
?QGSY =TQKIZQGW 3OTQTM^ 46: 1+1n1,/& ,**+(

o ,**+ ;QZ\KW 2IGJKROI ?ZHQOXNKWX% ?WOSYKJ OS YNK >KYNKWQGSJX%
1+1

Expression of the FAE1 gene and FAE1 promoter activity in developing

seeds of Arabidopsis thaliana
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5KUGWYRKSY TL 3TYGS #̂ CSO[KWXOY^ TL 3WOYOXN 4TQZRHOG# -).' CSO[KWXOY^ 3TZQK[GWJ# DGSITZ[KW# 34 D-B (F+#

4GSGJG !∗GZYNTW LTW ITWWKXUTSJKSIK0 K$RGOQ PZSXY1OSYKWINGSMK%ZHI%IG

GVTVZgVU 1 BRcTY ,**+5 RTTVaeVU Z_ cVgZdVU W`c^ ,. BRj ,**+

;K^ \TWJX/ 2WGHOJTUXOX# 726( ViacVddZ`_& WReej RTZU V]`_XRdV& -'\Ve`RTj]'8`6 dj_eYRdV& dVVU `Z] UVa`dZeZ`_&

dVVU'daVTZ!T ac`^`eVc

Abstract

E]R_e WReej RTZU V]`_XRdV hYZTY TReR]jkVd gVcj']`_X'TYRZ_ WReej RTZU $KA8;6% SZ`dj_eYVdZd Zd R ^V^ScR_V'S`f_U

^f]eZV_kj^V T`^a]Vi( >e Zd T`^a`dVU `W W`fc V_kj^Vd& R -'\Ve`RTj]'8`6 dj_eYRdV $T`_UV_dZ_X V_kj^V%& R -'

\Ve`RTj]'8`6 cVUfTeRdV& R -'YjUc`ijRTj]'8`6 UVYjUcRdV& R_U R_ V_`j]'8`6 cVUfTeRdV cVbfZcVU W`c T`^a]VeZ`_ `W

VRTY deVa `W ,'TRcS`_ V]`_XReZ`_ `W WReej RTZUd( I` Z^ac`gV `fc f_UVcdeR_UZ_X `W eYV `gVcR]] cVXf]ReZ`_ `W eYV WReej

RTZU V]`_XRdV& hV Z_gVdeZXReVU eYV daReZR] R_U eV^a`cR] ViacVddZ`_ `W Zed \Vj T`^a`_V_e& eYV ;6:+'T`_UV_dZ_X

V_kj^V& R_U ViR^Z_VU eYV RTeZgZej `W eYV ac`^`eVc `W eYV 726( XV_V Z_ 2WGHOJTUXOX( :S XOYZ YjScZUZkReZ`_ cVdf]ed

cVgVR]VU eYRe 726( ecR_dTcZaed hVcV W`f_U ViT]fdZgV]j Z_ eYV V^Scj`( GC6 S]`e R_R]jdZd R_U YZde`TYV^ZTR] R_R]jdZd

`W <JH RTeZgZej Z_ U726(//8CA ecR_dXV_ZT 2WGHOJTUXOX ]Z_Vd UV^`_decReVU eYRe eYV 726( XV_V hRd R]cVRUj ecR_'

dTcZSVU Z_ eYV VRc]j e`caVU` deRXV V^Scj`d .n/ URjd RWeVc "`hVcZ_X& hZeY ecR_dTcZaeZ`_ cVRTYZ_X Zed aVR\ 3n++ URjd

RWeVc "`hVcZ_X( KA8;6 UVa`dZeZ`_ T]`dV]j aRcR]]V]VU 726( ecR_dTcZae RTTf^f]ReZ`_( 726( ac`^`eVc hRd YZXY]j

RTeZgV R_U V^Scj`'daVTZ!T( 7VTRfdV Zed eZ^Z_X T`Z_TZUVd hZeY eYV aVcZ`U `W ^R[`c de`cRXV ]ZaZU RTTf^f]ReZ`_& R_U

SVTRfdV Zed OS [O[T RTeZgZej Z_ 2WGHOJTUXOX Zd dfaVcZ`c e` eYV _RaZ_ ac`^`eVc& 726( ac`^`eVc ^Rj SV ZUVR] W`c XV_VeZT

V_XZ_VVcZ_X `W dVVU `Z] T`^a`dZeZ`_(

2HHWK[OGYOTSX/ M4N& R WReej RTj] Xc`fa T`_eRZ_Z_X M TRcS`_d hZeY N U`fS]V S`_Ud

Introduction

KVcj']`_X'TYRZ_ WReej RTZUd $KA8;6d& WReej RTZUd hZeY

TYRZ_ ]V_XeYd > +2 TRcS`_d% RcV T`^a`_V_ed `W eYV

dVVU `Z] `W R _f^SVc `W a]R_e daVTZVd& Z_T]fUZ_X ^V^'

SVcd `W eYV 7cRddZTRTVRV& R_U daVTZVd Z_ eYV XV_VcR

<ORSGSYNKX& AORRTSJXOG R_U BWTUGKTQZR( IYV acVd'

V_TV `W KA8;6d Z_ gVXVeRS]V `Z]d ^Rc\VU]j RWWVTed

eYVZc fdV( ;`c ViR^a]V& cRaVdVVU `Z] Zd _RefcR]]j YZXY

Z_ VcfTZT RTZU $,,4+5 ./n0*# `W e`eR] dVVU WReej RTZUd%&

hYZTY cVacVdV_ed R_ Z^a`ceR_e Z_UfdecZR] WVVUde`T\ W`c

eYV ac`UfTeZ`_ `W YZXY'eV^aVcRefcV ]fScZTR_ed& T`d'

^VeZTd& aYRc^RTVfeZTR]d R_U a]RdeZTZkVcd $?`Y_d`_ R_U

;cZek& +323%( IYfd& eYVcV Zd R XcVRe UV^R_U e` WfceYVc

Z_TcVRdV VcfTZT RTZU T`_eV_e Z_ Z_UfdecZR] gRcZVeZVd `W

cRaVdVVU( D_ eYV `eYVc YR_U& VcfTZT RTZU Zd f_UVdZcRS]V

Z_ VUZS]V `Z]d SVTRfdV Ze YRd UVecZ^V_eR] _fecZeZ`_R]

VWWVTed $7VRcV'G`XVcd& +33,%( 6d R cVdf]e& TR_`]R gR'

cZVeZVd `W cRaVdVVU UVg`ZU `W VcfTZT RTZU YRgV SVV_

UVgV]`aVU W`c VUZS]V `Z] ac`UfTeZ`_ $HeVWR_dd`_ KY GQ(&

+30+%( IYVdV TR_`]R cRaVdVVU gRcZVeZVd RaaVRc e` YRgV

^feReZ`_d Z_ eh` XV_Vd eYRe V_T`UV -'\Ve`RTj]'8`6

dj_eYRdVd& Z_g`]gVU Z_ eYV V]`_XReZ`_ `W 8+2 R_U 8,*

WReej RTZUd $ARdd_Vc KY GQ(& +3305 7RccVe KY GQ(& +332%(

IYVdV ViR^a]Vd Z]]fdecReV eYRe eYV RSZ]Zej e` ^R_Zaf]ReV

KA8;6 ^VeRS`]Zd^ Z_ R UVdZcVU WRdYZ`_ Zd Z^a`ceR_e

W`c RXcZTf]efcV(

KA8;6 RcV dj_eYVdZkVU Z_ eYV Tje`d`] Sj VieV_dZ`_

`W +2'TRcS`_ WReej RTZUd XV_VcReVU Z_ eYV a]RdeZU( :RTY

TjT]V `W WReej RTZU V]`_XReZ`_ RUUd eh` TRcS`_d e` eYV

RTj] TYRZ_ R_U Z_g`]gVd W`fc cVRTeZ`_d& T`_UV_dReZ`_

`W ^R]`_j]'8`6 hZeY R_ RTj] acZ^Vc& W`]]`hVU Sj R cV'
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UfTeZ`_& UVYjUcReZ`_ R_U R dVT`_U cVUfTeZ`_( IYV W`fc

V_kj^Vd TReR]jkZ_X KA8;6 SZ`dj_eYVdZd RcV \_`h_

Rd eYV WReej RTZU V]`_XRdV $g`_ LVeedeVZ_'@_`h]Vd&

+32,%( IYVj RcV ^V^ScR_V'S`f_U R_U eY`fXYe e` SV

Rdd`TZReVU Z_ R Wf_TeZ`_R] T`^a]Vi $LYZe!V]U KY GQ(&

+33-%( IYV -'\Ve`RTj]'8`6 dj_eYRdV $@8H% TReR]jk'

Z_X eYV T`_UV_dReZ`_ cVRTeZ`_ a]Rjd R \Vj c`]V Z_

UVeVc^Z_Z_X eYV TYRZ_ ]V_XeY `W WReej RTZU ac`UfTed

W`f_U Z_ dVVU `Z]d $ARdd_Vc KY GQ(& +330& BZ]]Rc R_U

@f_de& +331% R_U Zd eYV cReV']Z^ZeZ_X V_kj^V W`c dVVU

KA8;6 ac`UfTeZ`_ $BZ]]Rc R_U @f_de& +331%(

>_ RUUZeZ`_ e` eYV RTeZgZej `W eYV @8H& eYV T`^a`dZ'

eZ`_ `W eYV WReej RTj]'8`6 a``] RgRZ]RS]V W`c V]`_XReZ`_

$BZ]]Rc R_U @f_de& +331% R_U eYV acVdV_TV R_U dZkV `W

R _VfecR] ]ZaZU dZ_\ RcV Z^a`ceR_e WRTe`cd Z_"fV_TZ_X

eYV ejaVd R_U ]VgV]d `W KA8;6d ^RUV Z_ R aRceZTf]Rc

TV]]( ;`c Z_deR_TV& cVUfTVU RTTf^f]ReZ`_ `W de`cRXV

ecZRTj]X]jTVc`]d Z_ R ^feR_e `W 2WGHOJTUXOX UV!TZV_e

Z_ UZRTj]X]jTVc`] RTj]ecR_dWVcRdV RTeZgZej cVdf]ed Z_ R

dVgVcV cVacVddZ`_ `W KA8;6 RTTf^f]ReZ`_ $@ReRgZT

KY GQ(& +33/%( 8`_gVcdV]j& eYV TcVReZ`_ `W R ]RcXV _Vf'

ecR] ]ZaZU dZ_\ W`c KA8;6d RaaVRcd e` dZX_Z!TR_e]j

Z_TcVRdV eYV KA8;6 T`_eV_e Z_ 2WGHOJTUXOX dVVUd(

6 X``U ViR^a]V RcV 2WGHOJTUXOX dVVUd V_XZ_VVcVU

e` ac`UfTV YZXY ]VgV]d `W de`cRXV hRiVd $ARcUZkRSR]

KY GQ(& ,***%( IYVdV hRiVd RcV VdeVcd `W ^`_`f_dRef'

cReVU KA8;6 R_U WReej R]T`Y`]d $BZhR& +31+%& eYfd

KA8;6 RcV cVbfZcVU W`c eYVZc W`c^ReZ`_( 6_R]jdVd `W

dVVU `Z] Wc`^ dVgVcR] Z_UVaV_UV_e ecR_dXV_ZT ]Z_Vd Z_'

UZTReV eYRe eYVcV Zd R ]Z_VRc cV]ReZ`_dYZa SVehVV_ hRi

T`_eV_e R_U eYV RTTf^f]ReZ`_ `W KA8;6d& hYZTY Zd

^RZ_eRZ_VU VgV_ Z_ ]Z_Vd hZeY eYV YZXYVde hRi ]VgV]d(

9VdaZeV cVTV_e ac`XcVdd Z_ f_UVcdeR_UZ_X eYV SZ`'

TYV^Zdecj `W WReej RTZU V]`_XReZ`_& cV]ReZgV]j ]Zee]V Zd

\_`h_ RS`fe eYV ViacVddZ`_ `W eYV V_kj^Vd T`^acZd'

Z_X eYV V]`_XRdV( >_ eYZd defUj& `fc X`R] hRd e` ViR^Z_V

eYV eV^a`cR] R_U daReZR] ViacVddZ`_ `W eYV lWReej RTZU

V]`_XReZ`_ +m $;6:+% T`_UV_dZ_X V_kj^V V_T`UVU Sj

eYV 726( XV_V Z_ 2WGHOJTUXOX( IYV 726( XV_V hRd

T]`_VU Sj ecR_da`d`_ eRXXZ_X $?R^Vd KY GQ(& +33/%

R_U dY`h_ e` SV ViacVddVU Z_ UVgV]`aZ_X 2WGHOJTU$

XOX dVVUd& Sfe _`e Z_ ]VRgVd( Dfc cVdf]ed acVdV_eVU

YVcV cVgVR] eYRe eYV 726( ecR_dTcZae RTTf^f]ReVd Z_

eYV dVVU ViT]fdZgV]j Z_ eYV UVgV]`aZ_X V^Scj` Re eYV

eZ^V `W KA8;6 ac`UfTeZ`_( >_ RUUZeZ`_& hV T]`_VU

eYV / 'fadecVR^ cVXZ`_ `W eYV 726( XV_V& R_U hV

UV^`_decReV eYRe eYV Zd`]ReVU 726( ac`^`eVc WcRX'

^V_e VW!TZV_e]j UZcVTed eYV dVVU'daVTZ!T ViacVddZ`_ `W

W`cVZX_ XV_Vd UfcZ_X V^Scj`XV_VdZd(

Materials and methods

@>2 OXTQGYOTS GSJ N^HWOJO_GYOTS

I`eR] GC6 hRd Zd`]ReVU Wc`^ dZ]ZbfVd Sj R ^VeY`U

RURaeVU Wc`^ @Rj KY GQ( $+321%( IYZcej dZ]ZbfVd `W

dV]VTeVU UVgV]`a^V_eR] deRXVd hVcV YRcgVdeVU& Wc`kV_

Z_ ]ZbfZU _Zec`XV_& R_U Xc`f_U Z_ R ^`ceRc hZeY

, ^] ViecRTeZ`_ SfWWVc $+** ^B CR8]& +* ^B IcZd'

=8] a= 1(/& + ^B :9I6& +# H9H%( IYV eZddfV

hRd ecR_dWVccVU Z_e` R efSV T`_eRZ_Z_X ,(/ ^] aYV'

_`])TY]`c`W`c^ $+4+%& dYR\V_ W`c Re ]VRde +* ^Z_& eYV_

TV_ecZWfXVU W`c ,* ^Z_ Re /*** × X Re . ◦8( IYV

RbfV`fd ]RjVc hRd cV^`gVU R_U cV'ViecRTeVU ehZTV

hZeY aYV_`])TY]`c`W`c^ $+4+%( =ZXY'^`]VTf]Rc'hVZXYe

GC6 hRd acVTZaZeReVU Sj RUUZ_X R_ VbfR] g`]f^V `W

/ B ]ZeYZf^ RTVeReV e` eYV !_R] dfaVc_ReR_e W`]]`hVU

Sj R_ `gVc_ZXYe Z_TfSReZ`_ `_ ZTV( IYV GC6 hRd T`]'

]VTeVU Sj TV_ecZWfXReZ`_ Re +* *** × M W`c ,* ^Z_

Re . ◦8 R_U hRdYVU hZeY VeYR_`]( IYV aV]]Ve hRd

UcZVU R_U UZdd`]gVU Z_ hReVc e` R !_R] T`_TV_ecReZ`_ `W

*(/ µX)µ]( I`eR] GC6 $+* µX% hRd dVaRcReVU Z_ VRTY

]R_V `W R +(,# h)g RXRc`dV XV] T`_eRZ_Z_X W`c^R]UV'

YjUV( IYV GC6 hRd dfSdVbfV_e]j ecR_dWVccVU `_e`

R =jS`_U'CM ^V^ScR_V $6^VcdYR^% RTT`cUZ_X e`

eYV ^R_fWRTefcVcmd ac`e`T`]( GC6 S]`e YjScZUZkReZ`_

hRd aVcW`c^VU Z_ *(/ B d`UZf^ aY`daYReV a= 0(2&

1# H9H& R_U +* ^B :9I6 d`]feZ`_ fdZ_X E8G'

R^a]Z!VU -,E']RSV]VU ac`SVd( IYV 726( ac`SV hRd

acVaRcVU Sj E8G hZeY a<:B1';6:+ $BZ]]Rc R_U

@f_de& +331% Rd R eV^a]ReV hZeY 726( fadecVR^ acZ^Vc

/ '88<6<8I8666<6<<6I686I68'- R_U 726(

U`h_decVR^ acZ^Vc / '<6I68I8<6<668<II<<8

68I86<6I68'- ( E8G hRd aVcW`c^VU Z_ R +* µ] cV'

RTeZ`_ T`_eRZ_Z_X +* _X `W eYV eV^a]ReV& , ^B BX8],&

+(+ µB `W VRTY acZ^Vc& +** µB `W $U8IE + U<IE +

UIIE% ^Zi& /* µ8Z `W Pα'-,EQU6IE& +× E8G SfWWVc

R_U ,(/ f_Zed `W BGV 9C6 a`]j^VcRdV $AZWV IVTY'

_`]`XZVd%( E8G R^a]Z!TReZ`_ T`_UZeZ`_d hVcV4 , ^Z_

`W Z_ZeZR] UV_RefcReZ`_ Re 3. ◦8& -* TjT]Vd `W 3. ◦8

W`c +/ d& // ◦8 W`c -* d& 1, ◦8 W`c +** d& W`]]`hVU

Sj R !_R] VieV_dZ`_ Re 1, ◦8 W`c 1 ^Z_( ;`c eYV

E8G R^a]Z!TReZ`_ `W eYV +2H cGC6 ac`SV $J_WcZVU

KY GQ(& +323%& +* _X `W 2WGHOJTUXOX YNGQOGSG $VT`ejaV

8`]f^SZR% 9C6 hRd fdVU Rd R eV^a]ReV hZeY BGV 9C6

a`]j^VcRdV $AZWV IVTY_`]`XZVd% R_U `]ZX`_fT]V`eZUV

acZ^Vcd / '8I<886<I6<I86I6I<8'- R_U / '

6I<<6I88I8<II66<<<'- ( 8`_UZeZ`_d fdVU W`c

E8G R^a]Z!TReZ`_ hVcV4 , ^Z_ `W Z_ZeZR] UV_RefcReZ`_

Re 3. ◦8& -* TjT]Vd `W 3. ◦8 W`c +/ d& /* ◦8 W`c

-* d& 1, ◦8 W`c -* d& W`]]`hVU Sj R !_R] VieV_dZ`_ Re
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1, ◦8 W`c 1 ^Z_( 7]`ed hVcV hRdYVU ehZTV Z_ ,× HH8

W`c / ^Z_& `_TV Z_ +× HH8 W`c +/ ^Z_ R_U ehZTV Z_

*(+× HH8 W`c +/ ^Z_ Re 0/ ◦8( BV^ScR_Vd hVcV eYV_

Via`dVU e` M'cRj !]^(

>_ dZef N^HWOJO_GYOTS

9C6 eV^a]ReVd W`c ^R\Z_X 726( dV_dV R_U R_eZ'

dV_dV ac`SVd hVcV acVaRcVU Sj a`]j^VcRdV TYRZ_ cV'

RTeZ`_ fdZ_X 726( T9C6 R_U 726( acZ^Vcd hZeY

R_ RUUVU I1 a`]j^VcRdV SZ_UZ_X dZeV( IYV acZ^Vc

dVbfV_TVd hVcV Rd W`]]`hd4 W`c eYV R_eZdV_dV ac`SV

W`chRcU acZ^Vc / '6I<68<I88<II668'- R_U cV'

gVcdV acZ^Vc / '<6I66I68<68I868I6I6<<<

868I86<6I686I8'- & R_U W`c eYV dV_dV ac`SV W`c'

hRcU acZ^Vc / '<6I66I68<68I868I6I6<<6I

<68<I88<II668'- R_U cVgVcdV acZ^Vc / '<868

I86<6I686I8'- ( E8G R^a]Z!TReZ`_ T`_UZeZ`_d

hVcV4 , ^Z_ `W Z_ZeZR] UV_RefcReZ`_ Re 3. ◦8& -* TjT]Vd

`W 3. ◦8 W`c +/ d& 0/ ◦8 W`c -* d& 1, ◦8 W`c ./ d&

W`]]`hVU Sj R !_R] VieV_dZ`_ Re 1, ◦8 W`c 1 ^Z_( IYV

E8G ac`UfTed hVcV afcZ!VU fdZ_X eYV F>6bfZT\ E8G

afcZ!TReZ`_ \Ze $FZRXV_% R_U GC6 ac`SVd hVcV ecR_'

dTcZSVU Wc`^ eYV E8G'XV_VcReVU 9C6 eV^a]ReVd hZeY

I1 GC6 a`]j^VcRdV( IYV ac`SVd hVcV 9><']RSV]VU

hZeY eYV 7`VYcZ_XVc BR__YVZ^ _fT]VZT RTZU ]RSV]Z_X

\Ze RTT`cUZ_X e` eYV ^R_fWRTefcVcmd daVTZ!TReZ`_d& R_U

eYV_ T]VRgVU e` TR( +/* Sa aZVTVd Sj R]\R]Z_V YjUc`]j'

dZd Re 0* ◦8 Z_ *(, B d`UZf^ TRcS`_ReV SfWWVc a= +*(.(

;ZiReZ`_ R_U V^SVUUZ_X `W eYV a]R_e ^ReVcZR] Rd hV]]

Rd OS XOYZ YjScZUZkReZ`_ R_U UVeVTeZ`_ `W eYV dZX_R] hVcV

aVcW`c^VU RTT`cUZ_X e` HR^RTY KY GQ( $+331%(

:XTQGYOTS TL YNK ;6:+ UWTRTYKW WKMOTS LWTR

6cRSZU`adZd

HVbfV_TZ_X R_U R__`eReZ`_ `W eYV 768 T]`_V I.A,*

$<V_7R_\ RTTVddZ`_ _f^SVc 6A*,-*3.% Wc`^ TYc`'

^`d`^V . hYZTY T`_eRZ_d eYV 726( XV_V cVgVR]VU

eYRe 3.0 Sa fadecVR^ `W eYV 726( T`UZ_X cVXZ`_

]ZVd R_`eYVc `aV_ cVRUZ_X WcR^V $I.A,*(3*% $;ZX'

fcV +%( IYfd& eYV 3.0 Sa 726( / XV_`^ZT WcRX'

^V_e UZcVTe]j fadecVR^ `W eYV ;6:+ T`UZ_X cV'

XZ`_ ]Z\V]j T`_eRZ_d eYV - 'f_ecR_d]ReVU cVXZ`_ `W eYV

I.A,*(3* XV_V R_U& SVTRfdV 726( YRd _` Z_ec`_d&

R]] eYV cVXf]Re`cj V]V^V_ed cVbfZcVU e` UZcVTe T`ccVTe

eV^a`cR] R_U daReZR] ViacVddZ`_ `W eYV 726( XV_V(

9fV e` eYV ]RT\ `W Z_W`c^ReZ`_ T`_TVc_Z_X eYV Vi'

RTe ]V_XeY `W eYV 726( ac`^`eVc& hV E8G'R^a]Z!VU

eYV 3-. Sa XV_`^ZT WcRX^V_e fadecVR^ `W eYV 726(

T`UZ_X dVbfV_TV R_U fdVU Ze Z_ eYV ViaVcZ^V_ed UV'

dTcZSVU SV]`h( ;`c E8G R^a]Z!TReZ`_& eYV W`chRcU

acZ^Vc / '8I6<I6<6II<<II<<II<<III88'-

hRd fdVU Z_ T`^SZ_ReZ`_ hZeY eYV cVgVcdV acZ^Vc / '

I<8I8I<III<I<I8<<6666I66I<<'- $;ZX'

fcV +%( E8G T`_UZeZ`_d fdVU hVcV4 , ^Z_ `W Z_ZeZR]

UV_RefcReZ`_ Re 3. ◦8& -* TjT]Vd `W 3. ◦8 W`c +/ d&

0/ ◦8 W`c -* d& 1, ◦8 W`c ./ d& W`]]`hVU Sj R !_R]

VieV_dZ`_ Re 1, ◦8 W`c 1 ^Z_( IYV R^a]Z!VU ac`U'

fTe hRd dfST]`_VU Z_ eYV 9OST>> dZeV `W eYV a]Rd^ZU

aI1I-'+2J $EYRc^RTZR%& W`]]`hVU Sj T`^a]VeV dV'

bfV_TV UVeVc^Z_ReZ`_ `W S`eY decR_Ud e` gVcZWj eYV

WcRX^V_e ZUV_eZej(

4TSXYWZIYOTS TL YWGSXLTWRGYOTS [KIYTWX GSJ UQGSY

YWGSXLTWRGYOTS

I` ^R\V eYV ac`^`eVc'<JH WfdZ`_ T`_decfTe& eYV

3-. Sa / 726( ac`^`eVc WcRX^V_e hRd T]VRgVU `fe `W

aI1I-'+2J gVTe`c hZeY 9OSU>>> R_U EHG> R_U UZcVT'

eZ`_R]]j dfST]`_VU Z_e` eYV T`ccVda`_UZ_X dZeVd `W eYV

SZ_Rcj IZ a]Rd^ZU a7>+*+ $8]`_eVTY% fadecVR^ `W eYV

ZOJ2 cVa`ceVc XV_V V_T`UZ_X β'X]fTfc`_ZURdV $<JH%(

;`c T`^aRcZd`_ `W eYV 726( R_U _RaZ_ ac`^`eVcd&

eh` T`_decfTed hVcV acVaRcVU4 U>GUOS$4729() R_U

U726($4729()( I` XV_VcReV U>GUOS$4729() T`_'

decfTe& eYV T`UZ_X cVXZ`_ `W eYV TRde`c YjUc`ij]RdV

$8;6=+,5 gR_ UV A`` KY GQ(& +33/% R_U eYV STX eVc^Z'

_Re`c Wc`^ eYV gVTe`c a?9--* $HYRf] R_U <R]Z]Z& +33,%

hVcV ]ZXReVU e`XVeYVc SVYZ_U eYV 2WGHOJTUXOX _RaZ_

ac`^`eVc `SeRZ_VU Wc`^ 9c B( B`]`_Vj $J_ZgVc'

dZej `W 8R]XRcj& 8R_RUR% Z_ eYV gVTe`c a<:B'-kW$−%

$Ec`^VXR% e` XZgV a]Rd^ZU aBH+,( IYV V_eZcV TRddVeeV

hRd eYV_ Tfe Wc`^ aBH+, hZeY 6ITG> R_U AGQ> R_U

]ZXReVU Z_e` eYV SZ_Rcj gVTe`c aG9.** $9Re]R KY GQ(&

+33,%( ;`c eYV U726($4729() T`_decfTe eYV 726(

ac`^`eVc WcRX^V_e hRd Tfe Wc`^ eYV gVTe`c aI1I-'

+2J $EYRc^RTZR% hZeY ?XY> R_U EHG> R_U dfST]`_VU

Z_e` ?XY>)EHG> dZeVd `W a7]fVdTcZae @H+ $HecReRXV_V%

e` XZgV aBH+,2( IYZd gVTe`c hRd eYV_ Tfe hZeY EHG>&

cVTVddVU - V_Ud hVcV !]]VU Z_ fdZ_X @]V_`h& R_U eYV

ac`^`eVc hRd cV]VRdVU Sj TfeeZ_X hZeY 6ITG>( IYV ac`'

^`eVc WcRX^V_e hRd ]ZXReVU Z_e` 6ITG> R_U ARG> dZeVd

`W aBH+2 $8;6=+,'_`d Z_ a<:B'-kW$−%% e` W`c^

aBH+--( IYV V_eZcV ViacVddZ`_ TRddVeeV hRd Tfe Wc`^

aBH+-- hZeY 6ITG> R_U AGQ>& R_U T]`_VU Z_e` eYV

SZ_Rcj gVTe`c aG9.** $9Re]R KY GQ(& +33,%( 6]] T`_'

decfTed Z_ ecR_dW`c^ReZ`_ gVTe`cd hVcV Z_ec`UfTVU Z_e`

2MWTHGIYKWOZR YZRKLGIOKSX decRZ_ <K-+*+ $aBE3*5

@`_Tk R_U HTYV]]& +320% Sj YVRe'dY`T\ R_U dV]VTeVU

W`c cVdZdeR_TV e` \R_R^jTZ_ $/* µX)^]%( 2% YNGQOGSG

$A(% =Vj_Y( VT`ejaV 8`]f^SZR', `c LGK(&LGJ) U`fS]V

^feR_e `W 2% YNGQOGSG hVcV ecR_dW`c^VU hZeY eYV T`_'

pl356002.tex; 2/08/2001; 10:51; p.3

Page 3 of 10 CSIRO Exhibit 1015



1,*

7OMZWK (% HTYV^ReZT cVacVdV_eReZ`_ `W eYV a`dZeZ`_ `W 726( `_ TYc`^`d`^V . `W 2% YNGQOGSG R_U dVbfV_TV `W eYV 726( / ac`^`eVc WcRX^V_e(

6( E`dZeZ`_ `W eYV 726( XV_V R_U eYV 726( / ac`^`eVc cVXZ`_ U726( hZeY cVdaVTe e` eYV fadecVR^ R__`eReVU XV_Vd I.A,*(2* R_U I.A,*(3*

hZeYZ_ eYV 768 T]`_V I.A,*( 7( CfT]V`eZUV dVbfV_TV `W eYV ac`^`eVc WcRX^V_e UZcVTe]j fadecVR^ `W eYV 726( T`UZ_X cVXZ`_( IYV _fT]V`eZUVd

T`ccVda`_UZ_X e` eYV acZ^Vcd fdVU W`c R^a]ZWjZ_X eYV 726( ac`^`eVc WcRX^V_e RcV f_UVc]Z_VU( IYV _fT]V`eZUV dVbfV_TV `W eYV 726( / ac`^`eVc

cVXZ`_ hRd UVa`dZeVU Z_ <V_7R_\ Rd RTTVddZ`_ _f^SVc 6;-//32,( IYV ecR_d]ReZ`_ Z_ZeZReZ`_ T`U`_ Zd S`iVU(
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1,+

decfTed fdZ_X eYV "`cR] UZa ^VeY`U $8]`fXY R_U 7V_e&

+332%( HTcVV_Z_X W`c ecR_dW`c^VU dVVU hRd U`_V `_

/* µX)^] \R_R^jTZ_ Rd UVdTcZSVU acVgZ`fd]j $@ReRgZT

KY GQ(& +33.%( E]R_ed hVcV Xc`h_ Z_ IVccR']ZeV GVUZ'

VRceY $L(G( <cRTV 8R_RUR& 6[Ri& D_eRcZ`& 8R_RUR% Re

,* ◦8 f_UVc T`_eZ_f`fd ]ZXYe(

9OXYTINKROIGQ β$MQZIZWTSOJGXK !8CA" GXXG^X

=Zde`TYV^ZTR] ]`TR]ZkReZ`_ `W <JH RTeZgZej Z_ ecR_d'

XV_ZT a]R_ed hRd TRccZVU `fe VddV_eZR]]j Rd UVdTcZSVU

$?VWWVcd`_& +321%( E]R_e eZddfV hRd Z_TfSReVU Z_ /* ^B

d`UZf^ aY`daYReV a= 1(*& *(/ ^B a`eRddZf^ WVc'

cZTjR_ZUV& *(/ ^B a`eRddZf^ WVcc`TjR_ZUV& +* ^B

:9I6& *(*/# h)g IcZe`_ M'+**& R_U *(-/ ^X)^] /'

Sc`^`'.'TY]`c`'-'Z_U`]j]'β'9'X]fTfc`_ZUV $M'<]fT%

W`c . e` 1 Y Re -1 ◦8( 6WeVc deRZ_Z_X eYV dR^a]Vd

hVcV !iVU Z_ 1*# VeYR_`] R_U aY`e`XcRaYd hVcV eR\V_

f_UVc R UZddVTeZ_X ^ZTc`dT`aV(

7GYY^ GIOJ GSGQ^XOX

;`c eYV UVeVc^Z_ReZ`_ `W eYV WReej RTZU T`^a`dZeZ`_

Z_ dVVUd& .* dVVUd `W VRTY UVgV]`a^V_eR] deRXV hVcV

YRcgVdeVU R_U WReej RTZU ^VeYj] VdeVcd hVcV acVaRcVU

RTT`cUZ_X e` 7c`hdV KY GQ( $+320%( 7cZV"j& ecR_d^VeYj'

]ReZ`_ hRd TRccZVU `fe Z_ ^VeYR_`]ZT'=8] $HfaV]T`% Re

2* ◦8 W`c , Y& W`]]`hVU Sj ViecRTeZ`_ hZeY YViR_V R_U

R_R]jdZd Sj XRd']ZbfZU TYc`^Re`XcRaYj $@f_de KY GQ(&

+33,%( FfR_eZ!TReZ`_ `W WReej RTZUd hRd U`_V Sj T`^'

aRcZd`_ e` eYV 8+1 ^VeYj] VdeVc $HZX^R%& hYZTY hRd

RUUVU e` VRTY dR^a]V Rd R_ Z_eVc_R] deR_URcU(

Results

6]UWKXXOTS TL 726( OX KRHW^T$XUKIOaI GSJ HKMOSX

KGWQ^ OS KRHW^T JK[KQTURKSY

IYV 726( ViacVddZ`_ UfcZ_X dVVU UVgV]`a^V_e Z_

hZ]U ejaV 2WGHOJTUXOX hRd W`]]`hVU Sj GC6 S]`e Yj'

ScZUZkReZ`_ fdZ_X eYV V_eZcV 726( T`UZ_X dVbfV_TV Rd

R ac`SV $;ZXfcV ,%( ;`c eYZd R_R]jdZd& e`eR] GC6 hRd

Zd`]ReVU Wc`^ hZ]U ejaV dZ]ZbfVd& YRcgVdeVU Re ,'URj

Z_eVcgR]d deRceZ_X Re `_V URj RWeVc "`hVcZ_X $96;% fa

e` +/ 96;( J_UVc `fc Xc`heY T`_UZeZ`_d 2WGHOJTU$

XOX dVVUd hVcV T`_dZUVcVU ^RefcV Re +1 96;( 726(

^GC6 hRd _`e UVeVTeVU Z_ hZ]U'ejaV dZ]ZbfVd acZ`c e`

1 96; $;ZXfcV ,6%( 6WeVc eYRe 726( ecR_dTcZae ]VgV]d

Z_TcVRdVU cRaZU]j e` cVRTY eYVZc ^RiZ^f^ SVehVV_ 3

R_U ++ 96;( IYV ]VgV] `W 726( ^GC6 UVT]Z_VU RWeVc

+- 96; Rd eYV dVVU Raac`RTYVU ^RefcZej(

7OMZWK )% GC6 XV] S]`e R_R]jdZd `W 726( ^GC6 RTTf^f]ReZ`_ Ufc'

Z_X dVVU UVgV]`a^V_e Z_ hZ]U'ejaV 2WGHOJTUXOX( ;`c eYV Z_UZTReVU

eZ^V a`Z_ed +n+/ URjd RWeVc "`hVcZ_X $96;%& -* dZ]ZbfVd hVcV YRc'

gVdeVU R_U e`eR] GC6 ViecRTeVU( GC6 S]`e $+* µX)]R_V `W e`eR] GC6%

hRd YjScZUZkVU hZeY eYV 726( ac`SV `c +2H cZS`d`^R] GC6 Rd R

]`RUZ_X T`_ec`](

I` R_R]jkV eYV daReZR] UZdecZSfeZ`_ `W 726( ^GC6

Z_ dVVUd Z_ UVeRZ]& R_eZdV_dV ecR_dTcZaed hVcV fdVU Rd

ac`SVd W`c OS XOYZ YjScZUZkReZ`_d e` eZddfV dVTeZ`_d `W

3 96; dZ]ZbfVd( 6d dY`h_ Z_ ;ZXfcV -& eYV ecR_dTcZaed

hVcV W`f_U ViT]fdZgV]j Z_ eYV V^Scj`( IYVj hVcV ^`de

RSf_UR_e Z_ eYV T`ej]VU`_d& eYV Yja`T`ej]& R_U eYV

faaVc aRced `W eYV c``e(

D<472 GIIZRZQGYOTS JZWOSM KRHW^TMKSKXOX OS

2WGHOJTUXOX

KA8;6d& acVU`^Z_R_e]j VZT`dV_`ZT RTZU $,*4+5 TR(

,+# h)h `W e`eR] WReej RTZUd% R_U VcfTZT RTZU $,,4+5

TR( ,# h)h `W e`eR] WReej RTZUd%& RTTf^f]ReV Z_ eYV

dVVU Sfe _`e Z_ `eYVc eZddfVd `W 2WGHOJTUXOX $AV^ZVfi

KY GQ(& +33*%( 6TT`cUZ_X]j& eYV 726( ecR_dTcZae hRd

W`f_U `_]j Z_ Z^^RefcV dVVU $?R^Vd KY GQ(& +33/%(

I` VdeRS]ZdY R eZ^V T`fcdV `W KA8;6d RTTf^f]ReZ`_

UfcZ_X dVVU UVgV]`a^V_e& eYV WReej RTZU T`^a`dZeZ`_

`W e`eR] ]ZaZUd Zd`]ReVU Wc`^ .* XcVV_ dVVUd SVehVV_ -

R_U +/ 96;& Rd hV]] Rd ^RefcV dVVUd Re +1 96; hRd

UVeVc^Z_VU $;ZXfcV .%( IYV dj_eYVdZd `W R]] ^R[`c WReej

RTZUd Z_ UVgV]`aZ_X V^Scj`d Z_TcVRdVU UcR^ReZTR]]j

Rc`f_U / 96;& hZeY eYV aVR\ `TTfccZ_X SVehVV_ 1 R_U

+- 96;& ^Rc\Z_X eYV aYRdV `W cRaZU `Z] UVa`dZeZ`_(

KA8;6d W`]]`hVU R dZ^Z]Rc UVa`dZeZ`_ aReeVc_( IYVj

hVcV !cde UVeVTeVU Z_ UVgV]`aZ_X V^Scj`d Re 1 96;(

6WeVc eYRe eYVZc cReV `W RTTf^f]ReZ`_ hRd cRaZU f_eZ]

+- 96;( KA8;6 dj_eYVdZd hRd VddV_eZR]]j T`^a]VeV

Re +/ 96; Rd eYV dVVU Raac`RTYVU ^RefcZej(

6 T`^aRcZd`_ `W eYV GC6 S]`e R_U WReej RTZU

T`^a`dZeZ`_R] R_R]jdVd cVdf]ed Z_UZTReVU eYRe KA8;6d

RTTf^f]ReZ`_ ^Zcc`cVU eYV 726( ^GC6 RTTf^f]R'

eZ`_ aReeVc_ UfcZ_X VRc]j e` ^ZU V^Scj`XV_VdZd $1n++

96;%( =`hVgVc& Rc`f_U +- 96; eYV 726( ecR_dTcZae

]VgV]d deRceVU e` UVT]Z_V& hYZ]V eYV KA8;6 T`_eV_e

]VgV]VU `WW $+-n+/ 96;% Rd `Z] SZ`dj_eYVdZd V_UVU(
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1,,

7OMZWK *% :S XOYZ UVeVTeZ`_ `W 726( ^GC6 Z_ UVgV]`aZ_X V^Scj`d

`W 2WGHOJTUXOX( :^Scj`d hVcV YRcgVdeVU Re 3 96;( 2 µ^ dVTeZ`_d

hVcV Z_TfSReVU hZeY / _X `W $6% 726( R_eZdV_dV GC6 `c $7% dV_dV

GC6( R^& RaZTR] ^VcZdeV^5 T& T`ej]VU`_d5 TV& TV]]f]Rc V_U`daVc^5

V& V^Scj`5 Y& Yja`T`ej]5 c& cRUZT]V5 dT& dVVU T`Re( 7Rc = *(+ ^^(

7OMZWK +% 6TTf^f]ReZ`_ `W ^R[`c WReej RTZUd Z_ UVgV]`aZ_X dVVUd `W

hZ]U'ejaV 2WGHOJTUXOX( IYV WReej RTZU T`_eV_e `W .* dVVUd SVehVV_

- R_U +/ 96; R_U Z_ ^RefcV dVVUd +1 96; hRd UVeVc^Z_VU Sj <8

R_R]jdZd `W WReej RTZU ^VeYj] VdeVcd RWeVc eYV RUUZeZ`_ `W 8+1 deR_'

URcU( :RTY eZ^V a`Z_e cVacVdV_ed ecZa]ZTReV ^VRdfcV^V_ed( KA8;6d

= ,*4* + ,*4+ + ,,4+(

BNK 726( UWTRTYKW OX G XYWTSM KRHW^T$XUKIOaI

UWTRTYKW ZXKLZQ LTW YNK K]UWKXXOTS TL MKSKX OS[TQ[KJ

OS XKKJ QOUOJ RKYGHTQOXR

IYV !_UZ_X eYRe 726( XV_V ViacVddZ`_ Zd cVdecZTeVU

e` eYV V^Scj` Re eYV eZ^V `W de`cRXV `Z] UVa`dZeZ`_

ac`^aeVU fd e` VgR]fReV eYV feZ]Zej `W Zed ac`^`eVc

W`c XV_VeZT V_XZ_VVcZ_X `W dVVU `Z] T`^a`dZeZ`_( 6e

acVdV_e& eYV _RaZ_ de`cRXV ac`eVZ_ ac`^`eVc `W 3WGX$

XOIG SGUZX Zd hZUV]j fdVU e` T`_ec`] ViacVddZ`_ `W

]ZaZU SZ`dj_eYVeZT XV_Vd Z_ ecR_dXV_ZT a]R_ed( =`hVgVc&

de`cRXV ac`eVZ_ RTTf^f]ReZ`_ Z_ `Z]dVVUd dVV^d e` SV

UV]RjVU cV]ReZgV e` eYRe `W `Z] $BfcaYj KY GQ(& +323%&

dfXXVdeZ_X eYRe eYV eZ^Z_X `W ViacVddZ`_ `W eYV _RaZ_

ac`^`eVc ^Rj _`e SV `aeZ^R] W`c dVVU `Z] ^`UZ!TReZ`_

ViaVcZ^V_ed( IYfd& hV ViR^Z_VU eYV eZddfV'daVTZ!T

R_U UVgV]`a^V_eR] cVXf]ReZ`_ `W eYV 726( ac`^`eVc&

R_U RddVddVU Zed TRaRTZej e` UcZgV eYV ViacVddZ`_ `W

W`cVZX_ XV_Vd Z_ ecR_dXV_ZT a]R_ed Z_ T`^aRcZd`_ e` eYV

_RaZ_ ac`^`eVc(

I` UVeVc^Z_V eYV UVgV]`a^V_eR] aReeVc_ `W eYV

726( ac`^`eVc RTeZgZej& hV XV_VcReVU R U726('8CA

ecR_dTcZaeZ`_R] WfdZ`_ R_U ecR_dW`c^VU eYV T`_decfTe

Z_e` hZ]U'ejaV 2WGHOJTUXOX( =Zde`TYV^ZTR] R_R]jdVd

hVcV aVcW`c^VU `_ ]VRgVd& deV^d& dZ]ZbfVd R_U UVgV]'

`aZ_X V^Scj`d `W eYcVV Z_UVaV_UV_e ecR_dXV_ZT ]Z_Vd(

8`_dZdeV_e hZeY eYV GC6 S]`e UReR `SeRZ_VU fdZ_X R

726('daVTZ!T ac`SV $?R^Vd KY GQ(& +33/%& _` <JH

deRZ_Z_X hRd `SdVcgVU Z_ gVXVeReZgV eZddfVd `W ecR_d'

XV_ZT 2WGHOJTUXOX $UReR _`e dY`h_%( >_ T`_ecRde& YZXY

]VgV]d `W 726( ac`^`eVc RTeZgZej& Rd VgZUV_TVU Sj

dec`_X S]fV <JH deRZ_Z_X& hVcV UVeVTeVU Z_ UVgV]`aZ_X

V^Scj`d $;ZXfcV /%( IYV 726( ac`^`eVc WcRX^V_e hRd

RTeZgV Rd VRc]j Rd eYV e`caVU` deRXV V^Scj` $.'/ 96;%

R_U Zed RTeZgZej aVcdZdeVU eYc`fXY`fe dfSdVbfV_e V^'

Scj` UVgV]`a^V_e(

>_ R_ ReeV^ae e` T`^aRcV eYV OS [O[T RTeZgZej `W eYV

726( ac`^`eVc e` eYV _RaZ_ ac`^`eVc& hV ViacVddVU

eYV TRde`c SVR_ YjUc`ij]RdV XV_V 4729() $7c`f_ R_U

H`^VcgZ]]V& +331% SVYZ_U VZeYVc eYV 726( ac`^`eVc

`c eYV _RaZ_ ac`^`eVc Z_ 2WGHOJTUXOX LGJ)&LGK(U`fS]V

^feR_e( IYV LGJ)&LGK( U`fS]V ^feR_e& UV!TZV_e Z_ eYV

RTeZgZeZVd `W S`eY eYV Tje`a]Rd^ZT `]VReV '+, UVdRe'

fcRdV R_U eYV ;6:+ T`_UV_dZ_X V_kj^V& T`_eRZ_d dVVU

`Z] hZeY >2*# `W `]VZT RTZU $+24+%& hYZTY Zd eYV dfS'

decReV W`c eYV YjUc`ij]RdV( IYV ]VgV]d `W YjUc`ij]ReVU

WReej RTZUd RTTf^f]ReZ_X Z_ R ]RcXV _f^SVc `W Z_UVaV_'

UV_e ecR_dXV_ZT ]Z_Vd hVcV fdVU e` VdeZ^ReV eYV cV]ReZgV

decV_XeY `W VRTY ac`^`eVc( 6d dY`h_ Z_ ;ZXfcV 0& eYV

eh` a`af]ReZ`_d `W ecR_dXV_ZT a]R_ed RTTf^f]ReVU ]Vg'

V]d `W YjUc`ij]ReVU WReej RTZUd& cR_XZ_X Wc`^ *(,# e`
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1,-

7OMZWK ,% =Zde`TYV^ZTR] deRZ_Z_X `W V^Scj`d Re UZWWVcV_e UVgV]`a^V_eR] deRXVd Wc`^ ecR_dXV_ZT 2WGHOJTUXOX a]R_ed ViacVddZ_X <JH XV_V f_UVc

eYV T`_ec`] `W eYV 726( ac`^`eVc(

7OMZWK -% =jUc`ij WReej RTZU RTTf^f]ReZ`_ Z_ eYV dVVUd `W ecR_dXV_ZT 2WGHOJTUXOX( 2WGHOJTUXOX LGJ)&LGK( U`fS]V'^feR_e a]R_ed hVcV ecR_d'

W`c^VU hZeY eYV TRde`c SVR_ `]VReV YjUc`ij]RdV T9C6 f_UVc eYV T`_ec`] `W eYV 726( ac`^`eVc& `c eYV 2WGHOJTUXOX _RaZ_ ac`^`eVc( EcZ^Rcj

ecR_dW`c^R_ed hVcV Xc`h_ e` ^RefcZej R_U dVVUd T`]]VTeVU( E``]d `W .*n0* dVVUd Wc`^ Z_UZgZUfR] ecR_dW`c^R_ed hVcV fdVU W`c WReej RTZU

R_R]jdZd Sj XRd TYc`^Re`XcRaYj( =jUc`ij WReej RTZU ]VgV]d RcV dY`h_ Rd eYV hVZXYe aVcTV_eRXV `W e`eR] dVVU WReej RTZUd( 726( ac`^`eVc'TRde`c

YjUc`ij]RdV& n = 0*5 cR_XV *(/n+,(.# 5 RgVcRXV /(/# ( CRaZ_ ac`^`eVc'TRde`c YjUc`ij]RdV& n = 3+5 cR_XV *(+n++(-# 5 RgVcRXV -(3#(
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RS`fe ++n+,# `W e`eR] WReej RTZUd& hZeY eYV ]VgV]d SVZ_X

`_ RgVcRXV d]ZXYe]j YZXYVc Z_ U726($4729() ]Z_Vd(

HZ^Z]Rc]j& eYV SVde U726($4729() a]R_e RTTf^f]ReVU

[fde `gVc +,# h)h `W YjUc`ij]ReVU WReej RTZUd $Rd R

aVcTV_eRXV `W e`eR] ;6d%& hYVcVRd eYV SVde U>GUOS$

4729() a]R_e ac`UfTVU +*(2# h)h `W YjUc`ij]ReVU

WReej RTZUd( IYVdV cVdf]ed Z_UZTReV eYRe eYV 726( ac`'

^`eVc Zd YZXY]j RTeZgV Z_ ecR_dXV_ZT 2WGHOJTUXOX R_U

eYRe Zed OS [O[T RTeZgZej ^Rj SV dfaVcZ`c e` eYV _RaZ_

ac`^`eVc Z_ 2WGHOJTUXOX dVVUd(

Discussion

LV YRgV ViR^Z_VU eYV eV^a`cR] R_U daReZR] ViacVddZ`_

`W eYV 726( XV_V cVbfZcVU W`c KA8;6 SZ`dj_eYVdZd Z_

2WGHOJTUXOX dVVU( >e V_T`UVd R dVVU'daVTZ!T T`_UV_d'

Z_X V_kj^V& hYZTY T`_ec`]d eYV `gVcR]] VieV_e `W WReej

RTZU V]`_XReZ`_ Z_ eYV V^Scj`& Rd hV]] Rd eYV TYRZ_

]V_XeYd `W KA8;6 ac`UfTed ^RUV Z_ eYV dVVU( LV YRgV

R]d` ZUV_eZ!VU eYV 726( ac`^`eVc& R_U UV^`_decReVU

eYRe Ze TR_ VW!TZV_e]j UZcVTe eYV ViacVddZ`_ `W W`cVZX_

XV_Vd Z_ UVgV]`aZ_X 2WGHOJTUXOX dVVUd(

:S XOYZ YjScZUZkReZ`_d fdZ_X R_eZdV_dV 726( ^GC6

Rd R ac`SV UV^`_decReVU eYRe hZeYZ_ eYV dVVU 726( Zd

ViacVddVU ViT]fdZgV]j Z_ eYV UVgV]`aZ_X V^Scj`& hZeY

eYV YZXYVde ]VgV]d `W ViacVddZ`_ Z_ eYV T`ej]VU`_d& eYV

Yja`T`ej]& R_U eYV e`a `W eYV c``e $;ZXfcV -%( IYV

726( ecR_dTcZae T`f]U SV T]VRc]j UVeVTeVU Rd VRc]j Rd

1 96; $;ZXfcV ,%& RWeVc hYZTY Ze RTTf^f]ReVU cRaZU]j

e` Rc`f_U ++ 96;& W`]]`hVU Sj R XcRUfR] UVT]Z_V Z_

eYV ^RefcZ_X dVVUd( HZ^Z]Rc]j& KA8;6d hVcV R]d` !cde

UVeVTeRS]V Z_ UVgV]`aZ_X dVVUd Re 1 96;& W`]]`hVU Sj R

cRaZU Z_TcVRdV Z_ KA8;6 ]VgV]d SVehVV_ 1 R_U +- 96;

$;ZXfcV .%( IYV `_dVe `W KA8;6 RTTf^f]ReZ`_ $^ZUU]V

e` ]ReV V^Scj`XV_VdZd% R_U XV_VcR] aReeVc_ `W KA'

8;6 RTTf^f]ReZ`_ eYc`fXY`fe V^Scj`XV_VdZd T]`dV]j

aRcR]]V]VU eYRe `W ^R[`c de`cRXV ]ZaZU UVa`dZeZ`_ Z_

2WGHOJTUXOX $BR_d!V]U R_U 7cZRcej& +33,%(

IYV 726( ViacVddZ`_ Z_ UVgV]`aZ_X 2WGHOJTUXOX

dVVUd UfcZ_X eYV aYRdV `W `Z] ac`UfTeZ`_ dfXXVdeVU eYRe

Zed / cVXf]Re`cj cVXZ`_ ^ZXYe SV dfZeRS]V W`c UZcVTeZ_X

XV_V ViacVddZ`_ RZ^VU Re dVVU `Z] ^`UZ!TReZ`_( IYV

ViacVddZ`_ `W R cVa`ceVc XV_V Sj R ac`^`eVc YRd SVV_

dY`h_ e` RTTfcReV]j cV"VTe eYV Z_ecZ_dZT cVXf]Re`cj

ac`aVceZVd `W eYV ac`^`eVc Z_ ^R_j djdeV^d $7V_WVj

R_U 8YfR& +3235 7VgR_ KY GQ& +323%( IYfd& hV XV_'

VcReVU 726( ac`^`eVc'<JH WfdZ`_d R_U VgR]fReVU eYV

eZddfV daVTZ!TZej R_U UVgV]`a^V_eR] cVXf]ReZ`_ `W eYV

726( ac`^`eVc Z_ ecR_dXV_ZT 2WGHOJTUXOX( =Zde`TYV^'

ZTR] RddRjd W`c β'X]fTfc`_ZURdV RTeZgZej Z_UZTReVU eYRe

R 3-. Sa 726( ac`^`eVc WcRX^V_e T`f]U UcZgV YZXY

]VgV]d `W <JH ViacVddZ`_ Z_ R_ V^Scj`'daVTZ!T ^R_'

_Vc( <JH deRZ_Z_X hRd !cde UVeVTeVU Re .n/ 96; $VRc]j

e`caVU` deRXV% Z_ eYV Yja`T`ej] $;ZXfcV /%( >_ RUUZeZ`_

e` eYV Yja`T`ej]& Re / 96; <JH RTeZgZej hRd `SdVcgVU

Z_ eYV T`ej]VU`_d R_U eYV c``e( 7j 0 96; Z_eV_dV

S]fV <JH deRZ_Z_X hRd R]cVRUj acVdV_e eYc`fXY`fe

eYV V^Scj`& R_U aVcdZdeVU eYc`fXY`fe dfSdVbfV_e V^'

Scj` UVgV]`a^V_e( IYfd& eYV RTeZgZej `W eYV 726(

ac`^`eVc T`Z_TZUVd hZeY de`cRXV `Z] RTTf^f]ReZ`_ Z_

2WGHOJTUXOX(

>_ `cUVc e` VgR]fReV eYV RTeZgZej `W eYV 726( ac`'

^`eVc Z_ gZg`& eYV TRde`c SVR_ 8;6=+, XV_V V_T`U'

Z_X R_ `]VReV +,'YjUc`ij]RdV $7c`f_ R_U H`^VcgZ]]V&

+331% hRd WfdVU e` eYV 3-.'Sa 726( / ac`^`eVc

WcRX^V_e R_U ViacVddVU Z_ 2WGHOJTUXOX( IYV ]VgV]d

`W YjUc`ij WReej RTZUd hVcV ^VRdfcVU Z_ dVVUd `W

ecR_dXV_ZT a]R_ed R_U T`^aRcVU e` eYV ]VgV]d RTTf^f'

]ReZ_X Z_ a]R_ed ecR_dW`c^VU hZeY eYV aCRaZ_'8;6=+,

T`_decfTe( 6d ViaVTeVU& T`_dZUVcRS]V gRcZReZ`_ hRd `S'

dVcgVU Z_ eYV RSd`]feV ]VgV]d `W YjUc`ij WReej RTZUd Z_

gRcZ`fd ecR_dW`c^VU ]Z_Vd Z_ S`eY a`af]ReZ`_d& ac`SR'

S]j UfV e` a`dZeZ`_R] VWWVTed Wc`^ Z_dVceZ`_ `W eYV ecR_d'

XV_V Re UZWWVcV_e dZeVd Z_ eYV XV_`^V( I` `gVcT`^V

eYZd ac`S]V^ hV R_R]jkVU R ]RcXV _f^SVc `W ecR_dW`c'

^R_ed Z_ VRTY TRdV $;ZXfcV 0%( Dfc cVdf]ed UV^`_decReV

eYRe dZX_Z!TR_e ]VgV]d `W YjUc`ij WReej RTZUd TR_ SV

ac`UfTVU Z_ 2WGHOJTUXOX dVVUd fdZ_X S`eY ac`^`eVc

dVbfV_TVd( =`hVgVc& eYV RgVcRXV ]VgV]d `W YjUc`ij

WReej RTZUd ^VRdfcVU Z_ a;6:+'8;6=+, a]R_ed hVcV

d]ZXYe]j YZXYVc eYR_ eY`dV Z_ aCRaZ_'8;6=+, ecR_d'

XV_ZT ]Z_Vd $/(/# gVcdfd -(3#%& dfXXVdeZ_X eYRe eYV

RTeZgZej `W eYV 726( ac`^`eVc ^Rj SV XcVReVc eYR_ eYRe

`W eYV _RaZ_ ac`^`eVc( IYfd& hV R_eZTZaReV eYRe eYV

726( ac`^`eVc hZ]] SV fdVWf] W`c R gRcZVej `W dVVU'

daVTZ!T Raa]ZTReZ`_d& Z_T]fUZ_X XV_VeZT V_XZ_VVcZ_X `W

dVVU `Z] T`^a`dZeZ`_(
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