODWKHO L

GDUN JUH\ DUHD UHSUHVHQWY WKH VWDQGDUG HUURU

J)LIXUH&&KDUDFWHULVDWLR @ RIROVR B ROHMHIBR 2
$ ORUSKROLQR 2IEIRV/ IDUDH QR YWGHUBEQHBQVPDOO IRQW VL
1875VPDOO IR@M OALAH L QWKIHR @ W U HQV K GVEVU MW 61 G/ B U Di2
IRQW XQGHUBEQFHBQVPDOO |ROWD /ILAH LQWWHREWHKME K/ WD U JHV
02 VSOVFH% ORUSKROLQR 2 /IFAR V COUIH. QR/ G G\HLL B EERIHISQ
VPDOO IRQMBS\VLIQHJHG WKH VWUHVSREKVEIBW KOV HIBFIEN ZO®L Y H
RXVDHDUHU FHOOV IHREUBRQWDHFWHG ZLGWKQPEFRHYE FRUHHQ DQG
5)3 UHG DV ZHWOMDIDWGDYEQXHERQFRG TREAF )3 VLJIQDROVMY IURP
WO UHFHLYLQZKEBEONKH 5)3 VLIJ@BDOW EBRF KB DMEHY IURP
DQLPDO FDSV LQMHFWHG ZL&FK)B5DGBHYE MWORJ FRINN K 972+
VFI6ZHUH VXEMHEWHG WR :HVWHUQVOIBEREGE ¥ JF RIVW KANDSHR Q G 1
N'D DODI@ERV¥R3 DQG WHRI'BHRQSURWHR O\ WS B RRECRHEMYRZKIH D G V
DUH DEVHQW7FWERPGLOQMHFWHQ MRPQWVILEDWLRQ Rl WKH 0&&
FRQWURO $T0QGHOELQMHFWHG) HPEXYERY JUHHQ DQG 5)3 UHG
FRQWURO HPEU\RV OHIW SDQHO DQG&7HPEHUARYA®RMHBWAE X
02 VSOVUFHULJKW SDQHO VKR ZD/QW KDAD IBFRWKL ®2*02V OHDG W
SKHQRW\SH Rl LUUHJXODUO\ GL\DMUVEWDNHG D QMS5)30 RY sH UH
XVHG DV 0% FMDUDHFEDU)IWKRZ\WP D TXDQWLILFDWLRQ RIHWK®JDE
LQ O2SOVFH6 DQG 8Z*VFIB6LQMHFWHG HRBDWRW K RZKLHQ YWD QW
VSHHG /RIH$ FWH)SUHVVLQJ 0&ZYWVR) A MHFWHG HPEU\RV UH|

D PD[LPXPKRXUV 'RWWHG OLQKW LQVWDQW VSHHGV RI LQG!
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Figure [Stage/ condition|n cells|n embryosin experiments Figurg Stage/ condition n cells|n embryos [n experiments
14 456 4 3 Ctrl st 20 761 6 3
16 591 5 3 Ctrl st 22 572 6 3
1B 18 408 4 3 6C Ctrl st 25 518 8 4
20 761 6 3 MO scfst 20 678 7 4
22 572 6 3 MO scfst 22 545 6 1
25 450 6 3 MO scfst 25 768 8 4
14 422 3 2 6D Ctrl 227 4 4
1c 16 587 4 2 MO scf 220 3 3
18 306 3 2 6F Ctrl 108 4 4
20 331 2 1 MO scf 64 5 5
14 440 3 2 61 Ctrl 94 10 10
16 490 4 3 MO scf 62 5 5
1D 18 306 3 2 7B Ctrl 506 8 2
20 331 2 1 paTub::8f-GFP 515 8 2
22 384 4 2 Ctrl 1589 16 2
25 227 4 2 73 MO scf 1031 8 2
2B |Ctrl 55 6 6 scf ECDw/0Ex6 1261 10 2
3G Ctrl 108| 4 4 scf ECDw/0Ex6 MOscf| 1315 13 2
CK666 62 5 5 Ctrl 1707 16 2
Ctrl 94 10 10 7 N |kitmRNA 0,1 ng 1526 15 2
3H |[Ctrl, 90° 93| 10| 10] kit MRNA 1 ng 1704 17 2
CK666 26 3 3 Ctrl 272 5 2
Ctrl 227 4 4 7 O |kitmRNA 0,1 ng 301 5 2
3l |CK666 209 2 2 kit mRNA 1 ng 299 5 2
SMIFH2 144 2 2 Ctrl st 19 373 3 1
Ctrl 248 4 1 CK666 st 19 288 3 1
3) |Ck666 491 6 1 s2c SMIFH2 st 19 386 3 1
SMIFH2 457 6 1 Ctrl st 25 116 2 1
Ctrl 108 4 4 CK666 st 25 208| 2 1
5C |Axtitinib 64 3 3 SMIFH2 st 25 144 2 1
MO kit 147, 5 5 S2 |Ctrl 55 6 6|
Ctrl 94 10 10 EG |CK666 40 3 3
5C' |Axtitinib 56 9 9 S4 |Ctrl 55 6 6
MO kit 70 5 5 A,1,J|Axitinib 67 5 5
Ctrlst 20 683] 6 2 Ctrl 954 14 2
Ctrl st 22 267 4 2 S6E" kit-MO-Res 837 13 2
Ctrl st 25 377 6 4 MO kit 1049 14 2
Axtitinib st 20 441 5 2 MO kit +kit-MO-res 894 14 2
5G |Axtitinib st 22 625 4 2 Ctrl 558 8 2
Axtitinib st 25 724 6 3 S F' |[MOkit ATG 522 5 2
MO Kit st 20 248 2 1 MO kit spl 592 6 2
MO kit st 22 370 3 1 S6G |MOkit ATG 40 5 5
MO kit st 25 411 4 2 Ctrl st 20 683 6 2
Ctrl st 20 761 6 3 Ctrl st 22 267 4 2
Ctrl st 22 572 6 3 SE Ctrl st 25 226 4 2
Ctrl st 25 663 12 4 MO scfst 20 720 7 3
Axtitinib st 20 830 8 3 MO scfst 22 408 4 1
5H |Axtitinib st 22 753 5 2 MO scfst 25 367| 5 2
Axtitinib st 25 735 8 2 Ctr 602 12 2
MO kit st 20 860 5 2 S7F[|MO Spkcf20 ng 624 10 2
MO kit st 22 998 8 2 MO ATGscf10ng 723 7 2
MO kit st 25 857 9 3 S7 G|MO ATGscf10ng 61 5 5
Ctrl 227 4 4
51 |Axtitinib 231 2 2
MO kit 219 2 2

Table S1Total number otells, embryc and repeatexperiments for all graphs in all figures






