
'r'6d1+-lL+.r 
c.,ui

\YV2-w r\ 3 Y 6tr..1[j.lP .tJ>

@VX) ,:.f.; #X,-,.rtt.#SX !-:-!5g,lj Jq,.

" 4j.r-,li ,+r;l.*- rtJ.,1r
ExpressioD of potato virus X (P\/X) coat protein SeDe iD traosgenic potato

,l-;yl: .9-r:,;',z 1 ;,,-.!-l.rl: Cj c..,-.:t dtr

e btfr ;1,-L. y.--l,JFy ,9)x.,h.

'+6.s1+-jLc 
-, d.,ui c'l;5 ' -r'

r,tJ2

J PCaMV35 s 6;.5.,4 J;;S c.>s CVX) !r.i._i.:. X As7-s ,/ssy, ;i3y t:j
.:r:' | ! r.rt- r s Jrtbinary vedor .J f 3t o,V )lt; )>lt;: ..r-l ,!-l;il 6tr,rJlr;
.:- .Sgrr f );l: +.(Agrobacreriun anefrcbrc) u;.-l) +,9 1y-S\iSl ,S-5\ )l

ir--Ltj6+, c.-1i.;. S ;) '.1ti 
0t^6.Jr.6;* r E) )t o,,.t-'J Jtc, aj.1,')

X ,s.stt-s '*:l d5;4 Oj transoiPt rr-3 .Li- 11 ,-,..:r J.r..l r:,.i6.5['.,1: .tr::^ll.r

traoscript rg-1 3 .:.i ; )lJ .r4J.5)t"RT-PcR d!-Lji jJJ La t+:i J,-b l, uji.j-..-
r;y 1r .rJti, ,-1,,-l .1r ..1.-1 c;t.il t iy 0b$;t .>,r.}-b 1:(CP) 

'*sa rJ,-a O5

r.r.515.(Transformation) Jli:l ..r^, .Ltr1 ,JU!l FF ...,..ry-3 RNA ,$L .y'V
€LJU" ,llF ,11-;.1l c.rUll" r5 c-l f 3 01,-L! ..' | ..r.: c.-a cP ,ij JliJl J iJrJ

.c.-l 1t{lc-r.;:;j:--X.r.ry-.r r1 i,,.tt Ll

sJL

.?r- t ,$r+ U- t jr\.dDl, o)1.."^. l,j66V:* J--i du,bLi
Al) )l 6Sb Clt.u-S* €t .''-t d.- rl- L-lrj.,1:.r.J-9 .156:,+.r. lr(-. r.,11.1

! .;;Lr. -r l;S,g:t2--t )l ,S;+ ;sL.jl .rr:' t -uiL. ,f-Ws:'tl \rrg 6\--tJ-.t
;rr -ilr 

"gtr 
r:y'0 't ;.;-')l t ,-,.tJ-t 11 f.rti, .r ..r-: 6)t al ;tirl jl .rli | .#U olr:'

t .:il dlJl- r, (Hidc and LaPu/ood, 1992) rrr,(a..rti:-l :*la u"111 ;sl"V,S

frl- ,St^ e;j -Jil .lr .51 .:r:.J.l ir+ J.rj ,r.+ t JF:.,s'ti.,t
.rLrr.. rJ[L JJl.-u.d-y 615r rJLr;t ,rS- )l $Jt j.r-n A-l

I



,,J\,e\) obLJil f.,l .auj.*.i t' 1* ,t).:;.3rr,p6.c-l ',:..rlr 'ri--j
.sh; .l+;L* e c,Ui uf,[i, ,, c^.1tl .rb--l ,)g ,.l jl.ul t ,::,- ) s 6t y ,"]K:.-

;1..1115 .rl.,L;;l .g 
j j- tr.r rt.c-l r:ib ,9:\t, g-lc,; 9 als sa.,ul^,

9 us j [ti c)ft, s;3 u-t-c u-i ,s4ts: a].t!. t ,,rr$,slr-rr-.r j.]
jy CVit: U-;-+,rjt- jL 1: .c-l ..t'-'J )-V ,;rss-tt 1:tL 0l'.61 41":-,

: jl !-rL,
Hemenway ct al, l9f8) o.Jr-J J;53 J., Jy;,;l !.iJ^ L aotiscose oJJ,, ! aj Jtljl - \

.(MacfarlaDe aDd Davis, 1992

;:L.a J!- )' at tr-t ri53 jl {.-t-.. + ,-r.tt-t -il4li,1 f-;ri nj Jttjl -Y
.(Adreson e, al, 1992)

Harrison e, al, 1987;; ,.1L;^..$1r gerT-j rl.t o rlrl5-i.re L sateuite RNA Jj Jliil-Y
.(Gerlach, 1987

.(Por€[ and stark, 1989) ,$ 1o-ty-s o;3 r, !rj-1X ,ij Jlijl -t
Ji JjlfL'..:-1.:, .,15s;r, 6:L;.i::ij. jl J1,.., L- ii eis:,it aWs: oe)l

"f,ti, 
1r r.rhtJ6;L lrli. ..ir^ q ,a$ 6Vsts )l e;:l)th-'(cP) .,ii5.l, u}..!Jt

Irc/son and Kani€s6ki,).' I .J,-rJJi::. ,jt^tj jl drl.r,; r, !1r,. q9!- 511 alsL;
.q 0lj.r.. 5.ril .rl.r irl; ! c^..eti, ;l .riE- .)l-. rr .d<.Jj .r-: 6rl*-1 0b$.(1990

O;6t-,r.rj,fr., J Oj r[r-l .K,.b.Oi,ilj+ r,5-1br,, ri.j 1r.r1ti 09.rL-)r
c=.-rl ! <rF ! (Meyer et aL, 1996) r1 j.1t-ll ,r:-..LJCjj :;15 6,5:;V

.r:^l5.<-r )5 jltlt g1,' I f !,1^, b cd, uel-2'1 Jya-.6- Ali, C .i4--
d,--l ale jl .c.-l ..r,i;1..r q uag dljd)Ln hl* Li,.ri., .,213 o!L; J!..
Jy,a " 3l u6y ))1i.r..".1r;16.-4;r rJL r.r 6rl.;Lll\-17-5 t' t:li;." ).ly
I-acAoo aDd Kanieq/ski, l99q) )..::--. r)i c^5 

-i 
(:l-44) )t u+': -=-

?.- Ul?, , cs.st"s .l.ly ;l 6- ,;n:,<.- X ,:.st-s {Kanieuaki €, al, 1990

J--"rrr Y. U \. ir.r j+j .:- Jy. , 
"16.r^- ,J-W ! rft.r-t y-l .c,*l ,:.,;

u*).=- (PvD CD ertt-r cr-f-Ws* t-L \ jty j") ,' s)t,la

"-) 
t-...e)t 1. UA. J*.Jt*;',-fr-P &G,5L3:.r- ' tl..:.-

{Gniex/ski e, aI, 1990)

.r-q. J,-ra r5$-1r.11 6sl.u; 6Jt{ j .rti:,-l !,31 4lr5 .rr j.rr ,jl' .;i:.; 1r

dj,.r-t Jt+U ..t.!.,L- .r+jy: ..lJ.;rX ge.!y-J {.1 c-jti, rla.-l ,5L-11 2r,5;j
.5Jti U ,itr,:, 5.:-l i:l t +-l JV o* :: .c.-l r:iJi:.;lri .rLi:-l r.,11,. ,)ly-l 1r l1.i.1.;

.s; ;rti, k-.r* lL s etJ-s 
"t-l 

\qj ! 0ly-l,1r c..:6r.1j,. ,5lec,;lj jli ir.1;i

JFy 6il -* i+r, Oi liJJJSlLr. 6c.-lr:irfl.it rLr, I st .5:.s.t, tt)

I



PYX ,;.J!-r ! iy ObtJ c.,.tU" ,r1t_;rl .f,Ll rf 0i 15tl.Lr. 3 Jly-t1;-! -u*;t
r, 0l:d ../ticSh:t 

"15 
.rUi.:ti.i-,- ay cs5 ,ltl-1 ,:;- 6;l(.r t .r.:l=r..

.c-l ..t=..1 ;Q;l

:t#lIlly
:,1-1y_5 RNA ,9;W O)V 1PVX ,111t-s-\

t l-)t* -.+*,l) viter {s.i} ;l tf)t.,?_l )).rLi:-l r19. uftJ-t $.r
r% .e 7j5$ $t )l s,-.r.2-1 RNA E!t;-t clt.), .J-: trit (y-tfet .;J.<;6;tr.
o:Li:-l rzy .rl, '.. .},-Lr -r i:* ,g* ..ul .rti:-l (.rtil_ry .[.r3r 9,-.r-) SDS

lJr^. d.L-, J.J-i "f,-;l)U 1RNa..r5:-_J^,- f-ri) RNase J* ,t6lh ,Stt
.[r.; r..r-.! rLi @EPC) .,r".Js* J*jt !,, (-il_.i." .rL. 7.\ J]^- L-; i-

{Sambrook .t al, l 9)

x ,ttt-s ,F tt, ,sr:r+ i,j !1.<. G-:J 'i! - t
0j ..r5.r5 .9.ryr5; Jl; (c DNA) Ji-<, DNA .ur!/_r RNA d;:-t )t o-
Jbr- {i...;) Reversc tr scriprase efl J^-- jl .rt i I L X drr-, .F ha ,-}),

.rt .JL (!r-JS-

,.,-tJ.fp_y_t
.rb>\ll i.+.r j ; tt ,uA O) 6# #i.rJly r, r.-; U l.r:,1 9 .21p, g-L.

r;* nl* F r1y Oj3 3i 6t^taJl 6h -r--l.l tTEMBL;tc}!l JijL.1r r.p_1.

3 .51 6141 5t ,: BanHl *x 617.1j 61r1.3l_J .ti_l+ dllJ .5.9yr: r, (AC:M38655)

. :ry y_j lt i o r.r-: r:;L .Slrr_-t , 6+JJ5y Jty ..r.r1
Primer upctream: 3- ccer c,cmccrccAAAcATGTcAC,CACCAGCTAcC

PriDer dcnmstream: 3- fecc,caTCcffefccTc,OTCcTAGAGTGACAAC

!r+JJ ;5J,, Oj DNA J-<, c-:r ji- -l-l
c5; fnst cDNA synrhesis cJ;l rrt ; -l ti.rlr:RXa L$L AV )l o-
.;J *X; ,L r, ..r,-rJ r-1y-1 RNA (93; ;l jj c.!r O=L 4, llritGlBco BRL

.p 3,sr r.:l l L *t *_lt, t ef : -$-- \ -o) RNA ;l,Lrl;.. t.r:t -J Frr;-,

.rt .JjLr JrJr+ \ y rl DEpc L .r.l rt-;; .ri t Oi g+- r..+- A rl_-,lO 6U.57
r, Jil.u .1 ;fi;:. g- 6j, b rJ j ,* .v .oC 

-1r rijr rr rrJr r., .jF oJ,r-tFl jl u-,
J PCR1OX iL jl ,rL Ji,-. l1 rLr",p ..r^: 6,11.r$1; 4)1 y-l y ri-ir ii ,.:.r,.

1).,. ,.l., ., e.IE ! (dNt?) ert: : ,,g; .9lr.s.,:l'1; 3 j)J. .rlr. f O c-liD U vgo2

t).rr .r-, {iul .L &., O,_l jl J:JJts. v .JrJ.,, t r r:r _r'J.r, ./\ cliE L DDT J
ncvcrsc g-ii ll;JJ.*- &- u-r- .r.ir-i rrb ;p tY"C .p rij:6 .:,-r. r, tlJ;J

r



c.!l) .B: iJi ct2l2> q;: ;s f--t rijr 0. r:.rr d;|r., {itil rJj.rr r, transcriptasc

q lJ, ,J.r- J jl+lv."C rr {ir \0 r}Jr r1 ledi Orb.,lri t o'lj'lJ lurl .JjrJ
.l.r-j Ji;, e 6r)

6la:.1.r.<i CDNA dt F -Y-r
,-<,- aDNA )l A:-$* , 16 ;tli- ,- 6i) ,_P . /o .5Lxlj e1 .rn &r, .p

1i) rly y-L r Taq DNA Polynerasc f-i A$i ,ld I ,--\ st | )t -):-S*
rS.gl+.ti.r, .11 uf ., .t.! {itil(Polymerase Cbain Reactioo) PCR ,51-1 1L;l 6ly

.et Fr )t-Lr., i,Jt ,i5! Jq- r. .'L r./i, :.,a. Dtie .u: .,1,

6tV .b)5 . !r. ;yt( S5 r' S-.lr-'-ljl crl PcR J.r . )tAtf* \ c.,-ti 1r

1j ,-(J +, 1 submere is: ! ):gs-#l 1l ,-1 I .t ! .rb llj .t-L-1.r1 lr-{l -rr)) 0

*if ;l;i ,zrsl ttr. Jj (Uv

pSK J:.-y, J. dii-r t ,-i:tJi AJ.J-#j Jli DNA irrr5 0i5- I
.rr- ILPCRJlar..$t !,ii r-,-ti..1 Jj.rr J.j !rJ.DNA r,.L:.rrE jl urt
ll i, di u-*,t-'f u)V t e:r"r.l JiUl U DNA '* r't,) ) fl:-S ,P :l
Jb i* lr .r;j rLn-l oi a! ..r--+ .9le lgl b i.i.S tll ;r 'ry aor"I 7-i
;16$a 1$tu.* ot: ui l Banltt,---ri !;j {ti-r.tOllpl !,,l".5) PsK J.-\
;L-r: r ;JK.ll ti ,],;t;. t' r-;-y 0i.5lr!:il r.ri +-t 6l4Jl yr rJ;. ,l+-t fc
J-, f"is"-t .|,L l jn r.1r.,-u:T4DNA Ugasc a'-i J*.,i Ol )t o-,.c;S )lf
r.5 !ia- 6t-t t t-tJJ cbXLI Blue e,-1- E coli ,9fU. r., .L.e uf.aL- 5 .ti.t-l

,- cjli rJi .g1L' 6tSL 6b;.5 4-.j 4rb /iu'. r, .r! .rb .r.i-l ;=L-r"j ,5.l1-

r- .:tr c^5 t"t-r.j .9jl- g-L .:56t^-L.n rr l6t.q r1J, r, b,J5orL Y t ;l

.rr r-r_r t *-)l1,jj,^::;l.rt- IL i c-iJ.rrr.r.{-* u".J:;,p,.6-:
,)i {r1t-- d,,-t-Fl,t u-1- ,.F.ts-f di r.6.r c))t- )t S J:iS )l'} Botttl f-i \

..r.1'.. 
"5.11-rel3i;

CP Jj 6r.r.gj,5y .rlti J=n -l
DNA sequenciog .13:-r jl .:l :- -l ti psK J..-\ Fb.rr.iy +.L: ,lrlJ jl .,-,
jl .)r:' lJ rS; bo-.T? Poymerasc €Jjl .rti:-l U J Charmacia) L-l,rU cl,
jl j sey 1t-CP i,j (di dcny Method) ,{r 6r gp.r,; U dATP"35 13l. y-i1 ,i.

(salgcr c, al, 197'D riS )V.SJi.):S'
.rti:-l 3 6j c.Je, lyr.. Rcvrrse I Universal .gler^,-lr1 .il .:Lirl t r->l; trL t
q d6r!.? uSy 6t dl,.+-ilsi orJ ritjl : .# 'tr rJi .g3l- psK +-t jl

,i:Jb ..J, ,-r .p J51.;-r! dATP.35 r!- ^ !, T7 Polymerase f-) tlP )tJ
r-.: ir.:.-. ,o.c5t .sis.t;jr gt+;l ,F13t:t Cll Atr.$Jtt+t br.ty-y,-!,

r



.r#{.?!,,ti.l*-r j cJ,,p!;-s
r.lujr Otg laUU rt+-t3 pRTL e'e-)L.rrCp Aj i,Jt_f

u)-lyl 6lrt.J:rr d!-lrl Jli.i-.r p0^*t\t3'. )iyrt,.5't- pRTL ,. )L
l.ral 2r ..r-!t .,. 11> I tOaltrttt 7-i Gt.ti-t-.5t b a-X1 g,,-t ..r.lt=. OFt:t tt1lr..

..rfJ$ juli-i OJlslt l,-ri #t- c..r,- ., rr! ott js BotnHt p-ri ti lrr._t 
dJ/_t

+-5- E coliJF .: Ji: trr- oLn 2 grlt.r..-X1 ;,1 Ugarim .p ,pf ,,+
L r,Jri rgr 4lt'ca> OJ.-,rari 5-" ,r, .r,i .:-.t, .Sb .,Jf,t ,ti:i. XLIBluc

.JdJiJ )Vhrr{It ,-lJ,, it 1,-!i \ ,-r* ,)r. j3 , .zt )l Jt- |

Bio 19 JU Jhl, .t ogr€sbo cassettcs aluiit-O
irj r.c.;.p Jti::l 6lt.rJ*Hind I f,-ji.5tr;r.ti-q.<-.93l.' Bio 19 Jit;
1r jj r.rr:rr ;L=11...ur: o.-lil ,SE -#j Jlgi 3pcatrv :itst, Jp .S \r
up ;:,sa- s.t:l.t-Hittd I 1-jl t d.,l,5..5tpRTL +-)L. jt rrJ-+. O,-l lJ:rl

.st<JrL *Lf 6!., .r-: irJSBitr 19 JiU J;b s, -F ,s-r.-L: Ugation .jA:si!
JtU 0J," .t! .sti:-l 66--LUt5 u; JL s,_l-js\ D) l1n. jt oi +,.L:. 65t> E. coli

{Sambroot ?, aI, l9B9) r:-l O.n--Ltj6r, c--1ti, flL 6t;b jj
.!f 1 cP irj jli:l - f

u-:-- 
t l;S\:-51 JJI- 

"l-;l, 
r1 ,lu r.1.,1,. r.lj 155L Bin 19.1151 Jiu l.r:,1 ,r

.r: irj r.p-.:r ci-p t te.*l,;lot- I.IPCR..!Jj,<.5LJi jtdr J.! ,|;:-pcv 3850

i.1;: r, minituOer disk .lrt;t r:,i I t, ,-r- ..r- 4,s 1y_FL:.r;tt r= )L ,ptr

'.:.1=- .)E c.la.)r r d/.1-1 .j;;L iz.i\:j:;l A:f* '\. itl.., L!-r--l
(/i:. O-" Lull',.,r,'r ),.-, (>-1, ,! .r; ?-t,.;L;l;; abLJ.,E-:jl (,t, \p:,,, ,y,l I fi:i

(Ehcni :i rui, 199)) jr:
li) ,-r,.lji :1p.9-.1r. !,- 1 b 4.i.9,.7 ir,l t.J,.:, f)-riiti ,-(lr, rit_e rJ-..1 jl ,a
\0"C,;t.rr.1Oo'rahct.ambcr).-ll.liil;rj1ilrtrLtj-,..:,.trJlitJ|j;r.lr! ;4-

..rj.-: ls 3 .:,)l.a* ij! ,-r)]P L-t: r..

.l-_'i ,.-y i,r.rj;Jui - "
a-4ti ,i:.t ! oy Ot^t Jxla .,;iy irirt l"i;l:.,r u' a) :5a5.;L_:1 .;.1&- 1
,ttt )l ,:liz.l lr o,.:- dsarnbroof et a!, lgtig) r.: d-j.:-l ,,Yr, )l+- .;tjr, ;5;-l
l.!b -): CP irj L LiJ, RNA 6b {;*; )fJ (Re1€rse Transcriptase pCR) L RT-PCR

mRNA r.1;-9 
";L-r.; 

.l1iii' r, CP i:) reeL.*t,96.r^,-17, )l ,si5.1 4-l 9.;) -/)J,lS
.r.i .:ti:-lCF gj .5;tr

l-.



pRTL J:.-\ (Mo{ti6cation) CYrl
dual) !r,-UJr .J-D o!-lil .:-t .1,. J CaMV35 t ti ysi S'- ,3ltlt PRTL +-)L'

!,,t.,-,-t -Lr/lrxflr* lirltt Jt;6 e-.bl -lr eJ.r.ll-1:' (enhancer

:':lt:s.t-f-FB,lj jl .:*i 6!b Jir,.1>t .1 .:lJ1ll Oobacco etclr virus TEU

{Carringtoo, 19SO) r}L" CaMV .rlf: Ingpal Poty e

..:-t ..1; r:;L.rb$r Sjsru,sWt-,t,Ol;1. ,ri,-lrl .tJi .Sl, +*)t, i/-l

;l l, No0smal rJi +, L.y.,t ;--i .s'-V. $; a2e ,)5t4 6la.ta'\ y-l ;l 'rti:-l .9111

rt , Nacl e-ri ti lql r4..J .p r9:.-r r4lr,. ATG 0;S Y ! "r2 
j;'-l .1,1; .p 'rf l'q 

''li

g-fi r Mung b€aD nucleasc 7-F L-; lr ' '-2,Si.s!:l .rr , "lr llrvl b ,ir
oJ,-y Smal g,-li ! +.-)3 ,:i ;l ,-,, .r.S(jt.") blunt .gblarl rt"-l E 'rf ;L; Kleoot

0li: \ ,ti1.,1r ..r'.i c-.r, .5.r;.;l5y' ;:r.1 .r; .f.a:' ri-l*- e' lgil 3r b's''' L- '-ul
.J,.: rju (s€qucndnc) !r+:- Jli ,r5-Lii q i, (,Jt'ilti ,Jl; 3 ''r'l 'rb

r$1r CP irj u[rb (exprcsioo casselte) ''r,Ji 0t{ O"Uu tqe-l

.r-! r,:-' . t:t jJu it:t: E) ax o,rJ-t li5 ,stt d.{.-,jl{t Jlt
{ACM3S655) .:-,1 ,.r:-r,,rEMBt.# e;tfS ;Lc)tLl 6tr J::11 &-}')l t:-l
.:-i .-,t-,":-l Jr* .rjjl5y tffO .9111.l X erry-.r 4..115 RNA tr ':l: ;r'-l e'-L, ,'
r.rl-, (open reading &ame) oRF ,-.iLi. .-lg:tJsc-*i 6i 6bb Irl PolyA d'-t+l

ei3tt4- ily, tjs1,. '-.tn ?Y?Y-,O?b' .rl'+r-f5, J't':6 oRF iF 'i 
5

(Huisman ?, al, t98q Moroov e, d, l:Su. .SIlIr=?Sm JFJr'ir! !1, X g4.l-)
.le&7)

DNA ..r-. 1 ll$l(a) u;Vl 4-lt,;l ot- I L LrJJ-r RNA 6jL uJt; il u+

.(Y JF.!) .r., cP u:r3ri ul'!.le 'r55Jlv (coxe) .l'<'
.(,-t7 .1r r.o- j .:.i S )\t itr. ')t BanIIt t"-;'i ! ,ii ;t .* 'r: r':* DNA di
ii C-lJ .c^ij)li d- Jtt ur-t .ii rrr" r (r J,3) r- 0jSPsK J.*)" Bd'nIIt

Jr rr.l rrlr gr.! 6LI:n y-L g. rsilyr%go t .ri 'rlf .5hJly r5rb oLr

Feigelstock ct dt, lggsi Mototov ct al,) rlls lli-.-r -l c+lL.1.. .r'te)\ll 4l.lJl;L

r;>.,, PRTL -!.->L 9[-b ,: ,:i;t ,-., cP .rj JSJI, .(1987; Huhmao ct oL' 198a

(eobancer) .JJ, o!-lil ot !t J PcaMv35s JiJpJ, q.rJ.-\ ---l+,1:3 'r': O./5

.(Y J'<.:) e-:tJ',t- poly A r.r-N 11.:=l t'rBv o,tJ--t a. Ly./ rezder ':*3
Hind ru d.,-ii.6-ta u|-tr r, t.rft .ljf JEjl r*:. r, ji jj construct jL;L
t'-.s- u-:..|-t -; 1y-:;S\:fl .9;5L upb 1r .r,* t s JJJS Bio 19 JtU

,.lrr jl [rL- cV*.tt.E nu-] .t-.).??.Ll t pr--! q? (PGv 3850)

.gtrr.-_ty jt .:r i -t L 6rl-r ,.rtJ ..r.r plj ; av*$\tft ;tncn ,:,-u;i 3 .r.-1

?



Original pRTL l0l sequence:

ATAGCCATGcCA.....(4S bp)...ccTGcACCTCGcTACCCCGccATCCTCTAGA

TEV Ncol

Modified pRTL sequence:

ATAGCGCGATCCTCTAGA

'rEv BarnHl Xbal

iri,3.1 .1r ..r-: Strjl .rL)l.,t 5 pRTL ..r.-)L .5.i-r-S; .rJfr, - f ,$:
Fig. l. Structure of relevant fnrtions of recombinant pRTL plasmids
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