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5HIXODWLRQ RI SRVWKDUYHVW L
VHQHYVFH @rabiddp&ls thaliana

$ WKHVLY SUHVHQWH® PR QD RW MWKAH WXMWTKAL GHBH R M R IIR

'RFWRU RI 3KLORVRSK\
LQ
30DQW 6FLHQFH

DW ODVVH\ 8QLYHUVYWWRQ 3ROWHK 1HZ =HDODQG



$SEVWUDFW

BHQHVFHQFH LV FULWLFDO IRU SOD QW WXWU YWKH @ FOQNG |
HIILFLHQW XVH RI QXWULHQWV IRU GHYHORSRHQW DQ
BHQHVFHQFH LV D JHRGIOH G DIDPEG RKROQWRQHIPRBHDWHG S
%HVLGHV EHLQJ LQGXFHG LQ DQ DJH GHSQQIEGNORVERD Q Q H
LQLWLDWHG SUHFRFLRXVO\ I[URP KDUYWV VD QG GXFIHDE VW
GHSULYDWLRQ 8QGHUWRNDBBQ QRIHWHBIQE MPRHEBH BMQH3G G D U
VHQHVFHQFH LV LPSIOSWDWQRY SORYWGK R U HZWHQGL W 8 J\
VKHOI OLIH RI FURS SODQWYV

7KLV SURMHFW DLPVKW RUMNOGCHUIW WX & LVBIDRN H\QBHKE G
VHQHVFHQFH LQ AR&EpSs B&an® VE\ XVLQJ D IRUZDUG JHQH
DSSURDFK $UPEKWDRBV\ ddelerated) D Ql€ayed inflorescence
senescence QDPHGDQ@GE ZHUH LGHQWLILHG SUHYLRXVO\ +HUI
PXWDQWY DQG FROHWHE GVWKH WR VHEH RH@AMBKHQT
PXWDQWYV LQ&DRBQGQUHY ARWDQWYV 2| dWXds9 idis1s/ K H
DQ@s51 PXWDQWYV ZHUH XVHG IRU IXUWKHU DQDO\VLV 7K
SKHQRW\SH ZzDV DOVR REVHUYHG LQ CGli42vD RIGHIG GDUN KH
PXWDQWY LQGLFDWL@ P XMVMKDWLWRM B DDV W H GXDHDQHH/ BARKV |
OHDI DQG LQIORUHVFHQBHIVHIDMHWERIQFDQD®\WR/ ZDV
GHWHUPLQH WKH JHIEHWLD L Q/NYAXD et PXWDQWYV 7KH
dis2 WUDLW ZDV IRXQG WR EH PRQRJisRIL W WHIFW VIWL YGHK @& L
JHQLF UHFHWS2 YPKWHKOW VKRZHG DQ HIWHQGHG 3VWD\ JU|
DQG UHWDLQHG KLJKHUb FWKRBQ &SWHHV HE&KQ@QGLQJV ZHUFE
FRQVLVWHQW ZLWKNDNOHVQWR QOLARINGK FNYC1T JHQH
6HTXHQFLQJ UHYHDOHG D & 7 \WOID QWKLWKR® X QHE QK LRK O
FRQVHUYHG SUROLQWH @& FE\EWHWLE\HWD WDOWLIRIR D FR IG WSKRH
1<& SURWHLQ %is5SERHWUIDLVOMAG D VLPLODDQEPRRKQW RI &K
2QH RI WKH JHQHWLF OHVLRQV LQ WKLWVWNEXWHDIQRQZDW PD
WKH WRS DUP RI FKURNRYRPH IKEAHVROXWEDRYHGOW +5
PDSSLQJ WHFKQHREDHIENE7IKNSENSITIVE2 EIN2 JHQH ZDV
FRQVLGHUHG DV D SURPIBWHFEDX VB QWGEIRA MW ZHIKHQRW\SFH
REVHUY¢n2 PRWDQWIS5DYBHGOLQJV GLG QRW VKRZ WULS



ZKHQ WUHDWHG ZLW KUMPKKH VHRUK $BRHEQHQSWKIHVIB® UN 3 &!
VHTXHQFLQJ VKRZHG D * WR $ PXWPWURQXDWIHIRQAQ R
SUHPDWXUH VWRS FRGRQH\ZXQ WK GV KB UB EAWSLURQFBMWHG (,
PLVVLQJ SDUW Rl WHKH.RQWWEPMQDRY UHIKQHHWBGLIRDOHW
WUDQVGXFWLRQ ¢i€51DB)XWWQRQHMKHWHG D SOHDVDQW DU
DEQRUPDO LQ $UDELRPRRRXYGV)REH QDO GH K\BRKRBHQ]\0
SKHQ\ODFHWDOGHK\GH DQG SKHQ\OHWKDQR®O®O6 ZHUH GH
DQDO\VLV +RZHYHU LW LV QRW FOHDWRIPIDWSKH © RW DSMWL R
DOVR FRQW U LOSEIWSIGH @ R WY 8 H

7KH PXWDWLRIBY DQABASKWXWDQWY ZHUH SUHYLRXVO\ PD
FKURPRVRPH DQG FKURPHRRVRIPYHHO\UHHU M Q& UAKRIOW +50
JHQRPH VHTXHQFLQJ :*6 GDWD DQDO\VHV FAHKUWD XVHG V
PXWDWLRIBEILBDXWOHW 7KH PXWDWLRQ FKDQJHG D KLJKO\
WR 3KH LQ WKH DFWLYH VLWH Rl VWDNARROIDIAWRQH 6/ U]
OLNHO\ FDXVLQJ ORYV YisBS DKRZANEW\L PALAYFWH @OHQRWISHV \
K\SRWKHVLVHG WKDW WIi&ts PO DWVR KBYHRRFEQUUHG LQ
SDWKZD\ JHRQGREAKIALLY GROWTH1 MAX1 6/ ELRV\QWKHVLV JHQF
ZDV SUHVHQW ZLW IO\QP VESHEUHN LRRKY R4 \WKR/LL\D P XV6D Q W
GDWD , IRXQG D * $ PXWDWLRQ MAX1IWRKHFREWQWURQLRQ
MAX1 VXEVWLWXWHG D KLIKO\ FRQVHUYHGW®H KDHMP ZLW|
LURQ OLJDQG VLJQDWRBH R WSKHR 8\ MLRRENtBavhiaGa) D
WUDQVLHQW H[SUHVVLRQ V\VWHP , |R®Q® XWKDGNORKN *
RI DFWLYLW\ RI 0BQ WXHGGLOWDLHG V HIIBD DAMEIEHHQLQJ
ZDV DOVR RilVlEiaY HGXJJHVWLQJ D UROH RI 6/ LQ UHJXOI
GHYHORSPHQWDO DQG GDUN LQGXFHG VHBORXQ@IORUHYVI
WUDQVFULSW FRXQWLRY HGHWRQLRIDYRIWALIRQ WKL 8V E H W HIOHDQ
6/ ELRVIQWKHVLV DQ)XJ P UJQDIMCIL Q H 06 Q/G GBWRNHIQEG X F
7KHUH ZDV QR HYLGHQFH RI 6/ ELRV\QWKWVLY WXHLQJ
LQIORUHVFHQFHV WKQIGHG WHKH KW WKHUHSURNW.RE 8DW
ELRV\QW K HWHKXF DE G H/ LJQ D CSORRRESSARGF MAX2-LIKE7

SMXL7 EHVW FRUUHODWHG ZLWK WKH VXJDU UMVSRQVLY
JH Q ARABIDOPSIS NAC DOMAIN CONTAINING PROTEIN92 ANAC092

D QNAC-LIKE, ACTIVATED BY AP3/PI NAP @ DQG VHQHVFHQFH PDUNHU

I



SENESCENCE-ASSOCIATED GENE12 SAG12 VXJJHVWLQJ DQ LQWHUD
EHWZHHQ 6/ DQG VXJDU VLJQDOOLQJ L® RFROWHRGELQJ
VHQHVFANAESD2 DQMAP ZHUH IXUWKHU L@&X PKG/DQ W/ EH
WKH 6/ DQDORJXH *5 KMNWXDIHV@/LQIGKFLEOH JHQHYV

7KH RYHUDOO ILQGLQJV LQ WKLV SURM QFHW ZIRUGH ZWLDP KF |
LQYROYHV PXOWLSOHDOK\VECRIKRDBPAGH\RQ $DADKIAD\V G X
LQGXFHG LQIORUHVFHQFH VHQHVFHQFHHGQD$PRG HORISY LV
ZKLFK SURORQJHG GDUNQHVV ILUVW FDXMHWHWGXJIDU V\
LQIORUHVFHQFH WKH SODQW KRUPRQHXRHWKV®RH 8 W LG
WR UHJIJXODWH LQIORUHVFHQFH VHQHVFHQ&KO LQFOXC
GHJUDGDWLRQ
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$FNQRZOHGJHPHQWYV

, ZRXOG OLNH WR JWKH ®@N W VO HPY H/ X S FDWWH. \BRJ RV HSAXARRUF L
3DXO 'LMNZHO 'U 'RQBO%VV¥ROMMHVWH 3URIKWKRU GRGE HZ
6PLWK IRU WKHLU XVHIXO DGYLFH DQG KN DQG! XW G5SX UQ QNI k
P\ 3K' VWXG\ , WKDQN 3DXO DQG 'RQ IRUGWBDMIUDWLQ
DFDGHPLF GLVFXVVIKROMW V6 3/HRF BD® OWIR U LIQLV KRGH® VW D
VXSSRUW DQG LQVLIJKWIXO DGYLFH GXULIQUIJPNBKVVWRGG
PDQXVFULSW Z DIONVIRQYHUDLPSUHVVHGER X UW QQWIHO/O LLIXH
ZKLFK DUHD , KDYHI ORI KQW BSGHREWDO WD @RNM WR)JRQ
$UDELGRSVLV PXWD®RWYRURUZKWIQU) &L GDRQ) W RUNRLRXG 30
5SHVHDUFK 3)5 DQGDI®RW RGW IEUH. ®RQLS QRN QW B W LGRIWMI
$OVR , WKDQN 'RQ DQG KLV IDPLO\ IRDWWINLN) D @B UR R
FRPIRUWLQJ PH ZKHQ P\ JUDQGPD SDVVHGGUHRIV, DP JL
JXLGH DQG KHOS IRU WKH SURWHLQ VWIXFRHQMA DIQDD \V |
, ZDV VWXFN DW P\ UHVHDUFK

JRU WKH FROODERUDD¥FING-RDOINEDH BK R IHMHY WHR B R/X WK H
S8QLYHUVLW\ RI $PVWWHWGDPQDKISY HYRX D HWISBIFLDQD\ <
.ULVW\QD J)ORNRYD /HPHQJ 'RQJ DQG 20WDRQRPHKRYWKQJ
WKH WUDQVLHQW H[SUHVVLRQ DVVD\ KRHBD,0ZDX SISR UM H |
ZDQW WR JLYH P\ VLQFHUH WKDQNV WR IRU 10O WKL/ H L
VXSSRUW DQG NLQG KHOS ZKHQ , GLG Q&RXDOMRI H[SH
DSSUHFLDWH 3URI RHOPDWURXEDWVLR@DO 6 H& REQRMMIFEE QR O
6XSHULRU GH ,QYHVWLJDFLRQHV &LHQWQMVADWYXFRW IRWR Y
JHQHWLF FRPSOHPHQWDWLRQ

, DOVR ZDQW WR WKDQN WKH IROORZE®J 'DHRIS KHH HFOWH W K |
IRU KHOS ZLWK :*6 GDWD DQDO\VLV $QG WPH ZHIF FRKIOD® Q |
DQDO\VLV ODUWLQ +XQW IRU WKH *& 0&IDWQDOW.IFWH DIYA G
VXSSRUW RQ +50 DQDO\VLV ,DQ NLQJWRKRKMHNERDGLEHO
=KDQJ DQG 1LFN $OEHUW IRU WKHLU XVHIXPEHGYQFH RC
BQRZGHQ DQG %D UWH-DUQ XV H IX OR WH WE&E DFINQWREDUSW W K H
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, WKDQN 'DYH %UXPPHO® LBED DQEQ(DEQ 21 " RIQRIKZXHY 'D
IRU DOZD\V EHLQJ QLFH DQG IULHQ G OK DAQRN FBHK I W HIQ D, Z® V
BWHYH IRU WKHLUVKWYODWE DRFWRL Q WKKD/QDQFE FURLAHAHEDYI L Q
3)5 6DUDK /HL &KHWHKIL &NUHV =RH 5RONMYHD G QL
1ILNRODL OHULHP (OYRUDWKHEDPDJLHQG\WKL PREPOSDQ\
VXSSRUW (VSHFLDKDQN, 6D@W WRR W HU XQG HHRWPWRWMG L Q
GXULQJ WKH KDUG WLFPKH DRJGP 'O UIHV HDQG UWRKRDUNRODL |
H[SHULHQFH ZLWK PRIRWP URRF POMO\YLY DQCKDRNLDDD
IRU WKHLU NLQG ZKH@®@S , LIWARKWQ QR G WHBIHF R QVIK D 9 Q FH HVDK
IRU KHU IULHQGVKLD RHXHQQZ FRREY $PVWHUGDP

6SHFLDO WKDQNV W RDMXU VQ %W R @ HDOIE SFER D\U G5 WKIHQ. U P \
3K' VWXG\ , WKDQNRXKIE DIVVRIP\ ,)6 GHSO®IWFRHLQWKHMQE 1=
ILQDQFLDO VXSSRUW QWR LDQDWH & G DWK ARIR HWR QW HD Q G
1IHWKHUODQGYV IRU FRQGXFWLQJ VRPH ZRHUV LW FNRQRXO H
*UDGXDWH 6FKRRO Rl +RUWLFXOWXUH DRG YRR B Q RQUMKLSL
DQG 3)5 66,) IXQGLQJ HHGLQF%WHFKQRORJI\ 'HRUHORSPHC
ILQDQFLDO DVVLVWDQFH WR FRQGXFW P\ UHVHDUFK LQ 3

)LEQDOO\ EXW WKH PRYWQWPSRRIWKQOWN MHQWKNDURHVW SI
HYHU\WKLQJ WKH\ GLG IRU PH LQ P\ OQIH[SBRHXYRUR\ LQ W
DSSUHFLDWLRQ DQGKDRNXH RWKRVWKMPFK7 IRU $HOr®d W\QV R IO@J

WKDQNV WR HYHU\RQH ZKR KHOSHG DQBWZXISSGRUWNWHGL PHH |



ERQWHQWYV
$EVWUDFW
$FNQRZEBRABQWYV
&RQWHQW
/LV WDREIOW V
/LVW IKIUHV
$E E U NWLLDQ V
*HQHUDRGDGFW LR Q
2YHUY LD @W S5FHHIH H
/HDHQYHVFHQFH
5HIXODWLRQ RQWBOH®RSHPQGHQW OHDI VHQHVFHQ
BHQHVFHQFH DNYRVLDQWH®/ UDQVFULSWLRQ IDFV
3K\WRKRUWRPRQ@WDWHG OHDI VHQHVFHQFH
'HJUDBQVBDWKZD\V
5HIXODWLRQ R IVSRMWKDLYHXVAMHG OHDI VHQHVFHQI
*HQHV DQBUWSWDRQ IDFWRUYV
3WARKRUPRQHYV
6HQHVFHEEFHG Q XDWMDLEHRIOAL \FP
JORXHM@QHVFHQFH
*HQHUDO LR BRGXRIHU VHQHVFHQFH
5HJXODVBIHRMDR VHQHVFHQFH
5HIXODWLRQ R IVSRMWKDLQYGXFWH G HQHYRHBY¥FHQFH

5HVHDUFK EDFNJURXQG
3URWHDLPV
ODWHDRBOVHWKRGV
30DQWHULDOV
& KHPY FID@GD UH Q W V
3KHQRWELG\VLV
*HQHUD QURDW® W RBR GV
$UDELGR S§WMF H Q FBIR@H JNHVHID L
&DOFXODWQARQ@RE ERROIHULQJ SHUFHQWDJIHYV

6\Q F K UR QR V DONRZRRL LPQH
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'HJUHHQLQJ DUFRM®ID®HWGDUN KHOG OHDYHYV
3K\WVLRD®JRQDO\VLYV
& K O R O R SIXQLD/O
3K\WRK@®WPRVUHDWPHQW
(WHKQEB WUHDWPHQW
6 W U MWIFRRQ@HD IVHIQMD W
*HQHWLF DQGWLRBR PHOROX50 DQDO\VLV
'"HWHUP L QIMVDHRAQL IR 1Q D W X il Rlils VADOM B @ W G
3UUPBHVLJQ
+50 EDVHG SRIOFRBUQWHDFWLRQ 3&5
/LN DQDO\VLV
0RO H FRX@ROQL Q J
30DVPRGVWUXFWLRQV
30DQW JH®RNIRRRRQ
6WDQGDUG IS FBTPHUDMDFWLRQ 3&5
6L W IFVGH GBRKWH VLV
$JDURVBHFHWURSKRUHVLV
385 SURGXFW SXULILFDWLRQ
5HVW HFWRLHR GW LRD V
ODWLRQ
%DFWHULDO WUDQVIRUPDWLRQ
3UHSDUDWIDR® HUW RRGH.G L Y%oP
% D FW H U LIDAG VMBIV JURZWK FRQGLWLRQV
3UHSDRDRARREHWHQW FHOOV
%DFWHULDO WUDQVIRUPDWLRQ PHWKRGV
$QWILLFFMRVHOHFWLRQ
&RQ\ 3&5
30DVPEEVRARQ
6WDQGH WE TXHQF
*DWHEDRQLQJ
7UDQ\RRUDLGWIQDO\V LV
51/ RODWLRQ
F'1I¥\QWKHVLYV

s//



4XDQWLWDMPWH3BEDD57 3&5
Q&RXQ@BIO\VLV
'KROH JHQRPHIQFH ®F
30DQW WUDQVIRUPDWLRQ
$UDELGRSVYQWRREBD
JORUDO GLS PHWKRGV
7UD QVIEBIRQ M ¥ WIHROQ
7UDQVLHQW H[SUHWHheRtfanigpaO HDYHV R
%LRFKHPDRDO\VLV
$QDO\VLV RQHADDIDD FWU O D F\WIRGHRNEN® FLG LQ

SORODWLOH DQROURIAD W\RIMD SK\+0ODWM 6SHFWURP
*& 06

%LRLQYRBADQDO\VLV
Insiico DQDO\VLV
*6GDWD\BRWDO
6WDQGDHGFHHDRRH.Q W V
SFFRWWOQOXPEHUYV
6 WD WwQ VDAALIW¥O \ V

OXWDQW GHIHFWLIYHLWMY D<&VWDPR JUHHB[FRKRHGRW\SH R
$UDELGRSVLV IHQKGCRWHGBHRFNUHDWPHQW

, RV R QV L
SHVXOWYV
SKHQRW\SLFIDQDEWIRSKRLY (06 PXWDQWYV

dis2 dis3 dis7 D Q851 H[KLELW VWDEOH GHOD\HG GHJUHH
SKHQRW\SHV LQ VXEVHTXHQW JHQHUDWLRQ

&KORURSK\OOisD Q€3QIsV LIVQRSE1T GXULQJ GDUN
LQFXEDWLRQ

dis2 HIKLELWYV GH OB RO WQRPAHQIERQ @

7KH GHOD\HG LQIORUH V@i$2QIPH QERW UFHDHKY IH@) R\
GHOD\HG WAREEOW R

'"HWDFKHG FDXOdisQ # [BHEYWVGRIOD\HG \HOORZLQJ G
GDUN LWERBD

7Kis2 SKHQRW\SH LV FDXVHG E\ D PRQRJHQLF UHFF
dis2 KDV D PLVVHQVHWKXKW PWGRQILYMYCXHQFH RI
'LVEXLRQ

s/l



$OWHUHGQG FSXUIHMHM\SHY DUH FRQILUPHG LQ VRPH
PXWDQWYV

dis2 KDV D GHIHFW L QP &X@GFW WD PRKOMDWLRQ FDXVHV
3 6 VXEVWLWXWLRQELQGMKH BRBENHW RHMXH 1<& SUR

OXWDWLRQ LEXWHFRYR WIKH GHOD\H G/ \GHM RHQYKPI SK
dis51 PXWDQW

, RV MR @/ L
5HVXOWYV
dis51 H[KLELWYV GH O BRBNYBAE QERQD
7Kid SKHQRWHNSH RM QRW GXH WR GHOD\HG WLPH W

dis51 VKRZV GHOD\HGI\BEBWUREFKMLRGDUN KHOG FDXOL
OHDYHYV

7KiIsl SKHQRWIsSSH IRM FDXVHG E\ D GXDO JHQLF UHFH
WUDLW

+50 EDVHG P DdisSO® F 51 Q

6HQHVFHQFH UHIOD WHE PSS Gis UHRERYD RR U
disb1

dis51 GRHV QRW GLVSOD\ WULSOH UHVSRQVH SKHQR)
WUHDW PMKRHNV AU N

dis51 KDV D QRQVHQWH PXMHD WREBRENUHJILRQ RI

dis51 DURPD SKHQRW\SH LV GXH WR WKH YRODWLOH
SKHQ\ODFHW GG & KNQB QIR W

'LVEXLRQ

$ QRQVHQVH PRKHVERWLHRUPLQDM® UHJIWRQERWHY WRQ
PXOWISSIOSKHQRW\SHYV

JORUDO IUDJUDQFH FRPSRXQGV SKHQ\ODFHWDOGFH
SKHQ\OHWKDQRO DXWHOIIRNHOKWHKH RPMSSBKHQRW\SH RI

BWULJRODFWRQH 8 HH$WLEHGRSW DWW [KHSDW GHOD\
V H Q HH\QFF H
, RVE MR Q/ L
5HVXOWYV
3KHQRW\SLF disQ DAONEI5VPRW D QW V
&K O R UR SXXWQ OL F Bi§¥ LIR@BES

7UDQVFULSW D E X\QRIDQFHH PROIUNHQHJ HOHHMWW BB H VXS
L@s9 DQB15 XSRQ GBYEDMQLRQ

ly



6HJUHJDW LR Qi€ QID@RIEL B XRV D Q W V
+50 EDVHG P DdisS LQR FXIV

'*6 DQDO\W&BY RI

*HQHWSORRRQW@®LRQ R

,GHQW LRLABWHRMQ FJSIBVLRQ LQ
*HQHWSPORRRQW@SALRQ R

+LJKO\ FRQVQIR YDHFG @ RV V XEMSW XBNH G LQ

+LJKO\ FRQVGIR DHFG @D PV V XEaXMBOBWIEWHG LQ
* 5

* 5 VXEVWLMaXIVBHRI® GQVUXSWYV HQJ\PH DFWLYLW
0%;

0$; UHPDLQV IX@RAWLAMADO LV UHSODFHG E\ $0OD

7TUHDWPHQW ZLWKVBRPHVSSHOD\HG VHBDO GHJUHH
max1-5 dis1l5 E X WdTAR \Wis9

6WULJRODFWRQYHFEDRG\QWVSRQVHAXODPWM@®OUH XS
E\ K RI GDUNRDOIFXEQWOARUHVFHQFHV

6WULJRODFW EXMW \QR @ DELRMVYQ WKRIOWG. U DS QG ®\UH"
WR WKH OLWKW @GOLWLRQ

*5  VXSUHVVHV WKH WUD QSARKIL B WODBKH)G DQFH R
JHQH Yhak135 dis15 GXULQJHDAGHRBNQLIKW

'LVFEXLRQ
6WULJRODFWREOBD W NHQIDMWHQFH LQ $UDELGRSVL
*O\ Rl OBY HVVHQWLDO IRU FDWDXRVEQJ WKH FR
LQWR &/%

6 XEVWLWXWLRQURI PDMABQANWDFWLYLW\ RI '

6WULIJRODFWROQHW UWRLGXHXFHWWEHLQIORMEANHHQFH VHQ
DVVRFLDWLRQ ZLWKER G KIWOIWXR I GOWL QL IKKH H[WHQGF

&RQFOXVLRQ LID®DG | AR W
6XPPDU\FR@EOXVLRQ
3RWHRQMWLOUH ZRUN

SHIHUHQFHV
$SSHBBY



7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

7TDEOH

I[LVW RI WDEOHYV

'HWDLORXRD\ LSAHQOMWLILHG (06 PXWDQWYV
+50UBIOF WEBRQHRQ W V

18550 F3R QRALWV L

385 LRHDFRPSRQHQWYV

FRYGGLWLRQV

$Q WH § D R W WH \RGEHB /G RH
&RPELQDWHRWVIRQ G AR VWIIWERY IRU LQILOW
3HDUVR® & WKLV WTIDRDU) SiRBXPOBWLRQ RI
6XPPDULBHGE KKHQMEW PXWDQWV
3HDUVYRQUWHBKWHVW IRU ¢is58 Y RIH @RIV R |

6HQHVFHHRQH YV H@DWKIE PDSSHd UHJLRQ IRU WK

ORFXV QNLEL LQ

7TDEOH

SRWHQWLDO YRODWLOH FRRSWKEOWWRKDW DUF

SKHQRWdJiS?d PAWDQW

7TDEOH

D Qds15 [ ér

7TDEOH

SHDUVYRDQUWHBKWHNVW IRU gis9S[UR JHER GV RI
&RO

1DPH DQG $*VOXPERODEWRQH SDWKZD\ JHQHYV

y/



YLIXUH

JLIXUH
JLIXUH

YLD $,'$

JLIXUH

ILVW RI ILIXUHYV

7KH ELBE® WIKIHDLVO L Q JARbBIddpsikihaiahe H L Q

7KH 392 BDWK@ FDWDEROLVP
BFUHHQLQG RV N5 KWO 6 KIHE O ROBHR/ X W Q BRWV R | (

'"HIURIHQHY DFKHGOGVD@IOG VBID® NEFGINORUHV FHQ

JLIXUHInplanta SKHQRW a8 "isR®I ais61 dis7 D Q@E51

JLIXUH 7KH \d& B K HQ RWWIiSHdik3Qdis7 D Qis51

YJLIXUH &KO Wis\P N QD QRWY KB UL DEX BMWLR Q
YJLIXUH 7LPH WR EROWI®2 DQG IORZHULQJ RI
YJLIXUH '"HIUHHQLQJ RI Hi2I O RUWNFRKQURDLRHG IORZHUL
WLPH

JLIXUH '"HJUHIHMRQBKRIG GDUN H$20G OHDYHV RI
JLIXUH ([DPSOHJIDRMULRBJIRI ) SRISXOBWLRQ R
JLIXUH $ P S O INMCH DLVOL RIQQRIP L Rlis2 $ R |

JLIXUH 6HTXNYTELWOHIR B LQ

JLIXUH 7LPH WR EROWIW®SL DQG IORZHULQJ RI
YJLIXUH '"HIJUHHQLQJ RI HipLOIRW HMBRRBRQLIRMHG IORZHU
WLPH

JLIXUH '"HIJUHAHOLRBKRIG GDUN Hi$5DG OHDYHV RI
JLIXUH ([DPSOHJDRMULRBJRI ) SRiSSX EWLRROR |
JLIXUH +50 EDVHGdR DBBRIEIRE X WD QW

JLIXUH 7KH WULSOH UgVSR@E5H PXWDQMU /
JLIXUH $P SO IEINF D QY LIRI@ RP L Fisd1$ R

JLIXUH 6 HT X BIR2F UG J LRAISH1L Q

JLIXUH *& 06 BURRO®MWLOH FBPSR®GE MV ULRP/
SUHOLPULRIDQQLQJ

JLIXUH *& 06 BURROBWLOH FBPSR®GEEVZLW K

RQH 10R ZHDF KRIHHR W

JLIXUH

6FKHPDWLIRQHBIUWKH@E AL BWIRWHKRWLF SDWKZ

SKHQ\ODFHWDOGHK\GHE IS®&H® G H WIGCHQR@ER BHQ]\O DOFR

y/l



JLIXUH 7KH VW WRNMRODKFWARLFHDELG VLV OQD@OLQJ SDWKZ
Arabidopsis thaliana

YJLIXUH '"HOD\WRHREHO BHBUHHQLQJ DQIBVEMY K\ SKHQRW
D QdBs15

JLIXUH "H\GHBBIG G H J Udisd @MLA@EILRA planta DQG L Q
GHWDFKHG LQIORG HQFOIRGH G BHPRQGLWLRQV

YJLIXUH & KO® URBDIQ\WL IGF VY E R B CR GIDRN HKWOHEQEA YV L Q
dis9 DQIB15 PXWDQWYV

YLIXUH 7UDQVF UL W \DHEX @ @DTBR. 5 ANAC092 \CLYGR |
SAG12 L@r/ DQiE PXWD QWK [DUGK

JLIXUH $QHH[RBSWFUHIMD[@RRI ) SRSXODWLRQ
JLIXUH DGG :*6 DQDQ@iYLV R

YJLIXUH * HRORHS/OLHP A Q WIBOW LR Q RI|

YJLIXUH 3RVLWLBRW R}H ¥DWKEO\ JHQHY ®IF® WD QN HUYV
PDSSHG UHAEBQRAKXKY LQ $UPKUWURRBWR WP

YLIXUH ,GHQWLILY PWWOWRR® WRdigl5 GDWD RI

YLIXUH * HRORMHSADLHP F Q WIBMW LR Q R

YLIXUH 7KH VHULQBIQLR SN EVAO\DL W SWRRV/GI L@ WKH '
JLIXUH 7KH JO\RAIQHWXE\DVUUWEWLRAGWBLWKH 0$: S
JLIXUH $@®RDAVVDYG &l Betiamiana OHDYHV LQILOWUDWHG
VWULJRODF W RIQMH JHLRY \RRQK/NWW X F W V

YLIXUH 6HSDO GHFUNHGLIQIIBRUHYVFHWWKWMNWUHDWHG
*5

YLIXUH 7UDQVFUHSAK DEXHO\GBOQOFWULJIRODF®RQH SDWK
VHQHVFHQFH UHODWHSHUH®IEVRE X UK QRI HIEDAUN WUHDWP
YLIXUH &RQILUPOWLIRLE WLRQDO FKDVRGN 8D WWIDRIROI
DQG VHQHVFHQFH UE\OTBW FB® & B Q HWL V

YJLIXUH 7UDQVF QUSIW LRIQDXIBFYDD QG & B QHI\GF BIKDE H VU H
GXULQJ WEKH Q HIK\®

YLIXUH 7UDQVFULSWIRQDOLFRODBFWRBY GRWKZD\ JH
WKH UHQK DKW

YLIXUH 7UDQVRDDRSWYRQDXFDU VHQHVURDDFWRQE VW
SDWKZD\ JH Q HWVKG XHI[IMBIQIGKIG

YLIXUH 7UDQVFULSWARQBOHFEBRQIRARBISHWKLRI

GDUN RmWHIHD W

Il



J)LIXUH $ PRGHO MWDGNDWDRXG LQGXEFHG HWKVOHQH DC
VWULIJRODFWRQH P H@EBHH WH G HMFFIKD@RRHH Y RUFHDIX®LDON HIG: &
FKORURSK\NWOMDGDWLR

y/s



$SEEUHYLDWLRQV

$$'& JURXS ,, S\ULBRFBOWHHSKHSHQGHQW DPLQR DF
GHFDUER[\ODVH

$$6 DURPDWLF DOGHK\GH VI\QWKDVH

$%3 DEVFLVLF DFLG

$&& DPLQRF\FORSURSDQH FDUER[\OLF DFLG

$&2 $0,128&<&/23523%$1&%$5%2;</$7( 2;,'$6(

$&6 $0,12 &<&/23523%1( &35%2;</$7(
6<17+$6(

$*, $UDELGRSVLY *HQRPH ,QLWLDWLYH

$*/ $*$0286 OLNH

$+. ARABIDOPSIS +,67,",1( .,1%$6(

$,'$ SUDELGRSWIPHQOEHOBHBUHHQLQJ DVVD\

ais accelerated inflorescence senescence

$1%& $5$%,'236,6 1$& /208%217%,1,1* 3527(,1

$2& $/1(1( 2;,"( &<&/$6(

$3 (5(%3  $3(7$/$ (7+</(1( 5(63216,9( (/(0(17
%,1',1* 3527(,1

$5) $8;,1 5(63216( )$&725

$55 $5$%,'236,6 5(63216( 5(*8/$725

$61 DVSDUDJLQH

$76 DWWDFKHG VKDGHG OHDYHV

$=) &\V +LV W\SH JLQF ILQJHU SURWHLQ
%5 EUDVVLQRVWHURLG

E=,3 %DVLF OHXFLQH JLSSHU

&DV &5,635 PIMDMRHG SURWHLQ

&'6 FRGLQJ VHTXHQFH

&(1' FDUER[\O WHUPLQDO HQG

&K, 3 &KURPDWLQ ,PPXQRSUHFLSLWDWLRQ
&K O FKORURSK\0O

&. F\WRNLQLQ

&1 FDUODFWRQH

&1'$ FDUODFWRQRLF DFLG
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FRYDOHQWOQWBU®NBGDWH PROHFXOH
coronatine-insensitive
&ROXPELD
&<72.,1,1 5(63216( )$&725
&OXVWHNUHG\ UBWKHOUVSDFHG VKRWYW SDOLQGU
&2167,787,9( 75,3/( 5(6 3dadifutive triple
response
':$5)
delayed inflorescence senescence
'LPHWK\O VXOSKR[LGH
',2;<*(1%$6(
GRXEOH VWUDQGHG '1%
GLYLQ\OEHQ]JHQH
(,1 %,1',1* 3527(,1
(WK\OHQH 5HVSRQVH '"1$ ELQGLQJ )DFWRUV
HWK\OHQHGLDPLQHWHWUDDFHWLF DFLG
(,1 /,.(
(7+</(1( ,16(16, 7ethylene insensitive
HWK\O PHWKDQHVXOIRQDWH
(3+(0(5%/
(7+</(1( 5(63216( )$&725
(7+</(1( 5(63216( 6(1625
(WK\OHQH
7$5*(7,1* 3527(,1
(7+</(1( 5(6 321 &thylene receptor
)25(9(5 <281* )/2:(5
JLEEHUHOOLF DFLG
DPLQREXW\UDWH
*DV &KURPDWRJUDSK\+t0DVV 6SHFWURPHWU\
JOXWDPLQH
( D5 EG6 >> PHHWK\O R[R + IXUDQ
\O@R[\PHWK\OLGH@®RH® + LHGHRAR>U E@IXUDQ
RQH
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+LJK UHVROXWLRQ PHOW
,623(17(1%5%$16)(5%$6(

-DVPRQLF DFLG

-$6021%7( =,0 '20%,1 3527(,1
.$55,.,116(16,7,9(

NDUULNLQ

/IXULD %HUWDQL

I$7(5$/ %5$1&+,1* 2;,'25('8&7%$6(

/D Q GV Ereictal

OLJKW KDUYHVWLQJ FRPSOH]
/,32:<*(1$6(

/| SKHQ\ODODQLQH
025( $;,//$5< *52:7+

PHWDO FKHODWLQJ VXEVWDQFH
PHWK\O FDUODFWRQRDWH

PHWK\O MDVPRQDWH

PLOOLJUDP

PLOOLOLWHU

PLOOLPRODU

OXUDVKLIJH DQABMRRBREREWURPHWU\
0<(/2%/$6726,6

1$0 12 $3,&%$/ 0(5,67(0 $Arébidopsis
thaliana 1$& WUDQVFURIEWL D@ GD& & &83
6+$3(" &27</('21

UHGXFHG IRUPDRLGOGHFROMHQLQH GLQXFOHRWLG
UHGXFHG IRUPDRL QH ARGHQXGBHRWLGH
SKRVSKDWH

6$/,&</,& +<'52;</%$6(

1$& /,.( $&7,9%7(" %< $3 3,

QRQ IOXRUHVFHQW &KO FDWDEROLWH
QXFOHDU ORFDOL]DWLRQ VLJQDO

1<& /,.(
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old
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256
3$%6
3%2
3%$5
3&'
3&5
3(
S)&&
3)5

3+%$ RU 3%$0G

SKHIaGH
33+
UsFP
UDF *5
5$9

588&
58&5
5&)

51$L

526
5XELVFR
6%

6%+

6$0

6'5

6'6

6+5

6,5.

6/

121<(//12: &2/25,1*
2SWLFDO GHQVLW\
onset of leaf death
ORESARA oresara
25( 6,67(5
SKHQ\ODFHWDOGHK\GH VIQWKDVH
SKHRSKRWRELGHQ DV H
SKHQ\ODFHWDOGHK\GH UHGXFWDVH
SURJUDPPHG FHOO GHDWK
3RO\PHUDVH &KDLQ 5HDFWLRQ
SKHQ\OHWKDQRO
SULPDU\ IOXRUHVFHQW &KO FDWDEROLWH
1HZ =HDODQGIRQVMLMWMIXWHIRRG UHVHDUFK
SKHQ\ODFHWDOGHK\GH
SKHRSKRUELGH
SKHRSK\WLQDVH
S5 HYROXWLRROWH RUURWRU
D UDFHPLF PL[WXUH RI *5
5(/$7(' 72 $%, 93
UHG FKORURSK\OO FDWDEROLWH
UHG FKORURSK\OO FDWDEROLWH UHGXFWDVH
S5 HODWLYHIREBQWWEH RU * IRUFH
51$ LQWHUIHUHQFH
UHDFWLYH R[\JHQ VSHFLHYV
ULEXORVHKDW i LIPMBKERR[SODVH R[\JHQDVH
VDOLF\OLF DFLG
VHQHVFHQFH DVVRFLDWHG JHQH
6 $SGHQRV\OPHWKLRQLQH
VKRUW FKDLQ GHK\GURJHQDVH UHGXFWDVH
VRGLXP GRGHF\O VXOIDWH
67%< *5((1
VHQHVFHQFH LQGXFHG UHFHSWRU OLNH NLQD
VWULJRODFWRQH
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60,;/
613
6Q5. V
630 (
7 3

68335(6625 2) 0%; /,.(
VLQJOH QXFOHRWLGH SRO\PRUSKLVP
6Ql UHODWHG SURWHLQ NLQDVHV
VROLG SKDVH PLFURH[WUDFWLRQ
WUHKDORVH SKRVSKDWH
7ULV ('7% EXIIHU
WUDQVFULSWLRQ IDFWRU
XQWUDQVODWHG UHJLRQV
ZLOG W\SH
yellow-green leaf
PLFUROLWUH
PLFURPRODU

yly



*HQHUDO LQWURGXFWLRQ

2YHUYLHZ RI SODQW 6HQHVFHQFH

6HQHVFHQFH LV WKH ILQDO SKDVH RI SOBYWQRWKRQOD Q

OHDGV WR WKH GHDWK RI WKH RUJDQ RD ZXRRFHF30D QW

PDWXUH FHOOV RI WLVVXHV DIWHU WRKH QD BO R ZHN K. SLKHDQA
UHF\FOLQJ RI QXWULHQWY WR QHZ JURZLQJSWL®MW RU V
ZKROH SODQW OHYHO VHQHVFHQFH UVW®RWML GHQBIBOEQL
SODQWV WR VXU®LWKHSWILLPHMOMQYLURQPHQW YV

7KH DELOLW\ WR VHQHVFH ZDV SURSRV HGEG MW@®RFURT X\LKHH D
WLVVXH WKDW RFFXUV GXULQJ DJLQJ :KHXQ DXHKRWRPSH)
GHYHORSPHQWDOO\ LQGXFHG VHQHVFHQ#&#H FDQ EH LQG
YUDF K H EtRIX G $JH LOQGXFHG VHR® \DFFMWLFHH LS'URFHVYV DQ
UHJXODWHG E\ LQW HUDFWORSPEAWDIOH @ BR QBN DIEGKR
HQYLURQPHQWDO H J GD\ QLJKW OHQUWRK YWPHDPW R D Q
QXPHURXV VHQHVFHQFH DVSAGELDWIHREt alHQHV
IHYHUWKHOHVV LWPBRVYWYRB RI2ARXQGHGJIGDYG GHWRORQ.
FDQ PDNH WLVVXHV VHQHVFH HDUO\ SRWVWHRODDORZQ D
VXUYLYDO Rl WKH SODQW DV D ZKROH .DQRMLD DQG 'LMUI

OROHEXODU JHQHWLF WAVQXH\LFHYQ FKRIZH® DUHROLED® O\
SURJUDPPH DV DOWHUMGKOMDEHHRQBREYHHYHG FHQFRPH V
DVVRFLDWHG PXWD Qbtast ufXéaK da WWKHDQG VWD\ JUHHQ
PXWDQW&fal-LQJ +|UWHQVWHLQKJ PXWDQKH ZHUH LVROD
E\ DQ HWK\OHQH (7 LQGXFHG VHQHVFHQFOWHRUHEQ DQ
WLPLQJ RI RQ\HHW \RA HAHDH V7 K HId/ WX\ DIOW R IVXJIJIHVW WKD)
SURPRWHG OHDI VHQUHWHI® FER MR I WK GBIEID |

-L Qet al. 6WD\ JUHHQ PXWDQWV H[KLELW D GHOD\ L
FRPSDUHG ZLWK ZLOGFWQOSEH :FODWO\A ILRG A PWR IXRE W LR
IXQFWLRQDO FRVPHNWEWLRQWDQWWWD\)JKHEHQVPX \F R R S\O/H iG]
UHWHQWLRQ RI FKOR URGKWVRY \ QK IOH VDIGH M\ VE RWLPWW LZFK H
VWD\ JUHHQ PXWDQWV RQO\ VKRZ D GHIHFWZ LQV &KO F



GLVUXSWLRQ RI SKRMARV\QKIOHWV R K KOHF W IBNH IDVHWHF W Q/PAHL G O
WDNH SODFH +|UWHQVWHLQHU

,Q DGGLWLRQ WR JHQHWLF PXWDQW VFUDHRH@WVR/UDQV
HIWHQVLYHO\ XVHG WRQHE®H@KMIW KRIQ WSPRIM \E R @ K DEHEY H C
VWUHVV LQGXFHG OHDI VHQHVFHG@GFRH %XFNDQDGHEROOD\
*U D Rtal. % U Heti] H *XR DQG *DQ SXPWHURXV

ZKLFK DUH GLIIHUWQWGEL BXOL ®JSOMDI VHGEHNAMIQEH GZ H QH
PRGHO SODQW $UDEDBBSMLWH@RWVFHHQFHSREGIINHU JHQH
JHQHV HQFRGLQJ 1$& DQG :5.< WUDQVFURSW LR® HIVFWR U
LQYROYHG LQ KRUPRQH ELRVI\QWKHVLV D@&A.LIQDOOLQ.

YDQ GHUetdlDDII

3K\WRKRUPRQHV KDYH ORQJ EHHQ NQRZQXWRWI®RD\ RIH\ L
VHQHVFHQFH (WK\OHQH (7 VDOLF\O$%$DFM® VPR Q DFEVF|
DFLG -$ DQG EUDVVLQRVWHURLG %5 SURPRWH WKH
VHQHVFHQFH ZKHUHDV F\WRNLQLQ &. X[LEREBUHOOOLFE D
VHQHVFHQFH *DQ DQG $PDWL&R ORRJIH UHFHQWO\
VWULJRODFWRQHV /00 NRRRZIQ DEH ¥KUHH WX IOKIMW WQR § HH G
JHUPLQDWLRQ LQ SDUDWLWLF :DQD WG %BREKZPHHVWHU
DQG SODQW VKRRW EUDQRKAQJ *RBPHKRDGDQ

ZHUH UHSRUWHG WROU HIX® BBViDK N) D QX XH &8 BHO BBR VHQHVE
al. 6QRZ&GM.Q < R1Q. +DP LA | <DPDGD

et al. 8HGD DQG .XVDEDSODQWKHRUPRQHW GRQMRW ZRU
EXW UDWKHU LQ FRQFHUW ZLWK RU DBHDHNFMQFDFK F
SURJUHVVLReQal -LEUD®@# al. )RU H[DPSOH (7 $%$ DQ
MDVPRQDWHY KDYH EHWQWIRXN @ LWK FHUDE K RFONV OHD | WR |
VHQHVFHQFH LQ $UBBLGRSVLV .LP

/IHDI VHQHVFHQFH LQDNROYWNREGHQD IWRP WQBEEROEF WI
PHWDEROLVRt aloDWH %OHHFNHU DQG 3DWWHUVRQ

DFFRPSDQLHG E\ D VIRORIVLFPRIO SKOWL ELRFKAWRLFHOO HYH
SURFHHG RUGHUO\ LQ VHR&HVFLQJ FHIOUDWGDWERRQ RI &KC
SURWHLQV DQG PHPRWKDGH ®DDIGEP DUNNQHFIHOHAD L YHQOIVEL



et al. &KORURSODVW GWEWDGDWORBVWY HFHQW G XU
VHQHVFHQFH ZKLFK UHVXOWYV LQ YLVEBOH \HOORZLQJ RI
DQG $PDVLQR 7 KW WBHUTRALHNANG W R $IUFHLYWAQIMD SKIRAV R
FHOOV DQG WKHUHURWHI MV YBIQ \R L IVORYRDVFALOQLIVBHOHD @ LW U I
UHPRELOL]DWLRQ DQO/HBYURVEHYNHRQ |BWHQVWHLQHU
OHWDEROLVP Rl PHPER RFH XOUL\E HEW O 0E X BHQ F D HDK L\FHKQ
FDXVHV DQ LQFUHDVHG PHPEUDQH SHUPHBGEH®DWMW DQG
7KRP S ¥Rl 5R @Ql. 2WKHU PDFURPROHEXOHV V
VXJDUV VSHFLILFOHOPDWREBRYH ® D QB[RYHRVUMWRE WK K
VHQHVFLQJ uVRXUFHY OHDYHV OHDYHV GNKDBWXSBR®G XFH
OHDYHV WR pVLQNVY RUJDQV H J \RXHUXOHB W DUNG V
IRU JURZWK et&dROODQG

%HVLGH UHODWLYHO\ ZHOO FKDUDFWHUHVRG IORDD®HQ!
RUJDQV HVSHFLDOO\ SHWDOV KDV DOWR SBDMHKL ZDL@G O\
7XWHMD 5RIJHUV $KPDG D®@@L.7DKLU %RWKOD
VLPLODULWLHV DM IS LRXQE EHHWZHEHQ MHRZHMF BDQBHOHD |
JRU LQVWDQFH DWOW K H OP RGDIHUFX-D QX P ERH WD YRR QIVHHGH \L. D U
ERWK OHDI DQG IORZHU & HIQHVFHQBHY4BaAIQEQ L
LQGLFDWLQJ D VLPKRDRRQM BMJIXKODW L RIQQ VKRAHYWHLY H (7
IORZHU V\VWHPV H[IHWNEGXW QRWIORD|I VWBHNVEH@RHG :R(
9DQGRRUQ

,Q WKLV LQWURGXFWLRQ VHQHVFHQFH UHORODMEREK\VL
JHQHV DQG SODQW KRUHP RIDHE SRWW R D UX FHN G/ O/ROU HD/Q/GL Q (
IORZHU VHQHVFHQFH DUH UHYLHZHG

/HDI VHQHVFHQFH
5HIXODWLRQ RI| B ®H®RSHPH®HQW OHDI VHQHVFHQFH
BHQHVFHQFH DWRFL DWBGWUDQVFULSWLRQ IDFWRL
,Q RUGHU WR HOXFLGDWH WKH PROHFXOWQHFFERIQFALVPYV
JHQRPH ZLGH WUDQVFULSWRPH DQDO\VLV HZIBWDVAW HG H[
GHFDGHV WR LGHQWLW KMV FRDVODRCRIEWRWLKF DD B OD QG AX F



OHDI VHQHVFHQFH LQ GLIIHUHQW SODQWPKHFREY /LQ
'ROOD&WRQ YDQ GHWtAUDDII % U retH)H *XR DQG
*DQ = KD &.J D

,Q SUDELGRSVLV D ODUJH QXPEHU RI JHQHM KD WH. CEHOI\Q
H[SUHVVHG GXULQJ GHDYHOHRGHWIINIFFG 021 WKOHPWHIRZ QU |
JHQHV DUH RYHUUHSUHVHQWHG IRU JHOHY LQ¥RAGHGILQ
SKRWRV\QWKHVLV DIHWWLIRW\ DRIBUE RIQQR D F% & FARHOMDUEIRON
XSUHJXODWHG JHQHV DUH HQULFKHG IRWWHREBVREDUW
SURWHLQV OLSLG&HD Q G XPKDIHRW:ROODVWRQ GHU

*U D Btidl. % U Heth].H 6XFK H[WHQVLYH WUDQVFULSWLI
RISAGs UHYHDOHG D GUDPDWLF DOWHUDWLRQWRRBHOO P
SKDVH IURP DQDEROLVP WR FDWDEROLVP L,@ [3GGR\WYWMR
KRUPRQH ELRV\QWKHVLV DQG VLJQDOOLQ@HVIVWBKE DOVR
%XFKDQDQ :ROBODVWRQYDQ GHWtaUDDII )RU LQVWDQFH
JHQHV HQFRGLQJ UHJXODWRUV LQYROY$ GWHWSRQWHIQDC
UHJXODWRUV $55 $55 $5%55 ZBHQB GRZQ UHJAODWHG G
GHYHORSPHQWDO OHDI VHQHVFHQFH ZKHUMBMWWRRYVH
HQJ\PHV H J $&& VAGWKDWHE DOAG&6 ZHUH XS
UHJXODWHG VLJQLILFDQW GCetal% X F K DYJID® GR GO\ R Q

6HOHVFHQFH PDISANGID JHQH

21 XS UHJ®A@VBAG?2 SHUKDSV LV WKH PRVW IDPRXV RQH E
XVHG IUHTXHQWO\ DV D PDUNHU JHQH HRUH QAREAFQWDQJ
VHQHVFHQFH DQG LW UHDFKHV WKH KLJXWDWHW[RUHVVL
VHQHVFHQFH 1RK DQG $PDVd &R DBAGIQ VHHIF RG H V

D F\WVWHLQH SURWHDVH KDKWRYDHKSEURERWREQHWKIDG UHJL
VSHFLILFDOO\ UHVSRQGVY WR DJH UHODa&N#G VHQHVFHQFF
1RK DQG $PDVLQR ZHYBU ARKH XS SAGILR KDW LIRQVRI EHHQ
UHSRUWHG LQ GDUN LB GF ER WK @NWFB PKBGOBQ HFHWD |
YDQ GHU et@DDI!I WV ZKROH SURPRWHU KDV EHHQ X!
H[SUHV VLR Q is6pkentddy Hransferase IPT JHQH D EDEFEWHULDO &
ELRV\QWKHVLYV JHQH WR GHOD\ OHDI VHOQMRMEHG@FH E\ L

0



SURGXFWLRQ LQ WUBQDIHOWL F* V@ BDIFG B PTHALIUIRN D E O\
WKLV DXWR UBAXIQDPW WGV EHWR KDV EHHQ VXFFHVVIXOO\ L
PDQ\ FURS VSHFLHV LQFOXGLQJ OHWW XFHDW AH GWRP |
EURFFROL WR GHOD\ VHQHVFHQFH =ZD/RN JHYG ¥DVKBRW W
WKH UHJXODWLRQ R IVHIHMWHFHRIMHH QSWIQ | L FJ KEB\ LV K
FRQVHUYHG LQ ERWK PRQRFRWW HUNY VWEEBAGIO\ LDOWKR X J
VSHFLILFDOO\ LQGXFH®GF X SRRQHWVH WKV F JHGHRXDW LNQRF N |
$UDELGRSVLV PXWDQWY WKH SODQW YV Q@HAH SXRM R\KRZHD Q
2 W H étaL W FRXOG EH WEPWLRE LM FRPSHQVDWHG
DFWLYLW\ RI RWKH USSR VW PKHWD BMHXQet3aU X AL QV N i

6$* LV H[SUHVVHG SURGRPQMVEWQEHLDVVFOHWWHG YI
2 W H étxal &DUétlay Q DQG LW KDV EHHQ VXJJHVWH
LQYROYHG LQ GHJUD\GDWLERRVBKRNEKDWHR FDHERWO DV
5XELVFR LQ WREDFFR @HDYHV @DUWILE.D]

ZKHUHDV DQRWKHU VWXG\ V$AGHV IWH @ RVK [5W VWDUDLANH.@W D ¢
5XELVFR EUHDNGRBROVILY PUDEVR\EBHDQ 2W BHFIHQW O\

-DP HVal. IRXQG WsagDWPWWHW QW GLG DIIHFW \LHOG RI $
XQGHU WKH ORZ QL WKW QV KR QI WK RQYRDXI RH \6WH G D
LQ QLWURJHQ UHPRE WXH DW DR ¢ HXQXHMIAH@AH J B UDWPHN G

al.

BHOHVFHOFH UHODWHG WUDQVFULSWLRQ IDEFWRUYV

7KH UHJXODWLRQ RIHOBIIDT XMHGINVV FH/QW KWW FE IPQRGV W R VQH
WKH UHJXODWRU\ WHDURIQW RH Q\HK/H LIUIR QWF D QW LRIV IR
GLIIHUHQWLDOO\ H[BQH\GLHIG KD W XGH Y H ©® RSP K@WBBIO VW
YDULRXV HQYLURQPHQWDO VWUHVVHVJISQRY U 8 BXOmD WRRIE L
QHWZRUN RI OHDI VHQHVFHQFHetlaQ $UDEWGREBBDRWQ&KHQ
'ROODSW.RQ % U HeHdlH %XFKDQDQ sRMODVWRQ
UHSRUWHG WKDW FHXWDRWKYI 7) IS UV X OQRUHD VYHG
WKHLU WUDQVFULSWQDEGRGHQFESHQWW OH ORABHWHQHVF}
LQFOXGH :5.< 1%& 0<% $E=(3(BRG$3 (5) 7) IDPLOLH
ORUH UHFHQWeDal. %UHH{WHG D WLPH FRXUVH PLFURDUUD\
LQYHVWLJIDWH W KHIDU i HQO-DAR HR@ HR D /S P DI QMRIXY \G\W ¥ BIHD\R
LQ $UDELGRSVLV %)\ VFQDSOWLIRQID & UDURL LIGIKW QRV L D O OG

n



H[SUHVVHG JHQHV WKH\ IRXQG WKDW WKHKREHD QG :5.<
SDUWLFXODU RYHU UHSUHVHQWDWLRQ HUWRH WEKHSRRO
IDPLOLHV SOD\ LPGRURNMD QMDU REGQWH\LFH QFJHHE&BRR JUDPPH
7TKHVH DUH FRQWIK\AWWIHQ®LOLUWKLQ WR 6 HAXXO®IUHYHW KD
PDQ\ PHPEHUV RI WKHWVBUMZRUIDRLEOLE DRAL¥FBVY¥D GBQ R
RI ELRORJLFDO SJWURGHUNVMM@GEGHVWHHQFH PREDMKHN DQG 6R

O L DeRRal. 2 O et E 5XVEKWIROQ BRG]JLPVND 6URND
et al.

1$&V IRU 1$0 $7$) &8& FRQVWLWXWH ROHFRILWKH ODU
IDPLOLHVet2IOVHGE ,Q $UDELGRSVLV PRUH WKDQ JHQ
1$& SURWHLQV KDYH EHHQ L@HQWLILHGUDQNBVYKBMRPH
DQDO\WHV UHYHDOHG WKDW PDQ\ 1$& JHQHVYX&UH VHQHVI
al. %XFKDQDQ :R@OODVWR@ODEDEEHK % U HH]H

al. 21 WKAPP DOVR N QRRQOIIVANAC092 DOVR NQRZQ DV
NAC2 DQORElL DQG LW VOBSIU MD®MR/R NQRAQSOVDUH NQRZQ

WR KDYH VLJQLILFDQW UROHV GXULQJ XOHDHMVHDMHWHBQF
GXULQJ ERWK DJH DBG \HWU HNUINDGWA/ WWDHDW RH Q5/2 6
VHQHVFHQFH *XR DQG *d 4. %P ODED®.HK

% D O D] BtGH K <De &l OXWDQWYV GHIHFWLYH LQ WKE
H[KLELWHG GHOD\HG VHQHVFHQFH ZKLOMKWZXHGEGU RYH!
SUHFRFLRXV VHQDERIERBSV LY $X¥R DQG *Da LP

% D O D] BtGIH K % D O D BD&B H K 7KHVH UHVXOWV VXJJHVWFH
WKH\ SRVLWLYHOVEHHQIRD DWW H VHRYH U H GBIXR) 6 D R MRMHYQ H U
URVHWWH OHDI VHQGIRSVIQF D QG BB BHD UM $X)QB WWHIGOE X S
DJH *XR DQG *DQ U PREZHFHQW VWNAR\ WRHOG/ MUKLIS\W V
ZHUH VLJQLILFDQWO\ LQFUHDVHG XSRQ G®UNKONUHDWF
GHJUDGDWLRQ E\ HQKWRFQQRI| WWKMHQ ¥ %!$ 1 HIQRAOQ WK HW L F
<D Qet al. $1%& LV FRQEBVGWWHGFHQWUDO UHJXOD
VHQHVFHQFH EHFDXVH LW WDUJISMY¢ BXUHQQXERWWKV |
GHYHORSPHQWDO DQG VWUHVV LQG&HG VHRHWFRIQFH %
etal. % RNAE092 DQNBP DUH GLUHFWO\ XS UHJXODWHG E\
7) GRZQVWUHDP RI (,1 GHSHQGHQW (7 ev&lJQDOOLQJ SDW
7UDQVFULSWLRQDO DQDO\VLV IRXQG W KDAMAGOKH\ UHJXOD\

]



ANACO79 DQEI2 DQG GLVWLQFVANACGDEY] B W®AGI02 D U H

RQO\ UHJXOMBNAEDG2 EGXULQJ VHQHVFHQFH VXJJHVWLQJ
RYHUODSSLQFWQG GHVWMUEODWRU\ QHWZRUBY HRILV 1 $&
.L Pet al. &RQVLVW H@adainapV BRXEOH PXWDQW VKRZE
SDUWLDOO\ DGGLWEWIFHH 6 BMH®R W HSHHA D W KFHRLPLS IV U B GOW R
PXWDQWYV ZKLFK LIQGGARQWHWGHUR® G B % R B\ SIDWAR D HWQ HRW W
.LRtal. $OWRRNIBOVR FRQWUROV GHYHORSPHQWDO C
WKLV JHQH LWVHOI ZDV V¥V IDRXQGE GWULDQOBWFHGWRPH DQDO\\
KLJK SHUFHQWDJHV RI LWV WDUJHW JHQHW @HUH LQGXF
WUHDWPHQW VXJIJHVWOQBGLWQDOWR HVY YLROGKHFHG VH(
%DOD]&GEHK

7KH VHFRQG ODUJHVW) SOPRQO VU FLHUKIOQMMRHQ®G H DUV
WKH :5.< VXSHUID&®EIO\ *XR,Q $UDELGRSVLV LW FRQVLVYV
PHPEHUV (XQUHP 7)V LQ WKLV IDPLO\ LQ DGGLWLI
LPSRUWDQW UROH\W LR) WK B | WHHIQIODRMHLQRR HS DWW & ZIORW P R Q
DOVR SDUWLFLSDWH LQ SODQW GHIHQRXVUBVBSWR QN H\WQ GQ
DELRWLF VWUH¥MHYV 5XEKW&.Q '5.<V UHJXODWH OHDI
VHQHVFHQFH E\ ELQGLQJ WR WKH : ER[ HOBBRORW R UNT7*$.
RI WDUJHWY¥tal(XOJHP:5.<V UHJXODWH W KSAGH $ILMAKHIRQ R
DORQH RU E\ LQWHUDFWLQJ ZLWKRK KNUVINVR QR O \HDQIES
VSHFLILFDOO\ H[SUHVVHG LQ VHQHVFHQWWOU B YWD RIHYU
OHDI VHQHVFHQFH E\ WDUJHWLQJ DQGSARGWLYBKWVDRYJ WKH
WKH VHQHVFHQFH LQGXFHGSIRK F BB WRW ] BN NMQ IS L QPPRAHV L F k
7KH UHJXODWLIFRI@ RH ENMQF. < LV SRV BB
FDQ EH SRVLWLYH RU @H RMWZKBIWG RSHKO G L6 W HU B FMW
ZLWK :5.< SRVLWLNYOQHDHJIXOQMNVFHQFB FIKH @ LMWK LQW
'5.< DQG QHJDWLY HG\DU H/IXODHDWFH) PH ZWINQZLW KL @ R\W K D F
'5.< DQG :5.< ZKLFK VKRZ VRPH GHJUHH RIFAXQFWLRQ
ZLWK HDFK RWKHU DQG ZLWK :5.< LQ WRHIMYVESBIOHVFHQTF
al. 7KHVH ILQGLQJV VXJJHVW WKDW VHWEQWO :5.<
UHJXODWRU\ FRPSRQWEWEFRI SWKRH WHRAH [BQUAR YALIGIHW W K|
WKH WLVVXH ZLWK DQRBKFKRQWEPRW RWIK I KILERLMRIVRIQR R | RUK
SURJUDPPH



3K\WRKRURRBQX®PWHG OHDI VHQHVFHQFH

3K\WRKRUPRQHV KDYH\SBRIRXO®EG VHNVI H ¥ WHY\HBMR GRLLLRDIO
SODQW GHYHORSPHQW OX@G& QG H VHHRIFEH JH QFFQ QRWILRED |OF
PDWXUDWLRQ DQG DEVFLVVLRQ OHDI IORZWE VBQHRXWQ!
ELRWLF H J SDWK R QHQDLEQ IRW WA RH) & DAJINRHNKW DWGE HV V H
*UD\ 6 Btlaw K 7KH ZLGH LQYROYHPHQW DQG GLYH
Rl SODQW KRUPRQHYV UHYHDO FRPSOH|[ DRGNRYHKDWSSH
PDNHV LW GLIILFXOW WR GHWHUPLQH \BKH LU®Q PWLRHF RIILD
ELRORJLFDO SURFWVVWKHYBR®HWH B HS PKREXERDWRQHD KD
VHQHVFHQFH KDYH EHHQ H[WHQVLY . GRFXPHQWAG 6Fk
etal. K Bt $ N KevaD U %DVHG RQ WKHLU VHQHVF
DVVRFLDWHG IXQFWLRQV SK\WRKRUPRQRXS\D @ EBIW O DM\
VWLPXODWRUV DQ®WOQRXEDWRWY TK#HONXGBQ %67 DEBG
6/ SURPRWH WKH RHYWHWQRRE| SWHRJIMWVFHQHF H QRKKEUWBWYV VW k
LQFOXGLQJ &. DQG *$ GHOD\ VEQHVFHQAHEMEBKLSSHUV

<DPDGD DQG 8PHKDUDYHU WHRZMHQHVWRQF K RGIKHXOD
RI DX[LQV LV GHEDWDROHWKMLGOQRBYHRHORQRI| LWQKLV |
SURPRWLQJ RU LQKLELWLQJ OHDI VHQHYVBEREEH W DY U H
%DOD]DGHK DQG :RMRBLHFKRZW@NDNKH VHQHVFHQFH
VWLPXODWLQJ KRUPRDHY GRMMGHEIV OMROPBEBR. Q SODQV
GHIHQFH UHVSR@MWH %UHWRM) 6DLE&W. 3DXO*XR DQG
*DQ 7RUUHMAIIOHUD ODU]JHF 7KH SK\WRKRUPRQH
QRW ZRUN DORQH EXFWUWD WKWK HQ FKR®R W KIQB WER GRRQ W L
SURJUHVVLRQ )RU H[DPSOH (7 $%$ DQ GVVSWIOIDWH ZEMHKQ |
HDFK RWKHU WR FREWOQRID IOHBUNEHQBERSVLV 2WKHU
UHJXODWRUV LQFOXIGL®3 705) DHQE $5)V MIQEY SHRW)
ER[ SURWHLQV DQG VXSSUHVVRUV DUH DPONGRRRDWMRBOYHC
VHQHVFHQFH DQG SODQW KRERRQH V L3RWVDXOWHKDIN :RR

/LRt al. ,Q WKLV FKDSWHU (7 6/ DQG &. ZKRYV
IXQFWLRQV DUH ZHD®A HDVWDEDQ M K B Q WD WHR KALK KD ISIKRAWHHG

(WK\OHQH
(WK\OHQH (7 D JDVHRXV SK\WRKRUPRQBQXWDWIFUXFLD

ELRORJLFDO SURFHVGHY HORISRHQIO DEFW E R ENEIU

(0]



JRU LQVWDQF KHLMR D SIKFE@R/JWR | & LERIDD WHE &/GIHQ J V
JURZQ LQ WKH GRIAN *RHYFIRVXUH Rl GDUN JURZQ VHHG
D VDWXUDWLQJ FRQFHQWUDWLRQ RIHDRW VX0 W RAN DD KK
WKH WULSOH UHVSRQVH *X]PDQ DQG (FMHUWULSOHQ $!
UHVSRQVH FRQVLVWYFRI DKW HH DGVLLRDN HAK RKUYUSWRFR \I QO6V \
DQG URRWY DQG DQ H [POU B HRJIDWHKHG DFXLUADEBAVK R R 8 GRU QW K
JURZQ LQ WKH GDUKFNNK]IPDQ DQIBUFKDQWRYDQG 6WHSDQ
6LQFH WKHVH SKHQRW\SHV DUH UREXVW DO SHRIDMHWR
DVVD\ ZDV XVHG |UHTWIQW O\ WHOD® HG PPKWRXQYW(T DQG Q
LOQVHQVLWLYH PXWD QWD WD H> \BHHP® ULWRY G DIQE 0HUFKD
BWHSDQRYD @

(7 LV DOVR ZHOO NQRZQ DV D SRVLW IQHV BHQXE D $ERHLORNS
et al. /L& al. (QGRJHQRXV (7 LQFUHDVHV GXULQJ
VHQHVFHQFH DQG VWUHVV UHVSR@QAVH LQ &RQV IS\OMQAWO Y |
JHQHV HQFRGLQJ HQJ\PHV LQYROYHG LQ (7 ELRV\QW
AMINOCYCLOPROPANE-1-CARBOXYLIC ACID ACC SYNTHASE VACSV
H JACS2 DQAES5 D QMEC OXIDASEV ACOV HEATL ZHUH XS
UHJXODWHG GXULQJ VHQHVFei@FH YDQQG$WDEUBBREVLV
H[RJHQRXV (7 WUHDWPHQW LQGXFHV SUBBIDWXUH OHDI VH
+RZHYHU WKH SUHKHRQUPHR @1 WHKHFY QRW DENBOWWRHO\
SURPRWH WKH RQVHW IRW KHJ R HQHHVAFIHRQF N E® FPIDXQAHF D V H
(7 GHIHFWLYH PXW DQMYHNF¥HQWNXILLGM QG %l08Hal F N H U

,Q DGGLWLRQ WitK I XWWDXQCNLWWD BYR VXIJIHVWHG WKDW
(7 RQ VHQHVFHQFH LQGXFWLRQ UHOLHWRRQ/ &aAHQUHODWHC

7KH PROHFXODU EDVLV RI (7 PRGXODWHG MHQYHGFEQFH K
LGHQWLILFDWLRQ RWDODQGWHMHBWWDIQ W V(ZLEWR WV Q VHKENMML V. Q
RU VLJQDOOLQJ HXKLWELMHGE BOWHQHVEHEQFH *UDKDP

% H Q @HalV W 6FKLSSBH.UV JRU H[DPSOH WUDQVJHQLF
ZKLFK DFFXPXODWHG KLJK OHYHO RI $&6 XY¥URWHLQ
VHQHVFHQFH RI $UDELGR&S8VWLY OHDYBVD&EBSXIQVLRQ WZR (
LQVHQVLWL YethylBre WebeQtavlvl etrl-1 D Qefhylene insensitive2

(0]



en2 VKRZHG GHOD\HG OH{ DMUEH Q@ HDVQGFGH QoFO H H FNVRU $OR
al. ZKHUHDV RYHHEIN3SDHVYW\LOHQH LQYROYHG LQ (7 VL.
UHVXOWHG LQ DFFHOHUDWt+a G OHDI VHQHVFHQFH /L

'LWK WKH KHOS RI JHQHWLF DQG ELRFKHKPLFDO WIQH O\VH\
(7 ELRVIQWKHWLF DQG VLJQDOOLQJ SDW KUD\KLIGRBK LEH H (
YJLIXUH (7 LV VIQWKHVLVHG IURP S QHEXHUVEBO 6 $GHC
ZKLFK LV GHULYHG | DRFG PIHWW KRIQR WM KY.VWHG QRUPFRG W
<DQJ DQG +RIIPDQ etal. :DQJ 7KH IROORZLQJ UHDFWLRQV
DFWLYLW\ RI $&6 D QHQ$R2DW A\ VAHDIWD O\WVH VBEB QVR/ B && D QC
<DQJ DQG +RIIPDQ etal. :DQJ

YLIXUH 7KH ELRV\QWKHVLV DQG V AKDi@EsB thaian® | HWK\OHQH
6LPSOLILHG SDWKZD\V DUH VKRZQ LQ W®HE LRNVAQMW KHMLFRHN UIKC
KLIKOLJKWHG ZLWK OLJKW \HOORZ EBRNRMWRIX® G/ LQHBEFHSMNRUV)
RI HWK\OHQH VLJQDOOLQJ DUH KLJKOLRKQ® G, @AM K PHLGIIKINN IR
SURGXFWVY DUH LQGLFDWHG DQG HW K\IH HD D\R K [EIKFONLIKRWHIES

(7 LV SHUFHLYHG E\ ILYH HQGRSODVPLKEW HMWLFOOOXIPQO R
(7+</(1( 5(63216( (75 (75 (7+</(1(5(63216( 6(1625



(56 (56 DQG (7+</(1(,16(16,7,9( (,letal.&KDQJ

+ X It al. +XD DQG OH\HURZLW]Jeta. 6DNDKHVH
UHFHSWRUV KDYHRGRYWUQBP\S SEXQW DXAMWW QR QY Y QJIQB DO Q
+D& al. DQG WKH\ QHIPODWHOQY WHVSRQVP YLD GRZ(
&2167,787,9( 75,3/( 5(63216(5 &D 5DI OLNH SURWHLQ NL
.L H Estal. +XD DQG OH\HURZLWEtal. +XDDKH (7
VLIQDOOLQJ UHOLHWRIRQIWKHQIXQRWURQ S PRI WEHULD@® HW K D
ORFDWHV DW WKH HQGRSODVPLF UHWLFXOXP/ IIQG DFW\
SRVLWLYH DQG FHQWUDO UHJXODWeRA. RI WKWLYAVREBVSRQ
DQG *URWK 7 K H M WD\E UGIUW O BW HRG U RVWZHRL R E (1
7$5%(7,1* 3527(,1 (73 DQG (73 ZKLFK WDWHHM E® FDL
HQG &(1' RI (,1 DQG(,RHGHIWHGDWLRQ WEKXRXU®+WKH
SURWHDVRPH V\WHP 4LDKRHQ (7 LV DEVHQW ERWK (7 UH
DQG &75 DUH DFWLYH DQG &75 LQKLEUWYDWIL ROIDF R/IL WK\
(,1 &(1' -t al 7KLV UHVXOW W L1Q, D'Q3527(, 1

(%) (%) PHGLDWHG SURWHKDGPRDLARQ RI GRZQVWUHD
(,1 (,1 /,.( (,/ *XR DQG (FNHU etaBRW XV B&D N

al. NH\ SRVLWLYH UHJXODWRUV IRWRIWDOQVFULSW I
UHVSRQVH JH@tEV &K D R K DeQal. DQG WKHUHIRUH WKH
UHVSRQVH LV QRW DFWLYDWHG ,Q WKH SUHNNQFH R
GHSKRVSKRU\ODWH® OZ KRB KLWW FDHDIRD D W LDRIG LVQ WIRQ W |
F\WRSODVP ORFDOL&#.G 3 ERGILHKDMQWH RU LQWR WKH
QXFOHXV et4dlDR ,Q WKH 3 ERG\ (,1 &(1' UHSUHVVH
WUDQVODWLRQ RI et%l) (%) OHUFK&A@WH ,Q WKH
QXFOHXV (,1 &(1' VWDELUOISWHRWHLQV DQGVIWIOMUHE\ DF
(,1 EDVHG (7 UHVSIRIQVH $&K DeQal

6LQFH (7 SURPRWHYV WKH VHQHVFHQFH KQSGHEINUHQW SO
KDYH LQYHVW L J®IWHG DIGHFRP  E D LIR® DV QR @ WRZIRLLENW
EHWZHHQ $UDELGRSVLV H)RBLQHEHWRKHSURPRWHUYV R
RUWKRORJV RI SPOOBMRGREVEK (,1 FDQIELQG *XR
%XFKDQDQ :ROEODDVWR®QG RYHU RI WKHP VKRZHG DW
(,1 FRUH ELQGLQJ VLWH 7KLV FRQVHUYDWLRQWIHY DSS



VXIJIHVWY WKDW (7 VLVQ@DXAQIQQPJIOFDW K/ZHBIM \EFHH Q EPIL B DU
EHWZHHQ PRQRFRWYV DQGCet@LFRWYV 6FKLSSHUYV

BWULJRODFWRQHYV
BWULJRODFWRQHV ®WP FROQHV SWIOMW KD YHHV LIPG RSLOMIMAWY L
GHYHORSPHQW LQFOXGLQJ VeH#.G JH U PLIQPRW. REQJ DR L Q J
*RPH] 5R @@IDQ 8PHK®&&D URRW DUFKLWHFWXUH .I
et al. 5X\WHUe6 8ILUD 5DV P X \eV B.Q DQG LQ
UHVSRQVHV WR HQWWIHRWQPKRWDY & WRIKW &@& VDOW VW
+ 2t al. 6/ KDV DOVR EHHQ VXJJHVWHG WR UHJXO
GDUN LQGXFHG OHDI VRQHS/FG QIFH LEFDOMVBLY G RQW B Q WLV
VKRZLQJ D GHOD\HG VHQHVFHQFH SKHQRWESH WIFIBUDEL
'R Retal. 6QRZ&#.Q < RQ. +DP L[
<DP D &t@l. 8HGD DQG .XVDED

,Q $UDELGR S¥kE&a9 WikH PXWDQW WKH ILUVW LGHQWLIL}
PXWDQW ZKLFK ODWHKLY BDV GRIXQEWWLHD J64EREQD OO L Q
AXILLARY GROWTH2 MAX2 H[KLELWHG GHOD\HG DJH GHSHQ
VHQHVFHQFH DQG LQFUHDVHGeVd RRW BWDLQEIELIUJ :RR
MAX2 LV D ) ER[ SURWHLQ WKDW UHJXODWHV ERWK 6/
FODVV RI EXWDQROLGH FRPSRXQGV GLVFRNHSURBEPIRWWP R N
VHHG JHUPLQDWLRQ \talQDOOLMWHANWOVRQ+RZHYHU
RQO\ WKH PXWDQW \WW KDQV6 K B Y R VG 6 Wi WIAR3 JBIQE V
MAX4 DQG UHFHSDWRRFLIHAGM4 EXW QRW WKH .$5 VLJQDOOL
KARRIKIN INSENSITIVE2 KAI2 VKRZHG D GHOD\ LQ GDUN LQGX
VHQHVFHQFH 7KLV VXJJHVWV WKDW RQO\L&® W&EB QRW
UHJXODWLRQ RI OHDI VHQHVFHQFH 8HGDORSBHQXWDBD
VHQHVFHQFH RI WKH 6/ VLIJQDOOLQ &XD4 CEQBMAQWKHV LV
11 KDYH DOVR EHHQ H[DPLQHG DQG WKH GMBDYHE \HOO|
VXSSRUWLQJ WKH BOW RXYUHPH @UHRGHSHQREIH GBWM GMH QHVF
DQG .XVDED ([RIHQRXVO\ W Wdd D'®/ H GD6 U D HDROLAEJ X H
PLIWXUH RI *5 UHV® RUHGH \GRIDAAH SKHQRWD®NW VL. Q WK
GHIHFWLYH LQ 6/ EWRYROWWKHMLVOEX. Q DWSESRQ GBIGN LDIFX E
. XVDED



7KH 6/ ELRV\QW KWMAXL MAXB HMAX4 LQFUHDVH WKHLU WUDQ
DEXQGDQFHV GXULQJ GDUN LQGXFHG OHDI UVHQHVFH(
LQYROYHPHQW LQ WKLV SURFHVYV 8HGDWDR\G GKMDREROW W
GHWHUPLQH ZKHWKH UL %G DLUH WK G WOKHH IRIR BV U B @ WY/RW W/ +
SURPRWH VHQHVFH QIFHK GLXTHX W RO MPKLAV YW LIR@GIRIH PRV X U L |
6/ FRQWHQ® al6HWR /¥t al. 8HGD DQG .XVDED
SHUIRUPHG D JUDIWRDQ G BKN\SHH® I&ARHOQ W: 7 M\Qrid#xdH 1V FLR Q
PXWDQW DV WKH VWRFN 7KH\ mBx4-Qic WKRZWGOGB® B VH UR
VHQHVFHQFH FRPSDUHG WR WKDW RI :7 &XBBIGVML Q7 6/V I
OHDYHV LQ WKH GDUN WR SURPRWH VHQHSUFRI®@FFHHEHFD X
E\ WKH 6/ GHILF neb@ M PXMEIDQWQG .XVDED

$OWKRXJK WKH PHFKDQPW®LEDMK® GQ BWXUDPHGRU GDU
VHQHVFHQFH LV VWLOO QRW FOHDU 6/DKBW EHHMWHHEH D
VHQHVFHQFH E\ HQKDQFLQJAWKdHpsSEF S HRQ® RIQGF .XY¥DED

&\WRNLQLQ

&\WRNLQLQV &.V KD®HUBHHQ FERK@WIH W IO VQVFUHR @ OH V W

GHOD\LQJ OHDI VHQHMVFHQRHK FRRPISDW KRURRKRA@HY 6FKLSS
W KDV EHHQ UHSRUWHG WKDW &. GH®DOY VHQH)\

FKORURSODVW GHJHRGDWYRHAREDWR

(QGRJHQRXV &. OHYH QW &HRGIVFH @ FHHRV MWD WK R XIE &/ WHRL \
EH RQH RI WKH NH\ HYHQWYV WKDW LQLWAIDQRHY VHQHVFH
&RQVLVWHQWO\ BMYUD@M\WE VLIS RBHW K DD QFHDWQRFBDRW DE
&. DVVRFLDWHG JHQHV ZKLFK DUH LQYRODMGIHQH&. ELR)
HQFRGLQJ &. VIQWKDVH DQG LVRSHQWHQ\O 8&KRVSKRW
VLIQDOOLQJ LQFOXGLQJ WKH W\SH $ UH$SRQ$H5UHIXODW
DQG $55 DUH GHFUHDVHG GXULQJ OHDIGRMEHMRHOQFH 2
WKDW IXQFWLRQV LQ kY &BJUNDGOWMRG GXH.QJ VHOQ
%XFKDQDQ :RIAODVWRQKLY VXSSRUWHG WKH K\SRWKHVL\
DQ DQWDJRQLVWLF IXQFWLRQ LQ OHDI VHQHVFHQFH



6LQFH D UHGXFHG ORXNO&RDBSIBRUM VIV H Q WW D DW RR QWKI
VHQHVFHQFHet&% UHH]HLW ZDV H[SHFWHG WKDW RYHU SUR
FRXOG LQFUHDVH WKH ORQJHYLW\ RI OHD¥HV WKLYV KL
REVHUYDWLRQ WKDW WUDQV SAGIE PTSW D R QWJZQW KV MVKH
GHOD\HG DJH LQGXFHG VHQHVFHQFH *DQ DQ& $PDVLQ
5DVKRWWH $ VLPLODU V\VWHP ZDV HONRQGKHG GR U
VHQHVFEFHQFH E\ X VWQGXF NG/ SHRY BT HHY SMRI\GVULR' 5LYHUR

et al. 7TKHUHIRUH HRIHIRAW &. SURGXRWHRWKFDQ GH
DJH UHODWHG DQG VWUHVV LQGXFHG VHQHVFHQFH

, Q\rabidopsis WKH &. VLJQDO LV SHUFHLYHG E\ WKUHH KLVW]
$+. $UDELGRSVLV KLVWLGLQH NLQDVHeta$+. DQG $+. 8
2l WKHVH WKUHH UHFHSWRUV $+. SOD&Y ®HSHINREH QRO H

OHDI VHQHVFHQFH E\ VSHFLILF SKRV S KRHUIVYODDW RD F55W\S
DQG WUDQVFULSWLRQDO LQGXFWLRQ Rtak. UHUSRQVH ID
=Z D Ret\l. +RZHYHU ZKHWKMHDRBEY ZIQWK &5)J LQ UHJXO
OHDI VHQHVFHQFH UHPDLQV WR EH H[DPLQ@HGX®B W RDF WV
RI GDUN LQGXFHG OHMGVHYHMW/HDRDENFWBGLEWERR ®QE LQGX
PXOWLSOH DELRWLFetMWUHVVHRU=HDPNSOH &5) KDV EHH
UHSRUWHG WR EH WQB®FRGLB\WR[RQ D&QWHUHWSUHVV H® &.

UHODWHG JHQHV LQ UHVSRIQVH WR VWUHVV =ZDFN

$OWKRXJK VHYHUDOJHGINVUBRMESWRU LQYROFMHEG LQ XSVW
VLIQDOOLQJ KDYH EKH @ HEKHDQNLVIRHRI GRDOVWUED AL ¥ L

GHOD\LQJ OHDI VHRNW ZH@PHXIQGHUVWRRG V2 QHK B WWR EBD.E |
GHOD\V VHQHVFHQFHKE\ R DWUWDWL ®J QA WW\D B Nel O XIDLDDU L

al. 7KH IXQFWLR QLRI W& YA-DUNDIO MHD X DEIHRROI W X F LFROV H

LQWR KH[RVHV ZKLFK DUH WKHQ XSO R PGK®D BRO MMHG V L
DQG HYHQWXDOO\ WUDQVSRUWHG LQWRDDGYDFHQW FHO
7KH UDWH Rl WKLV PHWDEROLVP LV D WNHQ JOVKWRIU 8 0Q QN
WLVVXHV 5RLWVFK DQG 7DQQHU oD HQBY BWWQY HY
DFWLYLW\ &. LQFUHDVHY WKH VLQN WHBIWHMQMHP R | CEFOMLIOWL WA
LV LQKLELWHG &. IDLOV WR SUHYHQW WRIBD KFHR HVF Bl Q A
/ D WDal. $OWKRXJK &. VHHPV WR PRGXODWH VHQHVFF

io



WKH DFWLYLW\ RI H{WUDFHO O X O D U HIDF i BV BIW R DX
DV $55 DQG &5) DQG GRZQVWUHDP HQ]\RHD WD AWMLY LW\ L
IXUWKHU LQYHVWLIJDWLRQ LV UHTXLUHG

'"HIUDGDWLRQ SDWKZD\V
&KORURSODVW GHJUDGDWLRQ

9LVLEOH \HOORZLBERBQWSWHEHRRRVIKHQRWRESH ZIL¥FK QNN FHQ
FDXVHG E\ WKH RUGH RHG KOLR/PROOLYPY RO G KEQW HRNGR Z
PHVRSK\OO FHOOV GXWUQUHBIVEH @ AMD J HMD\Y B Q\W\® B IHYH
7KH VLIJQLILFDQFH Rl &KO EUHDNGR Z&HBRYLIQ MKHHQ H
SKRWRWR[LF SLIJIPHQWYV FRORXUHG &K @& LLOQWH URPIH & KW |
VHQHVEFLQJ FHOO IRUFIGBIRUBG O /W W QS BHFEW HD € VOD ® WMLKQH)
WKH HIILFLHQW U HPLREWRIHDW k RIOVRIQ VW HIKCHRUI R SOD VW
GHJUDGDWLRQ LQYRWDHYMHVGRREW KD QIGOS U RMLHR PDW.IVE FOMLG V
SDWKZD\V DUH QRUPDOO\ FRUUHODWHGHAXDQGJ)MBQHVFH

&KORURSK\OO FDWDEROLVP 3%$2 SDWKZzD\

,Q WKH DEVHQFH RI D IXQFWLRQDO OLJKW&XDUYHVW
SKRWRV\QWKHWLF DSSDUDWXV &KO LIMVRLLY ONKHURIN R WHR
HVVHQWLDO IRU WKH VXUYLYDO Rl VAQWVRUGD FEHFOWX \DHD
LW LV D SUHUHTXGRMWILRQRRI GKORURBKLQY FXG & LM /SE&R
., ZKLFK DFFRXQW HRQ\ DSRURIHPDWOD U VQH \WWRBIHQH Y| D Q¢
YHOOHU + QWH @DWQ/GH. UIXW O H U

6R IDU WKH EHVW FKDUDFWHULVHG PHFKDQ@B¥P RI &KO
SDWKZD\Y )LIXUHLV QEZRHBKDIWHU D NH\RWEKMBH SKHRS
R[\JHQDVH 3$2 LQ WHKIVWSHDQWMWZBLQHU XQWY¥$PRDFWRH
R[\JHQRO\WLF RSHIQQK) P BRF UK ROH R & KSIRSK®RH EL G H
ZKLFK SURYLGHV WKH DM EIDAOLY V. HREEW W H 8 DLR) ADOMD G R O |
SURGXFWV +|UWHQVRHHERHSDWKZDA FDQ G H QMARS DAUDRN H
SDUWV ,Q WKH ILUPRZGDDW GH®\WRRLINFDWGRAKR! FRO
LQWHUPHGLDWHY WKH UHDFWLRQV \DWB UMR EDW KVHIEP RQ [
RI WKH 0J DWRP LQ WKGORIEHQWILH R DQ GV HRE RILWY KQ RRQU P D

in



SKRWRWR[LF SULPDKO IOXRDERGHYW &G&SD UMK H Q/FHIFR®H V
VXEVHTXHQW PRGLILEQWLIRMRRH S)¥RWLRRWWRRGRQLHG )
IOXRUHVFHQW &KO FDWDEROLWHYV 1&&W K B GGVWRK/HR\DHDUHED
YDFXROH UHVSHFWLYHO\ +|UWHQVWHLQHMY KDYH $W Ol
LPSRUWDQW URBPBIWDERWKH SIXWK&B)\ 6DNXAKLEK DUH
121<(//2: &2/25,1* 1<& &l</,.( 12/ SKHRSK\WLQDVH 33+
3$2 DQG UHG &ROWHWBBRFWDVH 5&&5

J)LIXUH 7KH 3%$2 SDWKZzZD\ Rl &KO FDWDEROLVP

7KH FKHPLFDO VWUXFWXUHV RI FKO D@® WK E RFR@DV¥FDHER]OR M\H D DI
GLVSOD\HG 5 =5 LQ P)&&V DQG 1&&V UHSUWHNRGW LW R M IVRSGIF L
*UHHQ GDVK OLQHVY VHSDUDWH WKH UHDWRVLRQ WD /& DVID ARXARFXXHL
$EEUHYLDWLRQV &KO FKORURSK\OOH)&&$BOXRGHR RPHE&KND &K O

UHGXFWDVH 0&6 PHWDO FKHODWLQJ VXEVWROFRR@®P)&& PR
IOXRUHVFHQW &KO FDWDEROLWH 1<& 12/ 12n0(K(//@: &2/25,1*

382 SKHLGH D R[\JHQDVH S)&& SULPDU\ )&& 3BKHLGH SKI
SKHRSK\WLQDVH 5&& UHG &KO FDWDEROIXNJH BZER¥5HGKRWHOGHG
IURP + | UWHQVWHLQHU

&RQYHUVLRQWR &&K®DYV EHHQ FRQVLGHUHG WR EH WKH LQ
EUHDNGRZQ DV DOO 1&&V DUJHQGKUILKYHHG SORRPWKO+|UWHQ
et al. 7KLV WZR VWHS UHDFWLEB Q H&XAFDWD/H V H Q FIR\G&IK
E\' WZR JHWELV DQGOL Aradopsis DQG ULFH DQG
+<'52;<0(7+</ &&KB('8&7%6( +&%$5 UHVSHFWdtalHO\ .XVDE
+ R letdi 0 HJXtaR ,Q WKH IROORZLQJ VWHS W]
0J DWRP Rd BEXQUHPRYHG E\ PHWDWOWXEXWODWH 0&6 ZKLF
FROQYHUWWRK®KHDQG WKHQ 33+ GHSKAWNERDSKEHV. GHHLQ
6FKHO&HRUW 7KH QH[W UHDFWLRQ LV FDWDO\VHG E\
RI\JHQRO\WLFDOORREGRAWWKHRFKED D RE SKHQGW UHG &KC
FDWDEROLWH 5&& +|UWHQVWHLQHU SDUWo\ 5K HQG
FDWDO\VHVY WKH VLWH VSHFLILF UHGXF W|URNHRIVS&HRL VIR UF |
7KLY SURGXFW LV WKHQ WUDQVSRWWHGLIWR F\W



PRGLILFDWLRQ DQG ILQDOO\ WR EH HVRYHEERVH & KOULE W W
DQG +|UWHQVWHLQHU

6WD\ JUHHQ PXWDQWYV

6WD\ JUHHQ PXWDQWW XUHDBOW W R/ KBKH H[KWELMV XB GHOL
GHJUHHQLQJ 7KH\ FDQ EH FODVVLILHGXQGWRRWDR MMNER !
QRQ IXQFWLRQDO FRVPHRWPIDRV P RS DHRED UWK Q VW HLQH U

)XQFWLRQDO VWD\ JUHHQ PXWDQWM B[KWESMW $D BY I
SURJUHVVLRQ W\SH % Rl VHQHVFHQFH DQWLW®HLU G
FRPSDUHG ZLWK :7 12U WIR UUHVOHDQWHIGR Q L1 CSAVRIMYR VAYQ W |
ZKHUHDV QRQ IXQFW L RPXIMD QWAD\ WIS H Q& WR®O &KX IHFW
EUHDNGRZQ EXW QRWVEQRYVFHOFIHR @ KRRPDYV DQG +RZDUW
+|UWHQVWHLQHU &R QW LYWV HBRQ W@AD\ MU HKB RO P XWD Q
GHJUDGDWLRQ LV FRP SWRRFPD/G! G URKWHHG X E V\SFHE L M\WW DO©
GHJUDGH DV LQ WKetaL7 7K RImBOAL

)XQFWLRQDO VWD\ KDY @PWW DQWRQRPLEPS®RE WMBREORPLF
DV WKH\ VHHP WR KDYH D SRVLWLYH LQYDXH®MHDIRQ FL
VHQHVFHQFH DQG RRVORWDQWKHIWBF ED&S8DFLW\ <RX
+[UWHQVWHLQHU H PRI HQGS W] QU LIPWM QMK HR K QK WKV
\LHOG RI PDL]H ZDV REWDLQHG IURP W WH \Y DWH.H® W)BD L W
7KRPDV DQG +RZDUWKUO\ D BWBHO® |XQBWHR QDU VV@W
Rjaponica ULFH QDPHG 6MRRZHG SRVLWLYH FRUWHODIDWLRQ Z
<R&t al. 7KHVH ILQGLQJV VXSSRUW WKHWWHRWKHVLV
JUHHQ PXWDQWV GHOD\ WKH RQVHW R U HW RIKIHY RICRD R
GLVUXSW E\ &KO EUHDNGRZQ

1RQ IXQFWLRQDO VWBHJIUWH HFQ& PPRHIICR WAD XMVHNG FEI\ \BD KGIH |
JHQHV WKDW HQFR G LH)J] €PKHD/ F PRAUD B ROCPLSFOEHH | BIX WD QM Y Q
NYC1 NOL D@PBH VKRZ D VWD\ JUHHQ SKHQRW\SH ZLWK GHOL
RI /+& ,, VXEXQLWV EXW QRW RI 5XELNVFRW ZXHFIK D W RWODHV R
FRVPHWLF VWD\ JUHHQePaKWDQWAR& KN DED 6FKHOEHUW
etal. J QWHUHVWLQYO! LRX WiEkNidepsls RU ULFH EXW RQO\
NOL LQ ULFH H[KLELW D VYSWD\ ZIKILHHQL BIGH 6 B WHQ/F IVA/RRD

io



GLIIHUHQWO\ LQ WKHVH WZR VSHFLHKLEQW & GLKVUR @ H\Y K/t
RI &KOQG /+& ,, VXJIHWHIGXFWIOYH PLJKW SOD\ DQ LPSRU
/+& ,, GHJUDGDWLRQ WKRXJK WKH PHFKBPERA&VP LV XQFOHD |
+R Udt & /JLNHZLVH PXWDHOMQ/ 33HIBOWI5& &5HUHWDLQ P
&KO WKDQ :7 ZKLOH WKH\ DOVR LQGXFHWIHOMRQ/ RRELF ¢
QHFURWLF OHVLRQV ZLWKRXW SUHVHQFH RIWSRWKRJH
DFFXPXODWLRQ RI SRORWDEW Q [IFF L&XDEtAP HG LD WKYV /LP
UHYHDOV WKH LPSRUMPRWHRRI RSIHRR)REUWBVE&E®UEQWD
VHQHVEFHQFH )XUWKUWHHHR BHKHOWRBASHY L @ FPLHQA SOD QW
DOVR FDXVHG E\ PXWDWLRQV BADEREEWKSOR JHOSH WHUPHG
SURWHLQV DUH QRMG GLQ &KW OR DIWDDYERRIDVLIY RJ HEDXW U\W & HI\R U
GHVWDELOL]DWLR QRRVHLIQOFRIPG®LHY B \SID @ GOW WHDWHH RUKH &
FDWDEROLF HQJ\PHV KVRNKQMUH WXEW WZDMUH +|UWHQVW
+[UWHQVWHLQHU

'HIUDGDWLRQ RI FKORURSODVW SURWHLQV

&KORURSODVWYV FRQWULEXWH XS WR FHJONK H @& WWKRH F
PDMRULW\ RI WKH QEWQRIHEXWHGVEQVWPRPWO \SIUR WK H
IRUP RI 5XELVFR ZKLOH WKH UHPDLQL@MINRIDGEEBURNHLQV
HVSHFLDOO\ /+& ,, +|UWHQVWHLQH& aDbQG )HOOHU
'HJUDGDWLRQ Rl SURWHLQV DQG VXEVHERGIQWHW[BRRIANV F
DJLQJ OHDYHV SURYLGH WKH PDMRULWVURDQVKE XQLWURJ
VHQHVFHQFH LHQWW HIQQ/GVHH OO H U

7KH FKORURSODVW VWURPD FRQWDLQV POWKHQIWEHRGQY
QLWURJHQ DVVLPLODWLRQ VXFK DV JO XA D WIHDH WHLVQ KRIW
DQG )HOOHU 'XULQJ HDUO\ VWD JHNVHR IQ V H&RHHMHEH H
UDSLGO\ LQ LQWDFW FKORURSODVWYV HH) G MFIOHIQH GRHJIU
SKRWRV\QWKHWLF F DS GBRPN\Q QW LVWR R B D D QA \ PLHV LD
PDMRU FRQWULEXWRU RI QLWURJHQ L Q@ H& ONRKIRS OMDK/NV
LQLWLDWLRQ RI 5RELVVR GEIBBGEWIUNBSFHWLMW RBR26HQ
EHFDXVH WKH ODUJH VXEXQLW RI 5XEEVPEWRXPD ® [EHH®L U |
, VK LeB Bl. +|[UWHQVWHLQHU DQG 7KHD GHJIJUDGDWLRQ
5XELVFR KDV ORQJ EHHQ FRQVLGHUHG RYZR RHFEXDVLHWKH

io



QR FKORURSODVW SURWHQWH IKID¢G WHKB®HI$WFERZHD O O\
S5XELVFRetAHH &DU&BRQ 2Q WKH RWKHU KDQG DQ
SODVWLGLDO GHJUDKIDMWERG®G QSBWRBBVHG VZWKBWY XJJH
SXELVFR PLJKW EH WWRRB V\EHRQYMMFEH QWFR D VO'HRRF LIDAMGH G Y D
GHJUDGHG E\ WKH F\VWHLQH SBIRWHDVHY¥RAHMHKWH VEBIUW L
K\SRWKHVLY QHHGV WR EH IXUWKHU FRQILUPHG

$OWKRXJK GHJUDGDWUR® HRI QVKLY DQRRE& BCR XQBR® VW R
5XELVFR VXEXQLWYV GHUDWEM BWUVQRLOBDE@WOFGWF¥H,RQ
FRQWUDVW &KO FDWHDWERDQ FP R X W RXK\WVD@FREW/ 6& E L VERW
VXEXQLWV +|UWHQVWHLQHU DQG )HO®BUEUHDN BRIZ\Q \LXJ
WKH SUHUHTXLVLW HR Il RU&G, H J YR BHDWHLLR @I\ ] SIDHMVWKL S D W H (
LQ GLIJHVWLRQ RORMWEEHKRYIHSHQWLILHG VR IDU

2WKHU FDWDEROLF SURFHVVHV

ODFURPROHFXOHV VREK BYRWHIDQDWLSLOW BQ® ® XID L
GHJUDGHG DQG UHF\FOH G HXAH QIURMIH DOHIY X @RMNHHI) W
UHDOORFDWLRQ DS SHD B\ WRK H HX E RTDXVMARRIH 6 S W R Wb\
ZKLFK LV GLITHUHQWQI RR FIGHRUR SOIMMAR LIIRWHL QY Q <R
DQG :X OHWDEROLVP RI OLSLGV SNUWEFXODU) Pt
HDUO\ VWDJHV RI OHRGVHOMHYE MR HQ F U ISBIWH G PELPELD\Q H
DQG HOHFWURO\WH O¢éBNDJH SRK@&@SVRQ OHPEUDQH
OLSLGV DUH FDWDSROWHG BQ]RPHV O B K RSKSRARSKLISW VGIL F
DFLG SKRVSKDWDVHK\GUKROWHL P @E\OLG RYKIHQ BURF BQV
LV LPSRUWDQW |R R IUGIPRIEL G K]RWSLKROQAGH/ D DICGR RIBW WQ D F

al. 6XJDUV GHULYHG IURP SKRWRV\QWKBYHW LQ PD
HVSHFLDOO\ VXFURVH LV FDWDEROL]JH&H[Q&HN[S\RRIW H G
JURZLQJ VLQNV VXFK DV \RXQJ OHDe&fHIV DQG WHHGV 5R
FRQWUDVW WKH QXFRIHX}UWL D QG PR WR E Q VDE W X QIWHNO RW K
VHQHVFHQFH SUREDEO\ EHFDXVH WKH\ SURYLGH LQ\
UHVSHFWLYHO\ORW MRKHRARPISQ et IFHQFH /LP




5HIJXODWLRQ YRH SR WWKIHYV LQGXFHG OHDI VHQHVEH
BHQHVFHQFH RI SODQW SRIHHFDQWX BEBQ\ BEH) G XHH/SI E\ D UL
SRVWKDUYHVW VQUUBRXBGLLQF CHX G LG HWD BKSHQ WD WHRQU
HJ GDUNQHVV DQG VXJDU VWDUYDWLHREDaA.DQG ZDWHU G
7ULYHE@OLQL /LHEVFK DQG .HHBRKGHUVWDQGLQJ WKH JHQH
PROHFXODU PHFKDQLVPV EHKLQG VXFK RUHJDQQBEWHULR
VWUDWHJI\ IRU HIWHQGKE@ D IVWIRBDRH IIREEX®YEWDOOD Q W
DQG SODQW SURGXFWV E\ PDQLSXODWLQIDWHIVIHQHYV
VHQHVEHQFH

*HQHV DQVAMUSWLRQ IDFWRUV
&RPSDULVRO RI WUDQVFULSWRPH GDWD EHWYMEBHQ GHWD

DJH GHSHQOGHQW VHQHVFHQFH

W KDV ORQJ EHHQ WKRXJKW WKDW WKH QABHM)LF SUR
DWWDFKHG OHDYHV DQG GHWDFKHG G DW N %HHFONGH O HDBQYGH V
$SHO . HebaY. H U 7KLV ZDV DOVR VXSSRUWHG E\ PLFU
DQDO\WLYV GRQH E\ %XFKdDQ@DQ :ROORNR RERPSDUHG
WUDQVFULSWRPH FKDQJHV RFFXUULQJ LEXOHRYHV RI ¢
VWDUYDWLRQ LQGXFHG FHOO FXOWXUHVUD@® RMWK\HUJD O
WUDQVFULSWRPH VWXG\ KDV UHY H D GHUGH @/KHDW W.IQH ) Gl GO W\
DOVR UHPDUNDEOH VLPLODULWLHY YD® UGHQVWDPHH
DSSUR[LPDWHO\ RI WHHX DHDOHMG XGX U L Q JGHINIDHAKAHH® FH |
GDUN KHOG OHD Y H VODWHH B OG/RUX §U HIDXW % B B B YWHHIQ HAWKEHH Q F
WRWDO QXPEHU RI JOIRW X UWBM KIH Q FH WM DFE KV L ¥ HOH B IUIK\H U
WKDQ WKDW RI JHQHEHWSHIRLA HF RW RS AW D RXHHIBY 16D LR\ K H O
DWWDFKHG VKDGHG OHDEYaHV YD IGIHW PIIUTKDN ILP SO\ WKDW
PHWDEROLF SURFHVVHV DUH DFWLYDWHG BEXUG @L QR W X L
VHQHVFHQFH RI GHWD PKHY H&/D DY & HDVBW D FXHG VKD GHC
,QWHUHVWLQJO\ WKH JHQH H[SUHVVLRKGSHWWHWEX R V
WUHDWPHQWY DUHRMLED ®XU DAOR WK IQRIWHFFHXQAFLHR 0 W/ W/ B HH HR |
VHQHVFHQFH DIWHU WMWK H QLMQHDWWFHE® FEXWOD WGH. IV U®IHQNWF T
WKH LQLWLDWLRQ D@ DJH *XKRLP Q/X JJ HVSWR WMKHDWW MRQ R |
QDWXUDO VHQHVFHM®H DQGXFHW LV HRH @AHRIFW DVEKRDOULHF P D
SURFHVVHV



7UDOQVFULSWLRQ IDFWRUYV
$OWKRXJK VRPH :5.< 7)V VXFK DV :5.< DQG :®W.ROHSOD\ LP:
LQ GHYHOR S AHHIGMIMW OHMHQHVFHQFH RWKHO \PBIB E HWW RQ V
IRXQG WR EH NH\ UHMHIYVODWRLAHGQVNMYWDPHOQFHH RRRUH [
H[SUHV VAIRRKYRR D QBWRKY23 DFFHOHUDWH GHWDFKHG GDUN
VHQHVFHAR4bops3 DQG ULFH UHVSEIEWLYHOAK&XD J

AtWRKY22 H[SUHVVLRQ LV VWURQJO\ LQGXFHRBWE\ GDUN
VXSSUHVVHG E\ OLJKW VXJJHVWLQJ YWWVHYRO HNVLKD VY HEHSIR)
VXJIJHVWHG WKDW $W:5.< UHJIJXODWHV GDUWNXDI)XGXFHG
LQWHUDFWLRQ ZLWK RWKHU :5.< 7)V LQFOXG&LQJ :5.<
ZKLFK DUH NH\ UHJXODWRUV LQ DJH UHODWNCH® WO\ F |
LQIOXHQFH WKH H[SUSAGYLRXF BABAR DHBBGZ0 =K RtX
al. 7KLV LPSOLHV WKDW :5.< 7)V FRQWURGXERWK DJ|
VHQHVFHQFH LQ D UDWKHU FRPSOH[ PD®QMNUUBGGI RXYUW K
XQFRYHUL QI XCKCMLRW QHWZRUN

8QOLNH GDUAWRRRX AHBBWRKY23 VHYHUDO 7)V DUH LQYROY
UHJXODWLQJ ERWK GHDQHEORSAWQWRPHOW GDUN LQGXF|
VHQHVFHQFH SURFHYVWHWH QMRIPML UH SW[DPSOHVD RIHWKH VI
$1$& $W1$& 25( 1$& 7) NLP et®¥.DOD]DGHK

5$9 7) :RtR. (,1 &KDER DQG $=) &\V +LV
W\V\SH JLQF ILQJH&aSURWHIS@O /Rl WKHP DUH WKH SRVLWLY
RI GHYHORSPHQWDO ®\QW G® UNHMWDFKPHG OHDNW® QHVFH
WRIJHWKHU WKHVH WIQBWQIW UHNKD® WWV DLIHG XFRIG VW L
VHQHVFHQFH KRZHYHU KRZ GLVWLQFWH®HYPDMMHUIDEW W
QRW FOHDUO\ XQGHUVWRRG

3K\WRKRUPRQHV
30DQW KRUPRQHV KDMDHYSRYVER@W DJH GHSHYGHQW
LQGXFHG VHQHVFHQFMHDDQGQW KSIDLWKWZID\VODKRZIVERW O OGP
GLIIHUHQFHV )RU H[DPSOH (7 -$ DQG 6$SIBWKIZRY FRQ
GXULQJ QDWXUDO VHRABFRESQEMVD Q® W7 6% J 6O BWK H DI\WQUA
H[SUHVVLRQ GXULQJHORD G B H R HKHMH® 5 OH WW DIUY® W XR Q R
LQGXFHG FHOO FXOWXUHVet&h XFKDQDQ :ROODVWRQ

~ 7



$ GHWDLOHG FKDUDFWHUL]DWLRQ RI -$ UHOD®WHG JHQH
ELRVIQWKHVLY DQGVSRIQVH-RU VLJQDOOLKQUHQMPIHD/O DU H
H[SUHVVHG EXW VRPHH®PIDWKBE OAKR ZI ItH U HSDW W FSWRIW \LIOR C
QDWXUDO VHQHVFHQFH VHQHVFHQFH RI G@HWMWEFKHKIHGGD U
VKDGHG OHDYHV YDQalGHU *UDRU LQVWDQFH HLJKW R
GLIIHUHQWLDOO\ H[SUHVVHG -$ ELRV\/WGH WD ONQ H g VDO
DFWLYDWHG LQ QDWXUDO VHQHVFHQFHHEX W DYURWK HQ G/ H G
OHDYHV RU DWWDFKHG VKDGHG OHDYHV MRIMWHU WZ
HQFRGLQJ $W/2; 2D QBU$WR'QO\ DFWLYDWHGGHWDARHGFHQ
GDUN KHOG OHDY H\KEXW \GHQW \LFOH Q DAV R H GD WMIDYVHKW G V K
LQGLFDWLQJ WKHVH WZR JHQHV DUH LQGXFHG E\ ZRXQGL

7KH 63 UHJXODWHG VRV QD GVVHD HL W& ¥ RIH 8 HRDQWH VDAUGH
LW VHHPV WR EH \RSHFLGL ERO®N YLHQO'R S BHDQW DLA) GKXWGQ R
VHQHVFHQFH EHFDXVH PRVW RI VHQHVFHQBH QWWRFLDW
DUH XS UHJXODWHG LQ UHVSRQVH WR DHIHMKHHQDQRME RH C
ZHDNO\ H[SUHVVHG LQ GHWDFKHG GDUNGKEOBDBY®INDYBYQ RU
GHU *UeDalll ,Q $UDELGRSVLY WUDQVJHQLF SODQWV
OHYHOV FDXVHG E\ RYHUH[SUHVVLRSALICRUIC EDFWHUL
HYDROXYLASE NahG, H[KLELW GHOD\HG OHDI GHJUHHQLQJ GX
EXW QRW GDUN LQGXFHGeVa QHV F HQXFH DOFOUY tsBVO ODVW R Q

al.

BHQHVFHQMGLOGXBLHQW FDWDEROLVP

1LWURJHQ UHPRELOLVDWLRQ
1ILWURJHQ UHPRELOIO FWN WDE RO FRJ 8 BIRIFVHVWD B UL R 2WH Q
DOWHUQDWLYH SDWKZD\V LQ QDWXUDO WHBEGKMBHRFBIND Q G
KHOG OHDYHV /LQ DQG :X %iXdEK D Q D QY IR GBIWW R Q
*U D Bt &l. ILWURJHQ LV WIDQVBRIUQHH G /DVEXOLQJ QD!
VHQHVFHQFH EXW DV D\GXMUDILDHQ ¥ E H G FG DRING KKMMDGE K H
OHDYHV 7KLV PDNHV ELRORJLFDO VHQVHWKWD 6 1FRQWD
DQG WKHUHIRUH VHUYHV DV D PDMRU QLMSUWRNMDWERQUL
LQGXFHG VHQHVFHQFH WKDW LV E&E@DXVHG HE\QGCDG OX VYV /L

%XFKDQDQ :Bt@ODVWR&RQVLVWHQWO\ WKH WUDQVFUL




RI JHQHV HQFRGLQJ WKH $61 ELRV\QWIPARAGINEHQ]\PHV V
SYNTHASE D Q@ UTAMATE DEHYDROGENASE LV VXEVWDQWLDOO\ LQF!
GXULQJ GDUN LQGXFH® RWQGXEFHQF B EWBU, OF R QGHNPAHQ F
JHQHV LQYROYHG LQ DPPRQGDUTAMMWE BYNTBIBTABE) H J

DQG JHQHV HQFRGLQJ ERXWDRBW HD G PDI QB WOOLD/OHG L
VHQHVFHQFH EXW QRMWRLGMNWQHRKHABQED WAXKKDQDMHDY HV
'ROODMWRQ YDQ GHWtaUDDII *OXWDPDWH GHFDUERI[\C
SOD\V D UROH LQ WKH FRQYHUVLRQ RI JOXWD P XWHFWR *:
SUHVXPDEO\ IXQFWLRERYJDARDHAXQ®D QR W ROPIQFHRE B QE R
UDWLR GXULQJVEBWRH D® XAKPH DePal: ROODVWR Q

&DUERK\GUDWHYV

&DUERK\GUDWHY VSHFIXQFWQAQ VXV ER WK G W DE RO Q WHJ
PROHFXOHV GXULQJ OHDI WHDHVFHQFKH 5ROCUG®RFHV R
WUDQVFULSWRPH SURILOHV EHWZHHQ QDWXUDIO VHQH)
GHWDFKHG GDUN KHOG OHDYHV DUH SUREDEERGXH WR
GHSULYDWLRQ 7R FR SH WILRK R\ KGID G IS/ W X VD KU H
SUR G X FAabidb@is OHDYHV WKURXJK SKRWRV\QWKHVLV GXUL
DUH WKHQ PRVWO\ XVHG GXULQJ WKH QUBISW U WRHG HKDS\
RQO\ RI VWDUFK DQG RI VXFURVH BIQ\G B) HGKKHF LHIIGV X
RI WKH QLJKW FRP SIDRFAX® XOWW MK BPR XCOW 8XBIGE O WKH
al. 0 WKH QLJKW LV HIWHQGHG WK FDRJ ERW UHPIHOD K
ORZ OHYHOV ZKLOWHMKBPQARHDFRGM VXFRLDW BKHQ\OD
DVSDUDJLQH LQFUHDVH

7KH GDUN LQGXFHG P HVDIJER B LWFKX W K B QBRMIGW H URIQJ DU
WKH ELRFKHPLFDO BQ®WKZXZD\V /LQQ GDUN RWWKHUZH & HR U
VXJDU VWDUYHG OHDYHV QXPHURXV PHWDOBRBYEGHDWKZ
DOWHUQDWLYH FDUERXRG UDWWHN VRKH F HVRI. GDRLERQ JHQ
IXQFWLRQ LQ EUHDNLQJ GRZQ WKH VWWNDY.DWWM G IGIXLUQ. QD
VXJDU GHSOHWLRQ GEENPRS FEXKQWQRW\ Q BI& EFHHF® X\H HV F
D VXIILFLHQW VXJDP DLW ® KN EWs E H MFH Q B MW X{UDX VP Q H
DQG (DVWPRQG /LQ DIGPLODUO\ JHDHQNPHFRGLQ
WKDW SDUWLFLSDWH LOP LEQR @A IEG FIDKVDIYE ROHF RYIDW KZ D



LQGXFHG LQ GDUN LQGXFHG VXJDU GHYDHEWGRSKFH®ONRX (
SURYLGH DQ FOWEHRQDWRIXYEE&. )XMLNIRUHRYHU DQRWKH
VLIQDOOLQJ PROHFXIORNVSKDBWBORVIE ® QQRUHIXROWH RQ
RI VXJDU PHWDEROLWM BODXMOBRWFRSH VGWKWWEKH FC
LPEDODQFH WK D \WDWHERXD &N SIWIRPD VetRQ (D VAKRRP G

et al. *HQHV HQFRGLQJ 7 3 VIQWKDVH DR®Q@O\3 SKRV
XS UHJXODWHG XSRQVYRBURXULQW BIDVWINHIQFGXEX\S QRQHV
GXULQJ QDWXUDO VHQBNAFHQFH %&R R WGIMW R &G.0DVWRQ

JORZHU VHQHVFHQFH

*HQHUDO LQWURGXFWLRQ RI IORZHU VHQHVFHQFH
JORZHUV DUH HVVHQWLDO IRU WKH SOR@WLBOH IRWOH
SROOLQDWLRQ D QHs QVHH[F\G JVIDWM U R W MRQ O &P $IVU HGRZIHWK
DUH PRUH FRPSOH[ DQG DUH FRPSRVHG RQPOXGIGALNVNWLQ
VHSDOV SHWDOV DQGRBI@GXYRHFKNPHI\RUZD QYK HPWKUDFV
RWKHU ZKLFK PDNHV WKH VWXG\ Rl 10R Z$VK R'BIQ HD\QFG1 Q FH

6FKRHQ 2QHLOO VHQHWBHMPRH FRPPHRGE VQDWLRR S
ZKHUHDV RWKHU IGRBD 0 SR DIWH N WRODUR B XIF 8 RALOII X
BWHDG 7KLV UHTXLUHV VWULFWRWKHUWDGN VR® RO G

HYHQWYV LQFOXGLQKHNRMLEROWXQY® ® REOHRAROODAEIIK D Q JH V

E 7ULSDWKL DQG 7XKWPHNSD DQG 7DKLU ZHOOB6XFK
RUJDQLVHG VHQHVFHQHN XRIWLLHQMYDERI B R PVSHVQNGR UV
WR RWKHU VLQN WLVVXHV VXFK DV \RXQJ5@®RHBYMV DQG

,Q JHQHUDO IORZHU VHQHVFHQFH LV MYRREVWWRGAHDI \
VHSDO VHQHVFHQFH LQ EURFFROL VXJJHVYW\H UW\KDW MOKCHJ V
WR OHDI VHQHVFHQFH DV LW DOVR UH@XLUHY GHJUDGDWI
$UDELGRSVLY PLFURDHYBDOHIED MXPMURXVDMRRPPRQ UH
EHWZHHQ GHYHORSPHQWDO OHDI VHQHVFHERHHDQG GLC
VHQHVFHQFH VXJJHVWLQJ VLPLODULW\ RYMEG@GLRROHFXOL



+RZHYHU SHWDO VHQHVFHQFH LV PRUHPERDIQM[L WY G QG
GLIIHUHQFHV FRPSDUHG WR OHDI VHQHWFHIQFHD (YORHDX W
GHULYHG IORUDO RtIDQ % RZIPHD@EPD Q DQG SHWDO

VHQHVFEFHQFH VKDUHV WHRPXOBPRMRRRGHJIJUDGDWKRMHBOD WK Z
VHQHVFHQFH :X DQG +DQV&RQ JRWLAHMDPSOH ERWK SH!
DQG OHDI VHQHVFHQFH UHTXLUH GHJUD GDHWPIERI® ®H PDFU
SURWHLQV DQG QXFOHLF DFLGV |IRU7RKMIULH QM KMIBUF O L (¢
et al. DQG WKH VHQHVNHYFBIUSIURRABIX OD W HR® HEY SK\WRK
VXFK DV (7 DQG &t al-LEUD QB al. +RZHYHU SHWDO
VHQHVFHQFH LV DOVR GLVWLQFW IURP HF¥WM \BHUQHRWFHQF|
al. :DJVatall YRU H[DPSOH SHWDO VHQHVFHQFH L
DQG WLJKWO\ FRQWURQW®WIBG EN & HFAWRBBW HRSQ E \U S RIGG L
WKDQ HQYLURQPHQWVVGLOBOWQRIKLERPLFOHDI; XHQ VG H Q

+DQVRQ e8KHQ S5RJHUV etalRR ,Q DGGLWLRQ
(7 LQVHQVLWLYH VA\WWHPV H[LVW GXULQ R SHIOVIZ® DAHQ H V
VSHFLHV :ROWHULQJ DQG 9DQGRRUQ U ZR<® BiH DLVQ (7

UHJXODWLQJ OHDI VHQBVFHQFHSLQEH BGWDO VHQHVFHQ
HIWHQVLYHO\ LQYHWW®BLZIDW K GRWRRFSD LO R GO VRO \R | VR
SHWDO VHQHVFHQFH ORH GRYRUWVEHG E$KPHOLG DQG 7

5HJXODWLHRWDO VHQHVFHQFH
3HWDOV SOD\ LPSRUQWDQWRIDRO®HVHGKXOR SPHIPW LIR@MG W K
SULPDULO\ WR SURPEWBWRODEW DL YERD O QED WIRWWL GO |

7KH ORQJHYLW\ Rl SHWDOV LV DVWHRODL IKHD @5F TWXRDLD D
RI FXW IORZHUV LQ POW\ RWQ B O H QW JY\F HRQ FSH WQPOXIBOIH
FRORXU FKDQJH ZLOWLQJ DQ@GalDEVFEVVIZREYVH XIUWHH U
DVVRFLDWHG ZLWSESKDVVRIORHVFRO FKDQJHD GIDQWFIOR(EG IRQJ C
SURWHLQV HQH BHREWUHDLQY DQG UHJIXGIDW REYL GV RQ/IHILQBN
DQG FDUERK\GUBMWHY +XQMHBDWKL DQG 7XWHMD $K
7DKLU 3HWDO VHQHVFHQFH LV DVIMHQHWLIF\DDHD XFOROQA
SURJUDPPH DQG LV PHGLDWHG E\ YDULRXWDBKYWRKRUPRQ
0 Det al. 6KLEX\D 6RPH SHWDO VHQHVFBIQGEH UHODYV
JHQHV DUH UHYLHZHG EHORZ



+RUPRQHV

/LNH OHDI VHQHVFUPREHSAD QW KB %$ SWRIRRWHHQRHEH U
ZKHUHDV &. DQG *$V LQKLELWet# >UHY@AHEXNE E\FDD
SURPRWH RU GHOD\ YVHEHWRMQ BB DQWG KON FL 6 VR EHE Q$
UHSRUWHG UHFHQWO\ WR DIIHFW SHW®&@&. VHQH& FHQFH >
+HUH VRPH GHWDLGWHW®W (D @EHSHQQGHSHOWEHBW DORZHU
UHYLHZHG

8QOLNH (7 PHGLDWHG OHDI VHQHVFHQFBVEWWXH(T7TOWRZGWL
VHQHVFHQFH VI\VWHPV H[LVW :ROWHULQW IDQBHIDMUERR U G
UHJXODWRU\ UROH GXULQJ VHQHVFHQFMWM L@FOKGW QW L
$UDELGRSVLV SHWXQLD @8.G FDUQEaWLRQ ,TEWXRVH
(7 VHQVLWLYH VSHFLHV WKH SURGXFW LVRXQ JRHIVMGHEER WHRQ R )
EH LQGXFHG E\ GHYH®R/'SMHHD VSRO YLQOWDRG 9 DRIGBRRUIQ
6KDKUL DQG 7DKLU ,Q FDUQOWARQ S D R/GHKE H@R O O
LQ SHWDOV GXULQJ VHQHVFHQFH DQGDWNKEVLISWDREROL
LQFUHDVHV RI WKH (7 ELRV\QWKHWLF JHG@HW YWRR DK JH Q
DQG $&& R[LGDWHa.3DUN WHQ+DYH DQG :ROWHULQJ
([RIHQRXVO\ DSSOLHG (7 RU LWV SUHFXBWVRHQHAHI R$&& ¢
WKH FRUROOD LQ &KLRIOHURDN VDREBIW RFADQOW ZAKNK KFK H P
LQKLELWHG (7 ELRV\QWKHVLV RUeD&WLR @ GHODXHGOLW L 7
etal. E %HVLGHV ELRVI\QWKHVLV (7 VILQFRQWMWDRIOO/LDO
IORZHU VHQHVFHQFH WRWD GMDHPGIOH FDUQ DWSBRQIMYG SH
H[SUHVVLQJ WKHet$ls® FHGRSHV[KLELWHG GHOD\HG IORZHU °
DQG H[WHQGHG YDVHet@LIH LBRI¥YVRQ ,Q SHWXQLD
WUDQVJHQLF SODQWWIH[SHEAMVRIQSUDEHGRSVLY RU ZLWK
H[SUHVVPREIN2RVKRZHG GHOD\V LQ IORZHU \H®DHVFHQFH
$00 WKHVH ILQGLQJV DJDLQ LQGLFDW® WRHHVVH
DFFHOHUDWLRQ RI |ORY W WHHOHV EHPRRNLWLYH VSHFL

,Q SODQW VSHFLHVLIWWK (DRQNHQMV\BRBVGB\0OL\XO (S
DSSHDUV WR QRW DIIHFW RU KDYH CAHNW IORIXH K HLRWPR®
EH VWLOO LQYROYHG LQ RWKHU SODQW \R SHBEL MHO VXH
HORQJDWLRQ DQG RY D:ROGHNH Q@R SIPGI® /D QKIRRILQD Q G
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7DKLU "ROWHUIQ@GRJIJHQRXV (7 OHYHD V LFIQ& |Q RV WK R
LQFUHDVH GXULQJ SHWDG WHHDMWPBGW Z(WRUH[RJHQR
FKHPLFDOV SUHYHQWLQJ (7 DFWLRQ GLG QQBWWWDKRZ D
VHQHVFHQFH :ROWHURQJ DQG KWD\Q &R RINW\HQW \BFHHNFO!

LV OLNHO\ UHJXODWISE QES HIQQW (3 DWKZD\ GKSMRBI QW LQ
VSHFLHV $%$ LV WKRSUKLWDWR UFH WOMVRHVRH GHWDO
%RURFKRY DQG :RRGVRQetal. 3D Q{OXQ@NaH U D
7JUHDWPHQW ZLWK H[RJHRQRMXV \SUBH EHREFH ZIHQ VFHUWD L ¢
%RURFKRY DQG :RRGVRQ  Narcissi® p&DddriRiGitsas
HQGRJHQRXV $%$ FRQWHQW LQFUHDVHG QHVRMKPFEHWDO
ZKLOH H[RJHQRXV $%$ WUHDWPHQW LQGSAICGDWGDQVFUL
VXFK $%$ GHSHQGHQW LQGXFWLRQ ZDV QRWH DN IHHFDWHIEGZ K
ZLWK DQ LQKLELWRUXBIHVWDGWLRIQLVV $WDRNRFAGLOW HG
DFFXPXODWLRQ LV LQGHSKIQGHQW RI, Q7 WK¥QBHHWD OV RI (
LQVHQVLWLYH GD\OHQF HPDQVRMH@NWVHFG F KIDGFIHVDVKEK DV
LRQ OHDNDJH DQG YUWRW HAHIDH B/ VDIERAKLO D WH G %\ H[RJH
WUHDWPHQWtaBDQDYBWWKRXJK VRPH VWXGLHV KDYH EHH
WKH NQRZOHGJH Rl WKH PHFKDQLVP EHKLQGVHHOW DWW LWHHQ H
IORZHUV LV H[WUHPHO\ &BPLWHG WKXV IDU 0D

$%$ DOVR UHJXODWHY VHQHVFHQFH LXQF WHRY LIWL® HNIIDG®
WR EH (7 GHSHQGHQW )RU LQVWDQFH $%% SHRPRWHV
VHQHVFHQFH LQ FDUQDWLRQ OD\DN DQG NLOOH\ 5R(
ZKLOH LQKLELWLQJ (7 VLIQDOLQJ VXS SIUHVM GH\BFSIQFEG X F
LQ SHWXQletal. -RQHV2WKHU KRUPRQHV LQFOXGLQJ &. *$ -
DUH DOVR LQYROYHG LQ UHJXODWLRQ RRQER ZGIR) YRWHVF
ZRUN DORQH EXW FURVVWDON ZLWK BIQ PKHRWYFHHWQWIR FF
, T EcDaD o&al. )RU H[DPSOH WKH WUDQVJHQLF SH
ZLWK LQFUHDVHG &. $IBRG N 6 W \HRE® RARIRRZOIODG VIHHGIWAFHH® F H
VHQVLWLYLW\ WRI(7 &KDQJVRPH FXW URVHV DQG FDUQD
DFWV DV DQWDJRQLVW RI (7 DQG GH®R\V SHWDNWHQHVFI
DQG 9DQ 6WD G Hepal. /+ $00 LQ DOO SK\WRKRUPRQHV KO
UROHV LQ UHRZGINWIHRWYDR VBIQHVFHQFH



*HOHV DOQG WUDOQVFULSWLRQ IDFWRUYV
3HWDO VHQHVFHQFH RWYAVMRSHBKRM ®RREHHDPPKI GIEHOO G
DQG WKLV SURFHVVUI XOIDWMWEFBAONUV*HQHYV WKDW
FRQWURO IORZHU VH{IHYEB G PN KD ¥E B/ M BIUH\R XAK 8 © B Q W
JHQHV HQFRGH HQ]\PHV SURWHLQV LQYROMH® IDRGK\WRI
VLIQDOOLQJ PDFURPRRG FXOH SHIWBHBORYQ OESBU MMV
DQG QXWULHQW UHPRELOLVDWLRQ HLU WUDG@KNSR\WHUV
JRU H[DPSOH F\WWHLQH SURWHDVHWH QK WRIQHQ\E H
UHF\FOLQJ IURP VHQHVFLQJ IORUDO RUJBQRWHDYHW HQ
KDYH EHHQ UHSRUWHG WR EH LQGXFHGORXHIUQV\VWOIRVFH
>VXPPDULVHG LQ 6KDKUL DQG 7DKLU XF@IMRPH RI WKHV
LQ $UDELGRSVLV DQG L WBrassiRUIAKR BRSAGEHMV. DI G
BnSAG12-2 D Q GPelu@ia hybrida PhCP10 KDYH EHHQ FRPPRQO\ XVHG
VHQHVFHQFH PDUNHUV 1RK DQG 8RDVLQR E -RQHV

*HQHV HQFRGLQJ YDULRXV 7)V VXFK DV 1$% ID®D&R$'6 ER
SOD\ NH\ UHJXODWRU\ UROHV GXULQJ IDREHW VHQHVFHQ
6KLEX\D ,Q WKH (7 GRZHO @HOWHPVUDBDEORS\LIQI $
SHWXQLD DQG ZDOOIORZHU PXOWLSOH X$& QHGHWN®RZ
VHQHVFHQFH VXJJHV WP W KHL W H DXYRIDVD. R € GR | QR ZAHG
VHQHVFHQFeétal3ULFH:DJV QI | % UR GeHall L F N

JRU LQVWAPQBBABIAC092 ZHUH XS UHJX@IWGHEY BARSPHQWDO
LQGXFHG SHWDO VHQHVFHQFH L& asUDELGRSVL/K L IDINW
QXPEHWARI JHQHV ZHUH GRZQ UHJXODWHG LQ (7 LQVHQ\
WUDQVJHQLF SHWXQLDV ZLW#rlk-D GRRBG.H[SUHVYLRQ RI
DGGLWLRQ WR WKHVH (7 GHSHQGHQW 1$ &M XMW LB&KV D
RI SHWDO VHQHVFHQFHQVQWWXH I(GRZMW MPFIGIHRY )JRU
(3+(0(5%/ (3+ D7) HWKQFH VLPLODULWVKWRIBI$& LQ
VXE IDPLO\ KDV EHH®RVHERYMWMGUW RX QBIQF I$ HVQDW KWHH Q
(7 LQGHSHQGHQW -DSDQHVH PRUQLQJetJ&RU\ pILROHWY
6 K L E ¥t\dD. 7KH H[SUHMPNLRQVRORW DIIHFWHG E\ HQGRJF
(7 VLIQDOV RU H[RJH QRXWKWH DAW P IHIIWDD O HQLEE X QIK L E L W
al. 7UDQVJHQLFKSOBQWWHGLW[S EPHLV HRIQL RUWH G
GHOD\HG SHWDO EXW QRW Ol VHQHY MW VEKILEXOD W
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WUDQVFULSW DEXQGDQFHV BAGYIH RRHWFKHROFRI FDQUGN H/UH Y H L
3&" UHODWHG JHQH RUWKRORJV VXFK DVDXWRSKODUWUHO
SURFHVVLQJ HQ]\PH JHRWVHKBUHQVWERYVH Sé@&bQWYV 6KLE>

7TKHVH ILQGLQJEPHXKIRBVWHGLQGXFHG E\ GHYHORSP
vVLIQDOV DQG LW UHIJXODWHY SHWDO \WRQHWEOHDQWHHGY LD
JHQHV LQ WKH (7 LQVHQVLWLYH IORZHU V\VWHP

0%$'6 ER[ 7)V DUH ZLGIHKHOLQQUHRAOVDWLQIJHFXOWESE R VEDD Q'
SURFHVVHV VXFK DV IORUDO RUJDQ VSHFQFHDWLRQ
6 PDF]QdtBN &Ketal ,Q $UDELGRSVLV RYHUH[SUH
0$'6 ER[ JHAGLYS AGAMOUS like 15 RAGL1I8 UHVXOWY LQ GHOD\
SHULDQWK VHQHVFHQFH DQG DEVFLVVLRQ WMXHHVWLQ
UHJXODWRUV G XQHYVFHDEHHDQG DEVFL¥WVALRQ )HUQDQGH
)DQJ DQG )HUQDQGH] etal$GDPF]ELPLAGYO\DOVR

N QR Z FARZVER YOUNG FLOWER FYF DOVR IXQFWLRQ DV D UHSUL
IORUDO RUJDQ VHQHVFHQFH E\ VXSSUe&t4avLQJ OO7 UHVSRQ
& K HeQ al. AGL42 RYHUH[SUHVVLRQ OLQHV H[KLELWHG VL.
VHQHVFHQFH DQG IDEFILYY WKQRRIWAD QV RKHIKLYV JHQH
DOVR QHJDWLY HEhylebeHResio e/ BINA-binding Factors 1 to 4

EDF1/2/3/4 LQ WKH (7 SDWkKtzZadb\ &KHGHFHQWO\ $*$0286
DQRWKHU 0$'6 ER[ JHQH KDV EHHQ UHSRWMBGHVNR\ SURPR
GULYLQJ -$ SURGXFWLRQ LQaSUDELEREVHVIL-QEUQLHV UHYH
HVVHQWLDO UROHV RI 0$'6 ER[ 7)V LQ FROQWQROOLQJ
$UDELGRSVLV

5HJXODWLRQ RI VBRVWWDHYW LQGXFHG LQIORUH
VHQHVFHQFH

&RPSDUHG ZLWK WKHYHYWHQNWHEOOHD!I PRWGFEHWUO VHC

GHVFULEHG DERYH OHVV LV NQRZQ DERXWHSAHWQKEBUY H\

6RPH VWXGLHV ZHUH FDUULHG RXW RQ DLFR@B8HWEHDO Y

PRGHO SODQW $UDELGRSVLV



WURFFROL

% UR F BR$3ita oleracea /itaica LV FRQVLGHUHG DV RQH RI WKH
YHIHWDEOHY LQ WKH KRV XGJKHFREWH QD & | PYIQMLBLOQN

DQG LW DOVR SURYLGHY MPPRSREGQHWMILVABPKGBY IODYRC(

DOQWLR[LGDQWY DQG JOX&BRVLQRODWGINVD & KMt/ REDWR
al.

7KH KHDG Rl EURFFROL LV FRPSRVHG RIVDDQGPHEBKRI LP
FRQVLVWYVY RI D IORZHU HQFORVHG Eet&aKkO FR@WBQQLQJ VI
et al. $IWHU KDUY HVRWLHQNY KMIOIY GHWHBLWKD® HYV UDS
GD\V LI VWRUHG D WX WH ROPQ & HAPKSHH UPIRW W\ SYHL LLVE MK KB K H Q |
\HOORZLQJ RI SHU L SIKHUID\O PDHKS/IHAEY EA KR R O 8G&t&IQ) D G D W L
DQG DFFRPSDQLHG LES WWLKRHD /@ D Q ¥ BRRIDLH6 RS DHEXHR F
*RPH] /R EDaN R 7KH UDSLG GHWHULRUDWLRQ RI EURF
WR D VHULHV Rl SRWVWYDWXYRK \DVVORWY LRI @R WO @\K D W
VXSSOLHG IURP URRSKWORAB WURHIRXUAWM G6 X P D UKWWBDH RDW L R G
RI WKH PDMRU VWUHVING VD QG ICDWWHVWREWHGZEURKEFROL
FKDQJHV WKH VXJDU PHGLDWHG VLJQD ML QRXDEGGWKDMD E
WKH IORUHW KHDG RI EURFFROL ORVHYWKLRRVW DIWH UN
GHWDFKPHQW ZKLOH WKH WUDQVSRUW RH IDRQ®R DFLC
DVSDUDJLQH DQG DPPRQLD OHY# OV L Q FOURHIIHV HH FRIZQNVO \
D VWXG\ IRXQG WKBWQWHKHVLOHORING D QS K\VH RW RRIQFW R H
FKDQJHV RI FXW EURUPDROIL TKH ISQL MDA H GOB R B KR

GHJUDGDWLRQ OHVEHKIGWDWRRY \URBY ®DOWNHL D\ONVIRWRLH
+DV S HeaX p

30DQW KRUPRQH OHHYHONH G LEHN SRVWRKDIURHMVMWQ VWDE NN HYV
D EXUVW RI (7 LV SURGXFHG E\ EURFFROKLVYOKRUREBDEOIW
SOD\V D UROH LQ SRMWRKRDWYIPVWVKHSDIO®@GHIJUHHQLQJ &K
L, QWHUHVWLQJO\ D(KULMW SUHRGIXFHG E\ WKHHRUBBQRGXFW
HVSHFLDOO\ WKH VWBPeBW\YYHAON WOHRZYV DPRXRGXF RG (E\ LV

WKH VHSDOV DQG RQO\ VXEVHTXHQW WRYH BURBXWHG E
7 L DeQal. 7KH \HOORZLQJ RRWHSODIOWMHQV FDXVHG E\

LQFUHDVHG (7 WKDW LV SURGXFHG E\ QHS USRI FINFMWIHRRU J

RN



E\ WKH VHSDOV EHFDXVH UHPRYLQJ WKHW N KH SUIRGHK RW L\
VHSDO GHJUHH#DBIQJ 7LDQUDQVJIHQLF EURFFROL ZLWK U
SURGXFWLRQ FDXVHG E\ GULYLQJ WKH B[RUIH/DNRQ R
BoACO2 VKRZV GHOD\HG &KO ORVV GHFOLQH® SURWHD!
FRQWHQW Rl WRWD&@aSURWHBQPEDSSIOY WUDQVJIHQLF EUF
UHGXFHG H[SUADDYLARQ2RIMCSL H[KLELW H[WHQGHG VKHO
+LJJEQV

&RQVLVWHQW ZLWK QKIHEVWQ®A Y FUHRDHH RIWK. W KRIUPRWY HR
LQ EURFFROL IORUHW KHDGYV GHFUHDVHMINVQBXVUHVXOV
DSSOLFDWLRQetRal. &. 7L®PWYQ LQFUHDVLQJ HQGRJHQRXV &. S
E\ RYHU H[SUHVVLQJ WKH &IPELRYXYWAVKHWEF GHQB\V
IORUHW GHJUHHQLQJ LQ EURFFROL W KOVDWHIKEQ VXJ
UHWDUGDWLRQ RI SRVWKDUYHVW VHQWRFHQFDXPHGUDQV
E\ WKH DFFXPXODWHG DQWLR[LGDQW HQWPYHDFWRW HWQ \D
/Let al.

$UDELGRSVLV

$OWKRXJK VRPH PROHRKX®DRBDOQBHEKRGLVPVVWI SRVWHEk
LQIORUHVFHQFH VHQHVFHQFH DUH FKDWIBFWHRBYWHG LQ
PDQ\ ELRORJLFDO HYHQWY DUH QRW FDWDRQVRIIBEUREERQ B!
LV WLPH DQG VSDFHPRRQIVKRQYB QDHQW VNG MR LVHB[S HF
XQGHUVWDQG WKH PHKBDQHVRVVRIQHRVWQFH LQ EURFFRO

Arabidopsis thaliana EHOR QJL @ths¥icRcedeKHDPLO\ LV D SRSXODU PR
RUJDQLVP WKDW LV XMoHIOL XNV HAEQIRWLGEVP RGO D
ELRORJ\ HYROXWLRQ DQG GHYHORSPH@EWXVYM RODMKWH VFL
IROORZLQJ DGYDQWDJHV D VPDOO DQG WXOOMNVHPOH FH
VPDOO VL]H RI DGROW LSFODVHMGY/ S B R GMXEF IVQ RIR UHPID MFLLRH@ WD |
DYDLODELOLW\ R DEHWDURH PQOWPD Q W OLQHYV 7
KWWSV ZZZ DUDEILWRISWVYLVERHLD XVHG XMVMGIHOWILRQU MKHH
ELRORJLFDO PHFKDQLVPV RI DJH DQG VOWIHWHNVL YGXIFHG
6HFWLRQ 5HFHQWO\ LW KDV DOVR SHRHWHNXKX XV HIEV WR U
LQIORUHVFHQFH VHQH&MRHQFH YUH&BIQOLQLDQG LV

o



FRQVLGHUHG WR EH DIRULGHIXFLBRGH®J REWH LUGQH IX
SRVWKDUYHVW EURFFRR®WL YBH FIDRVGIL GHWUY W\ WEAHRW ZHH Q
JHQRPHV IRU FKURPRVRPDO VHJPH®DaVV KDV EHHQ IRXQG

'XULQJ GDUN WUHDW PIHVQ WQ RO REWHD\EA HEQ@RHNG/ L WA/ BIWGKHUWM D F K
LQIORUHVFHQFHVY XQGHUJR D VHULHV RDC KHKORWNSYLFDO
LQFOXGLQJ JURZWK DUUHVW QR IORZBU BSKHQHE®IRYI SH
GXH WR WKH &KO OBXEOHUSIGRWHGQ/RR ¥ WG Q RQD Q I DINDRIH
7ULYBI@QIOLQL 3K\WRKRUPRQHV DGFORWDHE IVEIIRQ WKH W
RI LQIORUHVFHQFH GHIRSHMH) LW U HIRWPH RW RAL WX W¥%H SU
\HOORZLQJ RI GHWDRRWFE LIKNOBYBYF WUHDWPHQW Z
EHQJ\ODPLQRSXULQHGMODWHKE WKL ¥E.SQRIRHVY 7ULYHOOL

SAGV WKDW ZHUH GLIIBWHGWGROD®JUB DX \LHEXFH G LQI
VHQHVFHEBBH DOVR LGHQWHBLHG 7U%YOIDWIHIQXPEHU RI
JHQHV DUH GLIIHUHB®LB®OLQH[SHRWK OWFH@FHG LQIO
VHQHVFHQFH QRWDEO\ VHQSAGEH Q Pit F/HIONHVEF HBBOH UHOD)
7) JHQHV VXNWACODY DQNBP 7ULYH&OLQL 7KLV VXSSRUWV WK
LGHD WKDW VHQHVFHROHRRUD/RPH XBR WD VHWDIDO VY VD QG
JHQHUDOO\ VLPLODU WR OétRll VHQHYFRF#FH 3DJH
*HQHWLF DQDO\VLV DKW RIFRMMLEPHN®RPH FRRRRQLQHJIXO
FRQWUROOLQJ GDUN R®E XFAHBH VG HORAHH WRKWH HE B BSFOMHL Y H
PXWDQWWAGY2 DQBAP H[KLELWHG GHOD\HG VHQHVFHQF
LQIORUHVFHQFHV XSRQ G D BthlL.W UHD W6 HIQB/G L TWLLR/G! OFOXLVQ D «
ZLWK D GHMCEWDQ@QR VKRZHG GHOD\HG VHQHVFHQFH RI
DWWDFKHG LQIORUHVFHQFHV ZKHE& & UHDWHBGWIQRWKK GD
VRPH UHJXODWRUV KDIG E® H¥U DLBHRBVILEIHRRY NQRZC

SRVWKDUYHVW VWUHVFHQ@FGX¥HQH\VAPBWH G \D ¥ & L ®OWKLH L
LQYHVWLIJDWLRQ LV UHTXLUHG



5S5HVHDUFK EDFNJURXQG
7R LGHQWLI\ NH\ JHQ H\D WK I @ GXHF HGO DDHOQRIW IF W DHF @ FIHQ
$UDELGRSVLV D IRDZEBUBDFAKQHEMM. M SSORKBGEBQWG PIDUJH
HWK\O PHWKDQHVXOIRQDWH (06 PXWDQUWHW BB URKHUM H Q
XVLQJ WKH $UDELGRSVLV ,QIORUHVFHQFHUB{AIUHHQLQJ $
$,'$ DOORZHG WRH D VROEMURR| P XKRYQWYWM KIBI\G V
WLPLQJ RI LQIORUHVFHQFH VHQHV&HQFH -LEUDQ L

OXWDQWV ZKRVH LPPDWXUH LQIORUHVFHQQMFHM VKRZI FRP S
GDUN LQFXEDWLRQ WZR GD\V D#&ceelzf@ated infloteszeHde H QDPH G
senescence ais ZKLOH WKRVH WKDW H[KLELW GHOD\HG GH
FRPSDUHG ZLWK :7 Aédydd i@lréstefices senescence dis , Q
WRWDa DQGdis ZHUH LGHQWLIUHIE IDDQRA HWK-HHIQ FH GHJUHE
SKHQRW\SHVY DUH VKRZQ LQ )LJXUH VLEUBQLPLQDB®DYV
VFUHHQ D WRWDO RIQWAHQWN\UR® HJ P $MH WH & Ud-D W DD G
IURP XQSXEOLVKHG 16® WD WWMKDBDW WKRE MURHGH/IHIG HRW Q J
WKH IXUWKHU SK\VLRWRBE LFQDODWVYIG/ IHRWKLYV VWXG\



JLIXUH 6FUHHQLQJ RI GHWDFKHG G DU N 6K P X DLW RYILHV F H C
$,'%$

$ 'HIUHHQ&QPXRWDQWYV DW GD\ %dis ' HP XUNHDHQDW @ JDRV G D\
,QIORUHVFHQFHVY ZHUH KDUYHVWHG IUR P WKRS OR | SKOIDFIKWZ/H QL & F
LQGLFDWH PXWDQW QXPEHU ZW LV DQ Q¥ ZH WLKDAKICROR R | RO C

RU JUHH® FRUFOHV RQ WKHLU LQIORUHVFHQ¥IHW IDHMHDQF¥FKV WL
JLIXUHV ZHUH HGLWHG IURP -LEUDQ



SURMHFW DLPYV
7KLV SURMHFEW DLPV VWWD EG WWKHIU NXQ GBHVROHR/I LFP® SUR
UHJXODWLRQ RI GDUN LQGXFHG L @iaDidopdis\iaib@FH VHQHVF
7KH VSHFELILF RBMNFSWLRMNFRM M HUH DV IROORZV
7R FRQILUP WK HR DHOWFH QWG GIIJHHQLQIHSO KK YRI\G\SH
(06 PXWDQWYV
7R LGHQWLI\ WKH JHQHWLF OHVLRQV WRDWUBGH Ul
VHQHVFHQFH SKHQRPAWSRQ R IDWKHD P XWD QW V
7R LQYHVWLJIDWH WKKH LGRIQNWLIRHG JHROAIEXBENGLQJ C
VHQHVFHQFH )RU LQWVWDSKAWRKRUPRQH UHRMWHG SD
GHJUDGDWLRQ SURFQIWRG YHEK D\QISUKRIZZ WW K \ RIWDKAHHU D F
JHQHV RU VLIJQDOV LQ WKRVH SDWKZD\HJXWDBWRRVVH\
' QYHVWLJIJDWLQJ WKIODWHEHVROGRH RGYV RIDWKHVH Jt
K\SRWKHVLVHG WR DOORZ IRU D EHWWHUYHXYQGHUVWLE
VHQHVFHQFH RH G BWULN WXHRLUV UHIJXODWHG



ODWHULDOV DQG OHWKRGYV

30DQW PDWHULDOV

(WK\O PHWKDQHVXOIRQDWH (06 PXNbDOpS@aNeHHGY 0 1U
HFRW\SH /D@®MEHHJ EDFNJURXQG ZHUH SXUFKDVHG IUR
6HHG &RPSDQ\ 5RXQG 5RFN 7: 86% 77ZZ OHK@HVHMHHGV FR
VFUHHQHG DQG WKH SGDDOWHW KBWNVYRBZ2HRIHGHHOHH QL
IHUWLOL]JHG WR FROOHFW 0 VHHGV 0 VHHHGEGVZHUWHUH VI
FROOHFWHG |URPH®KIRVH® L YHHUW LISOXODHNH BEDS R BDQRW VHG
ZLWK /DQG WKH ) VHHGWZRHIWRGKF® ) VHIJUHRRWLQJ SR
7KH DERYH ZRUN ZDV SUHYLRXVO\ SHUIRUPHG EAKFXELQD -
0 DQG ) DIWHU ILUV@ EDFNFHRNYW NBRRHRWWIKHG PXWDQ\
ZHUH SURYLGHG E\ 'RQDOG +XQWHU DW 3/DKH WWH Z ) RKRIEO D Q
5HVHDUFK 3)5 3DOPHUVWRQ 1RUWK D QW& VWXWHH GIHW BMHDG/
LQ 7DEOH

&KHPLFDOV DQG UHDJHQWYV

&KHPLFDOV UHDJHQW\HQVRGYHRMWH DQRXUFKBIDURP 'XF
%LRFKHPLH 1HWKHUODQBNMOV %'SQRBWHB .LQHERP +\GUI
8QLWHG 6WDWHV 6MWPWHBQLWMGWURHWN BRHUWMIG 6W
*HUPDQ\ DQG 5RFKH PRIGNIHBGRQGDQG %HGREVWDIEWHEQLW
XQOHVV RWKHUZLVH2HWBWRHGS HBWH.G HU R RJ 18 D F URJRIEH \/ R
IRU Q&RXQWHU DQDB8UG/LYRPHWLHVRIUGB W HEL H\$ BHOFLKADHR® R
BWDWHV %XIIHDQGVRIDKIMDL RBVH SUHSBXHGE | Z HWE KZ D MGHAL
DQG ZHUH VWHULOLVHG E\ DXWRFODYL\3DIRU E\PILQ\DMU
VWHULOL]DWLRQ XWFHE SRCABWKBBUXDWOBEQLEAWEHVYV
RWKHUZLVH VWDWHG LRDE ZWBHANIWRRDXWRDOHBRGDU ELR
ELRFKHPLVWU\ ODE R®)3 RUMNKRVKIAWNALVH VWDWHG



7TDEOH '"HWDLOV RI SUHYLRXVO\ LGHQWLILHG (06 P

OXWDQWYV *HQHUDWLRQ 6HHGV V@D MKMKY SKHG@RW\ISHYV
SKHQRW\SHIRUH EDFNFURVYV

dis2 0 +RPR]\JR Xudis :7 OLNH
dis7 0 +RPR]\JR Xudis :7 OLNH
dis24 0 +RPR]\JR Xudis 8QNQRZQ
dis29 0 +RPR]\JR Xudis 8QNQRZQ
dis31 0 +RPR]\JR Xudis 8QNQRZQ
dis51 0 +RPR]\JR Xudis :7 OLNH
dis54 0 +RPR]\JR Xudis 8QNQRZQ
dis3 [ er ) 6HJUHJDWIisQ J :7 OLNH
dis9 [ er ) 6HJUHJDWIisQ J 6WXQWHG
dis15 [ er ) 6HIJUHJDWHI®J BWXQWHG
dis21 [ er ) 6HIJUHJDWHI®J :7 OLNH
dis39 [ er ) 6HJUHJDWHI®J :7 OLNH
aisl [ er ) 6HJUHJDWARI®J 8QNQRZQ
ais3 [ er ) 6HJUHJDWARI®J 6WXQWHG
ais9 [ er ) 6HIJUHJDWARI®J 7KLQ VWHP DQG VPDOO OHDYHYV
ais10 [ er ) 6HJUHJDWARI®J :7 OLNH
ais12 [ er ) 6HJUHJDWAhI®J 6WXQWHG
ais16 [ er ) 6HJUHJDWAhI®J 6WXQWHG
ais19 [ er ) 6HIJUHJDWAaI®J 6WXQWHG
ais20 [ er ) 6HJUHJDWARI®QJ :7 OLNH
ais26 [ er ) 6HJUHJDWARI®QJ :7 OLNH
ais61l [ Br ) 6HJUHJDWARIJ apetala-1-like

OXWDQWY DQG WKHLU OLVWHG SKHQRBN\SXEBEL BBU-H EBBWIHY L-ROEWMD\(C

0 VHHGV ZHUH VFUHHQHG DQG WKH SO0WQMWQIWRDW Vi
GHJUHHQLQJ ZHUH VHOI IHUWLOL]HG WRUHROEGBNFWHHQWKHB Y G
0 VHHGY ZHUH FROOHFWHG IURP WKHDWHWOM 1BUBQDQMG SHRWH
EDFNFURVVREG ZAWMK WKH ) VHHGV ZHUH VRZQ WR SURGXFH ]
SRSXODWLRQ

SKHQRW\SLF DQDO\VLV

*HQHUDO SODQW JURZWK FRQGLWLRQV
BHHGV RI $SUDELGRSVLVY HFRW\BH RRQGXPELMDX V&ROQWY ZHUH
JHUPLQDWHG DQG JURZQUHQFB QWHPROIOBGYHWRBWK FEDPEF
ZLWK UHODWLY HXK)GHG DW\ BQG& OLXRWRQW P S
JUR OX[ DQG FRROFHQWHODPSRUBWUN F\POHOHURQJ GI
RWKHUZLVH VWiDpaht& DMVRMDWIKHODQWY ZHUH JURZQ LQ D W
FRQWUROOHG JURZWK PFDRIGHIOWSESFRQWKH K f& ZLW
UHODWLYH KXPLGMWHWQNWWY RLAKW ( ZQMGEH 0GIDWDEY X0Q G H U
ORQJ GD\



$UDELGRRUWMWVERIPFH GHJUHHQLQJ DVVD\

30DQWV ZHUH VFUHHQHBVEG KXWRQUE$ G$dt@. 7ULYHOOLQL
- L E UeD @. + X Qav &l.U ,Q EULHI LPPDWXUH LQIORU!
>JURZWK VWDJHV gtal. %RAHAMUH FXW IURP SULPDU\ E
ZHHNV ROG DIWHU VRZLQJ 0 SODQMWSXDQQ E WH SEDF
LQ D PLFURWLWUH SODWH 7KH SODWRVR2Dg HWK MR KFROPLHE(

GDUN FRQGLWLRQV BEGDURXEWWH& LIKRNHRY WU H QG
GD\V Rl GDUN WUHDWPHQW 7KLV UMTRIGURIGOMHEVY WK DO (
PLQXWHV WR PLQLPLVPL®YBWLRLQY KNX AREWFHDIPMK MWK DW
VKRZHG DOWHUHG WLPH WR GHJUHHQL®WZR W BB OHFW H
JRU ORQJ GD\ GHILQHG LQ 6HFWLRQ HGXUWMV HDHW Pl HXQMA GV |
ZLWK WKH H[FHSWVRIQQWKD \VZ H.\QH OSRAHF H B QM) PROYWD QY B D
WKDW ZDV FRY H U HKQIN \WMKO R/ DDEVISPRIX EDW HFR Y G IGW URQR/Q .

&DOFX®RDWRRWLQJ DQG IORZHULQJ SHUFHQWDJHYV
7ZHQW)\ IRXU SODQWV Z$HHWH MRHQRWQIH JURZQGXR\GHU OR
FRQGLWLRQV DQG ZHUH XVHG IRU LQYDB@& LDREHYL QUK H
EHWZHHQ :7 DQG PXWDQWV %ROWLQJ ZDVDGHIP®HG DV
SULPDU\ EROW DQGSORRDMUKDY LDQ/JWREHQUVVWRRZULPD
EROW 7KH QXPEHU RI WKH SODQWYV WHKDM ERX\ER G VRIQ.
LQGLFDWHG GD\V D Q8H H FSHOAWNY HGV D ¥H U FHMAXDIHWVHAH DM F
WKH QXPEHU RI EROWLQJ RU IORZHUIQXP EOD QW & G WWH
PXOWLSOLHG E\

6\QFKURRQVIWORZHULQJ WLPH

7LPH WR IORZHULQJ EHWZHHQ :7 DQG PXWIZQ@Y¥ ZDV V\
PXWDQWY DKHDG RI :7 7KH SXUSRVH RIBQE PKR K@UWIHWV MR
WKH LQIORUHVFHQFHV WKDW KDYH W DHLHI WLBWWR UORRH L
FROOHFW WKH ILUVW FDXO L @is2 (OHEBBH Z DWH WRE H® PH D J|
DQG GD\V EHIRUH WKHLU :7 FRQWUROW UHVSHFWLY}F
KDUYHVWHG IURP KGIRQWNUKDVY LQR Z\M D RIS HADLHPG] EW VWV R M/ \
GLIIHUHQW SODQW DJHV EHWZ#d2 Q LRXN &R QMMF B Q BH:7 | PRWP
GD\V R®G DQG GD\Wis2R@®DQWY ZHUH FROOHFWHG

LQIORUHVFHQFHV IUR® D@DB\V RIDANMSRG®DQWYV ZHUH



GHWDFK®#sBL IRU'S VFUHHQLQJ ZDV DSSOLHG LQ WKH GDUN
BHFWLRQ 3KRWRVEBEHRIWHWO RN\ DQGGD\WHU GDQB
WUHDWPHQW

'HJUHHQLQJ DNWDFRHG DQG GDUN KHOG OHDYHYV
7KH VIQFKURQLVDWLRQ DOVR DO OR ZHDG' AR MWH PK HQU L\ K®
DJH EHWZHHQ :7 DQG PXWBDIONW DHERXW RIZQRAPEWHKW OHD
ZHUH FRXQWHG DQG UHRERWKGBGOHQOWEB I ORQZBY WKDQ
FRQVLGHUHG DV HPHUJHI G7 KK ) XPFEHHW H Q FHL GOW H R
FDXOLQH OHDI ZDV UHFRUGHG /HDYH\Q PNW \OHV D DMK D QH"
RQH WR WZR GD\V EHWZHHQ :7 DQG PXWDRQW X HRMN GG WD |
SHWUL GLVK [ PP &1,72Z\6K ILOWHU SRBW®B®DQ P®.
PRLVWHQHG ZLWK P/ VWHULOLVHG ZDWHDWHTK B @E3HWUL
LQFXEDWHG DW U& RY WHHHGWDNHB®KRBMQFAUB IVGHDY D QG

GD\V Rl GDUN WUHDWPHQW

SK\VLRORJLFDO DQDO\VLV

&KORURSK\OO DQDO\VLYV
&KO ZzDV H[WUDFWHGORIMRPVNFHQFBH 1KH RU KWK ZXVEKW V
LQIORUHVFHQFHY ZHUH PHDVXUHG DQG WKMHW&ROD ZDV

VDPSOHV LQ Y Y HWKDQRO PJ RIROLVMRYH WUV LG R
WKH GDUN DW f& 7KH FRQFHQWUDWLRQYXJLQKOWKDHV T X
DEVRUEDQFH RI / RID@WWHDWX SHKUHQDIW HBHQJIJWR'G R

$ QP ZLWK D 1DQRGURMFWURSKRWRRRW®NKW H7&KOD E
FRQWHQW J PJ ZDVLRDOFKB DRGIGRZY QIVHTPDWVRDQ GL
GH ORWYV

&KO D $ $
&KO E $ $
7TRWDO &K® $

7KH &KO UHWHQWLRQ DW GD\ RU GD\ ZDKLRKSEBIVVHG |
FDOFXODWHG DV WKH&&EO\FRRWIKBE@W GLYK®HBRRWGERW &
PXOWLSOLHG E\



3K\WRKRUPRQH WUHDWPHQW
(WK\OHQH WUHDWPHQW
3UHSDUDWLRQ RIDOX® BWRIRIH 06 VDOWY PHGLXP
+DOI 06 VDOWV PHGLKXE XDNVQIUHMEDQGD UG \KURWFRR®V 0]
6NRRJ +DOI 06 EPWROHVDOW PL ZFWG LQVRIADOL 4
SXULILHG ZDWHU D QRH @/ IKXP SZDR | DIGKVHX V @ H GO WR+ X VL
VROXWLRQ DQG WKBGQGGHBIJODOWKHPWHGLXP ZMD\Q G XWRFD DY H(

ZDV FRROHG WR U &H DXQOB0 O R XAURH G H W U Y WGHWIKAHLW KK® G
FRQGLWLRQV $SSUR[LPDWHO\ P/ RU RP{URIIGOWRXDG Pt
URXQG SHWUL GLVK [ PP RUD VTXDUWSRIGWLYHO\[ P

7KH SHWUL GLVKHV ZWH R SOHHU MWW HJ RRARWKB LIHHGLD WR

SUHSDUDWLRO RI $PLORF\FOBRERROSDF DFLG $&&
7R PDNH PO VWRFN VIRBDWWLARHQH SUHFXWDVRWBL&H&& VLI
ZDV GLVVROYHG LLXD@RO DRW ZDV ILOWHU VWHULOLVHG

6HHGY VWHULOLVDWLRQ

P/ RI Y Y HWKDQRO Y Y -DQRGD 3UHPYXP %OHI
7ULWRQ ; VROXWSROQM& HRIW \BHH G DWHGR SV LVW T D@ G U
dis51 VHHGYV ZHUH ILUVW VWHULOLVHG ZLWKHQ HEIWWKDK®RO |F
ZLWK EOHDFK IRU 7KHPVRIXWBMVZHUH WKHQ DURWRGQ ZLW
; VROXWLRQ IRU WLPHV DURXQG VKB XM GI\D ZiK WH. P
ULQVHG ZLWK VWHULOH ZDWHU WZLFH

7ULSOH UHVSRQVH DVVD)\

7KH WULSOH UHVSRQVH DVVD\ ZDV F D WRFIRHG GRHWF WDLFFHRGE G

LQ - EtQl BWHULOL]HG VHEBY JHQRW®WH ZHUH VRZQ

WKH KDOI 06 PHGLXP DQG JURZQ XQGHU ORQIRGD\ FRQ

JHUPLQDWLRQ $IWHWH MNMUPED W URQW WX@WIHBUMNELRDUH

IRUFHSV WR KDOI 06 SODWH ZLWK DQG ZLW&RSWU 0 $&.
P/ KDOI 06 PHGLXP QFXEDXWHB LQ WKHUGDGN\BW U& IR

oi



6WULJRODFWRQH WUHDWPHQW
7R PDNH PO VWRFN VROXWLRQ PJ 6/ DRPORJIXH UDFF
&KLUDOL[ 1/ ZDV GLVVROYHG LQ /| SXBHWR62 DQG Z|
'062 WR GLIIHUHQW V¥ RRKRBHK\HDWLHR@W VR UHWBH&RAKBVLQIC
ZHUH WUHDWHG ZEWKRILOX'W6EZG PRFN DQEGFXHDWHG
LQ WKH GDUN RU ORQJ GD\ DW U&

*HOQOHWLF DQG KLJK UHVROXWLRQ PHOW +50 |

'"HWHUPLQDWHRQFRQDMQUH &l R&EOPXWBGW V
+RPRJVJRXV 0 PXWDQWVVWIEW H BRIHEU HGQRMASHHQLQJ
ZHUH VHOHFWHG ZHUH EDFBRGR&REB G ROKRZLQJ WKH SU|
.RRUQ @Hat | IRU WKH JHQHWLF DQDO\VLYV ) SODQW)
JHQHUDWH WKH ) SROSCGDRYLRQVSODWWVGZBEUM, SFUHHQH
DQG IROORZHG IER Q/ DQUDH\VRVE \8 HFKWU W TWDZHNG XWHG W R
GHWHUPLQH WKH JHQHWLF QDWXUH HMZIHEBR REVMUYHDBQ\
UDWLR DQG H[SHFWHRBQURS HR HG Z\DR/ E HH PHRR'Q REIHQU B LUV
RI VHOHFWHG PXWDQWUPBGGZIZWK BBOLRHOBWROXH FI
KWWS JUDSKSDG FRP TXLFNFPOM\ORKLYIXBHWEHUPZRH C
RQH GHJUHH RI IRRHHGIRPGROBWHG MOV W DIV WAFQW GLIIHL

3ULPHU GHVLJQ

7KH SULPHUV IRU +50HD®HDVOLYQNGZHYLQJI 3WLAPGIU ZHE YHU
.RUHVVDDU DQG 5HPP et @BQWHUJDWFRWGLQJ WR WKI
VHWWLQJV GHVFWLEHG LQ 3UHPHQGHWHIWIKMHG ZLWK GHIDX
SDUDPHWHUV H[FHBWM) JRAK IVEH VR O/GIRV SODH PSHHOW B R PW \
WR  30D[ % 6HOI &RPSVRHPHBWDBHW *&DQGL QDW R/R

DQG *3URGXFW 6L]H 5DQJHV’ WR WBRJ LVPLHQUID HZ H U F
QXFOHRWLGH SRO\PRUSKMWZHH Q6 83R/O 7% .8 DQG |/
VHTXHQHFH VHTXHQFH SURY LEGUHD® BIFKRUEHEHUJHU O0D[ 30I
,QVWLWXWH IRU 30 HDW F% U HDHYGEL QUK BHV H TX\W QZBIV DOLJQ
SHUIRUPHG ZLWK *HQHYRMVLRRIWZDUH 3ULPHWHDBH UGS
$SSHQGL]

oi



+50 EDVHG SROHPHIDLQ UHDFWLRQ 3&5

+50 DQDO\VLV ZDV SHWRHRH® RFLERJILS$ LWRODWHIGYIHNR P
RI') SRVLWLYH SOD@QWW KIRWRKHIRXWD7 SOQ@WV &RO
DQG KHWHUR]J\JUJRXV ) SUReIHQD RG RBR®RVVHEBQRPLF '1$ ZDV
HIWUDFWHG DFFRUGLQJ WR WeKdli SURWRRF KD 6RO L'$HEO/DUDHSIRR)
$XWRPDWLROQ ZZZ VOLBERWWRD@] D XAMKRIP B BXQWD @ HRIXW D W L
FRDUVH PDSSHG E\ 5XELQD -LEUDQ -LEUD®RWZHHQVR FKL
PDUNHUYV D@& DQBRWFKURPRVRPH EHWZHHQ PDUNHUYV
|R&is15 + X Q¥ ldlU ODUNHUYV DQG et +XQWHU
FRUUHVSRQG WR PDUNHQVW-LEUDQG HUINMO H HADQUGN

FRUUHVSRQGLQJ WR PDUNHUYV DQ@s9 DQISRLU ILQH PDS
+50 UHDFWLRQ ZDV SUHSDUHG XVLQJ +50 POYWBIVW PL[ 5R
FDUULHG RXW ZLWK QVMVMWXRHAQMU 5RAKKHH SRIRE RGIXQUHW
GHVFULEHG dt@. -LEUDDQ G + ¥tQaW H U 7KH 3&5 UHDFWLRQ
PLIWXUHV IRU ZHOO DQG ZHOO SODWBAW VFWDHHD ZHL
WKH 3&5 FRQGLWLRQVIZEHUOUH VKREZY DL ® QDU RULRHLGD XLSV K
WKH /LIKW&\FOHU UWIRRYZDUHXYHQJ WAIKQHH PMHFD RRG G J”’

7TDEOH +50 3&5 UHDFWLRQ FRPSRQHQWYV
JRU HDFK UHDFWLRQ IROXPHRIRXPH FRHO O SAHXOMNH
/ SODWH /

+50 ODVWHU OL[

0J

JRUZDUG SULRPH

5SHYHUVHI SULPH

+2

*HQRPLR '1 QJ /

7RWDO UHDFWLRQ YROXPH

7DEOH +50 3&5 FRQGLWLRQV
iHPSHUDWXUH f& iLPH

,QLWLDO GHQDWXUDWLRQ PLQXWHV
VHERQGV

3&i$ygﬁvJLFDWLRQSHFLHF WR SULPHUYV VHERQGV
VHFRQGV
PLQXWH
PLQXWH

+50 DQDO\VLYV VHERQG

&RROLQJ VHFRQG

of



ILOQNDJH DQDO\VLV
ILQNDJH RI FDXVD@isPRYMIIMQAWR Y WRI 613 PDUNHUV ZDV GHW
UHFRPELQDWLRQ IUHVADIDARXAODWK ZE\RWRNAROORZLQJ |
SHFRPELQDWLRQ ITUHTXHQF\ QXPEHU RI KHWHUR]J\JRW
KRPR]J\JRXV &RO DO QXPERW RI SODQWYV WHVWHG

OROHFXODU FORQLQJ

30DVPLG FRQVWUXFWLRQV
JRU 0$; FRQVWUXFWV IRU FRRSH$FHH QVKMHWILRDY RHQW R
0$; :7 FRQVLVWLQJ EISWKHLRQ XSVWUHBRGRQVKWKWWDU

ES JHQRPLF VHTXHQFH DQG D ES UMWRS) FRREZRX W U
RU 0$; * $ ZLWK D * WR & PXWDWLRQ DMWMR S/RK/H WIMRIQU W
FRGRQ RI WKH 0$; FRGLQJ VHTXHQFH FDXML@E; D * $ VX
SURWHLQ ZDV DPSOLWIEHGS$IDRB ZIYRW K ROWACHR & HGDIUQ W
Y HFPeREN0229 +HO®HIQY E YLD UHVWULFWLERER,GLIJHVWLR
DOMBt, 5RFKH &+ 7KHF®RWDRROVSBRFHGXUHW XDMHIB WKH S
IRU 3&5 DUH GHVFULEHG W@® VHFWDRQVRPBOHERD RI
6dis9 WKHPpPGWBL FRQVWUXFW FRPSULVLQJ ES VHTXHQF
WKH VWDUW FRGRQKMHQERGLES WHTWHQFH EDW SORYLGH
&XEDV &HQWUR 1D F IORRIDIRI tGHER DRWMR 61X/S\H.U DREWU REHH \WQ Y
&LHQWLtILFDV et& KHYDOLHKH SRVLWLRQV RI WKH PXWDWL
FORQHG UHJLRQV ZHHB RQVWXMH&GROD VJHQ H H) B GHRUFRIW H L
VHTXHQFHV IURP 7$,5 ZZZ DUDELGRSVLV RUJ

JRU WUDQVLHQW H[SUHVVLRQ DVVD\ 7KBLRYDE WKRISWLR/ &
JHQHV 0$; 0$; DQG 0$; ZHUH FORQHG E\ <DQ[
8QLYHUVLW\ Rl $PVWHUGDP DQG WKH SQRMARFRO ZDV
E 7Kdél / EDVHG 0$; JHQHV 0$; :7 0$; * 5 RU 0$;

* $§ ZHUH FORQHG XVLQJ WKH VDPH SURWRFBO 7KH FR(
ZDV DPSOLILHG DQDWHGSRULRRM PKM F 'hdxlfidisTs R U

LQIORUHVFHQFHY DQG ZDV WKHQ FORQHGFRQWHR LLPLSIDIF W
D &D09 6 SURPRWtaU 7LQWULD UHVWULFWLNVR®, ®IQIEVWLRQ
Not, 5RFKH &+ 7KH JHQH IUDJPHQWY ZHUHLWRHQ WUDC

ol



YHFWRU S%LQ 30X\Wt &@®DQHQJMDBIQGDWHZD\ /5 UHDFWLRQ
GHVFULEHG LQ 6HFWLRQ

7KH PDSV RI DOO YHFVORWL QYHEEUR VKRZQ LQ $SSHQGL]

30DQW JHQRPLF '1$ LVRODWLRQ
30DQW JHQRPLF '1$ ZDVXVVRODIDHD®W *HQRPLW '1$ 0LQ
*HQHDLG %LRWHFK 7DUED®) WR WKFHRLQNW BRXIFWRRQ PD
H[WUDFWHG DFFRUGLQJ WR WKEt ssURWRFROWRLOHGODS
SURFHGXUHV DUH DV IROORZV OHDI VDPZDWNK DHUXLGUR

QLWURJIHQ PJ P/ 51DVH $ 5RFKH &+ H G MR WDKK O H
HIWUDFWLRQ EXIITHULRQ BXIHHWUDRRQWLRWHG RULVP¥&O
S+ P/ RI 0 1D&O P/ RI 0O ('71$ S6'6 P/ R

DQG P/ RI VWHULYIW HEG IRDWHW HI X KH@ UDFWRRQ EXIIHL
ZDV DGGHG WR HDFK VDPSOH DQG WKH REOXHIERQ@Q GBV PL
$IWHU WKDW —/ WIOD@QRWRIRWP 2F ZDVRIDGOREE D GG
YRUWH[ IRU VHFRQH VDPSGHVAMQ L\P K X EFDUN HFA. QXYW HV &
7KH PL[HG VROXWLRQ ZDV VSXQ DW 5&) RU U ¢
FHQWULIXJH XQOHVV RWKHUZLVH GHVFWHH®GW QURRBSW
WHPSHUDWXUH / DXSWURQWBQWHAG WRRJ IDWQXHEH (SBHQ G
HTXDO YROXPH RI LVRSURSDQRO ZDV D GG MXHRUWEKS SUL
VROXWLRQ ZDV PL[HG DQG NHSW DW URRKH WHRRSHNWILRDX U
ZDV VSXQ DW U SOXWRHY D@®G WKH VXGIHF@PRDMEBIGW ZD
7KH '1$ SHOOHW ZDV ZDVKHG ZLWK HWHKG @R\O URRIFFH D(
WHPSHUDWXUH 7KHV' ISHSNUOH@GHD LQ ZDMWHWHDQGLVH:(
VWRUHG DW U& RU U&

6WDQGDUGDYRIOERBUQ UHDFWLRQ 3&5
*HQRPLF '1$ IRU FORQLQJ RDVWEHPEBQAIHA®WLQK L3URR
JLGHOLW)\ '1$ 3RO\PHUDVH %,2 5%' RU .$3$5RPKH-RW6WD
ZLWK SULPHUV OLVWHEBHL®&$SSHRBW LR Q BFAHW X U BD\D G7
WKH 3&5 FRQGLWLRQNURDEWDHSDUHG DQG BUBLQDPWRG DI
WKH PDQXIDFWXUHU V LQVWUXFWLRQV

(o6}



7DEOH 3&45 UHDFWLRQ FRPSRQHQWYV

L3URRI +LJK )LGHOLW)\ 3&5 PHW| .$3$9RQOX+RW6WDUW 3&ROKWH
6WHULOH ZDWHU 6WHULOH ZDWHU /
[ +) %XIFFRQWDLQ PO/ [ +L)L %XIIHU FRQWDLQ /PO
0J&0O 0J&0O
PO G173 PL]J / PO G173 PL]J /
0 )RUZDUG SULPHU 0/)RUZDUG SULPHU /
0 5HYHUVH SULPHU 0/5SHYHUVH SULPHU /
'1$ WHPSODWH J'1$% '1$ WHIPSODWH J'1$% QJ
L3URRHL)L '1$ 3RO\PHUDVH .$3%/+L)L +RWBWDUW '1$ /
3RO\PHUDVH
7RWDO /| 7TRWDO /
7DEOH 3&5 FRQGLWLRQV
L3URRI +LJK )LGHOLW)\ 3&BFHROIGLWIRRMBWDUW 3&5 FRQGLWLRQ
6WHS 7THPS 7LPH &\FOHYV 7THPS 7LPH &\FOH\
,QLWLDO GHQDWXUDWLRQ U& VHF U& PLQ
'"HQDWXUDWI U& VHF 0& VHF
$QQHDOLQJ YDULE VHF YDULL VHF
([ WHQVLRQ U& VHF NE U& PLQ NE
YLQDO H[WHQVLRQ 0& PLQ 0& PLQ

$EEUHYLDWLRQV 7HPS WHPSHUDWXUH PLQ PLQXWH VHF V
7KH DQQHDOLQJ WHPSHUDWXUHY DUH V¥ HMHWL P A¥R BGAILLEH WAR
WKH 7P VXEMHFWHG WR WKH ORZHU RQH BHRWPHHQ IRUZ
UHFRPPHQGHG E\ ODFURJHQ .RUHD IURP ZEWDHQWIKHWVHK KB ULP
HIWHQVLRQ WLPH ZDV DGMXVWHG WR WKH OHQJWK RI DPSOLFF

6LWH GLUHFWHG PXWDJHQHVLYV

3&5 EDVHG VLWH GLUHFWHG PXWDJHQHVLV ZD8V XVHG WE
VXEVWLWXWLRQV IRUVEWRWKQYUPERDBWER @ [HQEY WLRIQ V L+
DV VD W.b&@thamiana 7KH 0$; * $ VHTXHQFH XVHG IRU $UDEI
WUDQVIRU RS Z®Y BHQHUDWHG DFFRUGLQJ WR WKH IROC
IRUZDUG DQG UHYHUNG S¥;LBHUSBRINQG 0$; BB5 $
$SSHQGL] ZHUH G HNWKH QHG LIRYH W R EKHPXBD WH & KOHD G W
:7 VHTXHQFH ZDV UHSODFH®RWEKWIKIDP&UVEDKH BRUWMDWHG
UHJLRQ RI WKH SULPHWR BRVUWVYERQ G H &R WEKWWMDEBW
FRGRQ RI WKH 0$; &'6 DQG LW FDXVHG D * SI$RWKHELQVLW X
7KH IRUZDUG SULPHU 0$ZBWK $B§ PXWDWLRQRR® 0$; JH
ZDV WKHQ SDUWQHUHGYHUVMK JHQH UHSULPHU QDP

on



0$; *$B&RPS1RW,B5 $SSHQGL] ORFDWHBQRQDWIGH T 87
WKH UHYHUVH SULPHWG O0$PBWQSIRIHG ZLWK BURPHDUG JFH
0$; *$B&RPS(FR5,B) $SSHQAEDPWHG RQ WKHRRURPRWHU
0$; 7KH WZR 3&5V AHUHLWIGHGHQGHQWODWROLKQBYDWH
FRQWDLQLQJ XWKPWSRAMW KHVH WZR DPG OGHFRWVRZHUH SXU
DQG WKHQ FRPELQHG YLD DQRWKHU 3&5 ZKLWKZ RDV SH
DPSOLFRQV DV WHPSODWHV ZLWK WKH IRUYDUG DQG
0$; *$B&RPS(FR5,B) 5 LAVWKEH DERYH 3&5 WRXOWQHUDWF
OHQJWK RI 0$; * $ VHTXKHIDFHRSVLYV WUDHULURHQ@DWLRQ
JRU SURGXFLQJ WKH 0$; * $ VHTXHQFH DRAY DMU VKWL H Q W
VDPH VWUDWHJ\ ZDV XVHG H[FHSW WKH I@HZDWR WH®H S|
VWDUW RI WKH 0$; &6 D\OH WIQH SKILPHUWR W BH \HJG H G
RI WKH 0$; &'6 $SSHQGL]

$JDURVH JHO HOHFWURSKRUHVLV
$JDURVH JHO HOHFWUXRSIGRWIRV VYW SDOM W HL VIRSO DRMDLCRRZ L Q .
385 RU UHVWULFWLRIQREQ]\PH &LIHNDWRVHXMIDE 2 RWH
DJDURVH JHO HOHFWRRBEWRUBYXKY EURPLGBYV DBGRG
W R P/ Rl JHO VRAGRWLROROBE YW IR& LQFXMMDURUQJ
MXVW EHIRUH XVH DA SORKRIGIGWILRWR D QG OV R 8 FIRPEWDOW D
SODFHG RQ WKLV DSSDUDWXV 2QFH VROHGS IWIRH® KWK H
HOHFWURSKRUHVLVY WDQN DQG VXEPHUJHGGEN ZDWMWb( EXII
DGGHG WR '1$ VDPSOHV WR PDNH D [ |DQEL@® FRQMHFQWKB W
JHO $IWHU ORDGLQJ WKH '1$ ODGGHUV DI\G ACORBGHEY H
RXW DW 9ROW FP 'L® WRBPHOQWYHUH QUL WICHO BYHG XV
WUDQVLOOXPLQDWRU LQ WKH %,2 5%' *HO DPBJGLVLYWDIDP
SKRWRJUDSKV ZHUH REWQWQWG XQVH QJRAWZ DR bI$' Y
863 7KH OHQJWK RI WKH '1$ IUDJPHQWYV ZDWKHVWLPDW
PRELOLW\ RI '1$ VDPSOHV DJDLQVW WKHURUHQ'1$6GDVV /D
DQG RU .E 30XV '1$ /IDGGHU ,QYLWURJHQ 86%$
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3&5 SURGXFW SXULILFDWLRQ
3&5 SURGXFWYV ZHUH SXKWH HIHE ZX U@ 3&51BHRWXRY IXUL
5RFKH &+ DFFRUGLQDPRNRXWHUHT Y DL@QYVI\K H XHF W HB QL RZQ W K
WKDW SXULILGG®&/5 Z3HIR HOXWHEGU LMQDRWORQ HEX I IHU

5HVWULFWLRQ HQ]\PH GLIJHVWLRQV

3&5 SURGXFWYV DQG YHFWRUV ZHUH GLJAGWDBINGHXV IZ@R UH V
GLIIHUHQW UHVWULFWLRQ HQGRQXFOHDWHWRHUMHORYHG
GLUHFWLRQDO FORQLQJRI73Z5EFOORGXFWQRURI YHFWRU
ZDV GLJHVWHG ZLVWHQ]\@BLWRY USINW U L FR\RFRKQM H&+\ PLHY/
WKHLU UHFRPPHQGHG 6X5( &XW EXIIHUV HSRFKH / &+ LQ D
7KH GLJHVW UHDFWLROXEOQWKXGHDIDV f& TRH GLKHRXWMG
'1$ IUDJPHQWYV ZHUMK 5 8K8EIBHEGRHAW SXGHEMARMPLRQ NLW
DQG ZHUH FKHFNHG E\ OHPWRWRISKRUMNVHLYV 6MHKFHWLRQ
FRQFHQWUDWLRQV RHQWKWH D@ G HY HFDWRPU G FN UV TXD QWL |
1DQRGURS 1' VSHFWURKBKB®WRBHAWHUWLILF

ILJIDWLRQ
'LIJHVWHG JHQH DWIB FHEW RIDWZHEUKVQ R JLIDNE /1HZ
(QJODQG %LRODEV DFFRUGLQJ WR WKHSALFQROIO®FWXUHUY
RI 7 OLJDVH DQG / RlI 7 OLJDVH EXNMRIWDQ YZRQXP K VRIC
/ UHDFWLRQ VROXWLRQ 7KH DPRXQWLR®J RQOHQW ZD

1(%LR&DOFXODWRU KWWSV OIDHERBHRDHHE X R P OLJDW
DFFRUGLQJ WR WKH IROORZLQJ IRUPXOD GHMIMHGHG P
LOQOVHUW YHFWRU PRODU UDWLR LR BY Y QJVHWHF WRUY HF

OHQJWKV 7KH UHDFWILLRGXHOWNKGHDXD @& RWKHHID MWIKKNV D
UHDFWLRQ ZDVDW)DHRFWLRDWHBLQXWHYV

%DFWHULDO WUDQVIRUPDWLRQ
SUHSDUDWLR Q@ RUMDQL /% PHGLXP
JRU /% EURWK S+ 7U\SWRQH Z Y DFM\DBQGH[WUE Y
1D&O0 ZHUH GLVVROYHG LQ ZDWHU DQG WKHOS2+DV DGM.
VROXWLRQ 7KH PHGLXHPGZDYGDXWRFEOBGG DWUHRRRUWHPSH
VROLG PHGLXP DIPU %DFRRR ZDV DGOAMWRFEGHYRIQH DX
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%DFWHULDQGY WHIDHDIVODJURZWK FRQGLWLRQV
Escherichia coli E. coi VWUDLQV ;/ EOXH O6WUDWDJHQH &DOI
I1RYD%OXH 1RYDJHQ OHVFN %IZR®SFLHQPYLLHE U RIHI
"% ,QYLWURJHQ &63 IRHWFW RYLQJ ;/ DEROCKKHHDRERI WD Q
UHVLVWDQFH WR WHWUDF\FGt)H D®OHGRQWDIL\WY W WEGEH U
VWUDLQ UHVLVWDQW WR MIBEHIMEFHLERAHUEDWE BRQ® KR X W)

DQG ZDV XVHG IR SODS/MPFPIGWLFREEBD 1IRQAJILWKH

*$7(:$<7% V\V WAgRbacterium tumefaciens VWUDLQV *9 FRQWDLQL
WKH GLVDUPHG S03 7L SODVPLG DQG $IVIRHPBWMHG IR
%RWK *9 .RQF] DQG 6FKHOO etaddQG $*FRQMRLQ

FKURPRVRPDO UHVLVWDQFH WR ULIDPSIH\LIQV®WROWF WRD(

JHQWDPLFLQ EHFDXVHVKIHS®HWHUWAFHGR303 +AD@&POVPLG

al. D E. coli D QAgrobacterium ZHUH JURZQ DW f& RYHUQLJKW
f& IRU GD\V UHRGHPWRLYIMHW\S ODWHVWKUD/SS BBR WIKDX\MH

DQWLELRWLFV /LTXLG FXOWXUHYV ZHUHWK DWHQGMHW F U LLE K

JURZWK FRQGLWLRQV

3UHSDUDWLRQ RI FRPSHWHQW FHOOV

&KHPLFDOO\ FRPSHWHQW FHOOV

&KHPLFDOO\ FRPSHEMMIQW EBD®BVDRG 1RYD%OXH ZHUH IU|
VWRFN DQG ZHUH SUHSDUHG EtaWKH PKWKRIG RPJQRXNH
WHWUDF\FOLQH |RKHPLFEDIOPOWLRRP S& WH®IW 7RISO0OV RI
,QYLWURJHQ 86%$ ZHEHBUWRYQAEHC ES)R 2R0WHKUIWR

(OHFWURFRPSHWHQW FHOOV

(OHFWURFRERSIHWHQWHOOV ZHUH SUHSDUHG DFFRUGLQJ \
SURFHGXUHV P/ RI /% EURWK ZDV L QR FRXYGDNDOH GKIL W K
'%  FXOWXUH &HO ®W ZHARHDIQR ZEKDNHQWRNDQ 2J S P

RI DSSUR[LPDWHO\ WKDW $FWEOV ZHUHRBKL O ®HQXR\H Y FH
DQG WKHQ ZHUH KDUYHVWHG E\ FHQWUQXKXWIBW DRQ P&
&HOOV ZHUH ZDVKHG WKUHH WLPHV ZLWXQ GFH GROG\
UHVXVSHQGHG LQ P/ RI Y Y JO\FHURQW&HOON ZHUF
DOLTXRWV SHU W XE HRPHEG LZHOHWKRESMPBGIG D W [ &




(OHFWU R F RAgrStastéeHugh W+ 9 FHOOV ZHUH IURP ODE VWRFN |
SUHSDUHG E\ WKH PHWkKRGV R OFKIRQUIPDRJ / Rl ULIDPSLFI
IRU VHOAdeadiepum D QG PJ / JHQWDPLFLQ IRU VHOHFWLQ.
SODVPLG 03 (O HF WAgreba®RefiBH M QMH OOV ZHUH SURYLGHG
+DUUR %RXZPHHUYWHW\ BQBSPNWHUGDP

%DFWHULDO WUDQVIRUPDWLRQ PHWKRGYV

+HDW VKREN WUDQVIRUPDWLRQ

+HDW VKRFN WUDQVIRORBWLRRY ADYDRSERWAHADBWIRY RI O
SURGXFWYV XVLQJ FKHFEL.¢oDh PEOPRPSHWRQ®WLIJDWHG 3&5 SL
ZDV JHQWO\ DGGHG WR / RI TUHVKO\GNWK R AHFE [FRPSHI W |
ZDV SODFHG RQ LFH IRBUVWAHUPWE®RWHY¥MRRNNAHGUBVWKHDGW
ZDWHU EDWK |RUDQGVHWFRHGV I Rl /% EURGNK ZDV I
LPPHGLDWHO\ WR WKH FHOOV &HOOV ARQUDW.QFXE®WHG L
IRU KRXU WR DOORZ WKHP WR UHFRYHRX QLMDQRO®\ S H
FRQVWUXFW ZDV VSUPDDWHRWY ZWWIKIJDBSIWREVLDWH DQWLEL

(OHFWURSRUDWLRAQ

(OHFWURFRESBAHWHOQW FHOOV ZHUH WUDQVIRUPHG ZLW
GHVWLQDWLRQ YHFWRU S&B QHQMV FRWWDQAHGEQMURP +D
%WRXZPHHVWHU BQLYHWMUWGDPRI 18PWSSHQGL] D (
Agrobacterium *9 RU $*/ FHOOWQ@WWRHPMHGE ZLWK FRQVWU)>
SODVPLGYVY E\ HOHFWURSRUDWLRAQ CHIGRWBODVPLG Z
RI lTUHVKO\ WKDZHQG PDRPHEOIG WEW P H[W XHGHEADWZ\W KB QVK®ID F
HOHFWURGHV RI D SUH FKLOOHG HOHFAWBRBE8HDWLRQ F
%LR5DG 869% &HOOVR ZRHWIHW HG HB W U 9 LR &HOO
(OHFWURSRUDWLRQ HOARNQ/RIGRJIMLMHM 7IROOR AVOXU MKIHY P D C
LQVWUXFWLRQ $!W®6 UFHHODAWIHRIBHR WQNDIR/H I GRHIG WIRE H
FRQWDLQLQJ P/ 1% EWURIWRYMHQYGE T HEW BV K DIN LQW f&J S
IRU KRXU RU DW [ &.ddR RAgKOBaXteiVvim RWHYV SHFWLYHO\ )LQD
WKH UHFRYHUHG WUDQVIRUPHAKU HAHWOIOUW DID R 5 OB VIDH V
FRQWDLQLQJ DS SURRNSILAND WK HD & W& U S OJV PADY FR
WUDQVIRUPGHeBN@2PWW R *9 DV LW LV UHTXLUHG IRU WKH
pGreen0229 LAYrobacterium +H O 6tHIQ V E
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$QWLEER VHOHFWLRQ

$QWLELRWLFV XVHG IRU EDFWHULDO RIUMWIDHGEREPDQ\
GLVVROYLQJ DQWLELRWLF VDOWV LQFDSBSRE®SWLBOY VKOG
GHWDLOV RI DQWLELRWLFYVY SUHSDUDWLREOBQG V$DMHFW
VWRFN VROXWLRQWU ZGIUH GL OWB UV VWRH HG HG ZL W\KX E H
DOXPLQLXP IRLO WR DYRLG OLJKW .DQD®\FH@W NPIQLR F L
JHQWDPLFLQ VXOSKDWH ZHUH VWRUHG MBOLQH& 7H
K\GURFKORULGHLQ Q@® WH IDREIUHG DW &

7TDEOH $QWLELRWLFY SUHSDUDWLRQ DQG VHOHF!
SQWLELRWLFV  6ROYHQRWWLQIWR%®FWHULDO VHOHFWLRQ  9HFWRUV VHO
PIP/ JPI
.DQDP\FLQ :DWHU 1$ S*: %
S*UHHQ
S%,1B3/86
7THWUDF\FOLQH ;/ EOXH S6RXS
(WKDQRO 1RYD%OXH
*HQWDP\FLQ :DWHU 9% 18 S03 S,9 $B
SLIDPSLFLQ  '062 $JUREDFWHULXP 1$

&RORQ\ 3&5

&RORQ\ 3&5 ZDV XWDH GO WRF BHHRO § PWDWMAL YR UWW R B V| F
SUHVHQFH Rl WUDQV BE{@H V¥ R ORILLYH\G XOWVHG DV '1$ WHPSC
ZHUH SLFNHG XVLQJ VWHULOH WRRWKSEBENYVHDBWLR{QUH F
PLIWXUHV ZKLFK ZHUMI SH®HSPBREXWN 3&5 .LWD BRFKH
UHDFWLRQ PL[WXUH / EFRQWDLQV / RI ; P®3$ * %XIIFk
G173 OL] 0 IRUZDUG DQG UHYHUVH SULPHUY RI / SHI
8 / .$3% * 5REXVW '1$ BRP\PEG 3&5 JUDGH ZDIWHU XS WF
7KH 3&5 ZDV SHUIRUPHG XVLQJ WKH IR GI@PINLQUDMRER®L W\

f& PLQXWHYV F\FOHV Rl > f& VHPMRRSVLFRAUY& VHS\H
DV GHVFULEHG LQ 6HFWLRQ VHFRQG\G WRE&WKH. Q'
OHQJWK RI DPSOLFRQ VHFRQGV NE BLRRWHLQDO H[WH

30DVPLG '1$ LVRODWLRQ
30DVPLG '1$ ZDV H[WUIFWH® EVIQDVPLG 'LR@XUWMLFDW
L1W521 %LRWHFKQRPRRUG.RUHWRDWKH LDQOV\RUXEDW.RQ P
LVRODWHG XVLQJ WXH ARBWVIL\H @ HVOKARE WHIGD BD ¥ BI'G REW L
6D P E U RtRaN %ULHIO\ EDFWHULDO FHOOV ZHUH FROC



RYHUQLJKW FXOWXUHR/QEDWHQW WLSXBDMVU DWP URRW H
WHPSHUDWXUH 7KH VXISWHROQDGMIEQ \B @6® WHK\HX MIS 6 QG Gl U H
LQ / Rl VROXWLRQ , PO *OXFRVH SPO ('7%¥KH PO 7UL
UHVXVSHQGHG FHOOV ZHUH O\WHG ZLWIK2+ / RZI WROXWLR
6'6 SUHSDUHG MXVWQEH WRKH \KR/GIX@V L R @ Z\DWGWZKLHQK Q H X W |
/ Rl VROXWLRQ ,,, > 0 SRWDVVLXP DPFMMDMFHDFLG @Y WKH
SURWHLQ FDUDRXGGUB@RIRLF '1$ PL[WXUHV \ZHUH SHC
FHQWULIXJDWLRQ DUV PLQXWWVIRQG aHUQDRIDKQS ZDV
WUDQVIHUUHG WR D QHZ PLFURIXJH W XE H HFKUISU M BWKH GS C
E\ DGGLQJ DQ HTXDO RE|DYRE Rl WWRISW KWW WE S SDWFLG
'1$ ZDV SHOOHWHG ER@GHIMWVULIXJDW P IRY 7KH.QXWH
VXSHUQDWDQW ZDV GLVFDUGHG DQG WHKRISHODNW ZDV Z
HWKDQRO E\ JHQWO\ SLSHWWLQJ WK RO X\W VROHWR YW IGH
DQG WKH SHOOHW ZDV YDFXXP GULHG IRVWKB WBROMPLGPL
'1$ ZDV GLVVROYHG LQ / RI VWHULOH ZDWHU

6WDQGDUG '1$ VHTXHQFLQJ

3XULILHG 3&5 SURGXFWV RU SODVPLGV FRQWSUDRRBUWSS
ZHUH VHQW WR 0DFURJHIQ6H$ YBLHTHX HQ\FD. Q GXDQ G FBBIHTD 6 HR

RU ODVVH\ *HQRPH 6HBMIKHQRBELQJ 6HUYLFHOXVLQJ %L
7HUPLQDWRU 9HUVLRQDV VHK HBRLLWWUW LW \L RO HL2 WR Q
IRU VHTXHQFLQJ 6DRHSOHMHEZHBBOREZLQJIVWIKH WM X F\
ZHEVLWHY KWWSV ®QDQB D/RXERBRIDNFRH YV _$OIHBHY XER BV DP
LVVLRQ MVS RU KWWS QFYPDPDONYBHDUQWYJIFGHDWHWP H Q

UHVHDUFK JHORPH DEWUYIHHKWHOQEILOVHVEXHWHERK Q@ MVHDUOY LFH

LOIRUPDWLRQ FIP UHVSHFWLYHO\ G6HTXHHG HZIDMOK JQP H (

*HQHLRXV GHVNWRS VRIWZDUH KWWS etaxZ JHQHLRXV FF
XVLQJ WKH PHWKRG 30DS WR 5HIHUHQFH"

*DMED\ FORQLQJ
*DWHZD\ FORQLQJ ZDV XVHG IRU PDNLQJ O%; IR PXWDW
WUDQVLHQW HI[S U MNWeéitRQiabsV VIKHLOHQHYV ZHUH FORQHG W
*DWHZD\ HQWU\ YHFWRU S,9$B $SSHQG®\PH YLD |
GLJHVWLRQ PHWKRG DV GHVFULEHG LQ BERFMRQHBWLRQ
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JHQHV ZHUH WKHQ WH EQ QIHWUWHHGF W R UMSLOQLDON I R XQVY KBFHW R L
YLD WKH /5 UHDFWLRQ XVLQJ WKH *DWHZD\® /5 &ORQ|
,QYLWURJHQ 86% DFFRUGLQJ WR WKHZPWRXPDRAWXUHU
FKDQJHV %ULHIO\ RIWRWDOHDPROLRK B LQLXQUHHRRMQUN
YHFWRU QJ GHVWLQDWLRQ YHFWRB ,, HQJUPH PLRI /5 &
DQG 7( EXIIHU S+ XS WR / 7KH UNHWFWIERIRUEZDYV LQ
KRXUV DQG WHUPLQDWHG E\ LQFXEDWLQDWVIBP SSRIDK WQ R Q/
DW f& IRU PLQXWHY 7KH RULJLQDO WBWHGE DAYAGXV YH
SURSDJDBAMEIG' Q GXH WR e HHWMK O®H UHFRPELQHG S%
30XV YHFWRUV ZHUH BNGID QR $R UP\HIGHIDQWWYKRFN WUDQVIRU
6HFWLRQ 7K QWWYWD QUIRRUPVHOHFWHGDRMHV/% $ID
FRQWDLQLQJ PJ/ ND@OMRLEIPPHG7KRQVW QXAFRWPHIBUH W L
L QAVtamefaciens $*/ E\ HOHFWRJIR SGFRHFMWA R Q

7TUDQVFULSWLRQDO DQDO\VLYV

51$ LVRODWLRQ

,QIORUHVFHQFHV IURP SULPDU\ EROW VZ KMKH EEFKRSR/Y HIGN K R
RI ZHHN ROG SODQWV JURZQ LQ WKH DURR Q& LRKLIRRE H L
BHFWLRQ ZHUBD X® VDID\BWIHER]HQ LHXQ O LR XUGWRLWIRJ
LQIORUHVFHQFHV IURP LQGLYLGXDO SODQRO®RZHRMO SRR
UHSOLFDWH DQG WKHS-OH FEL\R BR JS D QIQMD RAMWSHH XWUHHD W P
7RWDO 51$% ZDV LVR@EWHG52BEKOWEIHZUHSHNHWUEKPR 5
86$ DFFRUGLQJ WR WKH LQVWUXFWLRQ BDIHWDHO 3RVV
HOLPLQDWHG E\ ,Q FRORNQGHIVHQ, WKH7RWD ® 5 HD WFRPWQW
HOXWHG ZLWK / Rl 'WBWYH ADWWMW ) SHU VDHPSOH DQ
FRQFHQWUDWLRQ RI 51$% zZDV PHDVXUHG E\ XVLQJ 1
VSHFWURSKRWRPHWHUF 78&6$U P RROF DB GBS GZ B WH VR

F'1$ VIQWKHVLV
7KH ILUVW VWUDQG F'1$ ZDV VIQWKH YV L¥ M&R WILRP Y\WRROXP @ !
R /| Rl UHDFWLR@BHMNDUHG2O0M QJ LHAFUULBQYVHBHSWURQ
6 XSHUPL[ IRU 57 T3&5 %,2 5% IROORZLQJ WKH LQVWU
PLIWXUH ZDV WKHQ LQFXEDWHG LQ D 3&5 PDRKWRH %,2
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-_—



IROORZLQJ SURWRFROIRWLPL@X WY VEHYSWYRQDWQ f &
IRU PLQXWHV DRG WD FMALNMDUNLPLQXWH

AXDQWLWDWLYH 5HDO 7LPH 3&5 T57 3&5
T57 3&5 ZDV XVHG WR TXDQWLI\ UHODWLWHHWMWRQVFULS
LQWHUHVW LQ WK HQIGRI® REU HINHFHHGDAH WWHHHDIFWYR. R Q WAL [ WK K H
ZDV SUHSDUHG XVLQS D /6J%W & UHOHHY , 0 B R WKHI N)IRW
D ZHOO SODWH U HIFFWWIRRQPHMUHN / HRRIWDLQ
6<%5 *UHHQ ODVWHU 0UZDUG MO UHYHUVH/SSHWPHUV
SULPHU DQG / RI 3WHUUDBH E0$ 6HFWRRQ
WLPHVY GLOXWHG EHIRUH XVH DQG / RFWLRQ PV [WXEHG
DV D WHPSODWH 7KHUP&S 20WL SHULRKW&&WOKRPBQW ,QV
ZHOO B5RFKH DRARURBQQR 2W R IJWFR QGEAMQRW X U D Q/IL\K QDL
f& IRU PLQXWHV DPSOLILFDWLRQ F\FOHWSRIF:ILFE
WR SULPHUYV VHFRQGY f& VHFRQG\D@& PHOWRWDJ FX
VHFRQGY f& IRU PLQXWH DQG [& FRIQWLDWRXJ&D QC
IRU VHFRQGV )RXU WHFKQLFDO UHSROIFIOWHY DHIS B LGFOQ
3ULPHUV ZHUH GHVIXDQHE3IWNRPBIRQOLQH WRMWIZDUH $UYL
KWWS TXDOWSWPIBIPSHPS JRO XVLQJO 38QLYHL
BUREH/LEUDU\ $VVD\ 'HVLJQ LQ 5RFKH ZHEWHWHL@ULP]
$SSHQGL[ 7KH &S YDXODPNMWEBVXNDRDQF WRSIED CADRIUQW KP R
QG 'HULYDWLYH OD[° SUHVYHQWRIQ ZDIKW &FOWURQ 'D
ZHUH QRUPDOL]JHG WR WPREAA3HAtHJUI3ZDF H&JHOKRE V N L
al. DQG UHODWLYH WUDQVFULSWLRQRO WEBIQJIJHV ZHU
PHWKRG UHODWLYHPBR R QH YR Q8 G FOPY. MQN HHDQ G
%HUWRQH

Q&RXQWHU DQDO\VLV
7UDQVFULSWLRQDO RQPBGV KV LZDIV WSKHJ IQBLR/X W M/ S Q D O\
1IDQR6WULQJ 6HDWWDKLV  WHFKQLTXH HQDEDHY WR FF
PROHFXOHV GLUHFWO\ E\ XWLOLVLQJ PRQFFXSHMFLEHDEFR
SUREHY DQG VLQJOH PROHEXOH LPDJIZ®JVHMIWWRI JHQH
VSHFLILF SUREHV DBS8RUWHWIKKWREH DQG DZWDSWXUH
GHVLJQHG E\ 1DQR6WHDRP JDQES SWKHW UWVHTWHGFHY DUH

ni



$SSHQGL[ 7RWDO 51$DPSO3 BV K\EULGREHG BLWK S
% DQG &RGH6HWYV $XQWHWUBDBRHW  5HDRB@W) 3D\FR DF
WKH 330H[6HW@E 5HDJHQWM VBN H K OEBDULGIIND WIRRPQH D BIR S O
FROXPQ ZHUH SRROHG DQG ZHUH SODFHGHRBQ6W R W IDRXQVR P
1IDQR6WULQJ 86%$ LIRQY 3G LAHEBIWL P P RER OWWH G JIHQ TAKKLKY
FDUWULGJH ZDV WKHOQNKMHDQRRKQWHG WRBLWDWY $0QD ®AH
FROOHFWLRQ 'DWD IRYPOINY 2L \ERVQSR O WH.V @ R | WD
DEFRUGLQJ WR XVHU PSD®XDSDWOHG WPKH OT XDIOHW\ FRC
EDFNJURXQG WKUHVKROG ZDV VHW WR 3XH BFPRKIBLQJ '
LQWHUQDO QHJDWLIHBHAR QMW DRO R Y EWM FRD VLG H G
3RVLWLYH FRQWURO QRUPDOL]DWLRQ ZBW FIURHBG RKW
WKH 7RS SRVLWLHNHHRRYQ WVQ 15 IR U P D © X TIDMLIR® XZ\DIVQB D ¢
WKH JHRPHWULF PHDQ RI FRXQWV IRU WKH WKUF
PP2AA3 At1g13320 ACT2 At3g18780 D QUEDN1 At2g28390 &]HFKR@&VNL

al.

'KROH JHQRPH VHTXHQFLQJ :*6
*HQRPLF '1$ IRU :*6 ZDV LMRODWMBG WKRP 30DQW *HQRPLF
OLQL .LW *HQHDLG 7DLZEOs® RYLQD® KBRPHWHaR G RI /X W]
*HQRPLF '1$ DW D FRQFHQWUDWLRQHJ ZD\QYHQM) 7
WR ODFURJHQ KWWSFRPQDRRDFURSHEODLXH® HMG ROT
DQ ,0O0XPLQD +L6HT VHTXHQFHU 7KLWUIZRUSXDOWL FDQ U |
3)5 1=

30DQW WUDQVIRUPDWLRQ
$UDELGRSVLV WUDQVIRUPDWLRQ
JORUDO GLS PHWKRGYV

$UDELGRSVLV WUDQS$HWRDWHRBQEYDXWLQB WKMWKRBUDO
GHVFULEHG leQal. =KDQJ7KiH PXWDQWV ZHUH JURZQ LQ D J
FDELQHW XQGHU QRUWRBAQWREZMAWERQGHHNVIRIKKHQ Z
SODQWYV VWDUWHG WR IORZHU WKH ILSUIWRNYD EIRIOW W LAY IR
PDQ\ VHFRQGDU\ LQIORUHVFHQFHV 7KH VDWD® \ZIRWNW DW LR
DIWHU FOLSSLQ AgRbattetilvhWw* EROWNUU\LQJ GLIITHUHQW JHQ

fid



LQWHUHVW ZHUH JURZQ DW f& LQ P/EURWK SHWHKERW
DSSURSULDWH DQWLERIRW A§rdbastRiumQFR'OOV ZHUH FROOHF\
E\ FHQWULIXJDWLRQ DW T JIRU PHQBWE WL Q&HOOV Z
P/ RI IUHVKO\ PDGH URVZHYVRE®RWLRQ DQWG BGGHEBWM/X VW D
EHIRUH GLSSLQJ WR D FRQF¥H QW UTHVULRQ SOHDWMW ZHUH

LQYHUWHG DQG MtoB&tdramL § ROKMVLRQ IRU  VHFRQGV ZLW
DIJLWDWLRQ 7KH WUHDWHG SODQWYV ZHUHW@RLIEGGRDQ B
VHDOHG SODVWLF FRQWDLQHU WR PDIDQWDE®Q KRUK KXPL
KRXUV $IWHU WKDWQS$HUQUWG Z\HRJ H URE \WKRZIE XQBW UD Q
QRUPDO JURZWK FRQGLWLRQV B6HFWLR®G IURP WHKHI GV
GLSSHG SODQWV XSRQ@ H XWM G LV U DQEDBW LROPD QW VHOH

7UDQV¥JSI@RQWY VHOHFWLRQ
)RUis9 WUDQVJIJHQLF SODQWYV 7 DQG 7 VHHGVKDOUH VWHU
06 $JDU SODWHV VHH 6HFWLRQ | WD OH 616G $IJDWHULC
SODWH SUHSDUDWLR® / KRQURPLBILQ D Q GWHRZ QULDQVX U H
FRQWUROOHG JURZWK FKDPEHU XQGHU ORQJRGD\ FRQ
DSSUR[LPDWHO\ PRQWRURQQWW WKDUER X UHYLWNIURP\FL
JHQH GHYHORSHG WUXH OHDY H¥1 @G BSQ\RISHIL FJ BRW @ W)\R
VHHGV ZHUH VRZQ RQ VRLO DQG JURZQ I0QGDSQDIKW KR X
OHQJWK FRQGLWLRQV DW f& $IWHUOLQURLRBWHRQ
VSUD\HG ZLWK PJ/ RI %$67%$ DQG WKHUHDPDMHMHYHU\ \
2Q0\ WUDQ VIR UP D QRAHV %67 B RIKHUMIQUWD Q FG1 SMDH) 8 RUGL Y H
3&5 6HFWLRQ DQG VHFNWH@RBL R HAURHD KLVUHPG WK H
LOQVHUWLRQ RI WK H XWDHOQW EIFWKWHR X Q &Z D' QRR DD WIS G
6HFWLRQ IURP RVKWKOIHBRWW QW LD CB &S UDMW IRUPD Q
SHUIRUPHG ZLWK WHKG! LS I$FBBIW ®LVW DRGWRH VBRI LW
SULPHUV RQ WKH JHQMHYHRIWH WKR 2YH E @ RUUDHS W I$UD Q)G J
YJLIXUH $ 3&5 SURGXFWV ZHUH SXULILKQ® BRIFWLRQ
VHTXHQFLQJ

ot
ot



7UDQVLHQW H[SUHV VN Retha@ia®HDYHV R
7R FKDUDFWHULVH WKH HQ]J\PDWLF DFW$Y LYD\URID@SV VD Q G
WUDQVLHQW H NS bentanidR® ZIDY FDUULHG RXW DFFRUGLQJ
SURWRFRO GHVFElaEHG LK) =KPBE3SW IRU WKH IROORZLQJ F

tumefaciens ZDV UHVXVSHQGHG LQ PO O0(6 > 1 ORUS
HWKDQHVXOIRQLF DFLG K\GUDWH@ 6LJPIDQLQ.2+ EXIIHU
1D+32 6LJPD —0 DFHWRVV\ULQJRQH ©6LJPD DQG

'XFKHID WR D ILRJDO 2)RU SUHSDKHNVLEQ RWUDWLRQ VR
HTXDO YROXRHVM&c#&K FDUU\LQJ GLITHUHQW FRQVWUXFW
FDOOHG JHQH FR P RLQ2fatieRsQK/D UEREULQJ HPSW\ YHFWRU
XVHG WR FRPSHQVDWH IRU WKH GRVDJH RRO DFKEIHDQH L
,Q VW I9ED27 RIsCCD7 D QIBCCD8 WKDW ZHUH VKR&Q E\ =KDQ
al. E WR UHVXOW LQ WKH SURGXFWLRDQRLHRDWODFV
H[SUHV VN ReétHa@iana , X VADO27 MAX3 DQMAX4 WR SURGXFH &/
%\ FR LQIIMAMMUD®GE JHQHWLF YDULDQWY ZLWK WKHVH JHQ
FRQYHUVLRQ RI &/ WRFEG U @DIFWR® PIGOV RO N \@ MWRIDW LR K +
DJUREDFWHULXP \WY8 WHLGH FIDIUWRIREIXVYLUXV ZDV DGGHG W
JHQH VLOHQFLE&A. IDNDWRM FRPELQHG VROXWLRQV ZHUH
UROOLQJ WKH WXE HM/WDXW HJ RRRPP W HFRRIQUZ D \Q 19 HDWN B D WHLG
XVLQJ ZHN.NeRta@iana SODQWYV ZKLFK ZHU® YRWE LQRBDQ
SODQW KRXVH ZLWWR BWNH PLBOROMROMIKRGDRI K& DQG
K GDUN f& QI LWVDOVROIVWAHRQH V\RDRKROW K 8 MEHDFRM N G GLHD W/
OHDYHV E\ XVLQJ D 7PH V\UMBBWLRQ VDN DO M GGHWRW WH HD
OHDI ZKLFK DOORZMSUMPIE VRRX \D ERQLDIR @ HGOIHW R DAUKHD
/JHDYHV DW WKH VDPH VWDJH ZHUH VHOHWW BD® GV R/ KH QL |
ZKROH OHDI| DUHBGZDR W QIR PRV UHDOH F RIPEG QDVEXRD® FOP Q\
WZR OHDYHV SHU SIOMNMHG ZHEKMBIHL R VIHBWD\G ELLRIDVRE VF BQ [
GD\V DIWHU LQILO®WDBWRG OWHOH H®IZE ULH) BB UYRYMH GQ
OLTXLG QLWURJHQ IRU IXUWKHU DQDO\VLYV



7TDEOH &RPELQDWLRQV RI GLITHUHQWDWQ@R@ERQVWUXFW

&RQVWUXFW BPHRO@XPH Y RI EDFWRIQ IR0 CHWURNK SIHH@Q\HL D GFGRHEG. WRWH B RK F

FRPELQDWLRQWS; 0$; 0%; 0%; 0%; 0%; 3 S%,17RWDO
&RO J/HU *5 *$ SOXV

(PSW\ YHFWRU Y Y Y
&/ SDWKZD\Y Y Y Y Y Y

& / 0 $ ; & R (6]

& / 0 $ / H U
&/ 0%; *5 Y Y Y Y Y Y
&/ 0%; *$% Y Y Y Y Y Y
&/ SDWKZD\ LQFOXGHV ' 0%; DQG 08%; Y P/

%LRFKHPLFDO DQDO\VLYV

$QDO\VEU WRIDFWR QOIDF@XR @ R UN. BeRth@niar@
6DPSOHV ZHUH DQDO\WVHG IRU WKH SUHVHQF/M RI &/ DQC
06 06 )RU VDPSOH BQHSDBDWLQH.befhXeda OHDYHYV
ZHUH H[WUDFWHG LQ P/ Rl HWK\O DFHWDRQWHXPDQJ *-
VWDQGDUG 6DPSOHV ZHUH YRUWH[HG DQGUFH ®WDWIXJHG
f& 7KH VXSHUQDWD&W ZDVLBULMRE PDVV DQDO\VLV VDPS

UHFRQVWLWXWHG LQ —/ RI D F HAWHRIGHLGN XL IOQGHI 22D MIHAW F
VSLQ —P Q\ORQ PHPEUDQH ILOWHU 7TXWKPR )AL KHU 6
86%

(IWUDFWHG VDPSOHV ZHUH VXEPLWWHG WRRIULVW\QD
$PVWHUGDP IRU &/ DQWV&/BKEQDDUIJHWHG D@® AMLY R &
ZDV SHUIRUPHG E\ RQ BQV$VWHPNV\:BB/HUV OA6SIRUG 0%
FRXSOHG WR D ;HYRST XD GE& X\SWRISHORDVYV VBMWHUWYRPH W H U
7HFKQRORJLHV ODQFKHWWHBWBRVBIUW) (6D PLSOWNUIDFH
ZHUH LQMHFWHG RQWR B3/&KBYHRBONPRXDMTXLW\ %(+ &

[ PP —P :DWHBRVWDKHWKHOG DW WIBRQKH UHW
DQDO\WHV ZDV FRQWUROOHG E\ JUDGLEQW EDWWURG RI
DQG PO IRUPLF DFLG LQ DFHWRQLWULCRHO $&10 % KIMW D

PLQ OLQHDU JUDGLNGWUDW DR WX WELR Y K WLQ Z
LQFUHDVHG WR % LQ PLQ DQG WR 7KMo AROWK® QHI['
ZDV ZDVKHG IRU PLQ ZLWK % DQBOHFRDGILEVLIRQNG R

PLQ 7KH HOXDWHH GO\ MQKHI G X R QWRXIUTGH RXDMNEKIHXSRC

i 6



06 DQDO\WWHU RSHUDRNQW ILYH ERQMX QHIJDWOREZLBRGH D

FRQGLWLRQV FDSLOODU\ YROWDJH WN@ S HIUBDQV XUREK U F
f& GHVROYDWLURRZFZRQH JDWVK H®WHB JH

9 DQRG FROOLVLRQ HQBUGDWD ZH9H UHBRUWSBAE UG DPKXWLR

PRQLWRULQJ PRGH 050DFRNHIRDXMINV EKDMUBR VRWIWKEY IRU

FRPSRXQGV ODVV/\Q[BOWVRDWHADYHUVLRQ OIRWDGVHBYV OL

86%$ ZDV XVHG WR RBWURWHIQWKHBMD QG DFTVXDBH-DW6G SURFH

9RODWLOH DQDO&KINRFD WM DSK\+0DVVUBSHFWURF

*& 06
9RODWLOHV HRISSIWPIXOWDURWP ZHUH H[DPLQHG E\ XVLQJ
$UDELGRSVLV SODQWY ZHUH JURZQ LQ WRHJUBRWWK FD
FRQGLWLRQV B6HFWLRQ a PJ IXOQQHGRBHRPHG IORZ
LQGLYLGXDO SODQWHMUIHKDIHQGRMWMIBE IDRR :7 DNV R
dis5s1 SODQWYV DQG ZHUH FROOHFWHG LQWR R/IWHDGVSDF
IORZHU FROOHFWLRI®OMBGDOQGZWXIEPYLWWEW VBR5 0DUWLC
3DOPHUVWRQ 1RUWK 1= IRU *& 06 DQDO\WIDW 6DOFRSOHV 2
IRU PLQXWHV EHIRU®JVEPYI@MLQE KY]H@RODW L OLHEW A H UH
VFUHHQHG E\ *& 06 XVLQJ VROLG SKDVH PLRERW[QUDFWL
RQ WKH *&06 74 6 KLP D G]XdissD PIXQVD QKMHZDV DOVR VHQ)
+DUUR %RXZPHHVWHU DQGRORE BFKXBQLYWWMUBDRI $P
IRU YRODWLOH DQDO\VLYV

%LRLQIRUPDWLF DQDO\VLYV
Insiico DQDO\VLYV
7KH WKUHH GDPHWQW URFW X2D RRIEWDLQHG IURP WKH 6/ LQ

$W' ' $6. FRPSOH[ 3'% +tetdl. <DR 7KH 0$%; SURWHLQ
VHTXHQFH ZDV VXEPLVBWIQPGOWRH GHE6(HU 5KeDadJ
<D &0 al. KWWSV JKDQJODE FFEPE PHG XPLFK HG:

DQG WKH KRPRORJ\ PRGH® GRA XOBD WAHILY X VWQ Q@ JO/H IDKKDW Vi
" LPDJHV ZHUH SUHIWKUHG&BLW OF1ldtRKRODVDQG
ZHUH SURYLGHG6EA\WKQHBUUO-D QG 6 PLWK

=1}
(@)



:*6 GDWD DQDO\VLV
7KH WULPPHG UHDGV IURISY :D®IBIBWMHWRH REWDLQHG IURF
'RQDOG +XQWHU 3)5 UDOKP HILEV WRKH IVRU L RiBH BHWHID GV R|
DOLJQHG &R WHKIMUHQFH REWRUBMH®ELDQRPFKQHHEHUJHU
30DQFN ,QVWLWXW I JRWHZODQMK % J KH GLORD QB HIQGV RODW
XVLQJ %RZWLH VRHDGDDEAG/OMAPEHUJ KHO LRV KDWY IKIH
'KHHOHU ODVVH\ 8QLYHUVLW\ 6FKRRO R IUMQMED\PE®WD (
16: '"HSDUWPHQW RI 3ULPINU\&RBRDQGV XVHGIUB %RZWLH
FRPPDQG ,Q&@H[UBIHUHQFH JHQRPH
ERZWLH EXLOG OHU ID OHUBUHI
FRPPDQG  $disRJQH DGV
ERZWLH YHU\ VHQVLWLYH ORFDO [ GGMBWHIT 6UHDGYV
OHUBUHI VDP
FRPPDQG EDP ILOH ZDV FUHDWHG E\K'D WIS DIEHHIOH U |F
WKH GLVN
ERZWLH  YHU\ VHQVLWLYH S [ OHUBUMIVWTLY] BHF SD
'LV BHF SDLUHG PFl WPRPBAWRRDVY]YLHZ EBP ! RXWSXW
7KH EDP ILOH ZDV RSHQHG ZLWK WKH ,QWBJUDWLYH
5REL QGVR Q 7KRUYD@@GVGRWWRU 613 LGHQWLILFDWLRQ
PDSSHG UHJLRQ

7KH WULPPHGI#I5IZGVWHRIDOLIQHG WR WKH 0$%; &'6 XVLQJ V
SHIHUHQFHY IXQFWLBRBEVLWNWRHD) MRRWEBUH .HDUVH

6WDQGDUG VHTXHQFH DOLJQPHQWYV

6WDQGDUG VHTXHQFH DOLJQPHQWY ZHUH {1BD$ WDROO\ SH
SHIHUHQFHY IXQFWLRQ LQ *HQHLRXV eBBIVNWRS VRIWZD
BHTXHQFHV RI DOO F\VBRRKWHRRHY ZLWK FRQVBLQBIQIGDHP |
VLIQDWXUH ZHUH DXQWQIBGH$DQRJIQP ROQFWLRQ LQ *HQHL

$FFHVVLRQ QXPEHUYV
7KH DFFHVVLRQ QXPEHUV IRU WKH $UDEL®RGIVLV JHQHYV
AT4G13250 EIN2 AT5G03280 MAX3 AT2G44990 MAX4 AT4G32810
MAX1 AT2G26170 D14 AT3G03990 MAX2 AT2G42620 SMXL6

fio



AT1G07200 SMXL7 AT2G29970 E SMXL8 AT2G40130 E NAP
AT1G69490 ANAC092 AT5G39610 SAG12 AT5G45890 SGR1
AT4G22920 AKIN 1  AT5G21170 ACS2 AT1G01480 bZIP63
AT5G28770 PP2AA3 AT1G13320 ACT2 AT3G18780 D QKON1
AT2G28390

7TKH DFFHVVLRQ QXPEHUV IRU WKH SURWWH®@ NVN@ WWKIOFHYV
VWXG\ DUH DV IROORZV $UDELGRSVLV $W' UL 6 #5 $W
2V' 4 4% SHWXQLD -38'8" SRSODU 3W' D SHTL3

3V506 $ $ 4<' $UDELGRSVLV $WO0$; % ')8 ULFH
05"' 2V © 49 2V 4 (3 DQG 2V 4 =%

SHWXQLD 3K0$; , 66, PDL]H =P0$; D & 3.. =P0$; E &
DQG =P0$; F % =;, WRPDWR 600$; . &/ BHRSODU 3W0$
DQG 3WO0$; E 8 * DQG 6HODJLQHOOD 6P0$: D 05

6P0$; E '51%

6WDWLVWLFDO DQDO\VLYV

6WDWLVWLFDO DQDO\VLV ZDV SH(GIRWPRIG DL WKL * HQRWXR
KWWSV 777 YVOL IRIXAWWRWWZDUW2QH ZD\ $1299% )LV K]
SURWHFWH® /6" WADMVXVHG WR GHWHUPLQH WKH VWDWLYV
IRU WKH &KO GDWD DD3Y @Q&BX3ZDWDU GDWD IRRIDGPHINLR G |
WUHDWPHQW LQ$:DUQHDU PL[HG PRGHO ZDV XVHG WR (
GLITHUHQFHV IRU WIKRHGGRDIWIK FDIQBGG SHWY WMQUEHRWIRHQRWQ G

max1-5disl5 ZLWK UDF *5 RU HDWRHWW &RPSDULVRQV DF
PHDQV ZHUH PDGH XVLQJ OHDVW RLJQLILF®OQW GLIITHUHQF

ol



OXWDQW GHIHFWLYH LQ 1<& H[KLELWYV
SKHQRW\SH RI H[FLVHG $UDELGRSVLV 1

XSRQ GDUN WUHDWPHQW

L QWURGXFWLRQ
JRUZDUG DQG UHYHUVH JHQHWLFV DUXBFWERQDB b B/XGR
RI VSHFLILF JHQHV $ORQVR DQG (FNHUWKH FOROWADLE® Ot
PHWKRG LQ JHQHWWL¥WDUWY ZLWK D ODUJH VFDOH PXW
SDUWLFXODU SKHQRW\SH DQG VXEVHTXBWIWQ VG MWXWIM L
LV DUH UHVSRQVLEOH IRU WKLY SKHQ@RW\BXWBBWNUXVHG
IRU WKH SKHQRW\SLFDO DQDO\VLV DUH HX¥XDBIOWK\GEUHD
PHWKDQHVXOIRQDWH R@6 HRU ;UDD\VD WL ULHDAM B MQ\R QRO
PXWDJHQHVLY HJ 7 '1$ WUDQMSRVRQ $BRQUQRHHIG
BWHSDQRYD eta..LP E ,Q $UDELGRSVLV (06 PXWDJF
SULPDULO\ ! LQGXBHW WD QO WRVLRQV LUWHWE& M. JHQRPH

2] WKHVH (06 LQGXFHG PXWDWLRQV R® FRBRGWR SL
RI WKH HQFRGHG SURWHLQV ZKLOH LEWHF BXVWHQVH
VLQJOH DPLQR DFLG VXEVWLWXWLRQV ét@. WKH FRGLQJ L
* U H HeDadl 7KHVH PLVVHQVH PXWDWLRQV DQH YHU\ YDC
JHQH IXQFWLRQ DQGHS/UR\S B U® \I WRIX FRURADW R Q IXOFVOL R Q
PXWDQWV (06 PXWDJHQHVLYV DOVR JHQHUDX\HNY IOH DN\
SDUWLDOO\ UH G X F MV®D UXIGIFWHLAR QHRIHW K@ID$ O H7 BXG 0 | O
LW LV YHU\ XVHIXOHRH WWRGALYJOHWE& L@ SOD® RX'W R KH G

etal. D .D¥&K 6FKLSBAUV  5REaHalW : X

et al. (11 H el %\ FRQWUDVW 7 '1$ WUDQVSRVRC
XVXDOO\ FDXVHV FRPSOHWHO\ NQRFN RXOWR QR/IR WDKHG W D L
BWHSDQRYD S5RGADPRQ\7KXV (06 PXWDJHQHVLV L)\

FRQVLGHUHG DV D SRZHUWAMQWLRRQJ QRWHEO LOH QHKWH L QY
UHJXODWLRQ RI Y DUSBRRFHELRHO/R JLKHD DIRUZOQ W® JH D HRW DF
DSSURDFK DUH WKDW LWKHD @®& H XD UDR WM K& WHRV SBOWR Y L
+RZHYHU LW LV QRWKRGQ LEBH DO VRVHPDW XR F\WQRE@BIOZLG |
DQDO\VLV EHFDXVH RI WKH HQRUPRXV M IWRUHVJI H B AXULLFH G
OHVLRQVetaHWHUV

of



%\ FRQWUDVW UHYHUMIN BHJHQVFZD\WR OYHQH PW LRIJ WK F
LQWHUHVW DQG WKHQ FKDUDFWHULVLDRE WVEBIOJMOQWH RXQF
PXWDQWYVY GHIHFWLY®HVQRWH® HPW M GH QHRV DILQ HWD WVOKRMW F
IXQFWLRQ HJ RYHUH[SUHVV&RIQ FRQYWD®EBWWLRBWHR W
(06 DQG 7 '1$ LOQVHUWLRIQWORMWXWDJIJPBWY RGP RIQIODW DUH
XVHG IRU JHQHUDWLQJ PXWDWLRQ V RILQSWHRLIKE H@IRH \
RYHUH[SUHVVLQJ WKH JWKQHB9Y SYRPRW6&U DQG\ WKH UH
GHYHORSHG &5,635 &DV V&MaWHP $I0QR\AD O etKDQJ

al. +D &t al. $ UHYHUVH JHQHWLFV DSSURDFK LV FF
WKH IDVWHU DQG HDVLHU DSSURDFK ILFFUJH@HFW LR QW OHV
SRVW JHQRPH HUD $ORQVR DQG (FNHU FLD O OAK\LXLWDE D W
IRU VWXG\LQJ PRGH{U BOWLIRBY LW JRZL @I MORL WAKR | DAYKOH. C
JHQRPH VHTXHQFH D ODUWBQXPHRU RSHFQGELZ HBIQ HV
GHYHORSHG UHYHUVH RHQHBMW LFVI W IDRKD RORVVQLNODXV
$ORQVR DQG (FNHU K UH YHDWWKIRXHQHWHBVLQVIXREMWQRRW O
JHQRPLFV QRZDGD\V WKLV VWUDWHJI\ LVHERDWMIGHG XH V
UHVHDUFKHUTV M X GULRRHD R/l IRHQ Y HRDHIEE\LRS DWWHN\ EW ALDVX B H
WKH DOWHUHG SKHQRWMSH[XLPLWK\E QAWWL QRIZLH P XWRD Q
JHQH UHGXQGDQF\ 7KRP&W. (VKHG

,Q SODQW UHVHDUFK ERWK IRUZDUG DYG® INBONEWH QHQ!
DSSOLHG WR LGHQWXQ DMKRH Y HRIHOH. FIQBHYE H Q BiZ H DKV
al. - Lapadl. +LJ BV 5D]LX@&®.LQ et al.

-LE D& 7KHVH QRW RQO\ LQFOXGH IXQFWLRQ
VHQHVFHQFH EXW DOVR JHQHV UHJXODWQB J RKWD®MIW D G
GHIHFWLYH LQ IXQFWLRQDOANAEDIX OD@ERN2V DVDHAW DV
VHQHVFHQFH SURJ&HV VLR Qé&&KQ NLP 7ULYHOOLQ
et al. ZKHUHDV WKRVH GHIHFWLYH LQ &KYCIFDWDEROL
DQBPH RQO\ DIIHFW &KO GHJUDGDWLRQ DQG OHDG WR
SKHQRW\SH et VDED +Ré&talH 6FKH&BEHUW -LEUDQ

et al.

,Q RUGHU WR VWXG\DWRMHW RH 0O RH DXPHRU JD Q RWZO@KNGF H
JHQHWLF DSSURDFK ADSMUB#HSHEGMH D QG FG QW Y LIRHXG/ Q0 6L

of



PXWDQWYV -LEUDQ UHHDHIGHXYHYR $,'$ & KDBMOHY

al. WR FRQILUP WKHLU DOWHUHG LQWOBHW YV FQ QFKH. \G H.
FKDSWHU , GHVFULEH WKH SKHQRW\SLBDOKYWNVREBRJILFL
VHOHFWHG PXWDQW W HWWLG/ DWKLHR G KPIU DK H Q) KHHVLF OH YV
PXWDQW

of



SHVXOWYV

SKHQRW\SLF DQUDEVIGREYLYV (06 PXWDQWYV
6FUHHOLOJ RI 0O SODOWYV RI $UDELGRSVLV (06 PXWDQWYV

7R LGHQWLI\ WKH NHR U W QKWHREQWHIROIDAM ¥ H Q HVR U Q¥ H

D ODUJH QXPEHU RI RO PXBMIBGRSBY LY ZHUHRXNVUHHEAHG SU
XVLQJ $,'$ WR VHDUF K KPW WVHKKLE QWWE \DIDQHMFHH® MH. PN W
GHVFULEHG LQ &KDSWHU 6HFWLRQ LQFORGARWDO WKI
DQG dis ZHUH IRXQG -LEUDQ ,Q WKLV VWXG\ WZt
PXWDQWYVY ZHUH UHM HWKHL.G WR WR Q HG WOLIPS KH QRR V& \HBHM H

JRU WKH 0 SXWDWLYKWKRPR|VJRXKHPGHOPHHE QQRERQH VFt
SKHQRW\ds® disl dis31 DQ@s51 ZDV FRQILUPHG DW GD\ RI
LQFXEDWLRQ WKRXJK RXHUW KIDY ELCRBADWL FDIOXUH SO §F D
+RZHYHU QR YLVLEOH FRORXU GLIIHWKDFBQXDY7 REVHUY
GXULQJ GDUN BQHH[SW PW &i&0 \D @364 H[KLELWHG DFFHOHUD)\
WLPH WR GHJUHHQLQJ RI GHWDFKHG GDDNHHWR MKMBRU
7 DOWKRXJK WKHLU LQIORUHVFHQFHV ZBIWHGDOVR OHYV
EHIRUH GDUN WUHDWPHQW

6FUHHOLOJ RI VHIUHIBRWLRIJ$SIDEXCRWYLY (06 PXWDQWYV

7R FKDUDFWHULVH WKH JH® H\RIEF WQDDA XYW HO R B QMKMW V' Z H
EDFNFURVVHGeZLVEK SUMYLRXV UHVHDUFKHUV DV GHVFUL
WR JHQHUDWH WKHY 8RSXOIDMLRRID WY XAV H VJ URZDD

IURP ) VHHGV DQG WKH VHadHIQ®MLBRHRRWIEHY LQ

LQIORUHVFHQFHV ZDV H[DPLQHG DW GD\ Rb GDAUKNHLQFX
QXPEHU RI LQIORUHVFHQFH VaisV RAEWS & HQROD SHHE F\DBIDIIDA \
FLUFOHG ZLWK RUDQJH RU JUHHQ FRORXDWGLOWRKWHKH IL
REVHUYHG :7 WR PXWDQW UDWLRV ZHUH WV DTOKRKGBRWHG |F
VIXDUHG WHVW ZDV XVHG WR GHWHUPLQH DZKHWKHU

VLIQLILFDQWO\ GLHIISHR QWG URPVWMRRIQR PHQLF UHFHVVLYH
PXWDWLRQ DQG WKHHMVNOW @ DN\DEBMH KH BRORORKJIK V
GLIIHUHQFH EHWZHHQ :7 DQG PXWDQWVSRBKXQRWLRBV\ F.
WKH GHJUHHQLQJ SKHQRW\SH ZDV ais¥H B0 MQ@BBVWLQJIXLV

00



FRPSDUHG ZLWK :7 TKBQDMODWLW WQBD HIWW GR\Y KBID W LRI
ZHUH QRW VLIJQLILPDQWOURBRIITHNURHQWKLFK VAIIHVWHG W
DQds SKHQRW\SHV ZHUH PRQRJHQLF UHFHVVLYH WUDLWYV

Inplanta SKHORW\S H¥isRD Q&K HP XWDQWYV

%HVLGHYs WWKHEs SKHQRW\SHV VRPH PXWDQWY DOVR HJI
SKHQRWYRHY 7DEOH 5HSUHMPA®WMDWDLYH WKRZQ LQ )LJ:

JRU LOQVWDQFH WRKPHHVRKWHR Q 3is3SD@® WO ®RIRI WKH 0

SODQWs” RI[KLELWHG URXQG DQG OD\HUHG URVHWWH OH
WKRXJK WKH OHDISKNQRWHE&H JRIXUH % 7ZR RXW R
SODQMW KILVSOD\HG VPDOOHU LQIORUHVFHQFHY DQG VKEF
ZLWK :7 )LJIXUH & ZKHUHD®sT OHJ KOL ES OVIHGWE/L RIHU SH\
DQG ORQJHU VLOLTXHYWHUNUWLQIOY WZARHR®WR ZRIUV R
SODQ¥K¥1 RMKRZHG D OHDI OLNIXKVM UX&EWXQE VXFK SKHQRWV

LV VLPLODU VDRVVZION RIGIISRMEA HG aRIQl PXWDQW ,ULVK DQC
6XVVHI

%DVHG RQ WKH UHV Xi®W\X WY DROMNWH V |dRZZKlisB KdisD D 8 G
dis5s1 ZHUH VHOHFWHG IRU WKH IXUWKHU DHQdO\VLV EHF
SKHQRW\SH D Q Gnlpl@aré HSK-HQRVO\S H V



YLIXUH '"HJUHHQLQJ RI GHWDFKHG DQGFBBUN WUHDWHG LQI
$ $,'$ VFUHHQLQJ RI 0 SODQWV ,PPDWX WK HQVEBUHMEMQF
SULPDU\ ER O&VRXRID/QKN&Y DQJFG UHVSHFWLYHO\ )LYH ELRORJLFDH
DUH VKRZQ 3KRWRV ZHUH WDNHQ DW GD\ DEHIRUR GDUN LQ]
WUHDWPHQW % $,'$ VFUHHQL®J R) EMHEINFHURWLKGE JR/SXODWI
,PPDWXUH LQIORUHVFHQFHV ZHUH KD U ¥isVIMHE RXRPD GWNVP DU\ E
DQ®@ / UHVSHFWLYHO\ 7KH QXPEHU RI ) SQWQM LIQEYLH\DW/IHI®
DW WKH WRS RI WKH ILJXUH 3KRWRVFZXEDMW MRINHQ IDWUGIDAFHRI
H[KLEBRWWR@ISKHQRW\SHY DUH FLUFOHG ZLWK RUDGON DQG JUH|
3KHQRW\SHV WKDW ZHUH QRW FOHDU DWH F U F &/HKG WU & COXLHD
VHSDUDWH WKH H[SHULPHQWV WKDW ZHUPRKAR®BXFMHIL @W C
SKHQRW\SH Rl WKH PXWD@WV SNGFRRISDQHOHVRLOQGLFDWH LQIC
IURP SODQWYV IRU ZKLFK WKHLU SURJHDR®& VZHQ HWKHVWH\EN H G XIH
ais Rdis SKHQRW\SHV )LJXUH DQG

00



7TDEOH BHDUVRQ V FKL VTXDUHG Wadit\did/ [BU ) SRSXODWLF

OXWDQWY 7RWODNHais Rdis + 2EVHUYHG WBWLR P YDOXHV
SODOQVEWDQWMLNH SODQWYXWDQW

aisl a
ais3

ais9

ais10
aisl2
aisl6
ais19
ais20 a

ais26

ais61l a 1RW FOHDU 1RW FOHDU
dis3

dis15 1RW FOHDU 1RW FOHDU
dis21 a

dis39

SRS O R O]

&KL VTXDUHG WHVW ZDV XVHG WR W RMWAM NK R BANHDW HNGWUWL B WY O RG
H[SHFWHG UDWLR RI WKH :7 WR PXWH @GWH®HRIW\KBHYLGA LQ
PHDQV DSSURFLPDWHOOLHY D VWDWLVWLFDO VLJQLILFDQFH 3:
VHIUHIJDWLRQ UDWLRYV L QisBiKB Q515 RPSWOMAWLR @ BH DEQRUPDO
IROORZLQJ WKH UHFHVVLYH VHIJUHIJDWIEFRQHEEWVY.RY HH WUDLWR U’
LV DIDLQVW ZLWK WKH SUHYLR X Vai$ LRIE LMQU B LWWK D DW VIX ULHPRHVN G
WUDLW -LEUDQ 7KXV I XUWKHUWMHQPQMHW PR B HQHTX L B )G
RI WKHVH WZR PXWDQWYV

7TDEOH 6 XPPDULVHG SKHQRW\SHV RI (06 PXWDQW
0XWDQWi¥ Rdis 2EVHUMplgdata SKHQRW\SHV
dis2 dis %XVK\ GHOD\HG EROMIODDWAEREKHGQVHSGEDUBGBIHIUHHQLQJ
JUHHQ FRORXU RI ZKROH SODQW
dis7 dis %XVK\ URXQG DQG OD\HUHG URVHWWHBAKRIOMHYSHODQWIKW JUF
dis24 ais $FFHOHUDWHG EROQVJL @I DKVER DIRKEY RAS D HORYANHY
dis29 :7 OLNH :7 OLNH
dis31 dis %XVK\ PRUH EUDQFKLQJ OLJKW JUHHQ FRORXU RI ZKROH ¢
dis51 dis %XVK\ GHOD\HG EQOVWHLQJ HID@E& MABLOD U RIPW K
dis54 ais :7 OLNH
dis3 dis :7 OLNH
dis15 1RW FOHDU :7 OLNH
dis21 dis :7 OLNH
dis39 dis :7 OLNH
aisl ais :7 OLNH
ais3 ais 2Q0\ RQH SODQW VKRZWB ORROQG/WRONVBGQGVEXIRIKW VLOLTX
JUHHQ FRORXU RI ZKROH SODQW
ais9 ais JLYH SODQWYV VKRZHG VPDOO OHDYHV DQG WKLQ VWHPV
ais10 ais :7 OLNH
ais12 ais 7KUHH SODQWY VKRZHG OHVV URVHWWH OHDYHV
aisl6 ais :7 OLNH
ais19 ais 7KUHH SODQWYV KIWMHPRHWBIYHRVBHIQG VKRUWHU VWHPV
ais20 ais 7ZR SODQWV VKRZHGLOYWXRWHG HOAFHODOYG VKRUW VLOLTXH
ais26 ais :7 OLNH
ais61 1RW FOHDORZHUV RI WZR EB®DEWIVOMKNREZVWUXFWXUH

7KH OLVWHG SEKHOQRWEXSBH/G RQ WKH SUHGIMFULEWGVE ER WO L QLU G W
FROXPQ VSHFLILHVQOULURQDR BMWLD QW VGHIFR QLGISF REOEX-P Q
SKHQRW\SH REVHUYHGJL G 1W KL ¥ OHDJW HIQRND QLK) \DD/PH[SODLQHG L
7DEOH

00



JLIXUH Inplanta SKHQRW\Si83/ Ri$D ais6l dis7 D Qi€b1

5RVHWWH OHDI SKHQRW\S#s? SRUQME %H H N HIKNGRMOEQ W V

% 9DULDWLRQV RI URVHWWH OHDWSKHQRWDI®HR UJQ G\ ID)
VLOLTXH SKHQRW\SHYV 420 DRQS6Z ISIOND RWE DQG 'disSZHHN ROG
SODQW 30DQWV ZHUH JURZQ LQ ORQJG®M\NF FDXRGEL WH B B \J U R ZKQ(

LQ JURZWK FKdsBEid20 bR&@1 DQd&B7 EXW LQ JURZWHKISBDELQHW IRL
6HFWLRQ



dis2 dis3 dis7 DQ@is51 H[KLELW VWDEOH GHOD\HG GHJL

SKHQRW\SHV LQ VXEVHTXHQW JHQHUDWLRQ
6LQFH WKH YDULUBVBKRIQRRUSWMKRIFFXUUHG ZLWKLQ ELROR.
WKH GHJUHHQLQJ GRHBRWQIBSIRZDY UHVFUHHQHG LQ Wk
VXEVHTXHQW JHQHUDWLRQ IRU WKH LQ®OPDWIMH® KHDPP SO |
H[KLELWHG s \SKBIB®MW\SH )JLIJXUH dis2 PPRWD QWH WKH
VFUHHQLQJ ZDV QRWEGR ®XHQ@QNWK H @D Q V8D EQIW D XAHHU W K H
VHYHUHO\ GDPDJHG E\ VSLGHU PLWHV RRZBYBODRWWSDL
RIdis2 FRQILUPHIE SWWQRW\SH )LJXUH BWULNLQJO\
LQIORUHVFHQFHVY RI WKHVH SODQWYV ZHNHL @ RAXEDOWLBQH
JLIXUH

J)LIXUH 7KH VWD EKOQWRWRESE Q3 dis7 D @isbl

,PPDWXUH LQIORUHVFHQFHV ZHUH KDUY H\ODKENSZUIBRJ SULPD U\ |
SODQWY IR@WE51 DQG EDFNFURVVHGIsp GBHDSHFWLRHBO\ 5HG OLC
VHSDUDWH WKH LQGHSHQGHQW H[SHULPBDQWY L7/\K H RG-HBIJWHHH® L
ZLWeK / )LYH ELRORJLFDO UHSOLFDWHYV DURWHRGER\ 3KIRWMRYV ZF
DIWHU DQG GD\V DQG dis2D G@ U NG\ WH DRWP HQ W

&K OR URBEDOOV Ldis2 Rdis3 dis7 DQEGis51 GXULQJ GDUN
LQFXEDWLRQ

&KO DQDO\VLV ZDV KXWHCH WeRH FRHH DU QJ SEHEMWMWGSH RI VI

PXWDQWVY $W GD\ RI GDdlis® DQE%E P MR WWKHHWDLQH

VLIQLILFDQWO\ PRUH &KO L @FIDXG LEKIDK\DRON D70 L QKW K & K\

GHWDFKHG LQIORUHVFH®FHVN )IQWHHISY W[BLELWHG



SUHIHUHQWUBIOQV KEWLRQ QHDUO\ b WHRHIND W& RIQH W KIIXKD
P ZKHWKTIVUHWDL@QH®R GKER® VLPLOMIU OHYKEV

&KO DQDOWSBIMDQ8EF ZHUH FDUULHG RXW DW GD\ RI GDU
EHFDXVH LW ZDV GLIILFXOW WR PHDVXUBWWRH :A[WUHP]
LQIORUHVFHQFHV DW GD\ di§3KED&KOLUEG MW HBOMAWRQ\ LKL IKH |
7 P ZKLOH WKHUH ZDV QR VLJQLIL FIDRXQVEGIW ZHHHHXQ F H

&KODQG B KQ@JIXUH & , QFROHMWDNOIHG VLPLODU DPRXQV
DV WKH :7 )LJXUH !

YLIXUH &KO UHIM/REWDRWWRIGXULQJ GDUN LQFXEDWLRQ

&KO UHWHQWLRQ RI GD\ &K@sXF RQWDHSW % WREGDDW IR D \
IRAE3 & DQG disTRI GDUN LQFXEDWLRQ $EEUHYLDWURQ@V &KO
EDUV VKRZ WKH VWDQGDUG HUURU 6 K VLZJQH IRV E WLE NN HIUHHSQ
EHWZHH®@ BRG BKIOQ HDFK SKHQRW\SH 7KH KDVK V\PEROV U

VLIJQLILFDQW GLIIHUH QFBIQUBEPYVIBEWY LQ HDFK &KO W\SH
DVWHULVNV RU KDVKPV\PEROV LQGLFDWH

dis2 H[KLELWYV GHOD\HREOWLRBH W®RG IORZHULQJ
$SDUMRIR SKHQRW\SH 0 diS2ODKRZHRBRIGHOD\HG WLPH WR ERC
IORZHULQJ FRPSDUHG ZLWK :7 )J)LIXUHDQG IOKAHWL®H W
Rdis2 ZzDV GHOD\HG E\ DSSUR[LPDWHO\ DQ®H GD% UHVSHFH

Oi



& $OVR VXFKIBHMGDD/QWY ZHUH DOVR REVHUYHG LQ WKH
T

JHQHUDWLRQ $SSHQGIZ[
=

%ROWLQJvs /alis2
E/HU= GLV

%ROWLQJ SHUF@
o

7LPH DIWHU VRZLQJ GD\V

JORZHULQJ vus /eis2
m/HU GLV

L

7LPH DIWHU VRZLQJ GD\V

JORZHULQJ SHUFHQWDJH

JLIXUH 7LPH WR EROWLQJsPQG IORZHULQJ RI

$ 'HOD\HG EROWLQJ DGGNPORZHUEQD ®RW GHYHORSPHQW 0 S
JURZQ LQ JURZWK FKDPEHU XQGHU ORQJG®IWNFRIKXRWR ZOW
WDNHQ DW GD\V DIWHU VRZLQJer 5H®QdEPL QH O/B DW YW HV %
SBHUFHQWDJH RI SODQWV WKDW KDG SB HPDUWHERDWWR DWQWKH
SHUFHQWDJH RI SODQWYV WKDW KDG | DUMVE RORZ BW RASKHQ M & HIRJLF
WLPH DIWHU VRZLQJ ' RQ ; D[LV Rl %VBRIGQX PHDQV GD\V DI\

RH GHOD\HG LQIORUHVFHQGE&$ GMJURWQEDRJIVRIG E\

GHOD\HG WLPH WR IORZHULQJ
7R WHVW ZKHWKHU WKH GHi€DXP® EEHIVHBQEQWRH GHOD)
WUDQVLWLRQ IURP MXYHQLOH SKDVH YNMHHIWRDANH JU
IORZHULQJ WLPH WR IORZHis2L ®X\EBQEHAZDD :V\DOIGURQL)
E\ VRZHiQJ VHHGY DKHDG RI :7 DV GHVFULEHG LQ 6HFW
LQIORUHVFHQF K2 FPIX:\WD@QW WKDW ZHUH IORZHULQJ DW W
ZHUH KDUYHVWHG IURP H®WD @®WM VR | HGKILE LGAHHO® D L\DL L@ H
WR \HOORZLQJ GXULQJ GDUN WUHDWPRQMW ))LLIXXUWH DV

ofi



7TKHUHIRUH WKH GHODdBRGZONIJQRWQADXIVRIIG E\ WKH GHOD\
WR IORZHULQJ

YLIXUH '"HJUHHQLQJ RI LQIQRUMHWEEDKURQLUVHG IORZHULQJ |
6DPSOHV ZHUH FROOHFWHG IURP WKH UQ LQR/WH MFRIZDHUH R SNHKDHG
WKH VDPH WLPH EXW DW GLIIHUHQW SO®W REBEWQGIORUHVF

GD\ ROG 0 SIBDQMWHRKDUYHVWHG OXWDQWN DBKRAVRPBDUHG |
ZHUH WDNHQ EHIRUH GD\ DQG DIWHPHQWQGL[ GRWROR U LEFDW
UHSOLFDWHY DUH LQGLFDWHG

'"HWDFKBIGOLQH OHKiSRYHWRELW GHOD\HG \HOORZLQJ G
GDUN LQFXEDWLRQ
7R GHWHUPLQHK K KGIIXHB GN G H s H@IWVQ ¥ SFHELILF WR WK
LQIORUHVFHQFHYV GD\ ROG DIWHWHVQRW:7OBRRR®Q ILUV\
ZHUH KDUYHVWHG DQG KHOG L Q di#2KH[ KGLEWMW HTK 16 HIOHD ¥ 16
\HOORZLQJ FRPSDUHG ZLWK WKDW RI :7)DMU3D\ RI GDU
7KXV WKH GHOD\HG GHJUHHQLQJ SKHQR@2SH ZDV QRW W

JLIXUH '"HIJUHHQLQJ RI GHWDFKH@SZGDUN KHOG OHDYHV RI

SURXQG GD\ ROG ILUVW FDXOLQH OHDOBDW ®&dARD QRUYHVWH
FRPSDUHG WR édHRYHVKRIVDPH DJH 3KRWRV ZHUH WDNHQ DW
GDUN WUHDWPHQW 7KUHH UHSUHVHQWDWLYH ELRORJLFDO UH

RKH dis2 SKHQRW\SH LVODFPRQRGHERQLF UHFHVVLYH WUDL'
0 SODQAY AHUH EDFNFURVVWHGOGWWRHDHUDWH ) SRSXODWI
VHIUHIJDWLRQ DQDO\VINV M\NGDW R 3 M WA H WLLEGHQW WEK U H
Rdis WUDLW LQQ Wi&RWDO ) SODQWV ZHUH VFUHHQHG E\ X
HIDPSOH IRU WKH VHJIJUHJB WHHER®/ANSHMHPIWIXKRZQ LQ )



7KH VHJUHJDWLRQ i WIDR/Y DISSURRPDWHO\ WR ZKLFK
VLIQLILFDQWO\ GLIIHUHQW IURP ! WR 7K\L&KLQGTXDWHGS I
PRQRJHQLF UHFHMY SXH QRVDIERM R D

JLIXUH ([DPSOH IRU VHIJUHJDWLRI32R1/gr SRSXODWLRQ RI
ler :7 LV FLUFOHG ZLWK UHG UHFWDQJOH Qi &RKHIRMWISBHRUHVF
DUH PDUNHG ZLWK JUHHQ FLUFOH 3KRWRV ZHUH WDNHQ DW G

dis2 KDV D PLVVHQVH PXWDWLRQ LEHWRWIFRGLQJ VHTX
SPSOLILFDMVMCRQ RRIJHORPLF did2s RI

7KKis2 SKHQRW\SH VXJIJHVWHGPWWDW LMRRHLBRDWWKD® P XWD
DITHFW &KOUDGDWLRQ 3UHYLRXV VWXG\ KDWAIHSRUWHG
FDXVHG D SKHQRW\SH dig2 PSIOHDQR W\ Hetall EU D Q
7TKHUHIRBMCIWKRH IdsRPSODQWY ZDV DPSOLILHG E\ WZR LC
3&5V ZLWK GLITHUHQW HQUJRFRHWHDGE WKH KRHAX QWY DUH
DIJDURVH JHO LPDJHVYKHLSXBBXFW VLIRUVHQRMNE I'1$
RNYC1 ZKLFK LQFOXGHV SURRRYWHULQWBRQV DQG ¢ 875

of



J)LIXUH $PSOLINFOWICRQHRIRPLF dig® R

$ 3&5 SHUIRUPHG ZLWK .$3% +L)L +RINGQY/HDLOL Q&5WHWSBWD W X
% 3&5 SHUIRUPHG ZLWK L3URRI +LJHK QLQEHALIVD\J 3 B P 5EWUDW X L
/ KLJK '1$ PDVV ODGGHU NE NLOREDVH 7KH DFWXDO VL]H RI \

7TKUHH WHFKQLFDO UHSOLFDWHY DUH VKRE QI WKHQAPBEKBGH UR (
UHSUHVHQWY WKH VL]H RI WKH EDQG

GHTXHOFLNYCIRUHJIL R G2L Q di

%\ VHTXHQFLQJ D SRIQRV7P X\D B W GRIQDMAIHDHGE HQRW KHL JK W
RNYCL LQ di2XWDQW )LJIXUH PXWKOLWLERLEPIWVHY D SURO
VHULQH VXEVWLWXWLRQ DW DPLQR DFISUBWWLWLRKLFK 3
PD\ UHVXOW LQ DQ DOWHUHG IXQFWLRDIHRYWWK MWK SWRDV
PXWDWNYCO L) OLNHO\ WR EH MWK IS5 KFIDQRW\BHW K H

060



YLIXUH 6HTXHYEL QUHRL RIG2L Q
6HTXHQFHV IURP 3&5 SURGXFWV DPSOLILHMGHRIWK\. 3ZRBH DPGJ.GBE MR JHQRPLFNYCS VHI XHQF
6FKHPDWLF VKRZLQJ WKH JHQMYCAW OKHVPXWD WIL RVEHVILQGLFDWHG E\ WKH UHG DUURZ



'LVFXVVLRQ

$OWHUHG GHJUHHN®HQJIDSKHGRWQ@ILUPHG LQ VRPH (

PXWDQWYV
$,'$ KDV EHHQ VKRZQXWRPEMW BDRGVH U YQY IPEXOW DLGEW \Q & L W K
DOWHUHG WLPLQJ RI LQIORUHVEtHQFH GHUBHBQLQJ 7ULY
-LE DR 7KHUHIRUH LW ZDV XVHG LQ PSBNWNDUFK IR
LQFOXGLQJ FRQiLD@BWLRMDRWY WRARQYH RBHKKRRQVHYV DQ
VFUHHQLQJ Rl VHJUHJDMIUQJIHSRISXIOD WQRQWLYV ,Q WKLV
DOWHUHG GHJUHHQL@HSKE QR PHVDRINEY Q& KI MYZR
dis PXWDQWYV ZHPHG FRQAYLQJ $,'$

JRU WKH 0 PXWD QKRG GW KHWHGIYO QU SKHQRMGSHRIZDYV FRQILL
dis7 dis31 D Qdis51, EXW Q &4 IdsR9 DQdis54 7KH ODWWHU PXWDQ
HLWKHU H[KLELWHG VLPLODUdS2dJRWUHBYE® MLVIOHB\HG C
DFFHOHUDWHG \HOQRZDQ&S5H J 'LIIHUHQFHV IURP -LEUI
XQSXEOLVKHG GDW M QPPN KIDXY\HH DRIL G L | HHWH. Q@ W QIRIHRZ WK
HJ GD\ QLJKW OHQDWKUWH GZWHPIS P\ BER B R B W LVRIQH RS
VWUHVV UHODWHG KRUPRQHY DQG WKHWEBEM DALRFW WKH
al. -LE&I 8.Q

21 WKH ) EDFNFURVVHG PXWD&s® Aist[IIPQ@BHG RQO\
H[KLELWHG UHODWLY#O\RGLEWHQRMW\GKNEPRPSDUHG ZLWH
7KHLU DFFHOHUDWHG RU GHOD\HG GHJUHHQLQJ SKH
DSSUR[LPDWHO\ PXAKDOKW WKRIHVWHG ARQEBYHQLF UHF
Rbis WUDLWV LQ WKHVH PXWDQWs/Mis$)V PRUN YA W WU HMWW ZRDI V\
GLIILFXOW WR GLVWLQJXLVK ZKHWKHU HGKHQ ZWMKHLDFF|
LQIORUHVFHQFH GHJIWG HZQMWX :FRPGDWKH \BKKIULHY DRVQ QJ S
7KLV ZDV UHDVRQDEOH EHFDXVH WKH DORMHVURBHGRIJUH H ¢
WKH PXWD Q¥IY ai$20Jais26 ais6l dis21 DQ@s39 ZDV QRW YHU\
GLIITHUHQW WR WK D W[RP VQKIHG :E\ZKEQDQ

$OWKRXIK WKH BDIWMHUHSK 8 § RWAIS 1is3 ROIQeBZAR DQG
I L8l dis2 dis3 dis7 dis31 D Q@51 PXWDQWYV ZHUH YLVLEO\ FRQILU

00



$,'$% &KO DQDO\VLV ZDV XVHG WR SURY IDZH HPRUGH @BH F L\
IRU DOWHUH®ERXP [FQ WD&EE VAHXONHDT QWA G

&KO ORVV LV D PDUNHU WKDW LV W\FIH@ROD 5 UR HEGHIYV LR O
0 D Wett &.H *DQ DQG $PDVLQR etal. 7ULYHORZMYLHU
LQ VRPH LQVWDQFHYVYPHWFKFDWWIDQ FRHHQ B XRHQW \RIPHD\
&KO IDLOV WR UHYHDO WKDW VHQH V F-KIF A DLW DREFRFOXUMPL QY
XQFRXSOHG IURP WKHLU XQGHUO\LQJ PROHFXODU V
+|[UWHQVWHLQHU 7KHUHIRUH LQ WKHVH PXWDQWV
VXFK DV SKRWRV\QWKHW LR Q@ FOMDNDH DDWLFPRUMRUWQIR!
GHVFULELQJ WKH WLPLQJ RtALHQHVRADQBHQAIR XVDED
,Q :7 DQG IXQFWLRQDO VWD\ JUHHQ P XBVEDGQW.\Q GK_AE DRWHHW
ERWK LQLWLDWLRQ DQG SURJUHNWMLRQ RILLMHODHVFHQFH
D 7ULYHOOLQLetal

,Q WKLV VWXG\ &KO FRQWHQW ZDV TXMHQWHKHHG WR |
SKHQRWUSR dis® dis7 DQ@@s51 7 Kdis2 dis3 DQd&51 PXWDQW YV
UHWDLQHG VLJIQLILFRQW®\QKL WKKDQE&HLD VR G B\D\ | RIR U

dis2 DQ@B51 RI GDUN LQFXEDWLR@@s §ROIRIVPLSH] WKMHUHV W L
dis2 UHWDLQHG VLJQLILFD QWIOD QKakK&Ka &KIOD W L R Z D
DSSUR[LPDWHds2 EXWRU IRU :7 DQG ZDV VWLOO JUHHQ H
RI GDUN WUHDWPHQW 7KHVH ILQG Ld32 \Z D\D DVAHRS/ RHAMALS RV \
VWD\ JUHHQ PXWIHFW ZIOWKRD YGH W.R @& KOK&RKR FDQ EH
FDXVHG E\ PXWNY®ILRRVY PPH L Q Arabidofesital H

6 F KH Oe Bl.UW %\ FRQWUDVW QRaSOGHE KNG W HDV BRKQ
ZDV REVHU¥H ®WQGD\ dis® @& GD\ UHVSHFWLYHO\ VXJJHV
PXWDWLRQV PD\ QRW GLUHFWO\ DIIHFW &KO FDWDEROLVF

%HVLGHY WKH DOWHUHG LQIORUHVFHQFID ®HKWMHHQYQJ

DOVR H[KLELWHG RWKHU SKHQRW\SHWY\ QRWYW W @ H DEEFHOHY H \
H #dlis2 DQU@51 DQG DOWHUHG OHDI VKRISHDIES FRORXU F
7KHVH PXOWLSOH SKW ERWESHVWR. WKH (06 PKEGLDN HRGINVQ V
JHQHV DV LW RIWHQ FDXVHV PXOWLSOHRPAKWDWERQV LQ S

00



'L Qécal. &RQIRXQGLQJ EDFNJURXQG PXWDWKRQV WKD'
ais RUAMBKHQRW\SHY FRXOEEBGEOLWLROWHEDFNFURVVLQJ

, FRQILUP&SG DWitH SKHQRW\SHV RI PXWDQWY SUHYLRXV(
-LEUDQ &KO DQDO\WVLV IXUWKHU FRQLQUIPRG WKH (
VHOHBSWR&EWDQWN2 "HEHNVDQW DSSHDUV WR EH D FRVPHWL
PXWDQW VXJIJHVWLQJ D GHIHFW LQ D JHQH DIIHFWLQJ &K

dis2 KDV D GHIHFW LQ &KO FDWDEROLVP DQG WKH P.

3 6 VXEVWLWXWLRQ LQ WKH 1$'3+ ELQGLQJ SRFNH

SURWHLQ
7KH JHQHWLF OHVLRQ WKDW OHG Wi DA DG HQMHQL IS & H
$OWKRXJK (06 PXWDJHQHVLV RIWHQ LQGXRHW UHOCOMHGS O H
SODQWtallP E 'LQA. WKH WRdis :YHNRHIDWLRQ
UDWLR VXJIJHVWYV D PR QiR WHOLEWJ H@HWKIHQN? 7KH UHWDLQ
&KI® FRPSDUHG ALWR &84ROPXWDQW EXW QRW :7 VXJIJHVW
PXWDWLRQ OLNBH G\HD UE &W W L&REE XAKWDVH SOD\V D FUXFLD
WKH FRQYHUVIR@WRRI&ERQ@ WKH LQLWLDO VWHS RI &KO
+[UWHQVWHLQHU +|UWHAQabWogdisQHD Q G U ,IQF H L
HQFRGHG E\ WOYRLIBQWBY .XVDEDetal. +RéthlH
+RZHYHU RQO\NYGGHIHBWW @R D VWD\ JUAfabiQoSiK HQRW\SH
+R Letal 7KLV ROOGHD VWURQJ FDQGLGDWH IRU EHLQJ
WKH VWD\ JUHHQ 8ig?2H QRVWVSHK\E@WKHVLY ZDV FRQILUPH(
LGHQWLILFDWLRQ RMDIWRRWQV QW M B X Q \LIQVWRE® HREXURBLQ
WHIMC1 JHQH LQ WKH PXWDQW 8QH[SHFWHGO\ LMpKH VDPH
W Kiftl-4 PXWDQW WKDW ZDV SYXE&LVKHG EKHLEXNWOQWLRQ
FDXVHV DQ DPLQR DFLG FKDQJH IURP SURQLRH WR VHU
3 6 LQ WKH DPLQR DFLGeValTXHQFH -LEUDQ

1<& EHORQJV WR D UHRWN RKDQRVH UHG X FWDI/ML O8\'5 VX ¢
DQG WKH 3UR Rl 1<&QMHKYBIGOLF WK LD LD \SUR W R MWX
SODQWV DQG DQLPRDAl ORXPRE¥NED In silico
DQDO\VLV LQGLFDWHY WKDW WKH 3 6 WMNEBV®K MWUIXERX WP
RI WKH 1$'3+ ELQGLQJ VLWH PDNLQJ UHWIHGXHR| VEKHRP I
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VKHHW UDWKHU WKDQ WKH EHUALQQLQJ3RIHW KR XPRY @/ X-G\E
RI WKH IXQFWLRQ RI DQ HTXLYDOHQW FRRRELMD QWVE'G X H
SURWHLQ . K\GUR[\WWHURLG GHK\GURJRRQDVKXPDUERQ\O
SDWKRJHQ IRXQG WKDW ZKHQ 3 ZDV PWWDWG ® RLR) BOD
DFLGV FDXVHG DQ LQEWN RV MX HOWXEFRRID WRBQDGLQJ

7KLV LQFUHDVN&ENOWPLEWOD WO\ GH.IN HRIVIMK H ELQ
WKH PXWDQW WKHWHEH EBWDIODWLE JHQIFPHQFYRQ WKH
et al. 1<& KDV EHHQ VXXVHVMSHBG WBWKHU DWKDQ 1$'+
LWV FRIDFWReUal..D O O E.BW DeE . < BtQAl. 7KH
ILQGLQJ LQ KXPDQ SDWKRJHQ UDLVHG HQSRRHWQE WS W \RW K
dis2 nycl-4 PD\ DOVR EH FDXVHG E\ D VLPLODU PHFKDQLVP |
RI 1$'3+ LQ WKH FRHQRPH )S\RBWH\W 1<& ZKWKK UHGXFE
FDWDO\WLF DEFWLYLW\ Rl WKLV HQ]\PH DQG WIKHUHE\ SUH
7KH JHQHWLF FRPSOHVPXOSWFUMWHR® WONYR WKH GHOD\HG G
nycl-4 L H dis2 ZDV FDXVHG E\ RQHRORVY ¥ RIURWHWQ UHVXC
IURP WKH 3 6 VXEVWdW.XWLRQ7KXEUPDBRQFOXGH WKDW W
WUDQVNWILRIH Q@ LV UHVSR Q¥ LSKOHQ RRUMNSHPR W D Q W

)XUWKHU D QBDPHNWDRIW DOVR IRXQG WKDW LW H[KLELWH
WLPH WR EROWLQJ DQG IORZHULQJ FRPSDXHGI WRHG W
WKDW SODQW RUJD QX QG WFHIH BH. UIWF W GR QMR &@. RI DJ|
*UELU DQG %OHHFN tWl. 7 LIDEDA. )RU

H[DPSOH WKH VWXG\RRFROIWRFAREBE ERXDLCS MHWMO VRIOHS IS
IORUHWY VKRZHG DQLHQDUWKEQ &HHUFHBRW H VY \ ROQUHNH ét
al. 7 Led §). 6LPLODUO\ LQ $UDELGRSVLV LW ZDV S
WKDW :7 LQIORUHVFHQFHV ZLWK PRUH ROBHIHERGY VKR 2
FRPSDUHG ZLWK WKRRKQZHWKERBVH-LEUDMQRUH  WHKLHU

GHOD\HG WLPLQJ RI FRPAHDWL@U RMGOIRUBN EHQ/RH W@ P SO+
;7 DQG PXWDQW SUREOHPDWLF EHFDXVH RZHK HW@ KD 7Y HV W H
LQIORUHVFHQFHV KPGVPR KB QR®EH Us B WPFHKW GSRPIORUHVF
PXWDQWY ,W DOVR UDLVHV D SRVVLBLORSY\ APARKOONG WKH
KDYH EHHQ EHFDXVH LWV LQIORUHVFHQ MW Z\M K HV\ RIX® J
H[SHULPHQW ZDV GHVLHQHG VMHR AKDBEMVH LQIORUHVFHQ
FROOHFWHG IURP :7 DQX® ® XWMKIHQ WI/P W KDP PG FRRO\® X Q J
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EXGV ,W ZDV IRXQG WKDW WigH PGMIDGW QADM \RW WOKOH G H
FRPSDUHG ZLWK :7 LQGLFDWLQJ WKDWLIQWORDN QRIQ 6 M ¥
RI WKH PXWDQWYV DW KDUYHVW WLPH

6R IDU LW LV QRW FOHDU WKDW WKH GHOD\d#sz2 WLPH WR
PXWDQW LV DOVR GXH WR WKH GHIHFW IMOKID<YsH ESHRHP®I FRP
IRXQG WR SDUWLFLSDWH LQ UHJXODWLGODHRMWQFRODQW
-LEUDQ J)BOHH[BRWDQWRKMIH HMVLEQWHG ERWK GHOD
WLPH WR IORZHULQJ DQG VHQHVFHRIEH KRDRYalda. WKH
GHOD\ LQ EROWLQJ DQG IORZHULQJ WLPIGLMWLRPRLM OL
PXWDWLRQ V UDWKHU YWMCD (E MACHX ¥ M WA\DKWALVRHIQSIK(H Q RW\S H v
QRW EHHQ UHSRUWHGHNcQ® RXWKBIQW.\G et@WDEMHGRULH

et al. 6 DatvaR

BUHYLRXV $,'$ VFUHKIW QUKIR XCH® PAHG GWJISH HRQ PORSKHQ
LGHQWit IRPXWDQW YV disX3F D @347 DSSHDUHG WR EH VSHFLILF
LQIORUHVFHQFH VXJJHVWLQJ WKDW LQUMHRMX B DRMHHIE HE\V H (
LQIORUHVFHQFH VSHFLILF JHQHV -LEGREY KDYHRRMNDQGU
WKDW SABQUHJIXODWH ERWK OHDI DQG LQIORUHVFHQFH VH
Arabidopsis PXWDQWYV G HINREFANAGUI2 IMAX2 D QMBIK3 VKRZHG
GHOD\HG VHQHVFHQFWLYVERWKQG GHWDFKHG GDUN KHOC
.LPet al. D NLP 7@LMHOOLQL+HUH WKH GHOD\HC
GHJUHHQLQJ SKIHQRIMRERHUYHG LQ ERWK LQIORUHVFHQI
$Wis2 ZDV IRXQG WR KDYH WE&H RXWDWHR/XQW LV FRQVLV\
WKH ILQGLQJV WKDW RysK P XWIXQW B AVQHERWKGILFH DQG $1
DOVR VKRZHG D VWD\ JUHHQ SKHQ®R&/\SH LGFROMMHYHV .XV
al. 6 DenaR -LE&i 8.Q 7KLV VXNYTH VU X ODWH V
&KO FDWDEROLVP LQ ERWK WLVVXHV

7R VXP X Slis2WK¥XWDQW LV LGHQWLILHG DV D QRQ IXQFWLR!
DQG LW KDV BYGIHJHRW LTKLV JHQHKWHGXHODWGENYWLRQ LQ E
LQIORUHVFHQFHY DQG OHDYHYV



OXWDWLRQ LQ (,1 FROQWULHRWHM WR

GHJUHHQLQJ SKHQRJIEYS HP\K W D QW H

 QWURGXFWLRQ

O0DS EDVHG FORQLQJ LXVBGUAHWKR® OR WK H GAHDQXWDIOLQJ \
PXWDWLRQV LQGXFHG E\eRPRKWDJHONKE&EB®BIDVHUV =K X

et al. 7KH ILUVW VWHS RI WKLV PHWKRRKG DQYROYH\
VHIJUHJDWLQJ SRSXDPBWDRBQLIQRU YILHDQ & MWOQMNKDLIMM LIYQODVK N OO \
GRQH E\ FURVVLQJ WKH PXWDQW WR DQRWISHWBELHAVDFFHYV
EHWZHHQ ZKLFK VXIILFLHQW JHQHWLF YDWL MWW HRQEH[LV\
PDSSHG WR D FKURPRVRPDO UHJLRQ E\ I PWWDMLERLAD VR K
'l1$ SRO\PRUSKLVPV PRHODUHFXOSDHVAQWN EHWYHRQVWKH DI
SHWHUV etal.

+50 DQDO\VLV KDV EHHQ VKRZQ WR EH DQGHODERXQ@W F
VDYLQJ WHFKQRORJ\ IRU JHQRW\SLQJ JHQHWIQRS YDULD)
PXWDWLRQV LQ PDSSLQJ SRAXODWLRQeZaL.*XQG U\
/RFKO DBt @Q &KDJQp +50 DQDO\VLV VWDUWYV :
DPSOLILFDWLRQ RI WKH '1$ IUDJPHQW VQZ MVKIKI \8 K H WHDQUALHD
RI VSHFLDO IOXRUHVFHQW G\HV VXFK DN G&HWHRIQORU 5H
VKRZ KLJK IOXRUHVFOI® MHRZERXQEBDRIXVWUDQGXQ@GLH GV'1$
et al. LW \atZIH U /L Btal. *ULHYLQN DQG 6WRZHOO
,Q D VHIJUHJDWLQJ PDRDBSL QD UNRBEXNONIWFK BM\6W3VQFDQ
KRPR]J\JRXV RU KHWH URJUIRXVDWPEDWIH FD\WIRYQ V' DX H
GHQDWXUHG DW f& DQG WKHQ TXLENO\ UHDQQHDOHG
+ X Q VétHdl 7KLV UDSLG PHOWQD N WHBQIQHMHULWLEDO
VXEVHTXHQW +50 DQDO\VLV 'XULQJ WKLVHDQKH DIORPR]\.
SHUIHFWO\ WR IRUP KRPIRHEXNS GRPBOHPHQVWMYH\GV'1$ G X
ZKHUHDV KHWHUR]J\JRXQJNPRBEHNVKIOMYR QB M QVARH IGRHU RJ H D Q
D PLIWXUH RI KRMDRUEGXBEWHIWRGXSBHI[HV *X&KDUQ p

,Q WKH IROORZLQJ +50 DQDO\VLV 3RBGGURGKEWYV
GLVVRFLDWLRQ FDXWXRVY BDVFHIDFEH ZRLIRKHIGVLQHS PHOWRQJ
FXUYH +HWHUR]J\JRXV VDPSOHV FRQWDLQIRZHWHWHUR
WHPSHUDWXUH WKDQ KRPR]J\JRXV VDPSOHWFRQWDLQLQJ

of



WKHUHIRUH H[KLELW GLIITHUHQW PHOWIRXVN SLRAEOHV [IUR
ORUHRYHU VLQFH D VLQJOH QXFOHRWLEBQGEDXWH @FH L
VOLJKW FKDQJH LQ WKH PHOWLQJ FXUYH GLIIHUHQW KR!
GLVWLQJXLVKHG DBValZHOO &K +HQFH WKH VKDS
WKH PHOWLQJ FXUYH DOORZV WKH GLVKRFRIQIRXMVRQ EH\
DQG WKH KHWHUR]J\JRXA5® EOMBE V3 &5L O BRYWFHAL WKV R
KRXUV LW KDV EHHQYMNOMG RW[WKHQN WKURJIJIRSXW VFU
VHIJUHJDWLQJ SRSXODWQR@VLRIGDB HFPXMQW SODQW VSHFL
FDXVDO PXWDWLRQV RI Rt &KHQRWHKRN WIBEKHO OD
IRFKORL&.Q -LE et 7KLV WHFKQRORJ\ FDQ EH
LQGHSHQGHQWO\ RQ ZDWKREERQBIWILHRQRPH*¥HTRBQFLQJ
PXWDWLRQ LGHQWLILFDWLRQ

*6 KDV EHHQ FRQVLGHUHG WR EH DQ HIILBHQML IDIQEI UD
FDXVDWLYH (06 LQGXFHG PXWDWLRQV E\ FRPSWDRW WKt
ZLWK WKDW Rl WKHTXHQAHMHQFH WHTXHQFHG :7 JHOQI
6FKQHHEHUJHU DQG :KIROHODQG 6WUDGHU 6XFK WHI
LV HVSHFLDOO\ VXLWDEOH IRU PRGHONVK® DWW\ O EHO$ WD
7 JHQRPH VHTXHQFHV RI PXOWLSOH DFFHDWOIRQ@V &DR
GDWDEDVH IRU WKH JHQHWLF PDUNHUVDWHG % O@RIOLH 613V
KWWSV DUDELGRSVLV RUJ SRUWDOV PROYDQWYWROSOLQJ

PDSV WKH PXWDWLRRPWR DHIKBRPRAXEVHTXHEGWON\6 FDQ
LGHQWLI\ WKH FDXVDO PXWDWLRQ E\ VFU)XCHOXKQYDQWH 61
JHQRPHV LQ WKH PDSSHG UHJLRQ

,Q WKLV FKDSWHU +50 DQD O\ Vdisv (ZFOR/X X \dsbBNRANDIDSVW K H
, IXUWKHUPRUH GHVFULEHd&5K P 3 WIDQRMWD R RN KMKIHG H Q W L
RI D PXWDWLRQ WKDWiBSRCGWHQRXWSHN WR WKH

(@)
-



SHVXOWYV

dis51 H[KLELWYV GHOD\HROWLPH W®G IORZHULQJ
%HVLGHV WKH SUHYLRXV GHVFULEHG S IOHD@MIABIRHY 6HFW
DOVR H[KLELWWGPGHWR \ERRDIHLLQD FR ALODK HG YLIXUH

$ 7KH GHOD\ LQ EROWLQJ DQG |10 RZBIQG QN KWIHMHHG AN V
UHVSHFWLYHO\ )LJXUH % & 6XFK GWKOIDY XBWHDI®MR R E
0 SODQWV $SSHQGL]

T 5
D %ROWLQJIvs /alis51 5% JORZHUL@J vs/ dis51
g m/HU® GLV T m/HU= GLV
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7LPH DIWHU VRZLQJ 7LPH DIWHU VRZLQJ GD\V

YLIXUH 7LPH WR EROWLQdisBIQG IORZHULQJ RI

$ 'HOD\HG EROWLQJ Bis3G GRRZBUISWDRW GHYHORSPHQW 0 S
JURZQ LQ JURZWK FKDPEHU XQGHU ORQJGB®DWN F RIKRWR QW

WDNHQ DW GD\V DIWHU VRZLQ&r 5DRIESLQIS & BSDWDIWHYV %
3HUFHQWDJH Rl SODQWYV WKDW KDG SBHPDUWERDW\R DWQW K H
3HUFHQWDJH RI SODQWY WKDW KDG | DUMWE RORZ B W RASKHH M & HIFJLE
WLPH DIWHU VRZLQJ ' RQ : D[LV RI %VRBRIGQX PHDQV GD\V DI\

KH disSKHQRWYY®HH. RV QRW GXH WR GHOD\HG WLPH WR
7KH VIQFKURQLVDWLRQ RI WLPH WRIi$®) R GHYIFQUL EHG® ZIPH Q
VHFWLRQ DOORZV WsSRSK[HD@R Qdiscl | RDKHG XH WR WKH



GHOD\HG WUDQVLWLRQ IURP MXYHQLOHHSHR®MF WM WL
SKDVH IORZHULQJ 7KH LQIO®SBHPRMWPEHY RHUA KQGYHVV
IURP WKH SODQWV RIE®BWIIHHHYWORIHWLQ) DW WKH VDPF
REVHUYHG EHIRUH )LJXUH dis51L QKRR Y IBVEF HsIFHDA RQ WL P}
GHJUHHQLQJ FRPSDUHGXZIRWKCWHKRW GRAXEDWLRQ )LJIJXUH

WKH GHOD\HG U$ELORYN. @QRWI FDXVHG E\ LWV GHOD\HG WLF

YLIXUH '"HJUHHQLQJ RI L QisSRDWWAKFRKHWR RLVHG IORZHULQJ |
6DPSOHYV ZHUH FROOHFWHG IURP WKH LQIORUHVFHQFHV WKDYV
WKH VDPH WLPH EXW DW GLIIHUHQW SOD@W RBEW QGIORUHVF

GD\ ROG 0 S@SOWWUI GHWDFKHG OXWDQWVY DUH FRPSDUF
3KRWRV ZHUH WDNHQ EHIRUH GD\ DQG LE)IRXHEW W IDRIG 6 LG D\
ELRORJLFDO UHSOLFDWHVY DUH VKRZQ

dis51 VKRZV GHOD\HG \HOORZLQJ RI GHWDFKHG GDU

OHDYHYV
7R WHVW LI WKH GHODisblG 2ZH\W ARZIOQUHMFHQFH VSHFLII
GHJUHHQLQJ RI OHDYHV ZHUH DOVR H[BIFLRHG7 DKHGILUV)
dis51 DW GD\V DIWHU LQLWLDWLRQ ZHUH KDUYHVWHG DQ
GHOD\HG OHDI| UBEIORZRKDURIG ZLWK :7 ZDV REVHUYHG DV
GDUN LQFXEDWLRQ DQG WKH GHOD\ ZBVY PRUKHWYWHIRNHQJ |
WKH GHOD\HG \HOORZLQJ ZDV QRW D VSHdisb1LF WUDLW IR

J)LIXUH '"HJUHHQLQJ RI GHWDFKH@&s5aDUN KHOG OHDYHV RI

SURXQG GD\ ROG ILUVW FDXOLQH OHD®BQ W¥IRHD RQOSU Y HV W H (
FRPSDUHG WR é®dHRYHWKRIVDPH DJH 3KRWRV ZHUH WDNHQ DW
GDUN WUHDWPHQW 7KUHH UHSUHVHQWDWLYH ELRORJLFDO UH



7K SKHQRWUBH. RV FDXVHG E\ D GXDO JHQLF UHFHV\
0 SODQW¥IRIHUH EDFNFURVVH®GVRRO IRU VHJUHJDW
DQDO\VLYV DQG IRU PDBSHQUHSXHSBRWHRQ DQDO\VLV ZDV S
) SRSXODWLRQ DIWHU FURVVLQJ DQG WK®JSODBQWYV ZHL
([DPSOHV Rl WKH VHJUHJDWHG GHJUHHQRQH VFHKIHFRIW\ S H\
Rdis51 [ & &RO DUH SUHVHQWHKHQ/ HILHID WEZRQ UDWLR
Wdk51 LQ ) SRSXQIBSYLRD RIDV DURXQG WR 7KLV UDW
FRPSDUHG ZLWK ERWK WKH UDWLR RI HGRWHN®G 7DB®W®H
7KH UDWLR LV VLJQLILFDQWO\ GLEMXWHIRW IURWR WF
Pl VXJJIHVWIsQW WHs%Y RLIKW EH D GXDO JHQLF UHFHV
UDWKHU WKDQ PRQRJH QL FPBIHFBXYWLWH MWDPBOB VWRWDC
SODQWY DQRWKHU DQDO\VIdig5Z P& BGIUIRDBEGQZLWK
SRSXODWLRQ XVLQJ WRVDO QWKP EHKHRYBWLHRIDWLRR U
diss1 ZDV DSSUR[LPDWHO\ WR  ZKLFKHVHKQWKORFLJIQ
ERWK WR DQG WR L@P&KL VIBBOHG WHWWLY UHVX
FRQVLVWHQW ZLWK WKH UHV 38 %XV RESNRDERIDLQHG IURP

$SDUW IURP WKH WPR GGWREQ E GODL R YHAISWKKHRRWHS MH G

FRXOG DOVR EH FDXVHG E\ WKH FRPELOQDWGRRBLRDDWHFF
wubDLW ZKLFK OHDGV WR D VHIJIUHJDWLRQ UDWLR RI

LQGLFDWHV WKDW WKH REVHUYHG UIBWLRV &&ROWKHLY S
VLIQLILFDQWO\ GLITHUHQW IURPdis51 WBr/ EKHQHDYVOWKDYV
VLIQLILFDQW 7DEOH 7K XV dis WV UYD LOM \Z\D D IUNHH/CX\OWIVKC I\
WKH DGGLWLYH HIIHFW RI D UHFHVVLYH DQG D FR GRPLQI

7TKHUHIRUdi$I SWHORWINSH RDV OLNHO\ FDXVHG E\ WZR PXWD\
LW LV QRW FOHDU LI WKHVH WZR PXWDRQ R\KH ZBG W DO L (
REWDLQHG

(@)
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7TDEOH

BHDUVRQ V FKL VTXDUHG WiBBYW eRU §ROURIJHQLHYV |

OXWDQWYV T:RWOD-O His 2EVHUYHGHFW H@ P YDOXHYV
SODQWUYDQWYLNH UDWLR UDWLR
SODQWYV
dis51 [ ér a
dis51 [ ér a
dis51 [ ér a
diss1 [ &RO a
dis51 [ &RO a
disb1 [ &R O a

&KL VTXDUHG WHVW ZDV XVHG WR WHVW WKH VWDWLVWLFDO G
H[SHFWHG UDWLR :7 WR PXWDQW UDWLR RU &KL VTXD

RQH GHJUHH RI IUHHGRP LPSOLHVHID §WDWLBVEL
VLIJQLILFDQFH

JLIXUH (I[IDPSOH IRU VHIJUHJDWLRIBSRI[ Yer SRR DWLRQ RI
BHJUHJDWLRQ RI ) @BSXGDWISR@ AL [ &Re® R®W &RO :7

LV FLUFOHG ZLWK UHG UHFWDQJOH DQiB SHKHQRQINSRIUBVAHQTF
PDUNHG ZLWK JUHHQ FLUFOH 3KRWRVFXEDMWMRONHQ DW GD\ F

+50 EDVHG PDSSLQRKMR ILds dis51

$Q LWHUDWLYH +50 DQDO\VLV ZDV XVHGLW R BV WIKHHS X\
PXWDWLRQV WKDW ZH U His USHKWBRROWILEO ROIRW LW R\ PDUNH |
RQ FKURPRVRPH WR )LJXUH % WKHVH PRQWHUWY ZHL

00



et al. ZHUH XVHG RQ D SRSHOSWDR R UBQGRWXW
ZDV FRDUVHO\ PDSSHGRW R KWKRH RWERESABKU P DOHQWR WKH

PDUNHU Y)LIXUH % $BHHEQAGMLIRQDO FDQUANHUYV

+ X Q VetHaU RQ FKURPRVRPH XVHG RQ D WRWDO RI
LQFOXGHG WKH  SUFRQROUWPHGXWHOW EKHH XIWWDKMLQRQ V
FO RI PDUNHUV DQG DW WKH WRS DHP R¥% FKURPR\
$SSHQGL] 7HVWLWQVY RI H DOIXQ W KHW K  FSIDUDNNUW

DQG VWLOO GLGBRW DNMW RSALHDNMHHAR WW B 6 CPADALNHU R Z L
WKH JHQHWLF GLVWDQFH WR ERWK PDUNHUYV DQG Ut

%DVHG RQ WKHVH UHVXOWYV QHZ PDUNHUGY DPWQIEHQV ZHL
EHWZHHQ PDUNHUV DQG J)LIXUH WKW GS50HUH X\
DQDO\VLV W ZDV IRXQ®E=URIRCHHOWDRDWUWKH BHVWKRDMUN
WKDW EHVW GLVWLQHQW EHQGRWKSHLIZHUH WKRVH KDYLQ
613V EHWZHHQ WKH IRUZDUG DQG UHYHUVH SULPHUV )LJ

7R PD[LPLVH WKH HIILFLHQF\ RI PDSSQWY WRDWLIB[XQE RWY!
UHFRPELQDWLRQ ZLWK PDUNHUV DQG DUNHUM KRMWHG Z
IXUWKHU PDSSLQJ :KHQ WKHUH ZDV QR FWRWVIOHEZ RYHU
PDUNHUV DQG WKH PXWDWLRQV LQ WKHVHWWHIPSOHYV
(YHQWXDOO\ RIKEWSRVMWKIHYH ) SODQWYV H[DPLQHG WKHUF
VHSDUDWHG PDUNHUWis$ORFXRPOWRKH 7KLV LQGLFDWHG WK
ZDV YHU\ FORVH WR WKH FDXVDO PXWDWQRQ WV X® WX PLP\D |
SUHVHQWHG LQ $SSHQGL] ZHKs PR EXRG IOFRCFW HAAD W K DWW WP H
PDSSHG WR D a NE UHJLRQ EHWZHHQ PDUNH®WV DQ
$SSHQGL] DWUWKRH WIRBRPRVRPH



YLIXUH +50 EDVHG PDSSLQQMi5L dif YORFEW L

$ OHOWLQJ SHDNV RI JRRG PDUNHUV |URPK +B5Q HD QDDRVL Y G 0D
WKUHH 613V DUH VKRZQ +HW KHWHUR]J\JRXV % 3RVLWLRQV R
PDSSHG UHdit DR FRY RILAE5$UDELGRSVLY FKURPRVRPHV ODUNH|
LQGLFDWHG RQ WKH ULJKW VLGH RI WKH FKURPRVRPHV DQG
PDUNHUV DUH VKRZQ R@s WKNIDWMLRQ 720V URXJKO\ PDSSHG
FKURPRVRPH XVLQJ WKH PDUNHUYV D@GSH® QR ZDKHHY HQW
NE UHJLRQ LQ EHWZHDIQGP®PUNHUY GHWDUGWWR VKM GHVFULEH
LQ WKH $SSHQGL]

6HQHV¥HHOQHODWHG JHQHV LQ WKHIBDSBHXVURIJLRQ |
dis51
7R LGHQWLI\ WKH SRWHQWLDO FDQGLGDWRDIYHRFHEXWLQ ZK
WKH VHQHVFHQFH UHODWHG JHQHV ZHUH YIHDW¥®YH GVIKG W
JHQH OLVW LQ WKH PDSSHG UHJLRQ EBDNVILRIZWDLQHG
KWWSV VHTYLHZHU ROREHGRSYLMZR ULDVHS,QZWRWD O

(@)
(@)



JHQHVY ZHUH IRXQG LOQHWKRHQ PDSSHG U ES WKHQ
VHQHVFHQFH UHODWHG JHQHYV ZHUH IRXQGQG W\KWHIHUFKLQJ
GHVFULSWLRQ FROXPQ DQG WKH GHWDLB®% RQWRHEHOH JHC
JURP WHEMNP ZDV FRQVLGHUHG DV WKH PRVW SURPLYV
EHFDXVHsSWKRXWDQW DOVR HEKHQRWSRWKHU ELJIJHU SH
DQG OHDYHV ORQJHU VLOLTXHVY DQG GHOD\'H® @&8DI VH
J)LIXUH ZKLFK ZHUH DOV RnNR PKMWDYQMEVLRI RriaBigdpEls
et al. YHQJetal.

7DEOH 6HQHVFHQFH UHODWHG JHQHV LQ WKH PDSSHG UHJL
L @is51

3K\VLFD®*, 7%$,5 *HQHHQH GHVFULSWLRQ
ORFDWLRQ QDPH
$7 * $3" (QFRGIMBKRVSKDWD VR QWKDWMVXQWWLQ DR S HRSW U DOH®D |
6633 SUHYHQWLQJ HDUO\ XSIQUWWVWIQFHR) SHUWRUBWQIG6$5. P
VHQHVFHQFH VLJQDO WUDQVGXFWLRQ

$7 * VHQHVFHQFH UHJXODWRU 3URWHLQ RI XQNQRZQ
'8) VRXUFH $UDSRUW
$7 * (,1 ,QYROYHG LQ HWK\OHQH VLJQPIQ WWIDHDFG XAWERE) $FWV C

3RVLWLYHO\ UHJXODWHV 25( DQG QHJDWR YHIXOBWDDWHY P
OHDI VHQHVFHQFH $ PDWHUQDOO\ H[SUBY\LIQGHLMSULQWHG JF
EORFN HWK\OHQH VWLPXODWLRQ RI |0 DH®R®RWR FHOWKHVLY 7
PRELOH

dis51 GRHV QRW GLVSOD\ WULSOH UHVSRQVH SKHQR

WUHDWPHQW LQ WKH GDUN
7KH WULSOH UHVSRQVH DVVD\ ZDV SUHYLRXWDQ WVHL3 WR
$UDELGRSVLV *X]PDQ DQG (FNHU +HWR WHMW WYKWD
K\SRWKHVLVEWXDWQWKZADV P XW Dd¢F1GP X®& DV 7KH WULSC
UHVSRQVH ZDV HYDOXDWHG LQ VHHGOLQJVPAKILPEK ZHUH
FRQWDLQLQJ 0 $&& LQ WKH GDUN IRUEXG\D§SWIWHU JHU
VHHGOLQJYV GLVSODVHGSWHOQRWHSUHHNVIRK :7 HIKLELWHG \
WKLFNHU K\SRFRW\OV DQGIYRRWHWHGREQDVUH® CQLWK/KRZH
HIDJJHUDWHG FXUYDWXUH RI WKH DSLFOQ @&dsRiINY ZKLFK Z
VHHGOLQJV )LJIJXUH 7KLY FRQILUPH® Wi&KHDW DW OHLI
ORFDVEWNSE 1H)QH

(@)
(@}



J)LIXUH 7KH WULSOH UH\eSR QQBE5D VRXOW DRWV /
6HHGYVY ZHUH JURZQ RQ KDOI 06 PHGLD XQRBHU WEBYW ORQJ

IRU JHUPLQDWLRQ DQG WKHQ ZHUH WUAR@WBUQHGIWR W
0 $&& DQG JURHEQGDY W IRU GD\V

dis51 KDV D QRQVHQVH PXWDWLRQ LQEMKH FRGLQJ UHJ
$PSOLILFDRINRDOQRIHQRPLF dig5 RI
%DVHG RQ WKH UHEXD WHDERYGF WKGLQJ SURPRWHU DQG
DPSOLILHG IURP WKH JHQRP Ld&511 © HPW H B F WKIKG IDUBR® OHQJ
DPSOLILHG IUDJPH@WQGWKH INlDURVH JHO LPDJH LV VKR:




J)LIXUH $SPSOLIEIRDWQR@ RRPLF did%l R

3&5 SHUIRUPHG XVLQJ WKH '1$ WKDW LVRADRMG LQRBR YW &N DR

SODQWV / KLJK '1$ PDVV ODGGHU NE NLOREDVH 7KH DFWXD
NE )RXU WHFKQLFDO UHSOLFDWHV DUWH.IVKWRAMLGHKRIQXRH

ODGGHU UHSUHVHQWYV WKH VL]H RI WKH EDQG

6HTXHQF LEINR R J L R @lisbD

$FFRUGLQJ WR VHTXHQFLQJ UHVXOW Q WWHR S[RQUD@VLW,
EIN2 JHQHIisQ) ZKLFK OHG WR WKH DPLQR DFLG WU\SWRSKD
ZDV UHSODFHG E\ D SUHPDWXUH VWRS FRGH6XPK(,1 SUJ
FKDQJH OLNHO\ FDXVHV ORVV RI IXQFWLRIR AW [,1LESWRW t
WR #8K$HKHQRWNSH R |




YLIXUH 6HTXHEINR2LQHJRIRQ LQ dis51
BHTXHQFHV IURP 3&5 SURGXFWV ZHUH DOLJQHG WEN2HGRIPHF D WL F VTORZQ PH R/IKW KIHH @N2V W UX F W X
7KH PXWDWLRQ LV LQGLFDWHG E\ WKHR OREL PDO RIZH S$OU AW H VW QBWD \Z DYHV B TXH YKRE XVLQJIGLIII



diss1 DURPD SKHQRW\SH LV GXH WR WKH YRODWL

SKHQ\ODFHWDOGHK\GH DQG SKHQ\OHWKDQRO
3UHOLPLQDU\ VEFEUHHQ RI YROBYM LDAGERPSRXQGV LQ
'XULQJ WKH PXWDQ@RWREHIBQWRD W, ZK Higs YPHXUV DOREWV UL Q J
ZHUH JURZQ LQ WKH JURZWK FKDPEHU DHS®H DY DXQRAD W D
JURZWK FKDPEHU 7KLV OHG PH d¥R KWSHRYRIVH\EIHY HQW R B & H
D FKDQJH LQ YRODWLOHYV 7KHUHIRUH Rlef PDQGOO\ RSH
diss] UHVSHFWLYHO\ ZHUH SUHSDUHG IRU I*& KRB WH DY \VL\
DQ\ GLIIHUHQFH LQ YRODWLOH FRPSRXQIGEDHMDRSOW YRR |
RI WKH FRPSRXQGV EHQ$KEGHKNEHWDO®EHKABEH WKDW
VWULNLQJ HQK DigsE HPRRBWYH® ZLWK LQ :7 DUH VKRZQ LQ
,Q WRWDO IRXU YRODWLOH FRPSRXQGV WKDW ZHUH H
LGHQWLILHG DQG DUH OLVWHG LQ 7DEOH

SHVFUHHO RI YRBTIWILM@®EY LAWK D VLOJOH IORZHU VDPS(
HDFK JHQRW\SH

7KHis51 PXWDQW DQGIHeBY ZHUH VHIDW HUR MWK HRT $PVWHUG
IRU DQ LQGHSHQGHQW DQDO\VLV 7KH *& BBWXQBRQWLV Z
IORZHU VDPS®H D@®HL / UHVSHFWLYHO\ 7KLV DQDO\VLV FI
SUHVHQFH Rl WZR FRPSRXQGV SKHQ\ODFWWBRKGR®\GH [
YLIXUH WKDW ZHUH LGHQWLILHGKXYR B KK 1D URPDWRH [
dis51 LV OLNHO\ FDXVHG E\ WKH HQKDQFHG HPDWWGLRQ RI
SKHQ\OHWKDQRO




JLIXUH *& 06 SURILOHV RI YRODWLOBQBRFSRXOREY LQ /
SUHOLPLQDU\ VFDQQLQJ

7KH DQDO\VLV ZDV SHUIRUPHG XVLQJ a WJIJWKDWX @GWUHMRSHQ
KDUYHVWHG IURP LQGerY LRIXTIO 3HDINQ WWHRI UHSUHVHQWYV WKF
LQWHQVLW\ RI WKH FRPSRXQG eWW R DV351V SKALSIL RIBVMR LLAD H L\
IRWs51 PXWDQW ZKLOH WkH ETKBFSIRWBGWLDO RBODWLOH F
UHVSRQVLEOH IRU WKH @BRPRVSEKGAWRDN\SH QOGLFDWHG E\ UHG C
ILJXUH LV SURYLGHG E\ ODUWLQ +XQW 3)5 3DOPHUVWRQ QRU\

7TDEOH SRWHQWLDO YRODWLOH FRPSRXQYPEBW WKRWDDUH UH
SKHQRW \disBL L)XW D QW
disbl PXWDQW : Ter
7 57 OHDVXUHG LRQ
&RPSRXQGV (QKDQFHPH%%WQ $UHD PLQ $UHD P

EHQ]DOGHK\GH

EHQJ]\O DOFRKRO

SKHQ\ODFHWDOGHK\GH

SKHQ\OHWKDQRO

ZdU E 8 v3]}v 8Ju X dZ VvZ Vv u Vv3 }( %¥yS.v3EA M 3]0  }u%o
v SE A E 0 Mo § pe]vP E Ju% EJe}veX



J)LIXUH *& 06 SURILOHV RI YRODaNLOR@ESHRP ARWR® GRQHQ /
IORZHU IRU HDFK JHQRW\SH

7KH VHPL TXDQWLWDWLYH DQDO\VLV ZIKHWB A8 UIRRIAHE VKD WIZRC
KDUYHVWHe | WRaigS1/ SObDQW 7KUHH UHSUHVHQWDWLYH ELRORJ
VKRZQ 3HDN DUHD UHSUHVHQWYV WKH \GLWRD® KK WHIQNILIWEK RIDW
LQ /er DQI&51 7KH SRWHQWLDO YRODWLOH FRPSRXQGV UHVSF
SKHQRWdiSS4 PQWDQW DUH LQGUBRWWHG/ EH UHIXDH ERESURYLGHG
6FKXXULQN DQG +DUUR %RXZPHHVWHU 8QLYHUVLW\ RI $PVWH!]

(@)}
ot



'LVFXVVLRQ

$ QRQVHQVH PXWDWLRQ LQ WKH & W HMWWPLLE)XVDOHVHJILF

WR P XCOWILSEKHQRW\SHYV
,Q WKLV FKDSWHU DQRSKHDMVOBKPYXWPWMWULVHG DQG RQI
FDXVDO PXWDWLRQV WKDWd&DSKHBRS\R S M LZEDOH LI K QMKHL H
* WR $ PXWDWLRQ RFFXEMN2DIM QWK H, WM [RIDXVRNV D SUHPDW X |
FRGRQ WKDW OLNH®R DJAHRRY HYRBPL WR& WHDWRLQYBEE
UHJLRQ RI WKH (,1 SURWHLQ 7KLV UHUPRQ DQ FERFDH\Q W
>& (1" DW DPLQR DFLG @&RVLWLBQWR@WDR QLQJ QXFO
ORFDOL]J]DWLRQ VLJQDDW D/BLQR DFLG\VSRQ I RREQA RIMLK

@ Rl (,1 WKDW LV QHFHVVDU\ IRU (JHVV.SEBDI WFDDQV C
LV UHTXLUHG IRU QXFOHDU WUDQVORBRWQRQ WRH IPL (& (1"
UHVSRQVHaal..HQ 7KHUHIRUH TUWHIRRYID @MRLQR DFLGV OL
UHVXOWY LQ ORVV RI IXQFWLRQ RI (,17OLQ/GLE MK E SR W H T
E\ WKH ILQGLQJV WKDW PLVVLQJ Rl DPLQRL D&EUGV IURP
FDXVHV IDLOXUH WR LQWHUDFW ZLWKLRT® D@RVYLRI QXF
&(1' IXQFWLRQV %LVVRQ D®G@.*URWK,Q DGALWLRQ WKH
WHUPLQDO UHJLRQ DPLQR DFLGYV QJ EV )UBRIXLUHG
SURWHLQV (73 DQG GHIUMRWDWKRQ RI (,1LVSHR WHIQ QY LVDIOD \
IRU WULJJHULQJ (7 UHVSRQVH 'HOHWLRQ&RI WKLV SR
FRPSOHWHO\ ORVW WKH DELOLW\ WR [RBtWIHUDFW ZLWK (7
7KH PXWDWLRQ LQ (,1 LV YHU\ OdiN B ®MN QRRWESE \RU L E X W H
$OWKRXJK WKH JHQHWLF FRPSOHPHQWDWLRQ ZDV QRW F
WULSOH UHVSRQVH DWisEl\ IAR Q QMMM WIKDWWR $&& WUHD!
LV FRQVLVWHQ\G LZLIWWK KDKH O Rein? R X WOXFWAL Q@ H FRPSOH W
LOQVHQVLWLYH WtRI.(7 5RPDQ

(7 LV D ZHOO NQRZQ VHQHVFHQFH UHJXODWRU\ KRUPRQ
ORQJHYLW\ RI ERWKHONDS/HHW DBOQ/G 10ORIZU D Q & Yd.CEHDRFKNLH U

DQG 7XWHMD etal -LEU D@ al. (,1 SOD\V D FULWLFDO
LQ (7 VLIQDO WUDQVGXFWLRQ DQG DRFWWUDBDID B FBIRTWLYH
5 R P DeQal. $O R AR SUHYLRXV VWXGLHV UHSRUWE
$UDELGRSVLV (,1 ORVV RI IXQFWLRQ PXWXQWY¥HH[KLEL



GHSHQGHQW DQG GBDINVIHGXAEHED FH 2K$OVR PXWDWLRQ
LQ DQ (,1 RUWKRORR ZIHG SH WIXJLLD L\FHR @ M/UG\HHODH VLRH QOF H
6KLEX\D et al. ,Q WKLVisSMWRKEWDQW ZKLFK KDV D QRQV
PXWDWER® HQPKLELWHG GHOD\HG VHQHVFHQFH SKHQRW\S
LQIORUHVFHQFHV DQG ILUVW FDXOLQH OHDYHV XSRQ GDL
ZLWK WKH ILQGeRIW XWDRMWMKHDQG DJUHHV ZLWK WKH U
UHJXODWLQJ ERWK IHERIWIUHQBIE GBDILNH WWKDI\ FRY R H\QL F
PXWHEWclI GHVFULEHG L Q&K BIRWRDXUWDQW LV D IXQFWLR
VWD\ JUHHQ PXWD QWVEKL¥HKQ@HWAFV)FHWS UR WKNVHRRQUH QF
VXUSULVLQJ WKDW WKH GHWDFKHG GDisfl L®EBEMWRHG L
H[KLELW SUMHWHQWILRQ EHWQBHKRKEKO WKHY HYHQW XD O
VKRZHG \HOORZLQJ

%HVLGHY WKH DOWHUHG VHQBYFHQFR GKWRRWHIH RWK
SKHQRW\SHV LQFOXGLQJ GHOD\ LQ EROWLQJ DQG IORZHUI
RI FDXOLQH OHDI WKH GHOD\ LQ EROWMH YMWHPAHDB ® QY|
UHSRUWHG La2DERWIKGW *X]PDQ DQG (FNHU 7KLV
FRQVLVWHQW ZLWK amMXH DQEBEHEQR X WDIKQDWW H[KLELW HQOL
RUJDQV LQFOXGLQJIORZWHV D/QVHRVOLTAWMK :FRPSQUHG Z

et al. 7KH GHOD\HG WLPH WR EROWLQJ IORZHULQJ DG
KDYH DOVR EHHQ REVHUYHG LQ ¥WKHY% O H@FRMQW LWLYH PXW
& KD étal. 7KLV VXJIJHVWYV WKHVH SKHQRWHARSHNMW UH OLI

LQ (7 VLIQDOOLQ Jis$10 WKRZH& WIGHOD\ LQ IORZHULQJ WL
a GD\V FRPSDUHG ZLWK :7 LWV GHOD\HGYGIBI UG HOKIQJ Z
LQIORUHVFHQFHVY WKDW ZHUH KDUYHVWHRBHDVWY HORZBBKQ
VHH &KDSWHU EHWEHHHQKIZVDODGIIJHVWY WKDW WKH
GHOD\HG IORZHULQJ WLPH ZDV QRW WKHGHWIODYRG MXDW
LQIORUHVFHQFH GHJUHHQLQJ

$V GLVFXVVHG LQ &KDSWHU (06 PXWDJHQOWBIW. KFQQ LQG
HDFK WUHDWHG SODQW 2VWHUJDDUG DQG D @R/IWN\

FRPSOH[ SKHQRW\SHV FDXVHG E\ GHIHFW\W QX0 P XKOMULE O +
WKH VHJUHJDWLRQ UDWLRV L@s50KHer)/ SRGXODMWMLRQ R
VLIQQMFO\ GLITHUHQW IURP WR SKHKQRWABHI HV VQ\R W KEHD X \

06



E\ D VLQJOH UHFHVVLYH WUDLW , WVDWi& RV U D LWH W HWKHD B
IURP WZR RU PRUH PXWDWLRQV 7ZR SRWVWEIHOLWLHYV
SKHQRW\SH PLJKW EH FDXVHG E\ DQ XQQII)NMHGKERKRO Jt
OHDGV WR D VHJUHJDWRLR Q: LL/DKV MWRR W IS® D Q WWH Y QY WAGK H )
SRSXODWIISRIQ Rf / WKH REVHUYHG URIM/LRDV QRW
VLIQLILFDQWO\ GLIIHUHQW IURP W RP D\ \OXIH HW RV MOKIHW K
WZR XQOLQNHG UHFHVVLYH PXWDWLRQVR +RZHYHU WK
:7dis LQ WKH ) SRSIBIDWERQ REZLWK WRWDO WHVWH
VKRZHG D VLJQLILFDWR\P GLMWHRU H QFHW K RK WK SW K HWKDRQ
VHJUHIJDWH EHWZHHIMQG?7 &RO PD\ FRPSOLFDWH SKHQR
DGGLWLRQDO WidlisD MWMIiEBAD ARUK IS L&KL VTXDUHG WHVW LQGI
WZR UHFHVVLYH PXWDWLRQV DUH O LdZNWMGD $\@ RW KUHHV S RW
IURP FRPELQHG HIIHEWHRAXW DWERQVDQG WD RX\WD\8RRQQD
ZKLFK FDXVHV D W R 7 WR GLV VH/JIUWKHDIDHNGL RVQH \U\B W
DSSHDUHG WR UHMHFW WKLV K\SRWKHVLYDWEKR XKV ZKH \
GLIIHUHQW IURP di¥BR[ é£Q ZDMHDPELPXRXV 7KHVH
UHVXOWYV UHYHBI®HE UNBKRIWD ®RBIMDUHG WR EH FDXVHG E\
UHFHVVLYH PXWDWLRQV KRZHYHU LW ZDV QRW FOHDU :
ZHUH OLQNHG RU QRW

7R VXP XS WKH GHOMHEBHLOHSROHVHQHVFHRQ RIK5S KHQR W\
KLIKOLJKWY WKH UROH RI (7 LQ UHJXODRMWIHMFMBOHV FRHIQ
$UDELGRSVLV 2QH RI WKH OHVLRQ@¥ SWHDURWRSHWIDDE X W
LGHQWLILHG 7KH QR Q45D WH1 \PXXOWDW LRQDLRUHPDWXUH VV
ZKLFK OLNHO\ FDXVHV GHOHWLRQ RI FHRWVYPDR D,Q (&(1'
LQVHQVLWLYH SKHQRW\SH

JORUDO IUDJUDQFH FRPSRXQGV SKHQ\ODFHWL

SKHQ\OHWKDQRO DUH OLNHO\ WKH FDXVdis5lIRU WKH DU
$SDUW d&RR U WRRODWHG SKHQRWUSHYV P XWBRIHNWM QQJO VR
UHOHDVHG D SOHDVDQW IUDJUDQFH 7KH SBKQGHRQRADO\VL
HISHULPHQWYV GHWHFWHG WZR YRODWLOH FRPSRXQGYV
SKHQ\ODFHWDOGHK\GH 3+$ RU 3%$0G ORWKKEROOHWK |
3( WKDW ZHUH OLNHRY WHWS RIDVWEDOH B ( SIKGI® RW\ S H

06



3+$ 3$0G DUH LPSIRUWBRMSRRQOW W K WK HF RQDWRDEX \R H )
PDQ\ IUXLWV VXFK DV WRPDWR Bt@QIG VW UDXZEHIIW\ %DOGZ
W LV DOVR WKH PDMRU DURPDWLF@PREPBHROHQW RI PL
VXFK DV URVdtlal.6 KDOLSXVD&RIY DQG SHWXQLD
9HU G BQIN %RDVWUALIKW  7KHVH WZR FRPSRXQGV KI
HVVHQWLDO ELRORJLFDO IXQFWLRQV LQFERWK SYRQW
LQVWDQFH ERWK DI\ VSRV WYV HRW & H DHF B HEDWWVIUIRFVE
Rl SROOLQDWRUYV DQGeBalHGDWRIMKXA. 5DJXVR3( KDV
DOVR EHHQ UHSRUWHG WR SRVVHVV DQW®GP.RRQHRELNDID SU
DQG PD\ KDYH SURWHFWLYH UROBIVIRW ILO/RV\IAWRH YD A
E\ UHSURGXFWLYH RUJDQV

3( LV VIQWKHVLVHGOWRP WRKIHQBURFLG K SKBIQNOFODQLQ
SKHQ\ODFHWDOGHK\GH UHYL&.ZHG E O X'KGHRIBYQ
7KH JHQHV DQG HOH®HW WMORHR ELRYDQWKHVBILF SDWK
KDYH SUHYLRXVO\ EHHQ FKDUDFWHULVHGELQJVSIFY\W X Q DDS (
URVH DQG WRPDWRA. 'XGDOXKOHE&BAQQ JLIXUH
,Q SHWXQLD SHWDOV FRQYHUVLRQ RI /FIXWDWRV BKHE\ O D
SKHQ\ODFHWDOGHK\GH VIQWKDVH 3$$6 BKGR{KDEHORQJV
SKRVSKDWH GHSHQGHQW DPLQR DFLG GHFDUER[\ODVHV
,Q URVH SHWDOV KRZHYHU DQ DVOMKDM DMH.Y HRELQRGE )
6DNDLetal. )DL + L DAV D ZKLOH LQ WRPDWR I
DGGLWLRQDO UHDFWLRQ LV UHTXLUHGetWIR IRUP 3$0G
JLIXUH $OW KR XWK WMWKV RLU R VARO GHORAR BV B K ZIBIW L Q
GLVWLQFW VSHFLHV RWKBS$RQWRIVBRQY WRBDWR 7LHPI
DQG URVHet®@DNDL &Keétal E DUH LGHQWLFDO DQG
DUH FDWDO\VHG BOSKHKQGBIDFHGXFWDVHY 3$5V

,Q SUDELGRSVLVY WKH HPLVVLRQ DQGLIXIQFMWQWRHRRW3SSBY
*XWHQMRBRIKQ 3$0G KDV EHHQ IRXQG WR EH HPLWWHG
LQ UHVSRQVH WR WH®OW HR-$ DRXHIDGN QJ MYRIHHWW EXW E
DFFHVVLRQV 6HL DQG 'At24§20340RDIHRAIAG28680 HQFRGLQJ
S\ULGRJB&XRVSKDWH GHSHQGHQW $3$'&V DQGWRK RVZKH J KL.
LGHQWLILHG SHWXE@HB @$$SEHBWYH HG LRZHY B BL GREOALV

00



At2g20340 KDV EHHQ SURYHG WR EH DQ DURPDWLFGDOGHK\GH
LV UHVSRQVLEOH IRU SKHQ\OID REAED @)%\ K BHR KRWPE. W L R C
7 '1$ NQRFN GRZQ D®G5 U DQW HHQH U HILFRHH V5 RA L
AtAAS H[KLELW VLJQLILEID Q3% UG GXRGXEW WRIQV KERWKRXH R W
VR IDU WKDW WKHDHPRRVSIHR GXFHY 3$0G WKH VWULNLQ
330G DQG 3( LQ WKH PXWD&W VRPISDUHG VZK W K X WD W LR
diss51 OLNHO\ DIIHFWYV RQKR UWIXMFWALRSG RIHEH Q8 WKLYYRO

SDWKZD\

JLIXUH 6FKHPDWLF UHSUHVHQWDWLRQ ®\NVWKRU ELRV\Q!
SKHQ\ODFHWDOGHK\GH SKHQ\OHWKDQRO EHQ]DOGHK\GH DQG
J)LJIXUH ZDV PDGH EDVHG RQ WKH SXEOLVKHG ELRV\QW
SKHQ\OSURSDQRLG EHQ]JHQRLG FRPS8RXQGV :LGXODHP DQG
'XGDUHYD etaLUDWD )RU VLPSOLFLW\ RQO\ WKH IRUPDWLRQ
3+$ 3( EHQ]DOGHK\GH DQG EHQ]\O D O FRPK-RO RD UMK WK/ RIZIR XIQ ¢
FRPSRXQGV DUH KLJKOLJKWHG ZLWK \H G®IRZDEIFRZN R® G GF BW ¢
WKH FKDUDFWHULVHG DQG VSHFXODWHG %DWRKZADNK HQIJVPRN U
3(LQ SHWXQLD OLJKW EOXH DUURZ EURRISVGWDUGDUMN EQXHIDRB
DQG WRPDWR EODFN DUURZV DUH SUHVHQWHG (Q]J\PHV DQG
DQG GHSHQGHQW QRQ R[LGDWLYH SDWKZ3%4$DUNURRRIMLA Q U
DPLQR DFLG DPLQRWUDQVIHUDVH $W$$$6\GHUDEQWRBVHY DU
$$'& DURPDWLF DPLQR DFLG GHFDUER[\ODMI®DVHN 3RFEXPDUD\
SKHQ\ODFHWDOGHK\GH V\QWKDVH 3%/ [/ 3KHQB®BPODQLQH
SKHQ\ODFHWDOGHK\GH UHGXFWDVH 33'& HSKIBQ\OS\BXYDWH G
DPLQRWUDQVIHUDVH



%HVLGHYV WKH WZR FRPSRXQGV GHVFULERIRSREREM RWK
%HQ]DOGHK\GH DQG EHQ]J\O DOFRKRO ZHKLUBBEIVKRZHG V)
FRPSDUHG ZLWK :7 ZHWHG OQ RVEHWHBVW H[SHULPHQW §
ZHUH QRW GHWHFWHG LQ WKH VHFRQG H[SHULPHQW , FF
IRU WKH SUHVHQFH MR3$RXIQHSWH EMER XARH L WHRSL EK VW EH FD X
GLIIHUHQW VDP SO HDKWD WXHIWAM W EZRHVQ G HHSHM\G HIQKW VHILS'H U
VXSSRUWHG E\ WKH ILQGLQJV WKDW |9 RELDUF DYGRMIW L O

UK\WKPLFLW\ .RORVRY D 3dt FaReQ H. ,(QWHUHVWLQJO\
EHQ]DOGHK\GH LV INRVPR/ GHKHL VX®D#H.PDQQ :LGKDOP
DQG 'XGDUHYD J)LIXUH I WKH HQKDQFHPHQW R

EHQJ]\O DOFRKRO FDQ EH FRQUISEIPENG P R/WH ® XMHDON LIRI QHEQY
XSVWUHDP SDWKZD\ L H ELRV\QWKHWHF SDDWKZDD\ R1 /
7]1LQ DQG *DOLOL

6R IDU ZKHWKHUSKMKPRIWKRIR LY O LAZNHIGH QIRWK S\WKIHV QRW
FOHDU +RZHYHU D QHJDWLYH FRUUHODWORQORDDOEHH
IUDJUDQFH DQG ORQIRMWRIEHEFDXYBQFH GDAKHEGHQ IRX
VHOHFWLRQ IRU ORQJHYLW\ RtaURVH IOREZHBRDODLQVWHL
7KLV LV DOVR VXSSRUWHG E\ WKH IDFW WKDW WK
FRPSRXQGV -$ DQG OH-$ DFFHOHUDWH ¢0aRZHU VHQHVEH
3RUM W, 7R P\ EHVW NQRZOHGJH LW KRM2QRW EHHC
PXWDQWYVY HPLW LQFUHDUYR 8DIWLAEX QRG/D RINIOHH \D URPWK R X J
SKHQRW\SH GRHV QRW DSSHDUeNZRPZEWONMQRRODN RQ WK
FRUUHODWLRQ EHWZHHQ (7 SURGXFW LIV DSUGI YORK DO\ Y |
EHHQ UHSRUWHG )RIW HIBPROORXQW W KDW U Q BXHDWIHREQ( 7
K DIWHU SROOLQDWLRQ RU DIWHU VXSRBU HYVYRIWXWK HV
ELRV\QWKHVLY DQG RPLYROPW ROHPDMQBEPXGLQIB( 3+$
EHQ]JDOGHK\GH DQG EHQJ]\O DOFRKRI@A.LQ SHWKQVILV8QGH
DOVR FRQVLVWHQW ZLWK WKH ILQGLQJVLROQKIRW WKH
EHQJHQRLG SKHQ\OSURSDQRLG ELRV\QWEX$SBLEZHHBHV LC
UHGXFHG ZKHQ WU HDW HG KRR/ (BROTXKRXRQVLPLODU
HIITHFW RI (7 RQ IUDJUDQFH SURGXFWLR®BWHUHRGVVQRQ
FXW VZHHW SHD IORZHUV 6H[WRQRWaM IORZHUV KRZH
HQGRJHQRXV (7 SURBHFORDRQ (R WH RV X UHF®/R YR ODRWL. MH |

N 7



HPLVVLRQ e08RUGD 7KHVH ILQGLQJV VXJIJHVW WKDW [
SURGXFWLRQ HPLVYDR® \LV HGXIODWHBMDLPRQ J, IS(YTDROWV R S H
LQYROYHG LQ UHJXODWLRQ RI YRODWLOMDMPLRAY ILRQ( LIQ §
PD\ HQKDQFH WKH DURP@is5HPRXWDR®W L@KHUHIRUH XU
LQYHVWLIJDWLRQ LV QHHGHG WR ILQG RPXW DLW MRKH LD/UR
JHQHWLFDOO\ Odis3Neih@ GRWXVWK® DGGLWLRQ LW ZLOO EF
GHWHUPLQH WKH UHERQWIUDIVRIQEF HE HPZ VFWRRQ (D QS3J R G X
VHQHVFHQFH LQ WKLV $UDELGRSVLV PXWDQW



6WULJRODFWRQH GHIHFWSYBE LRXR\ED/YQ W V

H[KLELW GHOD\HG VHSDO VHQHVFHQFH

 QWURGXFWLROQ
BWULJRODFWRQHV 6/V DUH FDURWHQRLBEGEULNYBG SK)
%RXZPHHVWHU Arabidopsi 6/ ELRV\QWKHVLV LQYROYHV V
FRQYHUVLR@GnsRI FDOBWHQH LQWR FDUODFWRQH &/ 7KL
VHTXHQWLDO DFWLYLWLHV RI FDURDWARRYZGD27VRPHUDVH
FDURWHQRLG FOHDYDJH GLR[\JEGDDMORE AKIRLERGHG E\
GROWTH3 MAX3 D QUED8/MAX4  $ GetGaH U &/ D FRPPRQ
SUHEXUVRU WR 6/V LV WKHQ R[LGLVHG L&WR WEKUWODF
F\WRFKURPH 3  HQJ]\PHet0#f; $EH&/$ LV IXUWKHU FRQYHL
LQWR PHWK\O FDUODFWRQRDWH OH&/$ DRBDRWL.QRZQ D
FRPSRXQG WKDW LQWHUBFWSWRUWK 6/E\ DQ XQNQR
PHWK\OWUDQVIHUDVH S$EXEVMHTXHQWO\ OH&/$ LV FRQYH
I$7(5$/ %5%$18&+,1* 2;,'25('8&7$6( /%2 WR DQ XQLGHQWLIL!
FRPSRXQG OH&/$ 'D ZKLFK UHIHUV WR D WK&D® OLNH F
DGGLWLRQDO PDVV Rleta.'D %UBZWIUIQDOOLQJ UHTXLUH
UHFHSWRU $W' WKDW ELQGV WR 6/ D QB0 K®BU®ROO NG N HLG/
LQWHUPHGLDWH PROHFXOH &/,0 ZKLHKRDEWY DV DFWLYF
7KLV DOORZV $W'YLWRDLERVHBEDPWWLRWRBD FEBQ $HW RWWEKQ
' D ULFH RUWKRORJ Rl $UDELGRSVLVHS$; $SWREUBRSXLW L
60;/ IRU GHJUDBRWLRBHVKE SURWHDVYR®BER.V\VWHP -

=KRX et al. D Qed al. 7KH ELRVI\QWKHVLV DQG VLJ
SDWKZD\V RI 6/ LV VKRZQ LQ )LIJXUH



J)LIXUH 7KH VWULJRODFWRQH ELRVI\QWKHWLIFQ DQG VLJ
Arabidopsis thaliana

&KDUDFWHULVHG HQ]J\PHVY DQG SURWHLQV RI 6/ ELRV\QWKHVLV
ZLWK OLJKW DQG GDUN EOXH EDFNJURSQRG XHW S HDRUMLYQ G L F BV
DQG 6/V DUH KLIKOLJKWHG ZLWK D JUHHQ EDFNJURXQG

6/VSOD\ GLYHUVH UROHV LQ SODQW GHYHORSPHQW LQF
VHQHVFHQFH e8®RZGH@UHZHUetal. <DPDGD DQG 8PHKDUD

6 D H lGal. +RZHYHU ZKHWKHU WKH\ UHJXODWH
VHQHVFHQFH KDV QRW EHHQ UHSRUW H GK WOR WHI XRAUDW € &/
DQG FDQ EH LQLWLDWHG SUHFRFLRXVO\SEARDBQURBV V\

iio



GDUNQHVV ZKLFK FDXVHV VWDUYDWLRQ IDQGIDVWUDQVFU
UHVSRQVLYH JHQHV DQG VHQHVFISAEFEH BXFRFIBQMHG JHC
LQFOXGH VHQHVFHQFBAGID UNGIG WHIQH)VFULSWLRQ IDFWF
ANAC092 DQNAP 7ULSDWKL DQG 7XWHatAl. TMKIPCHOD OLQL
DQG 7DKLU

,Q WKLV FKDSWHU LGBEWREULENWWRE RY HVEZ RWD QGMV HEF /G
VXJJHVW D UROH RI 6/ LQ UHJXODWLQJMHUIRZRAHGY WEHYV FF
Q&RXQWHU EDVHG WUDQVFULSWLRQDWLR@IVE LS. ¥ HWRZ HBI Q
6/ ELRVVQWKHVLV VLIQDOVDUVPMBLRQOWGHIFHG LQIO
VHQHVFHQFH LQ $UDELGRSVLYV



SHVXOWYV

SKHQRW\SLF DAd3® O\QWBYS RRIXWDQWV
7 K Helayed inflorescence senescence dis P XW QI@WIVQ@GE15 PXWDQWV
ZHUH LGHQWLILHG ENR¥PED S HEIPDQ DIUS ,VF UHIEQ DX/ L Q
-LEUDQ et al. 7TKHVH WZR PXWDQWYVY ZHUH DOVR IRX
LQFUHDVHG EUDQFG&HFXHDHUH G @ plén& k HE UKW
7KH GHOD\HG VHSDO GHJUHHQIih Qldnt®d G& HQKRW REHWHUEZ MY &
FRQILUPHG LQ WERHYUNWKRBYQ@QQQ® )LIJXUH

JLIXUH '"HOD\HG LQIORUHVFHQFH GHJUHHQUIERI @& EXVK\ S|
dis15

$ 'HJUHHQLQJ RI GHWDFKHG GDUN KH®@GE H\Q ZHRIH 8PIBE RBVL Q
ZDWHU DQG ZHUH SKRWRJUDSKHG DW GD\ RI GDUN LQFXEDWL
DUH VKRZQ % 9%UDQFKiadtd SKHQRNWRSG SODQWYV JURZQ XQG
GD\ FRQGLWLRQV K K OLJKW GDUNDRAFOHFPZHUH SKRWRJUD

,QDGGLWLRQ WR WKH WZR SKHQ RIit0\ SHOMEEH VE WLE RG DE
H[KLELWHG GHOD\HG VirpBm®d EHXWHHQL®JI % $SSHQGL[ §
DQG LQ GHWDFKHG LQIORUHVFHQFHV W KR ZIHWIHR §XE M |
YLIXUH & $SSHQGL[ %




































































































































































































































































