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.H\ ZRUGRVW GLVLQWHIJUDWLRQ ERUQKDUGWY UXZDULHV WKH

,1752'8&7,21

7KH 1RYRKUDGVNp +RU\ OWV KDYH EHWRAHSRERCHEW UG YH
HQYLURQPHQWDOLVWY DV D UHVNOWD RILR® H 7KWHR IHX/ @ LF
DQG SRVLWLRQ DORQJ WKH ERUGHRSRIMIMKD §XWVW UK B DR
+RU\ OWV DUH D XQLTXH DUHD ZKLFKVKEW @A X B QIF®IPRR \
LQGXVWULDO DQG DJULFXO$WXDDWHDE WY R WQH Y DVWLH 8¢
QDWXUDO IRUPDWLRQV FDQ VWLOO EH IRXQG LQ WKLV I
7KH 1RYRKUDGVNp KRU\ OWV [RUP DLW B PSROWSK RO RIK A
BXESURYLQFH 7KHLU ELJJHU SD UWDIQG SKIDG@&MEER Q WHKG!
DOWLWXGHV Rl WKH 1RYRKUDGVNp KRB\ KM K HMD PR R Q)

EHUJ P DVO LV SODFHBQR QY KHKE] KK WU GIHQWKLHG K
_.DPHQHF P
O0(7+2'6

&RQWHPSRUDU\ JHRPRUSKRORJLFD O GMNpH BDRIEF K OBAH\I D Y
DJR 7KH DLPV RI WKLV JHRPRUSKRORKKRPORI LUFDOHPDE &L
I1RYRKUDGVNp +RU\ OWV DQG WKH FUORDW DRQP®ISDZ 1 W&
IRFXV RQ SHULJODFLDO UHOLHI VKE RE&WHDDGE KWLERW DO
JLFDO PD®%$LQJ D' (Y220e HW DO 7KH Wi PLQRQBPWM RI
XWLOL]JHG IRU FODVVLI\LQJ \WKMW KRIUW M IRG LUMHICR D O1 REZB R
SLQJ LV QR ORQJHU FRQGXFWHG XRDOHZRIWN IL @IV PDHEWX I0G



R IRU WKH ZKROH WKH 6IRP/HR K Q@ VG\UNHYY WRID\J OONRVF L
PDSSHG LQ JUHDWHU GHWDLOH OWRKDVWIHHR QMDD RV *BB Y H-
WHG LQ D ODUJHU VFDOH RQ WKH EDYIFV6ERVRRB@$* (7 KOH) C
IRU WKHVH PDSV LV ERWHG RQ WRHIRUKHRIRFDWLRQV F
KHOS RI *36 DUH WKH 9\VRNi .UDYt +RVWKH DRYSR KAULD GARN
oOwv

*(2*5$3+,8$/&21",7,216

7KH 1RYRKUDGVNp KRU\ OWV DUH FXPRILFPWWHWLYKGE WX L
EXLOW SUHGRPLQDQWO\ E\ WKH ZHLQVE HXQ DV DK R ISR
ULF 7KH JHRORJLFDO VWUXBEWWUFR 1@ HALR/R'S QHWWHH GU EN RP
ytP  W\SH RI WO QLWH 6
7KH 1RYRKUDGVNp +RU\ OWV EHORQDYW B DDJ HF FSQJGI FFLCBLLF
PP DW P DQG WKH DYHUDJH W H P SfleU® WXHIGIZL QU HR
DOWLWXGH 5/KH 1RYRKUDGVNp +RU\ OWV BQHFHM VRXUF
DQG 6WURSQLFH 5LYHUV D Q@GWEKYH.IQUH WWN & BW I B NHWW {JHH
&HFK SRUWLRQ RI WKH 1RY R KW &/\KNip 0-DROEHO DAV E K HR@\
VRXWKHUQ SDUW RI WKH 1RYRKUDGVRI FRWFBEWNQ®HJR
WDLQ VORSHYV DUH FRYHU®sGs ZLW KD B G\ S W FEDRG } ROBVW 2R
YHIJHWDWLRQ KHUH U EHHFK DQGVDRY YSXKIFHEBUFIGR PL

5(68/76

9\VRNi OW P

7KH 9\WVRNi OW ZLWK WKH DLO/MW MK &/H RUG K LRI PHW W P R X
VLGH RI WKH 1RYRKUDGVNp +RU\ 0WPV DIQ® KUV QIKHQ D P
P 7KH JHRORJLFDO VWUXFW XRLHQ R G VEK MV B\W/ RHNL QQWE
QLWH ZKLFK LV PLGGOH JiDQXODU DQG SRUSK\ULF 6
7KH 9\WRNi OW LV D ERUQKDUGW ZKLBR@HYKB®BSHGGI]
VKHO! ULGJH LV HORQJDWHG H FYR QLEHMORIS W K K D VWDHL
LQFOLQDWLRQ RYHU f )LJ 78 HRRWKH W KIORISH VG U
GDWLRQDO FKDUDFWHU ZLWK VIR BE&WR PERIUMHD WHLRDO Hx V
PRVW SURQRXQFHG SHDNV DUH IRXQQ R<Q MKKH \SRB N KH
VRXWKZHVW DQG UHDFKHV DQ DOWZMUXSHDR ULVMV7K® \
DVW DQG UHDFKHY DQ DOWLWXGH WKH WM PWQRQRIF UGIR'S
RI WKH 9\VRNi OW WKHUH DUH W DR RRSWOHILNR SSL HV O;
T ZLGWK 1 KHLJKW DQG WKH VHRRQAF SODWIRY FURR D
i P VXUURXQGV WKHP ,Q WKH JDYWOHINEDYIHH 7 WHF
IRUPHG E\ WKH H[SDQVLRQ RI D ¢ VDAX URIQGX® GMR KMKGIR D ®
YHPHQW 7KH FDYH LV P ORQJ DQG KDV DQ HQW WRQFW
GRPLQDWHYV WKH VHFRQGDU\ ORZHU SHDN LV DERXW 1
7KH FDVWOH NRSSLH H[WHQG\S WIRNW KW IR WIHZK B BVI
UXZDU\ 7KH UXZDU\ ZDV VKDSHG E)}GURMN PGEW RY WK HG:
W LV FXUUHQWO\ GLVLQWHJUDKW RQJ D© GZIL\WE L5 XU & W\K
7KH IDFH Rl WKH FDVWOH NRSSLHLLK &KW KOR ZADJ LIPXHPDK
P 7KH PXVKURRP URFN LQ WKH KLJKHU DUHDKDV GL
7KH SHULJODFLDO UHOLHI IRWR\D Q G HQRIVMXKIHD M &/ HRDO!
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)L 7KH JHRPRUSKRORJLFDO PDS RI WKH 9\WRNi OW

ZKHUH WKH LQFOLQDWLRQ LV RPOWHQ®\ ${ WRP BRIPPAKQD
VORSH DW DQ DOWLWXGH RI P & HADH WO HL M FOSCBLRI GV
DQG ELSDUWLWH RYHU D WRAMB®WIORQJWK RQG PP [ ZRX\P

P :H FDQ GHGXFH WKDW WKH VW HXN¥R\SSUW BIOL VX R GJDHR/H
QRXQFHG H[IROLDWLRQ SURFHVVHV )LJ

ORUH SHULJODFLDO UHOLHI IRWRW Q@ UL/H RE W XRD WHKGT PQ
I[URVW ULYHQ FOLII LV VLWXDW HG R@® DOKWL WXKIE-H RR I W K H
ORQJ DQG P KLJK $ JURXS RI |UR\DQ WDIOWHIQWRGBH IR LV
PHQVLRQV RI WKLV JURXS YDU\ EHWZHB K HLJKWL 6EBR
FOLIIV WKHUH LV D EORFN ¢HOGLHY RIPDERIRVF DV W OFH
17T PFDQ EH IRXQG RQ W K HHYRWANMKH V Q RSHUDWRD @ B i© \X
FDVWOH NRSSLH RQ WKH VRWWXQSDOWLRIX\EKHRZH VW MOR
DQG ELSDUWLWH RYHU D OHQJWK RI LPKPZKMLK KOWZRGEG W
2QFH DJDLQ ZH FDQ GHGXFH |URPLW®&HS B8R RRXIQF MK Bl
VKDSHG E\ WKH IURVW DFWLYLWLHYV GXULQJ WKH FROG

$ SURQRXQFHG VORSH SODWIRUPHDWDMKIR® O R ESHR
ZHVW SDUW Rl WKH VORSH DW DQ XGWRIWXNBWWIULYRQ ,R
WZR OHYHOV $ WRU RQ WKH R OR\S N X DKIRMQIG\H B EER X\WWK H
DQG D EORFN ¢HOG T P

3HULJODFLDO UHOLHI IRUPV DUH B \DWH U\ X /RBE W R
Ni OW 7KH FDVWOH NRSSLH LV RQFSIHDDWLRQQVDWWDRW NG |
W LV DOVR GLVLQWHJUDWLQJ DQ G LBYK DU MMLGNWHK RRYIH UP DI
EHWZHHQ + P 7ZR VORSH SODWI@ WP.W DWW KBIDMQA R @
DQG 1 P FDQ EH IRXQG RQ WKH ¥RXOWK B RQVIVHUION @



DQG P UHVSHFWLYHO\ 60RSH SODWHRURRO/L DU ZDKHWEK
FWLYHO\ P DQG P ORQJ DQGRIMO®WLFPSIOIDIWIRUWNK RU

DQG 1 P 7KH EORFN (HOG LV DS3®® RVLIRXWIEONR WK HPH
VORSH SODWIRUP DW DQ DOWLWXGH RI P

7KH JHRPRUSKRORJLFDO PDS RI WKH 9\VRNi OW LV VKI
.UDYt +RUD OW P

7KH JHRORJLFDO VWUXFWXUHV RI WRHWKBY3\VYRMD 0OMW
GHWHUPLQHG E\ WKH 7HiltQVEHUJ JUDQLWH 6

2Q WKH WRS RI WKH .UDYt +RUD OW XMW D PDOURVOIH NR &
DQG P KLIJK 7KLV WRS FDVWOH NRSSGHNMWM Q HPR WFKDH/
VKDUSO\ GURSVY WR WKH WHFWRQLRYORSH WRRWKRDBD
NRSSLHV RI DERXW 11 P FDQ EH IRXIQORFA RIQOWW IRH X 8 8 H3U
IDSROHRQYV +HDG D PXVKURRP URFNRFDERGVWW WKH
FORVH WR WKH WRS FDVWOH NRSHEMW HXKHA LQ\H{ W K B VA/XQ'

b ol ; Rt Y A 8.7

)L 7KH PXVKURRP URFN * WKH 1DSROHRQfV +HDG RQ WKH .UDYt



DQG PHDVXUHV 11 P 7KH FU\RJWQFMWAWOSDRRIBUR E
WKH EORFN ¢HOG RQ WKH ZHVW G H QPOG.VD MRLGRIDOE\HARZIHH
7KLV SODWIRUP LV GHPDUFD®H G \RW KW KH QRRWVWK HD Y W
+ P ORQJ DQG + P KLJK ,W LV DSSHRQLPHDAMHOZ WR W
GHSUHVVLRQ :H FDQ DVVXPHWEQW® ®RW ¥ X\WKKH R B P WJGRHF
DV RQH FRPSOH[ GXULQJ WKH 30HLVWRFHQH
2Q WKH ZHVW GHQXGDWLRQDO VORSH \WWRD\QP DO W HW X
FOLIIV RI DERXW P ORQJ DQG P KLJ¥ RDKW KW ZFD B W RAL
VORSH DUH UHVSHFWLYHO\ DERXW DQG P RRKLH D (
DSSUR[LPDWHO\ 1 i1 P ZLWK WKH FR\RINGMWLE 5O DK
P FORVH WR WKH VRXWKHUQ FD § @MVRIOH SFO DEARRIR K PV O
WHG E\ GLVFRQWLQXRXV IURVW ULEHQ EFOHOQV Rl D PRI
WKH EDVH RI WKH IURVW ULYHQ FOLIIV @& KHUHPLVY DOVR
7KH QRUWK DQG WKH QRUWKZHVW HHW @ WVORS HYHRI\ W R H
$W ¢UVW VLIKW LW VHHPV WKDW VRXYGI® RBUHRMWW W KWK F
YH UHVHDUFK DOORZV WR VXD®HRWWFKB®VW KK N \DHJ IV W |
ZHUH FUHDWHG DORQJ IRUPHU U XZW UDLFHW LXK MFLKH ¥ H&HU V
WRFHQH 7KHVH VWUXFWXUDO RHWRFUR PV RIQU W K/H VORDW/I
DQG WKH RULJLQDO UXZDULHV FRXORE WIK¥HUEZIDQ IDH\R X'
QRUWKHDVW DQG WZR RWKHUV WRRX W KUY RGRUMKE FRR'S T K
ULYHQ FOLIIV WKDW DUH DQG P OWDRE®OQMKH®G QWX ZP
DWHG DW WKH WRS RI WKH VUBRZ @R URB PO W KEKSIKBINL W RG W
UXZDU\ LV GLVLQWHJUDWLQJ DQG EZLSKUW PWHL RX P KK BL
P %RWK SDUWV RI WKH UXZDU\ DUH ZHOO HVWDEOLVKH
7KH JHRPRUSKRORJLFDO PDS RI WKH .UDYt +RUD OW L

)L 7KH JHRPRUSKRORJLFDO PDS RI WKH .UDYt +RUD OW



.XQt +RUD OW P

7KH JHRORJLEFDO VWUXFEW X UMHMVRI \® KN H X\OK” H- RRIDP W DR
E\ WKH :HLQVEHUJ JUDQLWH

7KH WRS RI WKH .XQt +RUD OW LV DNVKMOI| DKIGFK WXO
QRUWK WR VRXWK GLUHFWLRQ DQGQ\D ®8R URYG MDARHHL
7KH ORZHU SHDN LQ WKH QRUWK KD '® HDBON DLAWW W B G/HR XRW
DOWLWXGH RI P

7KH PRVW LQWHUHVWLQJ UHQLMKHRWRS B D H VW RQ FHKHN.
WKH QRUWK SHDN WKHUH LV D FDWWXIOHON RS $L B FDQIG W K
DQG + P KLJK 7KH FDVWOH NRSSLHWWRQ 1D iF URR JHK®H SV

IRUP RI DSSUR[LPDWHO\ i P 7R SMOKHNIRIYV WV LW KG HPWD\L
WKUHH VPDOO IURVW ULYHQ FOLIITWR+xWRHORDRV VWD @& D+K
ULYHQ FOLII P ORQJ DQG P KLJK

7ZR WRUV UHVSHFWLYHO\ P DQG P ORI P RLDKGD
D FDVWOH NRSSLH RI DERXW 1 1 P FIDINEK IRXZDAW \RGQ

GRZQ IURP WKH SHDN WR WKH VRXWKZXHVYWKWR E HDLERIX WP
SHDN DOVR VWDQGYVY RQ D FU\RJHQHAKIIFK @ VEIHRROPUR D B/
VRXWK E\ D JURXS RI IURVW ULYHQ #OPIIWLEKWZRIWEK SiH |
FRQQHFWHG E\ D FDVWOH NRSSLH ZKLFK LV DERXW 1 1

7KH QRUWK VORSH RI WKH . XQt +RUDQFHNWRVWKDUN RI A
VORSH RI WKH .UDYt +RUD OW DQGQOMYDWWGE XFKHX UMK ZDA
VLWXDWHG KHUH DUH EHWWHIW BWtY HRBB H& WKKHL W ORI
DSSUR[LPDWHO\ P DQG WKH WKRNWKWLYHQ FAQURXS RI

+ P KLJK FDQ EH IRXQG RQ WKH WRSH GIHP RV W KWKEB R

)L 7KH JHRPRUSKRORJLFDO PDS RI WKH .XQt +RUD 0OW



WKH QRUWK VORSH LV FRYHUHG ZLWK D ODUJH EORFN ¢
7KH JHRPRUSKRORJLFDO PDS RI WKH . XQt +RUD OW LV

,68&866,241"' &21&/86,216

‘H FDQ H[SHFW WKH SUHVHQRFWKRI VRIS LSIIDIDW LBIOW RK PL\R
OWV DQG RQ WKHLU VORSHV ZKLRX RIHWHK H 8@ B IWHGRE®
VXSSRVH WKDW WKLV LV GXH WRGWNMH +IRRUADOML\R QRR| W
EHWZHHQ PRXQWDLQ DQG FRQW L QMIQRLIODIONDIPW K & H R O
DERXW PDVO

7KH SHULJODFLDO IRUPV RI WKHGUMIOIVH I ZH U H GXWNLDQDIC
PRUSKRORJLFDO PDSSLQJ LQ WKH QRWRWKIBWY SPOQ W KH
.UDYt +RUD DQG .XQt +RUD PRXQW W RO B UWRRHHIU I RIQU
RI WKH PRXQWDLQV DQG WKH\ ZHUH FRR G HHWQR & K DRI H\
FHQH

‘H FDQ FRQFOXGH WKDW WKH JHROBRHLWEB VW U R BWHKM
LQAXHQFHG WKH GHYHORSPHQW R RMKHH SSHHWI HFOAD § H D @ JUH
ZHUH FUHDWHG LQ WKH UHVLVWDSKU ZHE\Y VGEHIUL @/D § HDF
QRW FUHDWHG LQ WKH OHVV UHMNUR DQMLVYRFBIKNH IIRQUAKX|
HQFH RI WKH DOWLWXGH LV HYLGRRWDIGY N\pK HROR OW K H C
WKH SHULJODFLDO IRUPV FUHRWHG DIQ 6 QVEE WSIHWX.G ® D
FUHDWHG DW P 4XDQWLWDWDWL PH) G HHXIDI@ID¥ D V@ Y R
QRW DV LPSRUWDQW DV IRU H[DP Y@K UMGK/INIK HR UQ RFDO
OW .UDYt +RUD OW .XQt +RUD OW X®&\VWHKMHQPRW HD BF
DERYH P /X38QLFN& 9UFK KLOO WPRXEMHKWH WKH UHR
GLHULWLE3JQHLVV 5

7KH 1RYRKUDGVNp +RU\ OWV DURIDUHRWRIUGEWRORYMFD
SHULJODFLDO UHOLHI IRUPV H JDWKKHOQSR G HRRRIYJ +M R
UHVWLQJ DQG WKH PRVW LPSRUW DG VRIPPAVRUQ VKLV B
RI WKH ODQGVEDSH Rl WKH 1RYRK WD®WN 3 FBRWHQW LFIIC

‘H WKLQN WKDW WKHVH SHULJODFLDO IRUPV VKI

&s

FNQRZOHG IJHKMHHRXNWM HQW JHRPRUSKRORVLFDWWUIR N B DUBK WQSW R N
\ WKH &]HFK $FDGHP\ Rl 6FLHQYRI® RQGVKMH WROBWHERPED BHOLHI
R

$
E
1RYRKUDGVNp +RU\ OWV DQG RIARPODNOHEFERVHGBN BDQW R$ WRHIHH F

50(5(1&(6

%=92'20t % (0(. - (551 $ OHWRG\ NYDUWpPUQ JHRORJLFNpKREKMNKRPRU
RGV Rl WKH TXDWHUQDU\ JHRORJICFDEK BOG BHMKMU K S RSER J L BD&] HUFH

C(o(. - YRUP\ 1Y WUIYiQt D RGQRYV X VINEFKRIGR. BilFIKWsX HYD WRMHRKLODIGI F
QRGLRULWH UHPRYDO LQ SHKSHR URYWRRUREMNKD *HMRVYUD SKLFRO , QWL
&]HFK

"(o(. - HG OD®XDO RI GHWDLOHG JHR PRALSKHRROLR LFDDKMD S S LK)

"o, - E ORUIRVWUXNWXUQt DQD OB BKRRWRKKUFDVGMWNETF KD ®BO\Y QR R
OWV @HRIJUDSKLFDO H[FXUVLRQ&R¥ B VRBW K7 RoHR &HHPEORVORYDN JH|
FLHW\ *HRJUDSKLFDO ,QVWLWXWHHRK&6$6 %UQR SS =+ LQ &]

C(o(. - 2EHFQi JHRPRAH®@B®BDDHJH R BR WFORBOPI\D 3UDKD SS LQ

&+ E% (536 BWUXpQeé QiVWLQ JHRPRUIR®RIWPBN EK R RERRMBGY N RO R
VSHFWXV RI WKH JHRPRUSKRORJLFDONG M ¥WOXRISIP R QW KHQ LR VFKKAU DHER
YLURQPHQWDO FRQGLWLRQV RV KWHH 1RERMKIDONE p §DVR/X CDM\GRI (G X
YHVNpP %XG MRYLFH 1DWXUDO VFLHQREHV £Q &NHMNP %XG MRYLFH S



le7s/ $ 8VDJH DQG EXLOGLQJ PDS V\PES®SUIKP B B3R YHZVLWDWL
DQDH 20RPRXFHQVLV )DFXOWRYUDBULFEREDWXUDOLXP

5<3/ - _OLPDWLFNp SRP U\ 1RYREUPDW NE KR @B UWIZTRK®YV Rl WKH 1F
%LRGLYHUVLW)\ DQG HQYLUR QPR QWD RB@PEOW LHRID V SRILWIK H VLRV R
%RKHPLD LQ YHVNp %XG MRYLFH YyHVIMFR6XG MRYLFH SS + LQ &

5<3/ - 7KH FXUUHQW JHRPRUSKRORBDIGRIND 4 FOUMN B W& D QHDKIH RRY |

+

6rs1e. ( 9\VY WOLYN\ N ]iNODGQt JHRORJLFNp PDBY [y6)B[S®\DQDWRUYV
QRWHY DW WKH EDVLF JHRORYKHHWPDS yBR&p &|HF&\*HRORJIJLFDO ,
3UDKD SS LQ &]HFK

a)s1s / 3$G\ IRYRKUDGVNEFK KRU >B\R Q@ DRIBW K B SIHR RR KAUKHG YR ) F
OWV 3K\WVLFDO JHRJUDSKLFDO EBRRSR GIEQWAQ RY HODVLGMFRISEHR X WK %
%XG MRYLFH yHVNp %XG MRYLFH SS + LQ &]HFK

B 3- 3 HGSRNODG\ FHVWRY Qt K RWIRXFK Y W3R D ESHREX VG R IN'W K R U\ C
WKH 1RYRKUDGVNp IRRWKLOOVXE@RWKHH &LIORAEWIRKDOL+ 10 BIBVEW 3L
&]HFK

SHFHLYHG 'HFHPEHU
$FFHSWHG 0D\






