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EHK>IJPJ 

R#$ "'$D+,$ #7) "$./A+$) &.:$+D$), 2,&.&=0(97-$0 /, %7N$0,+%/D "/= 

&%"'<-/0#$, +#70 5%=0$ #40 M=#10 &0$0#D/0 #40 %=-(#40 "/= "./-$'/A0 

$2./%=-1+&,), Verticillium dahliae -$, Fusarium oxysporum. 8$#5 #7 2,$2,-$+D$ #7) 

$0$:01.,+7) -$, #7) %E'=0+7) #40 M=#10 $"E #$ "$9/:E0$ <N&, $0$M&.9&D 7 

+=%%&#/N( #/= +$',-=',-/A /*</) (SA), #/= ,$+%/0,-/A /*</) (JA) -$, #/= $,9='&0D/= 

(ET), -$91) -$, #40 %/0/"$#,10 ".E+'7P7) -$, %&#$:4:() #/= +(%$#E) #/=) +#$ 

M=#5. 3./7:/A%&0&) %&'<#&) <2&,*$0 E#, #/ $,9='<0,/ -$, #/ %/0/"5#, %&#$:4:() #/= 

+(%$#E) #/= +=%%&#<N/=0 +#70 5%=0$ #40 M=#10 &0$0#D/0 2,$ME.40 "$9/:E040 

-$, ,2,$D#&.$ #40 0&-./#./M,-10. R& /.,+%<0&) "&.,"#1+&,) 2,$",+#197-& E#, 7 %7 

$0#D'7P7 #/= $,9='&0D/= "./5:&, #70 $+9<0&,$ "/= "./-$'/A0 #$ "$9/:E0$ &01 +& 

5''&) M507-& E#, #$ M=#5 2&0 "$./=+D$+$0 #E+/ <0#/0$ +=%"#1%$#$ E+/ #$ M=#5 

$:.D/= #A"/=. 350#4), +& -$%D$ "&.D"#4+7 #$ %&,4%<0$ +=%"#1%$#$ 2&0 

+=+N&#D+#7-$0 %& #7 %&,4%<07 "/+E#7#$ #40 "$9/:E040 +#/=) ,+#/A) #40 M=#10, 

="/2&,-0A/0#$) E#, 7 %7 $0#D'7P7 #/= $,9='&0D/= 2&0 &0&.:/"/,&D #70 -$#$+#/'( #7) 

$05"#=*7) #40 "$9/:E040 $''5 &D0$, %,$ $0#D2.$+7 "/= +N&#D?&#$, -=.D4) %& #7 

M=+,/'/:D$ #40 M=#10. 

R#70 "$./A+$ &.:$+D$, ".$:%$#/"/,(97-$0 "&,.5%$#$ "$9/:<0&,$) %& #/=) 

%A-7#&) V. dahliae -$, F. oxysporum +& %,$ +&,.5 %&#$''$:%<040 -$, :&0&#,-1) 

#./"/"/,7%<040 M=#10 Arabidopsis thaliana +#$ %/0/"5#,$ #/= SA, #/= JA -$, #/= 

ET <#+, 1+#& 0$ %&'&#79&D / .E'/) #/=) +#70 5%=0$ #40 M=#10 -$#5 #40 

$2./%=-1+&40. B,$",+#197-& E#, %E0/ #$ %&#$''$:%<0$ M=#5 etr1-1, +#$ /"/D$ o 

="/2/N<$) $,9='&0D/= ETR1 &D0$, $"&0&.:/"/,7%<0/), "$./=+D$+$0 +#$#,+#,-5 

',:E#&./ <0#/0$ +=%"#1%$#$ -$, N$%7'E#&./ "/+/+#E $+9<0&,$) %&#5 #7 %E'=0+( 

#/=) %& #/=) %A-7#&) V. dahliae -$, F. oxysporum +& +N<+7 %& E'$ #$ ="E'/,"$ 

%&#$''$:%<0$ M=#5 "/= N.7+,%/"/,(97-$0. K,$ 0$ 2,&.&=079&D $0 7 %&D4+7 $=#( 

/M&D'&#$, +& %&,4%<07 $05"#=*7 #40 "$9/:E040 +#/=) $::&,$-/A) ,+#/A) #40 

M=#10 etr1-1, ".$:%$#/"/,(97-$0 "&,.5%$#$ "/+/#,-/"/D7+7) #40 %=-(#40 +& 

M=#5 $:.D/= #A"/= -$, +#$ %&#$''$:%<0$ M=#5 #/= $,9='&0D/=, %& $0#,2.5+&,) Real-

time PCR +& 2,5M/.&) N./0,-<) +#,:%<) %&#5 #70 %E'=0+7 #/=) %& #/=) %A-7#&). >$ 

"&,.5%$#$ $=#5 <2&,*$0 E#, 7 "/+E#7#$ #40 "$9/:E040 +#$ etr1-1 M=#5 (#$0 

+7%$0#,-5 %,-.E#&.7 $"E #$ ="E'/,"$ %&#$''$:%<0$ M=#5 ="/2&,-0A/0#$) E#, 

$0$"#A++&#$, -5"/,/) %7N$0,+%E) "/= "&.,/.D?&, #$ "$9/:E0$ +#/=) *&0,+#<) 

$=#/A). K,$ 0$ 2,&.&=079&D / %7N$0,+%E) $=#E), %&'&#(97-& #/ %&#$:.$M,-E "./MD' 

#40 M=#10 etr1-1 +& +N<+7 %& $=#E #40 $:.D/= #A"/= M=#10 6 7%<.&) %&#5 #7 
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%E'=0+7 #/=) %& #/0 %A-7#$ V. dahliae %& #7 ;/(9&,$ #7) #&N0/'/:D$) #40 

%,-./+=+#/,N,10 (microarrays). >$ $"/#&'<+%$#$ #/= "&,.5%$#/) $=#/A <2&,*$0 E#, 

95 :/0D2,$ ="&.&-M.5+#7-$0 #/='5N,+#/0 2A/ M/.<) %E0/ +#$ etr1-1 M=#5 -$, $"E 

$=#5 &",'<N97-& %,$ /%52$ $"E &00<$ :/0D2,$ 4) ="/P(M,$ :,$ &",;&;$D4+7 %& 

Real-time PCR +& 2,5M/.&) N./0,-<) +#,:%<) %&#5 #7 %E'=0+7 %& #/0 V. dahliae. R& 

$=#5 #$ "&,.5%$#$ +=%"&.,'(M97-$0 23 $-E%$ :/0D2,$ "/= $"/#&'/A0 2&D-#&) 

&"$:4:() $%=0#,-10 %7N$0,+%10 %<+4 #40 %/0/"$#,10 $0#D'7P7) #/= $,9='&0D/=, 

#/= +$',-=',-/A, #/= ,$+%/0,-/A -$, #/= $%"+,+,-/A /*</). L $05'=+7 #40 

$"/#&'&+%5#40 #7) Real-time PCR &",;&;$D4+$0 #70 ="&.<-M.$+7 #40 :/0,2D40 

GSTF12, GSTU16 (glutathione-S-transferases), CHI-1, CHI-2 (chitinases), PR-5 

(thaumatin-like), PR-1, PR-2 (;-1,2 glucanase) -$, #/= %&#$:.$M,-/A "$.5:/0#$ 

Myb75 +#$ etr1-1 M=#5 +& +N<+7 %& #$ $:.D/= #A"/= -$, ein4 M=#5 -$9’ E'7 #7 

2,5.-&,$ #40 "&,.$%5#40, ="/2&,-0A/0#$) #7 %/.,$-( ;5+7 "/= &'<:N&, #70 

$09&-#,-E#7#$ +#/0 %A-7#$ V. dahliae. 

6-/'/A94) :,$ 0$ 2,&.&=079&D &50 7 ".E+'7P7 #/= $,9='&0D/= "$D?&, 

$0#D+#/,N/ .E'/ +#70 5%=0$ M=#10 #/%5#$) &0$0#D/0 #/= %A-7#$ V. dahliae 

".$:%$#/"/,(97-$0 "&,.5%$#$ "$9/:<0&,$) #/= %A-7#$ %& #$ %&#$''$:%<0$ M=#5 

Never ripe (Nr), "/= <N/=0 $"&0&.:/"/,7%<0/ #/0 ="/2/N<$ $,9='&0D/= LeETR3, / 

/"/D/) &D0$, /%E'/:/) #/= ETR1 #/= M=#/A A. thaliana. B,$",+#197-& E#, #$ 

%&#$''$:%<0$ M=#5 Nr "$./=+D$+$0 +#$#,+#,-5 ',:E#&.$ +=%"#1%$#$ $"E #$ M=#5 

$:.D/= #A"/=. >$ "&,.5%$#$ "/+/#,-/"/D7+7) "/= $-/'/A97+$0 <2&,*$0 E#, +#$ Nr 

M=#5 7 "/+E#7#$ #/= %A-7#$ (#$0 +7%$0#,-5 %,-.E#&.7 +& +N<+7 %& #$ M=#5 $:.D/= 

#A"/=. !"D+7) 2,&.&=0(97-& 7 2=0$#E#7#$ &"$:4:() RNA :/0,2,$-() +D:7+7), 

%<+4 #7) #&N0/'/:D$) #7) ,ï-5 &"$:E%&07) :/0,2,$-() +D:7+7) (virus induced gene 

silencing – VIGS), 1+#& 0$ &",#&=N9&D %&D4+7 #7) <-M.$+7) #/= :/0,2D/= ETR4 "/= 

-42,-/"/,&D <0$0 5''/ ="/2/N<$ $,9='&0D/= +#7 #/%5#$. @&#5 #70 &"D#&=*7 #7) 

:/0,2,$-() +D:7+7) #/= ETR4 $-/'/A97+$0 2/-,%<) "$9/:<0&,$) %& #/0 %A-7#$ V. 

dahliae E"/= ;.<97-& E#, #$ M=#5 "/= &DN$0 ="/+#&D +D:7+7 "$./=+D$+$0 ',:E#&.$ 

+=%"#1%$#$ $"E #$ M=#5 #/= %5.#=.$. R& $=#( #70 "&.D"#4+7 2&0 "$.$#7.(97-& 

2,$M/./"/D7+7 #7) "/+E#7#$) #/= V. dahliae +#$ M=#5 "/= &DN$0 ="/+#&D +D:7+7 +& 

+N<+7 %& #$ M=#5 #/= %5.#=.$, #/='5N,+#/0 #7 N./0,-( +#,:%( (#<'/) "&,.5%$#/) 37 

7%<.&) %&#5 #7 %E'=0+7) "/= ".$:%$#/"/,(97-$0 #$ "&,.5%$#$ "/+/#,-/"/D7+7). 

L &.:$+D$ $=#( <2&,*& #/ +7%$0#,-E .E'/ #40 ="/2/N<40 ETR1 -$, Nr +#,) 

$2./%=-1+&,) ="/2&,-0A/0#$) E#, 7 $0$+#/'( #7) '&,#/=.:D$) #/=) /27:&D +#70 

&0&.:/"/D7+7 %7N$0,+%10 5%=0$) #40 M=#10 "/= "&.,/.D?/=0 #$ "$9/:E0$. >$ 

$"/#&'<+%$#$ #7) "$./A+$) &.:$+D$) +=0&,+M<./=0 +& <0$ ;$9%E +#7 -$#$0E7+7 



3!FGCLVL 

 

3 

#7) $''7'&"D2.$+7) #40 M=#10 %& #$ "$9/:E0$ #40 $2./%=-1+&40, "/= &D0$, 

$"$.$D#7#7 1+#& 0$ $0$"#=N9/A0 $"/#&'&+%$#,-/D #.E"/, $0#,%&#1",+7) #/=), 

$M/A %<N., +(%&.$ 7 -$#$"/'<%7+7 #/=) 2&0 &D0$, $"/#&'&+%$#,-(. 
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H>D?MAMJ 

1.1. C ?-QFG>@CD -JO?F>D-CD GAF !QGAF 

1.1.1. M02*+: 

>$ M=#5 :,$ 0$ &",;,1+/=0 -$#5 #7 2,5.-&,$ #7) &*<',*7) #/=) <N/=0 &-#&9&D 

+& 2=+%&0&D) "&.,;$''/0#,-<) +=09(-&) -$, -$#$"/0(+&,) $"E "$9/:E0/=) 

/.:$0,+%/A). I, "$9/:E0/, $=#/D /.:$0,+%/D - %A-7#&), ;$-#(.,$ -$, ,/D - 

N.7+,%/"/,/A0 2,$M/.&#,-/A) ;,/N7%,-/A) -$, %/.,$-/A) %7N$0,+%/A) "./-&,%<0/= 

0$ %/'A0/=0 #$ M=#5, #$ /"/D$ <N/=0 $0$"#A*&, $%=0#,-5 +=+#(%$#$ 1+#& 0$ 

"./+#$#&=9/A0 $"E #$ "$9/:E0$. 6"/#<'&+%$ $=#() #7) $''7'&"D2.$+7) &D0$, %,$ 

+#$9&.( -$, "$.5''7'7 &*<',*7 +#/ N.E0/ #/= $%=0#,-/A +=+#(%$#/) #40 M=#10 -$, 

#40 %7N$0,+%10 %/'=+%$#,-E#7#$) #40 "$9/:E040 (Agrios, 2005). 

L 5%=0$ #40 M=#10 "./) #$ "$9/:E0$ &D0$, $"/#<'&+%$ &0E) "/'A"'/-/= 

+=02=$+%/A 2/%,-10 N$.$-#7.,+#,-10 -$, &"$:E%&040 ;,/N7%,-10 $0#,2.5+&40. 

>$ 2/%,-5 N$.$-#7.,+#,-5, E"4) #/ -=##$.,-E #/DN4%$, $"/#&'/A0 <0$ "./X"5.N/0 

$%=0#,-E +A+#7%$, #/ /"/D/ '&,#/=.:&D 4) M=+,-E &%"E2,/ "/= $"/#.<"&, #70 &D+/2/ 

-$, &*5"'4+7 #40 "$9/:E040 +& E'/ #/ M=#E. !","./+9<#4) #$ M=#5 

$0#,'$%;50/0#$, 5%&+$ ( <%%&+$ #70 "$./=+D$ &0E) "$9/:E0/= %& &"$-E'/=9/ #70 

&"$:4:( #40 $%=0#,-10 $0#,2.5+&40. 6=#<) /, $0#,2.5+&,) "&.,'$%;50/=0 #7 

+A09&+7 +7%5#40 E"4) &D0$, #/ +$',-=',-E /*A, #/ $,9='<0,/ -$, #/ ,$+%/0,-E /*A #$ 

/"/D$ &'<:N/=0 #70 <-M.$+7 :/0,2D40 -$, #70 "$.$:4:( %/.D40 "/= +N&#D?/0#$, %& 

#70 5%=0$ #/= M=#/A. Y'&) $=#<) /, &"$:E%&0&) ;,/N7%,-<) $0#,2.5+&,) #&D0/=0 "./) 

#7 27%,/=.:D$ "./+#$#&=#,-10 M=+,/'/:,-10 +=097-10 %& +-/"E #/0 "&.,/.,+%E 

#7) &,+E2/= -$, $05"#=*7) #/= "$9/:E0/= +#/=) ,+#/A) #/= M=#/A. >/ #&',-E 

$"/#<'&+%$ #7) $''7'&"D2.$+7) M=#/A-"$9/:E0/= &D0$, 7 ".E-'7+7 $+9<0&,$) +#/ 

M=#E (+=%;$#E#7#$) ( 7 $0#/N( #/= M=#/A ($+A%;$#7 $0#D2.$+7) -$, &*$.#5#$, $"E 

<0$ +=02=$+%E "/''10 2,$M/.&#,-10 "$.$%<#.40. 6=#<) /, "$.5%&#./, 

"&.,'$%;50/=0 #$ :&0&#,-5 N$.$-#7.,+#,-5 -$, #7 M=+,/'/:,-( -$#5+#$+7 #/= M=#/A 

-$, #/= "$9/:E0/= -$91) -$, "/''<) "&.,;$''/0#,-<) +=09(-&), E"4) 7 

9&.%/-.$+D$, 7 =:.$+D$ -$, #/ M4). 
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1.1.2 J :6"2& #52 ;"#82 4#3 6<("243 &%< #& %&'$)<2&: #1%$* 

+&* 637&2*46$S 

>$ M=#5 <N/=0 $0$"#A*&, <0$ "$97#,-E $%=0#,-E +A+#7%$ (".N. M=+,-/D 

"$.5:/0#&) -$, -$#$+-&=<) #/= M=#/A, #/*,-/D %&#$;/'D#&)) -$, <0$0 &::&0<) 

&0&.:7#,-E %7N$0,+%E 5%=0$) "/= <N&, 2,$M/./"/,79&D ;,/N7%,-5 +#/ ($) ;$+,-E 

$0/+/"/,7#,-E +A+#7%$ (basal innate immune system) "/= &0&.:/"/,&D#$, 10-30 min 

%&#5 #70 &"$M( #/= M=#/A %& #/ "$9/:E0/ -$, (;) +#/ $0/+/"/,7#,-E +A+#7%$ #40 

:/0,2D40 $09&-#,-E#7#$) (resistance (R) - gene-mediated innate immune system) 

"/= &0&.:/"/,&D#$, 2-3 h %&#5 #70 &"$M( -$, #70 $"&'&=9<.4+7 #40 2,&:&.#10 $"E 

#/ "$9/:E0/ +#/ M=#,-E -A##$./. 

H &"$M( $"/#&'&D #/ ".1#/ +#52,/ &",-/,040D$) #/= "$9/:E0/= %& #/0 

*&0,+#(. K,$ #7 %&#5;$+7 E%4) +#$ &"E%&0$ +#52,$ #7) 2,&,+2A+&4) -$, 

&:-$#$+#5+&4) #/= "$9/:E0/=, %,$ ./( :&0&#,-10 "'7./M/.,10 =MD+#$#$, +& 

"$9/:E0/ -$, *&0,+#(, /, /"/D&) 9$ &*$+M$'D+/=0 #70 $''7'/$0$:01.,+7. H 

$0$:01.,+7 $"/#&'&D #/ ".4#$.N,-E ;(%$ +& /"/,$2("/#& 5%&+7 $''7'&"D2.$+7 

%&#$*A "$9/:E040 ( %7 "$9/:E040 -$, *&0,+#10 M=#10. 3.E-&,#$, :,$ %,$ ;,/N7%,-( 

-$, %/.,$-( 2,&.:$+D$ "/= "$.<N&, #7 2=0$#E#7#$ +#$ "$9/:E0$ 0$ $0$:04.D?/=0 

#/=) *&0,+#<) +#/ "&.,;5''/0 #/=) -$, &,2,-E#&.$ &*&,2,-&=%<0&) &",M50&,&) -$, 

N$.$-#7.,+#,-5 #/=), :,$ 0$ &*$+M$'D+/=0 #7 2,&D+2=+7 -$, #7 %E'=0+7 (Montesano 

et al., 2003). 

@D$ /%52$ ;,/N7%,-10 "$.$:E0#40 "/= -$'/A0#$, 2,&:<.#&) (elicitors) 2./=0 

-$#5 #$ $.N,-5 +#52,$ #7) $0$:04.D+&4) %&#$*A "$9/:E0/= -$, *&0,+#( %& +-/"E 

#70 -$#$+#/'( ( #7 2,<:&.+7 #/= &::&0/A) M=#,-/A $0/+/"/,7#,-/A +=+#(%$#/). O, 

2,&:<.#&) %&#$;,;5?/=0 %<+4 &*&,2,-&=%<040 "./+2&0/=+10 ".4#&S010 (binding 

proteins), /, /"/D&) $"/#&'/A0 #/=) ="/2/N&D)-2<-#&) +#,) -=##$.,-<) %&%;.50&) ( 

+#/ -=#E"'$+%$ #40 M=#10, #/ %(0=%$ +#/0 *&0,+#( :,$ #70 &"$"&,'/A%&07 &D+/2/ 

-$, %E'=0+7 %& $"/#<'&+%$ #70 ".E-'7+7 ( #70 $"/M=:( #7) $+9&0&D$) $"E #/ 

+=:-&-.,%<0/ "$9/:E0/ (Montesano et al., 2003). 

I E./) 2,&:<.#7) N.7+,%/"/,&D#$, :,$ E'&) #,) N7%,-<) /=+D&) "/= 2,&:&D./=0 

/"/,/2("/#& $%=0#,-E %7N$0,+%E #/= M=#/A. I, 2,&:<.#&) "&.,'$%;50/=0 %E.,$ 

"$9/:E0/= "./<'&=+7) (&*4:&0&D) 2,&:<.#&)) -$, &01+&,) "/= $"&'&=9&.10/0#$, 

$"E #$ M=#5 -$#5 #70 &"$M( #/=) %& #$ "$9/:E0$ (&02/:&0&D) 2,&:<.#&)) (Boller, 

1995ú Ebel -$, Cosio, 1994). I, 2,&:<.#&) -$#$#5++/0#$, +& 2 -$#7:/.D&), #/=) 

:&0,-/A) (general) "/= <N/=0 #70 ,-$0E#7#$ 2,&:<.+&4) #/= ;$+,-/A $0/+/"/,7#,-/A 

+=+#(%$#/) +& *&0,+#<) -$, %7-*&0,+#<) #/= "$9/:E0/= -$, #/=) &*&,2,-&=%<0/=) +& 

M='( "$9/:E0/= (race-specific) 2,&:<.#&) "/= /27:/A0 +#70 $05"#=*7 $0#/N() 
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%E0/ +& M=#5 *&0,+#<) %<+4 #/= $0/+/"/,7#,-/A +=+#(%$#/) #40 :/0,2D40 

$09&-#,-E#7#$). I, 2,&:<.#&) <N/=0 #70 ,-$0E#7#$ 2.5+7) +& N$%7'<) +=:-&0#.1+&,) 

-$, 2&0 <N/=0 -/,0( N7%,-( 2/%(, $''5 $0(-/=0 +& %,$ &=.&D$ -'D%$-$ N7%,-10 

&01+&40 "/= +=%"&.,'$%;50/=0 /',:/+$-N$.D#&), "&"#D2,$, ".4#&T0&) -$, ',"D2,$ 

(Montesano et al., 2003). I, "&.,++E#&./, 2,&:<.#&) &D0$, +=+#$#,-5 +#/,N&D$ #40 

-=##$.,-10 #/,N4%5#40 #40 "$9/:E040 E"4) 7 :'/=-507, 7 N,#D07 -$, #$ 

',"/"/'=+$-N$.D2,$ E"4) &"D+7) -$, 7 M'$#?&'D07 (flagellin), 2/%,-E +=+#$#,-E #/= 

;$-#7.,$-/A %$+#,:D/= -$, /0/%5?/0#$, $"E -/,0/A PAMPs (Pathogen Associated 

Molecular Patterns) (Nürnberger -$, Brunner, 2002). @,$ 5''7 -'5+7 2,&:&.#10 "/= 

"$D?/=0 .E'/ +#70 %/'=+%$#,-( ,-$0E#7#$ #40 "$9/:E040 &D0$, #$ "./SE0#$ #40 

:/0,2D40 $%/'=+%$#,-E#7#$) (Avr) (Nürnberger, 1999ú Bonas -$, Lahaye, 2002). 

1.1.2.1 !"#$%& "'(#()($*+$%& #,#+*-" 

>/ ;$+,-E $0/+/"/,7#,-E +A+#7%$ #40 M=#10 "./+M<.&, +#$ M=#5 %7-

&*&,2,-&=%<07 (:&0,-() $09&-#,-E#7#$ (non-specific resistance), 7 /"/D$ &D0$, 

$"/#&'&+%$#,-( &0$0#D/0 $.-&#10 M=#/"$9/:E040 &,210 ( +#&'&N10 (M='10, 

;,/#A"40, "$9/#A"40) &0E) "$9/:E0/=. 

1. .'/0%+$%&+*+" +1' -*-20'$#+3' (non-host) 

L ",/ +7%$0#,-( -$, %&:5'7) 2,5.-&,$) %/.M( $09&-#,-E#7#$) &D0$, 7 

'&:E%&07 $09&-#,-E#7#$ #/= %7-*&0,+#( (non-host resistance), "/= +7%$D0&, E#, E'$ 

#$ %<'7 &0E) M=#,-/A &D2/=) &D0$, $09&-#,-5 +& E'&) #,) M='<) &0E) "$9/:E0/= &D2/=) 

(Mellersh et al., 2002ú Thordal-Christensen, 2003ú Mysore -$, Ryu, 2004). 3$.E'/ 

"/= $=#E) &D0$, / ",/ -/,0E) #A"/) $09&-#,-E#7#$), <N/=0 :D0&, +N&#,-5 'D:&) <.&=0&) 

+#,) /"/D&) &",N&,.(97-& 0$ &*7:79&D $=#E) #/ %7N$0,+%E). 6=#<) /, <.&=0&) <2&,*$0 

E#, 7 ,+/../"D$ %&#$*A #40 &0&.:10 /%5240 /*=:E0/= (reactive oxygen species – 

ROS) -$, #40 $0#,/*&,24#,-10 %"/.&D 0$ "$D?&, .E'/ +#70 $05+N&+7 #7) &,+E2/= 

#40 "$9/:E040 +#/=) %7-*&0,+#<). I, Trujillo et al., (2004) <2&,*$0 E#, /, ROS, -$, 

,2,$D#&.$ #/ ="&./*&D2,/ #/= =2./:E0/=, %"/.&D 0$ &D0$, 7 $,#D$ #7) $09&-#,-E#7#$) 

#/= -.,9$.,/A +#/ %A-7#$ Blumeria graminis f. sp. tritici. !D0$, ",9$0E0 /, ROS 0$ 

&D0$, ="&A9=0&) :,$ #/0 "&.,/.,+%E #/= "$9/:E0/= #E+/ +#/=) %7-*&0,+#<) E+/ -$, 

+#,) $+A%;$#&) $''7'&",2.5+&,) (incompatible interactions). I, Mellersh et al., 

(2002) $0$M<./0#$, +#7 ",9$0( +=%%&#/N( #40 ROS +#7 $09&-#,-E#7#$ #40 M=#10 

Vigna unguiculata +#/0 "&./0E+"/./ Erysiphe polygoni, ;$+,?E%&0/, +#$ 

$"/#&'<+%$#$ #7) &M$.%/:() $0#,/*&,24#,-10 +#$ M=#5. 
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2. !"#$%4 (basal) "'/0%+$%&+*+" 

6=#( 7 %/.M( $09&-#,-E#7#$) &%M$0D?&#$, -$#5 #$ ".1#$ +#52,$ #7) 

$''7'&"D2.$+7) "$9/:E0/=-*&0,+#(. >$ M=#5 <N/=0 ="/2/N&D) %& #/=) /"/D/=) 

$0#,'$%;50/0#$, #/=) “:&0,-/A) 2,&:<.#&)“ (general elicitors) ( #$ +=0#7.7%<0$ 

%/.,$-5 %/#D;$ "/= +N&#D?/0#$, %& "$9/:E0$ (pathogen-associated molecular 

patterns - PAMP), #$ /"/D$ "$.$#7./A0#$, +& "/''5 "$9/:E0$ (Abramovitch et al., 

2006). U0$ #=",-E PAMP &D0$, <0$ "&"#D2,/ "/= "./<.N&#$, $"E ;$-#7.,$-( 

M'$#?&'D07 (flagellin), %,$ ".4#&T07 7 /"/D$ $"/#&'&D +=+#$#,-E #40 %$+#,:D40 +#$ 

-,0/A%&0$ ;$-#(.,$. Z''$ PAMPs %"/.&D 0$ &D0$, ',"/"/'=+$-N$.D#&) 

(lipopolysaccharides), 7 N,#D07 -$, 7 &.:/+#&.E'7 #40 %=-(#40. L $0$:01.,+7 #7) 

M'$#?&'D07) :D0&#$, $"E #/0 ="/2/N<$ FLS2. W) $"/#<'&+%$ #7) $''7'&"D2.$+7) 

#7) M'$#?&'D07) -$, #/= FLS2, #/ PAMP $0$:04.D?&#$, $"E ".4#&S0,-<) -,05+&) 

(Chinchilla et al., 2006) -$, $.-&#5 :/0D2,$ &0&.:/"/,/A0#$, +#/ %/'=+%<0/ M=#E. >$ 

"&.,++E#&.$ $"E $=#5 #$ :/0D2,$ &D0$, D2,$ %& $=#5 "/= &0&.:/"/,/A0#$, $.:E#&.$ 

-$#5 #70 &-2('4+7 #/= &::&0/A) $0/+/"/,7#,-/A +=+#(%$#/) #40 :/0,2D40 

$09&-#,-E#7#$), E#$0 #/ "./ïE0 #/= :/0,2D/= R (resistance) #/= M=#/A $''7'&",2.5 

%& #/ "./ïE0 #/= :/0,2D/= Avr (avirulence) #/= "$9/:E0/= (Navarro et al., 2004; 

Zipfel et al., 2004). Y+/0 $M/.5 #/ %7N$0,+%E "/= "&.,/.D?&, ( 0&-.10&, #/ 

"$9/:E0/ <N/=0 $0$M&.9&D 7 $A*7+7 #7) 2.5+7) N,#,0$+10 -$, -5"/,40 5''40 

&0?A%40 "/= $"/2/%/A0 #/ -=##$.,-E #/DN4%$ -$, 7 +=++1.&=+7 $0#,%,-./;,$-10 

/=+,10. L $=*7%<07 2.$+#7.,E#7#$ #40 N,#,0$+10 $"/2o%&D #7 N,#D07 +#$ -=##$.,-5 

#/,N1%$#$ #40 %=-(#40 (van Loon et al., 2006). !D0$, &02,$M<./0 &"D+7) #/ E#, 7 

2.$+#7.,E#7#$ #<#/,40 &0?A%40 &D0$, N$.$-#7.,+#,-E M=#10 "/= &D0$, $09&-#,-5 +& 

,ï-<) ( ;$-#7.,$-<) "./+;/'<). @,$ ",9$0( &*(:7+7 +#7 "&.D"#4+7 #40 ;$-#7.D40 

&D0$, E#, /, "&.,++E#&.&) N,#,05+&) "$./=+,5?/=0 '=+/?=%,-( 2.$+#7.,E#7#$ 

(lysozyme, <0?=%$ "/= $"/2/%/A0 #$ ;$-#7.,$-5 -=##$.,-5 #/,N1%$#$). 

@,$ N$.$-#7.,+#,-( %7-&*&,2,-&=%<07 $09&-#,-E#7#$, 7 /"/D$ &D0$, 

$"/#&'&+%$#,-( &0$0#D/0 $.-&#10 M='10 "$9/:E040 "/= "./-$'/A0 4T2,/ +#/ 

-.,95.,, -42,-/"/,&D#$, $"E #/=) %&#$''$:%<0/=) $''7'E%/.M/=) mlo (N4.D) 

M$,0/#=",-( 2.5+7) #/= :/0,2D/= Mlo "/= <N&, 2,$.-( 2.5+7. 6=#E) / #A"/) 

$09&-#,-E#7#$) &M$.%E+#7-& $"/#&'&+%$#,-5 :,$ $.-&#<) 2&-$&#D&) +#70 ".5*7. >/ 

:/0D2,/ Mlo #/= -.,9$.,/A -'40/"/,(97-& -$, -42,-/"/,&D %,$ 2,$%&%;.$0,-( 

".4#&T07 "/= &D0$, $.07#,-E) .=9%,+#() #7) -=##$.,-() 0<-.4+7) -$, #7) 

$09&-#,-E#7#$) +#/ 4T2,/ Erysiphe graminis f. sp. hordei (Büschges et al., 1997). L 

="&.<-M.$+7 %,$) ".4#&T07) "/= "$.&%"/2D?&, #/0 "./:.$%%$#,+%<0/ -=##$.,-E 

950$#/ (programmed cell death – PCD) (Bax inhibitor-1) /2(:7+& +#70 -$#$+#/'( 
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#7) $09&-#,-E#7#$) %<+4 mlo +#/ 4T2,/ #/= -.,9$.,/A (Hückelhoven et al., 2003). 

@,$ ".E+M$#7 &.:$+D$ <2&,*& E#, ="5.N/=0 '&,#/=.:,-5 Mlo :/0D2,$ -$, +#/ M=#E 

Arabidopsis thaliana (Consonni et al., 2006). !"/%<04) 7 %7-&*&,2,-&=%<07 

$09&-#,-E#7#$ %<+4 #/= @lo +#/ 4T2,/ %"/.&D 0$ &D0$, "/'A ",/ 2,$2&2/%<0/ 

M$,0E%&0/ +#$ M=#5 $"E E#, M$,0E#$0 $.N,-5. R& %,$ 5''7 %/.M( %7-&*&,2,-&=%<07) 

$09&-#,-E#7#$) / *&0,+#() M$D0&#$, 0$ &D0$, &="$9() -$, 0$ %/'A0&#$,, 4+#E+/ / 

%A-7#$) $0$"$.5:&#$, "/'A $.:5 -$, +& N$%7'5 &"D"&2$. 6=#( 7 %/.M( 

$09&-#,-E#7#$) <N&, "$.$#7.79&D +#,) +-4.,5+&,) -$, +#/0 Phytophthora infestans 

+#70 "$#5#$ (Song et al., 2003). I, '&"#/%<.&,&) #/= %7N$0,+%/A 2&0 &D0$, $-E%$ 

:04+#<). Y'&) /, $0$M&.9&D+&) %/.M<) :&0,-() $09&-#,-E#7#$) 2&0 +=+N&#D?/0#$, %& 

#70 $0#D2.$+7 ="&.&=$,+97+D$) (hypersensistive response - HR). W+#E+/ +#70 

"&.D"#4+7 #7) mlo $09&-#,-E#7#$) #$ %/'=+%<0$ -A##$.$ #/= *&0,+#( $0#,2./A0 +#7 

2,&D+2=+7 #/= "$9/:E0/= %& #/ +N7%$#,+%E 97'10 (papillae) ("5N=0+7 #40 

-=##$.,-10 #/,N4%5#40), "/= 9&4.&D#$, E#, "&.,/.D?/=0 #70 $05"#=*7 #/= 

"$9/:E0/=. 3./:&0<+#&.&) <.&=0&) <2&,*$0 E#, +=++4.&A/0#$, ROS (".N. H2O2) 4) 

$0#D2.$+7 +#$ MA''$ #40 mlo M=#10, $''5 / .E'/) #/=) 2&0 <N&, +=+N&#,+#&D %& #70 

$09&-#,-E#7#$ (Thordal-Christensen et al., 1997; Hückelhoven et al., 1999).  

1.1.2.2 .'(#()($*+$%& #,#+*-" +1' 5('$671' "'/0%+$%&+*+"8 

1. 9&'(: );(8 5&'( "'/0%+$%&+*+" <1;78 .'+76;"#* =)0;0:"$#/*#7"8 

@,$ ,2,$D#&.7 %/.M( &*&,2,-&=%<07) $09&-#,-E#7#$) &D0$, 7 $09&-#,-E#7#$ "/= 

'<:&#$, -$, “$0#D2.$+7 $0/+/"/D7+7)”. 6=#E) / #A"/) $09&-#,-E#7#$) 2&0 +N&#D?&#$, 

%& #70 HR, $M/A 2&0 "$.$#7./A0#$, 0&-.4#,-5 +7%&D$ +#/ +7%&D/ %E'=0+7) #/= 

$09&-#,-/A M=#/A. @,$ $"E #,) ",/ -$'5 %&'&#7%<0&) %/.M<) :E0/= "./) :E0/ 

$09&-#,-E#7#$) &D0$, $=#( "/= "./<.N&#$, $"E #/ :/0D2,/ Rx #7) "$#5#$), -$, "/= 

&D0$, $"/#&'&+%$#,-( &0$0#D/0 #7) %E'=0+7) $"E #/0 ,E Potato virus X (Bendahmane 

et al., 1999). L $09&-#,-E#7#$ "/= "./+M<.&, #/ :/0D2,/ Rx -$9/.D?&#$, $"E #=",-E 

:E0/= "./) :E0/ %7N$0,+%E. I "&.,/.,+%E) #/= ,/A +=%;$D0&, 5%&+$ +#$ %/'=+%<0$ 

M=#5, ".,0 #70 &-2('4+7 #7) HR. I, ;,/N7%,-/D ( %/.,$-/D %7N$0,+%/D "/= 2,<"/=0 

#70 ",/ "504 $09&-#,-E#7#$ 2&0 &D0$, :04+#/D. 

2. 9&'(: );(8 5&'( "'/0%+$%&+*+" )(: #<0+7>0+"$ -0 +*' .'+76;"#* 

=)0;0:"$#/*#7"8 

6=#E) / #A"/) &*&,2,-&=%<07) $09&-#,-E#7#$) +N&#D?&#$, %& #/ %7N$0,+%E #/= 

:E0/= "./) :E0/ -$, #70 HR #40 M=#10. UN&, %&'&#79&D ",/ "/'A $"E -59& 5''7 

%/.M( $09&-#,-E#7#$) +#$ M=#5 -$, N$.$-#7.D?&#$, $"E #/ +N7%$#,+%E 0&-.1+&40 
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+& %,-.5 #%(%$#$ #/= M=#,-/A ,+#/A +#$ $09&-#,-5 M=#5. >/ "$9/:E0/ "$.$%<0&, 

&0#E) #40 /.D40 #/= +7%&D/= "./+;/'() -$, "&.,/.D?&#$, ( -$, 0&-.10&#$, +#/=) 

$09&-#,-/A) ,+#/A) (Klement et al., 1964) (!,-E0$ 1.1). 3$'$,E#&.$, &",-.$#/A+& 7 

5"/P7 E#, #/ "$9/:E0/ "&.,/.D?&#$, ( 0&-.10&#$, $"E #70 <''&,P7 9.&"#,-10 

+#/,N&D40 +#$ 0&-.5 -A##$.$ +#7) HR. 6=#( 7 &*(:7+7 <N&, '/:,-( +#70 "&.D"#4+7 

#40 +-4.,5+&40 -$, #40 ,1+&40 "/= "./-$'/A0#$, $"E ="/N.&4#,-5 "$.5+,#$ 

(;,/#./M,-5) $''5 +A:N./0&) %&'<#&) <N/=0 $"/2&D*&, #70 $05"#=*7 "/'A"'/-40 

$%=0#,-10 %7N$0,+%10 "/= +#$%$#/A0 #70 $05"#=*7 #40 "$9/:E040 (Hofius et al., 

2007). >$ 0&-./#./M,-5 "$9/:E0$ 4+#E+/ "./#,%/A0 #/=) 0&-./A) M=#,-/A) 

,+#/A), "/= +& %&.,-<) "&.,"#1+&,) &D0$, $"/#<'&+%$ #40 #/*,-10 &",2.5+&40 #40 

0&-./#./M,-10 "$9/:E040. 3$.’ E'$ $=#5 2&0 &D0$, :04+#E :,$#D #$ 0&-./#./M,-5 

"$9/:E0$ "&.,/.D?/0#$, +#$ M=#5 "/= $0$"#A++/=0 HR (Király et al., 2007). 

 

 

H*+<2& 1.1: 6. 60#D2.$+7 ="&.&=$,+97+D$) %& #/",-( 0<-.4+7 +& MA''$ -$"0/A %&#5 $"E <0&+7 
"=-0() +=:-&0#.1+&4) #/= 2,&:<.#7 Avr9 #/= %A-7#$ Cladosporium fulvum. I 2,&:<.#7) Avr9 
$0$:04.D?&#$, $"E #70 ".4#&T07 $09&-#,-E#7#$) Cf9 -$, "./-$'&D #70 HR.  O. B,&D+2=+7 #/= %A-7#$ 
Erysiphe cichoracearum (%"'& =M<)) +& <0$ &",2&.%,-E -A##$./ -$, &-2('4+7 #7) $0#D2.$+7) 
="&.&=$,+97+D$) 4) $"/#<'&+%$ #7) "$.$:4:() H2O2 ($0,N0&A&#$, %& diamino benzidine 4) -$M< 
"./SE0 $0#D2.$+7)). 

H;(#";-(54 ")& Hofius D., Tsitsigiannis D.I., Jones J.D. %"$ Mundy J. 2007 

 

L &*&,2D-&=+7 &D0$, +7%$0#,-E N$.$-#7.,+#,-E $=#/A #/= #A"/= 

$09&-#,-E#7#$). 6=#E +7%$D0&, E#, -5"/,&) "/,-,'D&) M=#10 &D0$, $09&-#,-<) %E0/ +& 

-5"/,$ +#&'<N7 (M='<)) "$9/:E040. 6=#E) &D0$, <0$) -'$++,-E) %7N$0,+%E) :E0/= 

"./) :E0/ "/= &*$.#5#$, $"E #70 $''7'&"D2.$+7 #40 "./ïE0#40 #/= :/0,2D/= 

$09&-#,-E#7#$) #/= M=#/A (R) -$, #/= :/0,2D/= $%/'=+%$#,-E#7#$) (avirulence - Avr) 

#/= "$9/:E0/= (Flor, 1971). L $09&-#,-E#7#$ "/= +N&#D?&#$, %& #70 HR -$'&D#$, 

&"D+7) -$, “race-specific”, 'E:4 #/= E#, &D0$, $"/#&'&+%$#,-( %E0/ &0$0#D/0 &0E) ( 

%&.,-10 "$9/:E040 +#&'&N10. 6=#E #/ N$.$-#7.,+#,-E $"/#&'&D %&,/0<-#7%$ $=#/A 

#/= #A"/= $09&-#,-E#7#$) $"E #70 "'&=.5 #7) ".$-#,-() &M$.%/:() +#7 ;&'#D4+7 

#40 M=#10. L “race-specific” $09&-#,-E#7#$ 2&0 <N&, %&:5'7 2,5.-&,$ -$, +=0(94) 
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2&0 -.$#5&, "504 $"E 5 – 10 N.E0,$. L +A09&+7 #40 M='10 &0E) "$9/:E0/= 

"'79=+%/A $''5?&, +7%$0#,-5 "&.D"/= %<+$ +& %,$ 2&-$&#D$, &"/%<04) 

"./-A"#/=0 0<&) ",/ "./+$.%/+%<0&) "$9/:E0&) M='<), %&.,-<) $"E #,) /"/D&) 9$ 

<N/=0 #70 ,-$0E#7#$ 0$ %/'A0/=0 #70 "/,-,'D$ "/= "./7:/=%<04) "$./=+D$?& 

“race-specific” $09&-#,-E#7#$. I %7N$0,+%E) #7) :E0/= "./) :E0/ $09&-#,-E#7#$) 

<N&, $0$'=9&D &-#&01) ;,/N7%,-5 -$, %/.,$-5. 6*D?&, 0$ +7%&,49&D E#, #$ "./SE0#$ #40 

R -$, Avr :/0,2D40 $''7'&",2./A0 %&#$*A #/=) +#70 &*&,2,-&=%<07 $09&-#,-E#7#$ 

"$./=+D$ #7) HR. 6.-&#<) &.:$+D&) <2&,*$0 E#, 7 $''7'&"D2.$+7 #40 2A/ 

"./SE0#40 /27:&D +& HR -$, $09&-#,-E#7#$ (Hammond-Kosack et al., 1994ú Joosten 

-$, deWit, 1999). 6%E'=0#$ M=#5 "/= <M&.$0 #/ R :/0D2,/ -$, %&#$+N7%$#D+#7-$0 %& 

#/ $0#D+#/,N/ Avr :/0D2,/ #/= "$9/:E0/= $0<"#=*$0 HR -$, #&',-5 0&-.197-$0. L 

0<-.4+7 #40 M=#,-10 -=##5.40 -$, / "&.,/.,+%E) (( 0<-.4+7) #/= "$9/:E0/= &D0$, 

$"/#<'&+%$ "$.$:4:() $.-&#10 $0#,%,-./;,$-10 .,?10 (radicals) -$, 2,$ME.40 

5''40 /=+,10 (&0&.:<) /%52&) /*=:E0/=, "./SE0#$ /*&D24+7) M$,0/'10, 

M=#/$'&*D0&) -.#.'.) +#$ $09&-#,-5 M=#5 "/= &-27'10/=0 #70 HR. !"/%<04), 7 

-=##$.,-( 0<-.4+7 "/= "$.$#7.&D#$, +#70 HR M$D0&#$, 0$ &D0$, #/ $"/#<'&+%$ -$, 

EN, 7 $,#D$ #7) $09&-#,-E#7#$). L #&'&=#$D$ 2,$"D+#4+7 $"/2&DN97-& $.N,-5 #/ 1972 

(Király et al., 1972). 3,/ ".E+M$#$ 27%/+,&A97-$0 $0#D+#/,N$ $"/#&'<+%$#$ "/= 

<2&,N0$0 #70 $"/#&'&+%$#,-E#7#$ #7) HR &0$0#D/0 ;$-#7.,$-10 (Yu et al., 1998ú 

Gassmann, 2005) -$, ,ï-10 %/'A0+&40 (Bendahmane et al., 1999ú Cole et al., 2001; 

Schoelz et al., 2003). 

L -=##$.,-( 0<-.4+7 -$#5 #70 HR -$, / &"$-E'/=9/) "&.,/.,+%E) ( 7 

9$05#4+7 #/= "$9/:E0/= &D0$, 2A/ 2,$M/.&#,-<) $0#,2.5+&,), "/= %"/./A0 0$ 

2,$N4.,+#/A0 "&,.$%$#,-5. L $09&-#,-E#7#$ %& #7 %/.M( #/= "&.,/.,+%/A ( #7 

0<-.4+7 #/= "$9/:E0/= -$, 7 -=##$.,-( 0<-.4+7 %<+4 #7) HR %"/.&D 0$ %70 

+N&#D?&#$, %& #70 $09&-#,-E#7#$ +#70 $+9<0&,$ (Király -$, Király, 2006). L 9&4.D$ #/= 

:E0/= "./) :E0/ :D0&#$, ",/ -$#$0/7#( %& #/ %/0#<'/ #7) ".4#&ï07) &"D2.$+7) – 

="/2/N<$ (effector – receptor model). >/ "./SE0 #/= :/0,2D/= R %"/.&D 0$ 9&4.79&D 

4) ="/2/N<$) ".4#&S010 "/= $"/#&'/A0 "./SE0#$ #/= :/0,2D/= Avr #40 

"$9/:E040 (Mudgett, 2005ú Ellis et al., 2006). L $''7'&"D2.$+7 :E0/= "./) :E0/ 

*&-,05 %& #70 $0$:01.,+7 #/= "$9/:E0/= -$, &"$-/'/=9&D 7 M5+7 #7) 

&0&.:/"/D7+7) #40 %/0/"$#,10 %&#$:4:() +7%5#40 (Martin et al., 2003) "/= <N/=0 

4) $"/#<'&+%$ 0$ "&.,/.D?&#$, ( 0$ 0&-.10&#$, #/ "$9/:E0/ +#$ $09&-#,-5 M=#5 

(Staskawicz et al., 1995). 6=#( 7 2,$2,-$+D$ ",9$0E0 0$ +N&#D?&#$, %& #70 HR. 

>$ #&'&=#$D$ N.E0,$ <N/=0 $"/%/049&D -$, "./+2,/.,+9&D :/0D2,$ 

$09&-#,-E#7#$) $"E "/''5 -$'',&.:/A%&0$ M=#5 ( M=#5-".E#="$ (Arabidopsis 



!GR6KWKL 

 

11 

thaliana). >$ '&,#/=.:,-5 :/0D2,$ $09&-#,-E#7#$) "/= <N/=0 $"/%/049&D %<N., 

+(%&.$, +=%;5''/=0 +#70 $0#/N( +& ;$-#7.,/'/:,-<), ,/'/:,-<) -$, %=-7#/'/:,-<) 

$+9<0&,&) #40 M=#10 -$, %/,5?/=0 2/%,-5 %& #,) $0#D+#/,N&) ".4#&T0&) #40 

$+"E02='40 ?140. 3$.5 #7 %&:5'7 2,$M/./"/D7+7 %&#$*A #40 "$9/:E040 

+N&#,-5 %& #,) ,2,E#7#&) #40 ".4#&ï010 &"D2.$+7) (effectors), /, :E0/, 

$09&-#,-E#7#$) #40 M=#10 -42,-/"/,/A0 "<0#& -$#7:/.D&) ".4#&S010-="/2/N<40 

($0&*5.#7#$ $"E #70 -$#7:/.D$ #/= "$9/:E0/=) "/= %"/.&D 0$ &D0$, &D#& 

&*4-=##$.,-<) &D#& &02/-=##$.,-<) (!,-E0$ 1.2): 

($) I, Receptor-Like Proteins (RLPs), E"4) /, ="/2/N&D) #7) #/%5#$) Cf-2 

-$, Cf-9 "/= -42,-/"/,/A0 2,$%&%;.$0,-<) :'=-/".4#&T0&), $"/#&'/A0#$, -$#5 

-A.,/ 'E:/ $"E %,$ &*4-=##$.,-( "&.,/N( $"E &"$0$'$%;$0E%&0$ "&"#,2,-5 %E.,$ 

"'/A+,$ +#/ $%,0/*A '&=-D07 (Leucine Rich Repeats - LRRs) -$, <0$ %,-.E 

-=##$./"'$+%$#,-E #/%<$. I, RLP ".4#&T0&) %"/./A0 0$ '&,#/=.:(+/=0 4) 

="/2/N&D) &*4-=##$.,-10 ( &02/-=##$.,-10 Avr ".4#&S010 (Dangl -$, Jones, 

2001). 

(;) I, Receptor-like Kinases (RLKs), E"4) / ="/2/N<$) #7) #/%5#$) H$21, / 

/"/D/) $0$:04.D?&,  #/0 #&'&+#( AvrXa21 #/= Xanthomonas oryzae pv. (ryzae. I, 

RLKs &D0$, 2,$%&%;.$0,-<) ".4#&T0&) "'/A+,&) +& &*4-=##$.,-<) "&.,/N<) LRRs -$, 

"&.,<N/=0 %,$ -=#/"'$+%,-( "&.,/N( -,05+7) #7) +&.D07)-9.&/0D07) "/= 

%&#$;,;5?&, #/ +(%$ +& 5''&) -,05+&) :,$  "&.$,#<.4 &0D+N=+( #/= (Dangl -$, Jones, 

2001).  

(:) I, TIR-NB-LRR R ".4#&T0&), E"4) :,$ "$.52&,:%$ /, -=#/"'$+%$#,-<) 

".4#&T0&) "/= -42,-/"/,/A0#$, $"E #$ :/0D2,$ N #/= -$"0/A -$#5 #/= ,/A TMV, L 

#/= ',0$.,/A -$#5 #/= %A-7#$ +-4.D$+7) Melampora lini -$, RPP5 #7) 6.$;D2/P7) 

-$#5 #/= 4/%A-7#$ Hyaloperonospora parasitica. !","'</0 #7) "&.,/N()  LRR, /, 

="/2/N&D) $=#/D 2,$9<#/=0 -$, #70 "&.,/N( "./+2<+&4) 0/=-'&/#,2D40 (Nucleotide 

Binding, NB) -$91) -$, #70 "&.,/N( TIR "/= &D0$, /%E'/:7 #7) &02/-=##$.,-() 

"&.,/N() #/= Toll-="/2/N<$ ,0#&.'&=-D07) (Toll/Interleukin 1) #40 ="/2/N<40 #40 

97'$+#,-10, "&.,/N<) "/= &%"'<-/0#$, +#70 $0#D'7P7 -$, %&#$:4:( #40 +7%5#40 

#7) $0#/N() #/= M=#/A (Meyers et al., 2003). I, "&.,/N<) NB-LRR '&,#/=.:/A0 4) 

9<+&,) $0#,2.5+&40 %&#$*A ".4#&S010-".4#&S010, ".4#&S010-"./+2&%5#40 

(ligands) -$, ".4#&S010-=2$#$09.5-40 -$, "./+2D2/=0 #70 &-'&-#,-E#7#$ +#70 

$0$:01.,+7 #40 2,$ME.40 "$9/:E040 $"E #$ M=#5 (Dangl -$, Jones, 2001). 

(2) L CC-NB-LRR /%52$ #40 -=#/"'$+%$#,-10 R ".4#&S010 <N&, LRR -$, 

NB "&.,/N<) -$, 2,$9<#&, %,$ $%,0/#&',-( "&.,/N( "/= %/,5?&, %& "&.,&',:%<0/ 

+"&D.$%$ (Coiled Coil - CC). R& $=#( #70 -$#7:/.D$ $0(-/=0 /, R ".4#&T0&) RPS2 
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-$, RPM1 "/= 2./=0 +& ".4#&T0&) &"D2.$+7) #/= ;$-#7.D/= Pseudomonas 

syringae. L /,-/:<0&,$ $=#( #40 ="/2/N<40 "&.,'$%;50&, "/''<) ="/-/,-/:<0&,&) 

"/= "/,-D'/=0 +#/ %<:&9/) -$, +#70 $-.,;( 9<+7 #7) CC "&.,/N() (Dangl -$, Jones, 

2001).  

(v) >$ :/0D2,$ $09&-#,-E#7#$) "/= -42,-/"/,/A0 -,05+&) #7) +&.D07)-

9.&/0D07) E"4) &D0$, #/ R :/0D2,/ Pto #7) #/%5#$) "/= $0$:04.D?&, #70 ".4#&T07 

&"D2.$+7) AvrPto #/= ;$-#7.D/= Pseudomonas syringae (Dangl -$, Jones, 2001). 

 

 

H*+<2& 1.2: RA:-.,+7 #40 ".4#&ï010 $09&-#,-E#7#$) #40 M=#10 %& ".4#&T0&) "/= ="&,+<.N/0#$, +#/ 
&::&0<) $0/+/"/,7#,-E +A+#7%$ #40 ?140 -$, #40 &0#E%40. 
 

RA:N./0&) <.&=0&) <2&,*$0 E#, /, R ".4#&T0&) '&,#/=.:/A0 &D#& %& $"&=9&D$) 

$0$:01.,+7 -$, ".E+2&+( #/=) +#70 ".4#&T07 &"D2.$+7) (9&4.D$ :E0/= "./) :E0/=) 

( $0$:04.D?/0#$) %,$ 5''7 ".4#&T07 #/= M=#/A 7 /"/D$ &D0$, / +#EN/) #7) ".4#&T07) 

&"D2.$+7) (="E9&+7 #/= M./=./A - guard hypothesis) (Dangl -$, Jones, 2001). L 

="E9&+7 #/= M./=./A $.N,-5 "./#597-& :,$ 0$ &.%70&A+&, #/ :&:/0E) E#, 7 R 

".4#&S0,-( -,05+7 Pto $0$:04.D?&, -$, "./+2<0&#$, +#70 ".4#&T07 &"D2.$+7) 

AvrPto <%%&+$ %<+4 #7) NB-LRR ".4#&T07) Prf %& +-/"E 0$ 2.$+#7.,/"/,(+&, #/ 

&::&0<) $0/+/"/,7#,-E +A+#7%$. R& <0$ 5''/ "$.52&,:%$, 7 ".4#&T07 &"D2.$+7) Avr2 

#/= %A-7#$ Cladosporium fulvum &--.D0&#$, $"E #/0 %A-7#$ +#/0 $"/"'$+#,-E N1./ 
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M=#10 #/%5#$) -$, $''7'&",2.5 %& #70 &*4-=##$.,-( ".4#&5+7 #7) -=+#&T07) 

(cysteine protease) Rcr3 #7) #/%5#$). R#7 +=0<N&,$ #/ +A%"'/-/ Rcr3-Avr2 +& 

+=02=$+%E %& #70 ".4#&T07 $09&-#,-E#7#$) Cf-2 &0&.:/"/,&D #/ &::&0<) 

$0/+/"/,7#,-E +A+#7%$ -$, #70 $0#D2.$+7 ="&.&=$,+97+D$).  

RA%M40$ %& #/ "$.$"504 ".E#="/, /, R ".4#&T0&) '&,#/=.:/A0 4) 

.=9%,+#,-/D "./+$.%/+#<) +& <0$ +A%"'/-/ 2A/ ( "&.,++/#<.40 ".4#&S010 "/= 

&0&.:/"/,&D#$, $"E #,) ".4#&T0&) &"D2.$+7) #40 "$9/:E040. @& 5''$ 'E:,$ /, R 

".4#&T0&) &",#7./A0/$0,N0&A/=0 &50 7 -=##$.,-( ".4#&T07-+#EN/) &=.D+-&#$, ="E 

$"&,'( &",9<+&4) $"E ".4#&T0&) &"D2.$+7) #40 "$9/:E040. I, "&.,/N<) LRRs #40 

R ".4#&S010 &*$+M$'D?/=0 E#, 7 &0&.:/"/D7+7 #/= +=%"'E-/= :D0&#$, &*&,2,-&=%<0$ :,$ 

-59& ".4#&T07 &"D2.$+7). Y#$0 $"/=+,5?&, %,$ &*&,2,-&=%<07 ".4#&T07 $0#/N() ( / 

&02,5%&+/) +#EN/) #/= *&0,+#(, / #&'&+#() #/= "$9/:E0/= 2&0 $0$:04.D?&#$, -$, 

$-/'/=9&D 7 $+9<0&,$ (!,-E0$ 1.3) (Dangl -$, Jones, 2001). 

 

!,-E0$ 1.3: &. U0$ -=##$.,-E +A%"'/-/ ".4#&S010 (%"'&) "/= "&.,'$%;50&, #/ %E.,/ #/= 
«M='$++E%&0/=/"./+#$#&=E%&0/=» (-E--,0/) %/.D/= -$, %,$ ".4#&T07 $09&-#,-E#7#$) (:-.D?$ 
+-,$?E%&07 $"E #/ $%,0/#&',-E 5-./ %<+4 #40 2/%,-10 "&.,/N10 JO -$, LRR) &D0$, #/ +A%"'/-/ 
+#EN/) :,$ <0$0 #&'&+#( &0E) "$9/:E0/= ("/.#/-$'D). L. L +=0<04+7 #/= #&'&+#( ("/.#/-$'D) +#/ 
+A%"'/-/ -$#$'(:&, +#70 $"/+A02&+7 -$, 2.$+#7.,/"/D7+7 #7) R ".4#&T07) -$, +#70 &-2('4+7 
$0#/N() (60#D2.$+7 ="&.&=$,+97+D$)) ). !0$''$-#,-5 7 ".4#&T07 $09&-#,-E#7#$)  %"/.&D 0$ %70 
$"/#&'&D %<./) #/= +A%"'/-/= +#EN/= <4) E#/= +=02&9&D / #&'&+#(). 6. L #:'C'1#* +(: +0B0#+4 #+( 
#,-)B(%( -0 +(' #+&<( 0'0;5()($07 +*' R );1+0M'*. 

3./+$.%/:( $"E Dangl JL, Jones JDG 2001 

 

R#$ $09&-#,-5 M=#5, /, ".4#&T0&) &"D2.$+7) #40 "$9/:E040 $''7'&",2./A0 

5%&+$ ( <%%&+$ %& #/=) M=#,-/A) ="/2/N&D) -$#5 #70 $0$:01.,+7 -$, 4) 

$"/#<'&+%$ &0&.:/"/,&D#$, %,$ +&,.5 :/0,2D40 "/= +N&#D?/0#$, %& #70 5%=0$. I, 
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%&#$:.$M,-<) $''$:<) "/= "$.$#7.(97-$0 +#70 "&.D"#4+7 $09&-#,-E#7#$) %<+4 

#/= ;$+,-/A $0/+/"/,7#,-/A +=+#(%$#/) "$./=+D$+$0 &",-5'=P7 %& #70 Avr-

&*$.#1%&07 race-specific $09&-#,-E#7#$ (Navarro et al., 2004ú Zipfel et al., 2004). 

6=#E ="/2&,-0A&, E#, 2,$M/.&#,-/D 2,&:<.#&) #40 "$9/:E040 "/= $''7'&",2./A0 %& 

2,5M/./=) ="/2/N&D) #40 M=#10 &"5:/=0 E%/,&) /%52&) :/0,2D40. 3$.’ E'$ $=#5 

$=#E 2&0 &*7:&D #70 <''&,P7 HR +#/ ;$+,-E $0/+/"/,7#,-E +A+#7%$ ( #70 &%M50,+7 

#7) +#,) "&.,++E#&.&) "&.,"#1+&,) :E0/= "./) :E0/ “race-specific” $09&-#,-E#7#$). 

!",".E+9&#$, /, Tao et al., (2003) <2&,*$0 E#, #$ ".1#$ +#52,$ #7) $+A%;$#7) 

$''7'&"D2.$+7) %&#$*A A. thaliana -$, Pseudomonas syringae -$, #$ #&'&=#$D$ 

+#52,$ +=%;$#10 $''7'&",2.5+&40 <N/=0 "/,/#,-5 E%/,&) $0#,2.5+&,), 

"./#&D0/0#$) E#, /, %7N$0,+%/D #7) %&#$:4:() +7%5#40 "/= &%"'<-/0#$, -$, +#,) 

2A/ "&.,"#1+&,) &D0$, -/,0/D. L %E07 2,$M/.5 &D0$, 7 "/+/#,-( <-M.$+7, $M/A #$ 

&"D"&2$ #/= mRNA #40 R :/0,2D40 RPS2 -$, RPM1 +#$ $09&-#,-5 M=#5 &"5:/0#$, 

04.D#&.$ -$, &D0$, ",/ =P7'5 +& +N<+7 %& #$ &="$9( M=#5. !"/%<04), +#$ M=#5 

$0$"#A++/0#$, E%/,&) M5+&,) $+9<0&,$) +#$ &="$9( -$, +#$ $09&-#,-5 M=#5, $''5 

+#$ #&'&=#$D$ +=%;$D0/=0 "/'A $.:E#&.$. R=%"&.$+%$#,-5 %& ;5+7 #,) ",/ "504 

"'7./M/.D&) M$D0&#$, E#, %&#5 #70 $0$:01.,+7 #/= "$9/:E0/=, E%/,$ :/0D2,$ 

&"5:/0#$, +#$ M=#5 &D#& $=#5 &D0$, $09&-#,-5 (;$+,-( ( :E0/= "./) :E0/ 

$09&-#,-E#7#$) ( &="$9(. I N.E0/) "/= +=%;$D0/=0 /, $0#,2.5+&,) M$D0&#$, 0$ 

"$D?&, +7%$0#,-E .E'/ +#70 $05"#=*7 #7) $09&-#,-E#7#$) ( #7) &="59&,$) -$, +#70 

$05"#=*7 ( EN, HR. 6=#E +7%$D0&, E#, ="5.N&, <0$) -/,0E) %7N$0,+%E) 5%=0$) / 

/"/D/) $0$"#A++&#$, %&#5 #70 $0$:01.,+7. 

1.1.2.3 ?0+"--0+"5;"@$%4 5('$6$"%4 #75*#* (Post-transcriptional 

gene silencing) 

K,$ "/''5 N.E0,$ ="(.N& 7 :&0,-( 5"/P7 E#, #$ %/'=+%<0$ M=#5 2&0 

%"/./A0 0$ $0$..1+/=0 $"E #70 $+9<0&,$. 3.E+M$#$, "$./=+,5+#7-$0 

"&.,"#1+&,) $05..4+7) +& -5"/,&) ,ï-<) "./+;/'<). >$ %/'=+%<0$ M=#5 <2&,*$0 

$.N,-5 #$ #=",-5 +=%"#1%$#$ #7) $+9<0&,$) -$, #$ "$9/:E0$ &DN$0 &*$"'49&D 

2,$+=+#7%$#,-5 4+#E+/ /, 0<&) ;'$+#(+&,) 2&0 "$./=+D$?$0 +=%"#1%$#$ -$, 2&0 

"&.,&DN$0 #/=) ,/A) (Covey et al., 1997ú Ratcliff et al., 1997). !",".E+9&#$, #$ M=#5 

$=#5 "$./=+D$+$0 $09&-#,-E#7#$ +& &"$-E'/=9&) ,ï-<) "./+;/'<), ="/2&,-0A/0#$) 

%,$ %/.M( &"D-#7#7) $0#/N(). 6=#E) / #A"/) $09&-#,-E#7#$) %"/.&D 0$ ;$+D?&#$, +& 

%,$ &,2,-( %/.M( :/0,2,$-() +D:7+7) (Baulcombe, 1996). L +7%$0#,-E#7#$ #7) 

:/0,2,$-() +D:7+7) 2,$",+#197-& $.N,-5 +& :&0&#,-1) #./"/"/,7%<0$ M=#5, +#$ 

/"/D$ #/ %&#$+N7%$#,+%<0/ :/0D2,/ 2&0 &-M.$?E#$0 &",#=N1) (Napoli et al., 1990ú 
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van der Krol et al., 1990). R#,) "&.,++E#&.&) "&.,"#1+&,) #/ :/0D2,/ "/= ="E-&,#$, #7 

+D:7+7 %&#$:.5M&#$, +#/ M=#E, 4+#E+/ #/ mRNA #/= $"/2/%&D#$,. >/ M$,0E%&0/ 

$0$M<.&#$, 4) %&#$-%&#$:.$M,-( :/0,2,$-( +D:7+7 (post-transcriptional gene 

silencing - PTGS). L :/0,2,$-( +D:7+7 +=%;$D0&, %E0/ +& /%E'/:&) $''7'/=ND&) 

0/=-'&ï-10 /*<40 -$, 9&4.&D#$, 4) "/'A &*&,2,-&=%<07 $09&-#,-E#7#$ "/= '&,#/=.:&D 

"&.,++E#&./ +#/ &"D"&2/ #40 0/=-'&/*<40 "$.5 #40 ".4#&ï010. RA%M40$ %& #/ 

%7N$0,+%E #7) :/0,2,$-() +D:7+7), 4) $"/#<'&+%$ #7) $=*7%<07) 2.$+#7.,E#7#$) 

#7) RNA-&*$.#1%&07) RNA "/'=%&.5+7), "$.5:/0#$, $0#,-42,-5 %E.,$ RNA "/= 

"$./=+,5?/=0 /%/'/:D$ $''7'/=ND$) %& #/ 2,$:/0,2,$-E ( #/ ,ï-E RNA. 6=#E &D0$, 7 

$,#D$ #7) "$.$:4:() 2/%10 2,"'() <',-$) RNA, "/= &D0$, “*<0&)” "./) #/ M=#E, #/ 

/"/D/ $"/2/%&D $=#5 #$ %E.,$ %& #7 2.5+7 2,$ME.40 .,;/0/=-'&$+10. 

3&.,++E#&.&) '&"#/%<.&,&) "/= $M/./A0 #/ %7N$0,+%E #7) :/0,2,$-() +D:7+7) 

$0$M<./0#$, +#/ 2/ -&M5'$,/, +#70 "$.5:.$M/ 3.2.3. 

1.1.2.4 A)7%+*+* 6$"#:#+*-"+$%4 "'+(<4 +1' @:+3' 

1. A)7%+*+* "'+(<4 %"$ ( ;&B(8 +(: #"B$%:B$%(, (2C(8 

Y"4) $0$M<.97-& "./7:/=%<04), 7 &"D-#7#7 $0#/N( $0$"#A++&#$, +#$ 

M=#5 %&#5 #70 $.N,-( "./+;/'( E#$0 /, "&.,;5''/0#&) ,+#/D #/= +7%&D/= "./+;/'() 

-$91) -$, #$ $"/%$-.=+%<0$ #%(%$#$ #/= M=#/A :D0/0#$, $09&-#,-5 +#70 "$.$"<.$ 

%E'=0+7. 6=#E) / #A"/) $09&-#,-E#7#$) &D0$, $05'/:/) %& #70 $0/+/"/D7+7 #40 

$01#&.40 ?140. W+#E+/, / %7N$0,+%E) #7) &"D-#7#7) $0#/N() +#$ M=#5 &D0$, "/'A 

2,$M/.&#,-E) $"E $=#E0 +#$ ?1$. L &"D-#7#7 $0#/N( +#$ M=#5 &"5:&#$, +#/=) 

$"/%$-.=+%<0/=) ,+#/A) %&#5 #70 "./+"59&,$ %E'=0+7) $"E "$9/:E0$ "/= 

+=0(94) "./-$'/A0 0&-.4#,-5 +=%"#1%$#$ +#/ +7%&D/ "./+;/'() ( -$, $"E 

5''/=) "$.5:/0#&) E"4) -5"/,$ 5'$#$ -$, .,?/+M$,.,-5 ;$-#(.,$. >/ M=#E 

$0$"#A++&, %,$ “%0(%7 -$#$"E07+7)” 4) $"/#<'&+%$ #7) $.N,-() %E'=0+7), 

&0$0#D/0 %,$) &"$-E'/=97) %E'=0+7). 6=#( 7 “%0(%7 -$#$"E07+7)” #40 M=#10 2&0 

'&,#/=.:&D $"$.$D#7#$ &0$0#D/0 #/= "$9/:E0/= 4+#E+/ #$ +=%"#1%$#$ "/= 

"./-$'&D -$#$+#<''/0#$,. L &"D-#7#7 $0#/N( #40 M=#10 %"/.&D 0$ 2.5+&, #/",-5 +& 

-A##$.$ "/= +=0/.&A/=0 #70 $.N,-( %E'=0+7 ( 2,$+=+#7%$#,-5 +& 

$"/%$-.=+%<0/=) ,+#/A) #/= M=#/A (!,-E0$ 1.4). 6=#( 7 $09&-#,-E#7#$ &D0$, %7-

&*&,2,-&=%<07 -$, &D0$, $"/#&'&+%$#,-( &0$0#D/0 2,$ME.40 -$#$"/0(+&40 -$, 

%/'A0+&40 "/= "./-$'/A0 0<-.4+7 #40 %/'=+%<040 -=##5.40 -$, ,+#10 #40 

M=#10. L #/",-( &"D-#7#7 $0#/N( $0$M<.97-& $.N,-5 $"E #/0 Yarwood (1960) -$, 

#/0 Ross (1961$) +& +N<+7 %& ,ï-<) %/'A0+&,). L &.:$+D$ #/= Ross (1961;) $"<2&,*& 

:,$ ".1#7 M/.5 #70 A"$.*7 #7) 2,$+=+#7%$#,-() &"D-#7#7) $0#/N() (systemic 
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acquired resistance – SAR) +& M=#5 -$"0/A "/= &DN$0 %/'=09&D %& #/0 ,E Tobacco 

mosaic virus (TMV). 3&.D"/= 30 N.E0,$ $.:E#&.$, 2A/ &.&=07#,-<) /%52&) 

$0$-5'=P$0 #/0 -&0#.,-E .E'/ #/= +$',-=',-/A /*</) (salicylic acid - SA) +& $=#( #7 

2,$2,-$+D$. I, &.:$+D&) #/=) <2&,*$0 E#, #/ SA +=++4.&A#7-& +& MA''$ -$"0/A #E+/ 

#/",-5 E+/ -$, 2,$+=+#7%$#,-5 'D:/ %&#5 #7 %E'=0+7 %& #/0 ,E TMV (Malamy et al., 

1990ú Métraux et al., 1990). I +7%$0#,-E) .E'/) #/= SA +#7 SAR &",;&;$,197-& +& 

"&,.5%$#$ %& :&0&#,-1) #./"/"/,7%<0$ M=#5 -$"0/A NahG, #$ /"/D$ M<./=0 #/ 

:/0D2,/ #7) ;$-#7.,$-() =2./*='5+7) #/= SA, #/ /"/D/ %&#$#.<"&, #/ SA +& 

-$#&NE'7 -$, <#+, 2&0 %"/./A0 0$ +=++4.&A+/=0 SA +& %&:5'&) "/+E#7#&). @&#5 

#7 %E'=0+7 NahG M=#10 -$"0/A %& #/0 TMV, 2&0 $0$"#AN97-& SAR 

2,$+=+#7%$#,-5 +#$ $"/%$-.=+%<0$ MA''$ -$, "$.$#7.(97-& <''&,P7 

+=++1.&=+7) SA (Gaffney et al., 1993). !",".E+9&#$, +& $=#5 #$ M=#5 #$ 

0&-.4#,-5 +=%"#1%$#$ (#$0 +& "/'A %&:$'A#&.7 <-#$+7, +& +N<+7 %& #$ $:.D/= 

#A"/= M=#5 -$, +=0&"1) (#$0 ",/ &="$9( +#/0 TMV. 

 

 

H*+<2& 1.4: L &"D-#7#7 2,$+=+#7%$#,-( $0#/N( #40 M=#10 (SAR). L $05"#=*7 #7) SAR &*$.#5#$, $"E 
#/ +$',-=',-E /*A. L ".4#&T07 &"D2.$+7) #/= "$9/:E0/= (Avr) $0$:04.D?&#$, $"E #70 ".4#&T07 
$0#/N() (R) #/= M=#/A -$, &0&.:/"/,&D#$, 7 $0#D2.$+7 ="&.&=$,+97+D$) (HR). L HR %"/.&D 0$ 
&0&.:/"/,(+&, #70 SAR 7 /"/D$ /27:&D +#7 "$.$:4:( PR ".4#&ï010 "/= "./+#$#&A/=0 #/=) 
$"/%$-.=+%<0/=) M=#,-/A) ,+#/A) $"E #/ D2,/ ( -$, 5''$ "$9/:E0$. 

H;(#";-(54 ")& Hofius D., Tsitsigiannis D.I., Jones J.D., %"$ Mundy J. 2007 
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!-#E) $"E #/ SA <N/=0 "./#$9&D -, 5''$ %E.,$ 4) ="&A9=0$ +(%$#$ #7) 

SAR. L <.&=0$ #40 Maldonado et al., (2002) <2&,*& #/0 ",9$0E .E'/ %,$) ".4#&T07) 

%&#$M/.5) ',",2D40 +#7 %&#52/+7 #/= +(%$#/) #7) SAR. U0$ 5''/ %E.,/ "/= 

"./#597-& 4) #/ +(%$, (#$0 %,$ ".4#&T07 ".E+2&+7) #/= SA (salicylic acid-binding 

protein - SABP2) +& M=#5 -$"0/A 7 /"/D$ %&#$#.<"&, #/ ;,/'/:,-5 %7 &0&.:E methyl 

salicylate +& &0&.:E SA +#/=) 2,$+=+#7%$#,-/A) ,+#/A) (Forouhar et al., 2005). >$ 

#&'&=#$D$ N.E0,$ <N&, $"/2&,N9&D E#, 7 &"D2.$+7 #/= SA +#70 SAR ;$+D?&#$, +#70 

&0&.:/"/D7+7 $.-&#10 $0#,/*&,24#,-10 &0?A%40, E"4) 7 superoxide dismutase, 7 

glutathione reductase, 7 glutathione-S-transferase, E"4) &"D+7) -$, +#$ &"D"&2$ %7 

&0?=%$#,-10 $0#,/*&,24#,-10, E"4) 7 glutathione (Fodor et al., 1997ú Király et al., 

2002). L ="&.<-M.$+7 #40 $0#,/*&,24#,-10 2,$",+#197-& #E+/ +& ,+#/A) E"/= &DN& 

+=++4.&=#&D SA E+/ -$, +& %7 %/'=+%<0/=) ,+#/A) MA''40 +#$ /"/D$ &DN& 

&M$.%/+#&D SA. L $=*7%<07 2.$+#7.,E#7#$ #40 $0#,/*&,24#,-10 %"/.&D 0$ %&,1+&, 

#70 -=##$.,-( 0<-.4+7 %&#5 #7 %E'=0+7. !"D+7), #$ $0#,/*&,24#,-5 %"/./A0 0$ 

&*/=2&#&.10/=0 #$ &",?(%,$ $"/#&'<+%$#$ #40 &0&.:10 /%5240 /*=:E0/= (reactive 

oxygen species - ROS). R#$ NahG M=#5 +#$ /"/D$ 2&0 +=++4.&A&#$, SA -$, 2&0 

$0$"#A++&#$, 7 SAR (Gaffney et al., 1993) 7 2.$+#7.,E#7#$ "/''10 

$0#,/*&,24#,-10 &0?A%40 &"D+7) -$#$+#<''&#$, (Király et al., 2002). R=0&"1), / 

.E'/) #/= SA +#70 &"$:4:( #7) SAR 9$ %"/./A+& 0$ &D0$, %<+4 #7) &"D2.$+7) 

#/= +#70 $A*7+7 #40 $0#,/*&,24#,-10. 

@,$ 5''7 %/.M( 2,$+=+#7%$#,-() $0#/N() &D0$, 7 “&"$:E%&07 2,$+=+#7%$#,-( 

$0#/N(” (induced systemic resistance – ISR) 7 /"/D$ &0&.:/"/,&D#$, $"E #$ ;$-#(.,$ 

#7) .,?E+M$,.$) (van Loon et al., 1998ú Tuzun -$, Bent, 2005). U0$) %&:5'/) 

$.,9%E) %7 "$9/:E040 ;$-#7.D40 #7) .,?E+M$,.$) &D0$, ,-$0E) 0$ &"5:&, %7-

&*&,2,-&=%<07 $09&-#,-E#7#$ +#/=) ,+#/A) -5"/,40 M=#10. >/ ",/ ",9$0E0 &D0$, E#, 

$=#( 7 %/.M( 2,$+=+#7%$#,-() $0#/N() '&,#/=.:&D -5#4 $"E M=+,-<) +=09(-&) 

E"4) -$, 7 SAR. W+#E+/, #$ .,?/;$-#(.,$ 2&0 "./-$'/A0 /.$#5 +=%"#1%$#$ HR 

+#$ M=#5 -$, &","'</0 &D0$, ,-$05 0$ "./5:/=0 #70 $05"#=*7 #40 M=#10. 85"/,$ 

.,?/;$-#(.,$ &0&.:/"/,/A0 #7 2.5+7 #/= SA &01 -5"/,$ 5''$ &0&.:/"/,/A0 M=#,-<) 

/.%E0&), E"4) #/ ,$+%/0,-E /*A ( #/ $,9='<0,/ (Tuzun -$, Bent, 2005). 

2. SA-"'02D;+*+* 0'0;5()(7*#* +*8 C%@;"#*8 PR 5('$671' 

I, ".4#&T0&) PR (pathogenesis related proteins) +=++4.&A/0#$, +#$ M=#5 

%&#5 #70 "./+;/'( $"E "$9/:E0$ -$, $0$-$'AM97-$0 $.N,-5 +& MA''$ -$"0/A 

"/= "$./=+D$?$0 HR +#/0 ,E Eobacco mosaic virus (TMV) (van Loon, 1997). 

85"/,&) $"E $=#<) #,) PR, E"4) /, N,#,05+&) -$, /, :'/=-$05+&), <N/=0 

$0#,%,-./;,$-<) ,2,E#7#&) -$, 9&4.&D#$, E#, +=%;5''/=0 +#70 $09&-#,-E#7#$ "/= 
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&0&.:/"/,&D#$, -$#5 #7 %E'=0+7 %& -5"/,/ 0&-./#./M,-E /.:$0,+%E. L &"$:E%&07 

$"E #$ "$9/:E0$ <-M.$+7 #40 "&.,++/#<.40 PR :/0,2D40 +N&#D?&#$, %& #70 <0$.*7 

#7) SAR +#/=) $%E'=0#/=) ,+#/A) 7 /"/D$ %"/.&D 0$ &0&.:/"/,79&D -$, $"E #70 

&*4:&0( &M$.%/:( SA (Ward et al., 1991). W+#E+/, ="5.N/=0 $.-&#5 2&2/%<0$ "/= 

2&DN0/=0 E#, #/ SA 2&0 &D0$, #/ %E0/ +(%$ "/= &%"'<-&#$, +#70 &"$:4:( #40 PR 

:/0,2D40. 8$#’ $.N(0, 7 &0&.:/"/D7+7 #40 PR :/0,2D40 2&0 +=%"D"#&, "50#$ %& #$ 

$=*7%<0$ &"D"&2$ #/= SA (Vallélian-Bindschedler et al., 1998). 8$#5 2&A#&./0, 7 

/%52$ #40 PR :/0,2D40 "/= &0&.:/"/,&D#$, -$#5 #7 %E'=0+7 2&0 $0#,+#/,N&D "50#$ 

%& $=#(0 "/= &0&.:/"/,&D#$, $"E #/ SA ( #$ '&,#/=.:,-5 #/= $05'/:$, 2,6-

dichloroisonicotinic acid (INA) -$, benzothiadiazole (BTH) (Schweizer et al., 1997, 

Schaffrath et al., 1997). K,$ "$.52&,:%$, 7 %E'=0+7 #/= -$"0/A %& #/ "$9/:E0/ 

;$-#(.,/ Erwinia carotovora ( 7 &M$.%/:( #40 2,&:&.#10 #/= (elicitors) +& MA''$ 

-$"0/A, &0&.:/"/D7+$0 2,$+=+#7%$#,-5 %,$ /%52$ PR :/0,2D40 "/= &D0$, 

2,$M/.&#,-5 $"E $=#5 "/= &"5:/0#$, $"E #/ SA (Vidal et al., 1997ú Vidal et al., 

1998). 8$#5 #,) ".1#&) 12 1.&) %&#5 #7 %E'=0+7, #/ E. carotovora &0&.:/"/D7+& 

&*&,2,-&=%<0$ #/ :/0D2,/ #7) ;$+,-() G-1,3-5B(:%"'D#*8 (PR-2) -$, #7) ;$+,-() 

N,#,05+7) (PR-3) $''5 EN, #/= SA-&"$:E%&0/= :/0,2D/= PR-1, &01 7 &*4:&0() 

&M$.%/:( SA &0&.:/"/D7+& #70 <-M.$+7 #/= PR-1 $''5 EN, #40 PR-2 ( PR-3 

:/0,2D40. !02,$M<./0 "./-5'&+& #/ :&:/0E) E#, 7 &"$:4:( #40 :/0,2D40 PR $"E #/ 

E. carotovora $0#$:40D+#7-& $"E #/ SA &01 7 <-M.$+7 #40 SA-&"$:E%&040 

:/0,2D40 PR $0#$:40D+#7-& $"E #/=) 2,&:<.#&) #/= E. carotovora (Vidal et al., 1997). 

L &"$:4:( #40 :/0,2D40 PR %<+4 #/= E. carotovora 2&0 &"7.&5+#7-& +#$ 

%&#$+N7%$#,+%<0$ NahG M=#5 -$"0/A. !","'</0 /, 2,&:<.#&) #/= E. carotovora 

$A*7+$0 #7 2,$+=+#7%$#,-( $0#/N( +& $:.D/= #A"/= -$, %&#$+N7%$#,+%<0$ NahG 

M=#5 -$"0/A (Vidal et al., 1998), ="/2&,-0A/0#$) E#, 7 $0#/N( &D0$, $0&*5.#7#7 #/= 

%/0/"$#,/A %&#$:4:() #/= SA. 6-E%$ <0$ "$.52&,:%$ +#/ /"/D/ M$D0&#$, E#, PR 

:/0D2,$ &"5:/0#$, $0&*5.#7#$ #/= SA "$.$#7.(97-& +& M=#5 -$"0/A 

%&#$+N7%$#,+%<0$ %& #/ :/0D2,/ PAP (pokeweed antiviral protein) $"E #/ M=#E 

Phytolacca americana. >/ :/0D2,/ PAP -42,-/"/,&D %,$ ".4#&T07 "/= "$.&%"/2D?&, 

#7 %&#5M.$+7 %<+4 #7) $M$D.&+7) "/=.D07) (depurinating) $"E #$ &=-$.=4#,-5 

.,;/+1%$#$ (Bonnes et al., 1994). @&#$+N7%$#,+%<0$ M=#5 %& #/ :/0D2,/ PAP (#$0 

$09&-#,-5 +& <0$ &=.A M5+%$ ,10 -$, <2&,*$0 $=*7%<07 $09&-#,-E#7#$ +#/ %A-7#$ 

Rhizoctonia solani, -5#, "/= +N&#D?&#$, %& #70 =P7'( <-M.$+7 -5"/,40 PR :/0,2D40. 

350#4) $=#5 #$ M=#5 2&0 &DN$0 $=*7%<0$ &"D"&2$ SA, ="/2&,-0A/0#$) E#, 7 

<-M.$+7 #40 PR :/0,2D40 +& $=#5 2&0 &*$.#5#$, $"E #/ SA (Zoubenko et al., 1997). 

>$ $"/#&'<+%$#$ %,$) 5''7) <.&=0$) <2&,*$0 E#, #$ $:.D/= #A"/= &%;E',$ -$"0/A 
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"/= &%;/',5+#7-$0 +& ="/-&D%&0$ "/= &*<M.$?$0 #/ :/0D2,/ PAP "$./=+D$+$0 

$=*7%<07 $09&-#,-E#7#$ +#/=) ,/A) TMV -$, Potato virus X $"/=+D$ <-M.$+7) PR 

:/0,2D40 ( $=*7%<040 &","<240 SA, "/= $"/#<'&+& $-E%$ %,$ "&.D"#4+7 +#70 

/"/D$ M507-& E#, 7 &0?=%$#,-( 2.$+#7.,E#7#$ #/= PAP &"5:&, #/0 $%=0#,-E 

%7N$0,+%E $0&*5.#7#$ #/= SA (Smirnov et al., 1997). W+#E+/ 2&0 %"/.&D 0$ 

$"/-'&,+#&D 7 ",9$0E#7#$ #/ PAP 0$ $=*50&, #70 &=$,+97+D$ +#/ SA "/= 0$ /27:&D 

+& $=*7%<0&) $0#,2.5+&,) SA N4.D) 0$ $=*50/0#$, #$ ".$:%$#,-5 &"D"&2$ #/= +#$ 

M=#5. R& M=#5 Arabidopsis thaliana -$, -$"0/A 7 <-M.$+7 #/= :/0,2D/= PR-1 (#$0 

5%&+$ +=02&2&%<07 %& #/ SA -$, :,$ $=#E #/ 'E:/ N.7+,%/"/,&D#$, +=N05 4) 2&D-#7) 

#7) &"$:4:() #7) SAR %<+4 #/= SA (Ryals et al., 1996). R#/ -$"0E, 7 <-M.$+7 #/= 

:/0,2D/= PR-1 &'<:N&#$, $"E 2A/ #/='5N,+#/0 2,$M/.&#,-5 %/0/"5#,$ %&#$:4:() 

+7%5#40. >/ "/'=$-.=',-E /*A (Polyacrylic acid - PAA) &0&.:/"/D7+& #70 <-M.$+7 

#/= :/0,2D/= PR-1 -$, $A*7+& #70 $09&-#,-E#7#$ +#/0 TMV +#/0 -$"0E +#/ +7%&D/ 

&M$.%/:(). U0$) ",9$0E) %7N$0,+%E) %<+4 #/= /"/D/= #/ PAA &0&.:/"/D7+& #70 

<-M.$+7 #/= :/0,2D/= PR-1 (#$0 %& #70 &"$:4:( #7) +=++1.&=+7) #/= SA $M/A #$ 

M=#5 "/= &DN& &M$.%/+#&D PAA &DN$0 $=*7%<0$ &"D"&2$ SA. W+#E+/, +& $:.D/= 

#A"/= -$, NahG %&#$+N7%$#,+%<0$ M=#5 -$"0/A, #/ PAA (#$0 #/ D2,/ ,-$0E 0$ 

&"5:&, #70 +=++1.&=+7 #7) PR-1 ".4#&T07) (Malamy et al., 1996), ="/2&,-0A/0#$) 

#70 A"$.*7 "&.,++/#<.40 #/= &0E) %/0/"$#,10 "/= /27:/A0 +#70 <-M.$+7 #/= 

:/0,2D/= PR-1, $"E #$ /"/D$ #/ <0$ &*$.#5#$, $"E #/ SA. 6.-&#5 2&2/%<0$ 

="/+#7.D?/=0 E#, #/ ,$+%/0,-E /*A -$, #/ $,9='<0,/ "$D?/=0 &"D+7) +7%$0#,-E .E'/. 

K,$ "$.52&,:%$, #/ methyl jasmonate, <0$ M=+,-E "$.5:4:/ #/= ,$+%/0,-/A /*</), 

$A*7+& #$ &"D"&2$ <-M.$+7) #/= SA-&"$:E%&0/= :/0,2D/= PR-1 +& M=#5 -$"0/A 

(Xu et al., 1994). !"D+7), +=02=$+%E) #/= methyl jasmonate -$, #/= $,9='&0D/= 

'&,#/A.:7+& +=0&.:,+#,-5 +#70 &"$:4:( %&'10 #E+/ #7) PR-1 E+/ -$, #7) PR-5 

/,-/:<0&,$) :/0,2D40 +#/ -$"0E. @,$ 5''7 <.&=0$ <2&,*& E#, 7 &0&.:/"/D7+7 PR 

:/0,2D40 $"E #/=) 2,&:<.#&) #/= E. carotovora $"$,#&D #70 -/,0( 2.5+7 #/= 

,$+%/0,-/A /*</) -$, #/= $,9='&0D/= -$, +=%;$D0&, $0&*5.#7#$ #/= SA (Brederode et 

al., 1991). 

3. E( $"#-('$%& (2, %"$ +( "$/:BC'$( ;:/-7>(:' +*' C%@;"#* +1' '+$@0'#$'3' 

(defensins) %"$ +1' /0$('$'3' (thionins) 

>$ #&'&=#$D$ N.E0,$ <N/=0 :D0&, $.-&#<) &.:$+D&) "/= 2&DN0/=0 E#, /, M=#,-<) 

/.%E0&) ,$+%/0,-E /*A (jasmonic acid – JA) -$, $,9='<0,/ (ethylene – ET) &D0$, E0#4) 

+7%$0#,-5 +(%$#$ +#70 &"$:4:( #7) 2,$+=+#7%$#,-() $0#/N() #40 M=#10. >E+/ #/ 

JA E+/ -$, #/ !> "$.5:/0#$, 5%&+$ E#$0 #$ M=#5 %/'A0/0#$, $"E "$9/:E0$, 

,2,$D#&.$ +#,) "&.,"#1+&,) #40 0&-./#./M,-10 "$9/:E040, E"/= #$ &"D"&2$ #/= JA 
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$=*50/0#$, 2,$+=+#7%$#,-5 (Penninckx et al., 1996). !"D+7) 7 &*4:&0() &M$.%/:( 

#40 JA -$, !> &0&.:/"/D7+& %,$ /%52$ :/0,2D40 5%=0$) "/= &"5:/0#$, -$, -$#5 #70 

%E'=0+7 $"E "$9/:E0$, $05%&+$ +#$ /"/D$ &D0$, :/0D2,$ "/= -42,-/"/,/A0 

0#,M&0+D0&) -$, 9&,/0D0&), "/= &D0$, %,-.<), "'/A+,&) +& -=+#&T07 ;$+,-<) ".4#&T0&) 

%& $0#,%,-./;,$-( 2.5+7 (Epple et al., 1997ú Terras et al., 1995). R#$ M=#5 

Arabidopsis thaliana, #$ :/0D2,$ #7) 9&,/0D07) Thi2.1 -$, #7) 0#,M&0+D07) PDF1.2 

&0&.:/"/,(97-$0 #/",-5 -$, 2,$+=+#7%$#,-5 %&#5 $"E %E'=0+7 %& 0&-./#./M,-5 

"$9/:E0$ ( &*4:&0( &M$.%/:( methyl jasmonate, $''5 EN, %&#5 #70 &M$.%/:( SA 

(Epple et al., 1995ú Penninckx et al., 1996ú Vignutelli et al., 1998). R& M=#5 A. 

thaliana %&#$+N7%$#,+%<0$ %& #/ :/0D2,/ NahG, 7 2,$+=+#7%$#,-( &0&.:/"/D7+7 #/= 

PDF1.2 "$.<%&,0& $0$''/D4#7 (Penninckx et al., 1996), ="/2&,-0A/0#$) E#, $=#E #/ 

%/0/"5#, &D0$, $0&*5.#7#/ $"E #/ SA. !D0$, &02,$M<./0 "50#4) E#, 7 <-M.$+7 #/= 

:/0,2D/= PDF1.2 &%"/2D+#7-& +#/ %&#$''$:%<0/ ein2 (2&0 $0#,'$%;50&#$, #/ 

$,9='<0,/) -$, #/ coi1 (2&0 $0#,'$%;50&#$, #/ ,$+%/0,-E /*A) (Penninckx et al., 1996), 

2&DN0/0#$) E#, #/ %/0/"5#, "/= &%"'<-&#$, +#70 &"$:4:( #/= PDF1.2 $"$,#&D #E+/ 

#/ !> E+/ -$, #/ JA. @,$ 5''7 &.:$+D$ <2&,*& E#, #$ %/0/"5#,$ #/= JA -$, #/= !> 

".<"&, 0$ &0&.:/"/,79/A0 #$=#EN./0$ :,$ #70 &"$:4:( #/= :/0,2D/= PDF1.2 -$#5 

#70 %E'=0+7 (Penninckx et al., 1998). L %E'=0+7 %& 0&-./#./M,-E "$9/:E0/ 

&0&.:/"/D7+& #$=#EN./0$ #70 &"$:4:( SA-&*$.#1%&040 PR :/0,2D40 $''5 -$, #40 

SA-$0&*5.#7#40 :/0,2D40 PDF1.2 -$, Thi2.1. !"/%<04) M$D0&#$, E#, #$ 2,5M/.$ 

%/0/"5#,$ "/= &0&.:/"/,/A0 %7N$0,+%/A) 5%=0$) <N/=0 -/,05 +=+#$#,-5 +#/,N&D$. 

UN/=0 :D0&, $.-&#5 "&,.5%$#$ :,$ #/ :&0&#,-E 2,$N4.,+%E #40 %/0/"$#,10 

%&#$:4:() "/= &'<:N/=0 #7 2,$+=+#7%$#,-( $0#/N( (Dong, 1998). >$ %&#$''$:%<0$ 

M=#5 npr1 -$, nim1, 2&0 (#$0 ,-$05 0$ &"5:/=0 #7 SAR ( 0$ &-M.5+/=0 PR :/0D2,$ 

%&#5 $"E %E'=0+7 %& "$9/:E0$ ( &M$.%/:( SA. 60#D9&#$ #$ %&#$''$:%<0$ M=#5 cpr 

-$, cim, &*<M.$?$0 +=0&N1) PR :/0D2,$ -$, (#$0 ",/ $09&-#,-5 +#7 %E'=0+7 $"E 

"$9/:E0$. 3&,.$%$#,-<) &.:$+D&) +#,) /"/D&) N.7+,%/"/,(97-$0 #$ %&#$''$:%<0$ 

M=#5 npr1 -$, cpr1 <2&,*$0 E#, 7 2,$+=+#7%$#,-( &0&.:/"/D7+7 #/= PDF1.2 <%&,0& 

$0&"7.<$+#7, ="/2&,-0A/0#$) E#, $=#<) /, %&#$''$:<) +#/ %/0/"5#, #7) SAR 2&0 

&"7.&5?/=0 #7 :/0,2,$-( <-M.$+7 #/= :/0,2D/= PDF1.2 (Penninckx et al., 1996). >$ 

%/0/"5#,$ %&#$:4:() "/= /27:/A0 +#70 <-M.$+7 #40 :/0,2D40 PR -$, PDF1.2 &D0$, 

*&N4.,+#5. W+#E+/, #$ %&#$''$:%<0$ M=#5 A. thaliana cpr5, cpr6 -$, acd2 <2&,*$0  

+=0&N( <-M.$+7 :/0,2D40 PR -$91) -$, #40 PDF1.2 (Penninckx et al., 1996ú 

Bowling et al., 1997ú Clarke et al., 1998) -$, Thi2.1 (Clarke et al., 1998), 

="/2&,-0A/0#$) E#, #$ &%"'&-E%&0$ %/0/"5#,$ +=02</0#$,, ",9$01) +#$ ".1#$ 

+#52,$ #7) %&#$:4:(). L &"$:4:( #7) <-M.$+7) #/= PDF1.2 $"E "$9/:E0$ &D0$, 
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+#&05 +=02&2&%<07 %& #70 $A*7+7 #40 &","<240 #/= &02/:&0/A) JA (Penninckx et 

al., 1996), &01 7 <-M.$+7 #40 PR :/0,2D40 +=+N&#D?&#$, %& #$ $=*7%<0$ &"D"&2$ SA 

(Bowling et al., 1997). >$ %&#$''$:%<0$ M=#5 cpr5 -$, acd2 +N7%$#D?/=0 $=#&0&.:5 

#.$=%$#,+%/A) /, /"/D/, /27:/A0 +& $A*7+7 #40 &","<240 #/= SA -$, #/= JA 

(Penninckx et al., 1996ú Bowling et al., 1997), ="/2&,-0A/0#$) E#, #$ ".1#$ ;(%$#$ 

+#$ 2A/ %/0/"5#,$ "/= &D0$, -/,05 &D0$, %5''/0 7 <0$.*7 #/= +N7%$#,+%/A #40 

#.$=%$#,+%10. 

4. F$"#:#+*-"+$%4 "'+(<4 )(: 0)D50+"$ ")& +;":-"+$#-(,8 

85"/,/, %7N$0,+%/D 5%=0$) &0&.:/"/,/A0#$, %&#5 $"E #.$=%$#,+%E -$, 

%&.,-/D $"E $=#/A) &D0$, 2,$+=+#7%$#,-/D. U0$ -'$++,-E "$.52&,:%$ (#$0 7 

2,$+=+#7%$#,-( +=++1.&=+7 "$.&%"/2,+#10 ".4#&ï0$+10 (proteinase inhibitor - 

pin) +& MA''$ #/%5#$) %&#5 #70 &"D9&+7 M=#/M5:/= &0#E%/=. I, pin &D0$, ".4#&T0&) 

"/= "&.,/.D?/=0 #70 "$.$"<.$ 2,$#./M( #/= &0#E%/= (Ryan, 1992). @,$ 5''7 

&.:$+D$ <2&,*& E#, ="5.N&, -$, 2,$+=+#7%$#,-( $0#/N( +& "$9/:E0$ "/= &"5:&#$, 

$"E #.$=%$#,+%/A). I #.$=%$#,+%E) 0&$.10 M=#10 .=?,/A &0&.:/"/D7+& #7 

2,$+=+#7%$#,-( $0#/N( "/= /2(:7+& +#7 "./+#$+D$ #40 M=#10 +#7 %E'=0+7 $"E 

#/ %A-7#$ Magnaporthe grisea $"/=+D$ <-M.$+7) :/0,2D40 PR (Schweizer et al., 

1998). >/ ,$+%/0,-E /*A M507-& 0$ "$D?&, #/0 ",/ +7%$0#,-E .E'/ +#7 $09&-#,-E#7#$ 

%&#5 $"E #.$=%$#,+%E (Wasternack -$, Parthier, 1997). I #.$=%$#,+%E) EN, %E0/ 

"./-5'&+& #$N&D$ "$.$:4:( #/= JA, $''5 $=*(97-$0 #$=#EN./0$ -$, #$ &"D"&2$ 

#/= $,9='&0D/=. @,$ 5''7 &.:$+D$ <2&,*& E#, /A#& #/ JA /A#& / #.$=%$#,+%E) (#$0 

,-$05 0$ &"5:/=0 #70 <-M.$+7 #o= :/0,2D/= pin +#70 "$./=+D$ $0$+#/'<40 #7) 

2.5+7) #/= $,9='&0D/=. 6"E %E0/ #/= "50#4) #/ $,9='<0,/ 2&0 (#$0 ,-$0E 0$ 

&0&.:/"/,(+&, #70 <-M.$+7 pin :/0,2D40, ="/2&,-0A/0#$) E#, #/ $,9='<0,/ 

&=$,+97#/"/D7+& #/=) ,+#/A) +#70 &"$:4:,-( 2.5+7 #/= JA (O’Donnell et al.,1996). 

5. .BB*B0)$6;D#0$8 -0+"2, +1' #*-D+1' 

>E+/ /, #.$=%$#,+%/D E+/ -$, 7 %E'=0+7 $"E "$9/:E0$ "./5:/=0 #/ 

+N7%$#,+%E ,$+%/0,-/A /*</) -$, $,9='&0D/=. W+#E+/, ="5.N/=0 $.-&#5 2&2/%<0$ 

"/= ="/2&,-0A/=0 E#, #$ %/0/"5#,$ %&#$:4:() #/=) &D0$, *&N4.,+#5 ( -$, 

$0#$:40,+#,-5 +& /.,+%<0&) "&.,"#1+&,). K,$ "$.52&,:%$ +#/0 -$"0E / 

#.$=%$#,+%E) -$, 7 %E'=0+7 $"E "$9/:E0$ &0&.:/"/D7+$0 2,$M/.&#,-5 PR :/0D2,$ 

(Bol et al., 1996). I #.$=%$#,+%E) M507-& 0$ &0&.:/"/,&D ;$+,-5 PR :/0D2,$ &01 #$ 

"$9/:E0$ /2(:7+$0 +& &0&.:/"/D7+7 E*,040 PR :/0,2D40. @,$ ",9$0( &*(:7+7 

&D0$, E#, -$#5 #/=) #.$=%$#,+%/A) %E0/ #/ ,$+%/0,-E /*A -$, #/ $,9='<0,/ M$D0&#$, 0$ 

"$D?/=0 .E'/ &01 %&#5 $"E #7 %E'=0+7 %& "$9/:E0$ "$.5:&#$, &"D+7) -$, 
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+$',-=',-E /*A. >/ SA -$, #$ '&,#/=.:,-5 #/= $05'/:$ "&.,E.,+$0 #70 JA-&"$:E%&07 

:/0,2,$-( <-M.$+7 (Peña-Cortés et al.,1993ú Doares et al., 1995ú Niki et al, 1998). 

R& M=#5 A. thaliana, 7 <-M.$+7 #/= JA- -$, ET-&"$:E%&0/= :/0,2D/= PDF1.2 

$=*(97-& +#$ NahG M=#5 (2&0 +=++4.&A/=0 SA) (Penninckx et al., 1996), 

="/2&,-0A/0#$) E#, +#$ $:.D/= #A"/= M=#5 7 &"$:4:( #/= :/0,2D/= PDF1.2 

-$#$+#<''&#$, +& <0$ ;$9%E $"E #/ &02/:&0<) SA. 6=#E M507-& $"E #70 

"$.$#(.7+7 E#, 7 +=++1.&=+7 mRNA #/= PDF1.2 "&.,/.D+#7-& %&#5 $"E 

&M$.%/:( #/= INA, "/= &D0$, $05'/:/ #/= SA (Bowling et al.,1997). W+#E+/, <N&, 

$0$M&.9&D +=0&.:,+#,-( &"D2.$+7 #/= JA -$, #/= !> +#,) SA-&*$.#1%&0&) 

$0#,2.5+&,). R#/0 -$"0E, 7 +=02=$+%<07 &M$.%/:( methyl jasmonate -$, 

+$',-=',-/A /*</) /2(:7+& +& ,+N=.E#&.7 &"$:4:( #7) <-M.$+7) #/= :/0,2D/= PR-1 

$"E E#, 7 &M$.%/:( SA %E0/ (Xu et al., 1994). !",".E+9&#$, #/ $,9='<0,/ 

&=$,+97#/"/D7+& #$ M=#5 A. thaliana +#7 2.5+7 #/= SA, "/= /2(:7+& +& =P7'E#&.$ 

&"D"&2$ +=:-<0#.4+7) mRNA #/= PR-1 %&#5 $"E &M$.%/:( SA (Lawton et al., 

1994). R=%"&.$+%$#,-5, M$D0&#$, E#, #$ M=#5 &D0$, ,-$05 0$ &0&.:/"/,/A0 *&N4.,+#5 

%/0/"5#,$ 5%=0$) ( +=02=$+%E #/=) $05'/:$ %& #/0 #A"/ #7) &"D9&+7) "/= 

2<N/0#$, (!,-E0$ 1.5). 

 

 

H*+<2& 1.5: @/0#<'/ "/= $0$"$.,+#5 #$ %/0/"5#,$ %&#$:4:() #40 +7%5#40 "/= %"/./A0 0$ &0&.:/"/,79/A0 +#$ 
M=#5 $"E %7-"$9/:E0$ .,?/+M$,.,-5 ;$-#(.,$, %E'=0+7 $"E "$9/:E0$ ( #.$=%$#,+%/A). R& E'&) #,) "&.,"#1+&,), 
&0&.:/"/,&D#$, <0$ SA-$0&*5.#7#/ %/0/"5#, "/= &%"'<-&, #/ JA -$, #/ !>. L %E'=0+7 $"E 0&-./#./M,-E "$9/:E0/ 
/27:&D +#70 &0&.:/"/D7+7 #7) SA-&*$.#1%&07) SAR "/= <N&, 4) $"/#<'&+%$ #7 +=++1.&=+7 PR ".4#&ï010. 
!",".E+9&#$, /, $%=0#,-<) $0#,2.5+&,) "/= &"5:/0#$, $"E #/ JA -$, #/ !> %"/.&D 0$ %/,5?/=0 %& $=#<) "/= 
&"5:/0#$, %&#5 $"E %E'=0+7 %& %7-0&-./#./M,-5 "$9/:E0$. 605'/:$ %& #/ &D2/) #/= "$9/:E0/=, 7 +A+#$+7 #40 
$%=0#,-10 /=+,10 "/= "$.5:/0#$, %&#5 #7 %E'=0+7 2,$M<.&, $05'/:$ %& #/ $0 &*$.#10#$, $"E #/ SA ( #$ JA/ET 
(".5+,07 .5;2/)). >/ JA -$, #/ !> <N/=0 9&#,-( &"D2.$+7 +#7 2.5+7 #/= SA &01 #/ SA M$D0&#$, 0$ <N&, $.07#,-( 
&"D2.$+7 +#70 &"$:E%&07 $0#/N( $"E #$ JA -$, !>. I, #.$=%$#,+%/D &"D+7) /27:/A0 +#70 &0&.:/"/D7+7 #40 JA- 
-$, !>-&*$.#1%&040 $%=0#,-10 $0#,2.5+&40. W+#E+/, 7 +A+#$+7 #40 /=+,10 2,$M<.&, +& +N<+7 %& $=#<) "/= 
&"5:/0#$, $"E #$ "$9/:E0$ (%"'& .5;2/)). R#7 "&.D"#4+7 #7) ISR, +#/,N&D$ #40 %/0/"$#,10 #/= JA -$, #/= !> 
&%"'<-/0#$, +#70 &0&.:/"/D7+7 #7) 2,$+=+#7%$#,-() $0#/N() "/=, E"4) -$, 7 &"$:E%&07 $"E #$ "$9/:E0$ SAR, 
&*$.#5#$, $"E #7 ".4#&T07 NPR1. L ISR <N&, -/,05 +#/,N&D$ %& #$ %/0/"5#,$ "/= &0&.:/"/,/A0#$, -$#5 #7 
"./+;/'( $"E "$9/:E0$ $''5 2& +N&#D?&#$, %& #70 &0&.:/"/D7+7 :/0,2D40 "/= -42,-/"/,/A0 0#,M&0+D0&), 9&,/0D0&) 
( PR ".4#&T0&) (-D#.,07 .5;2/)) (3./+$.%/:( $"E Pieterse -$, van Loon, 1999) 
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>$ %E.,$ SA, JA -$, ET "$D?/=0 +7%$0#,-E .E'/ +& $=#E #/ 2D-#=/ +7%5#40. 

L 2,$-/"( #7) $0#D2.$+7) +& -5"/,/ $"E $=#5 #$ +(%$#$ %"/.&D 0$ -$#$+#(+&, #$ 

M=#5 ",/ &="$9( +#$ "$9/:E0$ ( -$, +#$ <0#/%$ (Gaffney et al., 1994ú McConn et 

al., 1997ú Knoester et al., 1998ú Staswick et al., 1998ú Vijayan et al., 1998). L 

$09&-#,-E#7#$ "/= &"5:&#$, %<+4 #/= %/0/"$#,/A #/= SA M$D0&#$, 0$ +#/N&A&, +& 

-5"/,/=) #A"/=) "$9/:E040 "/= &D0$, 2,$M/.&#,-5 $"E $=#5 "/= +#/N&A&, 7 

$09&-#,-E#7#$ "/= &"5:&#$, $"E #$ JA -$, !>. @,$ &.:$+D$ "/= ="/+#7.D?&, $=#( 

#70 ="E9&+7 <2&,*& E#, #$ %&#$''$:%<0$ M=#5 A. thaliana coi1 (2&0 $0#,'$%;50/0#$, 

#/ JA) <N$+$0 %<./) #7) $09&-#,-E#7#$) #/=) +#$ 0&-./#./M,-5 "$9/:E0$ Alternaria 

brassicicola -$, Botrytis cinerea &01 7 $09&-#,-E#7#$ #/=) &0$0#D/0 #/= ;,/#./M,-/A 

"$9/:E0/= Peronospora parasitica 2&0 &"7.&5+#7-& (Thomma et. al., 1998). R& 

$0#D9&+7, #$ %&#$''$:%<0$ npr1 -$, :&0&#,-1) #./"/"/,7%<0$ NahG M=#5 (2&0 

+=++4.&A/=0 SA) <2&,*$0 N$%7'E#&.$ &"D"&2$ $09&-#,-E#7#$) &0$0#D/0 #/= P. 

parasitica, &01 7 $09&-#,-E#7#$ +#$ "$9/:E0$ B. cinerea -$, A. brassicicola 2&0 

&"7.&5+#7-&. 6=#E ="/2&,-0A&, E#, 7 $09&-#,-E#7#$ "/= &"5:&#$, $"E #$ 

2,$M/.&#,-5 %/0/"5#,$ <N&, 2,$M/.&#,-( &*&,2D-&=+7. >/ "4) #$ M=#5 &0&.:/"/,/A0 

#/ +4+#E +=02=$+%E %7N$0,+%10 5%=0$) :,$ 0$ $0#,%&#4"D+/=0 #/ -59& "$9/:E0/ 

<N&, %&:5'/ &02,$M<./0. 

R=0/PD?/0#$), 7 $'=+D2$ #40 +7%$0#,-E#&.40 -$, ,2,$D#&.$ "/'A"'/-40 

%&#$;/'10 "/= $-/'/=9/A0 #70 $0$:01.,+7 #40 2,&:&.#10 – ".4#&ï010 &"D2.$+7) 

$"E #$ :/0D2,$ $0#/N() -$, #7 %&#$:4:( #40 2,$ME.40 %/.,$-10 +7%5#40 %<N., #70 

#&',-( &-2('4+7 #7) 5%=0$) #/= M=#/A $"&,-/0D?/0#$, +#70 !,-E0$ 1.6. 
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H*+<2& 1.6: @/0/"5#,$ %&#$:4:() #40 +7%5#40 "/= /27:/A0 +#70 &0&.:/"/D7+7 -$, +=:N./0,+%E 
#40 $%=0#,-10 %7N$0,+%10 #/= M=#/A.  
!"&*(:7+7 /./'/:D$) -$, +=0#/%&A+&40: ACC: 1-Aminocyclopropane-1-Carboxylic Acid; ACC oxidase: 
/*&,25+7 #/= ACC; Activation of stress-response class of MAP kinase, e.g. WIPK, SIPK: !0&.:/"/D7+7 
#7) -$#7:/.D$) #40 MAP -,0$+10 "/= +N&#D?/0#$, %& #/ +#.&) #40 M=#10 E"4) 7 WIPK (wound-
induced protein kinase) -$, 7 SIPK (salicilyc acid-induced protein kinase); Anion channel: -$05', 
$0,E0#40; Apoptosis gene activation: !0&.:/"/D7+7 :/0,2D40 $"E"#4+7); Ascorbate peroxidase: 
["&./*&,25+7 #/= $+-/.;,-/A; BA: ;&0?/ï-E /*A; BAG: Benzoic acid glucoside; BA-2H: Benzoic acid-2 
hydroxylase; CA: cinnamic acid; C2H4  synthesis: RA09&+7 $,9='&0D/=; Calcium channel: -$05', ,E0#40 
$+;&+#D/=; Catalase: -$#5-'$+7; Cell wall: -=##$.,-E #/DN4%$; camp: Cyclic guano sine 5’-
monophosphate; Chitinases: H,#,05+&); CHS: chalcone synthase; Cross-linking of cell wall proteins, 
lignification: B,$+#$=.4#( +A02&+7 ".4#&S010 #/= -=##$.,-/A #/,N1%$#/), &0$"E9&+7 ',:0D07); 
Defense gene activation: !0&.:/"/D7+7 :/0,2D40 $%A07); EFE: ethylene forming enzyme: <0?=%/ 
+A09&+7) $,9='&0D/=; Epoxide hydrolase: =2./'5+7 #/= ="/*&,2D/=; Fatty acid C6 volatiles: 3#7#,-5 
',"$.5 /*<$ C6; Glucanase: K'/=-$05+7; GP: glutathione peroxidase; GST: Glutathione S-transferase; 
Halliwell-Asada cycle activated (ascorbate/glutathione): &0&.:/"/D7+7 #/= -A-'/= Halliwell-Asada 
($+-/.;,-E /*A/:'/=#$9,E07); HMGR: 3’-hydroxy-3’methylglutaryl-CoA reductase; HO2.: hydroperoxyl 
radical; HPDase: hydroperoxide dehydrase: $M=2./:/05+7 #/= ="&./*&,2D/=; Hypersensitive cell 
death: $0#D2.$+7 ="&.&=$,+97+D$); Interplay of signals: $''7'&"D2.$+7 +7%5#40; Ion fluxes: F/( 
,E0#40; JA: Jasmonic acid: ,$+%/0,-E /*A; Kinase: -,05+7; Lipid peroxidation: ["&./*&D24+7 ',",2D40; 
Lipoxygenase: ',"/*=:&05+7; MAP: Mitogen-activating protein; NADPH oxidase complex: RA%"'/-/ 
#7) /*&,25+7) #/= NADPH; Nitric oxide (NO) synthesis: RA09&+7 0,#.,-/A /*</); OH.: Hydroxyl radical; 
OGA -$, OGA-R: oligogalacturonide fragments and receptor; PAL: Phenylalanine ammonia-lyase; 
Pathogen: "$9/:E0/; Peroxidases: ="&./*&,25+&); Phenolic accumulation: R=++1.&=+7 M$,0/',-10; 
Phenylalanine: Q$,0='$'$0D07; Phosphatase: M4+M$#5+7; Phospholipase: M4+M/',"5+7; Phytoalexin 
accumulation: R=++1.&=+7 M=#/$'&*,010; Protectant gene activation: !0&.:/"/D7+7 :/0,2D40 
"./+#$+D$); Proteinase inhibitors: 3$.&%"/2,+#<) #40 ".4#&ï0$+10; PRs: Pathogenesis related 
proteins; Redox status altered:  6''$:( #7) /*&,2/$0$:4:,-() -$#5+#$+7); SA, Salicilyc acid: 
+$',-=',-E /*A; SAG: salicylic acid glucoside; Signal amplification: !"$A*7+7 +(%$#/); Signals: 
+(%$#$; Thionin: \&,/0D07; Transcription factors activated: !0&.:/"/D7+7 %&#$:.$M,-10 "$.$:E0#40; 
Wounding: >.$=%$#,+%E). (3./+$.%/:( $"E Hammond-Kosack -$, Jones, 2000)  
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1.1.3 C* &4'920*0T #52 &=.$6"+84052 

I, $+9<0&,&) #40 $2./%=-1+&40 &D0$, $+9<0&,&) #40 M=#10 "/= 

"$./=+,5?/=0 %&:5'7 &*5"'4+7 -$, &D0$, "/'A -$#$+#./M,-<) :,$ #/=) *&0,+#<) 

#/=). >$ +=%"#1%$#$ #/=) &%M$0D?/0#$, +=0(94) %& #7 %/.M( %5.$0+7), 

N'1.4+7) -$, 0<-.4+7) #7) MA''40 "/= $-/'/=9&D#$, $"E #7 0<-.4+7 E'/= #/= 

M=#/A. I, $2./%=-1+&,) &%M$0D?/0#$, 4) $"/#<'&+%$ #7) "$./=+D$) -$, #7) 

2.$+#7.,E#7#$) #40 "$9/:E040 +#$ $::&D$ #/= *A'/= #40 M=#10. L 0<-.4+7 #40 

M=#10 %"/.&D 0$ +=%;&D %<+$ +& %&.,-<) &;2/%52&), 4+#E+/ +#,) 2&02.12&,) 

-$'',<.:&,&) 7 0<-.4+7 %"/.&D 0$ &"<'9&, %&#5 $"E $.-&#/A) %(0&) ( -$, N.E0,$ 

%&#5 #70 "./+;/'(. Y+/ #/ M=#E &D0$, ?40#$0E, /, %A-7#&) ;.D+-/0#$, +#/=) 

$::&,$-/A) ,+#/A) (*A'/) -$, +& %&.,-5 "&.,;5''/0#$ -A##$.$. @E0/ %&#5 #/ 950$#/ 

#40 M=#10 %&#$-,0/A0#$, +& 5''/=) ,+#/A) -$, +N7%$#D?/=0 +"E.,$ -/0#5 +#70 

&",M50&,$ #40 0&-.10 M=#10 (Agrios, 2005). 

["5.N/=0 4 :<07 "/= "./-$'/A0 $2./%=-1+&,) -$, &D0$, #$ Ceratocystis, 

Ophiostoma, Phoma, Fusarium -$, Verticillium. >/ -$9<0$ "./-$'&D $+9<0&,$ +& 

$.-&#5 -$'',&.:/A%&0$ &D27 $''5 -$, +& 2$+,-5 ( -$''4",+#,-5 M=#5. >/ :<0/) 

Ceratocystis "./-$'&D #70 $2./%A-4+7 #7) ;&'$0,2,5) (C. fagacearum), #/= 

-$-$E2&0#./= (T. cacao) -$, #/= &=-$'A"#/= (E. Globulus). >/ :<0/) Ophiostoma 

"./-$'&D $2./%A-4+7 +#7 M#&',5 (O. novo-ulmi) &01 #/ &D2/) Phoma tracheiphila 

#70 $2./%A-4+7 #40 &+"&.,2/&,210 (Agrios, 2005). 

>/ :<0/) Fusarium "./-$'&D $2./%=-1+&,) +& '$N$0,-5 -$, $09/-/%,-5 

M=#5, +& "/'=&#( -$, "/127, +& M=#5 %&:5'7) -$'',<.:&,$) -$, +#/ ;$%;5-, 

(Beckman, 1987). I, "&.,++E#&./, $"E #/=) %A-7#&) #/= :<0/=) Fusarium "/= 

"./-$'/A0 $2./%=-1+&,) $0(-/=0 +#/ &D2/) Fusarium oxysporum. I, 2,5M/./, 

*&0,+#<) "./+;5''/0#$, $"E &,2,-<) %/.M<) ( M='<) #/= %A-7#$. I %A-7#$) %"/.&D 

0$ "./+;5'&, "504 $"E 100 &D27 M=#10 (Agrios, 2005). 

I %A-7#$) Verticillium "./-$'&D $2./%=-1+&,) +& '$N$0,-5, $09/-/%,-5, 

M=#5 %&:5'7) -$'',<.:&,$), ?,?50,$, 2$+,-5 -$, -$."/ME.$ 2<0#.$. BA/ &D27, #$ 

Verticillium albo-atrum -$, V. dahliae, "./+;5''/=0 &-$#/0#52&) &D27 M=#10 

"./-$'10#$) $2./%=-1+&,) -$, $"1'&,&) "$.$:4:() "/,-D'7) +/;$.E#7#$) 

(Agrios, 2005). 

Y'&) /, $2./%=-1+&,) <N/=0 -5"/,$ +=:-&-.,%<0$ -/,05 N$.$-#7.,+#,-5. >$ 

MA''$ #40 "./+;&;'7%<040 M=#10 ( #%(%$#$ #40 "./+;&;'7%<040 *&0,+#10 

N50/=0 #70 +"$.:( #/=), :D0/0#$, %$'$-5 -$, N'4.4#,-5 -$, +#7 +=0<N&,$ 

%$.$D0/0#$,, -,#.,0D?/=0 -$, #&',-5 0&-.10/0#$,. I, 0&$./D -$, #.=M&./D ;'$+#/D 
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&"D+7) %$.$D0/0#$, -$, 0&-.10/0#$,. R#$ "./+;&;'7%<0$ +#&'<N7 -$, -'$2,5 

&%M$0D?/0#$, -$+#$0/D %&#$N.4%$#,+%/D +#/=) $::&,$-/A) ,+#/A). 85"/,$ $"E #$ 

$::&D$ %"/.&D 0$ M.5++/0#$, $"E %=-(',/, +"E.,$ ( "/'=+$-N$.D#&) "/= 

"$.5:/0#$, $"E #/ %A-7#$. >/ M.5*,%/ &",#&D0&#$, $"E "(:%$#$ "/= +N7%$#D?/0#$, 

$"E #7 +=:-<0#.4+7 -$, /*&D24+7 2&=#&./:&010 %&#$;/',#10 #7) $"/2E%7+7) #40 

M=#,-10 -=##5.40 $"E #7 2.5+7 &0?A%40 #40 "$9/:E040 (Green, 1981ú DeVay, 

1989). L /*&D24+7 -$, %&#$#E",+7 #<#/,40 "./ïE0#40 $"/2E%7+7) <N/=0 $0$M&.9&D 

4) ="&A9=0$ :,$ #/0 -$+#$0E %&#$N.4%$#,+%E #40 $::&D40 #/= *A'/= (Pegg, 1981ú 

Pegg, 1989). R& ".E+M$#$ %/'=+%<0/=) 0&$./A) ;'$+#/A), / $.,9%E) #40 $::&D40 

#/= *A'/= "/= +N7%$#D?&#$, &D0$, %&,4%<0/) -$, #$ -=##$.,-5 #/,N1%$#$ &D0$, 

'&"#E#&.$ $"E #$ -$0/0,-5. R=N05 #$ "$.&:N=%$#,-5 -A##$.$ &"7.&5?/0#$, $"E 

&--.D+&,) #40 "$9/:E040 -$, "/''$"'$+,5?/0#$, ="&.;/',-5 -$, +& +=02=$+%E %& 

#$ '&"#E#&.$ -=##$.,-5 #/,N1%$#$ %&,10&#$, 7 2,5%&#./) ( "./-$'&D#$, -$#5..&=+7 

#40 $::&D40. R& -5"/,/=) *&0,+#<), "$.$#7.&D#$, 7 27%,/=.:D$ #='1+&40 "/= 

27%,/=.:/A0 #$ :&,#/0,-5 "$.&:N=%$#,-5 -A##$.$. I, #='1+&,) "./&*<N/=0 %<+$ +#$ 

$::&D$ -$, +=%;5''/=0 +#/ M.5*,%/ #/=). >/*D0&) "/= &--.D0/0#$, $"E #$ "$9/:E0$ 

+#$ $::&D$ %&#$M<./0#$, +#$ MA''$ E"/= "./-$'/A0 %&D4+7 #7) +A09&+7) #7) 

N'4./MA''7) -$#5 %(-/) #40 0&=.1+&40 -$, %&,4%<07 M4#/+A09&+7, 

-$#$+#.<M/=0 #7 2,$"&.$#E#7#$ #40 %&%;.$010 #40 -=##5.40 -$, #70 ,-$0E#7#$ 

#/=) 0$ &'<:N/=0 #70 $"1'&,$ 0&./A %<+4 #7) &*$#%,+/2,$"0/() -$, <#+, 

"./-$'/A0 &",0$+#D$ #40 MA''40, %5.$0+7, &02/$::&,$-( 0<-.4+7, -$+#$0E 

%&#$N.4%$#,+%E -$, 0<-.4+7 (Agrios, 2005). 

.6;(-:%3#0$8 )(: );(%"B07 ( -,%*+"8 Fusarium sp. 

I, $2./%=-1+&,) "/= "./-$'/A0 /, %A-7#&) #/= :<0/=) Fusarium &D0$, ",/ 

+/;$.<) +& "&.,/N<) %& 9&.%5 -'D%$#$ -$, +& 9&.%/-(",$ (Di Pietro et al., 2003ú 

Roncero et al., 2003ú Okubara -$, Paulitz, 2005). 

W) &2$M/:&0<) "$9/:E0/, / %A-7#$) F. oxysporum %"/.&D 0$ &",;,1+&, :,$ 

%&:5'&) "&.,E2/=) $"/=+D$ *&0,+#(, -=.D4) %& #7 %/.M( N'$%=2/+"/.D40, "/= 

&D0$, %/0/-A##$.$ ( 2,-A##$.$ +"E.,$ %& N/0#.E -=##$.,-E #/DN4%$. Y#$0 /, .D?&) 

"./+&::D?/=0 #$ N'$%=2/+"E.,$, $=#5 ;'$+#50/=0 -$, /, $0$"#=++E%&0&) =M<) 

"./+-/''/A0#$, +#,) .D?&) #40 M=#10 (Bishop -$, Cooper, 1983$ú Di Pietro et al., 

2001) +#,) /"/D&) &,+N4.&D &D#& 5%&+$ (Rodriguez-Gálvez -$, Mendgen, 1995) ( 

<%%&+$ %<+4 "'7:10 -$, +#$ +7%&D$ <-"#=*7) #40 2&=#&.&=/=+10 .,?10 (Agrios, 

2005). >/ %=-(',/ "./N4.5 $"E #/=) %&+/-=##5.,/=) N1./=) %<N., 0$ M#5+&, +#$ 

$::&D$ #/= *A'/= +#$ /"/D$ &,+<.N&#$, %<+4 #40 ;/9.D40 (Bishop -$, Cooper, 

1983;). R& $=#E #/ +7%&D/ / %A-7#$) %"$D0&, +& %,$ ,2,$D#&.7 M5+7 #7) %E'=0+7), 



!GR6KWKL 

 

27 

-$#5 #70 /"/D$ "$.$%<0&, $"/-'&,+#,-5 +#$ $::&D$ #/= *A'/=, %<+4 #40 /"/D40 

$"/,-D?&, #/0 *&0,+#( (Bishop -$, Cooper, 1983$). 6=#E &",#=:N50&#$, %& #7 

"$.$:4:( %,-./-/0,2D40 (!,-E0$ 1.7 K), #$ /"/D$ %&#$M<./0#$, "./) #$ "504 %<+4 

#7) ./() #/= $0,E0#/) N=%/A. >$ %,-./-/0D2,$ #&',-5 ;'$+#50/=0 -$, #/ %=-(',/ 

2,$"&.05 #$ 504 #/,N1%$#$ #40 $::&D40 "$.5:/0#$) "&.,++E#&.$ %,-./-/0D2,$ 

%<+$ +#/ &"E%&0/ $::&D/. >$ N$.$-#7.,+#,-5 +=%"#1%$#$ %5.$0+7) &%M$0D?/0#$, 

4) $"/#<'&+%$ #7) +7%$0#,-() =2$#,-() -$#$"E07+7), -=.D4) 'E:4 $"EM.$*7) 

#40 $::&D40 (!,-E0$ 1.7 6). L %5.$0+7 "./-$'&D#$, $"E <0$ +=02=$+%E 

2.$+#7.,/#(#40 #/= %A-7#$, E"4) 7 +=++1.&=+7 %=-7'D/= -$,/( "$.$:4:( 

#/*,010 -$91) -$, $"E #,) $0#,2.5+&,) 5%=0$) #/= *&0,+#(, E"4) &D0$, / 

+N7%$#,+%E) "7:%5#40, #='1+&40 -$, 7 -$#5..&=+7 #40 $::&D40 $"E #/0 

"/''$"'$+,$+%E #40 :&,#/0,-10 "$.&:N=%$#,-10 -=##5.40 (Beckman, 1987). Y+/ 

#/ M=#E &D0$, ?40#$0E / %A-7#$) "$.$%<0&, $=+#7.5 %<+$ +#$ $::&D$ #/= *A'/= -$, 

+& %&.,-5 :&,#/0,-5 -A##$.$. @E0/ %&#5 #7 0<-.4+7 #/= *&0,+#( &,+;5''&, +#/0 

"$.&:N=%$#,-E ,+#E -$, "/''$"'$+,5?&#$, +#70 &",M50&,$  #40 M=#10. 6=#( 7 

&*&,2,-&=%<07 +=%"&.,M/.5 #/= F. oxysporum &D0$, -/,0( %E0/ +& %&.,-5 5''$ 

"$9/:E0$ E"4) /, %A-7#&) Verticillium dahliae -$, Ceratocystis ulmi -$, Phoma 

tracheiphila (Agrios, 2005). 

 

 

H*+<2& 1.7: H$.$-#7.,+#,-5 +=%"#1%$#$ #/= %A-7#$ F. oxysporum f. sp. raphani +& M=#E A. thaliana 
(A) +& +N<+7 %& #/0 $%E'=0#/ %5.#=.$ (O). @$-./-/0D2,$ (K1) -$, %,-./-/0D2,$ (K2) #/= %A-7#$ F. 
oxysporum. 
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L $0#,%&#1",+7 #7) $+9<0&,$) "/= "./-$'&D / F. oxysporum +#7.D?&#$, 

-=.D4) +& $09&-#,-<) "/,-,'D&) -$, +& &%;/',$+%E +& $09&-#,-5 ="/-&D%&0$ . I 

%A-7#$) &D0$, "/'A 2,$2&2/%<0/) -$, "/'A &"D%/0/) -$, 7 &0$''$:( -$'',&.:&,10 -$, 

7 $"/'A%$0+7 #40 &2$M10 <N&, "&.,/.,+%<0$ $"/#&'<+%$#$. L N.(+7 =:,/A) 

+"E./= -$, M=#,-/A =',-/A &D0$, $"$.$D#7#7 -$, 7 9&.%,-( &"&*&.:$+D$ A"/"#40 

+"E.40 ".<"&, 0$ "./7:&D#$, #7) +"/.5) (Agrios, 2005). 

>$ #&'&=#$D$ N.E0,$ / ;,/'/:,-E) <'&:N/) #/= F. oxysporum <24+& 

&'",2/ME.$ $"/#&'<+%$#$. ><#/,&) &M$.%/:<) $M/./A0 #/0 &%;/',$+%E #40 M=#10 

%& %7 "$9/:E0$ +#&'<N7 #/= F. oxysporum ( 5''40 $0#$:40,+#,-10 %=-(#40, E"4) 

/, Trichoderma -$, Gliocladium, -$, ;$-#7.D40 E"4) #$ Pseudomonas fluorescens 

-$, Burkholderia cepacia. W+#E+/, -$0<0$ $"E $=#5 2&0 <N&, &M$.%/+#&D +#7 ".5*7 

%& &",#=ND$ %<N., +(%&.$. R& $.-&#<) "&.,"#1+&,) "50#4), 7 7',/$"/'A%$0+7 

%&D4+& +7%$0#,-5 #70 &%M50,+7 #7) $+9<0&,$) (Agrios, 2005). 

.6;(-:%3#0$8 )(: );(%"B07 ( -,%*+"8 Verticillium sp. 

I, $2./%=-1+&,) "/= "./-$'/A0 /, %A-7#&) #/= :<0/=) Verticillium 

"$.$#7./A0#$, "$:-E+%,$ $''5 &D0$, ",/ +7%$0#,-<) +& "&.,/N<) %& &A-.$#/ -'D%$. 

>$ +=%"#1%$#$ "/= "./-$'&D / %A-7#$) &D0$, +N&2E0 #$ D2,$ %& $=#5 "/= 

"./-$'/A0 /, %A-7#&) #/= :<0/=) Fusarium. R& "/''/A) *&0,+#<) -$, "/''<) 

"&.,/N<) 4+#E+/ / %A-7#$) Verticillium "./-$'&D $+9<0&,$ +& N$%7'E#&.&) 

9&.%/-.$+D&) $"E E#, / Fusarium. !"D+7), #$ +=%"#1%$#$ &-27'10/0#$, ",/ $.:5 

-$, +=N05 &%M$0D?/0#$, %E0/ +#$ -$#1#&.$ MA''$ ( %E0/ +& -5"/,/=) -'52/=) #40 

M=#10 "./-$'10#$) #/ N$.$-#7.,+#,-E +A%"#4%$ #7) 7%,"'7:D$). R& -5"/,/=) 

*&0,+#<) 7 $2./%A-4+7 $0$"#A++&#$, -=.D4) +& 0&$.5 M=#5.,$, #$ /"/D$ +=0(94) 

0&-.10/0#$, 'D:/ %&#5 #70 "./+;/'(. 3,/ +=N0<) &D0$, /, %&#$:&0<+#&.&) %/'A0+&,) 

/, /"/D&) "./-$'/A0 +=%"#1%$#$ MA''/= +7%$D$) +& -5"/,$ MA''$ -$, +& 5''$ 

$0$"#A++/0#$, N'4.4#,-<) "&.,/N<) "/= &*&'D++/0#$, +& 0&-.4#,-<) (!,-E0$ 1.8 6). 

>$ %&:$'A#&.$ M=#5 E#$0 "./+;5''/0#$, $"E #/ %A-7#$ Verticillium +=0(94) 

&%M$0D?/=0 0$0,+%E -$, /, $::&,$-/D #/=) ,+#/D "$./=+,5?/=0 -$+#$0E 

%&#$N.4%$#,+%E (Pegg, 1981ú Pegg, 1989) (!,-E0$ 1.8 O). L %E'=0+7 %"/.&D 0$ 

/27:(+&, +#70 "'(.7 $"/MA''4+7, +#$2,$-( %5.$0+7 -$, 0<-.4+7 2,$2/N,-10 

;.$N,E040 ( $,M0D2,$ -$#5..&=+7 -$, 0<-.4+7 /'E-'7.40 #40 M=#10 (Agrios, 

2005). 
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!,-E0$ 1.8 ?: H$.$-#7.,+#,-5 +=%"#1%$#$ #/= #7) $+9<0&,$) "/= "./-$'&D / %A-7#$) V. dahliae +#/ 
M=#E A. thaliana. B: 8$+#$0E) %&#$N.4%$#,+%E) #40 $::&D40 #/= *A'/= +& M=#5 #/%5#$) %&#5 $"E 
"./+;/'( #/= %A-7#$ V. dahliae. M: N$.$-#7.,+#,-/D -/0,2,/ME./, #/= %A-7#$ V. dahliae. 
 

Y#$0 7 $+9<0&,$ &%M$0D?&#$, $.N,-5 +#/0 $:.E &D0$, (",$ -$, &0#/",+%<07. 

R#$ &"E%&0$ N.E0,$ -$91) #/ %E'=+%$ $=*50&#$, /, %/'A0+&,) &D0$, "&.,++E#&.&), 

",/ <0#/0&) -$, &-#&#$%<0&) %<N., 7 -$'',<.:&,$ 0$ 2,$-/"&D ( 0$ $0#,-$#$+#$9&D %& 

$09&-#,-<) "/,-,'D&) (Agrios, 2005). 

BA/ &D27 Verticillium, #$ V. albo-atrum -$, V. dahliae, "./-$'/A0 

$2./%=-1+&,) +#$ "&.,++E#&.$ M=#5. 8$, #$ 2A/ &D27 +N7%$#D?/=0 5M9/0/=), 

$0/.94%<0/=), =$'12&,) -/0,2,/ME./=) "/= 2,$-'$2D?/0#$, N$.$-#7.,+#,-5 -$#5 

+"/02A'/=) +& 3-4 M,$'D2,$ +#$ 5-.$ #40 /"/D40 +N7%$#D?/0#$, -/0D2,$ "/= <N/=0 

%,-.E N.E0/ ?4() (!,-E0$ 1.8 K). >/ &D2/) Verticillium dahliae "$.5:&, 

%,-./+'-7.1#,$ &01 #/ &D2/) V. albo-atrum "$.5:&, +-/#&,0EN.4%$ %=-(',$ %& 

N/0#.E #/DN4%$ (Green, 1981). I Verticillium albo-atrum $0$"#A++&#$, 5.,+#$ +#/=) 
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20 %& 25°C, &01 / V. dahliae "./#,%5 &'$M.1) =P7'E#&.&) 9&.%/-.$+D&) (25–28°C) 

-$, &D0$, -5"4) ",/ -/,0E) +& 9&.%E#&.&) "&.,/N<) (Agrios, 2005). @&.,-5 +#&'<N7 

#/= Verticillium "$./=+,5?/=0 &*&,2D-&=+7 4) "./) #/0 *&0,+#(, $''5 #$ 

"&.,++E#&.$ $"E $=#5 %/'A0/=0 %&:5'/ &A./) *&0,+#10 (Bhat -$, Subbarao, 1999). 

I Verticillium dahliae 2,$N&,%5?&, +#/ <2$M/) %& #7 %/.M( %,-./+-'7.4#D40 -$, 

%"/.&D 0$ &",;,1+&, %<N., 15 N.E0,$ (Schnathorst, 1981). W+#E+/, -$, #$ 2A/ &D27 

%"/./A0 0$ 2,$N&,%5+/=0 %=-7',$-5 +& "/'=&#&D) *&0,+#<), +& $0$"$.$:4:,-5 

E.:$0$ ( M=#,-5 ="/'&D%%$#$ (Agrios, 2005). 

I %A-7#$) Verticillium &,+;5''&, +#,) 0&$.<) .D?&) #40 *&0,+#10 5%&+$ ( 

%<+4 "'7:10 (Schnathorst, 1981ú Huisman -$, Gerik, 1989ú Van Aflen, 1989) . I 

%A-7#$) %&#$2D2&#$, %& %/'=+%<0$ %/+N&A%$#$ -$, -/02A'/=), %& #/ 0&.E -$, #/ 

<2$M/) (Agrios, 2005). 3/''<) "&.,/N<) <N/=0 &",%/'=09&D %& #/ %A-7#$ Verticillium 

:,$ ".1#7 M/.5 %& #7 MA#&=+7 %/'=+%<040 -/02A'40 "$#5#$) ( 5''40 

-$'',&.:&,10. I, +/'$012&,) -$'',<.:&,&) E"4) 7 "$#5#$, 7 %&',#?50$ -$, 7 #/%5#$ 

$=*50/=0 #/ &"D"&2/ %/'A+%$#/) +#/ <2$M/). W+#E+/ / %A-7#$) Verticillium 

;.D+-&#$, +& %7 -$'',&.:/A%&0&) "&.,/N<), -5#, "/= 2&DN0&, E#, / %A-7#$) &D0$, 

:7:&0() +#$ &25M7 -$, %"/.&D 0$ %/'A0&, &="$9&D) -$'',<.:&,&) E#$0 $=#<) 

&:-$#$+#$9/A0 (Agrios, 2005). 

I <'&:N/) #7) $+9<0&,$) ;$+D?&#$, +#7 MA#&=+7 =:,10 M=#10 +& =:,&D) 

$:./A), +#7 N.(+7 $09&-#,-10 "/,-,',10 -$, +#70 $"/M=:( MA#&=+7) &="$910 

-$'',&.:&,10 E"/= <N&, "./7:79&D -$'',<.:&,$ +/'$04210 &"D +&,.5 &#10. L 

9&.%,-( $"&0&.:/"/D7+7 #40 %/'=+%5#40 %<+4 7',/$"/'A%$0+7) $"/2&,-0A&#$, 

,2,$D#&.$ N.(+,%7 :,$ #/0 <'&:N/ #7) $+9<0&,$) +& "&.,/N<) %& =P7'<) 9&.,0<) 

9&.%/-.$+D&) -$, N$%7'( ;./NE"#4+7 (Tjamos -$, Paplomatas, 1988, Tjamos, 

1989$, Agrios, 2005). 
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D@CECD GJD E?KCQD?D -HIHGJD 

I, &2$M/:&0&D) M=#/"$9/:E0/, %A-7#&) E"4) &D0$, / Verticillium dahliae -$, / 

Fusarium oxysporum &D0$, 2A+-/'/ 0$ $0#,%&#4",+#/A0 &*$,#D$) #7) 2,$#(.7+7) ( 

&",;D4+() #/=) +#/ <2$M/). G2,$D#&.$ :,$ #,) "&.,"#1+&,) #40 %=-(#40 V. dahliae 

-$, F. oxysporum "/= &",;,10/=0 :,$ "/''5 N.E0,$ +#/ <2$M/) -$, &:-$9D+#$0#$, 

+#$ $::&D$ #40 *&0,+#10, /, &0$''$-#,-<) %<9/2/, &'<:N/= #40 "$9/:E040 &D0$, 

"/'A 'D:&). >$ #&'&=#$D$ N.E0,$ <N/=0 :D0&, $.-&#<) "./+"59&,&) :,$ 0$ 

N$.$-#7.,+#/A0 /, %/.,$-/D %7N$0,+%/D "/= -$9/.D?/=0 #70 $+9<0&,$ -=.D4) :,$ #$ 

$&./%&#$M&.E%&0$ "$9/:E0$ -$, "/'A ',:E#&.&) :,$ #/=) &2$M/:&0&D) %A-7#&) "/= 

"./-$'/A0 $2./%=-1+&,). 

R-/"E) #7) "$./A+$) %&'<#7) $"/#&'&D 7 -$#$0E7+7 +& %/.,$-E &"D"&2/ 

#40 $0#,2.5+&40 #40 M=#10 "/= +N&#D?/0#$, %& #/=) %7N$0,+%/A) 5%=0$) &0$0#D/0 

#40 "$9/:E040 V. dahliae -$, F. oxysporum "/= "./-$'/A0 $2./%=-1+&,) +& <0$ 

%&:5'/ &A./) *&0,+#10. L &="59&,$ ( 7 $09&-#,-E#7#$ #40 M=#10 &D0$, $"/#<'&+%$ 

%,$) +&,.5) 2,$2,-$+,10 "/= "&.,'$%;50&, #70 $.N,-( &",-/,040D$ #/= "$9/:E0/= %& 

#/0 *&0,+#( +#70 /"/D$ &%"'<-/0#$, :/0D2,$ %&#52/+7) +7%5#40 #E+/ +#/ M=#E E+/ 

-$, +#/ "$9/:E0/, -$, #70 &"$-E'/=97 &0&.:/"/D7+7 ( EN, #40 %7N$0,+%10 5%=0$) 

#40 M=#10 "/= 9$ /27:(+/=0 &D#& +#/0 "&.,/.,+%E #/= "$9/:E0/= -$, #7) 

$+9<0&,$) ( +& &",#=N( %E'=0+7 -$, &:-$#5+#$+7 #/= "$9/:E0/=. 

K,$ #7 2,&.&A07+7 #40 %7N$0,+%10 "/= &%"'<-/0#$, +#70 5%=0$ #40 M=#10 

&0$0#D/0 #40 $2./%=-1+&40 9$ N.7+,%/"/,79&D %,$ +&,.5 %&#$''$:%<040 M=#10 A. 

thaliana +#$ %/0/"5#,$ #/= +$',-=',-/A /*</), #/= ,$+%/0,-/A /*</) -$, #/= 

$,9='&0D/= <#+, 1+#& 0$ 2,$",+#49&D "/,/ %/0/"5#, ( -$, "/,/ +=:-&-.,%<0/ +#/,N&D/ 

#/= &"7.&5?&, $.07#,-5 #70 &-2('4+7 #40 $2./%=-1+&40. >$ %/0/"5#,$ 

%&#$:4:() #/= +$',-=',-/A /*</), #/= ,$+%/0,-/A /*</) -$, #/= $,9='&0D/= "$D?/=0 

+7%$0#,-E .E'/ +#70 5%=0$ #40 M=#10 &0$0#D/0 "/''10 5''40 "$9/:E040. 

R=0&"1) 7 %&'<#7 :/0,2D40 "/= &%"'<-/0#$, +#$ %/0/"5#,$ $=#5 9$ 21+&, 

"'7./M/.D&) :,$ #/=) %7N$0,+%/A) #/= M=#/A "/= &'<:N/=0 #$ :/0D2,$ $=#5 -$#5 #7 

%E'=0+7 #/=) %& #$ "$9/:E0$ #40 $2./%=-1+&40. R#/=) +=02=$+%/A) *&0,+#( – 

%A-7#$ "/= ",9$0E0 0$ "$.$#7.79/A0 %&,4%<0$ +=%"#1%$#$, 9$ &'&:N9&D 7 

+=+N<#,+7 #40 +=%"#4%5#40 %& #7 ;,/%5?$ #40 "$9/:E040 "/= ;.D+-&#$, +#/=) 

,+#/A) #40 M=#10 -$, /, %&#$:.$M,-<) $''$:<) :/0,2D40 "/= -$9/.D?/=0 #/ 

M$,0E%&0/. 

6-/'/A94) 9$ %&'&#79&D / .E'/) :/0,2D40 "/= &%"'<-/0#$, +#70 5%=0$ #40 

M=#10 #/%5#$) &0$0#D/0 #/= %A-7#$ V. dahliae %& ;5+7 #$ $"/#&'<+%$#$ #40 
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"&,.$%5#40 %& #$ M=#5 A. thaliana. R#$ "&,.5%$#$ "$9/:<0&,$) 9$ N.7+,%/"/,79/A0 

%&#$''$:%<0$ M=#5 #/%5#$) +#$ ="E %&'<#7 :/0D2,$, E"/= $=#E &D0$, 2=0$#E0. R$0 

&0$''$-#,-( %<9/2/) :,$ #70 %&'<#7 :/0,2D40 5%=0$) +#70 #/%5#$, &",'<N97-& 7 

#&N0,-( #7) ,ï-5 &"$:E%&07) :/0,2,$-() +D:7+7) "/= <N&, &M$.%/+#&D ".E+M$#$ :,$ 

#70 %&'<#7 2,$ME.40 :/0,2D40. L ".4#/"/.D$ $=#() #7) &.:$+D$) <:-&,#$, +#/ 

:&:/0E) E#, 7 #&N0/'/:D$ $=#( 9$ N.7+,%/"/,79&D :,$ ".1#7 M/.5 +#7 %&'<#7 #7) 

$''7'&"D2.$+7) #7) #/%5#$) %& <0$ M=#/"$9/:E0/ "/= "./-$'&D $2./%A-4+7. 
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@H!?I?>C 1 

GC ?>NQIHF>C @?> J H-EIC@J GCQ DGJF ?-QF? GCQ 

!QGCQ ARABIDOPSIS THALIANA 

2.1. EHK>IJPJ 

I, $2./%=-1+&,) "/= "./-$'/A0#$, $"E #/=) %A-7#&) #40 :&010 Verticillium 

-$, Fusarium &D0$, "/'A 2A+-/'/ 0$ $0#,%&#4",+#/A0 %& $"/#<'&+%$ 0$ &",M<./=0 

+7%$0#,-<) $"1'&,&) #7) "$.$:4:() +& <0$ %&:5'/ &A./) -$'',&.:&,10 %&:5'7) 

/,-/0/%,-() +7%$+D$). K,$ 0$ 2,&.&=079/A0 /, $%=0#,-/D %7N$0,+%/D "/= ",9$01) 0$ 

&%"'<-/0#$, +#70 $0#D2.$+7 #40 M=#10 +#/=) %A-7#&) Verticillium dahliae -$, 

Fusarium oxysporum f. sp. raphani, %,$ +&,.5 $"E %&#$''$:%<0$ -$, :&0&#,-1) 

#./"/"/,7%<0$ M=#5 Arabidopsis thaliana +& :/0D2,$ "/= &D0$, :04+#E E#, 

+=%%&#<N/=0 +& %/0/"5#,$ #/= $%=0#,-/A %7N$0,+%/A #40 M=#10 +& "$9/:E0/=) 

%,-.//.:$0,+%/A), N.7+,%/"/,(97-$0 +& "&,.5%$#$ "$9/:<0&,$) %& #/=) %A-7#&). 

>$ $"/#&'<+%$#$ #40 "&,.$%5#40 $=#10 <2&,*$0 +7%$0#,-( %&D4+7 #40 

+=%"#4%5#40 %E0/ #40 M=#10 etr1-1 (ethylene receptor mutant, 2&0 

$0#,'$%;50/0#$, #/ $,9='<0,/), -$, EN, #40 ="/'/D"40 %&#$''$:%<040 M=#10 +#/ 

%/0/"5#, #/= $,9='&0D/= -$91) -$, $=#10 #40 %/0/"$#,10 #/= +$',-=',-/A -$, #/= 

,$+%/0,-/A /*</), ="/2&,-0A/0#$) #/ +7%$0#,-E .E'/ #/= :/0,2D/= ETR1 +#70 

$0#D2.$+7 #40 M=#10 &0$0#D/0 $=#10 #40 "$9/:E040. 6-/'/A94), :,$ 0$ 

2,&.&=079&D &50 #$ %&,4%<0$ +=%"#1%$#$ "/= "$./=+D$+$0 #$ etr1-1 M=#5 

+N&#D?/0#$, %& %&,4%<07 $05"#=*7 #40 "$9/:E040 +#/=) $::&,$-/A) #/=) ,+#/A), 

".$:%$#/"/,(97-$0 "&,.5%$#$ "/+/#,-/"/D7+7) #40 %=-(#40 %& $0#,2.5+&,) Real-

time PCR. L $05'=+7 #40 $"/#&'&+%5#40 <2&,*& E#, 7 "/+E#7#$ #40 "$9/:E040 

(#$0 +7%$0#,-5 %,-.E#&.7 +#$ etr1-1 M=#5, #E+/ +& +N<+7 %& #$ M=#5 $:.D/= #A"/= 

E+/ -$, %& #$ ="E'/,"$ %&#$''$:%<0$ M=#5 +#/ %/0/"5#, #/= $,9='&0D/=, 

="/2&,-0A/0#$) E#, 7 %&,4%<07 ".E+'7P7 #/= $,9='&0D/= %<+4 #/= ="/2/N<$ ETR1 

/27:&D +& $=*7%<07 $09&-#,-E#7#$ #40 M=#10 &0$0#D/0 #40 %=-(#40 V. dahliae -$, F. 

oxysporum f. sp. raphani. K,$ 0$ 2,&.&=079/A0 /, %&#$:.$M,-<) %&#$;/'<) "/= 

",9$0E0 0$ +N&#D?/0#$, %& #/0 $09&-#,-E M$,0E#="/, 2&D:%$#$ RNA $"E etr1-1 -$, 

$:.D/= #A"/= M=#5 <*, 7%<.&) %&#5 #70 %E'=0+( #/=) %& #/ %A-7#$ V. dahliae 

N.7+,%/"/,(97-$0 +& "&D.$%$ %,-./+=+#/,N,10 (microarrays). @& ;5+7 #$ 

$"/#&'<+%$#$ $=#5, &",'<N97-$0 ="/P(M,$ :/0D2,$ "/= "$./=+D$?$0 $=*7%<0$ 
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&"D"&2$ <-M.$+7) +#$ etr1-1 M=#5, #40 /"/D40 %&'&#(97-& 7 <-M.$+7 +& M=#5 etr1-

1, ein4 -$, WT %& $0#,2.5+&,) Real-time PCR, +& 2,5M/.$ N./0,-5 +7%&D$ %&#5 #7 

%E'=0+7 #/=) %& #/0 %A-7#$ V. dahliae. L $05'=+7 #40 $"/#&'&+%5#40 <2&,*& #70 

&"$:4:( #40 :/0,2D40 PR-1, PR- 2, PR-5, GSTF12, GSTU16, CHI-1, CHI-2 -$, 

Myb75 +#$ etr1-1 M=#5, ="/2&,-0A/0#$) E#, #/ $"/#<'&+%$ #7) $=*7%<07) 

$09&-#,-E#7#$) #40 M=#10 $=#10 +N&#D?&#$, %& %,$ /%52$ :/0,2D40 5%=0$) "/= 

&0&.:/"/,/A0#$, -$#5 #70 $''7'&"D2.$+7 #40 M=#10 %& #/ %A-7#$ V. dahliae. 
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2.2. H>D?MAMJ 

>$ M=#5 "./-&,%<0/= 0$ $0#,%&#4"D+/=0 #7 +=0&N( $"&,'( #40 "$9/:E040 

%,-.//.:$0,+%10 "/= ;.D+-/0#$, +#/ 5%&+/ "&.,;5''/0 #/=), <N/=0 $0$"#A*&, 

2,5M/./=) $%=0#,-/A) %7N$0,+%/A). 6=#/D "&.,'$%;50/=0 #$ M=+,-5 &%"E2,$ -$, 

#70 "$.$:4:( $0#,%,-./;,$-10 /=+,10, "/= &D#& "./X"5.N/=0 &D#& &"5:/0#$,. I, 

&"$:E%&0/, %7N$0,+%/D "&.,'$%;50/=0 #70 $0#D'7P7 #7) &"D9&+7) #40 "$9/:E040 

%,-.//.:$0,+%10 -$, #70 &"$-E'/=97 $05"#=*7 #40 -$#5''7'40 $%=0#,-10 

$0#,2.5+&40. >$ ".1#$ +#52,$ #7) &"$:E%&07) $0#/N() N$.$-#7.D?/0#$, $"E #70 

"$.$:4:( &0&.:10 /%5240 /*=:E0/= (reactive oxygen species) E"4) #/ /*=:E0/ 

(I2), #/ ="&./*&D2,/ #/= =2./:E0/= (H2O2) -$, #/ 0,#.,-E /*&D2,/ (JI). 605'/:$ %& 

#70 <-#$+7 #7) $0#D2.$+7), /, &0&.:<) /%52&) /*=:E0/= %"/./A0 0$ /27:(+/=0 +& 

$0#D2.$+7 ="&.&=$,+97+D$) (HR) "/= N$.$-#7.D?&#$, $"E :.(:/./ 

"./:.$%%$#,+%<0/ 950$#/ #40 -=##5.40 #40 *&0,+#10 (Neill et al., 2002ú 

Wendehenne et al., 2004). 60 -$, 7 HR &D0$, :&0,-5 $"/#&'&+%$#,-( +#70 $05+N&+7 

#7) "&.$,#<.4 &,+E2/= #40 ;,/#./M,-10 "$9/:E040, #$ /"/D$ N.&,5?/0#$, #$ 

?40#$05 -A##$.$ #40 *&0,+#10 :,$ #/ 9.&"#,-E #/=) $0&M/2,$+%E, +=0(94) 2&0 &D0$, 

$"/#&'&+%$#,-(, ( $-E%$ -$, "./5:&, #7 %E'=0+7 $"E #$ 0&-./#./M,-5 "$9/:E0$. 

I, $0#,2.5+&,) #40 M=#10 "/= $"$0#10#$, %&#$:&0<+#&.$, ;$+D?/0#$, +& <0$ 2D-#=/ 

$''7'/&",-/,040D$) %7N$0,+%10 %&#$:4:() %/.,$-10 +7%5#40 $"E #$ /"/D$ #/ 

+$',-=',-E /*A (salicylic acid - SA), #/ ,$+%/0,-E /*A (jasmonic acid - JA), -$, #/ 

$,9='<0,/ (ET) &D0$, /, -A.,/, %&+/'$;7#<) (Thomma et al., 2001ú De Vos et al., 

2005). 3/''<) %&'<#&) <N/=0 2&D*&, E#, #$ %/0/"5#,$ %&#$:4:() #/= JA -$, !> 

'&,#/=.:/A0 +=N05 +=0&.:,+#,-5 :,$ #70 &"$:4:( #40 ".4#&ï010 &"D2.$+7) 

(effectors) #40 %7N$0,+%10 5%=0$) #40 M=#10 (Penninckx et al., 1996ú Pieterse -$, 

Van Loon, 1999ú Schenk et al., 2000ú Ellis -$, Turner, 2001). 

60 -$, #/ ET &%"'<-&#$, +& 2,5M/.&) "#=N<) #7) ?4() #40 M=#10, <0$ 

+7%$0#,-E %<./) #/= %/0/"$#,/A $0#D'7P7) -$, %&#$:4:() #/= ET M$D0&#$, 0$ &D0$, 

#/ D2,/ :,$ E'&) #,) &"$:E%&0&) $"E #/ !> $0#,2.5+&,). I .E'/) #/= !> &D0$, "/'A 

+7%$0#,-E) $M/A "/''<) %&'<#&) <N/=0 ".$:%$#/"/,79&D :,$ #7 ;,/+A09&+7 #/= !> 

(Bleecker -$, Kende, 2000ú Wang -$, Ecker, 2002) -$, #40 &"$-E'/=940 +#/,N&D40 

#7) %&#$:4:() #/= (Wang -$, Ecker, 2002ú Alonso -$, Stepanova, 2004ú Guo -$, 

Ecker, 2004ú Chen et al., 2005), -$91) -$, :,$ #/ .E'/ #/=) +#70 5%=0$ #40 M=#10 

(Schenk et al., 2000ú Thomma et al., 2001ú Glazebrook, 2005ú Thatcher et al., 2005). 
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2.2.1 B*$412'043 #$" &*'"(02S$" 

L &D+/2/) #40 "$9/:E040 +#/=) M=#,-/A) ,+#/A) +& "/''<) "&.,"#1+&,) 

"./5:&, #70 $=*7%<07 "$.$:4:( $,9='&0D/= (Mauch et al., 1984ú Boller, 1991ú 

Penninckx et al., 1998ú Cohn -$, Martin, 2005). >$ ".1#$ +#52,$ "/= "./7:/A0#$, 

#7) &0&.:/"/D7+7) #40 :/0,2D40 ;,/+A09&+7) ( &0?A%40 #/= $,9='&0D/= (!>), 

"&.,'$%;50/=0 #70 $0$:01.,+7 #40 %/.D40 #40 2,&:&.#10 (/-$, #40 

$%/'=+%$#,-10 (6vr) %/.D40 "/= "./<.N/0#$, $"E #/ "$9/:E0/, $"E #/=) 

="/2/N&D) #40 M=#10. >/ ;,/+=09&#,-E %/0/"5#, #/= !> %&'&#(97-& +& %&:5'/ 

;$9%E $"E #70 ".4#/"E./ <.&=0$ #/= Yang -$, #40 +=0&.:$#10 #/= #7 2&-$&#D$ 

1970–1980 (Kende, 1993). >/ $,9='<0,/ +=0#D9&#$, $"E #/ $%,0/*A %&9&,/0D07, #/ 

/"/D/ %&#$#.<"&#$, +& S-adenosyl-methionine (AdoMet) %& #/ <0?=%/ S-AdoMet 

synthase (ADS). L AdoMet &D0$, / %&:$'A#&./) 2E#7) %&9='D/= +#$ M=#5 -$, 

&%"'<-&#$, +#,) $0#,2.5+&,) %&9='D4+7) ',",2D40, ".4#&S010 -$, 0/=-'&ï-10 /*<40 

(Fontecave et al., 2004). L AdoMet %&#$#.<"&#$, %& #/ <0?=%/ ACC synthase (ACS) 

+& 5-methylthioadenosine (MTA) 7 /"/D$ %&#$#.<"&#$, "5', +& %&9&,/0D07 %<+4 #/= 

-A-'/= #/= Yang -$, +& 1-aminocyclopropane-1-carboxylic acid (ACC), "/= &D0$, 7 

".E2./%/) /=+D$ #/= $,9='&0D/=. >/ ACC #&',-5 /*&,210&#$, $"E #70 6CC oxidase 

(ACO) :,$ 0$ 27%,/=.:79&D $,9='<0,/, -=$0D2,/ (cyanide) -$, 2,/*&D2,/ #/= 509.$-$ 

(carbon dioxide). L %&#$#./"( #7) AdoMet +& ACC $"E #/ ACS :&0,-5 9&4.&D#$, 4) 

#/ E.,/ #/= .=9%/A ;,/+A09&+7) #/= $,9='&0D/= -$, 4) &- #/A#/= <N&, %&'&#79&D ",/ 

<0#/0$ (!,-E0$ 2.1). 

 

H*+<2& 2.1: 6"'/"/,7%<07 +N7%$#,-( $0$"$.5+#$+7 #7) ;,/+=09&#,-() /2/A #/= $,9='&0D/=. >$ ;<'7 
="/2&,-0A/=0 9&#,-( .A9%,+7 -$, /, :.$%%<) %& #/ -'&,+#E #<'/) ="/2&,-0A/=0 $.07#,-( .A9%,+7. >$ 
:/0D2,$ -$, /, ".4#&T0&) $0$"$.,+#/A0#$, +& :$'5?,/=) -A-'/=) -$, #&#.5:40$, $0#D+#/,N$. 

(3./+$.%/:( $"E Annu. Rev. Phytopathol. 2006, 44: 393-416) 
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2.2.1.1 ?0+"5;"@$%4 ;,/-$#* +*8 G$(#,'/0#*8 +(: "$/:B0'7(: 

K/0D2,$ "/= -42,-/"/,/A0 <0?=%$ ADS +& M=#5, <N/=0 -'40/"/,79&D $"E 

"/''5 M=#,-5 &D27 -$, / N$.$-#7.,+%E) #/=) <2&,*& E#, &D0$, "/'A +=0#7.7%<0$ +& 

E'/=) #/=) /.:$0,+%/A) -$, -42,-/"/,/A0#$, $"E %,$ /,-/:<0&,$ :/0,2D40 (Ravanel 

et al., 1998). >/ ADS &%"'<-&#$, +& "/''5 %&#$;/',-5 %/0/"5#,$ "<.$ $"E #7 

;,/+A09&+7 #/= $,9='&0D/= (Ravanel et al., 1998). 350#4), 2&0 <N&, $0$M&.9&D 7 

&*&,2,-&=%<07 &"$:4:( :/0,2D40 ADS -$#5 #70 &"D9&+7 "$9/:E040 ( +& &.&9D+%$#$ 

$;,/#,-/A +#.&). @&#5 $"E $05'=+7 +#/,N&D40 $"E ;5+7 2&2/%<040 :/0,2,$-() 

<-M.$+7) (%& #7 N.(+7 #/= “Genevestigator”) 2&0 (#$0 2=0$#E 0$ 2,$-.,9&D 7 

&"$:4:( (induction) ( -$#$+#/'( (repression) :/0,2D40 ADS "/= 0$ <N&, "./-'79&D 

$"E "$9/:E0$ (Zimmerman et al., 2004). 

>$ ACO <0?=%$ -42,-/"/,/A0#$, $"E "/'=:/0,2,$-<) /,-/:<0&,&) +& E'$ #$ 

M=#,-5 &D27 (Wang et al., 2002). >$ :/0D2,$ ACO &-M.5?/0#$, 2,$M/.&#,-5 -$#5 #70 

$05"#=*7 #40 M=#10 ( -$#5 #70 &"D9&+7 "$9/:E040 -$, &.&9,+%5#40 $;,/#,-/A 

+#.&) E"4) +& #.$=%$#,+%/A), ="&.;/',-( =:.$+D$ -$, <-9&+7 +& E?/0 (Nakatsuka 

et al., 1998ú Moeder et al., 2002ú Nie et al., 2002ú Cohn -$, Martin, 2005ú Woltering 

et al., 2005). 3.E+M$#$, /, Cohn -$, Martin (2005) <2&,*$0 #7 +=%%&#/N( #40 

%/'=+%$#,-10/$%/'=+%$#,-10 (virulence/avirulence) "$.$:E0#40 AvrPto -$, 

AvrPtoB $"E #/ "$9/:E0/ ;$-#(.,/ Pseudomonas syringae pv. tomato +#7 

;,/+A09&+7 #/= $,9='&0D/= +& %,$ &="$9( "/,-,'D$. 3,/ +=:-&-.,%<0$, $=#<) /, 

".4#&T0&) &"D2.$+7) "/= "./<.N/0#$, $"E #/ ;$-#(.,/, /2(:7+$0 +#70 

="&.<-M.$+7 2 +=:-&-.,%<040 :/0,2D40 ACO (LeACO1/2), &01 5''$ :/0D2,$ ACO 

"$.<%&,0$0 $0&"7.<$+#$. !"D+7), 7 &*<#$+7 E'40 #40 ACO :/0,2D40 $"E 2&2/%<0$ 

<-M.$+7) +#/ M=#E Arabidopsis (Zimmerman et al., 2004) <2&,*& +7%$0#,-( .A9%,+7 

+=:-&-.,%<040 ="//%5240 :/0,2D40 ACO $"E $;,/#,-E -$, ;,/#,-E +#.&). K,$ 

"$.52&,:%$, #$ ACO :/0D2,$ At1g62380 -$, At1g05010 M$D0&#$, 0$ ="&.&-M.5?/0#$, 

+& M=#5 Arabidopsis %&#5 $"E #70 &M$.%/:( $,9='&0D/= -$, #/= %A-7#$ Botrytis 

cinerea, &01 #/ ACO :/0D2,/ At1g12010 &-M.5?&#$, +& N$%7'E#&.$ &"D"&2$ %&#5 

$"E &M$.%/:( #40 P. syringae -$, Alternaria brassicicola. >$ 5''$ :/0D2,$ ACO 2&0 

&"7.&5+#7-$0 +& $=#5 #$ "&,.5%$#$. R=%"&.$+%$#,-5, #$ 2,$M/.&#,-5 %/#D;$ 

<-M.$+7) #40 ACO :/0,2D40 ="/2&,-0A/=0 E#, / %&#$:.$M,-E) <'&:N/) $=#10 #40 

:/0,2D40 +=%;5''&, +#7 .A9%,+7 #7) "$.$:4:() $,9='&0D/=. 

W+#E+/, / <'&:N/) #7) "$.$:4:() $,9='&0D/= +=0&ND?&, 0$ $"/2D2&#$, +& 

%&:$'A#&./ ;$9%E +#$ :/0D2,$ .CS. >$ <0?=%$ ACS -42,-/"/,/A0#$, $"E 

"/'=:/0,2,$-<) /,-/:<0&,&) +#$ M=#5 (Johnsson -$, Ecker, 1998ú Bleecker -$, 

Kende, 2000). L "'&,/0E#7#$ #40 &.&=010 "/= %&'<#7+$0 #70 <-M.$+7 #40 ACS 
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<N/=0 :D0&, +& #/%5#$ "/= "&.,<N&, #/='5N,+#/0 10 ACS :/0D2,$, -$, +& Arabidopsis 

thaliana, "/= <N&, 9 ACS :/0D2,$. CE:4 #7) +7%$0#,-E#7#$) #/=) +#7 ;,/+A09&+7 #/= 

$,9='&0D/=, 7 .A9%,+7 #40 ACS :/0,2D40 <N&, %&'&#79&D &-#&#$%<0$. >/ ".1#/ +#52,/ 

#7) .A9%,+7) #7) ;,/+A09&+7) #/= $,9='&0D/= +=%;$D0&, +#/ &"D"&2/ <-M.$+7) #40 

ACS :/0,2D40. 3/''<) <.&=0&) <N/=0 2&D*&, E#, 2,$M/.&#,-5 &"D"&2$ %&#$:.$M() +& 

2,5M/.$ ACS :/0D2,$ &D0$, +7%$0#,-E) "$.5:/0#$) "/= .=9%D?&, #70 "$.$:4:( 

$,9='&0D/= +$0 $0#D2.$+7 +& 2,5M/.$ &.&9D+%$#$ (Peck -$, Kende, 1998ú Barry et 

al., 2000). 3.E+M$#$, /, Tsuchisaka -$, Theologis (2004) &*<#$+$0 +#/ N.E0/ #$ 

%/#D;$ <-M.$+7) #40 %&'10 #7) /,-/:<0&,$) ACS :/0,2D40 +#/ M=#E Arabidopsis 

-$#5 #7 2,5.-&,$ $05"#=*7) #40 M=#10 -$, -5#4 $"E 2,$M/.&#,-5 &.&9D+%$#$ 

$;,/#,-/A +#.&), 2&DN0/0#$) +=:-&-.,%<0$ -$, %&.,-1) &",-$'="#E%&0$ "./MD' 

<-M.$+7) $05%&+$ +#$ 2,5M/.$ .CS :/0D2,$ +#/=) 2,$M/.&#,-/A) ,+#/A). K,$ 

"$.52&,:%$, / #.$=%$#,+%E) #/= ="/-/#='D/= "$.&%"E2,+& #70 <-M.$+7 #40 

AtACS1 -$, AtACS5 +& $=#E #/0 ,+#E -$, "./-5'&+& #70 <-M.$+7 #40 AtACS2, 4, 6, 

7, 8 -$, 11. W+#E+/ 7 <-M.$+7 #40 :/0,2D40 ACS 2&0 <N&, $-E%$ %&'&#79&D +& +N<+7 

%& #70 "./+;/'( $"E "$9/:E0$. R& %,$ "./-$#$.-#,-( &.:$+D$ +#70 <-M.$+7 #40 

9 :/0,2D40 ACS #/= M=#/A Arabidopsis, ;.<97-& E#, -5"/,$ :/0D2,$ 

="&.&-M.5+#7-$0, -5"/,$ -$#$+#5'7-$0 &01 5''$ "$.<%&,0$0 $0&"7.<$+#$ %&#5 

#70 &M$.%/:( 2,$ME.40 "$9/:E040. R=:-&-.,%<0$, #/ AtASC2 ="&.&-M.5+#7-& +& 

%&:5'/ ;$9%E %&#5 $"E #70 &M$.%/:( #40 P. syringae, B. cinerea -$, Alternaria 

brassicicola, &01 #/ AtACS5 -$, #/ AtACS11 <2&,*$0 0$ -$#$+#<''/0#$, %&#5 #70 

"./+;/'( #/=) %& #/ P. syringae. >$ ="E'/,"$ ACS :/0D2,$ 2&0 <2&,*$0 0$ 

&"7.&5?/0#$, $"E $=#<) #,) "&,.$%$#,-<) +=09(-&) (Zimmerman et al., 2004). 

2.2.1.2  ?0+"--0+"5;"@$%4 ;,/-$#* +*8 G$(#,'/0#*8 +(: "$/:B0'7(:  

3<.$ $"E #/ +7%$0#,-E .E'/ #7) %&#$:.$M,-() +A09&+7) #40 :/0,2D40 ACS 

:,$ #70 "$.$:4:( $,9='&0D/=, ".E+M$#$ 2&2/%<0$ <2&,*$0 #/0 &"D+7) ,+N=.E .E'/ 

#40 &","<240 ".4#&T07) "/= "$.5:/=0, "/= '&,#/=.:&D 4) .=9%,+#() -'&,2D #7) 

"$.$:4:() $,9='&0D/= (Chae -$, Kieber, 2005). @&'<#&) "/= <:,0$0 +& M=#5 

Arabidopsis "/= ="&."$.5:/=0 $,9='<0,/ (ethylene-overproducer - eto) (Guzman 

-$, Ecker, 1990ú Kieber et al., 1993) <2&,*$0 E#, #$ &"D"&2$ #7) ".4#&T07) E0#4) 

.=9%D?/0#$, %&#$-%&#$:.$M,-5 -$, E#, $=#( 7 .A9%,+7 &"7.&5?&, #70 "$.$:4:( 

$,9='&0D/= (Woeste et al., 1999ú Chae -$, Kieber, 2005). I, %/.,$-/D %7N$0,+%/D "/= 

&'<:N/=0 #70 2.$+#7.,E#7#$ #/= AtACS5 -$, #70 #&',-( "$.$:4:( ".4#&T07) 

2,&=-.,0D+97-$0 %& #70 -'40/"/D7+7 #/= :/0,2D/= "/= &D0$, ="&A9=0/ :,$ #70 

%&#$''$:( #40 eto1 M=#10 (Wang et al., 2004). L ".4#&T07 ETO1 &D0$, %<'/) %,$) 

0<$) /,-/:<0&,$) ".4#&S010, "/= &D0$, %/0$2,-( +#/ M=#,-E ;$+D'&,/, -$, "/= 
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"$D?/=0 +7%$0#,-E .E'/ +& -5"/,$ %/#D;$ $''7'&",2.5+&40 ".4#&S010 %& 

".4#&T0&) "/= +=%"&.,'$%;50/=0 #70 BTB "&.,/N( (Broad-complex, Tram-track, 

Bric-à-brac). UN&, ;.&9&D E#, /, ".4#&T0&) "/= +=%"&.,'$%;50/=0 #70 O>O-"&.,/N( 

+=02</=0 #70 CUL3 ',:5+7 $%",-/=ï#D07) (CUL3-ubiquitin ligase) +& ".4#&T0&) 

="/+#.1%$#/) (Pintard et al., 2004). I, Wang -$, +=0&.:5#&) (Wang et al., 2004) 

<2&,*$0 5%&+7 $''7'&"D2.$+7 #7) !>I1 %& #$ AtACS5 -$, CUL3 %& in vitro 2/-,%<) 

$0/+/-$#$-.(%,+7), ="/2&,-0A/0#$) E#, 7 !>I1 '&,#/=.:&D &*&,2,-&=%<0$ 4) 

"./+$.%/:<$) :,$ #/ AtACS5 -$, ",9$0E0 -$, :,$ 5''$ ACS ,+/<0?=%$, +#/N&A/0#$) 

<#+, $=#<) #,) ACS ".4#&T0&) :,$ $"/2E%7+7 $"E #/ 26S ".4#&5+4%$ 

(proteasome). !",".E+9&#$, 7 !>I1 "$.&%"/2D?&, #7 2.5+7 #/= AtACS5 +#$ 

$:.D/= #A"/= M=#5 $''5 EN, #/= %&#$''$:%<0/= eto2 +& in vitro "&,.5%$#$ (Wang et 

al., 2004). 6=#( 7 <.&=0$ ="/2&,-0A&, E#, 7 !>I1 "$.&%"/2D?&, 5%&+$ #70 

&0?=%$#,-( 2.5+7 #/= AtACS5 "<.$ $"E #70 &"D2.$+7 #7) +#70 +#$9&.E#7#$ (%<+4 

".4#&E'=+7)) #7) ACS5 ".4#&T07). 3$.E'/ "/= ="5.N/=0 $.-&#5 2&2/%<0$ +#7 

.A9%,+7 #7) ;,/+A09&+7) #/= $,9='&0D/= %<+4 ".4#&E'=+7) #7) ACS, 2&0 <N&, 

$"$0#79&D $-E%$ <0$ +7%$0#,-E &.1#7%$ "/= $M/.5 #/0 <'&:N/ $=#/A #/= 

%7N$0,+%/A. I %7N$0,+%E) $"/2E%7+7) #7) ACS 9$ "./X"E9&#& #70 %&#$#./"( 

#40 ACS ".4#&S010 %& #<#/,/ #.E"/ 1+#& 0$ $"/#&'/A0 +#EN/ :,$ #/ %7N$0,+%E #/= 

ubiquitin-26S-proteasome. U0$) ",9$0E) #.E"/) :,$ %,$ #<#/,$ %&#$#./"( 9$ (#$0 7 

M4+M/.='D4+7 #7) ".4#&T07). 6.-&#<) <.&=0&) +#7 #/%5#$ -$, M=#5 Arabidopsis 

="<2&,*$0 E#, 7 M4+M/.='D4+7 #7) ".4#&T07) .=9%D?&, #$ &"D"&2$ #40 ACS 

".4#&ï010.  

2.2.2 E.<4(3U3 +&* 60#&)5), 4#$ +"#<%(&46& 

>/ $,9='<0,/ "/= "$.5:&#$, &D#& $"E &+4#&.,-E ( $"E &*4#&.,-E &.<9,+%$ 

"./+'$%;50&#$, $"E #/ -A##$./ -$, $=#E #/ +(%$ %&#$2D2&#$, "&.$,#<.4 %<+4 &0E) 

-$'5 +=0#7.7%<0/= %/0/"$#,/A (Guo -$, Ecker, 2004ú Chen et al., 2005ú Stepanova 

-$, Alonso, 2005). >$ "&.,++E#&.$ $"E #$ +#/,N&D$ #/= %/0/"$#,/A $=#/A <N/=0 

$0$-$'=M9&D %& #7 N.(+7 $"'10 :&0&#,-10 +$.1+&40 +& %&#$''$:%<0$ M=#5 

Arabidopsis "/= 2&0 $0#,'$%;50/0#$, #/ $,9='<0,/, ;$+,?E%&0&) +#7 %/.M/'/:,-( 

"$.$#(.7+7 #7) “#.,"'() $"E-.,+7)” #40 0&$.10 M=#$.D40 +#70 <-9&+7 +#/ 

$,9='<0,/ (Guzman -$, Ecker, 1990). L “#.,"'( $"E-.,+7” N$.$-#7.D?&#$, $"E #/0 

"&.,/.,+%E #/= ="/-/#='D/= -$, &",%(-=0+7 #40 -=##5.40 #7) .D?$), #70 $-#,04#( 

"5N=0+7 #/= ="/-/#='D/= -$, #70 ="&.-A.#4+7 #/= $-.$D/= %&.,+#1%$#/). 

@&#$''$:%<0$ M=#5 "/= "$./=+D$?$0 $=#E #/ M$,0E#="/ -$#7:/.,/"/,(97-$0 &D#& 

4) M=#5 "/= 2&0 $0#,'$%;50/0#$, #/ $,9='<0,/ ( M=#5 %& %E0,%7 $0#D2.$+7 
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$,9='&0D/=. 8$, /, 2A/ /%52&) %&#$''$:%<040 M=#10 $"/2&DN#7-$0 "/'A#,%$ 

&.:$'&D$ :,$ #70 &*$-.D;4+7 #/= %7N$0,+%/A ".E+'7P7) #/= $,9='&0D/= -$, #/= 

&"$-E'/=9/= %/0/"$#,/A #7) %&#$:4:() #/= +(%$#E) #/= (!,-E0$ 2.2). 

 

H*+<2& 2.2: 6"'/"/,7%<07 +N7%$#,-( $0$"$.5+#$+7 #/= %/0/"$#,/A %&#$:4:() #/= $,9='&0D/= E"4) 
$0$M<.&#$, +#/ -&D%&0/. >$ ;<'7 ="/2&,-0A/=0 9&#,-( .A9%,+7 -$, /, :.$%%<) %& #/ -'&,+#E #<'/) 
="/2&,-0A/=0 $.07#,-( .A9%,+7. >$ :/0D2,$ -$, /, ".4#&T0&) $0$"$.,+#/A0#$, +& :$'5?,/=) -A-'/=) -$, 
#&#.5:40$, $0#D+#/,N$. !B: &02/"'$+%$#,-E 2D-#=/ 

(3./+$.%/:( $"E Annu. Rev. Phytopathol. 2006, 44: 393-416) 



8!Q6C6GI 1. >I 6G\[C!JGI 86G L !@3CI8L >I[ R>LJ 6@[J6 >WJ Q[>WJ 

 

41 

2.2.2.1 H;&#B*I* +(: "$/:B0'7(: ")& +(:8 :)(6(<078 )(: G;7#%('+"$ 

#+( 0'6()B"#-"+$%& 67%+:(  

@& ;5+7 #70 $05'=+7 #40 !>-%&#$''$:%<040 M=#10 "/= $2=0$#/A0 0$ 

"./+'5;/=0 #/ $,9='<0,/, $0$:04.D+#7-& %,$ /,-/:<0&,$ ="/2/N<40 #/= $,9='&0D/= 

"/= +=%"&.,'$%;50&, 5 %<'7 (ETR1, ETR2, ERS1, ERS2, EIN4) (Bleecker et al., 

1988ú Chang et al., 1993ú Hua et al., 1995ú Hua et al., 1998ú Sakai et al., 1998) "/= 

/, $''7'/=ND&) #/=) <N/=0 /%/,E#7#&) %& #/=) ;$-#7.,$-/A) .=9%,+#<) 2=/-

+=0,+#4+10 (two-component regulators, %7N$0,+%E) &.&9D+%$#/)-$0#D2.$+7)) 

(Pirrung, 1999). >/ ",/ +=0#7.7%<0/ -/%%5#, -$, #40 5 ="/2/N<40 &D0$, #/ J-#&',-E 

#/=) 5-./ (N-terminal part), "/= $"/#&'&D#$, $"E 3 ( 4 2,$%&%;.$0,-<) "&.,/N<) 

+#/=) ="/2/N&D) #7) ="//,-/:<0&,$)-G (ETR1, ERS1) -$, #7) ="//,-/:<0&,$)-GG 

(ETR2, ERS2, EIN4), $0#D+#/,N$. >/ J-#&',-E 5-./ <N&, $"/2&,N9&D E#, &D0$, 

="&A9=0/ :,$ #70 ".E+2&+7 #/= !> +#/=) ="/2/N&D) ETR1 -$, ERS1 (Schaller -$, 

Bleecker, 1995ú Rodriguez et al., 1999ú Hall et al., 2000). UN&, &"D+7) $"/2&,N9&D E#, 

/, ="/2/N&D) ETR1 -$, ERS1 ;.D+-/0#$, +#7 %&%;.507 #/= &02/"'$+%$#,-/A 

2,-#A/= (!B) 4) /%/2,%&.( 2,+/='MD2,$ (Schaller et al., 1995ú Hall et al., 2000). >/ 

-59& /%/2,%&.<) 27%,/=.:&D <0$ =2.EM/;/ 9A'$-$ "/= $"/#&'&D #70 "&.,/N( 

".E+2&+7) #/= $,9='&0D/= -$, 7 ".E+2&+7 +& $=#E :D0&#$, %<+4 &0E) 

+=%"$.5:/0#$ N$'-/A (copper cofactor) (Hirayama, 1999ú Woeste -$, Kieber, 

2000). 

R& $0#D9&+7 %& #70 -$'5 +=0#7.7%<07 $''7'/=ND$ #7) "&.,/N() ".E+2&+7) 

#/= $,9='&0D/=, +#,) ="E'/,"&) "&.,/N<) #40 ="/2/N<40 /, /%/,E#7#&) %&,10/0#$, 

$"E #/ J "./) #/ C 5-./. Z''&) "&.,/N<) "/= ="5.N/=0 +#/=) ="/2/N&D) 

"&.,'$%;50/=0 <0$ cGMP +7%&D/ ".E+2&+7) (Chang -$, Shockey, 1999) -$, %,$ 

"&.,/N( -,05+7)-,+#,2D07) (His/Kin) "/= ",+#&A&#$, E#, &D0$, '&,#/=.:,-( %E0/ +#70 

="//,-/:<0&,$-G #40 ="/2/N<40 (Gamble et al., 1998ú Hua et al., 1998). W+#E+/, / 

.E'/) $=#10 #40 "&.,/N10 +#70 ".E+'7P7 #/= $,9='&0D/= -$, +#7 "$.$"<.$ 

%&#$:4:( #/= +(%$#/) 2&0 <N&, $"/+$M70,+#&D (Gamble et al., 2002ú Wang et al., 

2003). @& ;5+7 in vitro 2/-,%<), <N&, "./#$9&D 7 '&,#/=.:D$ -,05+7)-+&.D07) (Ser/Kin) 

:,$ #/=) ="/2/N&D) #7) ="//,-/:<0&,$)-GG -$91) -$, :,$ #/0 ERS1 4) &0$''$-#,-E 

%7N$0,+%E #7) His/Kin :,$ #70 "&.$,#<.4 %&#$:4:( #/= +(%$#/) M4+M/.='D4+7) 

+#$ &"$-E'/=9$ +#/,N&D$ #/= %/0/"$#,/A #/= $,9='&0D/= (Moussatche -$, Klee, 

2004). 

6-E%$ ',:E#&.$ &D0$, :04+#5 :,$ #/ .E'/ #/= C-#&',-/A 5-./= #40 

="/2/N<40, "/= $"/#&'&D#$, $"E %,$ +=:-&-.,%<07 "&.,/N( “2<-#7)” (receiver) 
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+#/=) ETR1, ETR2 -$, EIN4 ="/2/N&D). @$?D %& #70 "&.,/N( #7) -,05+7), #/ #%(%$ 

“2<-#7)” #/= ETR1 M$D0&#$, E#, +=%%&#<N&, +#70 $''7'&"D2.$+7 #/= ="/2/N<$ %& #/ 

CTR1 (constitutive triple response), "/= $"/#&'&D &"$-E'/=9/ +#/,N&D/ #/= 

%/0/"$#,/A %&#$:4:() #/= $,9='&0D/= (Clark et al., 1998). K,$ #/=) ="/2/N&D) #/= 

#A"/= ERS, +#/=) /"/D/=) $"/=+,5?&, 7 "&.,/N( $=#(, <N&, ="/#&9&D E#, %"/.&D 0$ 

N.7+,%/"/,/A0 #70 "&.,/N( “2<-#7)” $"E 5''&) ".4#&T0&) %<+4 #/= +N7%$#,+%/A 

&#&./2,%&.10 (Hua et al., 1998). 

3$.’ E'&) #,) 2/%,-<) 2,$M/.<) $05%&+$ +#/=) ="/2/N&D) #/= $,9='&0D/=, 

"/''<) :&0&#,-<) -$, ;,/N7%,-<) &.:$+D&) $"/-5'=P$0 $*,/+7%&D4#7 '&,#/=.:,-( 

/%/,E#7#$. Y'/, /, ="/2/N&D) M$D0&#$, 0$ "$.&%"/2D?/0#$, $"E #70 ".E+2&+7 #/= 

$,9='&0D/= -$, 0$ '&,#/=.:/A0 4) $.07#,-/D .=9%,+#<) #40 $0#,2.5+&40 $,9='&0D/= 

(Schaller -$, Bleecker, 1995ú Hua -$, Meyerowitz, 1998ú Rodriguez et al., 1999). L 

&"$:4:( #40 :/0,2D40 #/=) "/= "./-$'&D#$, $"E #/ $,9='<0,/ 9$ ".<"&, 0$ 

$0#,%&#4"D?&#$, 4) %<+/ :,$ #70 &"$0$-&=$,+97#/"/D7+7 #40 M=#10 +#/ $,9='<0,/. 

["5.N/=0 $.-&#5 +#/,N&D$ "/= $"/2&,-0A/=0 E#, 7 ".E+'7P7 #/= $,9='&0D/= 

".$:%$#/"/,&D#$, +#/ !B, E"4) :,$ "$.52&,:%$ #/ :&:/0E) E#, /, ="/2/N&D) 

&0#/"D?/0#$, +#7 %&%;.507 #/= !B (Chen et al., 2002ú Chen et al., 2005). 6=#( 7 

"$.$#(.7+7 &D0$, +A%M407 %& #/ E#, #/ !B &D0$, +7%&D/ E"/= +=0$0#/A0#$, "/''<) 

2,$M/.&#,-<) -=##$.,-<) 2,$2,-$+D&) E"4) $.-&#<) $0#,2.5+&,) +#.&) (Hara-

Nishimura -$, Matsushima, 2003) :,$ "/''<) $"E #,) /"/D&) #/ $,9='<0,/ "$D?&, 

+7%$0#,-E .E'/ (Johnsson -$, Ecker, 1998ú Chang -$, Shockey, 1999ú Bleecker -$, 

Kende, 2000ú Wang et al., 2002). >/ %/0#<'/ ".E+'7P7) #/= $,9='&0D/= $"E #/=) 

="/2/N&D) +#/ !B -$91) -$, 7 $''7'&"D2.$+7 #/=) %& #/ CTR1 M$D0&#$, +#70 

!,-E0$ 2.3. 

 



8!Q6C6GI 1. >I 6G\[C!JGI 86G L !@3CI8L >I[ R>LJ 6@[J6 >WJ Q[>WJ 

 

43 

 

H*+<2& 2.3: 3.E+'7P7 #/= $,9='&0D/= $"E #/=) ="/2/N&D) -$, $''7'&"D2.$+7 #/=) %& #/ CTR1 +#/ 
&02/"'$+%$#,-E 2D-#=/. ["5.N/=0 2 #A"/, ="/2/N<40 $,9='&0D/= +#$ M=#5 Arabidopsis. I, ="/2/N&D) 
#7) ="//,-/:<0&,$)-G (ETR1 -$, ERS1) <N/=0 %,$ +=0#7.7%<07 "&.,/N( -,05+7) ,+#,2D07) (-E--,0/), &01 
+#/=) ="/2/N&D) #7) ="//,-/:<0&,$)-GG (ETR2, ERS2 -$, EIN4) 7 "&.,/N( $=#( &D0$, &-M=',+%<07 (./?) 
%& ",9$0( <''&,P7 -$#$'=#,-() 2.5+7). L 2.$+#7.,E#7#$ -,05+7) ,+#,2D07) "/= "$.$#7.&D#$, +#/=) 
="/2/N&D) #7) ="//,-/:<0&,$)-G 2&0 $"$,#&D#$, :,$ #70 %&#$:4:( #/= +(%$#/). I, $%,0/#&',-<) "&.,/N<) 
#40 ="/2/N<40 "&.,<N/=0 <0$ +=%"$.5:/0#$ N$'-/A (Cu) "/= &D0$, $"$.$D#7#/) :,$ #70 ".E+2&+7 
#/= $,9='&0D/= -$, &D0$, +=02&2&%<0/, %& #70 %&%;.507 #/= &02/"'$+%$#,-/A 2,-#A/=. >/ $%,0/#&',-E 
5-./ #/= CTR1 (".5+,0/) $''7'&",2.5 %& #70 "&.,/N( -,05+7) ,+#,2D07) #40 ="/2/N<40, -$, %& 
%&:$'A#&.7 +=::<0&,$ %& #/=) ="/2/N&D) #7) ="//,-/:<0&,$)-G $"E /#, #7) ="//,-/:<0&,$)-GG. 6=#( 7 
$''7'&"D2.$+7 &",#.<"&, +#/ CTR1 0$ &0#/"D?&#$, +#/ !B. ($) R& $"/=+D$ $,9='&0D/=, / ="/2/N&D) 
"$.$%<0/=0 +& -$#5+#$+7 '&,#/=.:,-() 2.$+#7.,E#7#$), "/= #/=) &",#.<"&, 0$ $''7'&",2./A0 %& #/ 
CTR1. >/ CTR1 &0&.:/"/,&D#$, %& #7 +A02&+7 #/= +#/=) +=02&2&%<0/=) +#/ !B ="/2/N&D) -$, 
-$#$+#<''&, #,) &"$-E'/=9&) $0#,2.5+&,) #/= $,9='&0D/= %<+4 &0E) %7N$0,+%/A "/= $"$,#&D #70 C-
#&',-( "&.,/N( -,05+7) +&.D07)/9.&/0D07) (Ser/Thr) (%"'&). @&#$''$:( #40 ="/2/N<40 "/= #/=) -50&, 
%7 '&,#/=.:,-/A) /27:&D +#/ 2,$N4.,+%E #/= CTR1 $"E #/ !B. >/ 2,$'=#E CTR1 $"&0&.:/"/,&D#$,, 
",9$0E#$#$ %<+4 %,$) $=#/-+A02&+7) %& %,$ $.07#,-( .=9%,+#,-( "&.,/N( E"4) +=%;$D0&, +& -5"/,&) 
Raf -,05+&). W) $"/#<'&+%$, 7 -$#$+#/'( #40 &"$-E'/=940 $0#,2.5+&40 $"&'&=9&.10&#$,. L 
$"&0&.:/"/D7+7 2 ="/2/N<40 #7) ="//,-/:<0&,$)-G /27:&D +& M$,0/#A"/=) $0#D2.$+7) $,9='&0D/= "/= 
&D0$, &0#/0E#&./, $"E $=#/A) "/= +=%;$D0/=0 $"E #7 %&#$''$:( /"/,/=2("/#& 5''/= +=02=$+%/A 2 
="/2/N<40. L &*(:7+7 :,’ $=#( #70 $0#D2.$+7 %"/.&D 0$ &D0$, 5+N&#7 %& #/ :&:/0E) E#, /, ="/2/N&D) 
#7) ="//,-/:<0&,$)-G <N/=0 2.$+#7.,E#7#$ -,05+7) ,+#,2D07). 60#D $=#/A, 9$ %"/./A+& 0$ +=%;$D0&, 
'E:4 #/= E#, 7 +=::<0&,$ #/= $%,0/#&',-/A 5-./= #/= CTR1 %& #/=) ="/2/N&D) #7) ="//,-/:<0&,$)-G 
&D0$, %&:$'A#&.7 $"E E#, +#/=) ="/2/N&D) #7) ="//,-/:<0&,$)-GG (;) Y#$0 ="5.N&, $,9='<0,/, 
"./+2<0&#$, +#/=) ="/2/N&D) -$, ",9$0E#$#$ "./-$'&D %,$ $''$:( #7) 2,$%E.M4+7) #/=), -50/0#$) 
#/=) $0&0&.:/A). >/ CTR1 $"&'&=9&.10&#$, $"E #/ !B -$, &"D+7) :D0&#$, $0&0&.:E. R& $0#D9&+7, 
%&#$''$:<) +#/=) ="/2/N&D) "/= 2,$-E"#/=0 #70 ".E+2&+7 #/= $,9='&0D/= D+4) 0$ /27:/A0 +#7 
%E0,%7 $''7'&"D2.$+7 ="/2/N<$ – CTR1 -$, #70 -$#$+#/'( #40 &"$-E'/=940 $0#,2.5+&40 +#/ 
%/0/"5#, %&#$:4:() #/= $,9='&0D/=. 

3./+$.%/:( $"E TRENDS in Plant Science, 2006 11: 184-191 
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2.2.2.2 A'6(%:++";$%& -('()D+$ -0+"51548 +(: "$/:B0'7(: 

U.&=0&) "/= ".$:%$#/"/,(97-$0 +& %&#$''$:%<0$ +#/ :/0D2,/ CTR1 M=#5 

Arabidopsis (constitutive triple response - ctr1) <2&,*$0 E#, #/ CTR1 $"/#&'&D 

$.07#,-E .=9%,+#( #40 $0#,2.5+&40 #/= $,9='&0D/= (Kieber et al., 1993). 

8'40/"/D7+7 #/= CTR1 :/0,2D/= $"/-5'=P& E#, $"/#&'&D#$, $"E %,$ J-#&',-( 

"&.,/N( 5:04+#7) '&,#/=.:D$) -$, %,$ C-#&',-( "&.,/N( -,05+7) %& %&:5'7 /%/,E#7#$ 

%& #,) #A"/= Raf -,05+&) +&.D07)-9.&/0D07) (Ser/Thr kinase) (Kieber et al., 1993). 

UN&, $"/2&,N9&D E#, #<#/,&) Raf--,05+&) +#$ 97'$+#,-5 '&,#/=.:/A0 +& %&#$:4:,-5 

MAPK (mitogen activated protein kinase) %/0/"5#,$ (Pelegh -$, Sanghere, 1992). 

Y"4) -$, /, ="/2/N&D) #/= $,9='&0D/=, #/ CTR1 +=02<&#$, %& #/ !B (Gao et al., 

2003), "$.E'/ "/= 2&0 <N&, -$%D$ 2,$%&%;.$0,-( "&.,/N( ( -5"/,/ %/#D;/ 

%&%;.$0,-() ".E+2&+7). L 9<+7 #/= +#/ !B <N&, &*7:79&D %<+4 #7) +A02&+7) #/= 

%& #/=) ="/2/N&D) #/= $,9='&0D/= (Clark et al, 1998ú Hua -$, Meyerowitz, 1998ú 

Cancel -$, Larsen, 2002ú Gao et al., 2003ú Huang et al., 2003). I, Gao -$, 

+=0&.:5#&) (2003) ".E#&,0$0 <0$ %/0#<'/ #/= %/0/"$#,/A %&#$:4:() #/= $,9='&0D/= 

%<+4 #/= +=%"'<:%$#/) ETR1-CTR1. R& $"/=+D$ $,9='&0D/=, 7 ".E+2&+7 #/= 

CTR1 +#/=) ="/2/N&D) 2,$#7.&D #7 2/%( #/= <#+, 1+#& 0$ "$.$%<0&, &0&.:E -$, 

'&,#/=.:&D 4) $.07#,-E) .=9%,+#() ,-$0E) 0$ -$#$+#<''&, #,) &"$-E'/=9&) 

$0#,2.5+&,) $,9='&0D/=. L ".E+2&+7 #/= $,9='&0D/= "./-$'&D $''$:( +#7 

2,$%E.M4+7 #/= CTR1, "/= <N&, 4) $"/#<'&+%$ #70 $"&'&=9<.4+7 #40 

&"$-E'/=940 -$#$+#$'#,-10 &",2.5+&40. U0$ %/0#<'/ "/= "./#597-& 04.D#&.$ 

:,$ #70 ".4#&T07 Raf -,05+7 #40 97'$+#,-10 ="<9&#& E#, #<#/,$ 2/%,-( $''$:( +#/ 

J-#&',-E 5-./ 9$ "./-$'/A+& $=#/-$0$+#/'( #7) 2.5+7) +&.D07)-9.&/0D07) 

-,05+7) #/= C-#&',-/A 5-./= (Heidecker et al., 1990). R& $0$'/:D$ %& #70 %&#$:4:( 

#7) Raf -,05+7), <0$ %/0/"5#, MAPK -,05+7) "./#597-& 0$ '&,#/=.:&D -$, +#/ 

%/0/"5#, #/= $,9='&0D/= (Novikova et al., 2000ú Ouaked et al., 2003). W+#E+/, ",/ 

".E+M$#&) <.&=0&) $%M,+;7#/A0 #70 &:-=.E#7#$ $=#10 #40 +=%"&.$+%5#40 

(Ecker, 2004ú Liu -$, Zhang, 2004), -$, "./#&D0/=0 "4) $=#E #/ %/0/"5#, 

#/"/9&#&D#$, ".,0 #70 ".E+'7P7 #/= $,9='&0D/=. 

Z''/ <0$ %&#$''$:%<0/ M=#E Arabidopsis, %& +7%$0#,-E .E'/, "/= "./<-=P& 

$"E #70 $2=0$%D$ $0#D'7P7) #/= $,9='&0D/= (#$0 #/ ein2 (Guzman -$, Ecker, 1990). 

L -'40/"/D7+7 #/= EIN2 :/0,2D/= /2(:7+& +#70 $0$:01.,+7 %,$) 0<$) ".4#&T07) 

#40 M=#10 "/= $"/#&'&D#/ $"E 2 -$'5 "./+2,/.,+%<0&) "&.,/N<): %,$ %/0$2,-( 

=2.EM,'7 C-#&',-( "&.,/N( "/= "&.,&DN& #=",-5 %/#D;$ $''7'&",2.5+&40 ".4#&T07) 

%& ".4#&T07 -$, %,$ =2.EM/;7 J-#&',-( "&.,/N( "/= "&.,&DN& 12 2,$%&%;.$0,-/A) 

<',-&) "/= &DN$0 /%/,E#7#$ %& #,) Nramp-".4#&T0&) (Alonso et al., 1999). I, Nramp- 
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".4#&T0&) &D0$, %&#$M/.&D) %&#5''40 +& 2,5M/./=) /.:$0,+%/A) $"E #$ ;$-#(.,$ 

%<N., #/0 509.4"/ (Supek et al., 1997ú Kehres et al., 2000). 3$.E'$ $=#5, 2&0 <N&, 

;.&9&D %<N., +(%&.$ 2.$+#7.,E#7#$ %&#$M/.5) %&#5''40 :,$ #/ !GJ2 (Alonso et al., 

1999). L "$0#&'() <''&,P7 $0#D'7P7) #/= $,9='&0D/= +#$ %&#$''$:%<0$ M=#5 ein2 

="/2&,-0A&, #/ +7%$0#,-E .E'/ $=#() #7) ".4#&T07) 4) #/0 ".1#/ 9&#,-E .=9%,+#( 

#40 $0#,2.5+&40 $,9='&0D/=. L ="&.<-M.$+7 #/= C-#&',-/A 5-./= (#$0 $.-&#( :,$ 

0$ &0&.:/"/,(+&, #,) $0#,2.5+&,) $,9='&0D/=, ="/2&,-0A/0#$) E#, $=#E #/ 5-./ #/= 

AOP2 &D0$, ="&A9=0/ :,$ #70 &"$-E'/=97 %&#$:4:( #/= +(%$#/) (Alonso et al., 

1999). 

2.2.3 -0#&LSL&43 #$" 4,6&#$T &*'"(02S$" 4#$2 %".,2& 

2.2.3.1 H;1+(50'48 -0+"5;"@$%4 ;,/-$#*: EIN3/EIL ?0+"5;"@$%(7 

)";D5('+08 

>/ +(%$ #/= $,9='&0D/= M#50&, +#/0 "=.(0$ %<+4 #7) 5.+7) #7) -$#$+#/'() 

#/= !GJ2 $"E #/ CTR1 -$, "/= /27:&D +#70 &0&.:/"/D7+7 #40 !GJ3 -$, P&=2/-!GJ3 

%&#$:.$M,-10 "$.$:E0#40 (Chao et al., 1997) (!,-E0$ 2.2). R#/ M=#E Arabidopsis, 

="5.N/=0 6 %<'7 +#70 /,-/:<0&,$ EIN3 ".4#&ï010 (EIN3 -$, EIL1–5) $05%&+$ +#,) 

/"/D&) /, EIN3 -$, EIL1 &D0$, /, ",/ +#&05 +=02&2&%<0&) -$, "./M$01) /, ",/ 

+7%$0#,-<) :,$ #70 $0#D'7P7 #/= $,9='&0D/= (Alonso et al., 2003). >$ 5''$ %<'7 #7) 

/,-/:<0&,$) (EIL2–5) M$D0&#$, E#, "$D?/=0 %,-.E#&./ .E'/ +#70 $0#D2.$+7 #/= 

$,9='&0D/= ( &0$''$-#,-5 ",9$01) 0$ +=%%&#<N/=0 +& +=:-&-.,%<0/=) ,+#/A) ( 

$-E%$ %"/.&D 0$ '&,#/=.:/A0 +& 2,$M/.&#,-5 %&#$:4:,-5 %/0/"5#,$ $0&*5.#7#$ #/= 

$,9='&0D/= (Tieman et al., 2001ú Rieu et al., 2003ú Chen et al., 2004ú Guo -$, Ecker, 

2004ú Iordachescu -$, Verlinden, 2005). 3.E+M$#$ 2&2/%<0$ ="/+#7.D?/=0 #7 

+=%%&#/N( #40 EIL2–5-like %&#$:.$M,-10 "$.$:E0#40 +& +=:-&-.,%<0/=) ,+#/A) 

-$#5 #70 $05"#=*7 #40 M=#10 (Yokotani et al., 2003ú Iordachescu -$, Verlinden, 

2005). 

L .A9%,+7 #7) 2.$+#7.,E#7#$) #40 EIN3/EIL1 $"E #/ $,9='<0,/ 2&0 

&",#=:N50&#$, $"E #7 %&#$:.$M,-( .A9%,+7 $''5 %<+4 #/= &'<:N/= ".4#&E'=+7) 

#40 !GJ3 ".4#&ï010 $"E #/ +A%"'/-/ SCF (SKP1/Cullin/F-box protein) E3 ubiquitin 

ligase (Chao et al., 1997ú Tieman et al., 2001ú Guo -$, Ecker, 2003ú Potuschak et al., 

2003ú Rieu et al., 2003ú Yanagisawa et al., 2003ú Gagne et al., 2004). I, F-box 

".4#&T0&) #/= Arabidopsis AtEBF1 -$, AtEBF2 $''7'&",2./A0 %& #70 !GJ3 -$, 7 

$05'=+7 #40 %&#$''$:%<040 atebf1/2 M=#10 -$91) -$, #40 +&,.10 "/= 

="&.&-M.5?/=0 #/ AtEBF &",;&;$D4+& #/ .E'/ #/=) +#70 $"/+#$9&./"/D7+7 #7) 

!GJ3 (Guo -$, Eckerú 2003, Potuschak et al., 2003ú Gagne et al., 2004). !"/%<04), 
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M$D0&#$, "4) +& $"/=+D$ $,9='&0D/=, /, EIN3/EIL1 ".4#&T0&) $"/2/%/A0#$, 2,$.-1) 

%<+4 #/= %/0/"$#,/A #/= ".4#&$+1%$#/) -$, #/= AtEBF1/2, %& $"/#<'&+%$ 0$ 

&%"/2D?&#$, 7 &0&.:/"/D7+7 #40 %&#$:.$M,-10 #/=) +#EN40. R& "$./=+D$ 

$,9='&0D/=, 7 $"/2E%7+7 #7) EIN3 +#$%$#5&,, &",#.<"/0#$) <#+, 0$ $=*79/A0 #$ 

&"D"&2$ #7) EIN3 ".4#&T07) -$, 0$ +=0&N,+#&D #/ %&#$:4:,-E %/0/"5#,. >/ AtEBF2 

="&.&-M.5?&#$, $"E #/ $,9='<0,/ (Potuschak et al., 2003ú Gagne et al., 2004), 

="/2&,-0A/0#$) E#, <0$) $.07#,-E) %7N$0,+%E) $052.$+7) %"/.&D 0$ ,+/../"&D #$ 

&"D"&2$ #40 EIN3/EIL ".4#&ï010. !ME+/0 "/''<) ".4#&S0,-<) -,05+&) <N/=0 

#/"/9&#79&D ".,0 #,) EIN3/EIL (Guo -$, Ecker, 2004), &D0$, &"D+7) ",9$0E0 E#, 7 

M4+M/.='D4+7 #7) !GJ3 0$ "$.&%"/2D?&, #7 +A02&+7 #7) %& #70 AtEBF1/2, -, <#+, 

0$ "./'$%;50&#$, 7 $"/2E%7+7 #7) (Guo -$, Ecker, 2003ú Potuschak et al., 2003ú 

Gagne et al., 2004). >/ &50 -$, "4) $=#( 7 $''$:( &'<:N&#$, $"E #70 '&,#/=.:D$ #7) 

!GJ2 2&0 <N&, $"/+$M70,+#&D. W+#E+/, /, !GJ3/EIL ".4#&T0&) &D0$, $"$.$D#7#$ %E.,$ 

"/= '&,#/=.:/A0 +$0 “2,$-E"#&) $,9='&0D/=” $M/A %& %,-.<) $''$:<) +#$ &"D"&2$ 

#/=) &'<:N/=0 #7 ./( #/= +(%$#/) "./) #/0 "=.(0$. 

2.2.3.2 F0:+0;(50'48 -0+"5;"@$%4 ;,/-$#*: AP2/ERF ?0+"5;"@$%(7 

)";D5('+08 

O,/N7%,-<) -$, :&0&#,-<) <.&=0&) +& M=#5 Arabidopsis <2&,*$0 E#, / 

%&#$:.$M,-E) "$.5:/0#$) AtERF1 &D0$, <0$) &02,5%&+/) +#EN/) #/= ".4#/:&0/A)  

EIN3 %&#$:.$M,-/A "$.5:/0#$ (Solano et al., 1998ú Alonso -$, Stepanova, 2004ú 

Guo -$, Ecker, 2004). L ="&.<-M.$+7 #/= ERF1 :/0,2D/= +#70 Arabidopsis, +#70 

#/%5#$, +#/0 -$"0E -$, +#/ .A?, "./+#5#&=+& #70 '&,#/=.:D$ #40 EIN2 -$, EIN3 

(Solano et al., 1998ú Brown et al., 2003ú Lorenzo et al., 2003ú Guo -$, Ecker, 2004ú 

McGrath et al., 2005), $"/2&,-0A/0#$) E#, / ERF1 '&,#/=.:&D %&#5 #/0 EIN3. 

I AtERF1 $0(-&, +& %,$ /,-/:<0&,$ "/= '<:&#$, Ethylene Response Factors 

(ERFs) (Ohme-Takagi -$, Shinshi, 1995ú Zhou et al., 1997ú Solano et al., 1998ú Guo 

-$, Ecker, 2004ú Gutterson -$, Reuber, 2004). I, ERF %&#$:.$M,-/D "$.5:/0#&) 

<N/=0 $0$:04.,+#&D +& 2,5M/.$ M=#,-5 &D27 4) ".4#&T0&) "/= "./+2<0/0#$, +#$ 

'&:E%&0$ GCC-box "/= ;.D+-/0#$, +#/=) ="/-,07#<) 2,$ME.40 :/0,2D40 "/= 

&"5:/0#$, $"E #/ $,9='<0,/, E"4) :,$ "$.52&,:%$ #40 :/0,2D40 "/= -42,-/"/,/A0 

".4#&T0&) +N&#,?E%&0&) %& #7 "$9/:<0&+7 (pathogenesis-related - PR proteins). I, 

ERF $''7'&",2./A0 in vitro %& #$ GCC-box %<+4 %,$) "&.,/N() "/= &D0$, /%E'/:7 

%& %,$ "/= "$.$#7.(97-& 04.D#&.$ +#70 ".4#&T07 APETALA2 (AP2) +#70 

Arabidopsis (Gutterson -$, Reuber, 2004). I, ERF <N/=0 &"D+7) /%/'/:D$ %& 

%&#$:.$M,-/A) "$.5:/0#&) "/= "./+2<0/0#$, +#/ DREB (dehydration-responsive 
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element binding) #40 ="/-,07#10 :/0,2D40 "/= &D0$, ="&A9=0$ :,$ $;,/#,-5 +#.&) 

(Gutterson -$, Reuber, 2004, McGrath et al., 2005). @$?D, 7 ="&./,-/:<0&,$ #40 

AP/ERF %&#$:.$M,-10 "$.$:E0#40 "&.,'$%;50&, #/='5N,+#/0 145 %<'7 +#70 

Arabidopsis (Gutterson -$, Reuber, 2004). 

I, "&.,++E#&.&) $"E #,) ERF ".4#&T0&) "/= <N/=0 $0$:04.,+#&D %<N., 

+(%&.$, '&,#/=.:/A0 4) %&#$:.$M,-/D &0&.:/"/,7#<) (transcriptional activators) 

(Zhou et al., 1997ú Solano et al., 1998ú Fujimoto et al., 2000ú Ohta et al., 2000ú 

Onate-Sanchez -$, Singh, 2002ú Wu et al., 2002). K,$ "$.52&,:%$, /, AtERF1, 

AtERF2 -$, AtERF5 &0&.:/"/,/A0 :/0D2,$ "/= "&.,'$%;50/=0 GCC-box (Fujimoto 

et al., 2000). W+#E+/, %,$ 2&A#&.7 /%52$ ERF ".4#&ï010 '&,#/=.:/A0 4) 

%&#$:.$M,-/D -$#$+#/'&D) (transcriptional repressors). I, AtERF3, AtERF4, AtERF7, 

AtERF10–12 #7) Arabidopsis -$, / ERF3 #/= -$"0/A -$#$+#<''/=0 #70 <-M.$+7 

&0E) :/0,2D/= "/= "&.,<N&, GCC-box (Fujimoto et al., 2000ú Ohta et al, 2000ú Ohta et 

al, 2001). 3.E+M$#7 <.&=0$ <2&,*& E#, 7 ="&.<-M.$+7 #/= AtERF4 /2(:7+& +& 

M$,0E#="/ %7 $0#D'7P7) #/= $,9='&0D/= -$, "./-5'&+& -$#$+#/'( #7) <-M.$+7) #40 

:/0,2D40 %,$) ;$+,-() N,#,05+7) -$, %,$) ;-:'/=-$05+7) "/= -$, #$ 2A/ "&.,<N/=0 

GCC-box (Yang et al., 2005). 6*D?&, 0$ +7%&,49&D E#, 7 ="&.<-M.$+7 #40 AtERF2 -$, 

AtERF4 /2(:7+& +& $0#D9&#$ $"/#&'<+%$#$ $09&-#,-E#7#$) +#7 %E'=0+7 %& #/0 

"$9/:E0/ %A-7#$ Fusarium oxysporum (McGrath et al., 2005), :&:/0E) "/= 2&DN0&, 

#70 "/'="'/-E#7#$ -$, &*&,2D-&=+7 #/= 2,-#A/= #/= $,9='&0D/= +#7 2&=#&./:&0( 

%&#$:.$M,-( .A9%,+7. 

R=:-&-.,%<0&) '&,#/=.:D&) #40 2,5M/.40 ERF %&#$:.$M,-10 "$.$:E0#40 

"/= &D#& &0&.:/"/,/A0 ( -$#$+#<''/=0 +=:-&-.,%<0$ :/0D2,$ "/= +N&#D?/0#$, %& #70 

5%=0$ ",9$0E0 0$ "./+M<./=0 +#/ +=0#/0,+%E #40 $0#,2.5+&40 #40 M=#10 

$05'/:$ %& #/ &D2/) #/= ;,/#,-/A +#.&) "/= ="/;5''/0#$, #$ M=#5. ><#/,$ '&"#( 

.A9%,+7 #40 $%=0#,-10 %7N$0,+%10 "./'$%;50&, &02&NE%&0&) $N.&D$+#&) &0<.:&,&) 

$"E #$ M=#5. 

2.2.4 G$ &*'"(92*$ +&* $* &6"2#*+$S 637&2*46$S #52 ;"#82 

Y"4) "&.,:.5M7-& 04.D#&.$, 7 ;,/+A09&+7 #/= $,9='&0D/= &0&.:/"/,&D#$, +& 

"/''5 M=#5 -$#5 #70 "./+;/'( #/=) %& "$9/:E0$ -$, 7 $=*7%<07 "$.$:4:( #/= 

&"5:&, :/0D2,$ "/= &0&.:/"/,/A0 #/=) $%=0#,-/A) %7N$0,+%/A) #40 M=#10 %<+4 

%,$) $''7'/=ND$) :&:/0E#40 $"E #$ /"/D$ #/ "./#&'&=#$D/ &D0$, 7 &0&.:/"/D7+7 

#40 #A"/= ERF %&#$:.$M,-10 "$.$:E0#40. 3,/ -5#4 $0$M<./0#$, /, 2,5M/./, 

#A"/, :/0,2D40 "/= &0&.:/"/,/A0#$, +#/=) %7N$0,+%/A) 5%=0$) #40 M=#10 -$#5 #70 

%E'=0+7 %& "$9/:E0$ -$, $-/'/A94) "&.,:.5M&#$, +& +=0#/%D$ 7 
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$''7'/&",-/,040D$ (cross-talk) %&#$*A #/= %/0/"$#,/A %&#$:4:() #/= $,9='&0D/= -$, 

5''40 %7N$0,+%10 &"$:E%&07) $0#/N(), %&#$*A #40 /"/D40 &D0$, -$, #$ %/0/"5#,$ 

%&#$:4:() #/= +$',-=',-/A -$, ,$+%/0,-/A /*</). R#/ #<'/) :D0&#$, %,$ "./+"59&,$ 

0$ +=?7#79&D / .E'/) #/= $,9='&0D/= -$, #/= %/0/"$#,/A %&#$:4:() #/= +#7 

2,$%E.M4+7 #7) $09&-#,-E#7#$) ( #7) &="59&,$) +#,) $''7'&",2.5+&,) "$9/:E0/= – 

*&0,+#(. 

2.2.4.1 A)"5154 -(;71' 6$050;+3' D-:'"8 -C#1 +(: "$/:B0'7(: 

I, &"$:E%&0&) $"E #$ "$9/:E0$ $0#,2.5+&,) 5%=0$) #40 M=#10 /27:/A0 

#&',-5 +#70 <-M.$+7 &0E) $.,9%/A :/0,2D40 "/= +N&#D?/0#$, %& #70 5%=0$. I, 

$0#D+#/,N&) ".4#&T0&) "&.,'$%;50/=0: (,) ".4#&T0&) "/= +=%%&#<N/=0 +#7 

27%,/=.:D$ M=+,-10 &%"/2D40 -$, +#/ M=+,-E "&.,/.,+%E #/= "$9/:E0/=, (,,) 

<0?=%$ 2&=#&./:&0/A) %&#$;/',+%/A E"4) :,$ "$.52&,:%$ #$ <0?=%$ "/= 

'&,#/=.:/A0 +#7 ;,/+A09&+7 $0#,%,-./;,$-10 /=+,10 -$, (,,,) ".4#&T0&) +N&#,?E%&0&) 

%& #7 "$9/:<0&+7 (PRs), %& #,) #&'&=#$D&) 0$ $0#,"./+4"&A/=0 #,) %&:$'A#&.&) 

"/+/#,-<) $''$:<) +#7 2,$'=#( ".4#&T07 -$#5 #7 2,5.-&,$ #40 $%=0#,-10 

$0#,2.5+&40. 

I +=:-&-.,%<0/) .E'/) #/= %/0/"$#,/A %&#$:4:() #/= $,9='&0D/= +#/ 

+N7%$#,+%E #40 &"$:E%&040 2/%,-10 &%"/2D40 <N&, %<N., #1.$ '5;&, +N&#,-5 %,-.( 

+7%$+D$. 3.4#&T0&) "'/A+,&) +& =2./*=-"./'D07 +=++4.&A/0#$, +#$ M=#5 -$, 

“&02=0$%10/=0” #/ -=##$.,-E #/DN4%$ %&#5 $"E &M$.%/:( $,9='&0D/= (Esquerre-

Tugaye et al., 1979ú Ecker -$, Davis, 1987ú Tagu et al., 1992). ><#/,&) ".4#&T0&) 

$"/#&'/A0 2/%,-5 +#/,N&D$ "/= &0$"/#D9&0#$, +#/ -=##$.,-E #/DN4%$ -$, 7 "$./=+D$ 

#/=) <N&, +=+N&#,+#&D %& #70 /NA.4+7 #/= -=##$.,-/A #/,N1%$#/), ,2,$D#&.$ %&#5 $"E 

/*&,24#,-E "/'=%&.,+%E #/=) (Brisson et al., 1994). !",".E+9&#$, /, VanderMolen 

-$, +=0&.:5#&) (1993) <2&,*$0 E#, #/ $,9='<0,/ &D0$, $"$.$D#7#/ :,$ #70 $"EM.$*7 

#40 $::&D40 #/= *A'/= "/= +=%;$D0&, +#$ M=#5 :,$ 0$ $0#,%&#4"D+/=0 #70 

"&.$,#<.4 &*5"'4+7 %=-(#40 "/= "./-$'/A0 $2./%=-1+&,) E"4) / Fusarium 

oxysporum f. sp. lycopersici, %<+4 #/= $::&,$-/A +=+#(%$#/) #40 M=#10. 60#D9&#$, 

7 #/",-( &0$"E9&+7 -$''E?7) +#$ -=##$.,-5 #/,N1%$#$ +#$ +7%&D$ E"/= 

&",N&,.(97-& 2,&D+2=+7 $"E "$9/:E0$ M$D0&#$, E#, 2&0 &",#=:N50&#$, $"E #/ 

$,9='<0,/ $''5 +=02<&#$, %& #7 +A09&+7 -$, ".E+'7P7 #/= $%"+,+,-/A /*</) (Ton 

-$,  Mauch-Mani, 2004). 

I .E'/) #/= $,9='&0D/= +#70 "$.$:4:( $0#,%,-./;,$-10 2&=#&./:&010 

%&#$;/',#10 (M=#/$'&*D0&)) (Pedras et al., 2000) M$D0&#$, E#, &*$.#5#$, $"E #/0 #A"/ 

#7) M=#/$'&*D07) -$, #7) &%"'&-E%&07) %&#$;/',-() /2/A. K,$ "$.52&,:%$, +& MA''$ 

.=?,/A #/ $,9='<0,/ &"5:&, #70 "$.$:4:( #7) M$,0='"./"$0/&,2/A) M=#/$'&*D07) 
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+$-/=.$0&#D07) (sakuranetin), $''5 EN, #7) #&."&0/&,2/A) M=#/$'&*D07) 

momilactone A (Nakazato et al., 2000). K&0,-5, /, M$,0='"./"$0/&,2&D) M=#/$'&*D0&) 

&D0$, &"$:E%&0&) $"E #/ $,9='<0,/ +& 2,5M/.$ M=#,-5 &D27 (Kamo et al., 2000ú 

Ishigaki et al., 2004). R#$ M=#5 Arabidopsis, 7 &"$:E%&07 $"E "$9/:E0$ -$%$'&*D07 

(camalexin), "/= &D0$, %,$ ,02/'/-$'-$'/&,2() M=#/$'&*D07, &'<:N&#$, $"E #,) 

&0&.:<) /%52&) /*=:E0/= "/= "$./=+,5?&, &'5N,+#7 <4) -$9E'/= $''7'/-

&",-/,040D$ (cross-talk) %& #$ %/0/"5#,$ %&#$:4:() #/= $,9='&0D/= -$, #/= 

,$+%/0,-/A /*</), -$, %&#$''$:%<0$ M=#5 +#/ %/0/"5#, #/= $,9='&0D/=, E"4) #/ 

ein2, &D0$, ,-$05 0$ +=09<#/=0 -$%$'&*D07 4) $0#D2.$+7 +& &"D9&+7 $"E "$9/:E0$ 

(Glazebrook -$, Ausubel, 1994ú Thomma et al., 1999ú Ferrari et al., 2003). 

>$ %E.,$ "/= <N/=0 %&'&#79&D +& %&:$'A#&./ ;$9%E -$, "/= &"5:/0#$, $"E 

#/ $,9='<0,/ -$#5 #,) $0#,2.5+&,) 5%=0$) #40 M=#10 &D0$, /, PR ".4#&T0&). @<N., 

+(%&.$, <N/=0 $0$:04.,+#&D 17 -'5+&,) PR ".4#&S010 (Van Loon -$, Van Strein, 

1999) /, "&.,++E#&.&) $"E #,) /"/D&) <N/=0 2&D*&, 5%&+7 $0#,%,-./;,$-( 

2.$+#7.,E#7#$ &0$0#D/0 M=#/"$9/:E040 %=-(#40 -$, +& %&.,-<) "&.,"#1+&,) 

&0$0#D/0 M=#/"$9/:E040 ;$-#7.D40 (Broekaert et al., 2000). ]&N4.,+#<) -'5+&,) PR 

:/0,2D40 <N/=0 ;.&9&D 0$ +N&#D?/0#$, %& #/ $,9='<0,/ %<+4 #/= GCC-box +#,) 

"&.,/N<) #40 ="/-,07#10 #/=), "/= +=%"&.,'$%;50/=0 #,) &02/-=##5.,&) ;-1,3-

:'/=-$05+&) (PR-2), #,) &02/-=##5.,&) ;$+,-<) N,#,05+&) (PR-3), #,) E*,0&) hevein-

like ".4#&T0&) (PR-4) -$, #,) plant defensins (PDFs; PR-12) (Broglie et al., 1989ú 

Ohme-Takagi -$, Shinshi, 1990ú Samac et al., 1990ú Eyal et al., 1993ú Penninckx et 

al, 1996ú Thomma et al, 1999ú Chakravarthy et al., 2003ú Lorenzo et al., 2003). L 

&"$:4:( $=#10 #40 :/0,2D40 ".$:%$#/"/,&D#$, %<+4 &0E) %/0/"$#,/A +#/ /"/D/ #/ 

$,9='<0,/ -$, #/ ,$+%/0,-E /*A '&,#/=.:/A0 +=0&.:,+#,-5 (Penninckx et al., 1998). 

Z''/, #A"/, PR :/0,2D40, E"4) /, PR-1 ".4#&T0&) -$, /, &*4-=##5.,&) ;-1,3-

:'/=-$05+&) -$, N,#,05+&), &"5:/0#$, $"E #/ %/0/"5#, #/= +$',-=',-/A /*</), 

#/='5N,+#/0 +#$ M=#5 Arabidopsis -$, +#/0 -$"0E (Brederode et al, 1991ú Friedrich 

et al., 1995ú Uknes et al., 1992). Y'$ #$ PR :/0D2,$ &"5:/0#$, #E+/ +#70 

"./+;'79&D+$ "&.,/N( E+/ -$, 2,$+=+#7%$#,-5 (Broekaert et al., 2000). 

3.E+M$#&) %&:5'/= &A./=) <.&=0&) %&#$:.$M,-/A "./MD' <2&,*$0 E#, %,$ 

/%52$ PR :/0,2D40 &"5:/0#$, +& M=#5 Arabidopsis +#$ /"/D$ ="&.&-M.5?/0#$, &D#& 

#/ AtERF1 ( #/ /%E'/:/ #/= +#7 #/%5#$ Pti4, &",;&;$,10/0#$) #70 &%"'/-( #/= 

$,9='&0D/= +& $=#5 #$ PR :/0D2,$ -$, "./+9<#/0#$) +#7 'D+#$ $.-&#5 0<$ %E.,$ "/= 

&D0$, &02&N/%<04) .=9%,?E%&0$ $"E #/ $,9='<0,/ (Chakravarthy et al, 2003ú Lorenzo 

et al., 2003). 6*D?&, 0$ +7%&,49&D E#, +& ".E+M$#&) ".4#&/%,-<) (proteomics) 

<.&=0&) +& ".4#&T0&) "/= &--.D0/0#$, $"E M=#5 Arabidopsis %&#5 $"E "./+;/'( 
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$"E "$9/:E0$ $"/-5'=P$0 E#, %,$ -$,0/A.:,$ ',"5+7 "/= &"5:&#$, $"E #/ 

$,9='<0,/, 7 GLIP1, <N&, $0#,%,-./;,$-<) ,2,E#7#&) -$, &D0$, $"/M$+,+#,-() +7%$+D$) 

:,$ #70 5%=0$ #40 M=#10 +#70 $+A%;$#7 $''7'&"D2.$+7 %& #/ %A-7#$ A. 

brassicicola (Oh et al., 2005). 

L ".4#&T07 defensin AtPDF1.2 (/%52$ PR-12) #/= M=#/A A. thaliana 

N.7+,%/"/,&D#$, &=.<4) 4) 2&D-#7) &"$:4:() #7) 5%=0$) +& M=#5 Arabidopsis %<+4 

#/= %/0/"$#,/A #/= $,9='&0D/=/,$+%/0,-/A /*</) (Penninckx et al., 1996ú Penninckx 

et al., 1998). >/ :/0D2,/ "&.,<N&, +#/,N&D$ GCC box +#/0 ="/-,07#( #/= -$, &"5:&#$, 

#E+/ $"E #/ $,9='<0,/ E+/ -$, $"E #/ ,$+%/0,-E /*A %<+4 #7) &0&.:/"/D7+7) #/= 

AtERF1 (Penninckx et al., 1996ú Chao et al., 1997ú Solano et al., 1998ú Lorenzo et 

al., 2003). I, defensins &D0$, :&0,-5 %,-.5, ;$+,-5 "&"#D2,$ "/= <N/=0 %,$ 

N$.$-#7.,+#,-( #.,+2,5+#$#7 $0$2,"'/A%&07 %/.M( "/= +#$9&./"/,&D#$, $"E 8 

2,+/='M,2,-<) -=+#&T0&) -$, #=",-5 "$.&%"/2D?/=0 #70 $05"#=*7 &0E) M5+%$#/) 

%=-(#40 %&#5 $"E &*&,2,-&=%<07 ".E+2&+7 +& %&%;.$0,-/A) +#EN/=) (Thomma et 

al., 2002ú Thomma et al., 2003ú Thevissen et al., 2004). 3.E+M$#&) <.&=0&) <2&,*$0 

#70 "$./=+D$ 317 -$,0/A.:,40 defensin-like (DEFL) :/0,2D40 +#/ :/0,2D4%$ #/= 

Arabidopsis (Silverstein et al., 2005), "/= +=%"&.,'5%;$0$0 -$, #$ 13 "./7:/A%&0$ 

AtPDF :/0D2,$ (Thomma et al., 2002). >/ $0 E'$ $=#5 #$ :/0D2,$ ( %,$ ="//%52$ 

$"E $=#5 &"5:/0#$, $"E #/ $,9='<0,/ 2&0 <N&, $"$0#79&D $-E%$. R#$ AtPDF :/0D2,$ 

"50#4), "/= &DN$0 $.N,-5 $0$:04.,+#&D, "$.$#7./A0#$, %&:5'&) 2,$M/.<) 

<-M.$+7) +& $0#D2.$+7 +#/ $,9='<0,/, #/ +$',-=',-E -$, #/ ,$+%/0,-E /*A -$91) -$, 

+& 2,5M/.$ "$9/:E0$ 2&D-#&). K,$ "$.52&,:%$, #$ :/0D2,$ "/= -42,-/"/,/A0 #,) 

AtPDF1.2a/b/c &"5:/0#$, $"E #/ $,9='<0,/ -$, #/ ,$+%/0,-E /*A -$, -$#$+#<''/0#$, 

$"E #/ +$',-=',-E /*A &01 7 AtPDF1.4 &"5:&#$, $"E #/ +$',-=',-E /*A -$, EN, $"E 

#/ $,9='<0,/ -$, #/ ,$+%/0,-E /*A. L $05'=+7 #40 "&.,/N10 #40 ="/-,07#10 #/=) 

<2&,*& #70 "$./=+D$ GCC-box "&.,/N() -$, +#$ #.D$ AtPDF1.2 :/0D2,$, $''5 EN, +#/ 

AtPDF1.4. 60#D9&#$, #/ AtPDF1.5 :/0D2,/ M$D0&#$, $0&"7.<$+#/ $"E E'&) #,) 

&"&%;5+&,) "$.E'/ "/= M<.&, -, $=#E GCC-box "&.,/N(. 6=#E ="/2&,-0A&, E#, 

="5.N&, <0$ ",/ "&.D"'/-/ 2D-#=/ +#/ /"/D/ 2,$M/.&#,-<) /%52&) $"E DEFL :/0D2,$ 

$0#$"/-.D0/0#$, +& <0$ ( "&.,++E#&.$ %&#$:4:,-5 %/0/"5#,$. 

2.2.4.2 .BB*B0)$6;D#0$8 -0+"2, +1' ";<$%3' #+"671' +(: -('()"+$(, 

-0+"51548 +(: "$/:B0'7(: %"$ DBB1' -*<"'$#-3' +*8 0)"5&-0'*8 

"'+(<48 

>$ $.N,-5 +#52,$ #/= %/0/"$#,/A %&#$:4:() #/= $,9='&0D/= "/= 

"&.,:.5M7-$0 04.D#&.$ (ETR/ERS/EIN4, CTR, EIN2, EIN3/EIL) $"$,#/A0#$, :,$ 
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E'&) #,) $0#,2.5+&,) #/= $,9='&0D/= -$, %<N., +(%&.$ -$0<0$ 2&0 <N&,  ;.&9&D 0$ 

$0#,2.5 +& +(%$#$ &-#E) $"E #/ $,9='<0,/ (Alonso -$, Stepanova, 2004ú Guo -$, 

Ecker, 2004ú Thatcher et al., 2005). R7%&D$ 2,$-'524+7) +#/ %/0/"5#, #/= 

$,9='&0D/= ".<"&, 0$ ;.D+-/0#$, %&#5 #$ EIN3/EIL. 3.5:%$#,, $.-&#<) <.&=0&) <N/=0 

2&D*&, E#, ="5.N&, 2,$M/.&#,-( .A9%,+7 :,$ $.-&#5 ERF :/0D2,$ $"E #/ $,9='<0,/, #/ 

+$',-=',-E -$, #/ ,$+%/0,-E /*A -$91) -$, $"E #7 %E'=0+7 $"E 2,5M/./=) 

%/'=+%$#,-/A) -$, %7 %,-.//.:$0,+%/A) (Fujimoto et al., 2000ú Gu et al., 2000ú 

Onate-Sanchez -$, Singh, 2002ú Brown et al, 2003ú Chakravarthy et al., 2003ú Chen 

et al., 2003ú Lorenzo et al., 2003ú Guo -$, Ecker, 2004ú McGrath et al., 2005). R& 

$=#E #/ &"D"&2/ M$D0&#$, 0$ ="5.N&, +7%$0#,-( $''7'/-&",-/,040D$ (cross-talk) 

%&#$*A #40 2,$ME.40 %/0/"$#,10 %&#$:4:(). 

2.2.4.2.1 .'/0%+$%&+*+" 5&'(:-);(8-5&'(  

R#70 $09&-#,-E#7#$ :E0/= "./) :E0/, 7 $''7'&"D2.$+7 "$9/:E0/= – *&0,+#( 

-$, 7 &"$-E'/=97 %&#$:4:( #/= +(%$#/) +#$ M=#5 %&#5 #70 $0$:01.,+7 #40 

$%/'=+%$#,-10 ".4#&ï010 (avirulence proteins) #/= "$9/:E0/=, /27:&D +& 

$09&-#,-E#7#$ &0$0#D/0 #/= "$9/:E0/= %<+4 #7) $0#D2.$+7) ="&.&=$,+97+D$) (HR) 

+#,) "&.,++E#&.&) "&.,"#1+&,). L HR &%"'<-&, -$, /M&D'&, #70 $"/#&'&+%$#,-E#7#$ 

#7) +#/ +$',-=',-E /*A (Hammond-Kosack -$, Jones, 1997ú Glazebrook, 2005). 

W+#E+/ +& /.,+%<0&) "&.,"#1+&,) /, $''7'&",2.5+&,) :E0/= "./) :E0/ 

+=+N&#D+#7-$0 &"D+7) %& <-M.$+7 :/0,2D40 &*$.#1%&040 $"E #/ $,9='<0,/, E"4) 

+#/ "$.52&,:%$ #7) %&'<#7) #7) ".4#&ï0,-() -,05+7) "/= -42,-/"/,&D #/ :/0D2,/ 

$09&-#,-E#7#$) Pto +#7 #/%5#$. L $0$:01.,+7 #7) $%/'=+%$#,-() ".4#&T07) AvrPto 

#/= P. syringae pv. tomato $"E #70 Pto &"5:&, $''$:<) <-M.$+7) +& "&.,++E#&.$ 

$"E 400 :/0D2,$, "./-$'&D “/*&,24#,-( <-.7*7“ (oxidative burst) -$, HR (Scofield et 

al., 1996ú Frederick et al., 1998ú Mysore et al., 2002). 6*D?&, 0$ +7%&,49&D E#, #/ Pto 

$''7'&",2.5 5%&+$ %& #/=) AP2/ERF %&#$:.$M,-/A) &0&.:/"/,7#<) Pti4, Pti5 -$, 

Pti6 (Zhou et al., 1997ú Gu et al., 2002). !",".E+9&#$, 7 <-M.$+7 #/= %&#$:.$M,-/A 

"$.5:/0#$ Pti4 &"5:&#$, $"E #/ $,9='<0,/, -$, 7 ".E+2&+7 #/= Pti4 +#/ GCC box 

#40 :/0,2D40 5%=0$) .=9%D?&#$, $"E #7 M4+M/.='D4+7 %<+4 #7) -,05+7) #/= Pto 

(Gu et al., 2000). W+#E+/, #/ Pti4 &D0$, ,-$0E 0$ "./+2<0&#$, -$, +& %7 GCC-box 

"&.,/N<) (Chakravarthy et al., 2003), :,$ #70 &"$:4:( PR :/0,2D40 &*$.#1%&040 

$"E #/ +$',-=',-E /*A -$, 0$ $=*50&, #70 $09&-#,-E#7#$ +& ;,/#./M,-5 "$9/:E0$ 

E#$0 ="&.&-M.5?&#$, +& M=#5 Arabidopsis (Gu et al., 2002). !"/%<04), &D0$, $+$M<) 

&50 #/ $,9='<0,/ &%"'<-&#$, +#70 $09&-#,-E#7#$ :E0/= "./) :E0/ ( &50 /, 

$''7'&",2.5+&,) :E0/= "./) :E0/ "./-$'/A0 #70 &"$:4:( #40 :/0,2D40 "/= 

&'<:N/0#$, $"E #/ $,9='<0,/. !D0$, :&:/0E) "50#4) E#, #$ %&#$''$:%<0$ +#/ 
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$,9='<0,/ M=#5 Arabidopsis etr1 -$, ein2 <2&,*$0 0$ %70 N50/=0 #70 :E0/ "./) :E0/ 

$09&-#,-E#7#$ #/=) +& ;,/#./M,-5 "$9/:E0$ E"4) +#/0 4/%A-7#$ 

Hyaloperonospora (Peronospora) parasitica -$, #/ ;$-#(.,/ P. syringae, 

="/2&,-0A/0#$) E#, #/ $,9='<0,/ 2&0 &D0$, $=#E -$9$=#E $"$.$D#7#/ :,$ #70 

$09&-#,-E#7#$ :E0/= "./) :E0/ (Lawton et al., 1994ú Lawton et al., 1995ú Pieterse et 

al., 1998). 

2.2.4.2.2 A)"5&-0'* "'/0%+$%&+*+" 02";+3-0'* ")& +( $"#-('$%& (2,  

>$ %/0/"5#,$ %&#$:4:() #/= $,9='&0D/= -$, #/= ,$+%/0,-/A /*</) 

'&,#/=.:/A0 +=0&.:,+#,-5 +#,) $0#,2.5+&,) 5%=0$) #40 M=#10 (Penninckx et al., 

1996ú Pieterse et al., 1998ú Ellis -$, Turner, 2001). ><#/,/) +=0&.:,+%E) 

="/+#7.D?&#$, $"E "&,.5%$#$ %,-./+=+#/,N,10 (microarrays) "/= 2&DN0/=0 "4) 

-/,0<) 2<+%&) :/0,2D40 &"5:/0#$, $"E #/ $,9='<0,/ -$, #/ ,$+%/0,-E /*A (Schenk et 

al., 2000ú Glazebrook et al., 2003). !",".E+9&#$, 7 "&.,/N( GCC-box "/= $"$,#&D#$, 

:,$ #70 ".E+2&+7 #/= AtERF1 :,$ #70 &"$:4:( #/= :/0,2D/= AtPDF1.2 +#$ M=#5 

Arabidopsis <N&, $0$:04.,+#&D -$, 4) +#/,N&D/ $0#D2.$+7) #/= ,$+%/0,-/A /*</), 

="/2&,-0A/0#$) E#, #/ AtERF1 &D0$, +7%&D/ -/,0() 2.5+7) :,$ #/ $,9='<0,/ -$, #/ 

,$+%/0,-E /*A "/= '&,#/=.:&D -$, +#$ 2 %&#$:4:,-5 %/0/"5#,$ (Brown et al., 2003ú 

Lorenzo et al., 2003). U0$) 5:04+#/) %&#$:.$M,-E) "$.5:/0#$) "/= &"5:&#$, $"E 

#/ ,$+%/0,-E /*A <N&, "./#$9&D 0$ $''7'&",2.5 +=0&.:,+#,-5 %& #/ !GJ3 +#/0 

="/-,07#( #/= AtERF1 :/0,2D/= (Guo -$, Ecker, 2004). L "$./=+D$ %&#$:4:,-10 

+#/,N&D40 &D#& #/= $,9='&0D/= ( #/= ,$+%/0,-/A /*</) 9$ (#$0 $.-&#( :,$ #70 

<-M.$+7 #/= AtERF1. @,$ ".E+M$#7 &.:$+D$ $0$:01.,+& #/='5N,+#/0 10 

2,$M/.&#,-5 %<'7 #7) /,-/:<0&,$) AP2/ERF #/= M=#/A Arabidopsis 0$ &"5:/0#$, 

%&#$:.$M,-5 %&#5 #70 #$=#EN./07 &M$.%/:( %&9=',4%<0/= ,$+%/0,-/A /*</) -$, #/= 

%A-7#$ A. brassicicola, "/= +=%"&.,'5%;$0& #/=) 9&#,-/A) .=9%,+#<) AtERF1/2 -$, 

#/0 $.07#,-E .=9%,+#( AtERF4 (McGrath et al., 2005). 

2.2.4.2.3 A)"5&-0'* "'/0%+$%&+*+" 02";+3-0'* ")& +( #"B$%:B$%& (2,  

6.-&#<) <.&=0&) <N/=0 2&D*&, E#, &01 #/ $,9='<0,/ -$, #/ ,$+%/0,-E /*A 

$''7'&",2./A0 +=0&.:,+#,-5 :,$ #70 &0&.:/"/D7+7 +=:-&-.,%<040 $0#,2.5+&40 

5%=0$), #$ %/0/"5#,$ $=#5 '&,#/=.:/A0 #/='5N,+#/0 $0&*5.#7#$ ( -$, $0#$:40,+#,-5 

+& +N<+7 %& #/ %/0/"5#, #/= +$',-=',-/A /*</). Q=#5 Arabidopsis %&#$''$:%<0$ 

+#70 $0#D'7P7 #/= $,9='&0D/= ( #/= ,$+%/0,-/A /*</) &D0$, "'(.4) ,-$05 0$ 

="/+#7.D?/=0 $0#,2.5+&,) &*$.#1%&0&) $"E #/ +$',-=',-E /*A (Penninckx et al., 

1998ú Thomma et al., 1998ú Thomma et al., 1999) ( 0$ &"5:/=0 #70 <-M.$+7 

:/0,2D40 "/= &'<:N/0#$, $"E #/ +$',-=',-E /*A (Glazebrook et al., 2003). 60#D9&#$, 
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:&0&#,-1) #./"/"/,7%<0$ M=#5 Arabidopsis "/= 2&0 %"/./A0 0$ +=++4.&A+/=0 

+$',-=',-E /*A (".N. #$ NahG M=#5) -$, %&#$''$:%<0$ M=#5 %& %&,4%<07 +A09&+7 

+$',-=',-/A (".N. #$ sid2 -$, eds5) ( ,-$0E#7#$ %&#$:4:() #/= (".N. npr1/nim1), 2&0 

&"5:/=0 #$ PR :/0D2,$ "/= &D0$, &*$.#1%&0$ $"E #/ +$',-=',-E /*A $''5 2&DN0/=0 

#70 D2,$ ( -$, %&:$'A#&.7 &"$:4:( #40 PR :/0,2D40 "/= &*$.#10#$, $"E #/ 

$,9='<0,/ -$, #/ ,$+%/0,-E /*A (Thomma et al., 2001ú Glazebrook et al., 2003). L 

$.07#,-( .A9%,+7 %&#$*A #/= $,9='&0D/= -$, #/= +$',-=',-/A /*</) M$D0&#$, -$, $"E 

#70 #&',-( $0#D2.$+7 #/=) +#/ $"/#<'&+%$ #7) 5%=0$) #40 M=#10. K,$ "$.52&,:%$, 

7 ="&.<-M.$+7 #/= AtERF1 +#$ M=#5 Arabidopsis /27:&D +& $=*7%<07 $09&-#,-E#7#$ 

+#/ %A-7#$ B. cinerea (&*$.#1%&07 $"E #/ $,9='<0,/) $''5 %&,10&, #70 

$09&-#,-E#7#$ +#/ ;$-#(.,/ P. syringae pv. tomato (&*$.#1%&07 $"E #/ +$',-=',-E 

/*A) (Berrocal-Lobo et al., 2002).  

2.2.4.2.4 .'/0%+$%&+*+" 0)"5&-0'* ")& ;$>(G"%+4;$" 

U0$ ,2,$D#&./ &D2/) $''7'/&",-/,040D$) (cross-talk) %&#$*A #7) 

2,$+=+#7%$#,-() $0#/N() "/= +=%;$D0&, +#$ M=#5 -$#5 #70 $"/D-7+7 #/= .,?,-/A 

#/=) +=+#(%$#/) $"E %7 "$9/:E0$ +#&'<N7 Pseudomonas spp., /27:&D +#70 

$05"#=*7 %,$) $=*7%<07) $%=0#,-() ,-$0E#7#$) &0$0#D/0 &0E) &=.<4) M5+%$#/) 

"$9/:E040. R& $0#D9&+7 %& #70 &"D-#7#7 2,$+=+#7%$#,-( $0#/N( (systemic acquired 

resistance - SAR) "/= &"5:&#$, $"E #$ "$9/:E0$ -$, "/= +=+N&#D?&#$, %& %,$ 

$A*7+7 #/= +$',-=',-/A /*</) -$, #70 &"$:4:( %,$) /%52$) PR :/0,2D40 +& 

$"/%$-.=+%<0/=) -$, %7 "./+;&;'7%<0/=) ,+#/A), 7 &"$:E%&07 $"E .,?/;$-#(.,$ 

2,$+=+#7%$#,-( $0#/N( (induced systemic resistance - ISR) 2&0 +=+N&#D?&#$, %& #/ 

+$',-=',-E /*A ( #70 $=*7%<07 <-M.$+7 #40 PR :/0,2D40 (Pieterse et al., 1998ú Ton 

et al., 2001ú Iavicoli et al., 2003). W+#E+/, #/ NPR1, "/= &D0$, +7%$0#,-E +#/,N&D/ #/= 

%/0/"$#,/A #/= +$',-=',-/A /*</), <N&, $"/2&,N9&D E#, &D0$, $"$.$D#7#/ :,$ #70 ISR 

(Pieterse et al., 1998ú Pieterse et al., 2000) -$91) -$, / ="/2/N<$) #/= $,9='&0D/= 

ETR1 -$, -5"/,$ +#/,N&D$ #/= %/0/"$#,/A %&#$:4:() #/= ,$+%/0,-/A /*</) (Pieterse 

et al., 1998ú Iavicoli et al., 2003ú Ton et al., 2004). !D0$, $*,/+7%&D4#/ "50#4) E#, #/ 

M=#E M$D0&#$, 0$ &0&.:/"/,&D 2,$M/.&#,-<) /%52&) :/0,2D40 :,$ #70 &"$:4:( #7) 

5%=0$) #/= %& ;5+7 #/ +#<'&N/) #/= .,?/;$-#7.D/= "/= $"/,-D?&, #/ .,?,-E #/= 

+A+#7%$ (Ton et al., 2001ú Iavicoli et al., 2003). @,$ ".E+M$#7 <.&=0$ +#70 ISR "/= 

&"5:&#$, $"E #/ P. fluorescens +& M=#5 Arabidopsis <2&,*& $*,/+7%&D4#&) $''$:<) 

+#70 <-M.$+7 $.-&#10 :/0,2D40 &*$.#4%<040 $"E #/ $,9='<0,/ -$, #/ ,$+%/0,-E /*A 

(Verhagen et al., 2004), ="/2&,-0A/0#$) E#, $=#5 #$ :/0D2,$ $0#,2./A0 <0#/0$ -$, 

+=0&"1) ",/ $"/#&'&+%$#,-5 +#70 %E'=0+7 $"E "$9/:E0$. Z''7 %,$ ".E+M$#7 

&.:$+D$ <2&,*& E#, 7 ISR &"$:4:( &0E) PR-5 :/0,2D/= "/= &D0$, &*&,2,-&=%<0/ +#7 
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.D?$ (AtTLP1) %"/.&D 0$ %,%79&D #70 &M$.%/:( #7) "./2.E%/= /=+D$) #/= 

$,9='&0D/= ACC, $''5 EN, #/= ,$+%/0,-/A -$, #/= +$',-=',-/A /*</) (Leon-

Kloosterziel et al., 2005), &",;&;$,10/0#$) #70 &*&,2,-&=%<07 +=%%&#/N( #/= 

$,9='&0D/= +#/0 $%=0#,-E %7N$0,+%E "/= "./-$'&D#$, $"E #$ .,?/;$-#(.,$. 3<.$ 

$"E #70 $''7'/-&",-/,040D$ %& 5''&) $%=0#,-<) $0#,2.5+&,), /, ERF %&#$:.$M,-/D 

"$.5:/0#&) 2&DN0/=0 &"D+7) 0$ '&,#/=.:/A0 4) +=02&#,-5 +#/,N&D$ %& :&0,-E#&.$ 

%/0/"5#,$ %&#$:4:() -$#$"E07+7). 60#$:40,+#,-<) $''7'&",2.5+&,) %&#$*A 

"/''10 +#/,N&D40 #7) /.%E07) #/= $%"+,+,-/A /*</) (ABA), "/= &D0$, ="&A9=07 :,$ 

"/''5 $;,/#,-5 +#.&) -$, #40 %/0/"$#,10 #/= $,9='&0D/= -$, #/= ,$+%/0,-/A /*</) 

M$D0&#$, 0$ +=0#/0D?/=0 #70 :/0,2,$-( <-M.$+7 4) $0#D2.$+7 +& 2,5M/.$ ;,/#,-5 -$, 

$;,/#,-5 +#.&) (Fujimoto et al., 2000ú Chen et al., 2002ú Anderson et al., 2004ú Yang 

et al., 2005). !-#E) $"E #70 $=*7%<07 &="59&,$ (McGrath et al., 2005), 7 

="&.<-M.$+7 #/= AtERF4 +& M=#5 Arabidopsis <2&,*& $=*7%<07 $09&-#,-E#7#$ +& 

$;,/#,-5 +#.&) +=0/2&=E%&07 %& #70 -$#$+#/'( #40 :/0,2D40 "/= "&.,<N/=0 GCC-

box "&.,/N<) (Yang et al., 2005), ="/2&,-0A/0#$) E#, / $.07#,-E) %&#$:.$M,-E) 

.=9%,+#() AtERF4 <N&, #70 ,-$0E#7#$ 0$ +=0#/0D?&, #,) $0#,2.5+&,) #/= $,9='&0D/= -$, 

#/= $%"+,+,-/A  /*</). !D0$, ",9$0E0 #/ AtERF4 0$ &D0$, ="&A9=0/ :,$ #7 .A9%,+7 

#/= $0#$:40,+%/A "/= "$.$#7.&D#$, %&#$*A #40 $0#,2.5+&40 #/= $,9='&0D/= -$, #/= 

$%"+,+,-/A /*</) (Anderson et al., 2004ú McGrath et al., 2005). L .A9%,+7 #40 

:&0,-10 $0#,2.5+&40 +#.&) &D0$, ",9$0E0 0$ /.:$010/0#$, +#/ &"D"&2/ #40 

%&#$:.$M,-10 "$.$:E0#40 #7) /,-/:<0&,$) AP2/ERF, /, /"/D/, 9$ 2,$%E.M40$0 #70 

:/0,2,$-( <-M.$+7 %& #<#/,/ #.E"/ 1+#& 0$ &*$+M$',+#&D E#, 7 ",/ -$#5''7'7 

$0#D2.$+7 5%=0$) 9$ &0&.:/"/,79&D $05'/:$ %& #/ +=:-&-.,%<0/ #A"/ $"&,'(). 

2.2.4.3 J ;&B(8 +(: "$/:B0'7(: #+(' %"/(;$#-& +(: ")(+0BC#-"+(8 +*8 

"BB*B0)76;"#*8 )"/(5&'(: – 20'$#+4 

>/ $,9='<0,/ &"7.&5?&, #/ #&',-E $"/#<'&+%$ #7) $''7'&"D2.$+7) 

"$9/:E0/= – *&0,+#( &",2.10#$) &D#& +#70 &-2('4+7 #40 +=%"#4%5#40 "/= 

"./-$'/A0#$, $"E #$ 2,5M/.$ "$9/:E0$ ( %<+4 #7) $0#D'7P7) #/= +#$ M=#5 -$, #7) 

&"$-E'/=97) %&#$:4:() #/= +(%$#/) #/=. 

2.2.4.3.1 A)76;"#* +(: "$/:B0'7(: #+*' 0%64B1#* #:-)+1-D+1' )(: 

);(%"B(,'+"$ ")& 6$D@(;" )"/(5&'" 

L &M$.%/:( $,9='&0D/= +#$ M=#5 &D#& $=*50&, #70 &="59&,$ #/=) ( #70 

$09&-#,-E#7#$ #/=), $05'/:$ %& #70 $''7'&"D2.$+7 "$9/:E0/= *&0,+#(. 6=#( 7 

$+=%M40D$ <N&, %&'&#79&D +& "/''<) <.&=0&) $''7'&",2.5+&40 "$9/:E0/= – 

*&0,+#(. R& -5"/,&) &.:$+D&) &M$.%E+#7-& +#$ M=#5 $,9='<0,/ ( ethephon (2-
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chloroethylphosphonic acid), "/= &D0$, <0$) N7%,-E) .=9%,+#() "/= %&#$#.<"&#$, +& 

$,9='<0,/, =2./N'4.,-E /*A -$, M4+M/0,-E /*A E#$0 "./+'$%;50&#$, $"E #$ M=#5 

(Boller, 1991ú Abeles et al., 1992). R& 5''&) <.&=0&) N.7+,%/"/,(97-$0 $0$+#/'&D) 

#7) +A09&+7) ( #7) 2.5+7) #/= $,9='&0D/=. >/ ;(%$ #7) ;,/+A09&+7) #/= $,9='&0D/= 

$"E S-adenosylmethionine +& 1-aminocyclopropane-1-carboxylic acid (ACC) %<+4 

#/= &0?A%/= ACC synthase (ACS) %"/.&D 0$ &%"/2,+#&D $"E #/0 N7%,-E 

"$.&%"/2,+#( aminoethoxyvinylglycine. >/ ACC %&#$#.<"&#$, +& $,9='<0,/ $"E #70 

ACC oxidase (ACO). 6=#( 7 $0#D2.$+7 %"/.&D 0$ "$.&%"/2,+#&D $"E ,E0#$ 

-/;$'#D/= ( $"E #/ aminooxyacetic acid. I, %,-.//.:$0,+%/D "$.5:/=0 $,9='<0,/ 

$"E #7 %&9&,/0D07 $"E 2,$M/.&#,-E ;,/+=09&#,-E %/0/"5#, ( N.7+,%/"/,/A0 #/ $-

-&#/:'/=#$.,-E /*A 4) ".E2./%/ /=+D$ (Arshad -$, Frankenberger, 1992ú Fukuda 

et al., 1993) &",#.<"/0#$) <#+, #7 2,5-.,+7 %&#$*A #/= $,9='&0D/= "/= "$.5:&#$, 

$"E #$ M=#5 -$, $"E #/=) %,-.//.:$0,+%/A). L ".E+'7P7 #/= $,9='&0D/= %"/.&D 0$ 

$"/#.$"&D $"E /=+D&) (".N. ,E0#$ +,2(./=) ( $"E $0#$:40,+#,-5 $<.,$ (".N. 2,5- 

norbornadiene ( methylpropene) (Sisler -$, Serek, 2003). I, 2,5M/.&) <.&=0&) <N/=0 

21+&, $0#,M$#,-5 $"/#&'<+%$#$ $05'/:$ %& #,) +=09(-&) #40 "&,.$%5#40 (/-$, #70 

+=:-&-.,%<07 $''7'&"D2.$+7 "$9/:E0/= – *&0,+#( (Boller, 1991ú Abeles et al., 

1992ú Arshad -$, Frankenberger, 1992). K,$ "$.52&,:%$, 7 &M$.%/:( $,9='&0D/= +& 

M=#5 #/%5#$) $A*7+& #70 $09&-#,-E#7#$ +#/ %A-7#$ B. cinerea (Diaz et al., 2002), 

-$91) +& 5''&) "&.,"#1+&,) <-9&+7 #40 M=#10 +#/ $,9='<0,/ 2&0 &DN& -$%D$ 

&"D2.$+7 ( %&D4+& #/ &"D"&2/ $09&-#,-E#7#$) +#$ "$9/:E0$ (Brown -$, Lee, 1993ú 

El-Kazzaz et al., 1983ú Van Loon -$, Pennings, 1993). K&0,-5, 7 &M$.%/:( 

$,9='&0D/= "./5:&, #70 :(.$0+7 #40 MA''40 -$, #70 4.D%$0+7 #40 -$."10, "/= 

%"/.&D 0$ -50&, #/=) ,+#/A) &D#& ",/ &="$9&D) ( ",/ $09&-#,-/A) +#$ "$9/:E0$ 

(Panter -$, Jones, 2002). R=N05, 7 &M$.%/:( $,9='&0D/= "./5:&, #70 $+9<0&,$ $"'5 

%<+4 #7) &",#5N=0+7) #7) 4.D%$0+7) ( #7) :(.$0+7) #40 M=#10. W+#E+/, $.-&#/D 

&.&=07#<) <2&,*$0 E#, E#$0 #/ $,9='<0,/ &M$.%E?&#$, ".,0 #7 %E'=0+7 $"E #/ 

"$9/:E0/, %&,10&, ( 2&0 <N&, -$%D$ &"D2.$+7 +#70 $+9<0&,$, &01 7 $+9<0&,$ 

&",#$NA0&#$, E#$0 &M$.%E?&#$, $,9='<0,/ +#$ M=#5 %&#5 #7 %E'=0+7 #/=) (Abeles et 

al., 1992). H$.$-#7.,+#,-E &D0$, #/ E#, <-9&+7 #40 M=#10 +& $,9='<0,/ "./-5'&+& 

%5.$0+7, N'1.4+7, $"/-/"( -$, 0<-.4+7 MA''40, $''5 -$, 27%,/=.:D$ "7:%5#40 

+#$ $::&D$ #/= *A'/= "/= <%/,$?$0 %& +=%"#1%$#$ $"E "$9/:E0/ $2./%A-4+7) 

(Pegg, 1981ú Vander Molen et al., 1983ú DeVay, 1989). K,$ #/ 'E:/ $=#E 9&4.(97-& 

E#, #/ $,9='<0,/ &D0$, 7 -A.,$ $,#D$ :,$ #70 &-2('4+7 +=%"#4%5#40 $"E "$9/:E0$ 

$2./%A-4+7) (Pegg, 1981). R& +=%M40D$ %& $=#( #70 ="E9&+7, %E'=0+7 %& #/0 

%A-7#$ V. albo-atrum "./-5'&+& $A*7+7 +#7 +=:-<0#.4+7 $,9='&0D/= %E0/ +& M=#5 
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#/%5#$) &=$D+97#7) "/,-,'D$) -$, EN, +#70 $09&-#,-( "/,-,'D$, "&.D"/= 2<-$ %<.&) 

%&#5 #7 %E'=0+7 "/= #$=#D?&#$, %& #70 &%M50,+7 +=%"#4%5#40 (Pegg -$, Cronshaw, 

1976). W+#E+/, M$D0&#$, E#, #/ $,9='<0,/ "$D?&, &"D+7) +=0&.:,+#,-E .E'/ +#70 

&-2('4+7 +=%"#4%5#40 &D#& %& "7-#,0/'=#,-5 <0?=%$ ( "/'=+$-N$.D#&). 

R=:-&-.,%<0$ &-NA',+%$ -$'',<.:&,$) #/= %A-7#$ V. albo - atrum 2,$N4.D+#7-& +& 

+#('7 +& -'5+%$#$, $"E #$ /"/D$ $=#5 "/= "&.,&DN$0 "7-#,05+&) -$, 

"/'=+$-N$.D#&), $0#D+#/,N$ &*&#5+#7-$0 4) "./) #70 ,-$0E#7#5 #/=) 0$ "./-$'/A0 

+=%"#1%$#$ +& MA''$ #/%5#$), %& ( N4.D) #70 &"D2.$+7 $,9='&0D/=. 8'5+%$#$ "/= 

"&.,&DN$0 "7-#,0/'=#,-<) ".4#&T0&) "./-5'&+$0 N'1.4+7 -$, %5.$0+7. R#$ MA''$ 

$=#5 "$.$#7.(97-& $=*7%<07 <-'=+7 $,9='&0D/= 4) #,) 20 1.&) +#$ MA''$ 

&=$D+97#7) "/,-,'D$), &01 +& $09&-#,-( "/,-,'D$ 7 <-'=+7 $=*(97-& %&#5 $"E 45 -90 

1.&). >$ +=%"#1%$#$ $"E #/ "7-#,0/'=#,-E -'5+%$ :D0/0#$0 ",/ <0#/0$ E#$0 &DN& 

"./7:79&D N&,.,+%E) %& $,9='<0,/. >/ -'5+%$ "/'=+$-N$.,#10 2&0 "./-$'/A+& 

+=%"#1%$#$, /A#& &"$:4:( <-'=+7) $,9='&0D/= $"E #$ M=#5. W+#E+/ +& 

+=02=$+%E %& $,9='<0,/ / N&,.,+%E) #40 MA''40 "./-$'/A+& &"$:4:( 

+=%"#4%5#40 N'1.4+7) -$, %$.$+%/A (Crownshaw -$, Pegg, 1976). K&0,-5 

9&4.&D#$, E#, <0?=%$ &02/"7-#,0$+10 -$, "/'=:$'$-#/./=0$+10 ("/= &"7.&5?/0#$, 

$"E #70 "$./=+D$ $+;&+#D/=) &'&=9&.10/=0 ="&./*&,25+&) #/= -=##$.,-/A 

#/,N1%$#/) -$, "$.5:/=0 $,9='<0,/ -$#5 #70 =2.E'=+7 %&%;.$010 ;/9.D40 (Pegg, 

1989). I, "/'=+$-N$.D#&) "/= &'&=9&.10/0#$, ",9$0E0 +=%;5''/=0 +#7 M.$:( 

$::&D40 #/= *A'/=, $05'/:$ %& #/ %/.,$-E #/=) ;5./) (Green, 1981). W+#E+/, 

&M$.%/:( $,9='&0D/= +& M=#5 #/%5#$) ".,0 ( #$=#EN./0$ %& #70 %E'=0+7 $"E #/ 

%A-7#$ V. albo - atrum "./-5'&+& %&D4+7 #40 +=%"#4%5#40 #7) $+9<0&,$) (Pegg 

-$, Cronshaw, 1976). 

R=0&"1) M$D0&#$, E#, / .E'/) #/= $,9='&0D/= +#70 "$9/:<0&,$ %=-(#40 

$2./%=-1+&40 &D0$, "/''$"'E) -$, E#, / N.E0/) #7) <-9&+7) #40 M=#10 +#/ 

$,9='<0,/ -$, ",9$0E0 -$, 7 +=:-<0#.4+7 #/= %"/.&D 0$ -$9/.D+&, #70 &="59&,$ ( 

#70 $09&-#,-E#7#$ #/=) +#$ "$9/:E0$. Y#$0 &M$.%E?&#$, +#/ M=#E ".,0 #7 %E'=0+7 

$"E <0$ "$9/:E0/ 2.$ +$0 &"$:4:<$) $09&-#,-E#7#$), &01 E#$0 ".$:%$#/"/,&D#$, 

N&,.,+%E) %&#5 #70 %E'=0+7 &",#$NA0&, #70 $05"#=*7 #7) $+9<0&,$), 2.10#$) 

+=0&.:,+#,-5 %& 5''/=) %&#$;/'D#&) +$0 #/*D07 (Pegg -$, Cronshaw, 1976ú Van 

Loon et al., 2006). 

2.2.4.3.2 A)76;"#* +1' )"/(5&'1' #0 -0+"BB"5-C'" %"$ 50'0+$%38 

+;()()($*-C'" @:+D #+( -('()D+$ +(: "$/:B0'7(: 
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L N.(+7 N$.$-#7.,+%<040 %&#$''$:%<040 -$, :&0&#,-1) #./"/"/,7%<040 

M=#10 <24+& "&.,++E#&.$ +#/,N&D$ :,$ #/ .E'/ #/= $,9='&0D/= +#70 $09&-#,-E#7#$ 

#40 M=#10 +& +=:-&-.,%<0$ "$9/:E0$. UN&, -$#$+-&=$+#&D %,$ :&0&#,-1) 

#./"/"/,7%<07 +&,.5 #/%5#$) "/= &-M.5?&, #/ :/0D2,/ #7) ACC $"$%,05+7) (ACD) 

$"E #/ +#<'&N/) 6G5 #/= Pseudomonas sp. (Klee et al.,1991) -$, "/= 2&0 "$.5:&, 

$,9='<0,/ -$, %,$ %&#$''$:%<07 +&,.5 -$"0/A (Tetr) "/= 2&0 $0#,'$%;50&#$, #/ 

$,9='<0,/ (Knoester et al., 1998) %<+4 #/= %&#$+N7%$#,+%/A #7) %& #/0 

%&#$''$:%<0/ ="/2/N<$ #/= $,9='&0D/= etr1-1 $"E #/ Arabidopsis (Bleecker et al., 

1988). >$ M=#5 $=#5 "$./=+D$+$0 &D#& "&.,++E#&.7 ( ',:E#&.7 $+9<0&,$ E#$0 

%/'A097-$0 %& 2,5M/.$ "$9/:E0$ (3D0$-$) 2.1). >/ $,9='<0,/ M507-& 0$ %&,10&, 

#70 $+9<0&,$ +& 2,5M/./=) 0&-./#./M,-/A) %A-7#&) -$, ;$-#(.,$ ( +& "$9/:E0$ 

"/= <N/=0 $05%,-#/ 0&-./#./M,-E – ;,/#./M,-E -A-'/ ?4() $M/A M=#5 "/= 2&0 

$0#,'$%;50/0#$, #/ $,9='<0,/ <2&,*$0 $=*7%<0$ +=%"#1%$#$ +& $=#5 #$ "$9/:E0$. 

R& $0#D9&+7, 7 &%M50,+7 ',:E#&.40 +=%"#4%5#40 +#$ "$.$"504 %&#$''$:%<0$ 

M=#5 ="<2&,*& E#, #/ $,9='<0,/ "./-5'&+& $+9<0&,&) $"E 2,5M/.$ 5''$ "$9/:E0$ 

-$, ;$-#(.,$ -$91) -$, #70 %E'=0+7 $"E <0$ 07%$#127 -$, #70 &"D9&+7 &0E) 

&0#E%/= (3D0$-$) 2.1). !"D+7), 7 $2=0$%D$ ".E+'7P7) $,9='&0D/= +#/0 Tetr -$"0E 

/2(:7+& #$ M=#5 +#/ 0$ %/'=09/A0 +/;$.5 $"E &2$M/:&0&D) %7 "$9/:E0/=) -$#5 

-$0E0$ %A-7#&) (Knoester et al., 1998ú Geraats et al., 2002ú Geraats et al., 2003). 

W+#E+/, 5''$ $"/#&'<+%$#$ &D0$, $0#,M$#,-5 -$, 2&DN0/=0 &D#& $A*7+7 #7) $+9<0&,$) 

( %&,4%<0$ +=%"#1%$#$ -$#5 #7 %E'=0+7 +& <0$ *&0,+#( $"E #/ D2,/ "$9/:E0/ (".N. 

#/ ;$-#(.,/ Xanthomonas campestris pv. campestris +& M=#5 Arabidopsis Col-0) 

(3D0$-$) 2.1). I, Bent -$, +=0&.:5#&) (Bent et al., 1992) <2&,*$0 E#, #/ %&#$''$:%<0/ 

M=#E ein2, "/= 2&0 %"/.&D 0$ %&#$21+&, #/ +(%$ #/= $,9='&0D/=, (#$0 $09&-#,-E +#/ 

;$-#(.,/ X. campestris pv. campestris &01 /, O’Donnell -$, +=0&.:5#&) (2003) 

$0<M&.$0 ",/ <0#/0$ +=%"#1%$#$ +#$ %&#$''$:%<0$ M=#5 etr1 -$, etr2, 

="/2&,-0A/0#$) $=*7%<07 &="59&,$ #40 M=#10 +#/ +=:-&-.,%<0/ ;$-#(.,/. 

!",".E+9&#$ #$ M=#5 ein2 "$./=+D$+$0 $=*7%<07 &="59&,$ +#/ 0&-./#./M,-E 

%A-7#$ B. cinerea (Thomma et al., 1999ú Brouweret al., 2003) -$, +#/ 0&-./#./M,-E 

;$-#(.,/ Erwinia carotovora (Norman-Setterbladet al., 2000) &01 2&0 <2&,*$0 -5"/,$ 

$''$:( +#70 &="59&,$ #/=) +#/ ;,/#./M,-E 4/%A-7#$ Hyaloperonospora parasitica 

-$, #/ ;,/#./M,-E ;$-#(.,/ P. syringae pv. tomato (Lawton et al., 1994ú, Lawton et 

al., 1995ú Pieterse et al., 1998). 60#D9&#$, 7 ="&.-&0&.:/"/D7+7 #40 $0#,2.5+&40 

$,9='&0D/= %<+4 #7) ="&.<-M.$+7) #/= AtERF1 +& M=#5 Arabidopsis $A*7+& #70 

$09&-#,-E#7#$ +#$ "$9/:E0$ B. cinerea, Plectosphaerella cucumerina, -$, 2,5M/.$ 

&D27 F. oxysporum $''5 %&D4+& #70 SA-&*$.#1%&07 $0&-#,-E#7#$ &0$0#D/0 #/= 
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;$-#7.D/= P. syringae pv. tomato (Berrocal-Lobo et al., 2002ú Berrocal-Lobo -$, 

Molina, 2004ú McGrath et al., 2005). 6"E #70 5''7, 7 ="&.<-M.$+7 #/= NtERF5 $"E 

#/ Nicotiana tabacum /2(:7+& +& $=*7%<07 $09&-#,-E#7#$ #40 %&#$+N7%$#,+%<040 

M=#10 +#/0 ,E TMV (Fischer -$, Droge-Laser, 2004). I%/D4), 7 ="&.<-M.$+7 #40 

ERF :/0,2D40 Pti4 -$, Pti5 $"E #/%5#$ +& M=#5 Arabidopsis /2(:7+& +& 

$09&-#,-E#7#$ +#$ "$9/:E0$ P. syringae -$, Erysiphe orontii (He et al., 2001ú Gu et 

al., 2002). @&.,-<) ".E+M$#&) &.:$+D&) "/= <:,0$0 %& "$9/:E0$ #/= :<0/=) 

Verticillium spp. <2&,*$0 E#, $"E E'$ #$ %&#$''$:%<0$ +#/ %/0/"5#, #/= $,9='&0D/= 

M=#5 Arabidosis "/= N.7+,%/"/,(97-$0 %E0/ #$ etr1-1 <2&,*$0 $=*7%<07 

$0&-#,-E#7#$ +#70 "./+;/'( $"E #/0 %A-7#$ (Veronese et al., 2003ú Tjamos et al., 

2005ú Johansson et al., 2006), #$ ein3-1 -$, eto1-1 M=#5 &DN$0 E%/,&) $0#,2.5+&,) %& 

#$ M=#5 $:.D/= #A"/= &01 #$ ein2-1, ein4-1 -$, ein6-1 <2&,*$0 $=*7%<07 &="59&,$ 

(Johansson et al., 2006). R& %,$ 5''7 ".E+M$#7 &.:$+D$ "/= N.7+,%/"/,(97-$0 

"$9/:E0$ #/= :<0/=) Fusarium spp. o, Berrocal-Lobo -$, Molina (2007) 

"$.$#(.7+$0 E#, #$ M=#5 ein2-5 (#$0 ",/ &="$9( +#/=) %A-7#&) Fusarium 

oxysporum f. sp. conglutinans -$, Fusarium oxysporum f. sp. lycopersici +& +N<+7 %& 

#$ M=#5 $:.D/= #A"/=. K&0,-5, $=#5 #$ $"/#&'<+%$#$ <2&,*$0 E#, /, %&#$:.$M,-/D 

"$.5:/0#&) ERF &%"'<-/0#$, +#/=) $%=0#,-/A) %7N$0,+%/A) "/''10 M=#,-10 

&,210, $''5 7 &"D2.$+( #/=) +#70 $09&-#,-E#7#$ ;$+D?&#$, +#7 +=:-&-.,%<07 

$''7'&"D2.$+7 "$9/:E0/= – *&0,+#(. 

>/ $,9='<0,/, "<.$ $"E #7 +=%%&#/N( #/= +#/=) $%=0#,-/A) %7N$0,+%/A) 

#40 M=#10, M$D0&#$, 0$ &"7.&5?&, -$, &-2('4+7 #40 +=%"#4%5#40 #40 $+9&0&,10. 

K,$ "$.52&,:%$, #$ %&#$''$:%<0$ ein2 M=#5 <2&,*$0 ',:E#&.$ N'4.4#,-5 

+=%"#1%$#$ +& +N<+7 %& #$ M=#5 $:.D/= #A"/= %&#5 $"E %E'=0+7 %& #$ ;$-#(.,$ 

Xanthomonas campestris ( P. syringae, "$.E'/ "/= 7 "/+E#7#$ #40 "$9/:E040 

(#$0 7 D2,$ +#/=) ,+#/A) #40 *&0,+#10 (Bent et al., 1992). I%/D4) #$ %7 &=$D+97#$ 

+#/ $,9='<0,/ M=#5 +E:,$) (#$0 ',:E#&./ N'4.4#,-5 $"E #$ $:.D/= #A"/= M=#5 %&#5 

#7 %E'=0+7 %& "$9/:E0$ +#&'<N7 P. syringae pv. glycinea (Hoffman et al., 1999). 

6=#( 7 $+=%M40D$ %"/.&D 0$ &*7:79&D $"E #/ :&:/0E) E#,, &-#E) $"E #/ .E'/ #/= 

+#/=) $%=0#,-/A) %7N$0,+%/A), #/ $,9='<0,/ &%"'<-&#$, +& "/''<) 5''&) 

M=+,/'/:,-<) 2,$2,-$+D&) #40 M=#10 "/= +=%"&.,'$%;50/=0 #/=) %7N$0,+%/A) #7) 

N'1.4+7), :(.$0+7) -$, -=##$.,-() 0<-.4+7) (Abeles et al., 1992). !D0$, "./M$0<) 

E#, "$.’ E'&) #,) <.&=0&) "/= <:,0$0, &D0$, "/'A 2A+-/'/ 0$ "./+2,/.,+#&D / .E'/) 

#/= $,9='&0D/= +#70 -59& $+9<0&,$ E#$0 "&.,:.5M&#$, %E0/ 7 +=%"#4%$#/'/:,-( 

&,-E0$. R$0 #&',-( "$.$#(.7+7, <N&, $"/2&,N9&D E#, 2,5M/.$ M=#/"$9/:E0$ 

"$.5:/=0 $=#E0/%$ $,9='<0,/ #E+/ in vitro E+/ -$, in planta. ><#/,$ "$.$2&D:%$#$ 
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"$9/:E040 "/= "$.5:/=0 $,9='<0,/ &D0$, /, %A-7#&) B. cinerea (Cristescu et al., 

2002) V. dahliae -$, F. oxysporum (Tzeng -$, De Vay, 1984) -$, #/ ;$-#(.,/ P. 

syringae (Nagahama et al., 1991ú Weingart -$, Voelksch, 1997). I .E'/) #7) 

"$.$:4:()  $,9='&0D/= $"E #$ "$9/:E0$ &D0$, $+$M() E"4) -$, 7 +7%$0#,-E#7#$ 

#/= +#,) $''7'&",2.5+&,) "$9/:E0/= – *&0,+#(. Y#$0 "$.5:&#$, $,9='<0,/ $"E #/=) 

"$9/:E0/=) %A-7#&) ( ;$-#(.,$ 4) "$.5:/0#$) %E'=0+7), 7 <''&,P7 $0#D'7P7) #/= 

$,9='&0D/= +& %&#$''$:%<0$ M=#5 &D0$, ",9$0E0 0$ "$.&%"/2D?&, #70 2.$+#7.,E#7#$ 

#/= "$9/:E0/= -$, #70 &-2('4+7 #40 +=%"#4%5#40 $0&*5.#7#$ $"E #$ ".$:%$#,-5 

&"D"&2$ $09&-#,-E#7#$) #40 M=#10. 

ES2&+&T 2.1. @&#$''$:%<0$ -$, :&0&#,-1) #./"/"/,7%<0$ M=#5 #/= $,9='&0D/= %& %&#$;'79&D+$ 
&="59&,$ +#$ "$9/:E0$.

 &
?4'920*&: +, $=*7%<07 -, %&,4%<07; = N4.D) $''$:(; $0&-#,-5, #$ M=#5 &D0$, 

&="$9( -$, $"/,-D?/0#$, $"E #/ "$9/:E0/ $''5 2&0 <N/=0 &%M$0( +=%"#1%$#$. 
 
HS=$T ;"#$1 -0#:((&V3 , E&'$)<2$ HS=$T ?4'920*&

&
 

 )020#*+, #.$%$%$S343    

Arabidopsis ein2-1 Botrytis cinerea J&-./#./M,-E + 
Arabidopsis ein2-5, ein3-1 Botrytis cinerea J&-./#./M,-E + 
Arabidopsis etr1-1, ein2-1 Chalara elegans J&-./#./M,-E + 
Arabidopsis ein2-1 Erwinia carotovora pv. carotovora J&-./#./M,-E + 
Arabidopsis ein2-5 Fusarium oxysporum f.sp conglutinans J&-./#./M,-E + 
Arabidopsis ein2-5 Fusarium oxysporum f.sp lycopersici J&-./#./M,-E + 
Arabidopsis etr1-1, ein2-1 Fusarium oxysporum f.sp matthiolae J&-./#./M,-E + 
Arabidopsis etr1-1, ein2-1 Fusarium oxysporum f.sp raphani 605%,-#/) - 
Arabidopsis eto1 – eto3 Heterodera schachtii O,/#./M,-E + 
Arabidopsis etr1-1, ein2-1 Heterodera schachtii O,/#./M,-E - 
Arabidopsis ein3-1, eir1-1, axr2 Heterodera schachtii O,/#./M,-E - 
Arabidopsis ein2-5 Plectosphaerella cucumerina J&-./#./M,-E + 
Arabidopsis ein2-1 Pseudomonas syringae pv. maculicola 605%,-#/) - ($0&-#,-5) 
Arabidopsis ein2-1,-3,-4,-5 Pseudomonas syringae pv. tomato 605%,-#/) - 
Arabidopsis etr1-1, ein2-1 Pythium spp. J&-./#./M,-E + 
Arabidopsis ein2-1, eto3 Ralstonia solanacearum J&-./#./M,-E - 
Arabidopsis etr1 Spodoptera exigua Q=#/M5:/ - 
Arabidopsis ein2-1, hls1-1 Spodoptera littoralis Q=#/M5:/ - 
Arabidopsis etr1-1 Verticillium dahliae J&-./#./M,-E - 
Arabidopsis etr1-1, etr2-1 Xanthomonas campestris pv. campestris 605%,-#/) + 
Arabidopsis ein2-1 Xanthomonas campestris pv. campestris 605%,-#/) - 
Arabidopsis eto1-1 Xanthomonas campestris pv. campestris 605%,-#/) + 
3$#5#$ AtEtr1, AtEtr1AS Phytophthora infestans 605%,-#/) + 
RE:,$ Gmetr1, Gmetr2 Phytophthora sojae 605%,-#/) -/= 
RE:,$ Gmetr1, Gmetr2 Pseudomonas syringae pv. glycinea 605%,-#/) -/= 
RE:,$ Gmetr1, Gmetr2 Rhizoctonia solani J&-./#./M,-E =/+ 
RE:,$ Gmetr1, Gmetr2 Septoria glycines J&-./#./M,-E =/+ 
8$"0E) Atetr1-1 (Tetr) Botrytis cinerea J&-./#./M,-E + 
8$"0E) Atetr1-1 (Tetr) Cercospora nicotianae J&-./#./M,-E + 
8$"0E) Atetr1-1 (Tetr) Chalara elegans J&-./#./M,-E + 
8$"0E) Atetr1-1 (Tetr) Colletotrichum destructivum 605%,-#/) + 
8$"0E) Atetr1-1 (Tetr) Erwinia carotovora pv. carotovora J&-./#./M,-E + 
8$"0E) Atetr1-1 (Tetr) Fusarium oxysporum J&-./#./M,-E + 
8$"0E) Atetr1-1 (Tetr) Fusarium solani J&-./#./M,-E + 
8$"0E) Atetr1-1 (Tetr) Oidium neolycopersici O,/#./M,-E -/= 
8$"0E) Atetr1-1 (Tetr) Peronospora parasitica O,/#./M,-E - 
8$"0E) Atetr1-1 (Tetr) Pythium sylvaticum J&-./#./M,-E + 
8$"0E) Atetr1-1 (Tetr) Pythium spp. J&-./#./M,-E + 
8$"0E) Atetr1-1 (Tetr) Ralstonia solanacearum J&-./#./M,-E =/+ 
>/%5#$ ACD Botrytis cinerea J&-./#./M,-E + 
>/%5#$ Epi Botrytis cinerea J&-./#./M,-E - 
>/%5#$ ACD Verticillium dahliae J&-./#./M,-E - ($0&-#,-5) 
>/%5#$ ACD Xanthomonas campestris pv. vesicatoria 605%,-#/) - ($0&-#,-5) 
>/%5#$ NR, Nr Xanthomonas campestris pv. vesicatoria 605%,-#/) - ($0&-#,-5) 
>/%5#$ Nr Fusarium oxysporum f.sp lycopersici J&-./#./M,-E - 
>/%5#$ Nr Pseudomonas syringae pv. E(-D+" 605%,-#/) - ($0&-#,-5) 
>/%5#$ Nr Xanthomonas campestris pv. vesicatoria 605%,-#/) - ($0&-#,-5) 
>/%5#$ Atetr1-1-LeEtr3 Xanthomonas campestris pv. vesicatoria 605%,-#/) - 

3./+$.%/:( $"E TRENDS in Plant Science, 2006 11: 184-191
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2.3. -HNC/CICM>? 

2.3.1 !"#*+< "(*+< 

>$ M=#5 "/= N.7+,%/"/,(97-$0 :,$ #70 ".$:%$#/"/D7+7 #40 "&,.$%5#40 

$0(-/=0 +#/ &D2/) A. thaliana, /,-E#="/) Columbia, #7) /,-/:<0&,$) #40 

R#$=.$0910.  

H.7+,%/"/,(97-$0 #$ &*() M=#5: 

! I 5:.,/) #A"/) #/= M=#/A, WT. 

! B,$:/0,2,$-5 NahG, (Lawton et al., 1995) "/A M<./=0 #/ ;$-#7.,$-E :/0D2,/ 

NahG "/= -42,-/"/,&D #70 =2./*='5+7 #/= +$',-=',-/A /*</) -$, %&#$#.<"&, #/ 

+$',-=',-E /*A +& -$#&NE'7 (Dalaney et al, 1994), %& $"/#<'&+%$ #7 %7 

+=++1.&=+7 +$',-=',-/A /*</) +#/ M=#E. 

! @&#$''$:%<0$ sid2 (Nawrath -$, Metraux, 1999) +#$ /"/D$ 2&0 -42,-/"/,&D#$, 7 

,+/N/.,+%,-( +=09&#5+7 "/= -$#$'A&, #70 $0#D2.$+7 +A09&+7) +$',-=',-/A 

/*</) $"E #/ N/.,+%,-E /*A (Wildermuth et al, 2001). 

! @&#$''$:%<0$ sid1/eds5 (Nawrath -$, Metraux, 1999) +#$ /"/D$ 2&0 

-42,-/"/,&D#$, 7 ".4#&T07 %&%;.507) "/= +=%%&#<N&, +#7 +A09&+7 +$',-=',-/A 

/*</) $"E #/ N/.,+%,-E /*A. 

! @&#$''$:%<0$ etr1 (Bleecker et al., 1988), +#$ /"/D$ 2&0 $0$:04.D?&#$, #/ 

$,9='<0,/ -$, 2&0 -42,-/"/,&D#$, / ETR1 ="/2/N<$) $,9='&0D/= #7) ="//,-/:<0&,$) G. 

! @&#$''$:%<0$ ein2-1 (Roman et al., 1995), +#$ /"/D$ 2&0 $0$:04.D?&#$, #/ 

$,9='<0,/ -$, 2&0 -42,-/"/,&D#$, 7 ".4#&T07 !GJ2 "/= &D0$, 9&#,-E) .=9%,+#() #40 

$0#,2.5+&40 $,9='&0D/=. 

! @&#$''$:%<0$ ein3-1 (Roman et al., 1995), +#$ /"/D$ 2&0 $0$:04.D?&#$, #/ 

$,9='<0,/ -$, 2&0 -42,-/"/,&D#$, / %&#$:.$M,-E) "$.5:/0#$) !GJ3 "/= &D0$, 9&#,-E) 

.=9%,+#() #40 $0#,2.5+&40 $,9='&0D/=. 

! @&#$''$:%<0$ ein4 (Roman et al., 1995), +#$ /"/D$ 2&0 $0$:04.D?&#$, #/ 

$,9='<0,/ -$, 2&0 -42,-/"/,&D#$, / EIN4 ="/2/N<$) $,9='&0D/= #7) ="//,-/:<0&,$) GI. 

! @&#$''$:%<0$ ein5-1 (Roman et al., 1995), +#$ /"/D$ 2&0 $0$:04.D?&#$, #/ 

$,9='<0,/ -$, 2&0 -42,-/"/,&D#$, / %&#$:.$M,-E) "$.5:/0#$) !GJ5 "/= &D0$, 9&#,-E) 

.=9%,+#() #40 $0#,2.5+&40 $,9='&0D/=. 

! @&#$''$:%<0$ jar1 (Staswick et al., 1992), +#$ /"/D$ 2&0 $0$:04.D?&#$, #/ 

,$+%/0,-E /*A 

! @&#$''$:%<0$ pad3 (Glazebrook -$, Ausubel, 1994), 2&0 +N7%$#D?/=0 #70 

M=#/$'&*D07 -$%$'&*D07 (camalexin). 
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! @&#$''$:%<0$ pad4 (Glazebrook et al., 1996), +#$ /"/D$ 2&0 -42,-/"/,&D#$, 

".4#&T07 "/= M<.&, %,$ 2/%,-( "&.,/N( ',"5+7) -$, "/= &'<:N&, #7 "$.$:4:( #7) 

M=#/'&*D07) -$%$'&*D07.  

! @&#$''$:%<0$ npr1 (Cao et al., 1997), +#$ /"/D$ 2&0 &-M.5?/0#$, /, PR 

".4#&T0&), 2,$-E"#&#$, 7 2.5+7 #/= +$',-=',-/A /*</) 4) +(%$ &"$:4:(). 

R"E./, A. thaliana #/= /,-E#="/= Columbia (Col-0) -$, #7) :&0&#,-1) 

#./"/"/,7%<07) +&,.5) NahG "./('9$0 $"E #70 Syngenta (Basel, Switzerland); /, 

%&#$''$:%<0&) +&,.<) etr1-1, ein2-1, ein3-1, ein4, ein5-1, jar1-1, npr1-1, pad3-1, 

pad4-1 $"/-#(97-$0 $"E #/ Nottingham Arabidopsis Stock Center (Nottingham, 

U.K.) -$, /, eds5/sid1 -$, sid2, "./+M<.97-$0 $"E #/0 B.. J. P. Métraux (University 

of Fribourg, Switzerland). Y'/, /, +"E./, $"/97-&A#7-$0 +#/=) 4ûC. I, +"E./, 

#/"/9&#(97-$0 +& :'$+#.5-,$ 2,$%<#./= 6 &-$#/+#10, #$ /"/D$ "&.,&DN$0 "&.D"/= 

200 cm3 N1%$ (Potground; Klasmann, Deilmann, Germany), -$'AM97-$0 %& 2,$M$0( 

%&%;.507 -$, #/"/9&#(97-$0 +#/=) 4ûC :,$ 4 7%<.&) :,$ #7 2,$-/"( #/= '795.:/=. 

6-/'/A94) %&#$M<.97-$0 +& 9&.%/-(",/ &'&:N/%<040 +=097-10 9&.%/-.$+D$) -$, 

M4#E) +#/=) 25 °C %& M4#/"&.D/2/ 14 4.10. L %&%;.507 $"/%$-.A097-& $"E #$ 

:'$+#.5-,$ 5 7%<.&) %&#5 #7 ;'5+#7+7 #40 +"E.40. >$ M=#5 "/#D+#7-$0 -$, 

',"5097-$0 %& 9.&"#,-E 2,5'=%$ (XL 60, Hortifeeds, Lincoln, UK) E"/#& $=#E (#$0 

$"$.$D#7#/. 

2.3.2 D#0(973 ;"#$%&'$)<252 6"+,#52 +&* %.$0#$*6&4S& 

6$(146&#$T 

I, $"/%/01+&,) V. dahliae (Tjamos et al., 2005) -$, F. oxysporum f. sp. 

raphani WCS600 (Pieterse et al., 1996) %& :04+#( "$9/:<0&,$ +& M=#5 A. thaliana, 

N.7+,%/"/,(97-$0 +#$ "&,.5%$#$. 8$, #$ 2A/ +#&'<N7 2,$#7.(97-$0 +#/=) -80oC 4) 

$,1.7%$ -/0,2D40 4x107 ml-1 +& 25% =2$#,-( :'=-&.E'7 (Maniatis et al., 1982). 3.,0 

N.7+,%/"/,79/A0, /, %A-7#&) %&#$M<.97-$0 +& 9.&"#,-E =',-E PDA (Merck) -$, 

#/"/9&#(97-$0 +& &"4$+#,-E 95'$%/ +#/=) 25oC :,$ "<0#& 7%<.&). K,$ #70 

"$.$+-&=( #/= %/'A+%$#/) #40 "&,.$%5#40 "$9/:<0&,$), +=''<N97-& #%(%$ #7) 

$0$"#=++E%&07) -$'',<.:&,$) #40 ="E %&'<#7 +#&'&N10 $"E #.=;'D/ -$, 

%&#$M<.97-& :,$ &"1$+7 +& M,5'7 Earlenmayer 250 ml "/= "&.,&DN& 100 ml 

9.&"#,-/A ="/+#.1%$#/) sucrose sodium nitrate (SSN) (Sinha -$, Wood, 1968). >$ 

+#&'<N7 V. dahliae -$, F. oxysporum f. sp. raphani &"45+#7-$0 +& "&.,+#.&ME%&0/ 

&"4$+#,-E -'D;$0/ +#,) 120 ( 180 +#./M<) $05 '&"#E -$, +#/=) 22 ( 28 oC :,$ "<0#& 

( 2A/ %<.&), $0#D+#/,N$. 6-/'/A97+& 2,(97+7 #40 -$'',&.:&,10 +& #=.E"$0/, 

M=:/-<0#.7+7 :,$ 10 '&"#5 +#,) 10000 g, +#/=) 12 oC -$, &"$0$,4.7%$#/"/D7+7 +& 
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$"/+#&,.4%<0/ $",/0,+%<0/ 0&.E. 3.,0 #70 &M$.%/:( #/=) +#$ M=#5, 

27%,/=.:(97-& $,1.7%$ +=:-<0#.4+7) 107 -/0,2D40 $05 ml %& #7 ;/(9&,$ 

$,%$#/-=#/%<#./=. 

 

2.3.3 /$+*69T %&'$)920*&T 40 60#&((&)692& ;"#: Arabidopsis. 

K,$ #70 2,&.&A07+7 #/= .E'/= #40 :/0,2D40 #40 %/0/"$#,10 $0#D'7P7) #/= 

+$',-=',-/A /*</), #/= ,$+%/0,-/A /*</) -$, #/= $,9='&0D/= +#70 5%=0$ #40 M=#10 

&0$0#D/0 #40 %=-(#40 V. dahliae -$, F. oxysporum f. sp. raphani, %&#$''$:%<0$ M=#5 

A. thaliana +#$ "$.$"504 :/0D2,$, 7',-D$) #.,10 &;2/%5240, %/'A097-$0 %& 10 ml 

$,4.(%$#/) +=:-<0#.4+7) 107 -/0,2D40 $05 ml #40 %=-(#40 %& .,?/"E#,+%$. >$ 

M=#5 %5.#=.&) .,?/"/#D+#7-$0 %& 10 ml $"/+#&,.4%<0/ $",/0,+%<0/ 0&.E. >$ 

"&,.5%$#$ "$9/:<0&,$) &"$0$'(M97-$0 #.&,) M/.<). >/ "/+/+#E #7) $+9<0&,$) +& 

-59& %<#.7+7 ="/'/:D+#7-& $"E #/0 $.,9%E #40 MA''40 "/= "$./=+D$+$0 

+=%"#1%$#$ +& +N<+7 %& #/ +=0/',-E $.,9%E MA''40 -59& M=#/A. L ".E/2/) #7) 

$+9<0&,$) -$#$:.5M7-& :,$ -59& "$9/:E0/ +& +=:-&-.,%<0$ N./0,-5 2,$+#(%$#$ -$, 

="/'/:D+#7-& / 2&D-#7) AUDPC (area under the disease progress curve, &%;$2E0 

-5#4 $"E #70 -$%"A'7 "./E2/= #7) $+9<0&,$)). 6-/'/A97+& :.$M,-( "$.5+#$+7 

#40 "/+/+#10 $+9<0&,$) -59& &"<%;$+7) +& +N<+7 %& #/ N.E0/. @& ;5+7 #/ 

&%;$2E0 #7) -$%"A'7) "./E2/= #7) $+9<0&,$) "/= "./<-=P& ="/'/:D+#7-& / 

2&D-#7) AUDPC, +A%M40$ %& #7 %<9/2/ #40 Campbell -$, Madden (1990). 

3./-&,%<0/= 0$ +=+N&#,+#&D / 2&D-#7) AUDPC %& #70 <0#$+7 #7) $+9<0&,$), / 2&D-#7) 

$=#E) &-M.5+#7-& 4) "/+/+#E #7) %<:,+#7) #,%() AUDPC :,$ E'7 #70 2,5.-&,$ #/= 

"&,.5%$#/) ("/= $0#,+#/,N&D +& 100 % "./+;/'() -$, $0$M<.97-& 4) "/+/+#E 

$+9<0&,$) ;5+7 AUDPC (Korolev et al., 2001). >,%<) %& ;5+7 $=#E #/ "/+/+#E :,$ 

-59& &"<%;$+7 ="/;'(97-$0 +& +#$#,+#,-( $05'=+7 %& #7 %<9/2/ ANOVA -$, /, 

%<+/, E./, 2,$N4.D+#7-$0 %& "/''$"'( 2/-,%( -$#5 Tukey (Tukey’s multiple range 

test). >$ "&,.5%$#$ "$9/:<0&,$) &"$0$'(M97-$0 3 M/.<) %& 15 &"$0$'(P&,) $05 

"&D.$%$. 

2.3.4 D70=*&46<T 0++*23#82 

 K,$ #$ "&,.5%$#$ "/+/#,-/"/D7+7) #7) ;,/%5?$) #40 "$9/:E040 +#$ M=#5 

A. thaliana +N&2,5+#7-$0 &--,07#<) "504 +#,) ITS1 -$, ITS2 "&.,/N<) #/= :/0,2D/= 

5.8S .,;/+4%,-/A RNA (Z29511) #/= %A-7#$ V. dahliae <#+, 1+#& 0$ &0,+NA&#$, 

#%(%$ %(-/=) 347 ?&=:10 ;5+&40. R#70 "&.D"#4+7 #/= F. ox. f. sp. raphani, 

".$:%$#/"/,(97-& +N&2,$+%E) &--,07#10 "504 +#/ :/0D2,/ #7) 

&02/"/'=:$'$-#/=./05+7) PG5 (AB256876), <#+, 1+#& 0$ &0,+NA&#$, <0$ #%(%$ 
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331 ?&=:10 ;5+&40. RN&2,5+#7-$0 &"D+7) &*&,2,-&=%<0/, &--,07#<) :,$ #7 %&'<#7 #7) 

<-M.$+7) :/0,2D40 #/= M=#/A A. thaliana, "/= &%"'<-/0#$, +#70 5%=0$ #40 M=#10, 

"/= N.7+,%/"/,(97-$0 +& cDNA $"E M=#5 "/= &DN$0 %/'=09&D %& #/ %A-7#$ 

Verticillium dahliae. ><'/), +N&2,5+#7-$0 &--,07#<) "504 +#70 $''7'/=ND$ #/= 

:/0,2D/= "2-tubulin (M84696) #/= M=#/A A. thaliana "/= N.7+,%/"/,(97-$0 4) 

&+4#&.,-( +#$9&.5 :,$ #70 -$0/0,-/"/D7+7 2,$M/.10 +#,) $.N,-<) "/+E#7#&) DNA 

-$, cDNA "/= N.7+,%/"/,(97-$0 +#,) $0#,2.5+&,) Real-time PCR. R#/0 3D0$-$ 2.3.1 

"$./=+,5?/0#$, +=:-&0#.4#,-5 /, $''7'/=ND&) E'40 #40 &--,07#10 "/= 

N.7+,%/"/,(97-$0 +#$ "&,.5%$#$. R#/ 3$.5.#7%$ 2D0/0#$, E'&) /, $''7'/=ND&) #40 

="E %&'<#7 :/0,2D40 E"/= <N/=0 &",+7%$09&D /, "&.,/N<) "504 +#,) /"/D&) 

+N&2,5+#7-$0 /, &--,07#<). 

ES2&+&T 2.3.1: CD+#$ E'40 #40 ="E &*<#$+7 :/0,2D40 -$, #$ ?&A:7 &--,07#10 "/= 
N.7+,%/"/,(97-$0 +#,) $0#,2.5+&,) Real-time PCR. 

 

K/0D2,/ AGI1 code ^&A:7 &--,07#10 

PR-1 AT2G14610 
5’-TCACAACCAGGCACGAGGAG-3’ 
5’-CACCGCTACCCCAGGCTAAG-3’ 

PR-2 AT3G57260 
5’-GCTCTCCGTGGCTCTGACATC-3’ 
5’-TACCGGAATCTGACACCATCTCTG-3’ 

PR-3 AT3G12500 
5’-TTATCACCGCTGCAAAGTCCT-3’ 
5’-TGGCGCTCGGTTCACAGTA-3’ 

PR-4 AT3G04720 
5’-ATAATCCGGCGCAGAATAAT-3’ 
5’-GCGGTCCAGCCATACTTG-3’ 

PR-5 AT1G75040 
5’-GACTCCAGGTGCTTCCCGACAG-3’ 
5’-ACTCCGCCGCCGTTACATCTT-3’ 

PDF1.2 AT5G44420 
5’-CTGTTACGTCCCATGTTAAATCTACC-3’ 
5’-CAACGGGAAAATAAACATTAAAACAG-3’ 

CHI-1 AT2G43620 
5’-CGGCTGCCCAATCGTTCG-3’ 
5’-ACCGCGGCCGTAGTAGTCTTTTC-3’ 

CHI-2 AT2G43570 
5’-GCTTCGGTGCTTCCATCTCC-3’ 
5’-GCCATAGTAGCCCTTTCCTTGTG-3’ 

WRKY18 AT4G31800 
5’-AGCGCAAGTGAGTTACGAG-3’ 
5’-ATCCGGGTCTTGTTTTCTTTTCT-3’ 

WRKY22 AT4G01250 
5’-CCCGTAAACAAGTGGAGCGAAATA-3’ 
5’-CACCGGAGACGATGAATAAGTAGC-3’ 

WRKY30 AT2G38470 
5’-AGTACGGACAAAAACAGGTGAAA-3’ 
5’-TCGTTGGACAATTAGGGAAAGT-3’ 

WRKY40 AT1G80840 
5’-GCTTAAACCGCCACATCTCT-3’ 
5’-GTAGTCACCGGCACAGTCAAG-3’ 

WRKY53 AT4G23810 
5’-CAGACGGGGATGCTACGGTTTTC-3’ 
5’-CGGCGAGGCTAATGGTGGTGT-3’ 

WRKY60 AT2G25000 
5-‘TAATCTTATGGAGGAGTTGC-3’ 
5-‘ACCGTCGCTTTATCGTT-3’ 

ERF1 AT5G50080 
5’-GTTTGGCTCGGGACGTTTGATAC-3’ 
5’-AGAGGAGGGGGAGGAGGAAGAAT-3’ 

ERF2 AT3G16770 
5’-CGGGGAAACGGAGGAAGAGG-3’ 
5’-GCGATGACGGCGGAGGAGTAT-3’ 

Myb32 AT4G34990 
5’-TCATCAAACTACATAGCCTTCTCG-3’ 
5’-CCCTTTTCTTAATAGCTTCCTCTT-3’ 

Myb75 AT1G56650 
5’-GATCTTCTTCTTCGCCTTCA-3’ 
5’-CACGGTTCATGTTTCTTACTCA-3’ 

VSP1 AT5G24780 5’-TTTTACGCCAAAGGACTTGC-3’ 
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5’-AATCCCGAGTTCCAAGAGGT-3’ 

VSP2 AT5G24770 
5'-TCAGTGACCGTTGGAAGTTGTG-3' 
5'-GTTCGAACCATTAGGCTTCAATATG-3' 

ATGSTF8 AT2G47730 
5’-CTCGAAGGTAAGCTCCAGAAAG-3’ 
5’-TCACCAGCCAAGAACTCAGATT-3’ 

ATGSTF12 AT5G17220 
5’-GGTCAAGTTCCAGCCATAGA-3’ 
5’-TTGCCCAAAAGGTTCGT-3’ 

ATGSTU16 AT1G59700 
5’-TCGCTCTTCGTCTCAAATCAGTGG-3’ 
5’-AATCGGTTTGTTGTTGTGGAGGAG-3’ 

ATGSL05 AT4G03550 
5’-GAATGCATTATGGCCACCCTGAT-3’ 
5’-TTAAACCCGGCAAAGATGTCCTC-3’ 

RAB AT3G02480 
5’-AGGATGCTGCTGCTTCA-3’ 
5’-TTAGTGGCTTTTGTTCAT-3’ 

RAB18 AT5G66400 
5’-AGTGGTGGTGGCTTGGGAGGAAT-3’ 
5’-ACCACCGTAGCCACCAGCATCAT-3’ 

UGT73B1 AT4G34138 
5’-CATATCGGTCCGCTTTCCTTAG-3’ 
5’-CTTGCCTTTTTGCCTCTTTCTG-3’ 

SDR1 AT1G52340 
5’-AACTCGCTTTGGCTCATTTG-3’ 
5’-GTCAGTTCCACCCCTTTTAGATTC-3’ 

AtMYC2 AT1G32640 
5'-TCATACGACGGTTGCCAGAA-3' 
5'-AGCAACGTTTACAAGCTTTGATTG-3' 

RD22 AT5G25610 
5'-CTGTTTCCACTGAGGTGGCTAAG-3' 
5'-TGGCAGTAGAACACCGCGA-3' 

ABI1 AT4G26080 
5'-CGGCAAAACTGCACTTCCAT-3' 
5'-CACGAGCTCCATTCCACTGAA-3' 

KIN1 AT5G15960 
5'-GCTGGCAAAGCTGAGGAGAA-3' 
5'-TTCCCGCCTGTTGTGCTC-3' 

K/0D2,/ 
GenBank 

accession no 
^&A:7 &--,07#10 

5.8S rRNA Z29511 
5’-CCGCCGGTCCATCAGTCTCTCTGTTTATAC-3’ 
5’-CGCCTGCGGGACTCCGATGCGAGCTGTAAC-3’ 

PG5 AB256876 
5’-CGAGGGTAAGAGATGGTGGGATGG-3’ 
5’-GCCGCCGGTGAAGGTGATGT-3’ 

a2-tubulin M84696 
5’-TCCGCGAAACGAAAATG-3’ 
5’-TGGCTCAAGATCAACAAAGAC-3’ 

1
AGI, Arabidopsis Genome Initiative 

I, &--,07#<) +N&2,5+#7-$0 %& #/ ".E:.$%%$ PrimerSelect #/= '/:,+%,-/A 

"$-<#/= Lasergene v8.0 (DNASTAR, Inc., Madison, USA). 

2.3.5 ?%$6<2543 DNA &%< ;"#: A. thaliana 

L $"/%E04+7 :/0,2,$-/A DNA $"E M=#5 A. thaliana ".$:%$#/"/,(97-& 

+A%M40$ %& #/ ".4#E-/''/ #40 Dellaporta et al., (1983). R=:-&-.,%<0$, #/ ="<.:&,/ 

%<./) -59& M=#/A -E"7-& +#/ &"D"&2/ #/= N1%$#/), *&"'A97-& %& $"/+#&,.4%<0/ 

$",/0,+%<0/ 0&.E -$, -/0,/.#/"/,(97-& %& N.(+7 =:./A $?1#/= +& $"/+#&,.4%<0$ 

,:2D$. B&,:%$#/'7PD$ ".$:%$#/"/,(97-& -$, $"E #,) .D?&) #40 M=#10, $''5 2&0 

+=%"&.,'(M97-$0 +#70 $05'=+7 #40 $"/#&'&+%5#40 $M/A #$ $"/#&'<+%$#$ #7) 

"/+/#,-/"/D7+7) #40 %=-(#40 "$./=+D$+$0 +7%$0#,-( 2,$-A%$0+7. L 2,$-A%$0+7 

&D0$, ",9$0E0 0$ /M&D'&#$, +#/ E#, (#$0 $0<M,-#/ 0$ 2,$N4.,+#&D 7 ;,/%5?$ #/= 

"$9/:E0/= %<+$ +#,) .D?&) $"E $=#(0 #40 %=-(#40 "/= (#$0 &0 %<.&, 

"./+-/''7%<07  +#7 &",M50&,$ #40 .,?10 %&#5 #/0 &%;/',$+%E #40 "$9/:E040 +#/ 
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N1%$ (Eynck et al., 2007). 3&.D"/= 80-100 mg -/0,/.#/"/,7%<0/= ,+#/A 

$0$%DN97-$0 %& 500 %l .=9%,+#,-/A 2,$'A%$#/) $"/%E04+7) (50 mM EDTA pH 8, 

500 mM NaCl, 10 mM ;-mercatoethanol) -$, 33%l SDS -$, &"1$+7 +#/=) 65/C :,$ 

20 '&"#5. R#7 +=0<N&,$ "./+#<97-$0 160 %l .=9%,+#,-/A 2,$'A%$#/) /*,-/A -$'D/= 

(pH 4.5) -$, %&#5 $"E $052&=+7 #/"/9&#(97-$0 +#/ "5:/ :,$ 20 '&"#5. 6-/'/A97+& 

M=:/-<0#.7+7 #40 2&,:%5#40 +#,) 10.000g :,$ 10 '&"#5 +#/=) 4 /C -$, %&#$M/.5 

#7) ="&.-&D%&07) M5+7). R#7 +=0<N&,$ <:,0& -$#$-.(%0,+7 #40 0/=-'&S-10 /*<40 %& 

0.5 E:-/=) ,+/"./"$0E'7). >/ DNA "$.$'(M97-& 4) D?7%$ %&#5 $"E 

M=:/-<0#.7+7 :,$ 15min +#,) 10.000g -$, $"/%5-.=0+7 #40 $'5#40 %& <-"'=+7 %& 

2,5'=%$ $,9$0E'7) 70%. 6-/'/A97+& +#<:04%$ #/= ,?(%$#/) DNA :,$ 5-10 min +& 

9&.%/-.$+D$ 24%$#D/= -$, &"$0$,1.7+7 #/= +& 50%l TE (10mM Tris-HCl, 0.1M 

EDTA). 

2.3.6 ?%$6<2543 RNA &%< ;"#: A. thaliana 

L $"/%E04+7 /',-/A RNA $"E #$ M=#5 A. thaliana ".$:%$#/"/,(97-& %& #7 

N.(+7 Trizol #7) &#$,.&D$) Ambion (6%&.,-() +A%M40$ %& #,) /27:D&) #/= 

-$#$+-&=$+#(. K,$ #7 2,$2,-$+D$ $=#(, #/ ="<.:&,/ %<./) -59& M=#/A -E"7-& +#/ 

&"D"&2/ #/= N1%$#/), *&"'A97-& %& $"/+#&,.4%<0/ $",/0,+%<0/ 0&.E -$, 

-/0,/.#/"/,(97-& %& N.(+7 =:./A $?1#/= +& $"/+#&,.4%<0$ ,:2D$. 80-100 mg 

-/0,/.#/"/,7%<0/= M=#,-/A ,+#/A #/"/9&#(97-$0 +& "'$+#,-E +4'(0$ 1.5 ml -$, 

$0$%&DN97-$0 %& 1 ml Trizol. @&#5 $"E 5 min, $-/'/A97+& $05%&,*7 %& 200 %l 

N'4./ME.%,/, "$.$%/0( :,$ 3 min +& 9&.%/-.$+D$ 24%$#D/= -$, M=:/-<0#.7+7 +#,) 

12.000 rpm +#/=) 4 /C :,$ 15 min. L ="&.-&D%&07 M5+7 %&#$M<.97-& +& 0</ +4'(0$ 

1.5 ml -$, $-/'/A97+& &-NA',+7 %& D+/ E:-/ M$,0E'7: N'4./ME.%,/ (1:1, v:v). @&#5 

$"E $052&=+7, M=:/-<0#.7+7 (:,$ 15 min +#,) 12.000 rpm -$, 4 /C) -$, %&#$M/.5 

#7) ="&.-&D%&07) M5+7), $-/'/A97+& -$#$-.(%0,+7 #40 0/=-'&S-10 /*<40 %& 

"./+9(-7 500%l ,+/"./"$0E'7), $05%&,*7 -$, "$.$%/0( :,$ 10 min +& 

9&.%/-.$+D$ 24%$#D/=. >/ D?7%$ RNA "$.$'(M97-& %&#5 $"E M=:/-<0#.7+7 :,$ 

15min +#,) 12.000 rpm -$, 4 /C -$, $"/%5-.=0+7 #40 $'5#40 %& <-"'=+7 %& 

2,5'=%$ $,9$0E'7) 70%. 6-/'/A97+& +#<:04%$ #/= ,?(%$#/) RNA :,$ 5 – 10 min +& 

9&.%/-.$+D$ 24%$#D/= -$, &"$0$,1.7+7 #/= +& 50%l ="&.-59$./ 0&.E, 

$"$''$:%<0/ $"E .,;/?/0/=-'&5+&) (RNAse free water). >/ RNA M='5N#7-& +& 

;$9,5 -$#5P=*7 (-80  /C) :,$ "&.$,#<.4 N.(+7. 

2.3.7. -9#.343 2$"+(0W2*+82 $V952 

I ="/'/:,+%E) #7) +=:-<0#.4+7) #/= DNA ".$:%$#/"/,(97-& %& #7 

%<#.7+7 #7) /"#,-() "=-0E#7#$) #40 2&,:%5#40 +#$ 260 nm. !D0$, :04+#E E#, 
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/"#,-( $"/..EM7+7 +#$ 260 nm D+7 %& #7 %/052$ (O.D260= 1,0) $0#,+#/,N&D +& 

+=:-<0#.4+7 +& DNA D+7 %& 50 %g/ml. R=0&"1) / "./+2,/.,+%E) #7) 

+=:-<0#.4+7) DNA ="/'/:D+#7-& %& ;5+7 #70 &*D+4+7 

50 %g/ml (DNA) H O.D260 #/= 2&D:%$#/) H R=0#&'&+#() $.$D4+7) 

L +=:-<0#.4+7 #/= RNA ="/'/:D+#7-& +& Nanodrop ND-1000 

Spectrophotometer (Saveen Werner, Malmö, Sweden). 

2.3.8 ?2#S=.&43 &2#S4#.$;3T 60#&).&;,T 

L $0#D2.$+7 $0#D+#./M7) %&#$:.$M() &M$.%E+#7-& :,$ #/0 -$9/.,+%E #/= 

&","<2/= %&#$:.$M() #40 ="E %&'<#7 :/0,2D40 "/= &%"'<-/0#$, +#70 5%=0$ #40 

M=#10 -$91) -$, #/= :/0,2D/= #7) "-#/=%"/='D07) #/= M=#/A A. thaliana "/= 

N.7+,%/"/,(97-& +$0 :/0D2,/ $0$M/.5). 

3./-&,%<0/= 0$ $"/M&=N9&D 7 &",%E'=0+7 %& DNA, ".$:%$#/"/,(97-& 

$.N,-5 N&,.,+%E) #/= RNA %& <0?=%/ 2&+/*=.,;/?/0/=-'&5+7) (DNAse, Invitrogen) 

-$, &"1$+7 +#/=) 37 °C :,$ 15 min. R#7 +=0<N&,$ "./+#<97-& 1%l EDTA -$, #$ 

2&D:%$#$ &"45+#7-$0 +#/=) 65 °C :,$ 10 min <#+, 1+#& 0$ +#$%$#(+&, 7 $0#D2.$+7. 

D"4#&#*+: ?2#S=.&43T E"+2< /*:("6& X)+$T 
G0(*+, 
D")+92#.543 

F=9%,+#,-E B,5'=%$ DNase G 10 x 1 %l 1x 
DNase G (Invitrogen) 2 units/%l 1 %l 2 units 
EDTA (Invitrogen) 10mM 1 %l 1mM 
I',-E RNA - - 3- 5 %g 
$.$. H2O - <4) #$ 10 %l - 
>&',-E) E:-/) $0#D2.$+7) 10 %l 

 

K,$ #70 $0#D2.$+7 $0#D+#./M7) %&#$:.$M() N.7+,%/"/,(97-& #/ <0?=%/ #7) 

Superscript II H- $0#D+#./M7) %&#$:.$M5+7) #7) &#$,.&D$) Invitrogen. L +A09&+7 

cDNA ".$:%$#/"/,(97-& +& 2A/ +#52,$. 8$#5 #/ ".1#/ +#52,/ <:,0& $"/2,5#$*7 

"/+E#7#$) 0,1-5%g /',-/A RNA %& 0.5%g &--,07#( oligo-dT +& #&',-E E:-/ 11%l +#/=) 

65 °C :,$ 5 min -$, $-/'/A94) 7 $0#D2.$+7 #/"/9&#(97-& +& "5:/. >$ +=+#$#,-5 

-$, /, +=:-&0#.1+&,) #/= ".1#/= +#$2D/= &D0$, /, $-E'/=9&). 

D"4#&#*+: ?2#S=.&43T E"+2< /*:("6& X)+$T G0(*+, 
D")+92#.543 

 I',-E RNA - - 2,5%g 
 !--,07#() oligo (dT)17 38 %@ 1,5 %l 4,75 %@ 
dNTPs 10 mM 2 %l 1,66 mM 
$.$. H2O - <4) #$ 12 %l - 
>&',-E) E:-/) $0#D2.$+7) 12 %l 

 

8$#5 #/ 2&A#&./ +#52,/ "./+#<97-$0 #$ ="E'/,"$ $0#,2.$+#(.,$ %&#5 $"E 

+A0#/%7 M=:/-<0#.7+7 (F=9%,+#,-E 2,5'=%$ $0#D2.$+7) RT #&',-() +=:-<0#.4+7) 
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1X, DTT 10%@, %&D:%$ 0/=-'&/#,2D40 #&',-() +=:-<0#.4+7) 1mM, 20 U 

"$.&%"/2,+#( .,;/?/0/=-'&$+10, 200 U <0?=%/ Superscript II H-). 

D"4#&#*+: ?2#S=.&43T E"+2< /*:("6& X)+$T G0(*+, 
D")+92#.543 

F=9%,+#,-E 2,5'=%$ $0#D+#./M7) 
%&#$:.$M5+7) 

5x 4%l 1x 

DTT 100mM 2%l 10 %M 
60$+#/'<$) RNase (Invitrogen) 40 units/%l 1%l 20 units 
60#D+#./M7 @&#$:.$M5+7 
Superscript II H- (Invitrogen) 

200 units/%l 1%l 200 units 

>&',-E) E:-/) $0#D2.$+7) 20 %l 

 

L $0#D2.$+7 ".$:%$#/"/,(97-& +& #&',-E E:-/ 20 %l -$, &"45+#7-& :,$ 50 

min +#/=) 42 °C. 6-/'/A97+& $"&0&.:/"/D7+7 #/= &0?A%/= +#/=) 75 °C :,$ 15 min. 

K,$ #70 &0D+N=+7 %& PCR #/= %&#$:.$M(%$#/) #/= ="E %&'<#7 :/0,2D/= 

".$:%$#/"/,(97-& $0#D2.$+7 +& 1 %l $"E #70 $0#D2.$+7 $0#D+#./M7) %&#$:.$M() 

N.7+,%/"/,10#$) &--,07#<) "/= &DN$0 +N&2,$+#&D +#,) -42,-<) "&.,/N<) #40 ="E 

%&'<#7 :/0,2D40 (Sambrook et al., 1989). 

 

2.3.9 H;&.6$), &("4*=5#,T &2#S=.&43T %$("60.:43T (PCR) 

K,$ #70 &0D+N=+7 #%7%5#40 #40 :/0,2D40 5.8S rRNA -$, PG5 #/= V. dahliae 

-$, F. oxysporum f. sp. raphani, $0#D+#/,N$ ".$:%$#/"/,(97-& $0#D2.$+7 PCR +& 25 

-50 ng /',-E :/0,2,$-E DNA M=#10 A. thaliana. K,$ #70 $0#D2.$+7 N.7+,%/"/,(97-& 

<0?=%/ "/'=%&.5+7) #7) &#$,.&D$) Finzyme (Q,0'$02D$), %& #7 +=0,+#1%&07 

+=:-<0#.4+7 #40 $0#,2.$+#7.D40 (1 U DNA "/'=%&.5+7, 2mM MgCl2, 1X 

+=:-<0#.4+7 .=9%,+#,-/A 2,$'A%$#/), 200%M 0/=-'&/#D2,$). I, &--,07#<) 

N.7+,%/"/,(97-$0 +& +=:-<0#.4+7 0,8-1%M, +& 9&.%/-.$+D$ =;.,2,+%/A 60 /C. 

@,$ #=",-( $0#D2.$+7 "&.,&'5%;$0& $.N,-( $"/2,5#$*7 +#/=) 94oC :,$ 2 min, 30 

-A-'/=) %& $"/2,5#$*7 1 min +#/=) 94 oC, =;.,2,+%E 1 min +#/=) 60 oC -$, 

&"<-#$+7 2 min (( $05'/:$ %& #/ %(-/) #/= #%(%$#/)) +#/=) 72 oC -, <0$ #&',-E 

;(%$ &"<-#$+7) +#/=) 72 oC :,$ 10 min. 

><'/), PCR ".$:%$#/"/,(97-& +& cDNA M=#10 A. thaliana :,$ #/0 <'&:N/ 

#40 &--,07#10 "/= N.7+,%/"/,(97-$0 $-/'/A94) +#,) $0#,2.5+&,) Real-time PCR 

:,$ #/0 "./+2,/.,+%E #7) <-M.$+7) #40 :/0,2D40 "/= &%"'<-/0#$, +#70 5%=0$ #40 

M=#10 (Sambrook et al., 1989). 
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2.3.10 E.$0#$*6&4S& 0%*=0+#*+82 +"##:.52 Escherichia coli 

K,$ #7 27%,/=.:D$ &",2&-#,-10 -=##5.40, 100%l $0&"#=:%<07) -$'',<.:&,$) 

#7) M='() DH5$ #/= ;$-#7.D/= E. coli &%;/',5+#7-$0 +& :=5',0/=) +4'(0&) "/= 

"&.,&DN$0 1 ml =',-E LB, "/= $-/'/A94) #/"/9&#(97-$0 :,$ &"1$+7 +#/=) 37 oC 

+#,) 250 +#./M<)/'&"#E :,$ 4-4,5 1.&). I, -$'',<.:&,&) %&#$M<.97-$0 +& +4'(0&) 

#A"/= Eppendorf, M=:/-&0#.(97-$0 +#,) 12.000 +#./M<)/'&"#E :,$ 2 '&"#5 -$, #/ 

="&.-&D%&0/ $"/%$-.A097-&. >/ D?7%$ &"$0$,4.7%$#/"/,(97-& %& "./+/N( +& 500 

%l "$:4%<0/= CaCl2 (0.1M), M=:/-&0#.(97-& +#,) 12.000 +#./M<)/'&"#E :,$ 2 '&"#5 

-$, #/ ="&.-&D%&0/ $"/%$-.A097-&. >/ D?7%$ &"$0$,4.7%$#/"/,(97-& "./+&N#,-5 

+& 100%l "$:4%<0/= CaCl2 (0.1M) (Sambrook et al., 1989). 

2.3.11 @(52$%$S343 E.$W<2#52 PCR 

K,$ #70 -'40/"/D7+7 #40 "./SE0#40 PCR N.7+,%/"/,(97-& / M/.<$) 

pGEM-T Easy #7) &#$,.&D$) Promega. @&#5 #/0 -$9$.,+%E #40 $0#,2.5+&40 %& #7 

N.(+7 #/= MinElute PCR purification kit (Qiagen) $-/'/A97+& $0#D2.$+7 +=0<04+7) 

(ligation) #40 #%7%5#40 DNA %& #/0 "'$+%,2,$-E M/.<$ (+& $0$'/:D$ &,+2/N(/M/.&5 

"&.D"/= 3/1) N.7+,%/"/,10#$) #/ <0?=%/ ',:5+7 (Fermentas). H $0#D2.$+7 

".$:%$#/"/,(97-& +& E:-/ 10 %l -$, 7 &"1$+7 <:,0& +#/=) 16 oC -$#5 #7 2,5.-&,$ 

#7) 0AN#$). R#7 +=0<N&,$ ".$:%$#/"/,(97-& &,+$:4:( #/= $0$+=02=$+%<0/= 

"'$+%,2D/= ($"E #70 $0#D2.$+7 +=0<04+7)) +& &",2&-#,-5 -A##$.$ (competent cells) 

DH5a #/= ;$-#7.D/= E. coli. K,$ #/ +-/"E $=#E 5%l #7) $0#D2.$+7) +=0<04+7) 

$0$%&DN97-$0 %& 50%l &",2&-#,-10 -=##5.40 -$, %&#5 $"E "$.$%/0( 30 min +#/0 

"5:/ ".$:%$#/"/,(97-& 9&.%,-E +/- +& =2$#E'/=#./ 42oC :,$ 50 sec. @&#5 $"E 

-$'',<.:&,$ #40 -=##5.40 +& 9.&"#,-E =',-E (LB) :,$ 1 h, #$ -A##$.$ &"45+#7-$0 

:,$ 24 h +#/=) 37 oC +& +#&.&E 9.&"#,-E =',-E "$./=+D$ #/= $0#,;,/#,-/A $%",-,'D07, 

#/= /"/D/= #/ :/0D2,/ $09&-#,-E#7#$) M<.&, / M/.<$) pGEM.  K,$ #/ +-/"E $=#E 200 

%l $"E #7 -$'',<.:&,$ #/= $0$+=02=$+%<0/= ;$-#7.D/= &",+#.197-$0 +& #.,;'D$ %& 

LB "/= "&.,&DN$0 $%",-,'D07 (50 %g/ml 9.&"#,-/A ="/+#.1%$#/)), &01 +#70 

&",M50&,$ #/= +#&.&/"/,7%<0/= =',-/A &DN$0 "./7:/=%<04) &",+#.49&D 200 %l LB 

%& IPTG -$, XGal (170 %l LB, 10%l IPTG $"E stock 24 mg/ml -$, 20 %l XGal $"E 

stock 25 mg/ml). I, $"/,-D&) "/= <M&.$0 %7 $0$+=02=$+%<0/ "'$+%D2,/ &DN$0 

-=$0E N.1%$ 'E:4 #7) 2.5+7) #7) ;-:$'$-#/+,25+7) &01 $=#<) "/= <M&.$0 

$0$+=02=$+%<0/ "'$+%D2,/ &%M$0D?/0#$0 '&=-<) (Sambrook et al., 1989). K,$ #/0 

<'&:N/ #7) -'40/"/D7+7) #%(%$#/) DNA &",9=%7#/A %&:<9/=) +#/ "'$+%D2,/, /, 

'&=-<) $"/,-D&) $0$'A97-$0 %& PCR ( %& "<P7 #/= "'$+%,2,$-/A DNA %& 

"&.,/.,+#,-5 <0?=%$. 
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RA%M40$ %& #70 "$.$"504 2,$2,-$+D$ -'40/"/,(97-$0 +#/0 M/.<$ pGEM-

T Easy #%(%$ 347 ;5+&40 #7) ITS "&.,/N() #/= 5.8S rRNA :/0,2D/= #/= %A-7#$ V. 

dahliae -$, #%(%$ 331 ;5+&40 #/= :/0,2D/= PG5 #/= %A-7#$ F. oxysporum f. sp. 

raphani. 

2.3.12 ?%$6<2543 %(&46*=*&+$1 DNA &%< #$ L&+#,.*$ 

Escherishia coli 

6"/%E04+7 %,-.() -'D%$-$) "'$+%,2,$-/A DNA $"E #/ ;$-#(.,/ E. coli 

".$:%$#/"/,(97-& %&#5 $"E #70 -'40/"/D7+7 #%(%$#/) #40 :/0,2D40 5.8S rRNA 

-$, PG5 #40 %=-(#40 V. dahliae -$, F. oxysporum f. sp. raphani, $0#D+#/,N$. @& #/0 

#.E"/ $=#E &'<:N97-& 7 "$./=+D$ -'10/= %& #/ &",9=%7#E #%(%$ DNA, -$, 

#$=#EN./0$ "$.$'(M97-& #/ "'$+%D2,/ %& #/ #%(%$ $=#E :,$ "&.$,#<.4 N&,.,+%E. 

K,$ #70 $"/%E04+7 "'$+%,2,$-/A DNA, -A##$.$ $"E 1.5 ml -$'',<.:&,$) #/= 

;$-#7.D/= E. coli ("/= $0$"#AN97-& :,$ 24 h +& =',-E LB) &"$0$,4.7%$#/"/,(97-$0 

+& 100%l 2,5'=%$ I (50mM :'=-E?7, 25mM Tris-HCl pH 8.0, 10mM EDTA pH 8.0). 

@&#5 #70 "5./2/ 5min +& 9&.%/-.$+D$ 24%$#D/= $-/'/A97+& "./+&-#,-( $05%&,*7 

%& 200%l M.&+-/"$.$+-&=$+%<0/= 2,$'A%$#/) II (0.2J J$IL, 1% SDS, H2O) -$, 

#/"/9<#7+7 #40 +4'70D+-40 +& "5:/ :,$ 5min. R#7 +=0<N&,$ #$ -A##$.$ 

$0$%&DN97-$0 "./+&-#,-5 %& 150%l B,$'A%$#/) III (CH3 COOK, %& +=:-<0#.4+7 5 @ 

CH3 COO- -$, 3 @ 8+) -$, #/"/9&#(97-$0 +& "5:/ :,$ 5min. I, ".4#&T0&) -$, #$ 

-=##$.,-5 #/,N1%$#$ #40 ;$-#7.,$-10 -=##5.40 $M$,.<97-$0 %& M=:/-<0#.7+7 :,$ 

5min +#,) 12.000 g -$, %&#$M/.5 #7) ="&.-&D%&07) =25#,07) M5+7) ("&.D"/= 0.4 ml) 

+& 0</ +4'705-,. 6-/'/A97+& %D$ &","'</0 &-NA',+7 %& D+/ E:-/ 2,$'A%$#/) 

M$,0E'7)–N'4./ME.%,/ (1:1) :,$ #70 $"/%5-.=0+7 #40 &0$"/%&D0$0#40 

".4#&S010. @&#5 $"E $052&=+7, M=:/-<0#.7+7 -$, %&#$M/.5 #7) ="&.-&D%&07) 

M5+7), ".$:%$#/"/,(97-& -$#$-.(%0,+7 #40 0/=-'&S-10 /*<40 %& "./+9(-7 700%l 

$"E'=#7) $,9=',-() $'-/E'7) (+& 9&.%/-.$+D$ 24%$#D/=), -$'( $05%&,*7 -$, 

"$.$%/0( :,$ 2min +& 9&.%/-.$+D$ 24%$#D/=. >/ D?7%$ "'$+%,2,$-/A DNA 

"$.$'(M97-& %&#5 $"E M=:/-<0#.7+7 :,$ 5min +#,) 10.000g -$, $"/%5-.=0+7 #40 

$'5#40 %& 2,5'=%$ $,9$0E'7) 70%. 6-/'/A97+& +#<:04%$ #/= ,?(%$#/) :,$ 5 -10 

min +& 9&.%/-.$+D$ 24%$#D/= -$, &"$0$,1.7+7 #/= +& 30%l TE (10mM Tris-HCl, 

0.1M EDTA), "/= "&.,&DN& F,;/?/0/=-'&5+7 6 +& +=:-<0#.4+7 10%g/ml. >/ 

"'$+%,2,$-E DNA $"/97-&A#7-& +#/=) -20 / C (Sambrook et al., 1989). 

 



8!Q6C6GI 1. >I 6G\[C!JGI 86G L !@3CI8L >I[ R>LJ 6@[J6 >WJ Q[>WJ 

 

70 

2.3.13 E9U3 2$"+(0W+82 $V952 60 %0.*$.*4#*+: 92Y"6& 

L "<P7 (digestion) 0/=-'&S-10 /*<40 %& "&.,/.,+#,-5 <0?=%$ (restriction 

enzymes) ".$:%$#/"/,(97-& :,$ 0$ &'&:N9&D 7 "$./=+D$ #/= &",9=%7#/A #%(%$#/) 

DNA +#/0 "'$+%,2,$-E M/.<$ pGEM->. @,$ #=",-( $0#D2.$+7 "<P7) +& #&',-E E:-/ 

10 %l "&.,'5%;$0& .=9%,+#,-E 2,5'=%$ +=:-<0#.4+7) 1H (1 %l), 0.5 %l #/= 

"&.,/.,+#,-/A &0?A%/= -$, 1%g "'$+%,2,$-/A DNA. L &"1$+7 #7) $0#D2.$+7) 

".$:%$#/"/,(97-& :,$ 4-16 h, +& 9&.%/-.$+D$ "/= -$9/.,?E#$0 $"E #$ 

"&.,/.,+#,-5 <0?=%$ "/= N.7+,%/"/,(97-$0 (Sambrook et al., 1989). 

2.3.14 J(0+#.$;<.343 #636:#52 DNA 

>$ 2&D:%$#$ DNA $0$%&DN97-$0 %& 2,5'=%$ ME.#4+7) (loading buffer) (0,1% 

bromophenyl blue, 50% :'=-&.D07, 10mM Tris-HCl pH 8) "=-0E#7#$) 6H, #<#/,/= 

E:-/=, 1+#& 7 "&.,&-#,-E#7#$ #/= 2,$'A%$#/) ME.#4+7) +#/0 #&',-E E:-/ 2&D:%$#/) 

"/= 7'&-#./M/.&D#o 0$ &D0$, 1H. W) +#$9&.5 N.7+,%/"/,(97-& 7 -'D%$-$ %/.,$-10 

;$.10 Gene Ruler 1Kb DNA ladder (Fermentas). >/ "(:%$ 7'&-#./ME.7+7) 

"&.,&DN& 1% $:$.E?7 +& 1X .=9%,+#,-E 2,5'=%$ TAE (Sambrook et al, 1989). L 

7'&-#./ME.7+7 #/= "(:%$#/) ".$:%$#/"/,(97-& +#/ D2,/ .=9%,+#,-E 2,5'=%$ %& 

&M$.%/:( #5+7) 100 Volt +#$ 5-.$ #7) +=+-&=() 7'&-#./ME.7+7). 

@&#5 #70 7'&-#./ME.7+7 $-/'/A97+& N&,.,+%E) #40 "7:%5#40 $:$.E?7) %& 

=2$#,-E 2,5'=%$ ;.4%,/AN/= $,9,2D/= (+=:-<0#.4+7) "&.D"/= 1%g/ml) :,$ 20-30 min 

-$, "$.$#(.7+7 +& #.5"&?$ UV $-#,0/;/'D$) (365 nm). 

2.3.15 -0#&4736&#*46<T #$" 61+3#& V. dahliae 60 #$ )$2S=*$ #3T 

%.:4*23T ;'$.SY$"4&T %.5#0Z23T 

>/ +#<'&N/) #/= %A-7#$ V. dahliae, "/= N.7+,%/"/,(97-& +#$ "&,.5%$#$ 

"$9/:<0&,$), %&#$+N7%$#D+#7-& %& #70 -$+<#$ <-M.$+7) #/= :/0,2D/= #7) ".5+,07) 

M9/.D?/=+$) ".4#&T07) (GFP, green fluorescent protein), "./-&,%<0/= 0$ &D0$, 

2=0$#( 7 ,+#/"$9/'/:,-( "$.$#(.7+7 #7) 2,$2,-$+D$) %E'=0+7), 1+#& 0$ 

2,&.&=079&D "&.$,#<.4 / .E'/) #40 ="E %&'<#7 :/0,2D40 +#70 "$9/:<0&,$. 

K,$ #/0 %&#$+N7%$#,+%E #/= %A-7#$ V. dahliae (Mullins et al., 2001), 

"$.$+-&=5+#7-$0 #$ $"$.$D#7#$ =',-5 +A%M40$ %& #/0 "D0$-$ 2.3.2. R#7 +=0<N&,$, 

-'10/) Agrobacterium, "/= <M&.& 2=$2,-E M/.<$ %& #/ :/0D2,/ $09&-#,-E#7#$) +#70 

=:./%=-D07 -$, #70 -$+<#$ <-M.$+7) #/= :/0,2D/= GFP ="E #/0 <'&:N/ #/= 

="/-,07#( GAPD #/= %A-7#$ Cochliobolus heterstrophus ("/= %$) "$.$N1.7+& / 

-$97:7#() S. Kang, Pensylvania State University, USA), &"45+#7-& +& Minimal 

Medium (MM) +#/=) 28oC %& "&.,+#./M( 250 rpm :,$ 2 7%<.&). >$ -A##$.$ #/= 
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Agrobacterium #7) M='() AGL1 $.$,197-$0 +& =',-E Gnduction @edium (G@), "/= 

"&.,&DN& -$0$%=-D07 -$, $-&#/+=.,0:-E07, %<N., 0$ $"/-#(+/=0 /"#,-( "=-0E#7#$ 

(OD) 0.15 -$, &"45+#7-$0 :,$ 6 h +#/=) 28oC %& "&.,+#./M( 250 rpm. 6-/'/A97+& 

$05%&,*7 100%l $,4.(%$#/) -/0,2D40 #/= %A-7#$ V. dahliae (+=:-<0#.4+7) 106 

-/0D2,$ / ml) %& 100%l $0&"#=:%<07) -$'',<.:&,$) Agrobacterium -$, 5"'4%$ +& 

$"/+#&,.4%<07 %&%;.507 Hybond "/= &DN& #/"/9&#79&D +& =',-E +=:-$'',<.:&,$) 

(Co-cultivation medium). @&#5 $"E +=:-$'',<.:&,$ 2A/ 7%&.10 /, %&%;.50&) 

Hybond %&#$M<.97-$0 +& =',-E &",'/:() (PDA) "/= "&.,&DN& -$#5''7'7 

+=:-<0#.4+7 #/= $0#,;,/#,-/A =:./%=-D07, 200 %M +&M/#$*D%7 -$, 100 %g/ml 

%/*$'$-#5%7. I, %&#$+N7%$#,+%<0&) $"/,-D&) #/= %A-7#$ &%M$0D+#7-$0 %&#5 $"E 3-

4 %<.&) &"1$+7) +#/ =',-E &",'/:(). I, $"/,-D&) "/= $0$"#AN97-$0 ="/;'(97-$0 

+& 2,$2/N,-<) $.$,1+&,) -$, #$ GFP +#&'<N7 "/= "./<-=P$0 $"E ;'5+#7+7 

%&%/04%<0/= -/0,2D/= &",'<N97-$0 %& ;5+7 #/0 ,-$0/"/,7#,-E GFP M9/.,+%E -$, 

$M/A &",;&;$,197-& 7 "$9/:E0/) #/=) ,-$0E#7#$. 

ES2&+&T 2.3.2. 3$.$+-&=( "=-010 2,$'=%5#40 -$, =',-10 :,$ 6>@> %&#$+N7%$#,+%E 

E"+2< =*:("6& (100 ml)
1
 MM

2
 IM

3
 CM

4
 /*&(16&#& - 

?2#*=.&4#,.*& 
O36*+, C"4S& E$4<#3#& E$4<#3#& )*& %&.&4+0", 100 ml 

K2HPO4 20,00 g Phosphate-buffer (pH 
7.0) KH2PO4 14,50 g 

1,00 ml 1,00 ml 1,00 ml 

MgSO4 · 7H2O 3,00 g 
M-N 

NaCl 1,50 g 
2,00 ml 2,00 ml 2,00 ml 

1% CaCl2 · 2H2O CaCl2 · 2H2O 1,00 g 0,10 ml 0,10 ml 0,10 ml 

ZnSO4 · 7H2O 0,01 g 

CuSO4 · 5H2O 0,01 g 

H3BO3 0,01 g 

MnSO4 · H2O 0,01 g 

B,5'=%$ ,N0/+#/,N&D40 

Na2MoO4 · 2H2O 0,01 g 

1,00 ml 1,00 ml 1,00 ml 

20% NH4NO3 NH4NO3 20,00 g 0,25 ml 0,25 ml 0,25 ml 

20% K'=-E?7 K'=-E?7 20,00 g 1,00 ml 1,00 ml 1,00 ml 

0.01% FeSO4 FeSO4 0,01 g 1,00 ml 1,00 ml 1,00 ml 

50% K'=-&.E'7 K'=-&.E'7 50 ml - 1,00 ml 1,00 ml 

1M MES (pH 5.3) MES 21,32 g - 4,00 ml 4,00 ml 

6"/+#&,.4%<0/ H2O   93,5 ml  88,5 ml  88,50 ml  

8$0$%=-D07 (50mg/ml)   0.15 ml 0.15 ml 0,15 ml 

6-&#/+=.,0:-E07 (200 
%@) 

  - 0.2 ml 0,20 ml 

Agar   - - 1,50 g 

1
 Y'$ #$ "=-05 2,$'A%$#$ "$.$+-&=5+#7-$0 +& $",/0,+%<0/ 0&.E, %& &*$D.&+7 #70 $-&#/+=.,0:-E07 "/= 
"$.$+-&=5+#7-& +& 95% $,9$0E'7. >/ "=-0E $=#E 2,5'=%$ 2&0 $"/+#&,.197-& &","'</0. >$ 2,$'A%$#$  
-$0$%=-D07) -$, MES $"/+#&,.197-$0 %& 2,<'&=+7 $"E MD'#./ 0.22-%m. 

2, 3, 4
 >$ =',-5 @@ (minimal medium), IM 

(induction medium, =',-E &"$:4:()) -$, CM (co-cultivation medium, =',-E +=:-$'',<.:&,$)) "$.$+-&=5+#7-$0 
+A%M40$ %& #/0 "D0$-$ 2.3.1, N4.D) #70 "./+9(-7 -$0$%=-D07), $-&#/+=.,:-E07) -$, MES (#$ /"/D$ "./+#<97-$0 
-$#5 #/0 %&#$+N7%$#,+%E). 6-/'/A97+& $"/+#&D.4+7 :,$ 20 '&"#5 +#/=) 120 

o
C, %& "D&+7 1 atm. Y'$ #$ 

"$.$"504 =',-5 -$, 2,$'A%$#$ 2,$#7.(97-$0 +#/=) 4
o
C, %& &*$D.&+7 #$ 2,$'A%$#$ -$0$%=-D07), $-&#/+=.,:-E07) 

-$, MES "/= $"/97-&A#7-$0 +#/=) -20
o
C. 
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2.3.16 >4#$%&'$($)*+, %&.&#,.343 #3T =*&=*+&4S&T 6<("243T 

40 "=.$%$2*+< 414#36& +&((*9.)0*&T 

3./-&,%<0/= 0$ /"#,-/"/,79&D 7 2,$2,-$+D$ %E'=0+7) #40 M=#10 A. thaliana 

-$#5 #$ $.N,-5 +#52,$, ".$:%$#/"/,(97-& "$.$#(.7+7 #7) $''7'&"D2.$+7) +& 

=2./"/0,-E +A+#7%$ -$'',<.:&,$) 1+#& 0$ &D0$, 2=0$#( 7 $"’ &=9&D$) %,-./+-/",-( 

"$.$#(.7+7. 3.,0 N.7+,%/"/,79/A0 +#/ =2./"/0,-E +A+#7%$ /, +"E./, #40 M=#10 

A. thaliana $"/'=%5097-$0 &",M$0&,$-5 %& 70% $,9$0E'7 :,$ 30 sec. L $,9$0E'7 

$M$,.<97-& -$, /, +"E./, *&"'A97-$0 %& $"/+#&,.4%<0/ 0&.E. 6-/'/A97+& 

&%;5"#,+7 #40 +"E.40 +& 10% N'4.D07 :,$ 30 sec -$, #.&,) 2,$2/N,-<) "'A+&,) %& 

$"/+#&,.4%<0/ $"&+#$:%<0/ 0&.E. R#7 +=0<N&,$ /, +"E./, #/"/9&#(97-$0 

%&%/04%<0$ +& tips T400 -/%%<0$ +#7 %<+7 E"/= &DN& #/"/9&#79&D 0,7% 

$"/+#&,.4%<0/ $:$.. >$ tips #/"/9&#(97-$0 +& "'4#(.$ "/= &DN& &M$.%/+#&D +& 

2/N&D/ "/= "&.,&DN& 9.&"#,-E 2,5'=%$ (2mM Ca(NO3)2.4H2O, 5mM KNO3, 2.5mM 

KH2PO4, 2mM MgSO4, 20 mg/l Fe-EDTA, 5.4 mg/l H3BO4, 1.7 mg/l MnCl2, 161 %g/l 

ZnSO4, 80 %g/l CuSO4, 44 %g/l NaMo7O4, 650 %g/l NaCl, 13 %g/l CoCl2) (Sang-Woo 

Lee, "./+4",-( &",-/,040D$, Pennsylvania State University, USA). >$ M=#5.,$ A. 

thaliana $0$"#AN97-$0 $+7"#,-5 +& &"4$+#,-E 95'$%/ +#/=) 25 °C -$, 

M4#/"&.D/2/ 14 4.10 %<N., #70 &%M50,+7 #40 ".1#40 ".$:%$#,-10 MA''40. R#7 

+=0<N&,$ %<+$ +#/ 9.&"#,-E 2,5'=%$ #/"/9&#(97-& $,1.7%$ -/0,2D40 #/= %A-7#$ V. 

dahliae (%&#$+N7%$#,+%<0/= %& GFP) <#+, 1+#& 7 #&',-( +=:-<0#.4+7 0$ &D0$, 107 

-/0D2,$ $05 ml. @,-./+-/",-( "$.$#(.7+7 #7) 2,$2,-$+D$) %E'=0+7) 

".$:%$#/"/,(97-& %&#5 $"E 24, 48 -$, 72 1.&). >$ M=#5 #/"/9&#(97-$0 +& 

$0#,-&,%&0/ME./=) "'5-&) -$, 7 %,-./+-/",-( "$.$#(.7+7 <:,0& +& %,-./+-E",/ 

M9/.,+%/A Carl Zeiss %& #$ -$#5''7'$ MD'#.$ (498 nm 2,<:&.+7, 516 nm &-"/%"(). 

2.3.17 E.$0#$*6&4S& =0*)6:#52 )*& Microarrays +&* &2:("43 

=0=$69252 

K,$ #7 %&'<#7 #40 :/0,2D40 "/= &%"'<-/0#$, +#70 5%=0$ #40 %&#$''$:%<040 

M=#10 etr1-1 -$#5 #70 $''7'&"D2.$+( #/=) %& #/0 %A-7#$ V. dahliae 

".$:%$#/"/,(97-& $"/%E04+7 RNA ("$.5:.$M/) 2.3.6) $"E M=#5 $:.D/= #A"/= 

-$, etr1-1 <*, %<.&) %&#5 #70 %E'=0+( #/=) %& #/ %A-7#$ V. dahliae ("$.5:.$M/) 

2.3.3). 6"/%E04+7 RNA ".$:%$#/"/,(97-& -$, $"E M=#5 %5.#=.&) +#$ /"/D$ 2&0 

&DN& &M$.%/+#&D / %A-7#$), #$ /"/D$ N.7+,%/"/,(97-$0 +$0 2&D:%$#$ $0$M/.5) %& 

;5+7 #$ /"/D$ <:,0& 7 +A:-.,+7 #7) <-M.$+7) #40 :/0,2D40. >/ RNA +#5'97-& +#70 

&#$,.&D$ DNA Vision S. A. (Charleroi, Belgium) :,$ "&.$,#<.4 &"&*&.:$+D$. >/ RNA 
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=;.,2D+#7-& "504 +#/ Affymetrix GeneChip Arabidopsis ATH1 Genome Array 

(Affymetrix, Inc. Santa Clara, CA, U.S.A.) #/ /"/D/ "&.,<N&, %,$ +&,.5 $"E 

"&.,++E#&.$ $"E 22.500 $0,N0&=#<) (probes) /, /"/D/, $0#,"./+4"&A/=0 "&.D"/= 

24.000 $''7'/=ND&) :/0,2D40. L "./&#/,%$+D$ #40 $0,N0&=#10, / =;.,2,+%E) +#/ 

GeneChip, #$ "'=+D%$#$ -$, 7 $05:04+7 #40 +7%5#40 ".$:%$#/"/,(97-$0 +#70 

&#$,.&D$  DNA Vision S.A. (Charleroi, Belgium) $-/'/=910#$) #,) ".E#="&) 

2,$2,-$+D&) #7) Affymetrix. 

K,$ #/0 &0#/",+%E :/0,2D40 $"E #$ $"/#&'<+%$#$ <-M.$+7) #40 

%,-./+=+#/,N,10 "/= 9$ &",'<:/0#$0 :,$ "&.$,#<.4 &"&*&.:$+D$ N.7+,%/"/,(97-& 7 

%$-./&0#/'( (macro) FiRe (Garcion et al., 2006). L &",'/:( #40 ="/P(M,40 

:/0,2D40 ;$+D+#7-& +#/ ;$9%E &"$:4:() #/=) %&#5 #70 &M$.%/:( #/= %A-7#$ V. 

dahliae +& +N<+7 %& #$ M=#5 %5.#=.&). K/0D2,$ "/= <2&,*$0 0$ &"5:/0#$, 

#/='5N,+#/0 2 M/.<) +#$ etr1-1 -$, EN, +#$ $:.D/= #A"/= M=#5 &",'<N97-$0 :,$ 

"&.$,#<.4 $05'=+7 %& #70 N.(+7 #7) Real-time PCR. 

2.3.18 H;&.6$), PCR %.&)6&#*+$1 7.<2$" (Real-time PCR) 

I, $0#,2.5+&,) Real-time PCR ".$:%$#/"/,(97-$0 +#/ 9&.%/-=-'/"/,7#( 

Mx3005PTM (Stratagene) N.7+,%/"/,10#$) #$ $0#,2.$+#(.,$ (QIAGEN). R& -59& 

+4'(0$ $0#D2.$+7) "./+#<97-$0 100 ng /',-/A DNA $"E #/=) ,+#/A) #/= 

="<.:&,/= #%(%$#/) #40 M=#10 A. thaliana ( 1 %l cDNA. I, $0#,2.5+&,) 

&-#&'<+#7-$0 %& #$ $0#,2.$+#(.,$ -$, #,) $0$'/:D&) E"4) +=0,+#5 7 &#$,.&D$ 

QIAGEN (QuantiFastTM SYBR
®

 Green PCR kit): 

?2#*=.&4#,.*& X)+$T 40 6l 
D")+92#.543 %"+2$1 =/#$T 

(stock) 

RNase free H2O U4) #$ 25 %l  

60/2,-E) &--,07#() 1 25%@ 

8$9/2,-E) &--,07#() 1 25%@ 

2H QuantiFast SYBR Green 
PCR Master Mix 

12.5 - 

DNA ( cDNA 1 100 ng/%l 

G0(*+<T <)+$T &2#S=.&43T 25  

>E+/ :,$ #7 "/+/#,-/"/D7+7 #40 %=-(#40 V. dahliae -$, F. oxysporum f. sp. 

raphani E+/ -$, :,$ #/0 "./+2,/.,+%E <-M.$+7) #40 :/0,2D40, #/ ".E:.$%%$ 

9&.%/-.$+,10 "/= N.7+,%/"/,(97-& +#,) $0#,2.5+&,) Real-time PCR "&.,&'5%;$0& 

#$ &*() +#52,$: 1. 6.N,-E ;(%$ &0&.:/"/D7+7) #7) HotStarTaq Plus DNA 

"/'=%&.5+7) :,$ 5 '&"#5 +#/=) 95°C, 2. 40 -A-'/, "/= +#/0 -59& <0$ 

".$:%$#/"/,/A0#$0 $"/2,5#$*7 #/= DNA ( cDNA :,$ 10 2&=#&.E'&"#$ -$, 
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$-/'/A94) +=02=$+%<0/) =;.,2,+%E) -$, &"<-#$+7 :,$ 30 2&=#&.E'&"#$ +#/=) 60 

°C, 3. R#/0 #&'&=#$D/ -A-'/ #7) $0#D2.$+7) %&#5 $"E 1 '&"#E +#/=) 95 °C -$, 30 

2&=#&.E'&"#$ +#/=) 60 °C ".$:%$#/"/,/A0#$0 +#$2,$-( $A*7+7 #7) 9&.%/-.$+D$) 

-$#5 0.5 °C -59& 30 2&=#&.E'&"#$ %<N., #/=) 95 °C "./-&,%<0/= 0$ 2,$N4.,+#/A0 #$ 

",9$05 2,%&.( "/= +N7%$#D?/=0 /, &--,07#<) ( 5''$ %7 &*&,2,-&=%<0$ "./ïE0#$. K,$ 

#7 "/+/#,-/"/D7+7 #/= DNA #40 %=-(#40 +#,) &",%<./=) $0#,2.5+&,), 4) ".E#="$ 

2&D:%$#$ (:04+#10 +=:-&0#.1+&40) N.7+,%/"/,(97-$0 "'$+%D2,$ +#$ /"/D$ &DN& 

&,+$N9&D #/ :/0D2,/ &02,$M<./0#/) (#%(%$ #7) ="/%/052$) 5.8S rRNA #/= V. dahliae 

-$, #%(%$ #/= :/0,2D/= PG5 #/= F. oxysporum f. sp. raphani). L +=:-<0#.4+7 #40 

$0$+=02=$+%<040 "'$+%,2D40 "./+2,/.D+#7-& +& M$+%$#/M4#E%&#./ ="&.,12/=) 

/.$#/A (He'ios Gamma & Delta, Spectronic Unicam, Cambridge, UK) %& #7 %<#.7+7 

#7) /"#,-() "=-0E#7#$) #40 2&,:%5#40 +#$ 260 -$, 280 nm. B&D:%$#$ :04+#10 

+=:-&0#.1+&40 $"E #$ $0$+=02=$+%<0$ "'$+%D2,$ (10 ng, 1 ng, 100 pg, …, 1 fg/25 

%l $0#D2.$+7)) N.7+,%/"/,(97-$0 :,$ #7 N5.$*7 #7) ".E#="7) &=9&D$) ;5+7 #7) 

/"/D$) <:,0& 7 "/+/#,-/"/D7+7 #/= DNA #40 "$9/:E040 +#$ 5:04+#$ 2&D:%$#$. 

K,$ 0$ 2,$+M$',+#&D 7 $-.D;&,$ #40 %&#.(+&40 #/= M4#/%<#./= "/= 

N.7+,%/"/,(97-& 1+#& 0$ "./+2,/.,+#/A0 /, +=:-&0#.1+&,) #40 2&,:%5#40 /',-/A 

DNA $"E #/=) ,+#/A) +N&2,5+#7-& ?&A:/) &--,07#10 "504 +#/ :/0D2,/ #7) "2-

#/=%"/='D07) #/= M=#/A A. thaliana. (3D0$-$) 2.3.1) #/ /"/D/ &0,+NA&, "./ïE0 

%(-/=) 692 ?&=:10 ;5+&40. L "/+/#,-/"/D7+7 #7) "2-#/=%"/='D07) 

".$:%$#/"/,E#$0 +#70 D2,$ $0#D2.$+7 %& #$ $0#D+#/,N$ 2&D:%$#$ "/+/#,-/"/D7+7) 

#/= -59& %A-7#$ $0#D+#/,N$ %& ;5+7 #70 #,%( #/= /.,$-/A -A-'/= (threshold cycle, 

Ct). 3.,0 #70 $05'=+7 #40 $"/#&'&+%5#40 "/+/#,-/"/D7+7) #40 %=-(#40 :,0E#$0 

<'&:N/) #7) #,%() Ct #7) "2-#/=%"/='D07) 1+#& 0$ &*$,.&9/A0 $"E #70 $05'=+7 #$ 

2&D:%$#$ "/= 2,<M&.$0 "&.,++E#&./ $"E 0.5 4) "./) #/0 %<+/ E./ Ct. @& $=#E #/0 

#.E"/ 2,$+M$'D+#7-& /#, /, $.N,-<) "/+E#7#&) /',-/A DNA /, /"/D&) 

N.7+,%/"/,(97-$0 4) &-%$:&D/ :,$ #/ "./+2,/.,+%E #40 "$9/:E040 +& E'&) #,) 

&",%<./=) &"&%;5+&,) &D0$, "$.E%/,&), -$, -$9,+#/A0 2=0$#( #7 +A:-.,+7 #40 

$"/#&'&+%5#40 "/+/#,-/"/D7+7) #40 %=-(#40.  

R#$ "&,.5%$#$ &'<:N/= #/= &","<2/= <-M.$+7) :/0,2D40 +#$ M=#5 A. 

thaliana %&#5 #70 &M$.%/:( #/= V. dahliae, 7 $"/2/#,-E#7#$ (efficiency, E) :,$ #/ 

-59& &0,+N=%<0/ "./ïE0 ="/'/:D+#7-& %& #7 %<9/2/ #7) :.$%%,-() "$',02.E%7+7) 

"504 +#$ 2&2/%<0$ #/= '/:5.,9%/= M9/.,+%/A $05 -A-'/, %& #7 N.(+7 #/= 

'/:,+%,-/A LinRegPCR (Remakers et al., 2003). L &0D+N=+7 #7) "2-#/=%"/='D07) 

".$:%$#/"/,(97-& %& #/=) D2,/=) &--,07#<) E"4) +#70 "&.D"#4+7 #7) 



8!Q6C6GI 1. >I 6G\[C!JGI 86G L !@3CI8L >I[ R>LJ 6@[J6 >WJ Q[>WJ 

 

75 

"/+/#,-/"/D7+7) #40 %=-(#40 (3,0$-$) 2.3.1) "/=, 'E:4 #/= /#, +& $=#<) #,) 

$0#,2.5+&,) N.7+,%/"/,(97-$0 cDNA, &0D+N=$0 230 ?&A:7 ;5+&40. H "2-

#/=%"/='D07 N.7+,%/"/,(97-& +$0 &+4#&.,-( +#$9&.5 :,$ #70 -$0/0,-/"/D7+7 

%,-.10 2,$M/.10 +#,) $.N,-<) "/+E#7#&) cDNA. K,$ #70 $05'=+7 #40 

$"/#&'&+%5#40 ="/'/:D+#7-& 7 #,%( #/= %<+/= E./= #/= /.,$-/A -A-'/= (threshold 

cycle, Ct) :,$ -59& :/0D2,/ ="E &*<#$+7 %& ;5+7 #.D$ $0&*5.#7#$ ;,/'/:,-5 2&D:%$#$. 

I 'E:/) #/= &","<2/= mRNA +#70 -59& &"<%;$+7 "./) #,) #,%<) #/= mRNA +#$ 

M=#5 %5.#=.&), ="/'/:D+#7-& %& #7 %<9/2/ DCt [(1+E)-DCt] (Pfaffl, 2001) 4) &*(): 1. 

="/'/:D+#7-& / %<+/) E./) Ct $"E -59& #.D$ ;,/'/:,-5 2&D:%$#$ :,$ -59& &"<%;$+7. 

2. I, #,%<) Ct #7) "2-#/=%"/='D07) $M$,.<97-$0 $"E #,) $0#D+#/,N&) #,%<) Ct #7) 

&"<%;$+7) (DCt). 3. >$ &"D"&2$ <-M.$+7) #40 ="E %&'<#7 :/0,2D40 "./<-=P$0 

$"E #70 &*D+4+7 (1+E)-DCt (E"/= ! &D0$, 7 $"/2/#,-E#7#$ :,$ #/ -59& &0,+N=%<0/ 

"./ïE0). 

I, #,%<) #40 -A-'40 (Ct) E"/= /, -$%"A'&) #40 2&,:%5#40 "./+<::,?$0 #7 

;$+,-( :.$%%( (CI) &-#,%(97-$0 $"E #/ M9/.,+%E #7) N.4+#,-() SYBR Green %& #7 

N.(+7 #/= '/:,+%,-/A MxPro (Stratagene). 
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2.4 ?ECGHIHD-?G? 

2.4.1 J &="2&6S& %.<4(3U3T &*'"(02S$" 6945 #$" "%$=$79& 

ETR1 60*820* #& 4"6%#86&#& %$" %.$+&($12 $* 61+3#0T V. 

dahliae +&* F. oxysporum f. sp. raphani 40 ;"#: A. thaliana 

K,$ 0$ 2,&.&=079&D / .E'/) #40 :/0,2D40 NahG, npr1-1, pad3-1, pad4-1, sid2, 

eds5/sid1, jar1-1, etr1-1, ein2-1, ein3-1, ein4 -$, ein5-1 +#70 5%=0$ #40 M=#10 A. 

thaliana &0$0#D/0 #40 %=-(#40 V. dahliae -$, F. oxysporum f. sp. raphani 

".$:%$#/"/,(97-$0 2/-,%<) "$9/:<0&,$) +& %,$ +&,.5 %&#$''$:%<040 -$, 

2,$:/0,2,$-10 M=#10 A. thaliana %& $"&0&.:/"/,7%<0$ #$ "$.$"504 :/0D2,$, %& 

+#&'<N7 #40 %=-(#40 E"4) "&.,:.5M&#$, +#70 "$.5:.$M/ 2.3.3. 

>$ ".1#$ +=%"#1%$#$ #/= V. dahliae &%M$0D+#7-$0 %& #7 %/.M( #7) 

%5.$0+7) -$, N'1.4+7) ,2,$D#&.$ +#$ "$'$,E#&.$ MA''$, 5 7%<.&) %&#5 #70 

&M$.%/:( #/= V. dahliae +#$ M=#5 (!,-E0$ 2.4.1). >$ +=%"#1%$#$ -$#$:.5M7-$0 

%<N., #,) 30 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$. L <0#$+7 #7) $+9<0&,$) 

&*&'DN97-& #$N<4) +& E'/=) #/=) :/0E#="/=) &-#E) $"E #$ M=#5 etr1-1 #$ /"/D$ 

&-2('4+$0 7",E#&.$ +=%"#1%$#$ -$, ",/ $.:( &*<',*7 #7) $+9<0&,$) (!,-E0$ 2.4.2 

6 -$, O). R#,) 30 7%<.&) %&#5 #70 &M$.%/:( #/= "$9/:E0/=, 7 &%M50,+7 #7) 

$+9<0&,$) ("/+/+#E M=#10 %& #=",-5 +=%"#1%$#$) +#$ etr1-1 M=#5 (#$0 93% -$, 7 

+/;$.E#7#$ #7) $+9<0&,$) ("/+/+#E $+9&010 MA''40 +& +N<+7 %& #/ +=0/',-E 

$.,9%E #40 MA''40) (#$0 22%, &01 +#/=) 5''/=) :/0E#="/=) 7 &%M50,+7 #7) 

$+9<0&,$) -=%5097-& $"E 82% <4) 100% -$, 7 +/;$.E#7#$ #7) $+9<0&,$) $"E 50 

<4) 95% (!,-E0$ 2.4.2 6). Y#$0 7 &*<',*7 #7) $+9<0&,$) &-M.5+#7-& +& "/+/+#E 

$+9<0&,$) ;5+7 AUDPC ("$.5:.$M/) 2.3.3), ;.<97-& E#, +#$ etr1-1 M=#5 7 

$+9<0&,$ (#$0 +#$#,+#,-5 +7%$0#,-5 N$%7'E#&.7 $"E #$ $:.D/= #A"/= -$, #$ 

="E'/,"$ %&#$''$:%<0$ M=#5 :,$ E'7 #70 2,5.-&,$ #/= "&,.5%$#/). L +N&#,-( 

AUDPC +#$ etr1-1 M=#5 (#$0 5.5% &01 +#/=) ="E'/,"/=) :/0E#="/=) -=%5097-& 

$"E 21 <4) 43.5% (!,-E0$ 2.4.2 O).  
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H*+<2& 2.4.1: 3&D.$%$ 
"$9/:<0&,$) #/= %A-7#$ V. 
dahliae %& %&#$''$:%<0$ 
M=#5 A. thaliana. >$ etr1-1, 
ein2-1, ein3-1, ein4, ein5-1, 
jar1-1, pad3-1, pad4-1, sid2, 
npr1-1, NahG, eds5/sid1 
-$91) -$, #/ $0#D+#/,N/ 
$:.D/= #A"/= Col-0 
%/'A097-$0 %& #/0 V. 
dahliae. R#70 &,-E0$ 
M$D0/0#$, $0#,"./+4"&=#,-5 
M=#5 %/'=+%<0$ %& #/ 
%A-7#$ +& +N<+7 %& #/0 
$%E'=0#/ %5.#=.$, 20 
7%<.&) %&#5 #70 &M$.%/:( 
#/= %A-7#$. >$ etr1-1 M=#5 
"$./=+D$+$0 %&,4%<0$ 
+=%"#1%$#$, %,-.E#&./= 
;$9%/A %5.$0+7, N'1.4+7, 
$05+N&+7 #7) $05"#=*7) -$, 
0<-.4+7 +& +N<+7 %& #/ Col-
0 -$, E'$ #$ ="E'/,"$ 
%&#$''$:%<0$ M=#5. 
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H*+<2& 2.4.2: (A) 3/+/+#E $+9&010 MA''40 +#$ M=#5 Arabidopsis thaliana %&#5 #70 &M$.%/:( #/= 
%A-7#$ Verticillium dahliae. L <0#$+7 #7) $+9<0&,$) ="/'/:D+#7-& :,$ -59& %<.$ -$#$:.$M() #40 
+=%"#4%5#40 4) "/+/+#E (%) #/= $.,9%/A #40 $+9&010 MA''40 4) "./) #/0 +=0/',-E $.,9%E #40 
MA''40 :,$ -59& M=#E. K,$ #/0 -59& :/0E#="/ N.7+,%/"/,(97-$0 15 M=#5 -$, #$ "&,.5%$#$ 
&"$0$'(M97-$0 3 M/.<). I, +#('&) $0#,"./+4"&A/=0 #/=) %<+/=) E./=) 45 M=#10 -$, /, -59&#&) 
.5;2/, $0#,"./+4"&A/=0 #70 $"E-',+7 $"E #/ %<+/ E./ %& ;5+7 #/ #=",-E +M5'%$. *L@!: L%<.&) 
%&#5 #70 &M$.%/:( #/= V. dahliae 
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H*+<2& 2.4.2:  (B) I, #,%<) #7) $+9<0&,$) $0$"$.$+#597-$0 :.$M,-5 +#70 &*<',*7 #/= N.E0/= :,$ #7 
27%,/=.:D$ -$%"A'7) #7) &*<',*7) #7) $+9<0&,$). 6-/'/A94) ="/'/:D+#7-& #/ &%;$2E0 -5#4 $"E #7 
-$%"A'7 &*<',*7) #7) $+9<0&,$) (AUDPC) %& #7 %<9/2/ #7) #.$"&?/&,2/A) /'/-'(.4+7) (Campbell -$, 
Madden, 1990) -$, 7 $+9<0&,$ &-M.5+#7-& 4) #/ "/+/+#E #/= %<:,+#/= &%;$2/A :,$ E'7 #7 2,5.-&,$ 
#/= "&,.5%$#/), "/= $0$M<.&#$, 4) +N&#,-( AUDPC (Korolev et al., 2001). I, +#('&) "/= +=0/2&A/0#$, 
$"E 2,$M/.&#,-5 :.5%%$#$ 2,$M<./=0 +#$#,+#,-5 +& &"D"&2/ +7%$0#,-E#7#$) (F) _ 0.05. I, %<+/, E./, 
2,$N4.D+#7-$0 +A%M40$ %& #7 %<9/2/ "/''$"'10 2/-,%10 -$#5 Tukey. 
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R#$ "&,.5%$#$ "/= ".$:%$#/"/,(97-$0 %& #/ %A-7#$ Fusarium oxysporum f. 

sp. raphani #$ ".1#$ +=%"#1%$#$ &%M$0D+#7-$0 +& E'/=) #/=) :/0/#A"/=) M=#10, 

5 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$. >=",-5 +=%"#1%$#$ N'1.4+7) -$, 

%5.$0+7) "$./=+,5+#7-$0 -=.D4) +#$ "$'$,E#&.$ MA''$ #40 M=#10 -$, #$ 

+=%"#1%$#$ -$#$:.5M7-$0 :,$ 30 7%<.&) (!,-E0$ 2.4.3). >$ M=#5 etr1-1 &"<2&,*$0 

"$.E%/,$ +=%"&.,M/.5 E"4) -$, %& #/ %A-7#$ V. dahliae. >70 307 7%<.$ %&#5 #70 

&M$.%/:( #/= %A-7#$ 7 &%M50,+7 #7) $+9<0&,$) +#$ etr1-1 M=#5 (#$0 52% -$, 7 

+/;$.E#7#$ #7) $+9<0&,$) 16.4%, &01 +#/=) 5''/=) :/0/#A"/=) 7 $+9<0&,$ 

"$./=+,5+#7-& +& "/+/+#E $"E 67 <4) 96% -$, 7 <0#$+7 #7) $+9<0&,$) -=%5097-& 

$"E 40 <4) 72%. (!,-E0$ 2.4.4 6). L +N&#,-( AUDPC (#$0 4.3% +#$ etr1-1 M=#5 

-$91) +#/=) 5''/=) :/0/#A"/=) -=%5097-& $"E 19.7 <4) 32.7% (!,-E0$ 2.4.4 O), 

&",2&,-0A/0#$) <#+, E#, #$ M=#5 etr1-1 &DN$0 +#$#,+#,-5 ',:E#&.7 $+9<0&,$ -$9’ E'7 #7 

2,5.-&,$ #/= "&,.5%$#/)  +& +N<+7 %& E'$ #$ ="E'/,"$ %&#$''$:%<0$ M=#5 -$, #$ 

M=#5 $:.D/= #A"/=. 
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H*+<2& 2.4.3: 3&D.$%$ "$9/:<0&,$) #/= 
%A-7#$ F. oxysporum f. sp. raphani %& 
%&#$''$:%<0$ M=#5 A. thaliana. >$ etr1-
1, ein2-1, ein3-1, ein4, ein5-1, jar1-1, 
pad3-1, pad4-1, sid2, npr1-1, NahG, 
eds5/sid1 -$91) -$, #/ $0#D+#/,N/ 
$:.D/= #A"/= Col-0 %/'A097-$0 %& #/0 
F. oxysporum f. sp. raphani. R#70 
&,-E0$ M$D0/0#$, $.,+#&.5 $0#,-
"./+4"&=#,-5 M=#5 %/'=+%<0$ %& #/ 
%A-7#$ -$, 2&*,5 / $%E'=0#/) 
%5.#=.$), 20 7%<.&) %&#5 #70 
&M$.%/:( #/= %A-7#$. >$ etr1-1 M=#5 
"$./=+D$+$0 %&,4%<0$ +=%"#1%$#$, 
%,-.E#&./= ;$9%/A %5.$0+7, 
N'1.4+7, $05+N&+7 #7) $05"#=*7) -$, 
0<-.4+7 +& +N<+7 %& #/ Col-0 -$, E'$ 
#$ ="E'/,"$ %&#$''$:%<0$ M=#5. 
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H*+<2& 2.4.4: (A) 3/+/+#E $+9&010 MA''40 +#$ M=#5 Arabidopsis thaliana %&#5 #70 &M$.%/:( #/= 
%A-7#$ Fusarium oxysporum f. sp. raphani. L <0#$+7 #7) $+9<0&,$) ="/'/:D+#7-& :,$ -59& %<.$ 
-$#$:.$M() #40 +=%"#4%5#40 4) "/+/+#E (%) #/= $.,9%/A #40 $+9&010 MA''40 4) "./) #/0 
+=0/',-E $.,9%E #40 MA''40 :,$ -59& M=#E. K,$ #/0 -59& :/0E#="/ N.7+,%/"/,(97-$0 15 M=#5 -$, #$ 
"&,.5%$#$ &"$0$'(M97-$0 3 M/.<). I, +#('&) $0#,"./+4"&A/=0 #/=) %<+/=) E./=) 45 M=#10 -$, /, 
-59&#&) .5;2/, $0#,"./+4"&A/=0 #70 $"E-',+7 $"E #/ %<+/ E./ %& ;5+7 #/ #=",-E +M5'%$. *L@!: 
L%<.&) %&#5 #70 &M$.%/:( #/= V. dahliae 
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H*+<2& 2.4.4:  (B) I, #,%<) #7) $+9<0&,$) $0$"$.$+#597-$0 :.$M,-5 +#70 &*<',*7 #/= N.E0/= :,$ #7 
27%,/=.:D$ -$%"A'7) #7) &*<',*7) #7) $+9<0&,$). 6-/'/A94) ="/'/:D+#7-& #/ &%;$2E0 -5#4 $"E #7 
-$%"A'7 &*<',*7) #7) $+9<0&,$) (AUDPC) %& #7 %<9/2/ #7) #.$"&?/&,2/A) /'/-'(.4+7) (Campbell -$, 
Madden, 1990) -$, 7 $+9<0&,$ &-M.5+#7-& 4) #/ "/+/+#E #/= %<:,+#/= &%;$2/A :,$ E'7 #7 2,5.-&,$ 
#/= "&,.5%$#/), "/= $0$M<.&#$, 4) +N&#,-( AUDPC (Korolev et al., 2001). I, +#('&) "/= +=0/2&A/0#$, 
$"E 2,$M/.&#,-5 :.5%%$#$ 2,$M<./=0 +#$#,+#,-5 %& &"D"&2/ +7%$0#,-E#7#$) (F) _ 0.05. I, %<+/, E./, 
2,$N4.D+#7-$0 +A%M40$ %& #7 %<9/2/ "/''$"'10 2/-,%10 -$#5 Tukey. 
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6"E #$ $"/#&'<+%$#$ #40 "$.$"504 "&,.$%5#40 M$D0&#$, E#, #/ :/0D2,/ 

etr1-1 "/= -42,-/"/,&D <0$0 $"E #/=) ="/2/N&D) #/= $,9='&0D/= -$, &%"'<-&#$, +#70 

".E+'7P7 -$, %&#52/+7 #/= +(%$#/) #/=, "$D?&, +7%$0#,-E .E'/ +#70 $+9<0&,$ "/= 

"./-$'/A0 /, %A-7#&) V. dahliae -$, F. oxysporum f. sp. raphani. R=:-&-.,%<0$ 7 

$2=0$%D$ ".E+'7P7) $,9='&0D/= +#$ M=#5 A. thaliana %<+4 #/= ="/2/N<$ ETR1, 

'E:4 $"&0&.:/"/D7+7) #/= :/0,2D/= "/= #/0 -42,-/"/,&D, &DN& +$0 $"/#<'&+%$ #$ 

M=#5 0$ &-27'10/=0 %,-.E#&.$ "/+/+#5 $+9<0&,$). 

 

2.4.2 >4#$%&'$($)*+, %&.&#,.343 #3T =*&=*+&4S&T 6<("243T 

40 ;"#: A. thaliana 

K,$ #70 ,+#/"$9/'/:,-( %&'<#7 #/= .E'/= #40 :/0,2D40 etr1-1 -$, ein4 +#70 

2,$2,-$+D$ %E'=0+7), #/ +#<'&N/) V. dahliae "/= N.7+,%/"/,(97-& +#$ "&,.5%$#$ 

"$9/:<0&,$) %&#$+N7%$#D+#7-& %& #/ :/0D2,/ gfp (E"4) "&.,:.5M&#$, +#70 

"$.5:.$M/ 2.3.14) -$, $,1.7%$ -/0,2D40 #/= %A-7#$ &M$.%E+#7-& %<+$ +#/ 

9.&"#,-E 2,5'=%$ #/= =2./"/0,-/A +=+#(%$#/) -$'',<.:&,$) <#+, 1+#& 7 #&',-( 

+=:-<0#.4+7 0$ &D0$, 107 -/0D2,$ $05 ml. 6-/'/A97+& %,-./+-/",-( "$.$#(.7+7 

#7) $''7'&"D2.$+7) #/= %A-7#$ %& #$ %&#$''$:%<0$ M=#5 etr1-1 -$, ein4 -$91) -$, 

%& M=#5 $:.D/= #A"/= A. thaliana %& 2,$2,-$+D$ "/= "&.,:.5M&#$, +#70 "$.5:.$M/ 

2.3.15. L "$.$-/'/A97+7 #7) $''7'&"D2.$+7) ".$:%$#/"/,(97-& +& 

$0#,-&,%&0/ME./=) "'5-&) 24, 48 -$, 72 1.&) %&#5 #70 %E'=0+7 +& %,-./+-E",/ UV 

(!,-E0$ 2.4.5 6, O -$, K). 
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H*+<2& 2.4.5 ?: @,-./+-/",-( "$.$#(.7+7 $"/,-,+%/A .,?10 #/= M=#/A Arabidopsis thaliana $"E #/ 
%A-7#$ V. dahliae GFP 24 1.&) %&#5 #7 %E'=0+7. 8/0D2,$ #/= V. dahliae GFP <N/=0 &:-$#$+#$9&D 
"504 +#7 .D?$ #40 M=#10 Col-0 (WT) (%:25), etr1-1 (+92#.$) -$, ein4 (+:#5). 
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H*+<2& 2.4.5 B: @,-./+-/",-( "$.$#(.7+7 $"/,-,+%/A .,?10 #/= M=#/A Arabidopsis thaliana $"E #/ 
%A-7#$ V. dahliae GFP 48 1.&) %&#5 #7 %E'=0+7. 8/0D2,$ #/= V. dahliae GFP M$D0&#$, 0$ <N/=0 
&:-$#$+#$9&D +& E'7 #70 &",M50&,$ #7) .D?$) #40 M=#10 Col-0 (WT) (%:25), etr1-1 (+92#.$) -$, ein4 
(+:#5). 
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H*+<2& 2.4.5 M: @,-./+-/",-( "$.$#(.7+7 $"/,-,+%/A .,?10 #/= M=#/A Arabidopsis thaliana $"E #/ 
%A-7#$ V. dahliae GFP 72 1.&) %&#5 #7 %E'=0+7. @&:5'/) $.,9%E) -/0,2D40 #/= V. dahliae GFP <N/=0 
+=:-&0#.49&D +#$ +7%&D$ <-"#=*7) #40 2&=#&.&=/=+10 .,?10 #40 M=#10 Col-0 (WT) (%:25), etr1-1 
(+92#.$) -$, ein4 (+:#5). 
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3,/ $0$'=#,-5, 24 1.&) %&#5 #70 %E'=0+7 #$ +"E.,$ #/= %A-7#$ &DN$0 $.ND+&, 

0$ "./+-/''/A0#$, +#70 &",M50&,$ #40 .,?10 #40 M=#10 Col-0 (WT), etr1-1 -$, 

ein4. R#,) 48 1.&) #$ +"E.,$ #/= %A-7#$ &DN$0 "./+-/''79&D +& E'7 +N&2E0 #70 

&",M50&,$ #/= .,?,-/A +=+#(%$#/) #40 M=#10 N4.D) 0$ &D0$, 2,$-.,#( %,$ %&:$'A#&.7 

+=:-<0#.4+7 +"/.D40 +& -5"/,/ $"E #/=) #.&,) :/0E#="/=). R#,) 72 1.&) %&#5 #7 

%E'=0+7 2,$",+#197-& +=:-<0#.4+7 #40 +"/.D40 +#$ +7%&D$ <-"#=*7) #40 

2&=#&.&=/=+10 .,?10 #40 M=#10. 

6"E #/ "$.$"504 "&D.$%$ M$D0&#$, E#, 2&0 ="5.N&, %,-.E#&.7 

".E+M=+7/+=::<0&,$ #40 +"/.D40 #/= %A-7#$ +#$ etr1-1 M=#5, :&:/0E) "/= 9$ 

%"/./A+& 0$ &*7:(+&, +& <0$ ;$9%E #/ %,-.E#&./ "/+/+#E $+9&010 MA''40 +#$ 

M=#5 $=#5. >$ $"/#&'<+%$#$ #/= "&,.5%$#/) $=#/A $"/#<'&+$0 %,$ $-E%$ <02&,*7 

E#, +#$ etr1-1 M=#5 (#$0 ",9$0E0 0$ &"5:/0#$, %7N$0,+%/D 5%=0$) "/= 

"$.&%"/2D?/=0 #70 &D+/2/ #/= %A-7#$ ( $0$+#<''/=0 #70 "&.$,#<.4 $05"#=*7 #/= 

%&#5 #70 &D+/2E #/= +& $=#5. 

2.4.3 E$4$#*+$%$S343 #52 6"+,#52 V. dahliae +&* F. 

oxysporum f. sp. raphani 40 ;"#: A. thaliana 60 Real-time PCR  

>$ 2&2/%<0$ $"E #$ "&,.5%$#$ "$9/:<0&,$) <2&,*$0 /#, %E0/ #$ etr1-1 M=#5 

&DN$0 "./+;'79&D ',:E#&./ $"E #$ "$9/:E0$ $05%&+$ +& E'$ #$ %&#$''$:%<0$ M=#5 

-$, #$ $:.D/= #A"/= M=#5 "/= N.7+,%/"/,(97-$0. !"D+7), %&#5 #$ "&,.5%$#$ 

,+#/"$9/'/:,-() "$.$#(.7+7) #40 ".1#40 +#$2D40 %E'=0+7) #/= %A-7#$ V. 

dahliae +& M=#5 A. thaliana 2,$",+#197-& E#, 2&0 ="(.*& %&,4%<07 ".E+M=+7 #40 

-/0,2D40 #/= %A-7#$ +#,) .D?&) #40 M=#10 etr1-1. @& ;5+7 $=#5 #$ $"/#&'<+%$#$, /, 

"./+"59&,&) &+#,5+#7-$0 +#70 "&.$,#<.4 &*<#$+7 #7) $''7'&"D2.$+7) #/= V. 

dahliae %& #$ %&#$''$:%<0$ M=#5 "/= 2&0 $0#,'$%;50/0#$, #/ $,9='<0,/. K,$ 0$ 

2,$",+#49&D &50 #$ %&,4%<0$ +=%"#1%$#$ #40 M=#10 etr1-1 -$, 7 $2=0$%D$ 

".E+'7P7) $,9='&0D/= %<+4 #/= ="/2/N<$ ETR1 &"7.&5?/=0 #70 $05"#=*7 -$, #70 

$"/D-,+7 #/= "$9/:E0/= +#/=) $::&,$-/A) ,+#/A) #40 M=#10, M=#5 $:.D/= #A"/= 

(Col-0) -$, %&#$''$:%<0$ +#/ %/0/"5#, #/= $,9='&0D/= (etr1-1, ein2-1, ein3-1, ein4 

-$, ein5-1) %/'A097-$0 %& V. dahliae -$, 7 ;,/%5?$ #/= "$9/:E0/= ="/'/:D+#7-& :,$ 

-59& :/0E#="/ %& Real-time quantitative PCR (qPCR). R& $=#5 #$ "&,.5%$#$ 

+=%"&.,'(M97-$0 E'$ #$ %&#$''$:%<0$ M=#5 "/= 2&0 $0#,'$%;50/0#$, #/ $,9='<0,/ 

+& %,$ "./+"59&,$ 0$ $"/-#79/A0 "'7./M/.D&) :,$ #/ -59& +#/,N&D/ #/= 

%/0/"$#,/A $0#D'7P7) #/= $,9='&0D/= -$, :,$ 0$ 2,&.&=079&D #/ -$#5 "E+/ #$ 

+=%"#1%$#$ #7) $+9<0&,$) +N&#D?/0#$, %& #70 "/+E#7#$ #/= "$9/:E0/= +#/=) 

$::&,$-/A) ,+#/A) #40 M=#10. 
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2.4.3.1 A'7#<:#* -0 PCR %"$ %B1'()(7*#* +1' 5('$671' 5.8S rRNA 

%"$ PG5 

K,$ #7 27%,/=.:D$ $0$+=02=$+%<040 "'$+%,2D40 %& #%(%$#$ $"E #$ :/0D2,$ 

5.8s rRNA -$, PG5 #40 %=-(#40 V. dahliae -$, F. oxysporum f. sp. raphani, 

$0#D+#/,N$ "/= N.7+,%/"/,(97-$0 :,$ #7 "/+/#,-/"/D7+7 #40 %=-(#40 +#,) 

$0#,2.5+&,) Real-time PCR, $.N,-5 &0,+NA97-$0 %& PCR #$ &0 'E:4 #%(%$#$, 

-'40/"/,(97-$0 +#/0 "'$+%,2,$-E M/.<$ pGEM-T -$, 7 &",#=ND$ -'40/"/D7+7) 

&",;&;$,197-& %& "<P7 #40 $0$+=02=$+%<040 "'$+%,2D40 %& &",'&:%<0$ <0?=%$. 

>/ #%(%$ 347 ;5+&40 #7) ="/%/052$) 5.8S rRNA :/0,2D/= &0,+NA97-& %& 

$0#D2.$+7 PCR +& :/0,2,$-E DNA #/= %A-7#$ V. dahliae, &M$.%E?/0#$) 

9&.%/-.$+D$ =;.,2,+%/A 60 /C, N.7+,%/"/,10#$) #/=) &--,07#<) "/= +N&2,5+#7-$0 

E"4) "&.,:.5M&#$, +#70 "$.5:.$M/ 2.3.4. R#7 +=0<N&,$ #/ #%(%$ $=#E (!,-E0$ 

2.4.66) -'40/"/,(97-& +#/ M/.<$ pGEM-T -$, 7 "$./=+D$ #/= $0$%&0E%&0/= 

%&:<9/=) #%(%$#/) &'<:N97-& %& $"/%E04+7 (!,-E0$ 2.4.6O) -$, +#7 +=0<N&,$ "<P7 

#/= "'$+%,2,$-/A DNA %& #$ <0?=%$ PstI -$, NcoI (!,-E0$ 2.4.6K) "/= 

$"&'&=9&.10/=0 #/ <09&#/ #%(%$ #40 347 ;5+&40. 

 

   

H*+<2& 2.4.6: !0D+N=+7 #%(%$#/) #7) ="/%/052$) 5.8S rRNA #/= Verticillium dahliae ?) 
!0D+N=+7 #/= #%(%$#/) 347 ;5+&40 #/= :/0,2D/= 5.8S rRNA, &M$.%E?/0#$) PCR +& 
:/0,2,$-E DNA #/= %A-7#$ B) L'&-#./ME.7+7 #/= "'$+%,2,$-/A DNA "/= $"/%/0197-& 
$"E #/ M/.<$ pGEM-T (2,$2./%( 1) -$, $"E #/0 -'10/ pGEM-T:Vd "/= M<.&, #/ :/0D2,/ 
5.8S rRNA (2,$2./%( 2) M) 3<P7 #40 M/.<40 pGEM-T-Vd (2,$2./%( 1) -$, pGEM-T 
(2,$2./%( 2) %& #$ "&.,/.,+#,-5 <0?=%$ PstI/NcoI, :,$ #/0 -$9/.,+%E #/= %&:<9/=) #/= 
-'40/"/,7%<0/= #%(%$#/). 
 

K,$ #70 &0D+N=+7 #/= :/0,2D/= #7) &02/"/'=:$'$-#/=./05+7) (PG5) +#/ 

%A-7#$ F. oxysporum f. sp. raphani, ".$:%$#/"/,(97-& $0#D2.$+7 PCR %& #/=) 
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&--,07#<) "/= $0$M<./0#$, +#70 "$.5:.$M/ 2.3.1.1 +& 9&.%/-.$+D$ =;.,2,+%/A 58 

/C. !0,+NA97-& #/ $0$%&0E%&0/ #%(%$ #40 331 ?&=:10 ;5+&40 (2.4.76) #/ /"/D/ 

+#7 +=0<N&,$  -'40/"/,(97-& +#/ M/.<$ pGEM-T -$, 7 "$./=+D$ #/= $0$%&0E%&0/= 

%&:<9/=) #%(%$#/) &'<:N97-& %& $"/%E04+7 (!,-E0$ 2.4.7O) -$, +#7 +=0<N&,$ "<P7 

#/= "'$+%,2,$-/A DNA %& #$ <0?=%$ PstI -$, NcoI (!,-E0$ 2.4.7K). 

 

                         

H*+<2& 2.4.7: !0D+N=+7 #%(%$#/) #/= :/0,2D/= PG5 #/= Fusarium oxysporum f. sp. raphani 
?) !0D+N=+7 #/= #%(%$#/) 331 ;5+&40 #/= :/0,2D/= PG5, &M$.%E?/0#$) PCR +& :/0,2,$-E 
DNA #/= %A-7#$ B) L'&-#./ME.7+7 #/= "'$+%,2,$-/A DNA "/= $"/%/0197-& $"E #/ 
M/.<$ pGEM-T (2,$2./%( 1) -$, $"E #/0 -'10/ pGEM-T:Fox "/= M<.&, #/ :/0D2,/ PG5 
(2,$2./%( 2) M) 3<P7 #40 M/.<40 pGEM-T-Fox (2,$2./%( 1) -$, pGEM-T (2,$2./%( 2) %& #$ 
"&.,/.,+#,-5 <0?=%$ PstI/NcoI, :,$ #/0 -$9/.,+%E #/= %&:<9/=) #/= -'40/"/,7%<0/= 
#%(%$#/). 

2.4.3.2 A@";-(54 %"$ "'DB:#* ")(+0B0#-D+1' Real-time PCR 

H Real-time PCR &M$.%E+#7-& +& DNA $"E 2&D:%$#$ M=#10 +#,) 5, 10, 15, 

20 -$, 25 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$ V. dahliae. L $05'=+7 #7) Real-time 

PCR <2&,*& /#, +#,) 5 7%<.&) %&#5 #70 &M$.%/:( #/= V. dahliae / %A-7#$) &DN& (27 

"./+;5'&, #/ $::&,$-E +A+#7%$ E'40 #40 M=#10 (!,-E0$ 2.4.8). L "/+E#7#$ #/= 

%A-7#$ %&,197-& +#,) 10 7%<.&) &-#E) $"E #$ M=#5 Col-0 -$, ein2-1 -$, $-/'/A94) 

$=*(97-& +#$9&.5 %<N., #,) 25 7%<.&) $"E #70 &M$.%/:( #/= (!,-E0$ 2.4.8). >/ D2,/ 

%/#D;/ $"/D-,+7) "$.$#7.(97-& +& E'/=) #/=) :/0E#="/=). W+#E+/, +#$ M=#5 etr1-

1 7 ;,/%5?$ #/= "$9/:E0/= (#$0 +#$#,+#,-5 %,-.E#&.7 +& +N<+7 %& #$ ="E'/,"$ 

M=#5 "/= N.7+,%/"/,(97-$0 +& -59& N./0,-E +7%&D/, &-#E) #,) 5 7%<.&) %&#5 #70 

&M$.%/:( #/= %A-7#$. (!,-E0$ 2.4.8). R#,) 10 7%<.&) %&#5 #70 %E'=0+7 7 "/+E#7#$ 

#/= V. dahliae +#$ etr1-1 M=#5 (#$0 #/='5N,+#/0 4.9 M/.<) %,-.E#&.7 $"E E#, +#$ 

="E'/,"$ M=#5, &01 +#,) 15, 20 -$, 25 7%& 7 2,$M/.5 -=%5097-& $"E 4.4 <4) 6.6 
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M/.<). G2,$D#&./ &02,$M<./0 "$./=+,5?&, #/ :&:/0E) E#, 7 "/+E#7#$ #/= V. dahliae 

+#$ ein4 M=#5, "/= (#$0 7 5''7 +&,.5 %&#$''$:%<040 M=#10 +& ="/2/N<$ #/= 

$,9='&0D/=, (#$0 +7%$0#,-5 %&:$'A#&.7 $"E E#, +#$ etr1-1 M=#5 +& -59& N./0,-E 

+7%&D/, -$, -=%5097-& $"E 5.2 +#,) 5 7%<.&) <4) 11.3 M/.<) +#,) 20 7%<.&) %&#5 #70 

&M$.%/:( #/= %A-7#$. 
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#*
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ein2-1

ein3-1

ein4

ein5-1

 

H*+<2&. 2.4.8: 3/+/#,-/"/D7+7 DNA #/= %A-7#$ Verticillium dahliae +#$ %&#$''$:%<0$ M=#5 
+#/ %/0/"5#, #/= $,9='&0D/= etr1-1, ein2-1, ein3-1, ein4, ein5-1 -$, +#$ $:.D/= #A"/= Col-0 
M=#5. >$ &"D"&2$ #/= DNA #/= %A-7#$ ="/'/:D+#7-$0 %& Real-time PCR +& /',-E DNA "/= 
$"/%/0197-& $"E #/ ="<.:&,/ %<./) 10 M=#10 $05 :/0E#="/ 5, 10, 15, 20 -$, 25 7%<.&) 
%&#5 #70 &M$.%/:( #/= %A-7#$. >/ "&D.$%$ &"$0$'(M97-& #.&,) M/.<). I, +#('&) 
$0$"$.,+#/A0 #/=) %<+/=) E./=) $"E 30 M=#5 -$, /, -59&#&) .5;2/, $0#,"./+4"&A/=0 #70 
$"E-',+7 $"E #/ %<+/ E./ %& ;5+7 #/ #=",-E +M5'%$. K,$ -59& N./0,-E +7%&D/ 
2&,:%$#/'7PD$), /, +#('&) "/= +=0/2&A/0#$, $"E 2,$M/.&#,-E :.5%%$ 2,$M<./=0 +7%$0#,-5 
+A%M40$ %& #7 %<9/2/ "/''$"'10 2/-,%10 -$#5 Tukey +& &"D"&2/ +7%$0#,-E#7#$) P _ 
0.05. 

 
K,$ #70 "&.$,#<.4 %&'<#7 #/= .E'/= #/= ETR1 +#70 $''7'&"D2.$+7 #40 

M=#10 A. thaliana %& #$ "$9/:E0$ #40 $2./%=-1+&40, M=#5 $:.D/= #A"/= (Col-0) 

-$, %&#$''$:%<0$ etr1-1 M=#5 %/'A097-$0 %& F. oxysporum f. sp. raphani -$, 

".$:%$#/"/,(97-& "/+/#,-/"/D7+7 #/= "$9/:E0/= %& "/+/#,-( Real-time PCR 

+#,) 6, 12 -$, 18 7%<.&) %&#5 #70 &M$.%/:( #/=. L $05'=+7 #7) "/+/#,-() PCR 

<2&,*& E#, / %A-7#$) &DN& $"/,-(+&, #$ $::&D$ -$, #40 2A/ :/0/#A"40 +#,) 6 7%<.&) 

%&#5 #70 &M$.%/:( #/= %A-7#$, $''5 #/ %/#D;/ $"/D-7+7) 2,<M&.& -$#5 #7 2,5.-&,$ 

#/= "&,.5%$#/). R#,) 6 7%<.&), 7 "/+E#7#$ #/= "$9/:E0/= <M#$+& +#7 %<:,+#7 #,%( 

#7) +#$ $:.D/= #A"/= M=#5 -$, $-/'/A94) %&,197-& +#$9&.5 %<N., #,) 18 7%<.&). 
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60#,9<#4), 7 "/+E#7#$ #/= "$9/:E0/= +#$ etr1-1 M=#5 $=*(97-& $.:5 $"E #,) 6 <4) 

#,) 18 7%<.&). W+#E+/, #$ &"D"&2$ #7) ;,/%5?$) #/= F. oxysporum f. sp. raphani +#$ 

etr1-1 M=#5 (#$0 +7%$0#,-5 %,-.E#&.$ $"E #$ $:.D/= #A"/= M=#5 +& -59& 

2&,:%$#/'7PD$ &-#E) $"E #,) 18 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$. R#,) 6 7%<.&) 

7 "/+E#7#$ #/= "$9/:E0/= +#$ $:.D/= #A"/= M=#5 (#$0 15 M/.<) "&.,++E#&.7 $"E 

$=#(0 +#$ etr1-1 M=#5, &01 +#,) 12 7%<.&) 7 2,$M/.5 (#$0 5.7 M/.<) (!,-E0$ 2.4.9). 

b b
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H*+<2&. 2.4.9: 3/+/#,-/"/D7+7 DNA #/= %A-7#$ Fusarium oxysporum f. sp. raphani +#$ 
%&#$''$:%<0$ M=#5 +#/ %/0/"5#, #/= $,9='&0D/= etr1-1 -$, +#$ $:.D/= #A"/= Col-0 M=#5. >$ 
&"D"&2$ #/= DNA #/= %A-7#$ ="/'/:D+#7-$0 %& Real-time PCR +& /',-E DNA "/= 
$"/%/0197-& $"E #/ ="<.:&,/ %<./) 10 M=#10 $05 :/0E#="/ 6, 12 -$, 18 7%<.&) %&#5 #70 
&M$.%/:( #/= %A-7#$. >/ "&D.$%$ &"$0$'(M97-& #.&,) M/.<). I, +#('&) $0$"$.,+#/A0 #/=) 
%<+/=) E./=) $"E 30 M=#5 -$, /, -59&#&) .5;2/, $0#,"./+4"&A/=0 #70 $"E-',+7 $"E #/ 
%<+/ E./ %& ;5+7 #/ #=",-E +M5'%$. K,$ -59& 7%<.$ 2&,:%$#/'7PD$), /, +#('&) "/= 
+=0/2&A/0#$, $"E 2,$M/.&#,-E :.5%%$ 2,$M<./=0 +7%$0#,-5 +A%M40$ %& #7 +#$#,+#,-( 
2/-,%$+D$  t-test +& &"D"&2/ +7%$0#,-E#7#$) P _ 0.05. 

2.4.4 -0#&).&;*+9T 60#&L$(9T 40 ;"#: WT +&* etr1-1 A. thaliana, 

60#: &%< 6<("243 60 #$2 61+3#& V. dahliae 

>$ $"/#&'<+%$#$ #40 2/-,%10 "$9/:<0&,$) $''5 -$, #$ $"/#&'<+%$#$ #7) 

"/+/#,-/"/D7+7) #7) ;,/%5?$) #40 %=-(#40 +#/=) $::&,$-/A) ,+#/A) #40 M=#10 

<2&,*$0 E#, #$ etr1-1 M=#5 &DN$0 $=*7%<07 $09&-#,-E#7#$ +#/=) %A-7#&) V. dahliae -$, 

F. oxysporum f. sp. raphani +& +N<+7 %& #$ 5''$ M=#5 "/= N.7+,%/"/,(97-$0. >$ 

',:E#&.$ +=%"#1%$#$ +& +=02=$+%E %& #70 %&,4%<07 ;,/%5?$ #40 "$9/:E040 +#$ 

etr1-1 M=#5 ="/2&D-0=$0 E#, / M$,0E#="/) $=#E) /M&D'&#$, +& %7N$0,+%/A) 5%=0$) 

"/= $0$"#A++/0#$, +#$ M=#5 $=#5. L 2=0$#E#7#$ $0$:01.,+7) :/0,2D40 "/= 
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&"5:/0#$, +#$ etr1-1 +& +N<+7 %& #$ $:.D/= #A"/= M=#5 9$ &"&2&D-0=& 2=07#,-5 

+#/,N&D$ $09&-#,-E#7#$) "/= 2,<"/=0 $=#E #/ :/0E#="/. K, $=#E #/ 'E:/ 

N.7+,%/"/,(97-& 7 #&N0/'/:D$ #40 %,-./+=+#/,N,10 :,$ #7 2,&.&A07+7 #40 

%&#$:.$M,-10 %&#$;/'10 +#$ $:.D/= #A"/= Col-0 -$, etr1-1 M=#5 %&#5 #7 %E'=0+7 

#/=) %& #/ %A-7#$ V. dahliae. 6"/%/0197-& RNA $"E $%E'=0#$ M=#5 -$, $"E 

%/'=+%<0$ M=#5 6 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$. >/ RNA +#5'97-& +#70 

&#$,.&D$ DNA Vision (Charleroi, Belgium) E"/= #/"/9&#(97-& "504 +#/ Arabidopsis 

ATH1 GeneChip (Affymetrix) #/ /"/D/ $0#,"./+4"&A&, "&.D"/= 24000 :/0D2,$ :,$ 0$ 

&*&#$+#&D #/ %&#$:.$M,-E "./MD' #40 WT -$, etr1-1 M=#10. 6"E #$ $"/#&'<+%$#$ 

$=#5 -$, %& #7 N.(+7 #/= macro FiRe (Garcion et al., 2006) $0$:04.D+#7-$0 :/0D2,$ 

"/= &"5:/0#$, (2 M/.<) #/='5N,+#/0) <*, 7%<.&) %&#5 $"E #70 &M$.%/:( #/= V. 

dahliae, N.7+,%/"/,10#$) 4) $0$M/.5 2&D:%$#$ "/= +=''<N97-$0 #70 D2,$ %<.$ 

$''5 "/= 2&0 &M$.%E+#7-& / %A-7#$) (3D0$-$) 2.4.1). R#70 $''7'&"D2.$+7 V. 

dahliae - Col-0 / $.,9%E) #40 :/0,2D40 "/= ="&.&-M.5+#7-$0 (#$0 536 (!,-E0$ 

2.4.10) &01 #70 $''7'&"D2.$+7 V. dahliae - etr1-1 149 (!,-E0$ 2.4.10). @,$ 

="//%52$ $"E 52 :/0D2,$ ;.<97-& 0$ ="&.&-M.5?/0#$, -$, +#,) 2 $''7'&",2.5+&,) 

(!,-E0$ 2.4.10) &01 95 :/0D2,$ ="&.&-M.5+#7-$0 "&.,++E#&./ $"E 2=/ M/.<) %E0/ 

+#$ etr1-1 M=#5 (!,-E0$ 2.4.10, 3D0$-$) 2.4.1). 6*D?&, 0$ +7%&,49&D /#, /, 

%&#$:.$M,-<) %&#$;/'<) "/= &"5N97-$0 $"E #/0 V. dahliae (#$0 -$#5 "/'A 

"&.,++E#&.&) +#70 $''7'&"D2.$+7 %& #$ Col-0 M=#5 +& +N<+7 %& #$ etr1-1 M=#5 

$M/A / $.,9%E) #40 :/0,2D40 "/= ="&.&-M.5+#7-$0 +#$ Col-0 (#$0 +N&2E0 

#.,"'5+,/) $"E E#, +#$ etr1-1 M=#5 (!,-E0$ 2.4.11). 

 

 

H*+<2& 2.4.10: I $.,9%E) #40 :/0,2D40 "/= ="&.&-M.5+#7-$0 +#$ M=#5 6 7%<.&) %&#5 #70 &M$.%/:( 
#/= %A-7#$ (#$0 %&:$'A#&./) +#$ Col-0 M=#5 +& +N<+7 %& #$ etr1-1 M=#5. R#70 &",-5'=P7 #/= Venn 
2,$:.5%%$#/) M$D0&#$, / $.,9%E) #40 :/0,2D40 "/= ="&.&-M.5+#7-$0 #E+/ +#$ Col-0 E+/ -$, +#$ etr1-
1 M=#5. 

etr1-1 Col-0 

D"2$(*+:: 
199 

                     V. dahliae                   .      

D"2$(*+:: 
536 

52 147484
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                                                   V. dahliae                               . 

 

 

 

 

 

 

 

 

 

 

 

                              Col-0/Vd  etr1-1/Vd            Col-0/Vd  etr1-1/Vd 
 

 

 

-5     +5 

B&'6<T 9+;.&43T )$2*=S52 

H*+<2& 2.4.11: RA:-.,+7 #40 :/0,2D40 E"/= "$.$#7.(97-& %&#$:.$M,-( $''$:( +#$ M=#5 Col-0 -$, 
etr1-1 <*, 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$ Verticillium dahliae. 6.,+#&.5 $0$"$.D+#$#$, #/ "./MD' 
<-M.$+7) +#$ etr1-1 M=#5 :,$ #$ :/0D2,$ "/= ="&.&-M.5?/0#$, +#$ Col-0 M=#5. B&*,5 $0$"$.,+#5#$, #/ 
"./MD' <-M.$+7) +#$ Col-0 M=#5 :,$ #$ :/0D2,$ "/= ="&.&-M.5?/0#$, +#$ etr1-1 M=#5. 

 

R#70 /%52$ :/0,2D40 "/= ="&.&-M.5+#7-$0 -$, +#/=) 2A/ :/0E#="/=) 

+=%"&.,'(M97-$0 5 heat shock proteins (&-M.5?/0#$, :&0,-E#&.$ +& +=09(-&) 

stress), 2 disease resistance proteins (LRR proteins), 2 cytochrome proteins, 2 

oxireductases (oxygenease family proteins), 2 protein kinases, 1 chitinase, 1 

glycosyltransferase, 1 myb family transcription factor -$, 1 ethylene responsive 

transcriptional co-activator. !02,$M<./0 "$./=+D$+& #/ :&:/0E) E#, +#70 /%52$ 

:/0,2D40 "/= ="&.&-M.5+#7-$0 -$, +#/=) 2A/ :/0E#="/=) 2&0 2,$",+#197-& 7 

"$./=+D$ :/0,2D40 PRs, N,#,0$+10, ".4#&$+10 -.$. "/= &D0$, :04+#E $"E #7 

;,;',/:.$MD$ E#, &0&.:/"/,/A0#$, %&#5 $"E "./+;/'( $"E "$9/:E0/=) 

%,-.//.:$0,+%/A). R=0&"1), /, %&#$:.$M,-<) %&#$;/'<) +#$ M=#5 Col-0 -$, etr1-1 

%&#5 #70 "./+;/'( $"E #/ %A-7#$ V. dahliae &D0$, "/'A *&N4.,+#<).  
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ES2&+&T 2.4.1: K/0D2,$ "/= &-M.5?/0#$, #/='5N,+#/0 2 M/.<) +#$ etr1-1 M=#5 E"/= &M$.%E+#7-& / 

%A-7#$) V. dahliae +& +N<+7 %& #$ $%E'=0#$ M=#5 +#/ "&D.$%$ #40 %,-./+=+#/,N,10 

 

 UGCluster 

?.*'6<T 
&2*720"#, 

(probe) 
Affymetrix 

WT/Vd:: 
WT (-) 

etr1-1/Vd:: 
etr1-1 (-) 

E0.*).&;, )$2*=S$" 
(www.arabidopsis.org) 

1 At.50337 245624_at 0,52 10,07 
UDP-glucoronosyl/UDP-
glucosyl transferase family 
protein 

2 At.20447 245628_at 0,71 2,37 
myb family transcription factor 
(MYB75) 

3 At.46857 245982_at 0,71 8,36 nodulin MtN3 family protein 

4 At.31243 246125_at 1,13 2,04 expressed protein 

5 At.37001 246403_at 1,72 2,75 pectinacetylesterase, putative 

6 At.27563 246468_at 0,98 2,24 
UDP-glucoronosyl/UDP-
glucosyl transferase family 
protein 

7 At.20221 247095_at 0,7 3,54 dehydrin (RAB18) 

8 At.22149 247723_at  3,94 
protein phosphatase 2C, 
putative / PP2C, putative 

9 At.49795 248185_at 0,38 5,84 
glycosyltransferase family 
protein 

10 At.49170 248236_at 0,51 2,17 
plastocyanin-like domain-
containing protein 

11 At.29597 248322_at 5,08 2,43 
heavy-metal-associated 
domain-containing protein 

12 At.29617 248333_at 1,7 6,86 
photoassimilate-responsive 
protein, putative 

13 At.29679 248434_at  2,69 
23,5 kDa mitochondrial small 
heat shock protein 

14 At.23537 249215_at 0,58 10,89 
dihydroflavonol 4-reductase 
(dihydrokaempferol 4-
reductase) (DFR) 

15 At.24835 250083_at 0,36 6,93 
glutathione S-transferase, 
putative 

16 At.297 250207_at 0,38 2,87 
chalcone synthase / 
naringenin-chalcone synthase 

17 At.48991 250648_at  3,56 
late embryogenesis abundant 
group 1 domain-containing 
protein 

18 At.27434 250794_at 1,12 2,51 
chalcone-flavanone isomerase 
family protein 

19 At.21765 250832_at 0,71 2,09 
nicotianamine synthase, 
putative 

20 At.22313 251625_at 6,74 9,36 
glycosyl hydrolase family 17 
protein 

21 At.23201 252123_at 0,7 3,05 
naringenin 3-dioxygenase / 
flavanone 3-hydroxylase (F3H) 

22 At.75 252888_at 1,33 4,02 
glucose-1-phosphate 
adenylyltransferase large 
subunit 3 (APL3) 

23 At.22792 253073_at 0,78 3,38 cytochrome P450, putative 

24 At.28679 253219_at  2,57 
myb family transcription factor 
(MYB32) 

25 At.31575 253344_at 0,43 2,1 
protease inhibitor/seed 
storage/lipid transfer protein 
(LTP) family protein 

26 At.31615 253382_at  2,17 glutaredoxin family protein 

27 At.2590 253949_at 1,44 2,12 
co-chaperone grpE family 
protein 

28 At.21993 254265_s_at 1,25 2,11 
receptor-like protein kinase 5 
(RLK5) 
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29 At.2369 254283_s_at 0,51 7,86 
leucoanthocyanidin 
dioxygenase, putative 

30 At.32601 254371_at  2,11 
glycosyl hydrolase family 1 
protein 

31 At.25145 254385_s_at  3,15 
methionine sulfoxide reductase 
domain-containing protein 

32 At.33324 254741_s_at  2,98 pseudogene, similar to NL0D 

33 At.33526 254869_at  2,5 protein kinase family protein 

34 At.33632 254996_at  2,19 protein kinase family protein 

35 At.3710 255087_at 1,4 2,05 
SPla/RYanodine receptor 
(SPRY) domain-containing 
protein 

36 At.43858 255527_at  2,4 expressed protein 

37 At.24264 262916_at 1,53 2,6 
glutathione S-transferase, 
putative 

38 At.22277 255668_s_at 1,28 2,1 
DNA-binding storekeeper 
protein-related 

39 At.25464 255795_at 1,34 2,24 
calcium-binding RD20 protein 
(RD20) 

40 At.66886 255891_at 1,41 3,35 expressed protein 

41 At.20693 256114_at  2,1 expressed protein 

42 At.47608 256245_at 1,93 3,37 
heat shock protein 70, putative 
/ HSP70, putative 

43 At.39974 256529_at 1,85 2,41 protein kinase family protein 

44 At.5794 256601_s_at 1,01 2,17 integrin-related protein 14a 

45 At.5792 256603_at 2,03 3,48 expressed protein 

46 At.15 256751_at 0,6 2,16 
chloride channel protein (CLC-
b) 

47 At.37979 257262_at 1,07 2,79 
zinc finger (B-box type) family 
protein 

48 At.389 257771_at 1,52 2,04 
CBL-interacting protein kinase 
7 (CIPK7) 

49 At.8063 258063_at 1,97 2,32 cytochrome P450, putative 

50 At.8069 258119_at 0,86 2,19 
mitogen-activated protein 
kinase, putative / MAPK, 
putative (MPK19) 

51 At.20776 258321_at  3,19 
chlorophyll A-B binding family 
protein / early light-induced 
protein (ELIP) 

52 At.7601 258336_at 1,4 2,94 
stress-responsive protein, 
putative 

53 At.68217 258362_at  2,03 expressed protein 

54 At.18809 258498_at  3,16 
ABA-responsive protein-
related 

55 At.28401 258895_at 0,93 2,48 epoxide hydrolase, putative 

56 At.47576 259009_at 0,76 3,07 
glycosyl hydrolase family 1 
protein 

57 At.68317 259403_at 1,15 2,17 
D-3-phosphoglycerate 
dehydrogenase / 3-PGDH 

58 At.24491 259516_at 1,38 2,02 dehydrin (ERD10) 

59 At.25077 259802_at 1,03 2,02 thionin (THI2^1) 

60 At.28236 259878_at 0,94 3,37 
O-methyltransferase family 2 
protein 

61 At.322 259925_at 1,62 2,69 
pathogenesis-related protein 5 
(PR-5) 

62 At.43705 260241_at 1,68 2,17 cytochrome P450, putative 

63 At.48402 260301_at  2,07 
glycosyltransferase family 
protein 47 

64 At.43170 260556_at 0,45 2,33 chitinase, putative 

65 At.36876 260568_at 2,43 4,52 chitinase, putative 

66 At.50644 260948_at  2,56 
fatty acid desaturase family 
protein 

67 At.34777 261112_at 1,24 2,3 glycosyl transferase family 1 
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protein 

68 At.41737 261138_at  2,39 
glycosyl transferase family 1 
protein 

69 At.25241 261285_at 1,62 2,27 annexin 1 (ANN1) 

70 At.16233 261368_at 1,44 2,07 legume lectin family protein 

71 At.41777 261407_at 1,9 2,16 
phytochrome kinase substrate-
related 

72 At.25172 261806_at 1,18 2,07 

ferredoxin--NADP(+) 
reductase, putative / 
adrenodoxin reductase, 
putative 

73 At.23459 262050_at 1,11 2,23 expressed protein 

74 At.21275 262128_at  12,06 
late embryogenesis abundant 
protein, putative / LEA protein, 
putative 

75 At.11555 262232_at 1,59 2,85 expressed protein 

76 At.24842 262811_at 1,07 2,54 expressed protein 

77 At.42302 262911_s_at  2,25 
17,8 kDa class I heat shock 
protein (HSP17,8-CI) 

78 At.11109 263150_at 1,03 2,32 
17^4 kDa class III heat shock 
protein (HSP17^4-CIII) 

79 At.57160 263158_at  2,03 
CCAAT-binding transcription 
factor (CBF-B/NF-YA) family 
protein 

80 At.26315 263374_at  4,51 
DNAJ heat shock family 
protein 

81 At,14263 263881_at  3,35 expressed protein 

82 At,34179 264091_at  2,17 expressed protein 

83 At.66059 264217_at 1,76 4,33 
armadillo/beta-catenin repeat 
family protein / U-box domain-
containing protein 

84 At.10413 264583_at 1,98 2,7 
galactosyltransferase family 
protein 

85 At.35878 264635_at 2,63 6,21 expressed protein 

86 At.24217 264968_at 1,62 2,53 
rubber elongation factor (REF) 
family protein 

87 At.48150 265091_s_at 0,36 8,97 
pseudogene, transferase 
family 

88 At.13397 265999_at 1,92 2,51 expressed protein 

89 At.26453 266098_at 0,43 2,78 
protease inhibitor/seed 
storage/lipid transfer protein 
(LTP) family protein 

90 At.13248 266142_at 0,21 3,01 
GCN5-related N-
acetyltransferase (GNAT) 
family protein 

91 At,23206 266462_at  4,01 
benzodiazepine receptor-
related 

92 At.22280 266989_at 0,63 2,81 jacalin lectin family protein 

93 At.12553 267080_at 1,32 3,29 
amino acid transporter family 
protein 

94 At.12802 267181_at 1,05 2,03 
aldo/keto reductase family 
protein 

95 At.39358 267256_s_at 1,01 2,28 
serine carboxypeptidase S10 
family protein 

 
* ["/P(M,$ :/0D2,$ "/= &",'<N97-$0 :,$ "&.$,#<.4 $05'=+7 %& Real-time PCR. 
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2.4.5 -0(9#3 #3T 0%&)5),T )$2*=S52 470#*Y<60252 60 #$2 

637&2*46< &2#$7,T 40 ;"#: WT, etr1-1 +&* ein4 A. thaliana, 

02&2#S$2 #$" 61+3#& V. dahliae 

6"E #$ :/0D2,$ "/= $0$:04.D+#7-$0 0$ &"5:/0#$, $"E #$ $"/#&'<+%$#$ #40 

%,-./+=+#/,N,10 &",'<N97-& %,$ /%52$ $"E &00<$ :/0D2,$ (3D0$-$) 2.4.1) 4) 

="/P(M,$ :,$ &",;&;$D4+7 %& Real-time PCR +& 2,5M/.&) N./0,-<) +#,:%<). L 

&",'/:( #40 :/0,2D40 ;$+D+#7-& +& ;,;',/:.$M,-<) $0$M/.<) E"/= &%"'<-/0#$0 +& 

%7N$0,+%/A) 5%=0$) #40 M=#10 &0$0#D/0 "$9/:E040. I <'&:N/) #/= &","<2/= 

<-M.$+7) #40 :/0,2D40 ".$:%$#/"/,(97-& +& 2,5M/.&) N./0,-<) +#,:%<) %&#5 #70 

&M$.%/:( #/= %A-7#$ V. dahliae. R& $=#5 #$ "&,.5%$#$ +=%"&.,'(M97-$0 23 $-E%$ 

:/0D2,$ "/= $"/#&'/A0 2&D-#&) &"$:4:() $%=0#,-10 %7N$0,+%10 %<+4 #40 

%/0/"$#,10 $0#D'7P7) #/= $,9='&0D/=, #/= +$',-=',-/A, #/= ,$+%/0,-/A -$, #/= 

$%"+,+,-/A /*</) (3D0$-$) 2.3.1), +& %,$ "./+"59&,$ 0$ $"/-#79/A0 "&.,++E#&.&) 

"'7./M/.D&) :,$ #/0 #.E"/ 5%=0$) #40 M=#10 +& 2,$M/.&#,-<) N./0,-<) +#,:%<) 

%&#5 #7 %E'=0+7. R#/ +N&2,$+%E $=#10 #40 "&,.$%5#40 +=%"&.,'(M97-$0 #$ 

%&#$''$:%<0$ M=#5 +& ="/2/N&D) #/= $,9='&0D/= etr1-1 -$, ein4 -$91) -$, M=#5 

$:.D/= #A"/=, Col-0. >$ ein4 M=#5 +=%"&.,'(M97-$0 +#70 $05'=+7 +& %,$ $.N,-( 

"./+"59&,$ 0$ 2,$N4.,+#&D / .E'/) #7) ".E+'7P7) $,9='&0D/= %&#$*A #40 2A/ 

="/2/N<40 +#/=) %7N$0,+%/A) 5%=0$) #40 M=#10 &0$0#D/0 #/= V. dahliae $M/A 

#E+/ #/ :/0D2,/ ETR1 E+/ -$, #/ EIN4 -42,-/"/,/A0 ="/2/N&D) $,9='&0D/=. I 

="/2/N<$) ETR1 &D0$, %<'/) #7) ="//,-/:<0&,$) #A"/=-G -$, / ="/2/N<$) EIN4 &D0$, 

%<'/) #7) ="//,-/:<0&,$) #A"/=-GG ="/2/N<40 #/= $,9='&0D/= (Guo -$, Ecker, 2004) 

$''5 E"4) 2,$",+#197-& +& $=#( #70 &.:$+D$ <2&,*$0 $0#D9&#&) $0#,2.5+&,) 5%=0$) 

-$#5 #/= %A-7#$ V. dahliae. L $05'=+7 #40 $"/#&'&+%5#40 #7) Real-time PCR 

&",;&;$D4+$0 #70 ="&.<-M.$+7 #40 :/0,2D40 GSTF12, GSTU16 (glutathione-S-

transferases), CHI-1, CHI-2 (chitinases), PR-5 (thaumatin-like), PR-1, PR-2 (;-1,2 

glucanase) -$, #/= %&#$:.$M,-/A "$.5:/0#$ Myb75 +#$ etr1-1 M=#5 +& +N<+7 %& #$ 

WT -$, ein4 M=#5 -$9’ E'7 #7 2,5.-&,$ #40 "&,.$%5#40 (!,-E0$ 2.4.12). >/ &"D"&2/ 

#/= mRNA $=#() #7) /%52$) :/0,2D40 &DN& ="&.&-M.$+#&D +& E'/=) #/=) 

:/0E#="/=) +#,) 2 7%<.&) %&#5 #70 &M$.%/:( #/= V. dahliae +& +N<+7 %& #$ 

$0#D+#/,N$ M=#5 %5.#=.&) (!,-E0$ 2.4.12). >/ &"D"&2/ <-M.$+7) #40 GSTF12 -$, 

PR-5 (#$0 %&:$'A#&./ +#$ etr1-1 M=#5 +& +N<+7 %& #$ ein4 -$, WT M=#5 &01 2&0 

"$.$#7.(97-& 2,$M/.5 +#/ &"D"&2/ <-M.$+7) #40 ="/'/D"40 :/0,2D40 +#,) 2 

7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$ +& E'&) #,) &"&%;5+&,) (!,-E0$ 2.4.12 6 -$, 

^). I%/D4), $''5 +& %&:$'A#&./ ;$9%E, #/ &"D"&2/ <-M.$+7) E'40 #40 :/0,2D40 

+#,) 6, 10 -$, 14 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$ (#$0 =P7'E#&./ +#70 
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$''7'&"D2.$+7 V. dahliae – etr1-1 +& +N<+7 %& #,) 5''&) &"&%;5+&,). >$ :/0D2,$ 

GSTU16 -$, PR-2 <2&,*$0 #70 %&:$'A#&.7 ="&.<-M.$+7 +#$ M=#5 etr1-1 +#,) 10 

7%<.&), &01 #$ GSTF12 -$, PR-1 <M#$+$0 +#7 %<:,+#7 #,%( <-M.$+7) #/=) +#,) 14 

7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$ (!,-E0$ 2.4.12 6, B, E, R#). >$ :/0D2,$ CHI-2 

-$, PR-5 &DN$0 "$.E%/,$ "./MD' <-M.$+7) +& E'&) #,) &"&%;5+&,) -$, "$./=+D$+$0 

#70 =P7'E#&.7 <-M.$+7 #/=) +#,) 10 -$, 14 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$ 

+#$ etr1-1 M=#5 (!,-E0$ 2.4.12 B -$, ^), &01 #$ %&#$:.$M,-5 &"D"&2$ #40 :/0,2D40 

CHI-1 -$, Myb75 &-M.5+#7-$0 +& =P7'5 &"D"&2$ $"E #,) 6 <4) #,) 14 7%<.&) %&#5 

#70 &M$.%/:( #/= %A-7#$ (!,-E0$ 2.4.12 K -$, L). !02,$M<./0 "./-5'&+& #/ 

:&:/0E) /#, "$.$#7.(97-& ="&.<-M.$+7 #/= &","<2/= %&#$:.5M40 E'40 #40 ="E 

&*<#$+7 :/0,2D40 +& E'/=) #/=) :/0E#="/=) -$#5 #70 $''7'&"D2.$+7 #/=) %& #/0 

%A-7#$ V. dahliae ="/2&,-0A/0#$) #70 &0&.:/"/D7+7 #40 %7N$0,+%10 5%=0$) #40 

M=#10 +#70 %E'=0+7 $"E #/ %A-7#$. 6*D?&, 0$ +7%&,49&D /#, #/ &"D"&2/ <-M.$+7) 

$=#10 #40 :/0,2D40 +#$ $%E'=0#$ etr1-1 M=#5 (#$0 #/='5N,+#/0 +#/ D2,/ &"D"&2/ %& 

#$ $%E'=0#$ WT -$, ein4 M=#5. 
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H*+<2& 2.4.12: !"D"&2$ <-M.$+7) #40 :/0,2D40 (A) GSTF12, (B) GSTU16, (K) CHI-1 -$, (B) 
CHI-2 +& M=#5 Arabidopsis thaliana Col-0, ein4 -$, etr1-1 %&#5 $"E #70 &M$.%/:( #/= %A-7#$ 
Verticillium dahliae. 6"/%/0197-& RNA $"E #/ ="<.:&,/ %<./) 10 M=#10 $05 :/0E#="/ +#,) 
2, 6, 10 -$, 14 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$. U:,0& $0#D+#./M7 %&#$:.$M( #/= 
poly(A)

+
-RNA +& cDNA, "/= N.7+,%/"/,(97-& +& $0#,2.5+&,) Real-time PCR. >$ &"D"&2$ 

#40 %&#$:.5M40 +#$ 2,$M/.&#,-5 2&D:%$#$ -$0/0,-/"/,(97-$0 %& ;5+7 #/ :/0D2,/ $0$M/.5) 
"2-tubulin. >$ +N&#,-5 &"D"&2$ mRNA ="/'/:D+#7-$0 +& +N<+7 %& #$ &"D"&2$ <-M.$+7) +#$ 
$%E'=0#$ M=#5. H.7+,%/"/,(97-$0 20 M=#5 :,$ -59& :/0E#="/, :,$ -59& :/0D2,/ -$, -59& 
%<.$ 2&,:%$#/'7PD$) (10 V. dahliae -$, 10 $%E'=0#/, %5.#=.&)) -$, #/ "&D.$%$ 
&"$0$'(M97-& 3 M/.<). I, +#('&) $0#,"./+4"&A/=0 #/=) %<+/=) E./=) 30 M=#10 -$, /, 
-59&#&) .5;2/, $0#,"./+4"&A/=0 #70 $"E-',+7 $"E #/ %<+/ E./ %& ;5+7 #/ #=",-E 
+M5'%$. 
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H*+<2& 2.4.12: !"D"&2$ <-M.$+7) #40 :/0,2D40 (!) PR-1, (R#) PR-2, (^) PR-5 -$, (L) MYB-
75 +& M=#5 Arabidopsis thaliana Col-0, ein4 -$, etr1-1 %&#5 $"E #70 &M$.%/:( #/= %A-7#$ 
Verticillium dahliae. 6"/%/0197-& RNA $"E #/ ="<.:&,/ %<./) 10 M=#10 $05 :/0E#="/ +#,) 
2, 6, 10 -$, 14 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$. U:,0& $0#D+#./M7 %&#$:.$M( #/= 
poly(A)

+
-RNA +& cDNA, "/= N.7+,%/"/,(97-& +& $0#,2.5+&,) Real-time PCR. >$ &"D"&2$ 

#40 %&#$:.5M40 +#$ 2,$M/.&#,-5 2&D:%$#$ -$0/0,-/"/,(97-$0 %& ;5+7 #/ :/0D2,/ $0$M/.5) 
"2-tubulin. >$ +N&#,-5 &"D"&2$ mRNA ="/'/:D+#7-$0 +& +N<+7 %& #$ &"D"&2$ <-M.$+7) +#$ 
$%E'=0#$ M=#5. H.7+,%/"/,(97-$0 20 M=#5 :,$ -59& :/0E#="/, :,$ -59& :/0D2,/ -$, -59& 
%<.$ 2&,:%$#/'7PD$) (10 V. dahliae -$, 10 $%E'=0#/, %5.#=.&)) -$, #/ "&D.$%$ 
&"$0$'(M97-& 3 M/.<). I, +#('&) $0#,"./+4"&A/=0 #/=) %<+/=) E./=) 30 M=#10 -$, /, 
-59&#&) .5;2/, $0#,"./+4"&A/=0 #70 $"E-',+7 $"E #/ %<+/ E./ %& ;5+7 #/ #=",-E 
+M5'%$. 
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2.5. DQRJGJDJ – DQ-EHK?D-?G? 

I, %A-7#&) V. dahliae -$, F. oxysporum &D0$, &2$M/:&0( "$9/:E0$ %& 

"$:-E+%,$ &*5"'4+7, "/= "./-$'/A0 $2./%=-1+&,) -$, /27:/A0 +& +7%$0#,-<) 

$"1'&,&) #7) "$.$:4:() +& <0$ &=.A M5+%$ -$'',&.:&,10 %& %&:5'7 /,-/0/%,-( 

+7%$+D$. I, $2./%=-1+&,) "/= "./-$'/A0#$, $"E #/=) %A-7#&) V. dahliae -$, F. 

oxysporum $"/#&'/A0 +/;$.<) $"&,'<) :,$ #/=) *&0,+#<) #/=) $M/A 2&0 ="5.N/=0 

N7%,-5 %<#.$ :,$ #/0 &",#=N( <'&:NE #/=). K, $=#E #/ 'E:/, /, +#.$#7:,-<) 2,$N&D.,+7) 

#40 $+9&0&,10 ;$+D?/0#$, -=.D4) +& "./'7"#,-5 %<#.$, $05%&+$ +#$ /"/D$ &D0$, -$, 

7 N.(+7 $09&-#,-10 "/,-,',10 ( /, ".$-#,-<) ;,/'/:,-() -$#$"/'<%7+7) (Tjamos, 

1989;). 3$.E'/ "/= +& %&:5'/ $.,9%E &.&=010 <N&, &*&#$+#&D 7 $''7'&"D2.$+7 #40 

"$9/:E040 $=#10 %& $.-&#/A) *&0,+#<), 7 :&0&#,-( ;5+7 -$, /, %/.,$-/D %7N$0,+%/D 

"/= &'<:N/=0 #70 $09&-#,-E#7#$ #40 M=#10 &0$0#D/0 $=#10 #40 %=-(#40 

"$.$%<0/=0 $+$M&D). 

>/ +$',-=',-E /*A (SA), #/ ,$+%/0,-E /*A (JA) -$, #/ $,9='<0,/ (ET) &D0$, 

M=#,-<) /.%E0&) "/= '&,#/=.:/A0 4) %E.,$ #/= +(%$#/) 5%=0$) #40 M=#10 -$, #7) 

:E0/= "./) :E0/ &"$:E%&07) 5%=0$) (Thomma et al., 2001). I .E'/) $=#10 #40 

%/0/"$#,10 $0#D'7P7) +#,) $0#,2.5+&,) 5%=0$) #40 M=#10 &0$0#D/0 #40 Verticillium 

spp. -$, F. oxysporum $"/#<'&+& $0#,-&D%&0/ <.&=0$) $.-&#10 &.&=07#10 (Veronese 

et al., 2003ú Berrocal-Lobo -$, Molina, 2004ú Tjamos et al., 2005ú Johansson et al, 

2006) $''5 7 &"D2.$+( #/=) 2&0 <N&, $"/+$M70,+#&D. 

I, Veronese -$, +=0&.:5#&) (2003) <2&,*$0 +& in vitro "&,.5%$#$ E#, +& 

-$0<0$ $"E #$ SA %&#$''$:%<0$ M=#5 2&0 "$.$#7.(97-& $=*7%<07 $09&-#,-E#7#$ ( 

&="59&,$ +#/ %A-7#$ V. dahliae, &01 +& %,$ ",/ ".E+M$#7 &.:$+D$ %& #/ V. 

longisporum, #$ SA-%&#$''$:%<0$ sid2-1 -$, pad4-1 M=#5 &DN$0 "./+;'79&D ',:E#&./ 

$"E #$ $:.D/= #A"/= M=#5 +& in vitro "&,.5%$#$, ="/2&,-0A/0#$) E#, #/ SA 2&0 

&%"'<-&#$, +#70 5%=0$ #40 M=#10 &0$0#D/0 #/= V. longisporum (Johansson et al., 

2006). !","./+9<#4), / .E'/) #/= SA <N&, "./#$9&D +#70 "./+#$+D$ -=##5.40 

-5''/= ;$%;$-,/A $"E #/*D0&) #/= V. dahliae (Zhen -$, Li, 2004). L +=%%&#/N( #/= 

SA <N&, &"D+7) %&'&#79&D +#70 5%=0$ #40 M=#10 &0$0#D/0 #/= %A-7#$ F. oxysporum. 

I, Berrocal-Lobo -$, Molina (2004) <2&,*$0 E#, #$ SA-%&#$''$:%<0$ M=#5 NahG, 

sid2-1, eds5-1, npr-1-1 -$, pad2-1 "$./=+D$+$0 M$,0/#A"/=) %&,4%<07) 

$09&-#,-E#7#$) +#/0 %A-7#$ F. oxysporum f. sp. conglutinans -$, F. oxysporum f. sp. 

lycopersici (Berrocal-Lobo -$, Molina, 2004). >$ $"/#&'<+%$#$ #7) "$./A+$) 

&.:$+D$) <2&,*$0 +& "&,.5%$#$ in planta E#, E'$ #$ SA %&#$''$:%<0$ M=#5 "/= 

+=%"&.,'(M97-$0 +#,) 2/-,%<), &DN$0 "$.E%/,$ +=%"#1%$#$ %& #$ $:.D/= #A"/= 



8!Q6C6GI 1. >I 6G\[C!JGI 86G L !@3CI8L >I[ R>LJ 6@[J6 >WJ Q[>WJ 

 

101 

(Col-0) M=#5 %&#5 $"E #70 &M$.%/:( #40 V. dahliae ( F. oxysporum f. sp. raphani 

(!,-E0&) 2.4.2 -$, 2.4.4) ="/2&,-0A/0#$) E#, #/ SA 2&0 &%"'<-&#$, +#70 5%=0$ #40 

M=#10 &0$0#D/0 #40 "$9/:E040 #40 $2./%=-1+&40. >$ $"/#&'<+%$#$ $=#5 

+=%M40/A0 %& #70 <.&=0$ #40 Veronese -$, +=0&.:$#10 (2003) +#70 /"/D$ 

N.7+,%/"/,(97-& %,$ 5''7 $"/%E04+7 #/= V. dahliae, &01 7 "$.$#7.79&D+$ 

$"E-',+7 #40 $"/#&'&+%5#40 4) "./) #/ .E'/ #/= SA %&#$*A #7) "$./A+$) 

&.:$+D$) -$, #7) &.:$+D$) $"E #/=) Berrocal-Lobo -$, Molina (2004) &D0$, ",9$0E0 

0$ /M&D'&#$, +#7 N.(+7 2,$M/.&#,-10 formae speciales #/= F. oxysporum, -$91) 7 

forma specialis "/= N.7+,%/"/,(97-& +#70 "$./A+$ &.:$+D$ &DN& %&:$'A#&.7 

&*&,2D-&=+7 +#$ M=#5 A. thaliana $"E E#, #$ +#&'<N7 "/= N.7+,%/"/,(97-$0 $"E 

#/=) Berrocal-Lobo -$, Molina (2004). 

@&#$''$:%<0$ M=#5 +#/ %/0/"5#, $0#D'7P7) #/= JA (jar1-1, coi1-16, -$, 

eds8-1) 2&0 <2&,*$0 0$ &"7.&5?/=0 #70 +/;$.E#7#$ #7) $+9<0&,$) "/= "./-5'&+$0 

/, %A-7#&) V. dahliae ( V. longisporum +& in vitro "&,.5%$#$ (Veronese et al., 2003ú 

Johansson et al, 2006). !",".E+9&#$, #/ jar1-1 %&#$''$:%<0/ M=#E (#$0 ",/ 

&="$9<) +& +N<+7 %& #$ $:.D/= #A"/= M=#5 +#/=) %A-7#&) F. oxysporum f. sp. 

conglutinans -$, F. oxysporum f. sp. lycopersici (Berrocal-Lobo -$, Molina, 2007). 

R#70 "$./A+$ &.:$+D$ #$ jar1-1 M=#5 "$./=+D$+$0 E%/,$ &"D"&2$ <0#$+7) #7) 

$+9<0&,$) %& #$ $:.D/= #A"/= M=#5 %&#5 $"E %E'=0+7 %& #/0 V. dahliae ( F. 

oxysporum f. sp. raphani (!,-E0&) 2.4.2 -$, 2.4.4) ="/2&,-0A/0#$) E#, #/ JA 2&0 

&"7.&5?&, #/ $"/#<'&+%$ #7) $+9<0&,$) "/= "./-$'/A0 $=#/D /, %A-7#&). !D0$, 

"./M$0<) E#, /, 2,5M/.&) &,2,-<) %/.M<) #/= F. oxysporum $''7'&",2./A0 %& 

2,$M/.&#,-E #.E"/ %& #$ M=#5 $M/A /, Berrocal-Lobo -$, Molina (2004) ".E#&,0$0 #7 

+=%%&#/N( #E+/ #/= JA E+/ -$, #/= SA +#70 5%=0$ #40 M=#10 &0$0#D/0 #/= F. 

oxysporum, &01 +#70 "$./A+$ &.:$+D$ 2&0 <2&,*$0 0$ &%"'<-/0#$, +#/=) 

$%=0#,-/A) %7N$0,+%/A). 

I .E'/) #/= $,9='&0D/= &D0$, $-E%$ ",/ +A09&#/) +#7 5%=0$ #40 M=#10 -$, 

M$D0&#$, 0$ +=%%&#<N&, %E0/ +& +=:-&-.,%<0$ "$9/:E0$ (Knoester et al., 1998ú 

Hoffman et al., 1999ú Thomma et al., 1999). 3.E+M$#&) &.:$+D&) (Veronese et al., 

2003ú Tjamos et al., 2005ú Johansson et al., 2006) <2&,*$0 +& in vitro "&,.5%$#$ E#, 

#$ etr1-1 M=#5 (#$0 ",/ $09&-#,-5 +#70 "./+;/'( $"E Verticillium spp., -$91) #$ 

ein3-1 -$, eto1-1 M=#5 &DN$0 "$.E%/,$ "/+/+#5 $+9<0&,$) -$, #$ ein2-1, ein4-1 -$, 

ein6-1 M=#5 <2&,*$0 $=*7%<07 &="59&,$ +& +N<+7 %& #$ M=#5 $:.D/= #A"/= 

(Johansson et al., 2006). !",".E+9&#$, #$ ein2-5 M=#5 (#$0 ",/ &="$9( +#/=) 

%A-7#&) F. oxysporum f. sp. conglutinans -$, F. oxysporum f. sp. lycopersici +& 

+N<+7 %& #$ $:.D/= #A"/= M=#5 (Berrocal-Lobo -$, Molina, 2007). 6"E #$ 
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%&#$''$:%<0$ M=#5 #/= $,9='&0D/= "/= N.7+,%/"/,(97-$0 +#7 "$./A+$ &.:$+D$ 

"$.$#7.(97-& E#, %E0/ #$ etr1-1 (#$0 ",/ $09&-#,-5 $"E #$ $:.D/= #A"/= M=#5 

&0$0#D/0 #40 V. dahliae -$, F. oxysporum f. sp. raphani (!,-E0&) 2.4.1, 2.4.2, 2.4.3 

-$, 2.4.4). I ="/2/N<$) ETR1 &D0$, %<'/) #7) #A"/=-I &01 / EIN4 &D0$, %<'/) #7) 

#A"/=-II ="//,-/:<0&,$) ="/2/N<40 #/= $,9='&0D/= (Guo -$, Ecker, 2004) -, $=#E 

D+4) 0$ &*7:&D -$, #,) 2,$M/.&#,-<) $0#,2.5+&,) #40 M=#10 etr1-1 -$, ein4 

%&#$''$:%<040 M=#10 +#/=) %A-7#&) V. dahliae -$, F. oxysporum f. sp. raphani. L 

"$.$#7.79&D+$ 2,$M/.5 +#70 <0#$+7 #40 +=%"#4%5#40 %&#$*A #40 etr1-1 -$, ein2-

1, ein3-1 -$, ein5-1 %"/.&D 0$ ;$+D?&#$, +#/ :&:/0E) E#, #$ :/0D2,$ EIN2, EIN3 -$, 

EIN5 &D0$, 9&#,-/D .=9%,+#<) #/= %/0/"$#,/A #/= $,9='&0D/=, "/= '&,#/=.:/A0 

-$9/2,-5 #/= ETR1 #/ /"/D/ '&,#/=.:&D 4) $.07#,-E) .=9%,+#() #/= %/0/"$#,/A 

(Guo -$, Ecker, 2004). @& ;5+7 #$ ",/ "504 M$D0&#$, E#, #/ $,9='<0,/ <N&, ",/ 

+7%$0#,-E .E'/ $"E #/ +$',-=',-E -$, #/ ,$+%/0,-E /*A +#70 $09&-#,-E#7#$ #40 

M=#10 &0$0#D/0 #40 %=-(#40 V. dahliae -$, F. oxysporum f. sp. raphani. 

!",".E+9&#$, $"E #$ "&,.5%$#$ ,+#/"$9/'/:,-() "$.$#(.7+7) "/= <:,0$0 

%& #/ %&#$+N7%$#,+%<0/ +#<'&N/) #/= V. dahliae GFP +#,) .D?&) M=#10 Arabidopsis 

M507-& E#, 2&0 ="5.N&, %,-.E#&.7 ".E+M=+7 ( +=::<0&,$ #40 +"/.D40 #/= %A-7#$ 

+#$ etr1-1 M=#5, :&:/0E) "/= 9$ %"/./A+& 0$ &*7:(+&, +& <0$ ;$9%E #/ %,-.E#&./ 

"/+/+#E $+9&010 MA''40 +#$ M=#5 $=#5. >$ $"/#&'<+%$#$ #/= "&,.5%$#/) $=#/A 

$"/#<'&+$0 %,$ $-E%$ <02&,*7 E#, +#$ etr1-1 M=#5 (#$0 ",9$0E0 0$ &"5:/0#$, 

%7N$0,+%/D 5%=0$) "/= "$.&%"/2D?/=0 #70 &D+/2/ #/= %A-7#$ ( $0$+#<''/=0 #70 

"&.$,#<.4 $05"#=*7 #/= %&#5 #70 &D+/2/ #/= +& $=#5 (!,-E0&) 2.4.5.6, O -$, K). 

L <''&,P7 9&#,-() +=+N<#,+7) %&#$*A #7 $05"#=*7) #7) ;,/%5?$) #/= 

"$9/:E0/= %<+$ +#/=) M=#,-/A) ,+#/A) -$, #7) <0#$+7) #40 +=%"#4%5#40 <N&, 

"$.$#7.79&D +& "/''<) $''7'&",2.5+&,) M=#10 %& %A-7#&) (Schnathorst, 1981ú 

Brandt et al., 1984ú Corsini et al., 1988ú Gold et al., 1996ú Lynch et al., 1997ú Heinz 

et al., 1998ú Veronese et al., 2003), ;$-#(.,$ (Bent et al., 1992ú Lund et al., 1998ú 

O’Donnell et al., 2001) -$, ,/A) (Cecchini et al., 2002). @,$ ",9$0( &*(:7+7 $=#/A 

#/= M$,0/%<0/= &D0$, E#, #$ +=%"#1%$#$ %"/.&D 0$ "./<.N/0#$, $"E #$ 

$"/#&'<+%$#$ +7%5#40 "/= &"5:/0#$, $"E #$ "$9/:E0$ #$ /"/D$ "./-$'/A0 

$''$:<) +#7 M=+,/'/:,-( $A*7+7 -$, $05"#=*7 #40 M=#10 E"4) 7 &",#$N=0E%&07 

5097+7, :(.$0+7 -$, / "./:.$%%$#,+%<0/) -=##$.,-E) 950$#/) (programmed cell 

death) (Dietrich et al., 1994ú Lund et al., 1998ú O’Donnell et al., 2001ú Cecchini et al., 

2002ú Piloff et al., 2002). W+#E+/, +& $=#( #70 &.:$+D$, 7 $05"#=*7 #/= %A-7#$ V. 

dahliae %<+$ +#/=) $::&,$-/A) ,+#/A) #40 M=#10 "./+2,/.D+#7-& 0$ <N&, 9&#,-( 

+=+N<#,+7 (r2=0.744; df=28; p<0.01) %& #70 <0#$+7 #7) $+9<0&,$). L &M$.%/:( #7) 
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Real-time PCR <2&,*& E#, #$ &"D"&2$ #/= DNA #/= V. dahliae +#$ etr1-1 M=#5, #$ 

/"/D$ <2&,*$0 -$, #/0 ",/ $09&-#,-E M$,0E#="/ &0$0#D/0 #/= %A-7#$, (#$0 +7%$0#,-5 

N$%7'E#&.$ $"E E#, +#$ $:.D/= #A"/= M=#5 -$, #$ ="E'/,"$ !>-%&#$''$:%<0$ M=#5 

+& -59& 7%<.$ 2&,:%$#/'7PD$), &-#E) $"E #70 5 7%<.$ %&#5 #70 &M$.%/:( #/= 

%A-7#$ (!,-E0$ 2.4.8). !",".E+9&#$, 7 "/+/#,-/"/D7+7 #/= %A-7#$ F. oxysporum f. 

sp. raphani +#$ $:.D/= #A"/= -$, +#$ etr1-1 <2&,*& E#, #/ &"D"&2/ #/= DNA #/= 

"$9/:E0/= "/= ="/'/:D+#7-& +#$ etr1-1 M=#5 (#$0 +7%$0#,-5 N$%7'E#&./ $"E #$ 

$:.D/= #A"/= M=#5, &-#E) $"E #7 18 7%<.$ %&#5 #70 &M$.%/:( #/= %A-7#$ (!,-E0$ 

2.4.9). L $05'=+7 #40 $"/#&'&+%5#40 <2&,*& E#, ="(.N& +7%$0#,-5 9&#,-( +=+N<#,+7 

(r2=0.918; df=7; p<0.01) %&#$*A <0#$+7) #7) $+9<0&,$) -$, "/+E#7#$) #/= %A-7#$ 

+#/=) $::&,$-/A) ,+#/A) #40 etr1-1 M=#10 &01 +#$ $:.D/= #A"/= M=#5 7 +=+N<#,+7 

(#$0 $.07#,-( (r2=-0.837; df=7; p<0.01). 

R#,) ;,/2/-,%<) V. dahliae – Arabidopsis "$.$#7.(97-& E#, #/ DNA #/= 

%A-7#$ <M#$+& +#/ %<:,+#7 #,%( #/= +#,) 20 7%<.&) -$, $-/'/A94) %&,197-& (!,-E0$ 

2.4.8) &01 7 %<:,+#7 #,%( #7) <0#$+7) #7) $+9<0&,$) "$.$#7.(97-& +#,) 30 7%<.&) 

%&#5 #70 &M$.%/:( #/= %A-7#$ (!,-E0$ 2.4.2). L $2=0$%D$ $=#( #/= %A-7#$ 0$ 

$=*79&D %&#5 #70 207 %<.$ &D0$, ",9$0E0 0$ $0#,-$#/"#.D?&, #7 %&,4%<07 "$.$:4:( 

-/0,2D40 %<+$ +#/ M=#,-E +#<'&N/) "/= +=%"D"#&, %& #,) -=-',-<) "&.,E2/=) 

$A*7+7) "/= N$.$-#7.D?/=0 #/0 #.E"/ +=%"&.,M/.5) #/= %A-7#$ V. dahliae %<+$ 

+#/ $::&,$-E +A+#7%$ #40 M=#10, E"4) +#70 #/%5#$ -$, #70 &'$,/-.5%;7 (Heinz et 

al., 1998ú Chen et al., 2004ú Eynck et al., 2007). 60#D9&#$, 7 %<:,+#7 #,%( #40 

&","<240 DNA #/= F. oxysporum f. sp. raphani "$.$#7.(97-& 6 7%<.&) %&#5 #70 

&M$.%/:( #/= %A-7#$ -$, $-/'/A94) %&,197-& (!,-E0$ 2.4.9) -$91) 7 <0#$+7 #7) 

$+9<0&,$) $=*$0E#$0 +#$2,$-5 %<N., #70 #&'&=#$D$ 7%<.$ -$#$:.$M() #40 

+=%"#4%5#40 +#,) 30 7%<.&) (!,-E0$ 2.4.4). Q$D0&#$, E#, /, 2A/ %A-7#&) 

$-/'/=9/A0 2,$M/.&#,-E #.E"/ +=%"&.,M/.5) %<+$ +#/=) $::&,$-/A) ,+#/A) #40 

&="$910 :/0/#A"40 -$91) #/ &"D"&2/ #/= DNA #/= V. dahliae $=*(97-& +#$2,$-5 

%& #7 "5./2/ #/= N.E0/= &01 / F. oxysporum f. sp. raphani <M#$+& +#$ %<:,+#$ 

&"D"&2$ $"/D-7+7) +#,) 6 7%<.&) %&#5 #70 &M$.%/:( #/= -$, $-/'/A94) 

&'$##197-&. R=%"&.$+%$#,-5, #$ "&,.5%$#$ "/+/#,-/"/D7+7) #40 %=-(#40 <2&,*$0 

E#, #$ &"D"&2$ #40 "$9/:E040 +#/=) $::&,$-/A) ,+#/A) #40 etr1-1 M=#10 

"$.<%&,0$0 +& +7%$0#,-5 N$%7'E#&.$ &"D"&2$ -$9’ E'7 #7 2,5.-&,$ #40 "&,.$%5#40 

+& +N<+7 %& #$ ="E'/,"$ %&#$''$:%<0$ M=#5 -$, M=#5 $:.D/= #A"/= "/= 

N.7+,%/"/,(97-$0. @&#5 -$, $"E #$ "&,.5%$#$ "/+/#,-/"/D7+7) (#$0 "./M$0<) E#, 

/ $09&-#,-E) M$,0E#="/) #40 etr1-1 M=#10 ;$+,?E#$0 +#70 &0&.:/"/D7+7 
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%7N$0,+%10 5%=0$). 6=#/D /, %7N$0,+%/D <N/=0 %&.,-1) %&'&#79&D +#70 

$''7'&"D2.$+7 V. dahliae – 5:.,/) #A"/) A. thaliana -$, "/#< +#$ etr1-1 M=#5. 

>$ M=#5 <N/=0 $0$"#A*&, +A%"'/-&) +#.$#7:,-<) 5%=0$) -$, $0#,2.5+&40 

:,$ 0$ $0#,%&#4"D?/=0 %& &",#=ND$ #70 &"D9&+7 $"E #$ 2,5M/.$ "$9/:E0$ (Dicke -$, 

Hilker, 2003ú Pieterse -$, Van Loon, 2004ú Jones -$, Dangl, 2006) "/= .=9%D?/0#$, 

$"E #$ %/0/"5#,$ %&#$:4:() #/= +$',-=',-/A /*</), #/= ,$+%/0,-/A /*</) -$, #/= 

$,9='&0D/= (Reymond -$, Farmer, 1998ú Pieterse -$, Van Loon, 1999ú Glazebrook 

2001ú Thomma et al., 2001). R$',-=',-E /*A, ,$+%/0,-E /*A -$, $,9='<0,/ 

+=++4.&A/0#$, %&#5 $"E "./+;/'<) "$9/:E040 -$, /27:/A0 +& &0&.:/"/D7+7 

*&N4.,+#10 /%5240 :/0,2D40 "/= +N&#D?/0#$, %& #70 5%=0$ (Schenk et al., 2000ú 

Glazebrook et al., 2003). R& :&0,-<) :.$%%<), $=#5 #$ :/0D2,$ &-M.5?/0#$, #E+/ +& 

$+A%;$#&) E+/ -$, +& +=%;$#<) $''7'&",2.5+&,) "$9/:E0/= – *&0,+#(, $''5 / 

;$9%E) -$, #/ &"D"&2/ #7) +=++1.&=+() #/=) &D0$, %&:$'A#&./) +#$ $09&-#,-5 

M=#5. 3./7:/A%&0&) <.&=0&) "/= <:,0$0 +#70 $''7'&"D2.$+7 Arabidopsis-

Verticillium  :,$ #70 &"$:4:( :/0,2D40 "/= $"/#&'/A0 2&D-#&) #/= SA, #/= JA -$, ET, 

<2&,*$0 $0#,-./=E%&0$ $"/#&'<+%$#$. R& %,$ "&.D"#4+7 2&0 "$.$#7.(97-& 

<-M.$+7 #40 :/0,2D40 PR-1 -$, PDF1.2 (Veronese et al., 2003), &01 +& 5''&) 

<.&=0&) #$ &"D"&2$ <-M.$+7) #40 :/0,2D40 PR-1, PR-2, PR-4, PR-5 -$, PDF1.2 

&DN$0 &"$N9&D %&#5 #70 &M$.%/:( #/= %A-7#$ Verticillium spp. (Tjamos et al., 2005ú 

Johansson et al., 2006). W+#E+/, 2&0 ="5.N/=0 2&2/%<0$ "/= 0$ $M/./A0 +#70 

<-M.$+7 :/0,2D40 2&,-#10 +& %&#$''$:%<0$ M=#5 +#/ SA, JA -$, ET "/= 0$ 

"$./=+,5?/=0 &D#& $09&-#,-E#7#$ ( &="59&,$ +#70 "./+;/'( $"E #/0 %A-7#$ V. 

dahliae. >/ +=:-&-.,%<0/ -/%%5#, #7) "$./A+$) &.:$+D$) ;$+D+#7-& +& 

"./-$#$.-#,-5 "&,.5%$#$ $05'=+7) #/= :/0,2,1%$#/) M=#10 A. thaliana +& 

%,-./+=+#/,ND&) (DNA Vision S.A., Charleroi, Belgium) "504 +& RNA "/= 

$"/%/0197-& $"E Col-0 -$, etr1-1, "/= ="<2&,*& #70 ="&.<-M.$+7 %,$) /%52$) 

:/0,2D40 +#$ etr1-1 M=#5 6 7%<.&) %&#5 #70 &M$.%/:( #/= V. dahliae. >/ &"D"&2/ 

<-M.$+7) %,$) ="//%52$) $=#10 #40 :/0,2D40, "/= +N&#D?/0#$, %& #70 5%=0$ #40 

M=#10 (3D0$-$) 2.4.1), ="/'/:D+#7-& %& $0#,2.5+&,) Real-time PCR +& 2,5M/.&) 

N./0,-<) +#,:%<) %&#5 #70 &M$.%/:( #/= V. dahliae. >$ $"/#&'<+%$#$ <2&,*$0 E#, 8 

:/0D2,$ (GSTF12, GSTU16, CHI-1, CHI-2, PR-1, PR-2, PR-5, Myb75) 

="&.&-M.5+#7-$0 +#$ etr1-1 +& +N<+7 %& #$ Col-0 -$, #$ ein4 M=#5 (!,-E0&) 2.4.12 

6-L) ="/2&,-0A/0#$) E#, $=#5 #$ :/0D2,$ 9$ %"/./A+$0 0$ &D0$, -$9/.,+#,-5 +#/0 

$09&-#,-E M$,0E#="/ #40 etr1-1 M=#10 &0$0#D/0 #/= %A-7#$. R& %,$ "./7:/A%&07 

&.:$+D$ "/= ;$+D+#7-& +& "&,.5%$#$ %,-./+=+#/,N,10, "./+2,/.D+#7-$0 #$ 

%&#$:.$M,-5 "./MD' M=#10 #/%5#$) ($"E ,+#/A) +#&'&N10 "/,-,'D$) Craigella) %&#5 
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#70 &M$.%/:( 2 2,$M/.&#,-10 $"/%/01+&40 V. dahliae, Vd1 -$, E6 "/= 

"./-5'&+$0 &="$9<) -$, $0&-#,-E M$,0E#="/, $0#D+#/,N$ (Robb et al., 2007). R& $=#( 

#70 &.:$+D$, E"4) -$, +#7 "$./A+$ &.:$+D$, "$.$#7.(97-& ="&.<-M.$+7 #40 PR1 

(P4, P6), PR2 (;-1,3 glucanase), endo-beta-1-3-glucanase (SGN-U144863), acidic 

25-kDa endochitinase (SGN-U144297) -$, class IV chitinase (SGN-U145299) -$, 

+#/=) 2A/ #A"/=) $''7'&"D2.$+7), &01 %E0/ %,$ endochitinase 3 -$, %,$ 

glutathione-S-transferase (SGN-U143283) (#$0 $0&;$+%<0&) +#$ M=#5 #7) $0&-#,-() 

$''7'&"D2.$+7) (Robb et al., 2007). R& %,$ ",/ ".E+M$#7 &.:$+D$, 

"$.$-/'/=9(97-$0 /, %&#$:.$M,-<) $''$:<) +& M=#5 #/%5#$), %&#5 #70 &M$.%/:( 

#/= V. dahliae (M='( 1), +#,) "/,-,'D&) MoneyMaker (&="$9() :/0E#="/)) -$, Motelle 

($09&-#,-E) :/0E#="/) &0$0#D/0 #7) M='() 1 #/= Verticillium) %& #7 N.(+7 

%,-./+=+#/,N,10 (van Esse et al., 2009). I, Van Esse -$, +=0&.:5#&) (2009) 

"$.$#(.7+$0 &"$:4:( #40 :/0,2D40 PR5 -$, chitinase #E+/ +#,) .D?&) E+/ -$, +#/ 

="<.:&,/ %<./) #7) $+A%;$#7) $''7'&"D2.$+7) ($09&-#,-E) M$,0E#="/)), #/ /"/D/ 

&D0$, +& +=%M40D$ %& #$ $"/#&'<+%$#$ #7) "$./A+$) &.:$+D$).  

3./7:/A%&0&) &.:$+D&) <2&,*$0 E#, /, PR-1, PR-2 -$, PR-5 ".4#&T0&) 

"$D?/=0 +7%$0#,-E .E'/ +#70 $09&-#,-E#7#$ #40 M=#10 -$#5 #7) %E'=0+7) %& 

%A-7#&)  (Wessels et al., 1981ú Alexander et al., 1993ú Niderman et al., 1995ú Abad 

et al., 1996ú Pressey, 1997ú Li et al., 2003ú Menu-Bouaouiche et al., 2003). L PR-1 

&"5:&#$, $"E "$9/:E0$ ( $"E #/  SA -$, N.7+,%/"/,&D#$, &=.<4) 4) 2&D-#7) #7) 

2,$+=+#7%$#,-() $0#/N() #40 M=#10 (SAR). R#7 ;,;',/:.$MD$ ="5.N/=0 +#/,N&D$ 

"/= "./#&D0/=0 #/ .E'/ #40 PR-1 ".4#&ï010 +#70 $09&-#,-E#7#$ #40 M=#10 +#,) 

%=-7#/'/:,-<) "./+;/'<) $''5 / #.E"/) '&,#/=.:D$) #/=) ( 7 +N<+7 #/=) %& 5''&) 

".4#&T0&) "$.$%<0/=0 5:04+#$ (van Loon -$, van Strien, 1999). L +=0&N() 

<-M.$+7 #/= PR-1 +& :&0&#,-1) #./"/"/,7%<0/ -$"0E <2&,*& $=*7%<07 $0&-#,-E#7#$ 

+& 2A/ 4/%A-7#&) (Alexander et al., 1993). R& %,$ ",/ ".E+M$#7 <.&=0$, PR-1 

".4#&T0&) $"E -$"0E -$, #/%5#$ <2&,*$0 in vitro $0#,%=-7#,$-( 2.5+7 &0$0#D/0 #/= 

Phytophthora infestans (Niderman et al., 1995). R#70 "$./A+$ &.:$+D$, #$ &"D"&2$ 

<-M.$+7) #/= :/0,2D/= PR-1 (#$0 +#/ D2,/ &"D"&2/ +& E'/=) #/=) :/0E#="/=) 2 

7%<.&) %&#5 #70 &M$.%/:( #/= V. dahliae. W+#E+/, +#,) 6, 10 -$, 14 7%<.&) #/ 

&"D"&2/ <-M.$+7) #/= PR-1 (#$0 =P7'E#&./ +#$ etr1-1 M=#5 +& +N<+7 %& #$ Col-0 

-$, ein4 M=#5. L %&:$'A#&.7 2,$M/.5 "$.$#7.(97-& +#,) 14 7%<.&) E"/= #/ 

&"D"&2/ <-M.$+7) #/= PR-1 +#$ etr1-1 M=#5 (#$0 63-M/.<) -$, 3.8-M/.<) 

%&:$'A#&./ +& +N<+7 %& #$ Col-0 -$, ein4 M=#5, $0#D+#/,N$. 

3$.E%/,/ %/#D;/ <-M.$+7) "$.$#7.(97-& :,$ #/ PR-2 :/0D2,/. L &"$:4:( 

*&-D07+& +#,) 2 7%<.&) -$, <:,0& ,+N=.E#&.7 +#$ etr1-1 M=#5 $"E #,) 6 %<N., #,) 14 
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7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$. R#,) 10 7%<.&) #/ PR-2 :/0D2,/ &DN& 

="&.&-M.$+#&D 7 -$, 5.5-M/.<) "&.,++E#&./ +& +N<+7 %& #$ Col-0 -$, ein4 M=#5, 

$0#D+#/,N$. L /,-/:<0&,$ #40 PR-2 ".4#&S010 $"/#&'&D#$, $"E ;-1,3-:'/=-$05+&) /, 

/"/D&) =2./'A/=0 #,) ;-1,3-:'/=-50&) "/= &D0$, %&D?/0 2/%,-E =',-E #/= -=##$.,-/A 

#/,N1%$#/) #40 %=-(#40 (Wessels et al., 1981) %& $"/#<'&+%$ 0$ $2=0$#D?&, #/ 

-=##$.,-E #/DN4%$ #40 %=-(#40 -$, 0$ "./'$%;50&#$, 7 $"/D-7+7 %<+4 #40 =M10 

#/= %A-7#$. !",".E+9&#$, &02,5%&+/, %&#$;/'D#&) #7) &0?=%,-() #/=) 2.5+7) 

%"/./A0 0$ '&,#/=.:(+/=0 4) 2,&:<.#&) (elicitors) #40 %7N$0,+%10 5%=0$) #40 

M=#10 (Menu-Bouaouiche et al., 2003). @,$ ".E+M$#7 &.:$+D$ <2&,*& E#, ="5.N&, 

2,$M/.&#,-E) N.E0/) -$, &"D"&2/ 2.5+7) #7) ;-1,3-:'/=-$05+7) $05%&+$ +& %,$ 

&="$9( -$, %,$ $0&-#,-( "/,-,'D$ +#/0 V. dahliae +$0 $"/#<'&+%$ #7) &M$.%/:() 

%,$) #/*D07) #/= V. dahlliae. L 2.$+#7.,E#7#$ #7) ;-1,3-:'/=-$05+7) $=*(97-& +& 

=P7'E#&.$ &"D"&2$ 04.D#&.$ +#70 $0&-#,-( "/,-,'D$ (Li et al., 2003). 

U0$) $-E%$ 2&D-#7) #40 %7N$0,+%10 5%=0$) #40 M=#10 &D0$, #/ PR-5 

:/0D2,/. L /,-/:<0&,$ #40 ".4#&S010 $=#10 $"/#&'&D#$, $"E ".4#&T0&) "/= &D0$, 

/%E'/:&) %& #7 9$=%$#D07 (thaumatin) %& in vitro $0#,%=-7#,$-( 2.5+7 &0$0#D/0 #/= 

V. dahliae (Abad et al., 1996ú Pressey 1997). R#7 "$./A+$ &.:$+D$, #/ :/0D2,/ PR-5 

&DN& ="&.&-M.$+#&D #/='5N,+#/0 2 M/.<) +#$ etr1-1 M=#5 +& +N<+7 %& #$ Col-0 -$, 

ein4 M=#5 2 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$. R#,) 6 -$, 10 7%<.&) #/ &"D"&2/ 

<-M.$+7) #/= PR-5 +#$ etr1-1 M=#5 (#$0 6.7-M/.<) =P7'E#&./ +& +N<+7 %& #$ ein4 

M=#5 -$, 2.1-M/.<) -$, 3.1-M/.<) %&:$'A#&./ $"E E#, +#$ Col-0 M=#5, $0#D+#/,N$. 

R#7 "$./A+$ &.:$+D$ #$ :/0D2,$ 2&D-#&) #/= +$',-=',-/A /*</) PR-1, PR-2 -$, PR-5 

&DN$0 ="&.&-M.$+#&D +#70 $09&-#,-( $''7'&"D2.$+7 etr1-1 – V. dahliae "$.E'/ "/= 

#$ SA-%&#$''$:%<0$ M=#5 2&0 &DN$0 2&D*&, $09&-#,-E M$,0E#="/ +#$ "&,.5%$#$ 

"$9/:<0&,$) (!,-E0&) 2.4.1, 2.4.2, 2.4.3 -$, 2.4.4), ="/2&,-0A/0#$) #70 A"$.*7 

$''7'/&",-/,040D$) (cross-talking) %&#$*A #40 2,$ME.40 %7N$0,+%10 5%=0$) (De 

Vos et al., 2005ú Koornneef et al., 2008ú Koornneef -$, Pieterse, 2008). 

Z''7 %,$ /%52$ ".4#&S010 "/= <N/=0 %&'&#79&D +& %&:5'/ ;$9%E +#70 

5%=0$ #40 M=#10 &D0$, 7 /,-/:<0&,$ #40 N,#,0$+10 (chitinases) 'E:4 #/= 2=0$%,-/A 

#/=) +#70 5%=0$ &0$0#D/0 2,$ME.40 "$9/:E040. H,#,05+&) $"E E'&) #,) /,-/:<0&,&) 

&"<2&,*$0 in vitro $0#,%=-7#,$-<) ,2,E#7#&) (Melchers et al., 1994ú Ponstein et al., 

1994) &0$0#D/0 %=-(#40 "/= <N/=0 N,#D07 +#$ -=##$.,-5 #/=) #/,N1%$#$. W+#E+/, 

%E0/ <0$) %,-.E) $.,9%E) %=-(#40 &D0$, &="$9&D) +#,) N,#,05+&). I, "&.,++E#&./, 

%A-7#&) &D0$, &="$9&D) +#7 +=0&.:,+#,-( 2.5+7 #40 N,#,0$+10 -$, #40 :'/=-$0$+10 

(;-1,3-glucanases) (Mauch et al., 1988ú Sela-Buurlage et al., 1993). R& in vivo 

"&,.5%$#$, :&0&#,-1) #./"/"/,7%<0$ M=#5 +,#$.,/A %& +#$9&.( <-M.$+7 %,$) 
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N,#,05+7) <2&,*$0 $=*7%<07 $09&-#,-E#7#$ &0$0#D/0 #/= %A-7#$ F. graminearum (Shin 

et al., 2008). R#7 "$./A+$ &.:$+D$, 2A/ N,#,05+&) ;.<97-$0 0$ ="&.&-M.5?/0#$, 

+#$ etr1-1 M=#5 %&#5 $"E &M$.%/:( #/= V. dahliae. L $05'=+7 #7) Real-time PCR 

<2&,*& &"$:4:( #40 N,#,0$+10 2 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$ +& E'/=) 

#/=) :/0E#="/=). L %&:$'A#&.7 2,$M/.5 "/= "$.$#7.(97-& :,$ #70 CHI-1 (#$0 +#,) 

6 7%<.&) E#$0 #/ &"D"&2/ <-M.$+7) #7) +#$ etr1-1 M=#5 (#$0 7.5-M/.<) -$, 3.5-

M/.<) %&:$'A#&./ +& +N<+7 %& #$ ein4 -$,  Col-0 M=#5, $0#D+#/,N$, &01 #/ :/0D2,/ 

CHI-2 "$./=+D$+& #7 %&:$'A#&.7 2,$M/.5 %& #$ Col-0 -$, ein4 M=#5 +#,) 14 7%<.&) 

(3.8 -$, 4.2-M/.<) $0#D+#/,N$). !"/%<04), #$ =P7'5 &"D"&2$ <-M.$+7) #40 PR-2, 

CHI-1 -$, CHI-2 +#$ etr1-1 M=#5 ="/2&,-0A/=0 ",9$0( +=0&.:,+#,-( 2.5+7 #40 

&0?=%$#,-10 #/=) "./ïE0#40 &0$0#D/0 #/= V. dahliae N4.D) 0$ $"/-'&D&#$, 7 

+=%%&#/N( #40 PR-1 -$, PR-5 (Mauch et al., 1988ú Sela-Buurlage et al., 1993). 

3<.$ $"E #,) "./$0$M&.9&D+&) ".4#&T0&) "$9/:<0&+7), $.-&#<) <.&=0&) 

<N/=0 2&D*&, E#, #$ M=#5 $0#$"/-.D0/0#$, +#70 %E'=0+7 $"E "$9/:E0$ %& #70 

$=*7%<07 <-M.$+7 %&#$:.$M,-10 "$.$:E0#40 E"4) /, glutathione S-transferases 

(GST) -$, /, Myb (Mauch -$, Dudler, 1993ú Hahn -$, Strittmatter, 1994ú Wagner et 

al., 2002). I, GSTs "$D?/=0 +7%$0#,-E .E'/ +#70 $0#D2.$+7 #40 M=#10 -$#5 #70 

$''$:( "&.,;$''/0#,-10 +=097-10, -$, 7 <-M.$+7 #/=) &"5:&#$, $"E <0$ %&:5'/ 

$.,9%E "$.$:E0#40. I, GSTs <N/=0 ;.&9&D 0$ '&,#/=.:/A0 +& <0$ %&:5'/ $.,9%E 

-=##$.,-10 2,$2,-$+,10 (Marra, 1996ú Arakawa et al., 2002) -$, 2./=0 4) 2=07#,-/D 

.=9%,+#<) #7) “$"E"#4+7)” (Dixon et al., 2002). R& %,$ ".E+M$#7 <.&=0$ /, GSTs 

M$D0&#$, 0$ +=%%&#<N/=0 +#70 %&#$:4:( #40 +7%5#40 +#$ M=#,-5 -A##$.$ (Foyer et 

al., 2005). R& %,$ 5''7 <.&=0$, 7 <-M.$+7 :/0,2D/= GST &DN& &"$N9&D ",/ :.(:/.$ 

-$, ",/ ,+N=.5 +& %,$ $09&-#,-( "/,-,'D$ ;$%;$-,/A +#/ V. dahliae +& +N<+7 %& %,$ 

&="$9( "/,-,'D$ (Jia et al., 2007). R#70 "$./A+$ &.:$+D$, 2 GST :/0D2,$, #/ 

GSTF12 -$, #/ GSTU16, &DN$0 ="&.&-M.$+#&D +& E'/=) #/=) :/0E#="/=) %&#5 #70 

&M$.%/:( #/= V. dahliae. >/ GSTF12 ;.<97-& 0$ &-M.5?&#$, "&.,++E#&./ +#$ etr1-

1 M=#5 +& +N<+7 %& #$ Col-0 -$, ein4 M=#5 +& -59& 7%<.$ 2&,:%$#/'7PD$). L 

<-M.$+7 #/= GSTF12 (#$0 23.5-M/.<) =P7'E#&.7 +#$ etr1-1 +& +N<+7 %& #$ ein4 

M=#5 +#,) 6 7%<.&) -$, 10-M/.<) =P7'E#&.7 +& +N<+7 %& #$ Col-0 M=#5 +#,) 10 

7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$. >/ :/0D2,/ GSTU16 &DN& ="&.&-M.$+#&D +& 

%&:5'/ ;$9%E +#,) 6, 10 -$,  14 7%<.&) +#$ etr1-1 M=#5. L %&:$'A#&.7 2,$M/.5 

"$.$#7.(97-& +#,) 6 7%<.&) E#$0 #/ &"D"&2/ <-M.$+7)  #/= GSTU16 +#$ etr1-1 

M=#5 (#$0 20 M/.<) %&:$'A#&.7 +& +A:-.,+7 %& #$ Col-0 M=#5. !02,$M<./0 

"./-$'&D 7 "$.$#(.7+7 E#, #/ :/0D2,/ GSTU16 2&0 ="&.&-M.5+#7-& +#$ ein4 E"/= 

&DN& &M$.%/+#&D / %A-7#$) +& +A:-.,+7 %& #$ $%E'=0#$ M=#5. !D0$, "./M$0<) E#, 
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"<.$ $"E #,) 2,$M/.<) "/= "$.$#7.(97-$0 +#$ :/0D2,$ #40 ".4#&S010 "/= 

+N&#D?/0#$, %& #70 "$9/:<0&+7 (PR1, PR2, PR5 -$, N,#,0$+10) 7 $09&-#,-E#7#$ #40 

M=#10 etr1-1 %"/.&D 0$ /M&D'&#$, -$, +& %&#$;/'<) #7) <-M.$+7) :/0,2D40 #40 

%/0/"$#,10 %&#$:4:() #40 +7%5#40 E"4) M$D0&#$, $"E #70 ="&.<-M.$+7 #40 

:/0,2D40 GSTF12 -$, GSTU16 +#$ etr1-1 M=#5. 

3.E+M$#&) :&0&#,-<) $0$'A+&,) <2&,*$0 E#, $.-&#5 :/0D2,$ "/= -42,-/"/,/A0 

Myb %&#$:.$M,-/A) "$.5:/0#&) "$D?/=0 +7%$0#,-E .E'/ +#,) $0#,2.5+&,) 

$0/+/"/D7+7) #40 M=#10, %& %&.,-/A) "$.5:/0#&) 0$ "./+2<0/0#$, +& ="/-,07#<) 

(promoters) :/0,2D40 "/= +N&#D?/0#$, %& #70 5%=0$ #40 M=#10 (Rushton -$, 

Somssich, 1998). @&#$+N7%$#,+%E) M=#10 %& :/0D2,/ "/= -42,-/"/,&D <0$ Myb 

"$.5:/0#$ &DN& +$0 $"/#<'&+%$ #$ M=#5 0$ "$./=+,5+/=0 $=*7%<07 $09&-#,-E#7#$ 

+#70 %E'=0+7 $"E $.-&#5 ;,/#./M,-5 -$, 0&-./#./M,-5 "$9/:E0$ (Mengiste et al., 

2003). R#7 "$./A+$ &.:$+D$ "$.$#7.(97-& &"$:4:( #/= :/0,2D/= Myb75 +& E'/=) 

#/=) :/0E#="/=) M=#10 2 7%<.&) %&#5 #70 &M$.%/:( #/= V. dahliae. R#$ M=#5 etr1-1 

="&.&-M.5+#7-& +#,) 6, 10 -$, 14 7%<.&) %& #7 2,$M/.5 0$ M#50&, +#,) 29.5-M/.<) 

+& +N<+7 %& #$ Col-0 M=#5 +#,) 14 7%<.&) -$, +#,) 5.9-M/.<) +& +A:-.,+7 %& #$ ein4 

M=#5 +#,) 10 7%<.&). 

L "$./A+$ &.:$+D$, -$, %& ;5+7 #$ %<N., +(%&.$ ;,;',/:.$M,-5 2&2/%<0$, 

<2&,*& :,$ ".1#7 M/.5 E#, 7 %&,4%<07 ".E+'7P7 $,9='&0D/= %<+4 #/= ="/2/N<$ 

ETR1 &"5:&, #70 <-M.$+7 %,$) /%52$) :/0,2D40 "/= +N&#D?/0#$, %& #70 5%=0$ #40 

M=#10 A. thaliana, ="/2&,-0A/0#$) #7 %/.,$-( ;5+7 "/= &'<:N&, #70 $09&-#,-E#7#$ 

+#/=) %A-7#&) V. dahliae -$, F. oxysporum. 6=#<) /, %&#$:.$M,-<) %&#$;/'<) 

/2(:7+$0 +& %&,4%<07 $05"#=*7 #/= "$9/:E0/= %A-7#$ V. dahliae +#/=) 

$::&,$-/A) ,+#/A) -$, %&,4%<07 <0#$+7 #7) $+9<0&,$) +#$ etr1-1 M=#5. !",".E+9&#$, 

#$ etr1-1 M=#5 <2&,*$0 +7%$0#,-( $09&-#,-E#7#$ +#/0 %A-7#$  F. oxysporum f. sp. 

raphani +=0/2&=E%&07 $"E %&,4%<0$ +=%"#1%$#$ -$, %,-.E#&.7 "/+E#7#$ #7) 

;,/%5?$) #/= "$9/:E0/= +#/=) ,+#/A) #40 M=#10. I, %A-7#&) F. oxysporum -$, V. 

dahliae $"/#&'/A0 #,) ",/ +7%$0#,-<) $"&,'<) :,$ $.-&#<) -$'',<.:&,&) $M/A 7 

N7%,-( -$#$"/'<%7+7 #/=) 2&0 &D0$, $"/#&'&+%$#,-(. R& $=#( #70 &.:$+D$ 

&",N&,.(97-& 0$ 2,$+$M70,+#&D / .E'/) #/= :/0,2D/= ETR1 +#70 5%=0$ #40 M=#10 

&0$0#D/0 #40 %=-(#40 "/= "./-$'/A0 $2./%=-1+&,), 4) <0$ ;(%$ :,$ 0$ 

-$#$0/79/A0 /, $''7'&",2.5+&,) #40 M=#10 %& #$ "$9/:E0$ $=#5. 
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@H!?I?>C 2 

/>HKHQFJDJ GCQ KCICQ GJD EKCDIJPJD GCQ 

?>NQIHF>CQ DGJF ?FNH@G>@CGJG? GJD GC-?G?D 

@?G? GCQ -Q@JG? VERTICILLIUM DAHLIAE 

3.1. EHK>IJPJ  

3./7:/A%&0$ "&,.$%$#,-5 2&2/%<0$ $"E #/ ".1#/ -&M5'$,/ <2&,*$0 E#, #$ 

%&#$''$:%<0$ +#/0 ="/2/N<$ $,9='&0D/= ETR1 M=#5 Arabidopsis thaliana (#$0 ",/ 

$09&-#,-5 +#/ %A-7#$ V. dahliae $"E #$ ="E'/,"$ M=#5 "/= N.7+,%/"/,(97-$0. K,$ 

0$ 2,&.&=079&D &50 7 &'',"() ".E+'7P7 #/= $,9='&0D/= "$./=+,5?&, $0#D+#/,N/ 

M$,0E#="/ +& M=#5 #/%5#$), %&'&#(97-& / .E'/) #40 :/0,2D40 Never ripe (Nr) -$, 

ETR4 "/= -42,-/"/,/A0 ="/2/N&D) $,9='&0D/= +#70 #/%5#$ +& "&,.5%$#$ 

"$9/:<0&,$) %& #/ %A-7#$ V. dahliae. R#$ "&,.5%$#$ N.7+,%/"/,(97-$0 7 

%&#$''$:%<07 +&,.5 #/%5#$) Nr (%& $"&0&.:/"/,7%<0/ #/0 ="/2/N<$ Nr "/= &D0$, 

/%E'/:/) #/= ETR1 #40 M=#10 A. thaliana) &01 :,$ #/0 ="/2/N<$ ETR4, 

&M$.%E+#7-& 7 #&N0/'/:D$ #7) ,ï-5 &"$:E%&07) :/0,2,$-() +D:7+7) (virus induced 

gene silencing – VIGS) %& ;5+7 "'$+%,2,$-/A) M/.&D) #/= ,/A Tobacco rattle virus 

(TRV) :,$ #70 -$#$+#/'( #/= :/0,2D/= ETR4. @& #7 +A:-.,+7 #40 +=%"#4%5#40 "/= 

"$./=+D$+$0 #$ M=#5 2,$",+#197-& E#, #$ Nr -$91) -$, #$ M=#5 +#$ /"/D$ 

".$:%$#/"/,(97-& +D:7+7 #/= :/0,2D/= ETR4 (ETR4-silenced) <2&,*$0 E#, 7 

+/;$.E#7#$ #7) $+9<0&,$) "/= "./-$'&D / %A-7#$) V. dahliae &D0$, +7%$0#,-5 

%,-.E#&.7 $"E #$ M=#5 "/= N.7+,%/"/,(97-$0 4) %5.#=.&). L &%M50,+7 ("/+/+#E 

$+9&010 M=#10) -$, 7 +/;$.E#7#$ #7) $+9<0&,$) ("/+/+#E $+9&010 MA''40 +& 

+N<+7 %& #/ +=0/',-E $.,9%E #40 MA''40) %&,197-$0 -$#5 11% -$, 20% $0#D+#/,N$ 

+#$ Nr +& +N<+7 %& #$ $:.D/= #A"/= (WT) M=#5, 33 7%<.&) %&#5 #70 &M$.%/:( #/= 

%A-7#$. 3$.5''7'$, &%M50,+7 -$, +/;$.E#7#$ #7) $+9<0&,$) +#$ ETR4-silenced 

M=#5 %&,197-$0 -$#5 14% -$, 15% $0#D+#/,N$, +& +A:-.,+7 %& #$ M=#5 "/= 

&%;/',5+#7-$0 %& #/0 52&,/ M/.<$ TRV, 37 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$. 

L "/+/#,-/"/D7+7 #/= %A-7#$ V. dahliae "/= ".$:%$#/"/,(97-& %& $0#,2.5+&,) 

Real-time PCR +#$ M=#5, <2&,*& E#, 7 %&D4+7 #40 +=%"#4%5#40 "/= "$.$#7.(97-& 

+#$ Nr M=#5 +=+N&#D?&#$, %& +7%$0#,-( %&D4+7 #7) $05"#=*7) #/= "$9/:E0/= +#/=) 

$::&,$-/A) ,+#/A) #40 M=#10 $=#10 +& +N<+7 %& #$ WT M=#5, ="/2&,-0A/0#$) E#, 7 
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%&,4%<07 ".E+'7P7 #/= $,9='&0D/= %<+4 #/= ="/2/N<$ Nr /27:&D +& $=*7%<07 

$09&-#,-E#7#$ #40 M=#10 -$#5 #/= %A-7#$ V. dahliae. L %&D4+7 #7) "/+E#7#$) #/= 

%A-7#$ "$.$#7.(97-& +& -59& 7%<.$ 2&,:%$#/'7PD$) +#$ Nr M=#5, -$, (#$0 $"E 1.5 

<4) 1.75 M/.<) ',:E#&.7 $"E E#, +#$ WT M=#5. L "/+/#,-/"/D7+7 #/= %A-7#$ +#$ 

ETR4-silenced (#$0 +#$ D2,$ &"D"&2$ %& #$ M=#5 #/= %5.#=.$ "$.E'/ "/= 7 <0#$+7 

#7) $+9<0&,$) (#$0 %&,4%<07 +#$ ETR4-silenced M=#5. 
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3.2. H>D?MAMJ 

3.2.1 M02*+: 

I, "'7./M/.D&) "/= ="5.N/=0 :,$ #7 .A9%,+7 #7) +A09&+7) #/= $,9='&0D/= 

+#70 #/%5#$ &D0$, "/''<) +& $0#D9&+7 %& #70 ".E+'7P( #/= -$, #70 &"$-E'/=97 

%&#$:4:( #/= +(%$#E) #/= +#/ M=#E. @,$ %&#$''$:%<07 +&,.5 %& #./"/"/,7%<07 

,-$0E#7#$ 0$ "./+'$%;50&, $,9='<0,/ <N&, $0$:04.,+#&D. L %&#$''$:( Never ripe 

(Nr) &D0$, %,$ %&#5''$*7 +& <0$ ="/2/N<$ $,9='&0D/= +#70 #/%5#$ "/= <N&, 4) 

$"/#<'&+%$ #70 $0,-$0E#7#$ #7) 4.D%$0+7) #/= -$."/A (Wilkinson et al., 1995). 

605'=+7 #40 Nr M=#10 <2&,*& <0$0 $.,9%E "'&,/#./",-10 +=0&"&,10 "/= &D0$, 

&02&,-#,-<) #7) %7 $0#D'7P7) #/= $,9='&0D/= $"E #$ M=#5 (Lanahan et al., 1994). L 

%&#$''$:%<07 +&,.5 "$./=+,5?&, $2=0$%D$ $"/-/"() #40 $09<40 -$, +7%$0#,-( 

-$9=+#<.7+7 +#70 4.D%$0+7 #40 $09<40 -$, #40 "&#5'40. 6.-&#/D &.&=07#<) 

N.7+,%/"/D7+$0 #70 %&#$''$:%<07 Nr +&,.5 4) &.:$'&D/ :,$ #70 $"/#D%7+7 #/= 

.E'/= #/= $,9='&0D/= +& <0$ %&:5'/ M5+%$ 2,$2,-$+,10 "/= $M/./A0 #70 $05"#=*7 

(Aloni et al., 1998ú Clark et al., 1999ú Hansen -$, Grossmann, 2000ú Llop-Tous et al., 

2000), #7 :/0,2,$-( <-M.$+7 (Rose et al., 1997ú Nakatsuka et al., 1998) -$, #/ +#.&) 

(Lund et al., 1998ú Ciardi et al., 2000ú O'Donnell et al., 2001). 

3.2.2 J $*+$)920*& "%$=$7952 &*'"(02S$" 4#3 #$6:#& 

L $M9/0D$ #40 M=+,/'/:,-10 -$, %/.,$-10 &.&=010 "/= <N/=0 :D0&, +#7 

#/%5#$ #70 -$9,+#/A0 <0$ 5.,+#/ +A+#7%$ "/= %"/.&D 0$ N.7+,%/"/,79&D +#,) 

<.&=0&) #40 $0#,2.5+&40 #/= $,9='&0D/=. I, -$'5 N$.$-#7.,+%<0/, .E'/, #/= 

$,9='&0D/= +#7 2,$2,-$+D$ #7) 4.D%$0+7) #40 -$."10, #7) %5.$0+7) #40 "&#5'40 

-$, #7) $"/-/"() #40 $09<40 2&DN0/=0 #$ "'&/0&-#(%$#$ #/= M=#/A $=#/A. R& 

%/.,$-E -$, ;,/N7%,-E &"D"&2/, 7 .A9%,+7 #7) $05"#=*7) %<+4 &0E) ="/2/N<$ #/= 

$,9='&0D/= $"/2&DN97-& $.N,-5 $"E #70 +7%$0#,-5 $=*7%<07 <-M.$+7 #/= Nr -$#5 

#70 4.D%$0+7 #40 -$."10 (Wilkinson et al., 1995). U*, ="/2/N&D) #/= $,9='&0D/= 

(LeETR1-6) <N/=0 $"/%/049&D -$, N$.$-#7.,+#&D (Wilkinson et al., 1995ú Zhou et al., 

1996$, ;ú Lashbrook et al., 1998ú Tieman -$, Klee, 1999). UN&, &",-.$#(+&, / 

="/2/N<$) LeETR3 0$ $0$M<.&#$, 4) NR -$, $=#( 7 /0/%$+D$ N.7+,%/"/,&D#$, -$, 

+#70 "$./A+$ &.:$+D$. I, $0$%&0E%&0&) 2/%<) #40 ="/2/N<40 #7) /,-/:<0&,$) 

LeETR &D0$, E%/,&) %& $=#<) #40 ="/2/N<40 #/= M=#/A A. thaliana. I, ".4#&T0&) 

"/= -42,-/"/,/A0 E%4) &D0$, $.-&#5 2,$M/.&#,-<) -$, "$./=+,5?/=0 -5#4 $"E 50% 



8!Q6C6GI 2. BG!F![JLRL >I[ FICI[ >LR 3FIRCLVLR >I[ 6G\[C!JGI[ 

R>LJ 6J\!8>G8I>L>6 >LR >I@6>6R 86>6 >I[ @[8L>6 V. DAHLIAE 

 

112 

/%/'/:D$ +#70 $''7'/=ND$ #/=) %& &*$D.&+7 #/=) ="/2/N&D) ETR1 $"E #/ A. thaliana 

-$, Nr #7) #/%5#$). BA/ ="/2/N&D) <N/=0 %,$ &","'</0 J-#&',-( 2,$%&%;.$0,-( 

"&.,/N(. 6=#( 7 "&.,/N( %"/.&D 0$ &D0$, $''7'/=ND$ +(%$#/) ( %"/.&D 0$ 

&*="7.&#&D :,$ 0$ -$#&=9A0&, #/ J-#&',-E 5-./ +#/ -=#E"'$+%$. @E0/ / ="/2/N<$) 

NR 2&0 <N&, #70 C-#&',-( "&.,/N( (receiver). >/='5N,+#/0 <0$) -$, ",9$0E0 #.&,) 

="/2/N&D) (LeETR4-6) 2&0 <N/=0 #70 "'(.7 /%52$ #40 +=0#7.7%<040 "&.,/N10 

,+#,2,0,-() -,05+7), E"4) +=%;$D0&, -$, +#/=) ="/2/N&D) #7) ="//,-/:<0&,$)-GG #/= 

M=#/A A. thaliana. 3$.’ E'&) #,) 2/%,-<) 2,$M/.<) %&#$*A #40 ="/2/N<40 #7) 

#/%5#$) <N&, "&,.$%$#,-5 $"/2&,N9&D E#, E'/, &D0$, ="/2/N&D) $,9='&0D/= 4) "./) #70 

,-$0E#7#$ #/=) 0$ "./+2<0/=0 #/ $,9='<0,/. !",".E+9&#$, / NR %"/.&D 0$ 

'&,#/=.:(+&, in vivo %& #<#/,/ #.E"/ 1+#& 0$ $0#,+#$9%D+&, #70 $"1'&,$ '&,#/=.:D$) 

#/= ="/2/N<$ LeETR4, "$.E'/ "/= /, 2A/ ="/2/N&D) &D0$, ',:E#&./ $"E 50% 

/%E'/:/, (Tieman et al., 2000). 

3.2.2.1 K%@;"#* +1' :)(6(<C1' +*8 +(-D+"8 

>$ %/#D;$ <-M.$+7) #40 ="/2/N<40 $,9='&0D/= #7) #/%5#$) <N/=0 

N$.$-#7.,+#&D. >/ -59& :/0D2,/ <N&, <0$ *&N4.,+#E "./MD' <-M.$+7) -$#5 #7 

2,5.-&,$ #7) $05"#=*7) -$, +#70 $0#D2.$+7 +& &*4#&.,-5 &.&9D+%$#$ (Lashbrook et 

al., 1998ú Tieman -$, Klee, 1999). >$ LeETR1 -$, LeETR2 &-M.5?/0#$, +& +#$9&.5 

&"D"&2$ +& E'/=) #/=) ,+#/A) -$#5 #7 2,5.-&,$ #7) $05"#=*7), %& #/ LeETR1 0$ 

&-M.5?&#$, "&.D"/= 5 M/.<) "&.,++E#&./ $"E #/ LeETR2. B&0 "$./=+,5+#7-& 

$''$:( #7) <-M.$+7) $=#10 #40 :/0,2D40 4) $0#D2.$+7 +& -5"/,/ &*4#&.,-E 

&.<9,+%$ E"4) :,$ "$.52&,:%$ +#/ $,9='<0,/ ( +#7 %E'=0+7 $"E -5"/,/ "$9/:E0/. 

R& $0#D9&+7, #$ "./MD' <-M.$+7) #40 5''40 #&++5.40 :/0,2D40 "$./=+D$+$0 

%&:5'7 2,$-A%$0+7. K,$ "$.52&,:%$ -$#5 #70 5097+7 /, 4/9(-&) &*<M.$+$0 =P7'5 

&"D"&2$ mRNA #/= NR. 6-/'/A94) #$ &"D"&2$ %&,197-$0 "&.D"/= 10 M/.<) %<N., 

#70 <0$.*7 #7) 4.D%$0+7) E"/= $=*(97-$0 "5', "&.D"/= 20 M/.<). L $A*7+7 $=#( 

&D0$, <0$ "$.52&,:%$ "/= 2&DN0&, #70 &*$.#1%&07 $"E #/ +#52,/ $05"#=*7) 

&"$:4:( #40 :/0,2D40 #/= $,9='&0D/=, $M/A #/ :/0D2,/ &"5:&#$, -$#5 #70 4.D%$0+7 

$''5 EN, +#/=) $01.,%/=) -$."/A) (Wilkinson et al., 1995). >$ :/0D2,$ LeETR4, 

LeETR5 -$, LeETR6 &-M.5?/0#$, +& $M9/0D$ +& $0$"$.$:4:,-/A) ,+#/A) (5097 -$, 

-$."/A)) -$, +& %,-.E#&./ ;$9%E +#/=) ;'$+#/A) (Tieman -$, Klee, 1999). !"D+7), 

#$ &"D"&2$ #40 LeETR4 -$, LeETR5 $=*50/=0 +7%$0#,-5 -$#5 #70 4.D%$0+7 #40 

-$."10. L +7%$+D$ #7) =P7'E#&.7) <-M.$+7) $=#10 #40 ="/2/N<40 +#/=) 

$0$"$.$:4:,-/A) ,+#/A) 2&0 &D0$, "./) #/ "$.E0 :04+#(. >$ :/0D2,$ NR -$, 
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LeETR4 &"5:/0#$, $"E #70 "./+;/'( $"E "$9/:E0$ &01 #$ 5''$ :/0D2,$ 2&0 

&"7.&5?/0#$,. L &*$.#1%&07 $"E "$9/:E0$ &"$:4:( #/= LeETR4 <N&, +=+N&#,+#&D 

%& #70 $=*7%<07 +A09&+7 $,9='&0D/= +#70 "&.D"#4+7 %E'=0+7) %& <0$ %7 

%/'=+%$#,-E "$9/:E0/. 6=#( 7 &"$:4:( $"/#&'&D +7%$0#,-E +#/,N&D/ #/= $%=0#,-/A 

%7N$0,+%/A #40 M=#10 "/= '&,#/=.:&D :,$ 0$ %&,1+&, #70 $0#D'7P7 #/= $,9='&0D/= 

+#/ "./+;&;'7%<0/ ,+#E -$, 0$ "&.,/.D+&, -$#’ $=#E #/ #.E"/ #7 ?7%,5 +#/=) ,+#/A) 

(Ciardi et al., 2001) ("&.,:.5M&#$, "$.$-5#4). 

3.2.2.2 9('$6$"%4 C%@;"#* %"$ B0$+(:;57" 

Y#$0 %&'&#5#$, 7 +7%$0#,-E#7#$ #7) <-M.$+7) #40 ="/2/N<40 +#$ "'$D+,$ 

#7) +=0/',-() .A9%,+7) #40 $0#,2.5+&40 #/= $,9='&0D/=, ="5.N/=0 -5"/,$ +7%&D$ 

"/= ".<"&, 0$ '$%;50/0#$, ="EP7. 

8$#$.N(0, /, ="/2/N&D) '&,#/=.:/A0 4) $.07#,-/D .=9%,+#<) #/= $,9='&0D/=. 

UN&, (27 $0$M&.9&D +#/ ".1#/ -&M5'$,/ E#, $"/=+D$ $,9='&0D/= -$#$+#<''&#$, 7 

<-M.$+7 #40 &"$:E%&040 $"E #/ $,9='<0,/ :/0,2D40. 6=#E #/ %/0#<'/ "./;'<"&, E#, 

9$ <".&"& 0$ ="5.N&, $.07#,-( +=+N<#,+7 %&#$*A #40 &","<240 <-M.$+7) #40 

="/2/N<40 -$, #7) $0#D'7P7) #/= $,9='&0D/= +#/=) ,+#/A). \$ <".&"& 0$ 

"./+'7M9&D "&.,++E#&./ $,9='<0,/ :,$ 0$ $"&0&.:/"/,79/A0 #$ =P7'5 &"D"&2$ 

<-M.$+7) <#+, 1+#& 0$ $"&'&=9&.49&D 7 -$#$+#/'( -$,  #40 ="/2/N<40. 6=#E #/ 

%/0#<'/ &*7:&D :,$#D /, "/''$"'<) %&#$''$:<) +& ="/2/N&D) $,9='&0D/= +#$ M=#5 A. 

thaliana &",2&,-0A/=0 +=0&N( $0#D2.$+7 $,9='&0D/= "$.E'/ "/= #$ &"D"&2$ #7) 

/.%E07) "$.$%<0/=0 +#$9&.5 +#$ M=#5. >$ ;$+,-5 &"D"&2$ $,9='&0D/= "/= 

"$.5:/0#$, +#$ M=#5 &D0$, $.-&#5 :,$ 0$ $"&0&.:/"/,(+/=0 #/ +A0/'/ #40 

="/2/N<40. 

I 2&A#&./) "$.5:/0#$) "/= ".<"&, 0$ '$%;50&#$, ="EP7 +#,) $0#,2.5+&,) 

$,9='&0D/= &D0$, E#, /, ="/2/N&D) <N/=0 "/'A %&:5'/ N.E0/ 7%,?4() :,$ #/ 

2,$N4.,+%E #/=) $"E #/ $,9='<0,/. I N.E0/) 7%,?4() #/= 2,$N4.,+%/A #/= 

$,9='&0D/= $"E #/0 ="/2/N<$ ETR1 ="/'/:D+#7-& +#,) ?A%&) 0$ &D0$, "&.D"/= 12 

1.&) (Schaller -$, Bleecker, 1995). 6=#E) / .=9%E) 2,$N4.,+%/A &D0$, %5''/0 

%,-.E#&./) $"E #/0 ".$:%$#,-E $M/A +& $=#E0 2&0 ="/'/:D+#7-& 7 "./+$A*7+7 +& 

".4#&T07 (protein turnover). U#+, 7 2,5.-&,$ 2,$N4.,+%/A 9$ %"/./A+& 0$ &D0$, 

%&:$'A#&.7 $"E 12 1.&). 6=#E ".$-#,-5 +7%$D0&, E#, $"E #7 +#,:%( "/= / 

="/2/N<$) <N&, 2&+%&A+&, $,9='<0,/ 9$ &D0$, $2A0$#/ 0$ -$#$+#&D'&, #70 &"$:4:( 

#40 !>-&*$.#1%&040 $0#,2.5+&40 :,$ "/'A %&:5'/ 2,5+#7%$. !"/%<04), / %E0/) 

#.E"/) %& #/0 /"/D/ <0$) ,+#E) %"/.&D 0$ +#$%$#(+&, #70 $0#D2.$+7 $,9='&0D/= $"E 
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#7 +#,:%( "/= <N&, *&-,0(+&,, &D0$, %E0/ %<+4 #7) +A09&+7) 0</= ="/2/N<$. 

R=%"&.$+%$#,-5, +& %7 $0$+#.<P,%/=) #A"/=) $0#,2.5+&40 E"4) &D0$, 7 $"/-/"(, 

7 :(.$0+7 #40 $09<40 ( 7 4.D%$0+7 #40 -$."10 2&0 ="5.N&, $05:-7 0$ 

$0$#.$"&D 7 2,$2,-$+D$. W+#E+/, ".<"&, 0$ '$%;50&#$, ="EP7 E#, #/ $,9='<0,/ 

"$D?&, +7%$0#,-E .E'/ +& "/''<) "&.,;$''/0#,-<) $0#,2.5+&,). 3/''<) $"E $=#<) #,) 

$0#,2.5+&,), E"4) ( <''&,P7 0&./A ( /, #.$=%$#,+%/D &*$M$0D?/0#$, %&#5 $"E -5"/,/ 

N./0,-E 2,5+#7%$. >$ M=#5 ".<"&, 0$ &D0$, ,-$05 0$ 2,$-E"#/=0 #70 $0#D2.$+7 #/= 

$,9='&0D/= $05'/:$ %& #,) $05:-&) #/=). 6=#E $"$,#&D #7 +A09&+7 0<40 ="/2/N<40. 

K,$ 0$ %&'&#79&D $=#E #/ %/0#<'/ $0$"#AN97-$0 -$, N.7+,%/"/,(97-$0 

:&0&#,-1) #./"/"/,7%<0$ M=#5 A. thaliana. 6*D?&, 0$ +7%&,49&D E#, #$ "&.,++E#&.$ 

2&2/%<0$ $M/./A0 #70 "/+E#7#$ #/= RNA. W+#E+/, #$ &"D"&2$ #7) NR ".4#&T07) 

<N/=0 &'&:N9&D %& $0#,+1%$#$ #E+/ +& M=#5 "/= ="&.&-M.5?/=0 E+/ -$, +& M=#5 

"/= ="/&-M.5?/=0 #/ NR, -$, ="5.N&, -$'( +=+N<#,+7 %&#$*A #40 &","<240 RNA 

-$, ".4#&T07). >$ :&0&#,-1) #./"/"/,7%<0$ M=#5 "/= N.7+,%/"/,(97-$0 -$, 

="&.<-M.$?$0 #/ NR (<M&.$0 cDNA #/= :/0,2D/= -5#4 $"E #/0 <'&:N/ #/= 35S 

="/-,07#() (Ciardi et al., 2000) E0#4) 2&0 $0#,'$%;50/0#$0 #/ $,9='<0,/. !"/%<04), 

#$ =P7'5 &"D"&2$ <-M.$+7) #/= ="/2/N<$ /2(:7+$0 +& %&,4%<07 $0#D2.$+7 

$,9='&0D/=. 60#D9&#$, 7 $0#,-42,-( %&D4+7 #7) <-M.$+7) #40 ="/2/N<40 2&0 &DN& 

%&:5'7 &"D2.$+7 +#70 $0#D'7P7 #/= $,9='&0D/=. 6=#5 #$ $"/#&'<+%$#$ (#$0 #$ D2,$ 

%& #$ 2&2/%<0$ $"E #$ M=#5 A. thaliana -$, ="/2&,-0A/=0 E#, ="5.N&, <0$) ;$9%E) 

&",-5'=P7) #7) '&,#/=.:D$) #40 ="/2/N<40. ["5.N&, 4+#E+/ %,$ &*$D.&+7 $M/A 7 

$0#,-42,-( %&D4+7 #/= LeETR4 &"7.<$+& "/'A #$ M=#5, "/= <2&,*$0 +#$9&.( 

$0#D2.$+7 $,9='&0D/=. 6=#E) (#$0 / %E0/) ="/2/N<$) "/= E#$0 %&,197-& 7 

<-M.$+7 #/= /2(:7+& +& <0#/0/ M$,0E#="/ ="&.&=$,+97+D$) +#/ $,9='<0,/. I, 

&",2.5+&,) +=%"&.,'5%;$0$0 &",0$+#D$, $09E"#4+7 -$, :.7:/.E#&.7 4.D%$0+7 #40 

-$."10. 6=#<) /, &",2.5+&,) +=0<;7+$0 N4.D) $A*7+7 #7) +A09&+7) #/= 

$,9='&0D/=. !"/%<04), #$ M=#5 <:,0$0 ",/ &=$D+97#$ +#/ $,9='<0,/ 2&DN0/0#$) 

+7%$0#,-( %&D4+7 +#7 2E+7 #/= $,9='&0D/= "/= $"$,#&D#$, :,$ #70 <0$.*7 %,$) 

;,/'/:,-() $0#D2.$+7). 6=#E) / M$,0E#="/) "./-5'&+& $.N,-5 <-"'7*7 $M/A #/ 

LeETR4, "$.E'/ "/= ;.D+-&#$, +& =P7'5 &"D"&2$, 2&0 &D0$, / %E0/) =P7'5 

&-M.$?E%&0/) ="/2/N<$) +#/=) $0$"$.$:4:,-/A) ,+#/A). @,$ ",/ &02&'&N() 

&*<#$+7 #7) :/0,2,$-() <-M.$+7) #40 ="/2/N<40 +& :&0&#,-1) #./"/"/,7%<0$ M=#5 

<2&,*& E#, E#$0 7 <-M.$+7 #/= NR %&,197-& %& $0#,-42,-E %&#$+N7%$#,+%E, 7 

<-M.$+7 #/= LeETR4 $=*(97-& $05'/:$. 8$#5 -5"/,/ #.E"/ #$ M=#5 

$0#,+#$9%D?/=0 #7 %&,4%<07 <-M.$+7 #/= NR %& #70 $A*7+7 #7) <-M.$+7) #/= 
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LeETR4. !"/%<04), #/ +=0/',-E "&.,&NE%&0/ ="/2/N<40 #40 $0#,-42,-10 NR 

M=#10 2&0 &"7.&5?&#$, +& $0#D9&+7 %& #,) $0#,-42,-<) LeETR4 +&,.<) M=#10 

(Tieman et al., 2000). @<N., +(%&.$ $=#E) / %7N$0,+%E) “$0#,+#59%,+7)” 2&0 <N&, 

"$.$#7.79&D +#$ M=#5 A. thaliana. 3$.’ E'$ $=#5, #$ 2&2/%<0$ $"E #$ M=#5 #/%5#$) 

+=%M40/A0 %& #/ %/0#<'/ #7) $A*7+7) #7) &=$,+97+D$) +#/ $,9='<0,/ -$#5 #7 

%&,4%<07 <-M.$+7 #40 ="/2/N<40. 

@<N., +(%&.$, <N&, "$.$#7.79&D $''$:( +#70 <-M.$+7 "/''10 ="/2/N<40 

+#70 #/%5#$ &D#& -$#5 #7 2,5.-&,$ #7) $05"#=*7) #/= M=#/A ( 4) $0#D2.$+7 +& 

&*4#&.,-5 &.&9D+%$#$. W+#E+/, +& -59& "&.D"#4+7 7 .A9%,+7 (#$0 "50#$ 9&#,-( -$, 

7 <-M.$+7 #40 :/0,2D40 $=*(97-&. B&0 <N&, "$.$#7.79&D -$%D$ "&.D"#4+7 %&D4+7) 

#7) <-M.$+7) "/= 0$ +N&#D?&#$, %& $A*7+7 #7) &=$,+97+D$) +#/ $,9='<0,/. 

!"/%<04) M$D0&#$, E#, #$ M=#5 #/%5#$) %"/./A0 0$ N.7+,%/"/,/A0 #70 <-M.$+7 

#40 ="/2/N<40 :,$ 0$ %&,10/=0 #70 &=$,+97+D$ +#/ $,9='<0,/ ( :,$ 0$ &"$0$M<./=0 

#70 ,-$0E#7#$ #/=) 0$ $0#,2./A0 +#/ $,9='<0,/. I #.E"/) "/= #$ M=#5 #/%5#$) 

*&-,0/A0 #70 $0#D2.$+7 +#/ $,9='<0,/ +#7.D?&#$, +& <0$ -$'5 .=9%,?E%&0/ +A+#7%$ 

+A09&+7) $,9='&0D/=. Y#$0 $.ND?&, %,$ $0#D2.$+7 $,9='&0D/= ="5.N&, $=*7%<07 

+A09&+7 $,9='&0D/= "/= +=0(94) $-/'/=9&D#$, $"E $=*7%<07 +A09&+7 ="/2/N<40. 

3$.E'/ "/= %"/.&D 0$ M$D0&#$, $0#,"$.$:4:,-E #/ 0$ %&,10&#$, 7 /.%/0,-( 

&=$,+97+D$ $-.,;1) %&#5 #7 +A09&+7, M$D0&#$, 0$ $-/'/=9&D <0$ %/#D;/ "/= 

"$./=+,5?/=0 "/''<) M=#/.%E0&). Y#$0 #/ M=#E +=09<#&, ( &-#D9&#$, +& *$M0,-( 

$A*7+7 +& %,$ /.%E07 $0#,2.5 %& #70 $A*7+7 #40 %7N$0,+%10 "/= $"&0&.:/"/,/A0 

$=#( #70 $0#D2.$+7. R=0(94) 7 $0#D2.$+7 $=#( &%"'<-&, #7 +A09&+7 &0?A%40 "/= 

$"&0&.:/"/,/A0 5%&+$ #70 /.%E07. K,$ "$.52&,:%$, 7 &M$.%/:( $=*D07) +& M=#5 A. 

thaliana /2(:7+& +& +7%$0#,-( $A*7+7 &0?A%40 "/= 2&+%&A/=0 #70 $=*D07 (Ostin et 

al., 1998). R#70 "&.D"#4+7 #/= $,9='&0D/=, 2&0 ="5.N/=0 :04+#5 <0?=%$ "/= 0$ #/ 

$"&0&.:/"/,/A0. CE:4 #7) :.(:/.7) 2,5N=+() #/= ",9$01) 2&0 ="5.N&, $05:-7 

$"&0&.:/"/D7+7) #/=. !"&,2( :/0D2,$ ="/2/N<40 5''40 /.%/010 <N/=0 

$0$-$'=M9&D ".E+M$#$ 2&0 &D0$, :04+#E &50 #$ &"D"&2$ <-M.$+7) #40 ="/2/N<40 

#/=) $0#,2./A0 +#70 $A*7+7 #40 /.%/010 %& "$.E%/,/ #.E"/. !D0$, $"/'A#4) 

M=+,/'/:,-E :,$ #$ M=#5 0$ 2.5+/=0 <#+, 1+#& 0$ %&,1+/=0 #70 $0#D2.$+7 +& %,$ 

/.%E07 $-.,;1) %&#5 #70 +A09&+7 #7). L $=*7%<07 +A09&+7 ="/2/N<40 $,9='&0D/= 

",9$01) &*="7.&#&D $=#E #/ +-/"E. 

><'/), <N&, "$.$#7.79&D E#, 7 $=*7%<07 <-M.$+7 #/= :/0,2D/= LeETR4 4) 

$0#D2.$+7 +#7 %E'=0+7 $"E "$9/:E0$, M$D0&#$, 0$ "$D?&, -5"/,/ .E'/ +#70 

$+9<0&,$. >/ :/0D2,/ LeETR4 &"5:&#$, -$#5 #70 $0#D2.$+7 ="&.&=$,+97+D$) "/= 
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&0&.:/"/,&D#$, $"E #7 %E'=0+7 $"E #/ ;$-#(.,/ Xanthomonas campestris pv. 

vesicatoria (Ciardi et al., 2001). R& $0#,-42,-<) +&,.<) %& %&,4%<07 <-M.$+7 #/= 

LeETR4, "$.$#7.&D#$, &",#5N=0+7 #7) $0#D2.$+7) ="&.&=$,+97+D$) "/= +=%;$D0&, 

-$#5 #7 %E'=0+7 %& #/ "$9/:E0/. L $A*7+7 #7) +A09&+7) $,9='&0D/= -$, <-M.$+7) 

:/0,2D40 "$9/:<0&,$) (#$0 %&:$'A#&.7 -$, :.7:/.E#&.7 +#7 %/'=+%<07 $0#,-42,-( 

+&,.5, ="/2&,-0A/0#$) $A*7+7 #40 $%=0#,-10 %7N$0,+%10. W+#E+/, $=#( 7 

$0#D2.$+7 -/+#D?&, +#/ M=#E $M/A 7 ?7%,5 +#/=) ,+#/A) "/= "&.,;5''/=0 #/ +7%&D/ 

%E'=0+7) %"/.&D 0$ &D0$, "/'A %&:$'A#&.7. !50 #/ &"D"&2/ #/= ="/2/N<$ 2&0 

$=*79&D 4) $0#D2.$+7 +#70 "./+;/'(, / ,+#E) &D0$, ="&.-&=$D+97#/) +#/ $,9='<0,/. 

!"/%<04), M$D0&#$, E#, #/ -$0/0,-E %/#D;/ $A*7+7) #40 ="/2/N<40 "/= &"5:&#$, 

$"E #$ "$9/:E0$ ( #/ $,9='<0,/ <N&, 4) $"/#<'&+%$ #70 -$#$+#/'( #7) 

&"$-E'/=97) $0#D2.$+7) $,9='&0D/= :,$ #/0 "&.,/.,+%E #7) +=0/',-() ?7%,5) +#$ 

M=#5. 

3.2.3 RNA )$2*=*&+, 4S)343 

>$ #&'&=#$D$ N.E0,$ <N&, :D0&, %&:5'7 ".E/2/) +#7 2,$'&A-$0+7 #/= 

%7N$0,+%/A #7) RNA :/0,2,$-() +D:7+7), "/= &D0$, %,$ 2,$2,-$+D$ "/= /27:&D +#70 

$"/2E%7+7 /%E'/:40 mRNA. L 2,$2,-$+D$ $=#( +#$ ?1$ /0/%5?&#$, RNA 

"$.&%;/'( (RNA interference - RNAi), +#$ M=#5 %&#$-%&#$:.$M,-( :/0,2,$-( +D:7+7 

(posttranscriptional gene silencing – PTGS) -$, +#/=) %A-7#&) -$#$+#/'( (quelling) 

(Kooter et al., 1999ú Matzke et al., 2001ú Vaucheret et al., 2001ú Waterhouse et al., 

2001ú Hannon 2002). 3$.E'/ "/= #/ M$,0E%&0/ &DN& $.N,-5 "&.,:.$M&D +& M=#5 

"&#/A0,$) 4) +=:-$#$+#/'( (cosuppression) (Napoli et al., 1990), ",/ &-#&#$%<0&) 

<.&=0&) ".$:%$#/"/,(97-$0 +#7 '&,#/=.:,-( $05'=+7 :/0,2D40 +#/ 07%$#127 

Chaenorhabditis elegans (Fire et al., 1998). L A"$.*7 "$.E%/,40 %7N$0,+%10 :,$ #/ 

M$,0E%&0/ $=#E +& 2,$M/.&#,-5 &D27 ="/2&,-0A&, %,$ +=0#7.7%<07 ;,/'/:,-( 

'&,#/=.:D$ RNA +D:7+7) -$#5 #70 &*<',*7 #40 /.:$0,+%10. 

L RNA +D:7+7 2&0 &"7.&5?&, #7 %&#$:.$M( /'E-'7./= #/= :/0,2D/=, $''5 

"./-$'&D $"/2E%7+7 %E0/ +=:-&-.,%<040 $''7'/=N,10 +#EN40 mRNA. 60#D9&#$, 7 

%&#$:.$M,-( :/0,2,$-( +D:7+7 (transcriptional gene silencing - TGS), "$.&%"/2D?&, 

#7 %&#$:.$M( %<+4 #7) %&9='D4+7) -$, $0$-$#$+-&=() #40 N.4%$#,010 +#/ 

&"D"&2/ #/= DNA (Fagard -$, Vaucheret 2000). >/ -/,0E N$.$-#7.,+#,-E #7) RNA 

+D:7+7) -$, #7) %&#$:.$M,-() :/0,2,$-() +D:7+7) &D0$, E#, -$, /, 2A/ &0&.:/"/,/A0#$, 

$"E #70 "$./=+D$ RNA 2,"'() <',-$) (dsRNA), 7 /"/D$ $-/'/A94) #&%$ND?&#$, +& 

%,-.5 RNA (small RNAs) "/= &D0$, '&,#/=.:,-5 +& <0$ %&:5'/ $.,9%E &",:&0&#,-10 
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($''$:<) +#/ M$,0E#="/ ( +#70 :/0,2,$-( <-M.$+7) 2,$2,-$+,10 :/0,2,$-() +D:7+7) 

(Waterhouse et al., 2001ú Eckardt 2002). 3.E+M$#&) <.&=0&) <2&,*$0 E#, #%(%$#$ 

RNA "/= '<:/0#$, %,-.5 ".E+-$,.$ RNAs (short temporal, stRNAs), #$ /"/D$ &D0$, 

%,$ /%52$ $"E %,-.5 RNA "/= 2&0 -42,-/"/,/A0 ".4#&T0&) (microRNAs - miRNAs) 

-$, "/= $0$:04.D+#7-$0 $.N,-5 $"E #7 '&,#/=.:D$ #/=) +#70 -$#$+#/'( #7) 

;,/+A09&+7) ".4#&ï010 +#$ ?1$, +=%%&#<N/=0 &"D+7) +#/ %7N$0,+%E #7) dsRNA-

&"$:E%&07) :/0,2,$-() +D:7+7) (Cerutti, 2003). L +=%%&#/N( #40 miRNA +#/ 

%7N$0,+%E $=#E ="/2&,-0A&, #/0 ",9$0E +A02&+%/ %&#$*A #7) RNA +D:7+7) -$, #7) 

miRNA-&*$.#1%&07) :/0,2,$-() +D:7+7). 

R#$ M=#5, 7 RNA +D:7+7, "/= $"/#&'&D <0$ #%(%$ #7) :/0,2,$-() +D:7+7), 

2&0 &*="7.&#&D %E0/ 4) <0$ $"$.$D#7#/ +#/,N&D/ #/= $%=0#,-/A %7N$0,+%/A -$#5 

#40 M=#/"$9/:E040 ,10, $''5 "$D?&, &"D+7) +7%$0#,-E .E'/ +#7 .A9%,+7 #7) 

&02/:&0/A) :/0,2,$-() <-M.$+7) (Voinnet, 2002). >/ +(%$ #7) &02/-=##$.,-() RNA 

+D:7+7) %"/.&D 0$ %&#$2/9&D 2,$+=+#7%$#,-5 $"E -A##$./ +& -A##$./ +& %&:5'7 

$"E+#$+7 %<+4 #/= 79%/A, E"4) $"/2&DN97-& $"E #70 &*5"'4+7 #7) +D:7+7) +& 

"&,.5%$#$ #/",-() %E'=0+7) %& ,E +& &%;/',$+%<0$ M=#5 (Yu -$, Kumar, 2003). >$ 

siRNAs -$, dsRNAs <N/=0 "./#$9&D 4) #$ %E.,$ "/= &D0$, ="&A9=0$ :,$ $=#5 #$ 

+(%$#$ #7) +D:7+7), 4+#E+/ 7 +=%%&#/N( #/=) +#/0 %7N$0,+%E 2&0 <N&, $-E%$ 

$"/+$M70,+#&D (Palauqui et al., 1997ú Voinnet et al., 1998ú Ruiz-Medrano et al., 

1999ú Mlotshwa et al., 2002). !"/%<04), 7 RNA +D:7+7 %"/.&D 0$ +=02<&#$, #E+/ %& 

#70 5%=0$ E+/ -$, %& #70 $05"#=*7 #40 M=#10. 6*D?&, 0$ +7%&,49&D E#, /.,+%<0/, ,/D 

%"/./A0 0$ -42,-/"/,/A0 ".4#&T0&) "/= $0#,2./A0 %& #70 RNA +D:7+7. R#/ 

:/0,2D4%$ $=#10 #40 ,10, E"4) &D0$, /, potexvirus -$, cucumovirus, ="5.N&, <0$ 

+=:-&-.,%<0/ $0/,-#E "'$D+,/ $05:04+7) (open reading frame) "/= -42,-/"/,&D #70 

".4#&T07 TGBp1, "/= &D0$, ="&A9=07 #E+/ :,$ #7 %&#$-D07+7 #/= ,/A $"E -A##$./ 

+& -A##$./ $''5 -$, :,$ #70 "$.&%"E2,+7 #7) 2,$+=+#7%$#,-() %&#52/+7) #/= 

+(%$#/) #7) PTGS (Lough et al., 2000ú Voinnet et al., 2000ú Vance -$, Vaucheret 

2001). L A"$.*7 #<#/,40 %7N$0,+%10 +#/=) ,/A) $"/#&'&D <0$ "$.52&,:%$ "/= 

2&DN0&, #70 "/'="'/-E#7#$ #/= %7N$0,+%/A #7) RNA +D:7+7) E#$0 #$ M=#5 

;.D+-/0#$, -5#4 $"E 2,$M/.&#,-5 ;,/#,-5 +#.&). 

3.2.3.1 ?('()D+$" +*8 RNA #75*#*8 #+" @:+D 

["5.N/=0 #.D$ %/0/"5#,$ %<+4 #40 /"/D40 %"/.&D 0$ ".$:%$#/"/,79&D 

RNA +D:7+7. >/ ".1#/ %/0/"5#, &D0$, %<+4 #40 siRNA +#/ -=#E"'$+%$. 6=#E) / 

#.E"/) &D0$, +7%$0#,-E) +& M=#5 "/= <N/=0 %/'=09&D %& -5"/,/ ,E E"/= #/ dsRNA  
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9$ %"/./A+& 0$ &D0$, <0$ &02,5%&+/ #/= ,ï-/A "/''$"'$+,$+%/A ( 2&=#&./:&0() 

2/%( #/= ,ï-/A RNA $"'() <',-$). R#70 "&.D"#4+7 #40 DNA ,10, #/ dsRNA %"/.&D 

0$ +N7%$#D?&#$, $"E #/0 =;.,2,+%E &",-$'="#E%&040 +=%"'7.4%$#,-10 

%&#$:.5M40. 

>/ 2&A#&./ %/0/"5#, &D0$, 7 +D:7+7 &0E) &02/:&0/A) mRNA $"E miRNA. 

6=#5 #$ miRNA :D0/0#$, $.07#,-/D .=9%,+#<) #7) :/0,2,$-() <-M.$+7) %<+4 #/= 

=;.,2,+%/A #/=) +& +=:-&-.,%<0$ mRNA, "/= /27:&D &D#& +#/0 #&%$N,+%E #/=) ( 

+#70 $05+N&+7 #7) %&#5M.$+7) #40 ".4#&ï010. Y"4) #$ siRNA, #$ miRNA &D0$, 

%,-.5 RNA %(-/=) 21–26 0/=-'&/#,2D40 "/= "./<.N/0#$, $"E #/0 #&%$N,+%E 

".E2./%40 RNA $"E #7 ".4#&T07 Dicer. 

>/ #.D#/ %/0/"5#, #7) RNA +D:7+7) +#$ M=#5 +N&#D?&#$, %& #70 %&9='D4+7 

#/= DNA -$, #70 -$#$+#/'( #7) %&#$:.$M(), E"4) <N&, $0$M&.9&D ",/ "504 

(transcriptional gene silencing – TGS) (Baulcombe, 2004). 

3.2.3.2 J -*<"'$#-&8 +*8 RNA #75*#*8 #+" @:+D 

I %7N$0,+%E) #7) RNA +D:7+7) "/= &"5:&#$, $"E dsRNA "&.,'$%;50&, 2A/ 

;(%$#$, #/ &0$.-#(.,/ ;(%$ -$, #/ ;(%$ ='/"/D7+7) (Cerutti 2003). >/ &0$.-#(.,/ 

;(%$ "&.,'$%;50&, #/0 #&%$N,+%E #/= dsRNA +& siRNA %(-/=) 21–26 0/=-'&/#,2D40 

"/= $0#,+#/,N/A0 +#70 -42,-( -$, $0#,-42,-( $'=+D2$ #/= :/0,2D/= +#EN/= (Hamilton 

-$, Baulcombe 1999ú Voinnet 2002). R#/ ;(%$ ='/"/D7+7), #$ siRNA "./+&'-A/0#$, 

+#/ +A%"'/-/ ".4#&ï010 "/= '<:&#$, RNA-induced silencing complex (RISC), +#/ 

/"/D/ ".$:%$#/"/,&D#$, 7 $"/2E%7+7 #/= mRNA +#EN/= (Hammond et al., 2000ú 

Zamore et al., 2000). >/ -59& +A%"'/-/ RISC M$D0&#$, 0$ <N&, %,$ "&.,/N( 

$0$:01.,+7) -$, ".E+2&+7) :,$ #$ siRNA, RNase -$, mRNA. !"D+7), #$ siRNA 

-$#$#5++/0#$, +& -'5+&,) 2 %&:&910 +#$ M=#5 (Hamilton et al., 2002ú Mallory et al., 

2002ú Tang et al., 2003), "/= '<:/0#$, ‘long siRNA’ %(-/=) 24-26 0/=-'&/#,2D40 -$, 

+=%%&#<N/=0 +#70 &0&.:/"/D7+7 #7) 2,$+=+#7%$#,-() :/0,2,$-() +D:7+7) -$, ‘short 

siRNA’ (21-22 0/=-'&/#D2,$) "/= +N&#D?/0#$, %& #70 &*&,2,-&=%<07 $"/2E%7+7 #40 

mRNA +#EN40. I #&%$N,+%E) $=#E) #/= mRNA +#EN/= +=%;$D0&, "&.D"/= +#7 %<+7 

#/= siRNA %<+$ +#/ RISC, /27:10#$) +& "504 $"E 90% $0$+#/'( #7) :/0,2,$-() 

<-M.$+7) #/= :/0,2D/= +#EN/=. 

3.2.3.3 L );1+0M'* Dicer #:--0+C<0$ #+( #<*-"+$#-& +1' siRNA %"$ 

miRNA 

L %&#$#./"( #40 dsRNA +& siRNA :D0&#$, %<+4 %,$) RNase-III-like dsRNA-

&*&,2,-&=%<07) .,;/0/=-'&5+7), "/= '<:&#$, Dicer, "/= ;.<97-& $.N,-5 +#7 
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Drosophila (Bernstein et al., 2001). >$ %<'7 #7) /,-/:<0&,$) ".4#&ï010 Dicer, &D0$, 

'&,#/=.:,-5 +=0#7.7%<0$ +#/=) %A-7#&), #$ M=#5 -$, #$ ?1$ (Tijsterman et al., 

2002). 

I, ".4#&T0&) Dicer '&,#/=.:/A0 +& 2 2,$M/.&#,-5 %/0/"5#,$ +#7 :/0,2,$-( 

+D:7+7 %<+4 #7) $0$:01.,+7) *&N4.,+#10 #A"40 ".E2./%40 dsRNA (!,-E0$ 

3.2.1). R#/ ".1#/ %/0/"5#,, "/= /27:&D $"/-'&,+#,-5 +& RNA +D:7+7, 7 Dicer 

#&%$ND?&, #,) #<'&,&) 2/%<) dsRNA "/= "./<.N/0#$, -=.D4) $"E #70 "&.,/N( 

-42,-/"/D7+7) #7) ".4#&T07) :,$ 0$ +N7%$#D+/=0 2,"'() <',-$) siRNAs, "/= /27:&D 

+#/0 "$.$"<.$ &02/0/=-'&/'=#,-E #&%$N,+%E #40 /%E'/:40 RNA %& 

$''7'&"D2.$+7 $"E'=#7) /%/'/:D$) ;5+&40. 6=#E #/ %/0/"5#, &D0$, +#&05 

+=02&2&%<0/ %& $%=0#,-/A) %7N$0,+%/A) +#$ M=#5 $M/A +N&2E0 E'$ #$ siRNA 

$0$:04.D+#7-$0 $"E /%/'/:D$ $''7'/=ND$) %& %&#$9&#5 (transposon) ( ,ï-5 :/0D2,$ 

(Elbashir et al., 2001aú Lau et al., 2001). R#/ 2&A#&./ %/0/"5#,, 7 Dicer -E;&, $#&'( 

RNA "/= "./<.N/0#$, -=.D4) $"E #,) "&.,/N<) %&#$*A :/0,2D40 "/= -42,-/"/,/A0 

".4#&T0&) +& stRNAs, "/= $-/'/A94) +N7%$#D?/=0 #$ +=%"'<:%$#$ #40 microRNA-

.,;/0/=-'&/".4#&ï010 (ribonucleoprotein complex - miRNP) -$, "/= .=9%D?/=0 #70 

"$.&%"E2,+7 #7) %&#5M.$+7) ( 5''40 +=0&"&,10 #7) PTGS, E"4) #/ mRNA 

splicing, &0#/",+%E ( +#$9&./"/D7+7 %<+4 $#&'/A) +=%"'7.4%$#,-E#7#$) %& #/=) 

+#EN/=) #/=) (Olsen -$, Ambros 1999ú Hutvagner et al., 2001ú Voinnet 2002). 

!"/%<04), 7 Dicer &"&*&.:5?&#$, #$ ".E2./%$ dsRNA :,$ #7 27%,/=.:D$ #E+/ #40 

siRNA E+/ -$, #40 miRNA. 
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H*+<2& 3.2.1: @/0/"5#,$ #7) RNA +D:7+7) +#/ M=#E A. thaliana 2,$N4.D?/0#$, +& 2 ;(%$#$. R#/ 
&0$.-#(.,/ ;(%$, /, #<'&,&) 2/%<) dsRNA, &"$:E%&0&) $"E ,/A) ( 2,$:/0D2,$, &"&*&.:5?/0#$, $"E #,) 
Dicer ".4#&T0&) (DCL) +& 2,"'() <',-$) short interfering RNAs (siRNAs). R#/ ;(%$ ='/"/D7+7) #$ 
siRNA "./+&'-A/0#$, +#/ +A%"'/-/ RISC "/= .=9%D?&, #/0 &02/0/=-'&ï-E #&%$N,+%E #/= mRNA 
+#EN/= %& #70 $"E'=#7 ( +N&2E0 $"E'=#7 /%/'/:D$ ;5+&40 %&#$*A #40 siRNA -$, #40 $''7'/=N,10 
+#EN40. R#/ M=#E A. thaliana &02/:&0( +(%$#$ $05"#=*7) %"/.&D 0$ &0&.:/"/,(+/=0 #/ +N7%$#,+%E 
/.,+%<040 $#&'10 2/%10 dsRNA, "/= $-/'/A94) #&%$ND?/0#$, $"E #70 DCL1 -$,/( 5''&) DCL +& 
2,"'() <',-$) miRNA. 6=#5 #$ miRNAs +=%%&#<N/=0 +& %,$ "'791.$ .=9%,+#,-10 2,$2,-$+,10: 
/.,+%<0$ '&,#/=.:/A0 4) siRNA +#70 RNA +D:7+7 %& $"E'=#7 ( +N&2E0 $"E'=#7 /%/'/:D$ ;5+&40 %& 
#/ mRNA +#EN/, -5"/,$ 5''$ %"/.&D 0$ +=:-&0#.10/0#$, +#/ microRNA .,;/0/=-'&ï-E 
+A%"'/-/(miRNP) #/ /"/D/ .=9%D?&, 5''&) %&#$-%&#$:.$M,-<) 2,$2,-$+D&) :/0,2,$-() +D:7+7) (PTGS), 
E"4) 7 $0$+#/'( #7) %&#5M.$+7), %& $#&'( /%/'/:D$ ;5+&40 %& #,) $''7'/=ND&) +#EN/=). L 
$''7'&"D2.$+7 %&#$*A ".4#&ï010 DCL -$, ARGONAUTE (AGO) %"/.&D 0$ /27:&D +#70 $0$:01.,+7 
-$, &"&*&.:$+D$ 2,$M/.&#,-10 ".E2./%40 %/.D40 dsRNA, -$, #70 &"$-E'/=97 "$.$:4:( 
2,$M/.&#,-10 #A"40 %,-.10 RNA "/= $"$,#/A0#$, &D#& :,$ #70 5%=0$ ( :,$ #70 $05"#=*7 #40 M=#10. 
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3.2.3.4 .BB*B0)76;"#* +*8 Dicer -0 DBB08 );1+0M'08 -)(;07 '" 

%"/(;7#0$ +*' 0)020;5"#7" +1' siRNA %"$ miRNA 

!D0$, ",9$0E0 +& -5"/,/=) /.:$0,+%/A) "/= -42,-/"/,/A0 %E0/ %,$ 

".4#&T07 Dicer, #$ miRNA -$, siRNA %/0/"5#,$ +D:7+7) 0$ 2,$+#$=.10/0#$, +#/ 

;(%$ #7) Dicer, "/= %"/.&D 0$ +=%"&.,'$%;50&, -, 5''&) ".4#&T0&), E"4) 7 RNA 

interference (RNAi) DEFECTIVE (RDE)/ARGONAUTE (AGO) ".4#&T07 (Cerutti 

2003). K,$ "$.52&,:%$, / 07%$#127) C. elegans N.&,5?&#$, #70 RDE-1 :,$ #70 

27%,/=.:D$ '&,#/=.:,-10 siRNAs +#70 RNA +D:7+7, &01 /, ARGONAUTE-LIKE-1 

(ALG-1) -$, ALG-2 ".4#&T0&) &D0$, $"$.$D#7#&) %E0/ #70 "$.$:4:( #40 stRNA 

(Tabara et al., 1999ú Grishok et al., 2001). R& $.-&#/A) &=-$.=4#,-/A) /.:$0,+%/A), 

/, ARGONAUTE ".4#&T0&) <N/=0 N$.$-#7.,+#&D $"E #/ .E'/ #/=) +#70 &"&*&.:$+D$ 

*&N4.,+#10 #A"40 %,-.10 RNA %<+4 #7) &",'/:() 2,5M/.40 ".E2./%40 %,-.10 

RNA (Tabara et al., 1999ú Vance -$, Vaucheret 2001ú Hannon, 2002ú Martinez et al., 

2002). !"/%<04), 7 &*&,2D-&=+7 +#7 27%,/=.:D$ #/= -59& &D2/=) %,-.10 RNA (".N. 

miRNAs ( siRNAs) ",9$01) 0$ -$9/.D?&#$, $"E #70 $''7'&"D2.$+7 ".4#&ï010 – 

".4#&T0&) %&#$*A +=:-&-.,%<040 /%E'/:40 AGO -$, Dicer ".4#&S010 (Cerutti et al., 

2000). UN/=0 $0$:04.,+#&D "&.,++E#&.$ $"E 10 AGO :/0D2,$ +#/ M=#E Arabidopsis, 

-$, #/='5N,+#/0 #$ AGO1 -$, AGO4 &%"'<-/0#$, #E+/ +#70 RNA +D:7+7 E+/ -$, 

+#70 $05"#=*7) #40 M=#10, -$, "/= %/,5?&, %& #70 +=02=$+%<07 '&,#/=.:D$ #40 

RDE-1, ALG-1 -$, ALG-2 +#/0 C. elegans (Fagard et al., 2000ú Morel et al., 2002ú 

Zilberman et al., 2003).  

3.2.3.5 A@";-(54 +*8 RNA #75*#*8 #+" @:+D 

@& #70 /'/-'(.4+7 #7) $''7'/AN,+7) #/= :/0,2,1%$#/) 2,5M/.40 M=#10, 

E"4) #/ Arabidopsis thaliana, #/ .A?,, #/ $%"<', -$, #/ -$'$%"E-,, $''5 -$, 7 

+=0&N1) $=*$0E%&07 "'7./M/.D$ +#,) ;5+&,) 2&2/%<040 #40 $''7'/=N,10 "/''10 

-$'',&.:/A%&040 M=#10, 7 ".$-#,-( &M$.%/:( #7) RNA +D:7+7) :,$ #7 %&D4+7 #7) 

:/0,2,$-() <-M.$+7) <N&, &*&',N9&D +& %,$ +7%$0#,-( "./+<::,+7 $0#D+#./M7) 

:&0&#,-() (reverse genetics). 3/''<) $*,E",+#&) -$, &=.&D$) -'D%$-$) %<9/2/, RNA 

+D:7+7) <N/=0 $0$"#=N9&D $"E #70 ".E/2/ #7) -$#$0E7+7) #/= %7N$0,+%/A "/= #70 

2,<"&,. R=:-&-.,%<0$, 7 $0$-5'=P7 #40 dsRNA 4) &0&.:/"/,7#10 #7) RNA +D:7+7) 

<N&, "./+M<.&, #7 2=0$#E#7#$ 5%&+7) -$, &*&,2,-&=%<07) :/0,2,$-() +D:7+7) "/= 

&D0$, ",/ $"/#&'&+%$#,-( $"E #,) %&9E2/=) #7) $0#,-42,-() -$#$+#/'() (antisense 

suppression) ( #7) +=:-$#$+#/'() %<+4 ="&.<-M.$+7) #40 :/0,2D40 +#EN40 (Fire 
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et al., 1998; Kennerdell -$, Carthew 1998; Waterhouse et al., 1998; Sanchez-

Alvarado -$, Newmark 1999). 

L dsRNA-&"$:E%&07 +D:7+7 &DN& $.N,-5 "&.,:.$M&D +& M=#5 %& #70 

#$=#EN./07 <-M.$+7 -42,-10 -$, $0#,-42,-10 #%7%5#40 "/= +#EN&=$0 <0$ RNA ,E 

-$, <0$ 2,$:/0D2,/ (Waterhouse et al., 1998). L %&9/2/'/:D$ #7) &*&,2,-&=%<07) $''5 

-$, -'7./0/%(+,%7) %<+4 #7) dsRNA +D:7+7) &"$'79&A#7-& $.:E#&.$ -$, +#70 

%&'<#7 "/''10 :/0,2D40 "/= &%"'<-/0#$, +#70 $09,-( $05"#=*7 +& M=#5 A. thaliana 

(Chuang -$, Meyerowitz, 2000). 8$#$+-&=5+#7-$0 M/.&D) %&#$+N7%$#,+%/A "/= 

<M&.$0 dsRNA %& &*&,2,-&=%<0&) $''7'/=ND&) :/0,2D40 #E+/ +& -42,-E E+/ -$, +& 

$0#,-42,-E "./+$0$#/',+%E -5#4 $"E #/0 <'&:N/ ,+N=./A ,ï-/A ="/-,07#(. 6=#/D /, 

M/.&D) E#$0 &0+4%$#197-$0 +& M=#5 Arabidopsis %& %&#$+N7%$#,+%E %<+4 #/= 

Agrobacterium tumefaciens, 27%,/A.:7+$0 -'7./0/%(+,%/=) M$,0/#A"/=) +#$ 

%&#$+N7%$#,+%<0$ M=#5, "/= $0#$"/-.D0/0#$0 +& %&#$''$:%<0/=) $''7'E%/.M/=) 

2,$M/.&#,-() 2=0$%,-E#7#$). !"/%<04), 7 dsRNA +D:7+7 %"/.&D 0$ 27%,/=.:(+&, 

%&#$+N7%$#,+%<0$ M=#5 "/= 0$ 2&DN0/=0 %&,4%<07 ( -$9E'/= :/0,2,$-( '&,#/=.:D$, 

%& #7 ;$9%,$D$ %&D4+7 #7) <-M.$+7) &0E) +=:-&-.,%<0/= :/0,2D/=. L #&N0/'/:D$ 

$=#( <N&, $"/2&,N#&D $"/#&'&+%$#,-E &.:$'&D/ +#7 %&'<#7 /.,+%<040 :/0,2D40 "/= 

&D0$, $"$.$D#7#$ :,$ #7 ;,4+,%E#7#$ #40 M=#10 -$, :/0,2D40 &*$.#1%&040 $"E #70 

"/+E#7#$ #7) <-M.$+7) (dosage-dependent) (Levin et al., 2000ú Yu et al., 2002). L 

&",#5N=0+7 -$, 7 $"/#&'&+%$#,-E#7#$ #40 "&,.$%$#,-10 2,$2,-$+,10 9$ 2,&=-/'A0&, 

#70 &M$.%/:( #7) dsRNA #&N0/'/:D$) +& %&'<#&) '&,#/=.:D$) #40 :/0,2D40 +& 

%&:5'7 -'D%$-$ (Wesley et al., 2001ú Brummell et al., 2003). >/ '&:E%&0/ 

“pHELLSGATE” +A+#7%$ $0$"#AN97-& :,$ #7 %&#$#./"( #40 "./ïE0#40 #7) PCR +& 

dsRNA 2/%<), "/= "&.,'$%;50&, #70 "./+9(-7 &0E) &+/0D/= +& <0$ %E0/ ;(%$ %& 

#7 N.(+7 &0E) in vitro +=+#(%$#/) $0$+=02=$+%/A (Wesley et al., 2001). 6=#E 

;$+D+#7-& +#70 "$.$#(.7+7 E#, 7 +=%%&#/N( &0E) &+/0D/= %&#$*A #7) -42,-() -$, 

$0#,-42,-() "&.,/N() #/= dsRNA -$#$+-&=5+%$#/) $=*50&, "5.$ "/'A #/ 

M$,0E%&0/ #7) +D:7+7) (Wesley et al., 2001). 

3$.E'/ "/= 7 dsRNA &"$:E%&07 RNA +D:7+7 &D0$, %,$ "/'A#,%7 %<9/2/), 7 

&M$.%/:( #7) #&N0/'/:D$) +#$ M=#5 <24+& $0#,M$#,-5 $"/#&'<+%$#$ %& -5"/,$ 

:/0D2,$. !"D+7), $.-&#<) #&N0,-<) RNA +D:7+7) <N/=0 "./#$9&D $"E 2,5M/./=) 

&.&=07#<). W+#E+/, 7 #$N&D$ ".E/2/) +#70 -$#$0E7+7 #40 ;$+,-10 %7N$0,+%10 #7) 

RNA +D:7+7) 9$ "./+M<.&, "/'A +#70 ;&'#D4+7 $=#() #7) "./+<::,+7) -$, 5''40 

+N&#,-10 %&9E240 1+#& 0$ -$#$+#(+/=0 #70 RNA +D:7+7 <0$ $"/#&'&+%$#,-E -$, 

N.(+,%/ &.:$'&D/ +#7 %&'<#7 #7) '&,#/=.:D$) #40 :/0,2D40 +#/ 5%&+/ %<''/0. 



8!Q6C6GI 2. BG!F![JLRL >I[ FICI[ >LR 3FIRCLVLR >I[ 6G\[C!JGI[ 

R>LJ 6J\!8>G8I>L>6 >LR >I@6>6R 86>6 >I[ @[8L>6 V. DAHLIAE 

 

123 

3.2.4 >ï+: 0%&)<6023 )$2*=*&+, 4S)343 

L ,ï-5 &"$:E%&07 :/0,2,$-( +D:7+7 (virus-induced gene silencing – VIGS) 

&D0$, %,$ #&N0/'/:D$ "/= &-%&#$''&A&#$, #/0 $%=0#,-E %7N$0,+%E #7) RNA +D:7+7) 

#40 M=#10. >/ &02,5%&+/ dsRNA "./ïE0 "/= "./-A"#&, $"E #/0 "/''$"'$+,$+%E 

#40 ,10 +#$ M=#5, /27:&D +#7 27%,/=.:D$ siRNA +#$ %/'=+%<0$ -A##$.$ "/= 

$0#,+#/,N/A0 +& #%(%$#$ #/= ,ï-/A :/0,2,1%$#/) #/= M/.<$ "/= "&.,'$%;50&, %7 ,ï-5 

<09&#$. !"/%<04), &50 #/ <09&#/ "./<.N&#$, $"E <0$ :/0D2,/ #/= *&0,+#(, #$ siRNA 

9$ +#/N&A+/=0 #/ +A%"'/-/ #40 RN$+10 +#/ +=:-&-.,%<0/ mRNA #/= *&0,+#( -$, 

#$ +=%"#1%$#$ +#/ %/'=+%<0/ M=#E 9$ $0#,"./+4"&A/=0 #70 <''&,P7 #7) 

'&,#/=.:D$) #7) $0#D+#/,N7) ".4#&T07). 

R(%&.$ ="5.N/=0 $.-&#5 "$.$2&D:%$#$ "/= ",+#/"/,/A0 $=#( #7 

"./+<::,+7 -$#$+#/'() #7) :/0,2,$-() <-M.$+7). U#+, %&#5 #7 %E'=0+7 M=#10 %& 

#/=) ,/A) Tobacco mosaic virus (TMV) ( Potato virus X (PVX), /, M/.&D) #40 /"/D40 

%&#$+N7%$#D+#7-$0 <#+, 1+#& 0$ M<./=0 <09&#$ $"E #/ :/0D2,/ 60#"+(:;D#* +(: 

@:+(0'7(: (phytoene desaturase - PDS) #40 M=#10, #$ +=%"#1%$#$ 

“M4#/'&A-$0+7)” "/= "$./=+,5+#7-$0 +#$ %/'=+%<0$ M=#5 $0#,"./+1"&=$0 #70 

<''&,P7 #40 M4#/"./+#$#&=#,-10 -$./#&0/&,210 #$ /"/D$ N.&,5?/0#$, #70 <-M.$+7 

#7) 60#"+(:;D#*8 +(: @:+(0'7(: (Kumagai et al., 1995ú Ruiz et al., 1998). I%/D4), 

E#$0 / ,E) <M&.& <09&#$ &0E) &0?A%/= #7) ;,/+A09&+7) N'4./MA''7) (Kjemtrup et 

al., 1998) "$./=+,5+#7-$0 N'4.4#,-5 +=%"#1%$#$ -$, E#$0 #/ <09&#/ (#$0 #/ 

<0?=%/ #7) +=095+7) #7) -=##$.D07), #/ %/'=+%<0/ M=#E &DN& #./"/"/,7%<0$ 

-=##$.,-5 #/,N1%$#$ (Burton et al., 2000). 

@& #70 #&N0/'/:D$ VIGS %"/./A0 0$ +#/N&=9/A0 -$, 5''$ :/0D2,$ &-#E) $"E 

$=#5 "/= -42,-/"/,/A0 %&#$;/',-5 <0?=%$. K,$ "$.52&,:%$ E#$0 #/ ,ï-E <09&#/ 

$0#,+#/,N/A+& +& :/0D2,$ "/= $"$,#/A0#$, :,$ #70 5%=0$ #40 M=#10, #$ M=#5 <2&,*$0 

$=*7%<07 &="59&,$ +#/ "$9/:E0/. R=:-&-.,%<0$, E#$0 / ,E) Tobacco rattle virus 

(TRV) #/= /"/D/= / M/.<$) <M&.& <09&#/ $"E #/ :/0D2,/ EDS1 "/= &D0$, $"$.$D#7#/ 

:,$ #70 $09&-#,-E#7#$ %& #70 %&+/'5;7+7 #/= J :/0,2D/= +#/0 ,E TMV, #/ M=#E (J-

:/0E#="/)) <2&,*& %&,4%<07 $09&-#,-E#7#$ +#/0 TMV (Peart et al., 2002$). !-#E) 

$"E #/ EDS1 ="5.N/=0 $.-&#5 "$.$2&D:%$#$ &M$.%/:() VIGS -$, +& 5''$ :/0D2,$ 

5%=0$) (Liu et al., 2002;ú Liu et al., 2002:ú Slaymaker et al., 2002ú Jin et al., 2002ú 

Peart et al., 2002;). 

>$ +=%"#1%$#$ &0E) TRV M/.<$ "/= <M&.& <09&#/ #/= :/0,2D/= leafy <2&,*$0 

E#, 7 VIGS %"/.&D 0$ N.7+,%/"/,79&D :,$ :/0D2,$ "/= .=9%D?/=0 #70 $05"#=*7 #40 

M=#10. >/ :/0D2,/ leafy &D0$, $"$.$D#7#/ :,$ #70 $05"#=*7 #40 $09<40. 
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@&#$''$:%<0$ M=#5 +#/ :/0D2,/ $=#E "$.5:/=0 #./"/"/,7%<0$ 5097 "/= %/,5?/=0 

%& #$ 5097 #40 TRV-leafy %/'=+%<040 M=#10 (Ratcliff et al., 2001). I%/D4), #$ 

$"/#&'<+%$#$ M/.<40 #/= Tomato golden mosaic virus "/= <M&.$0 #%(%$ #/= 

:/0,2D/= &0E) +=%"$.5:/0#$ #7) DNA "/'=%&.5+7) 2&DN0/=0 "4) 7 VIGS %"/.&D 

0$ N.7+,%/"/,79&D :,$ ;$+,-5 :/0D2,$ #7) ;,4+,%E#7#$) #40 M=#10 (Peele et al., 

2001). >$ M=#5 "/= &DN$0 %/'=09&D %& $=#E0 #/0 ,ï-E M/.<$ &DN$0 -$#$+#/'( #7) 

$A*7+7) %<+$ -$, :A.4 $"E %&.,+#4%$#,-<) ?10&) #/= ;'$+#/A. 

@<N., +(%&.$ /, "&.,++E#&.&) $"E #,) &M$.%/:<) VIGS <N/=0 

".$:%$#/"/,79&D +#/ M=#E N. benthamiana. K,$ 'E:/=) "/= 2&0 &D0$, "'(.4) 

-$#$0/7#/D $=#E #/ M=#E &D0$, &="$9<) +& <0$ $+=0(9,+#$ %&:5'/ $.,9%E ,10 -, #$ 

+=%"#1%$#$ #40 VIGS +#$ M=#5 N. benthamiana &D0$, :&0,-5 "/'A ",/ 

N$.$-#7.,+#,-5 -$, ",/ &"D%/0$ $"E E#, +& 5''$ M=#5, E"4) #$ N. tabacum. W+#E+/, 

7 VIGS %"/.&D 0$ &M$.%/+#&D -$, +& 5''$ M=#,-5 &D27. K,$ "$.52&,:%$ / M/.<$) #/= 

Barley stripe mosaic virus, "./-5'&+& %& VIGS %&D4+7 #7) <-M.$+7) #/= :/0,2D/= 

PDS +#/ -.,95., (Holzberg et al., 2002). !",".E+9&#$, ="5.N/=0 TRV M/.&D) "/= 

%"/./A0 0$ N.7+,%/"/,79/A0 :,$ VIGS +#$ M=#5 A. thaliana (Dalmay et al., 2000), 

+#70 #/%5#$ (Liu et al., 2002$) -$, +#/ M=#E N. benthamiana. 

3$.E'/ "/= 7 "$./=+D$ #40 ,10 +#/=) %&.,+#4%$#,-/A) ,+#/A) &D0$, +"50,$, 

7 +D:7+7 :/0,2D40 (#$0 &M,-#( +& $=#/A) #/=) ,+#/A). R& $=#<) #,) "&.,"#1+&,) 

%"/.&D / M$,0E#="/) #7) +D:7+7) 0$ &",#=:N50&#$, $"E <0$ &02/-=##$.,-E +(%$ #/ 

/"/D/ &*$"'10&#$, $"E #/ %/'=+%<0/ -A##$./ (Voinnet -$, Baulcombe, 1997ú 

Palauqui et al., 1997ú Peele et al., 2001). >/ +(%$ $=#E %"/.&D 0$ &D0$, 0/=-'&ï-E 

/*A – &D#& 2,"'() <',-$) RNA ( &0E) $"E #$ %,-.5 RNA "/= <N/=0 +=+N&#,+#&D %& #7 

+D:7+7. 

I M$,0E#="/) #7) VIGS %"/.&D 0$ &"7.&5?&#$, $"E #/0 ,ï-E M/.<$ +#/ 

%/'=+%<0/ M=#E. L "./+<::,+7 #40 VIGS 2&0 &D0$, -$#5''7'7 :,$ $05'=+7 "/''10 

-'7./0/%/A%&040 N$.$-#7.,+#,-10 "/= +N&#D?/0#$, %& #7 ;,/'/:D$ #7) 

$0$"$.$:4:(). 6*D?&, 0$ +7%&,49&D E#, 7 N.(+7 #7) #&N0/'/:D$) $=#() 2&0 /27:&D 

+#7 "'(.7 $"&0&.:/"/D7+7 #/= :/0,2D/= +#EN/= $''5 +#7 +7%$0#,-( %&D4+7 #7) 

<-M.$+7) #/= (Lu et al., 2003). W+#E+/, "$.’ E'&) #,) ".$-#,-<) 2=+-/'D&) 

="5.N/=0 $.-&#5 "'&/0&-#(%$#$ #7) VIGS +& +N<+7 %& 5''&) #&N0/'/:D&) 

:/0,2,$-() +D:7+7) (Smith et al., 2000). 8$#’ $.N(0 /, -$#5''7'/, M/.&D) M#,5N0/0#$, 

%& $"&=9&D$) -'40/"/D7+7 +#/0 ,ï-E M/.<$ -$, 2&0 &%"'<-/=0 +=0$.%/'E:7+7 

$0&+#.$%%<040 $''7'/=N,10 "/= %"/.&D 0$ &D0$, $+#$9&D) -$#5 #/0 

"/''$"'$+,$+%E #/=) +& ;$-#7.,$-/A) *&0,+#<). !",".E+9&#$, 7 2,$2,-$+D$ &D0$, 
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#$N&D$, $M/A 7 -$#$+-&=( #40 M/.<40 %"/.&D 0$ ".$:%$#/"/,79&D %<+$ +& %&.,-<) 

7%<.&) -$, / M$,0E#="/) #7) VIGS $0$"#A++&#$, %<+$ +& 1 ( 2 &;2/%52&). 

!"/%<04), &D0$, &M,-#E 0$ ".$:%$#/"/,79/A0 %&:5'7) -'D%$-$) %&'<#&) "/''10 

:/0,2D40 +#/ :/0,2D4%$ &0E) M=#/A. Z''/ <0$ "'&/0<-#7%$ #7) VIGS &D0$, 7 M=+,-( 

#7) '&,#/=.:D$. >/ mRNA +#EN/) 2&0 $"&0&.:/"/,&D#$, ".,0 %/'=09&D #/ M=#E $"E 

#/0 ,ï-E M/.<$. !D0$, ",9$0E0 &"/%<04) 0$ -$#$+#$'/A0 :/0D2,$ "/= &D0$, 

$"$.$D#7#$ :,$ #70 $A*7+7 -$, $05"#=*7 #/= M=#/A *&0,+#(. I, "&.,++E#&.&) 

%&#$''5*&,) +& #<#/,$ :/0D2,$ &D0$, 907+,:E0&) -$, 2A+-/'$ &D0$, ;,1+,%&). I%/D4), 7 

2,$:/0,2,$-( +D:7+7 &D0$, $2A0$#/0 0$ N.7+,%/"/,79&D :,$ #7 %&'<#7 #<#/,40 

:/0D2,40. I M$,0E#="/) #7) +D:7+7) 9$ "./-$'/A+& #/ 950$#/ #40 -=##5.40 -$#5 

#7 2,5.-&,$ #7) $0$:<007+7) #40 %&#$+N7%$#,+%<040 M=#10. 

3.2.5  E.&+#*+: '96&#& #3T #072$($)S&T VIGS 

3.2.5.1  E( $ï%& C'/0+( 

["5.N/=0 $.-&#5 ?7#(%$#$ "/= $M/./A0 +#/ <09&#/ +#/=) M/.&D) "/= 

N.7+,%/"/,/A0#$, +#$ "&,.5%$#$ VIGS, E"4) :,$ "$.52&,:%$ #/ %(-/) #/=). R& 

2/-,%$+#,-5 "&,.5%$#$ (#$0 2=0$#( 7 +D:7+7 #/= :/0,2D/= phytoene desaturase %& 

<09&#$ %(-/=) 23 0/=-'&/#,2D40 (Thomas et al., 2001). W+#E+/, 7 +D:7+7 (#$0 

',:E#&./ &-#&#$%<07 -$, "&.,++E#&./ "./+4.,0( +& +N<+7 %& %&:$'A#&.$ <09&#$. 

8$#5 -$0E0$ N.7+,%/"/,/A0#$, $''7'/=ND&) %(-/=) 150-500 0/=-'&/#,2D40. 

@"/./A0 0$ N.7+,%/"/,79/A0 -$, %&:$'A#&.$ <09&#$ $''5 &D0$, :&0&#,-5 $+#$9( 

+#/=) ,ï-/A) M/.&D) -$, 2&0 "./-$'/A0 -5"/,$ $A*7+7 #/= M$,0/#A"/= +D:7+7). 

U0$ 2&A#&./ ?(#7%$ &D0$, 7 9<+7 #7) <09&#7) $''7'/=ND$) 4) "./) #/ :/0D2,/ 

+#EN/). !50 #/ <09&#/ $"/#&'&D #%(%$ "&.,/N() "/= &D0$, %/0$2,-( +#/ :/0D2,/ 

+#EN/) #E#& / M$,0E#="/) #7) +D:7+7) 9$ &D0$, "/'A &*&,2,-&=%<0/). W+#E+/, &50 #/ 

<09&#/ "&.,'$%;50&, "&.,/N<) "/= &D0$, E%/,&) -$, +& 5''$ :/0D2,$ ( 5''$ %<'7 #7) 

D2,$) /,-/:<0&,$) :/0,2D40, 7 &*&,2D-&=+7 %"/.&D 0$ "&.,/.,+#&D. R& /.,+%<0&) 

"&.,"#1+&,), E"4) :,$ "$.52&,:%$ +& /,-/:<0&,&) :/0,2D40 E"/= ="5.N&, 

'&,#/=.:,-( &",-5'=P7 $"E "&.,++E#&.$ #/= &0E) :/0D2,$, $=#( 7 &*&,2,-&=%<07 

$''7'/=ND$ – "$.5 / :&0&#,-E) #E"/) – &D0$, "'&/0<-#7%$ $M/A /, +=079,+%<0&) 

:&0&#,-<) #&N0,-<) $2=0$#/A0 0$ 21+/=0 #<#/,&) "'7./M/.D&). 

@<N., +(%&.$ 2&0 ="5.N/=0 $0$'A+&,) "/= 0$ $M/./A0 +#70 /%/,E#7#$ 

$''7'/=N,10 "/= N.&,5?&#$, :,$ 2,$+#$=.4%<07 +D:7+7 +=::&010 :/0,2D40. W+#E+/, 

%& ;5+7 #70 $05'=+7 %,-.10 <09&#40 #/= :/0,2D/= 60#"+(:;D#* +(: @:+(0'7(: 

(Thomas et al., 2001) -$, #,) "'7./M/.D&) "/= ="5.N/=0 :,$ #/=) %7N$0,+%/A) #7) 
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RNA :/0,2,$-() +D:7+7), M$D0&#$, ",9$0E0 E#, 7 VIGS %"/.&D 0$ +#/N&A+&, 

/"/,/2("/#& :/0D2,/ "/= <N&, 'D:/ "&.,++E#&./ $"E 20 0/=-'&/#D2,$ $"E'=#7) 

/%/'/:D$) %& #/ <09&#/ +#/ M/.<$ #7) +D:7+7). 3./) #/ "$.E0 2&0 &D0$, :04+#E $0 

7 VIGS '&,#/=.:&D -$'A#&.$ +& +#EN/=) "/= -42,-/"/,/A0 ( "/= 2&0 -42,-/"/,/A0 

".4#&T0&). W+#E+/, +#$ &+E0,$ 2&0 &D0$, 2=0$#( 7 +D:7+7 %<+4 VIGS (Ruiz et al., 

1998). 

3.2.5.2 J $ï%&8 @(;C"8 

@&#5 #70 &",'/:( #/= -$#5''7'/= <09&#/= :,$ #7 VIGS +D:7+7 7 &"E%&07 

$"EM$+7 "/= ".<"&, 0$ "$.9&D &D0$, 7 &",'/:( #/= ,ï-/A M/.<$. @<N., &0E) ;$9%/A 

$=#E #/ ?(#7%$ "./+2,/.D?&#$, $05'/:$ %& #/ M=#E "/= 9$ &M$.%/+#&D 7 #&N0,-(. I 

M/.<$) TRV &D0$, $"/#&'&+%$#,-E) +& M=#5 N. benthamiana, #/%5#$), A. thaliana, 

-$, 5''$ +=::&0( &D27 (Dalmay et al., 2000ú Ratcliff et al., 2001ú Liu et al., 2002$). I 

M/.<$) PVX &"5:&, ,+N=.5 #7 +D:7+7 +& M=#5 N. benthamiana -$, N. clevelandii 

(Ruiz et al., 1998) -$, / Barley stripe mosaic virus +& M=#5 -.,9$.,/A (Holzberg et al., 

2002). Q/.&D) "/= $0(-/=0 +#/=) 2D2=%/=) ,/A) (Geminivirus) <N/=0 &"D+7) 

N.7+,%/"/,79&D +& M=#5 N. benthamiana (Kjemtrup et al., 1998) -$, A. thaliana 

(Turnage et al., 2002). 

I Tobacco mosaic virus (TMV) (#$0 / ".1#/) RNA ,E) "/= 

N.7+,%/"/,(97-& 4) M/.<$) +D:7+7) #7) VIGS. @&#5:.$M$ #/= %&#$+N7%$#,+%<0/= 

TMV "/= <M&.$0 $''7'/=ND$ #/= :/0,2D/= phytoene desaturase (PDS) 

-$#$+-&=5+#7-$0 in vitro -$, / &%;/',$+%E) #/=) +& M=#5 N. benthamiana 

"./-5'&+$0 #7 +D:7+7 #/= PDS (Kumagai et al., 1995). I &"E%&0/) M/.<$) "/= 

N.7+,%/"/,(97-& ;$+,?E#$0 +#/0 ,E Potato virus X (PVX, Ruiz et al., 1998). 3$.E'/ 

"/= / PVX M/.<$) (#$0 ",/ +#$9&.E) $"E $=#E0 #/= TMV, &DN& #/ %&,/0<-#7%$ #/= 

"&.,/.,+%<0/= &A./=) *&0,+#10 +& +N<+7 %& #/0 TMV, %& M=#5 %E0/ $"E 3 

/,-/:<0&,&) 0$ &D0$, &="$9( +#70 "./+;/'( $"E #/0 PVX +& +N<+7 %& #,) 9 

/,-/:<0&,&) :,$ #/0 TMV (Brunt et al., 1996). !",".E+9&#$, #E+/ / TMV E+/ -$, / 

PVX M/.<$) "./-$'/A0 +=%"#1%$#$ +#$ &%;/',$+%<0$ M=#5, -50/0#$) <#+, #70 

&.%70&D$ -5"/,40 M$,0/#A"40 VIGS "/'A 2A+-/'7 (Ratcliff et al., 2001). !"D+7), 

$=#/D /, ,/D 2&0 %&#$-,0/A0#$, +#$ +7%&D$ $A*7+7) -$, #/=) %&.,+#4%$#,-/A) ,+#/A) 

#40 *&0,+#10 #/=), :&:/0E) "/= &%"/2D?&, #70 $"/#&'&+%$#,-( +D:7+7 :/0,2D40 +& 

$=#/A) #/=) ,+#/A) (Hull, 2002ú Ratcliff et al., 2001). I, "&.,/.,+%/D #/= %,-./A 

&A./=) *&0,+#10 -$91) -$, #/= $"/-'&,+%/A #40 "./$0$M&.9<0#40 ,10 $"E #/=) 

%&.,+#4%$#,-/A) ,+#/A) *&"&.5+#7-$0 %& #70 $05"#=*7 M/.<40 VIGS "/= 
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;$+D?/0#$0 +#/0 ,E Tobacco rattle virus (TRV, Ratcliff et al., 2001ú Liu et al., 2002;). 

I TRV &*$"'10&#$, ",/ <0#/0$ +& E'/ #/ M=#E, $-E%$ -$, +#/=) %&.,+#4%$#,-/A) 

,+#/A), -$, #$ +=%"#1%$#$ #7) %E'=0+7) &D0$, "/'A (",$ +& +N<+7 %& 5''/=) ,/A). 

I, ;&'#,4%<0/, TRV VIGS M/.&D), pYL156 -$, pYL279, /27:/A0 +& 

$"/#&'&+%$#,-E#&.7 +D:7+7 #40 &02/:&010 :/0,2D40 (Liu et al., 2002a, b). 6=#/D /, 

M/.&D) 2,$M<./=0 $"E #/=) ".1#/=) TRV M/.&D) 4) "./) #/0 35S ="/-,07#( "/= 

;.D+-&#$, +& 2 $0#D:.$M$ -$, +#70 A"$.*7 &0E) .,;/&0?A%/= (ribozyme, %E.,/ RNA 

%& -$#$'=#,-<) ,2,E#7#&)) +#/ C-#&',-E 5-./ :,$ ",/ $"/#&'&+%$#,-( "$.$:4:( #/= 

,ï-/A RNA, -$91) -$, +#70 $''$:( &0E) $.,9%/A $%,0/*<40 +#70 ,ï-( $''7'/=ND$ 

(Liu et al., 2002b). R& $0#D9&+7 %& #/=) 5''/=) M/.&D) VIGS, 7 $"/#&'&+%$#,-E#7#$ 

#40 pYL156 -$, pYL279 2&0 "&.,/.D?&#$, +#$ M=#5 N. benthamiana $''5 <N/=0 

N.7+,%/"/,79&D &",#=N1) :,$ #7 :/0,2,$-( +D:7+7 +#70 #/%5#$ -$, 5''$ &D27 (Liu et 

al., 2002aú Ekengren et al., 2003).  

3.2.5.3 N(;078 5$" in vitro -0+"5;"@4 %"$ ‘‘.gro-0-G(B$"#-&’’ 

I, RNA ,ï-/D M/.&D) $0$"#AN97-$0 $.N,-5 %& #<#/,/ #.E"/ "/= N.&,$?E#$0 7 

in vitro %&#$:.$M( #/= %/'=+%$#,-/A RNA $"E &=9=:.$%%,+%<0/ &-%$:&D/ 

"'$+%,2,$-/A DNA (Janda et al., 1987ú Chapman et al., 1992ú Donson et al., 1991). 

W+#E+/, %,$ &0$''$-#,-( 2,$2,-$+D$ "/= $0$M<.&#$, 4) ‘‘6gro-&%;/',$+%E)’’ 

=,/9&#(97-& 'E:4 #7) &=-/'D$) +#7 N.(+7 #7) +& +N<+7 %& #70 in vitro %&#$:.$M(. I 

6gro-&%;/',$+%E) "&.,'$%;50&, #7 N.(+7 #40 Ti "'$+%,2,$-10 M/.<40 #/= 

;$-#7.D/= Agrobacterium tumefaciens +#/=) /"/D/=) %,$ "&.,/N( – 7 '&:E%&07 T-

DNA – %&#$M<.&#$, +#/ :/0,2D4%$ #40 %/'=+%<040 M=#,-10 -=##5.40. 6=#( 7 

2,$2,-$+D$ %"/.&D 0$ N.7+,%/"/,79&D :,$ #/0 &%;/',$+%E #40 M=#,-10 ,10 %E0/ &50 

#/ "'(.&) ,ï-E cDNA ;.D+-&#$, +#70 T-DNA "&.,/N( -$, %&#$*A &0E) ="/-,07#( -$, 

&0E) %&#$:.$M,-/A #&.%$#,+#( (terminator) "/= &D0$, '&,#/=.:,-E) +#$ M=#,-5 

-A##$.$ (Turpen et al., 1993). 

I 6gro-&%;/',$+%E) <N&, +=:-.,#,-5 "'&/0&-#(%$#$ +& +N<+7 %& #70 in vitro 

%&#$:.$M( $M/A #/ cDNA #/= ,ï-/A M/.<$ 2&0 N.&,5?&#$, $"/%E04+7, "<P7 ( 

%&#$:.$M(. L -'40/"/D7+7 #40 <09&#40 +#/=) ,ï-/A) M/.&D) $"$,#&D -'$++,-<) 

%&9E2/=) &0/"/D7+7) #%7%5#40 DNA -$, %&#$+N7%$#,+%/A. >$ -A##$.$ #/= A. 

tumefaciens "/= M<./=0 #/ <09&#/ %"/./A0 0$ &%;/',$+9/A0 5%&+$ +#/ M=#E. 

3,9$01) ="5.N/=0 -A##$.$ +#/ +7%&D/ &%;/',$+%/A "/= %&#$+N7%$#D?/0#$, :,$ 0$ 

%/'=09/A0 %& #/0 ,ï-E M/.<$ "/= ;.D+-&#$, +#/ T-DNA. 6=#5 #$ -A##$.$ 

'&,#/=.:/A0 4) $"E9&%$ #7) %E'=0+7) "/= %&#$2D2&#$, 2,$+=+#7%$#,-5 %<+$ +#/ 
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M=#E. L 2,$2,-$+D$ #/= 6gro-&%;/',$+%/A &D0$, N.(+,%7 :,$ "/''<) VIGS 

&M$.%/:<). W+#E+/, &D0$, ,2,$D#&.$ N.(+,%7 +& &M$.%/:<) %&:5'7) -'D%$-$) E"4) 

:,$ "$.52&,:%$ +#,) %&'<#&) cDNA ;,;',/97-10 ( EST +=''/:10. 

3.2.5.4 .)(+7-*#* +*8 VIGS 

>$ +=%"#1%$#$ #7) VIGS &%M$0D?/0#$, $.-&#<) 7%<.&) %&#5 #70 &M$.%/:( 

#/= ,ï-/A M/.<$ -$, &"&-#&D0/0#$, +& E'/ #/ %/'=+%<0/ M=#E. >$ +=%"#1%$#$ 

%"/.&D 0$ M9D0/=0 %&#$:&0<+#&.$. I $-.,;() N.E0/) #7) %<:,+#7) <-M.$+7) #7) 

VIGS &*$.#5#$, "/'A $"E #,) "&.,;$''/0#,-<) +=09(-&) -$, &D0$, $"$.$D#7#/ +#$ 

"&,.5%$#$ 0$ +=%"&.,'$%;50/0#$, -$'5 N$.$-#7.,+%<0/, M/.&D) %5.#=.&) %& #/=) 

/"/D/=) %"/.&D 0$ &'<:N&#$, 7 ".E/2/) #7) 2,$2,-$+D$) %E'=0+7). I, M/.&D) %& #7 

60#"+(:;D#* +(: @:+(0'7(: &D0$, N.(+,%/, :,$ $=#( #7 2,$2,-$+D$ $M/A "./-$'/A0 

#$ N$.$-#7.,+#,-5 -$, "/'A /.$#5 +=%"#1%$#$ #7) “M4#/-'&A-$0+7)”. W+#E+/, +& 

-5"/,&) "&.,"#1+&,) &D0$, -$#$''7'E#&./ 0$ N.7+,%/"/,/A0#$, M/.&D) "/= 

+#/N&A/=0 :/0D2,$ "/= &%"'<-/0#$, +#/ N$.$-#7.,+#,-E "/= %&'&#5#$,. K,$ 

"$.52&,:%$, E#$0 &",N&,.&D#$, 7 $0$:01.,+7 :/0,2D40 5%=0$) +#$ M=#5 9$ (#$0 

-$#$''7'E#&./ 0$ N.7+,%/"/,79&D <0$) M/.<$) %5.#=.$) "/= +#/N&A&, :04+#E 

:/0D2,/ 5%=0$) <#+, 1+#& 0$ ="5.N&, <0$ +#$9&.E %<#./ +A:-.,+7). 

8$#5 #70 &.%70&D$ #/= M$,0/#A"/= #7) VIGS &D0$, $.-&#5 #$ +7%&D$ "/= 

$"$,#/A0 ,2,$D#&.7 "./+/N(. >/ ".1#/ &D0$, E#, 7 $"/=+D$ M$,0/#A"/= 2&0 +7%$D0&, 

$"$.$D#7#$ E#, #/ ="E %&'<#7 :/0D2,/ 2&0 +=%%&#<N&, +#/ N$.$-#7.,+#,-E "/= 

&02,$M<.&,. L VIGS "/#< 2&0 &D0$, /'/-'7.4#,-( -$, "50#$ ="5.N&, #/ &02&NE%&0/ / 

M$,0E#="/) #7) +D:7+7) 0$ %70 &D0$, /.$#E) &"&,2( 7 '&,#/=.:D$ #/= :/0,2D/= +#EN/= 

0$ ="/+#7.D?&#$, $"E #/ &0$"/%&D0$0 mRNA +#$ M=#5. U0$ 2&A#&./ 9<%$ &D0$, 7 

&.%70&D$ #40 2&2/%<040 #7) VIGS $M/A ="5.N&, 7 ",9$0E#7#$ #=N$D$) /%/,E#7#$) 

#7) $''7'/=ND$) #/= <09&#/= -$, &0E) 5:04+#/= mRNA, "/= %"/.&D #&',-5 0$ &D0$, 

="&A9=0/ :,$ #/ M$,0E#="/. K,$ 0$ $"/-'&,+#&D $=#( 7 ",9$0E#7#$ +=0(94) 

N.7+,%/"/,&D#$, <0$ 2&A#&./ <09&#/ $"E #/ D2,/ :/0D2,/-+#EN/ "/= E%4) 2&0 <N&, 

&",-$'="#E%&0&) "&.,/N<) %& #/ ".1#/. !50 #/ :/0D2,/-+#EN/) <N&, $0$:04.,+#&D 

&",#=N1) #E#& -$, #/ 2&A#&./ <09&#/ 9$ $0$"$.5:&, #/ M$,0E#="/. !50 #/ :/0D2,/ 

&D0$, %<'/) "/'=:/0,2,$-() /,-/:<0&,$) &D0$, $"$.$D#7#/ 0$ +#/N&=9/A0 

+=0#7.7%<0&) -$, %7 +=0#7.7%<0&) "&.,/N<) :,$ 0$ 2,$",+#49&D #/ -$#5 "E+/ / 

M$,0E#="/) &"7.&5?&#$, $"E <0$ ( "&.,++E#&.$ :/0D2,$ #7) /,-/:<0&,$). 350#/#& 

:D0&#$, $"/#D%7+7 #/= &","<2/= <-M.$+7) #/= RNA +#EN/= ( #7) $0#D+#/,N7) 

".4#&T07) :,$ 0$ &",;&;$,49&D 5%&+$ 7 &",#=ND$ #7) +D:7+7). I "'&,/#./",+%E) (#/ 
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M$,0E%&0/ -$#5 #/ /"/D/ <0$ :/0D2,/ &"7.&5?&, "&.,++E#&.$ $"E <0$ 

N$.$-#7.,+#,-5) $"/#&'&D &"D+7) <0$ 9<%$ "/= ".<"&, 0$ '$%;50&#$, ="EP7 -$#5 

#70 &.%70&D$ #40 $"/#&'&+%5#40. 

RN7%$#,-( $0$"$.5+#$+7 #7) 2,$2,-$+D$) #7) VIGS :/0,2,$-() +D:7+7) 

M$D0&#$, +#70 !,-E0$ 3.2.2. 

 

H;(#";-(54 ")& Unver %"$ Budak, 2009  

H*+<2& 3.2.2: RN7%$#,-( $0$"$.5+#$+7 #7) VIGS :/0,2,$-() +D:7+7) %& #7 N.(+7 #/= ,/A TRV 4) 
M/.<$ +& M=#5 N. Benthamiana. L 2/-,%( "&.,'$%;50&, #$ &*() ;(%$#$: $) &",'<:&#$, #/ :/0D2,/ 
&02,$M<./0#/) (gene of interest – GOI) :04+#() $''7'/=ND$) "/= $-/'/A94) #%(%$ #/= -'40/"/,&D#$, 
+#/ M/.<$ pTRV2. I M/.<$) pTRV1 $"/#&'&D#$, $"E %,$ -$+<#$ "/= "&.,<N&, #/ RNA1 #/= ,/A, #/ 
:/0D2,/ #7) RNA-&*$.#1%&07) RNA "/'=%&.5+7), #70 ".4#&T07 %&#$-D07+7), -#'), -$, #,) "&.,/N<) LB 
-$, RB :,$ #/ %&#$+N7%$#,+%E +#$ M=#5. >$ "'$+%D2,$ %&#$+N7%$#D?/0#$, *&N4.,+#5 +#/ ;$-#(.,/ A. 
tumefaciens. ;) I, -$'',<.:&,&) #40 A. tumefaciens "/= M<./=0 #$ pTRV1 -$, pTRV2 $0$%,:0A/0#$, +& 
$0$'/:D$ 1:1 -$, $-/'/A94) &%;/',5?/0#$, +#$ M=#5. I "/''$"'$+,$+%E) #/= TRV +#$ M=#,-5 -A##$.$ 
/27:&D +#7 27%,/=.:D$ 2D-'40/= RNA #/= #%(%$#/) #/= :/0,2D/= "./) %&'<#7, <0$.*7 #/= %7N$0,+%/A 
+D:7+7) -$, -$#$+#/'( #7) <-M.$+7) #/= :/0,2D/= +#EN/=. I Agro-&%;/',$+%E) +#$ M=#5 :D0&#$, E"4) 
M$D0&#$, +#70 &,-E0$ %& /2/0#/:'=MD2$, +A.,::$ ( &M$.%E?&#$, ="E -&0E -$, /27:&D +#7 2,$+=+#7%$#,-( 
%E'=0+7 #40 M=#10. I, M$,0E#="/, "/= $"/2D2/0#$, +#7 +D:7+7 "$.$#7./A0#$, +=0(94) %&#5 $"E 2-3 
&;2/%52&). 
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3.3. -HNC/CICM>? 

3.3.1 !"#*+< "(*+< 

>$ M=#5 #/%5#$) (Solanum lycopersicum) "/= N.7+,%/"/,(97-$0 :,$ #70 

".$:%$#/"/D7+7 #40 "&,.$%5#40 "$9/:<0&,$) (#$0 7 %&#$''$:%<07 +&,.5 Never 

ripe (Nr) %& $"&0&.:/"/,7%<0/ #/0 ="/2/N<$ $,9='&0D/= Never ripe +#70 "/,-,'D$ 

Ailsa Craig -$, M=#5 $:.D/= #A"/= #7) "/,-,'D$) Ailsa Craig. R"E./, #7) 

%&#$''$:%<07) +&,.5) Nr &*$+M$'D+#7-$0 $"E #/ Tomato Genetics Resource Center 

(University of California, Davis) -$, +"E./, #7) "/,-,'D$) Ailsa Craig "$.$::<'97-$0 

$"E #70 Thompson & Morgan Ltd (UK). Q=#5 #7) "/,-,'D$) Ailsa Craig 

N.7+,%/"/,(97-$0 :,$ #$ "&,.5%$#$ :/0,2,$-() +D:7+7). Y'/, /, +"E./, 

$"/97-&A#7-$0 +#/=) 4ûC. K,$ #$ "&,.5%$#$, +"E./, #/"/9&#(97-$0 +& :'$+#.5-,$ 

2,$%<#./= 15 &-$#/+#10, #$ /"/D$ "&.,&DN$0 "&.D"/= 300 cm3 N1%$ (Potground; 

Klasmann, Deilmann, Germany) -$, $-/'/A94) %&#$M<.97-$0 +& &"4$+#,-E 

95'$%/ &'&:N/%<040 +=097-10 9&.%/-.$+D$), M4#E) -$, =:.$+D$) +#/=) 25°C, 

+N&#,-( =:.$+D$ 65- 70% -$, %& M4#/"&.D/2/ 14 4.10 (%& <0#$+7 M4#E) 150 W m-

2). >$ M=#5 "/#D+#7-$0 -$, ',"5097-$0 %& 9.&"#,-E 2,5'=%$ (XL 60, Hortifeeds, 

Lincoln, UK) E"/#& $=#E (#$0 $"$.$D#7#/. 

3.3.2 D70=*&46<T 0++*23#82 

K,$ #$ "&,.5%$#$ "/+/#,-/"/D7+7) #7) ;,/%5?$) #/= "$9/:E0/= +#$ M=#5 

#/%5#$) N.7+,%/"/,(97-$0 /, &--,07#<) "/= +N&2,5+#7-$0 "504 +#,) ITS1 -$, ITS2 

"&.,/N<) #/= :/0,2D/= 5.8S .,;/+4%,-/A RNA (Z29511) #/= %A-7#$ Verticillium 

dahliae E"4) "&.,:.5M&#$, +#7 "$.5:.$M/ 2.3.4. K,$ #70 -$#$+-&=( #/= pTRV-

ETR4 M/.<$ +D:7+7) +N&2,5+#7-$0 /, &*&,2,-&=%<0/, &--,07#<) SilETR4-F -$, 

SilETR4-R "/= &0D+N=$0 #%(%$ 492 ?&=:10 ;5+&40 #/= :/0,2D/= ETR4 (AY600438) 

$"E DNA #/%5#$) "/,-,'D$) Ailsa Craig. R#/0 -42,-E &--,07#( "./+#<97-& 

$''7'/=ND$ "/= -E;&#$, &*&,2,-&=%<0$ $"E #/ "&.,/.,+#,-E <0?=%/ EcoRI -$, +#/0 

$0#,-42,-E $''7'/=ND$ "/= 0$ -E;&#$, $"E #/ <0?=%/ BamHI (="/:.$%%,+%<0&) 

9<+&,) +#/=) &--,07#<)). >$ <0?=%$ $=#5 2&0 -E;/=0 #70 $''7'/=ND$ #/= M/.<$ 

+D:7+7) pYL156 "$.5 %E0/ +#70 "&.,/N( "/''$"'() -'40/"/D7+7) (multiple 

cloning site). 3./-&,%<0/= 0$ &'&:N9&D 7 $"&0&.:/"/D7+7 #/= :/0,2D/= ETR4 -$, +& 

&"D"&2/ %&#$:.$M,-/A RNA, +N&2,5+#7-$0 /, &--,07#<) LeETR4-F -$, LeETR4-R :,$ 

#70 &0D+N=+7 #%(%$#/) 187 ?&=:10 ;5+&40 $"E #/ :/0D2,/ ETR4 (AY600438). I, 

&--,07#<) $=#/D &DN$0 +N&2,$+#&D 0$ =;.,2D?/=0 +& $''7'/=ND$ <*4 $"E #70 "&.,/N( 
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+#EN&=+7) #7) :/0,2,$-() +D:7+7) <#+, 1+#& 0$ &*$+M$',+#&D E#, 9$ &0,+N=9&D %E0/ 

#/ &02/:&0<) %&#$:.$M,-E RNA. !"D+7), +N&2,5+#7-$0 &--,07#<) "504 +#70 

$''7'/=ND$ #/= :/0,2D/= G-tubulin (DQ205342) #7) "/,-,'D$) Ailsa Craig #7) #/%5#$) 

"/= N.7+,%/"/,(97-$0 4) &+4#&.,-( +#$9&.5 :,$ #70 -$0/0,-/"/D7+7 2,$M/.10 

+#,) $.N,-<) "/+E#7#&) DNA -$, cDNA "/= N.7+,%/"/,(97-$0 +#,) $0#,2.5+&,) 

Real-time PCR. R#/0 3D0$-$ 3.1 "$./=+,5?/0#$, +=:-&0#.4#,-5 /, $''7'/=ND&) #40 

&--,07#10 "/= N.7+,%/"/,(97-$0 +#$ "&,.5%$#$. ><'/), +N&2,5+#7-$0 

&*&,2,-&=%<0/, &--,07#<) :,$ #7 %&'<#7 #7) <-M.$+7) :/0,2D40 #7) #/%5#$), "/= 

&%"'<-/0#$, +#70 5%=0$ #40 M=#10, "/= N.7+,%/"/,(97-$0 +& cDNA $"E M=#5 "/= 

&DN$0 %/'=09&D %& #/ %A-7#$ V. dahliae. R#/ 3$.5.#7%$ 2D0/0#$, E'&) /, $''7'/=ND&) 

#40 ="E %&'<#7 :/0,2D40 E"/= <N/=0 &",+7%$09&D /, "&.,/N<) "504 +#,) /"/D&) 

+N&2,5+#7-$0 /, &--,07#<). 

 

ES2&+&T 3.3.1: CD+#$ %& #$ ?&A:7 &--,07#10 "/= N.7+,%/"/,(97-$0 +#,) $0#,2.5+&,) Real-

time PCR. 
 

K/0D2,/ 
GenBank 

accession no 

!--,07#<) 
^&A:7 &--,07#10 

5.8S rRNA Z29511 
Vd-F 
Vd-R 

5’-CCGCCGGTCCATCAGTCTCTCTGTTTATAC-3’ 
5’-CGCCTGCGGGACTCCGATGCGAGCTGTAAC-3’ 

ETR4 AY600438 
SilETR4-F 
SilETR4-R 

5’-GGGGGGGCAGCGAATTCTTGTGGA-3’ 
5’-CACATTACAGGGATCCACGCTGCGC-3’ 

ETR4 AY600438 
LeETR4-F 
LeETR4-R 

5-‘GGAAGCCCAATGAGAATAAAACTG-3’ 
5’-CTACTCCCTCCACTACTCGCAACA-3’ 

G2-tubulin DQ205342 
LeTUB-F 
LeTUB-R 

5’-GATTTGCCCCACTAACCTCTCGT-3’ 
5’-ACCTCCTTTGTGCTCATCTTACCC-3’ 

chitinase AB110610 
LeCHI1-F 
LeCHI1-R 

5’-ACCCGTTGCACTGTCTTGTCTC-3’ 
5’-TGGAACCGGCATTTTGTG-3’ 

chitinase LEU30465 
LeCHI2-F 
LeCHI2-R 

5’-ACAATTATGGGGCAGCAGGGAGTG-3’ 
5’-CCAGCGGCAGAATCAGCAACAGA-3’ 

chitinase Z15139 
LeCHI3-F 
LeCHI3-R 

5’-CCAGGCTACGGTGTCATTAC-3’ 
5’-TAGGCCTCAGCAAAGTTCC-3’ 

chitinase Z15140 
LeCHI4-F 
LeCHI4-R 

5’-CAGGCCGGAGGAGCACTTTG-3’ 
5’-CCGGGACCGCCAGGACA-3’ 

basic 
chitinase 

AY185815 
LeCHI5-F 
LeCHI5-R 

5’-TAGGCGCCGTTATCTCAT-3’ 
5’-CCTTTTTCGGGTAGTGGTAT-3’ 

PR-5 AY093595 
LePR5-F 
LePR5-R 

5’-GGCAAACCCCCAAACACC-3’ 
5’-TTAAATCCGTCAACCAAAGAAATG-3’ 

beta-1,3-
glucanase 

M80608 
LeGLUB-F 
LeGLUB-R 

5’-GTCGCCACCAACATTCACA-3’ 
5’-GATCCTCTTAGCGCATTCAAA-3’ 

beta-1,3-
glucanase 

M80604 
LeGLUA-F 
LeGLUA-R 

5’-ATACGCACGATTTGTTGGTC-3’ 
5’-ATCGCGAAAAATGCTATCTCT-3’ 

I, &--,07#<) +N&2,5+#7-$0 %& #/ ".E:.$%%$ PrimerSelect #/= '/:,+%,-/A 

"$-<#/= Lasergene v8.0 (DNASTAR, Inc., Madison, USA). 
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3.3.3 @&#&4+0", #$" pTRV-ETR4 ;$.9& 4S)343T 

I, M/.&D) pTRV1 -$, pTRV2 :,$ #70 ,ï-5 &"$:E%&07 :/0,2,$-( +D:7+7 (Virus 

Induced Gene Silencing – VIGS) (Liu at el., 2002$) -$, / M/.<$) pTRV2-PDS (Liu et 

al., 2002;) "/= "&.,<N&, #%(%$ #/= :/0,2D/= PDS ($"$.$D#7#/ :,$ #7 ;,/+A09&+7 #40 

M4#/"./+#$#&=#,-10 -$./#&0/&,210 +#$ M=#5) $"E #70 #/%5#$ (#$0 %,$ &=:&0,-( 

N/.7:D$ #/= Dr Dinesh-Kumar (Yale University, New Heaven, CT, U.S.A.). 

K,$ #7 27%,/=.:D$ #/= -$#$+-&=5+%$#/) pTRV-ETR4 <0$ #%(%$ 492 ?&=:10 

;5+&40 #/= :/0,2D/= ETR4 (AY600438) "/= -42,-/"/,&D ="/2/N<$ $,9='&0D/=, 

&0,+NA97-& $"E DNA #/%5#$) "/,-,'D$) Ailsa Craig %& &--,07#<) "/= +N&2,5+#7-$0 

1+#& 0$ <N/=0 "&.,/N<) "/= 0$ -E;/0#$, %& #$ -$#5''7'$ "&.,/.,+#,-5 <0?=%$, 

E"4) "&.,:.5M&#$, +#7 "$.5:.$M/ 3.3.4., /A#4) 1+#& 0$ 2,&=-/'=09&D 7 

-'40/"/D7+7 #/= #%(%$#/) +#/ M/.<$ pTRV2. @&#5 $"E &0D+N=+7 %& PCR 

("$.5:.$M/) 2.3.9) ".$:%$#/"/,(97-& -'40/"/D7+7 #/= "./ïE0#/) +#/ 

"'$+%,2,$-E M/.<$ pGEM-T, "<P7 #/= $0$+=02=$+%<0/= "'$+%,2D/= -$, #/= M/.<$ 

+D:7+7) YL156 (pTRV2) %& #$ <0?=%$ EcoRI / BamHI ("$.5:.$M/) 2.3.13) -$, 

7'&-#./ME.7+7 ("$.5:.$M/) 2.3.14) #40 $0#,2.5+&40 #40 "<P&40 :,$ #70 

&",;&;$D4+7 #/= &",9=%7#/A #%(%$#/) DNA -$, #70 &",#=ND$ #40 "<P&40. @&#5 #/0 

-$9$.,+%E #40 $0#,2.5+&40 %& #7 N.(+7 #/= MinElute PCR purification kit (Qiagen) 

$-/'/A97+& $0#D2.$+7 +=0<04+7) (ligation) #40 #%7%5#40 DNA #/= ETR4 %& #/0 

"'$+%,2,$-E M/.<$ +D:7+7) YL156 (pTRV2) (+& $0$'/:D$ &,+2/N(/M/.&5 "&.D"/= 

6/1) N.7+,%/"/,10#$) #/ <0?=%/ ',:5+7 (Fermentas) -$, $-/'/A94) -'40/"/D7+7 

#/= $0$+=02=$+%<0/= M/.<$ pTRV-ETR4 +& &",2&-#,-5 -A##$.$ DH5a #/=, E"4) 

"&.,:.5M&#$, +#7 "$.5:.$M/ 2.3.11. R#7 +=0<N&,$ <:,0& $"/%E04+7 DNA #/= 

"'$+%,2,$-/A M/.<$ +D:7+7) $"E #/ ;$-#(.,/ E. coli E"4) "&.,:.5M&#$, +#7 

"$.5:.$M/ 2.3.12. @&#5 $"E #/0 ".1#/ <'&:N/ #7) "$./=+D$) #/= &",9=%7#/A 

#%(%$#/) DNA +#/0 M/.<$ +D:7+7) %& "<P7 -$, 7'&-#./ME.7+7, 7 $''7'/=ND$ #/= 

-$#$+-&=5+%$#/) &",;&;$,197-& %& $''7'/AN,+7 $"E #/='5N,+#/0 2 $0&*5.#7#/=) 

-'10/=) -$, $"E #,) 2 -$#&=9A0+&,), "/= ".$:%$#/"/,(97-& %&#5 $"E $"/+#/'( 

#40 -'1040 +#/ John Innes Centre Genome Laboratory (Norwich, United Kingdom).  

3.3.4 H*4&)5), ;$.9& 4S)343T 4#$ L&+#,.*$ Agrobacterium 

tumefaciens 

L &,+$:4:( #/= $0$+=02=$+%<0/= M/.<$ +D:7+7) +#/ ;$-#(.,/ 

Agrobacterium tumefaciens <:,0& %& #70 &*() 2,$2,-$+D$. 3./-&,%<0/= 0$ 

+N7%$#,+#/A0 -A##$.$ Agrobacterium tumefaciens &",2&-#,-5 +#70 &,+$:4:( #/= 
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2=$2,-/A M/.<$ (Shawn’s Protocol), &%;/',5+#7-& %&%/04%<07 $"/,-D$ (1-2 

7%&.10) #/= +#&'<N/=) AGL1 +& 4 ml =',-E LB "/= "&.,<N&, -$0$%=-D07 -$, 7 

-$'',<.:&,$ &"45+#7-& +#/=) 28oC, %& "&.,+#./M( 250 rpm %<N., #70 $.N,-( 

'/:$.,9%,-( M5+7 (early log phase, OD600 = 0.3 – 0.6). R#7 +=0<N&,$ 7 -$'',<.:&,$ 

#40 4 ml &%;/',5+#7-& +& 500 ml M,5'7 %& 100 ml LB -$, $-/'/A97+& &"1$+7 +#/=) 

28oC, %& "&.,+#./M( 250 rpm %<N., 7 /"#,-( "=-0E#7#$ 0$ M#5+&, 0.5 (OD600 = 0.5). 

@&#5 $"E "$.$%/0( #7) -$'',<.:&,$) :,$ 10 min +#/0 "5:/, $-/'/A97+& 

M=:/-<0#.7+7 +#/=) 4oC -$, +#$ 3.000 g :,$ 10 min. @&#5 $"E $M$D.&+7 #/= 

="&.-&D%&0/= =',-/A #/ D?7%$ &"$0$,4.7%$#/"/,(97-& +& 2 ml 20 mM CaCl2 , -$, 

%&#$M<.97-& +& "'$+#,-5 +4'705-,$ 1.5 ml (100-200 %l $05 +4'705-,). >$ 

+4'705-,$ %& #$ -A##$.$ ;=9D+#7-$0 +& =:.E 5?4#/ -$, M='5N#7-$0 +& ;$9,5 

-$#5P=*7 (–80oC).  

K,$ #70 &,+$:4:( #/= &",9=%7#/A "'$+%,2D/= +#$ &",2&-#,-5 -A##$.$, 50 -

100 %l &",2&-#,-10 -=##5.40 #/"/9&#(97-$0 +& "5:/ %<N., 0$ =:./"/,79/A0. 

3/+E#7#$ 1 %g ("&.D"/= 5%l) #/= M/.<$ $0$-$#&A#7-& "./+&-#,-5 %& #$ -A##$.$. >$ 

+4'705-,$ #/"/9&#(97-$0 :,$ 5 min +& =:.E 5?4#/ -$, +#7 +=0<N&,$ :,$ 25 min 

+#/=) 37oC. @&#5 #70 "./+9(-7 1 ml =',-/A LB, $-/'/A97+& &"1$+7 +#/=) 28oC, 

%& "&.,+#./M( 250 rpm :,$ 3 h. L -$'',<.:&,$ $"'197-& +#7 +=0<N&,$ +& =',-E LB 

"/= "&.,&DN& -$0$%=-D07 +& +=:-<0#.4+7 75 %g/ml. @&#5 $"E 2A/ %<.&) &"1$+7 

+#/=) 28oC, "$.$#7.(97-$0 /, $"/,-D&) #/= 6:./;$-#7.D/= %&#$+N7%$#,+%<0&) %& 

#/0 &",9=%7#E M/.<$. 

3.3.5 H;&.6$), VIGS 40 ;"#: #$6:#&T 

>$ +#&'<N7 AGL1 #/= ;$-#7.D/= Agrobacterium tumefaciens "/= &DN$0 

%&#$+N7%$#,+#&D %& #/=) M/.&D) :/0,2,$-() +D:7+7) (pTRV1, pTRV2, pTRV2-ETR4 

-$, pTRV2-PDS) -$'',&.:(97-$0 :,$ 8-10 1.&) +#/=) 28°C +& =',-E LB "/= 

"&.,&DN& 50 %g ml-1 -$0$%=-D07 (kanamycin) -$, 50 %g ml-1 :&0#$%=-D07 (gentamycin). 

2 ml $"E #,) ;$-#7.,$-<) -$'',<.:&,&) %&#$M<.97-$0 +& 50 ml M.<+-/= LB "/= 

"&.,&DN& #$ -$#5''7'$ $0#,;,/#,-5 -$, -$'',&.:(97-$0 +& "&.,+#.&ME%&0/ &"4$+#,-E 

95'$%/ +& 9&.%/-.$+D$ 28°C :,$ 14-16 1.&). >$ ;$-#7.,$-5 -A##$.$ 

M=:/-&0#.(97-$0, "'A97-$0 -$, &"$0$,4.7%$#/"/,(97-$0 +& .=9%,+#,-E 2,5'=%$ 

2,(97+7) (10mM MgCl2, 10mM MES [2-(N-morpholino)ethanesulfonic acid] (pH 5.6), 

150 %M acetosyringone) <#+, 1+#& 0$ <N/=0 OD600 0.4 (pTRV1) ( 0.2 (pTRV2, 

pTRV2-ETR4 -$, pTRV2-PDS) -$, #/"/9&#(97-$0 +& "&.,+#.&ME%&0/ &"4$+#,-E 

95'$%/ :,$ 3 1.&) +& 9&.%/-.$+D$ 24%$#D/=. 3.,0 #70 &M$.%/:( +#$ M=#5, #/ -59& 
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+#<'&N/) A. tumefaciens "/= "&.,&DN& #/ M/.<$ pTRV1 $0$%&DN97-& *&N4.,+#5 %& #/ 

-59& +#<'&N/) A. tumefaciens "/= "&.,&DN& #/=) pTRV2 M/.&D), +& $0$'/:D$ 1:1 -$#’ 

E:-/ -$, #/ $,1.7%$ &M$.%E+#7-& +& M=#5 #/%5#$) %E',) &%M$0D+#7-& #/ ".1#/ 

?&=:5., ".$:%$#,-10 MA''40. >$ M=#5 $"/%$-.A097-$0 "./+&-#,-5 $"E #/ N1%$, 

$0$"/2/:=.D+#7-$0 -$, ;=9D+#7-$0 "'(.4) +#/ $,1.7%$ A. tumefaciens +& 

"'$+#,-E "/#(., ?<+&4). >$ M=#5 #/"/9&#(97-$0 %$?D %& #/ "/#(., ?<+&4) "/= 

"&.,&DN& #/ $,1.7%$ +& $&./+#&:<) :=5',0/ 2/N&D/ E"/= &M$.%E+#7-& -&0E %& 

-$#5''7'7 $0#'D$ :,$ 1 '&"#E -$, $-/'/A94) #/ -&0E &-#/0197-& :.(:/.$. >$ M=#5 

*$0$M=#&A#7-$0 +#$ :'$+#.5-,$, -$'AM97-$0 %& %$A.&) "'$+#,-<) +$-/A'&) :,$ 24 

1.&) -$, #/"/9&#(97-$0 +& &"4$+#,-E 95'$%/ +& 9&.%/-.$+D$ 20°C -$, 

M4#/"&.D/2/ 16 4.10 %<N., #/ #<'/) #/= "&,.5%$#/). >$ "&,.5%$#$ :/0,2,$-() 

+D:7+7) &"$0$'(M97-$0 #.&,) M/.<). 

3.3.6 D#9(07$T ;"#$%&'$)<2$" 61+3#& +&* %.$0#$*6&4S& 

6$(146&#$T 

L $"/%E04+7 70V #7) M='() 1 #/= V. dahliae +#70 #/%5#$ N.7+,%/"/,(97-& 

+#$ "&,.5%$#$. >/ +#<'&N/) 2,$#7.(97-& +#/=) -80oC 4) $,1.7%$ -/0,2D40 4x107 

ml-1 +& 25% =2$#,-( :'=-&.E'7 (Maniatis et al., 1982). 3.,0 N.7+,%/"/,79&D, / 

%A-7#$) %&#$M<.97-& +& 9.&"#,-E =',-E PDA (Merck) -$, #/"/9&#(97-& +& 

&"4$+#,-E 95'$%/ +#/=) 25oC :,$ "<0#& 7%<.&). K,$ #70 "$.$+-&=( #/= 

%/'A+%$#/) #40 "&,.$%5#40 "$9/:<0&,$), #%(%$ #7) $0$"#=++E%&07) -$'',<.:&,$) 

%&#$M<.97-& $"E #.=;'D/ +& M,5'7 Earlenmayer 250 ml "/= "&.,&DN& 100 ml =:./A 

9.&"#,-/A ="/+#.1%$#/) SSN :,$ &"1$+7. I %A-7#$) &"45+#7-& +& 

"&.,+#.&ME%&0/ &"4$+#,-E +#,) 120 +#./M<) $05 '&"#E +#/=) 22°C :,$ "<0#& 

%<.&). 6-/'/A97+& 2,(97+7 #7) -$'',<.:&,$) +& #=.E"$0/, M=:/-<0#.7+7 :,$ 10 

'&"#5 +#,) 10000 g, +#/=) 12°C -$, &"$0$,4.7%$#/"/D7+7 +& $"/+#&,.4%<0/ 

$",/0,+%<0/ 0&.E. 3.,0 #70 &M$.%/:( +#$ M=#5, 27%,/=.:(97-& $,1.7%$ 

+=:-<0#.4+7) 107 -/0,2D40 $05 ml %& #7 ;/(9&,$ $,%$#/-=#/%<#./=. 

3.3.7 /$+*69T %&'$)920*&T 40 ;"#: #$6:#&T 

K,$ #70 2,&.&A07+7 #/= .E'/= #40 ="/2/N<40 #/= $,9='&0D/= Never ripe -$, 

ETR4 +#70 5%=0$ #40 M=#10 #/%5#$) &0$0#D/0 #/= %A-7#$ V. dahliae, %&#$''$:%<0$ 

M=#5 Nr -$, M=#5 #/= "&,.5%$#/) +D:7+7) #/= ETR4, &%;/',5+#7-$0 %& 10 ml 

$,4.(%$#/) +=:-<0#.4+7) 107 -/0,2D40 #/= %A-7#$ $05 ml %& .,?/"E#,+%$, E#$0 #$ 

M=#5 ;.D+-/0#$0 +#/ +#52,/ #/= 4/= ".$:%$#,-/A MA''/= (+#$ M=#5 #7) +D:7+7) 7 

%E'=0+7 <:,0& 21 7%<.&) %&#5 #70 &M$.%/:( VIGS). >$ M=#5 %5.#=.&) 
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&%;/',5+#7-$0 %& 10 ml $"/+#&,.4%<0/ $",/0,+%<0/ 0&.E. R=0/',-5 

".$:%$#/"/,(97-$0 #.D$ "&,.5%$#$ "$9/:<0&,$). >/ "/+/+#E #7) $+9<0&,$) +& 

-59& %<#.7+7 ="/'/:D+#7-& $"E #/0 $.,9%E #40 MA''40 "/= "$./=+D$+$0 

+=%"#1%$#$ +& +N<+7 %& #/ +=0/',-E $.,9%E MA''40 -59& M=#/A. L ".E/2/) #7) 

$+9<0&,$) -$#$:.5M7-& +& +=:-&-.,%<0$ N./0,-5 2,$+#(%$#$ %<N., #7 337 7%<.$ :,$ 

#,) ;,/2/-,%<) #/= V. dahliae %& #$ $:.D/= #A"/= -$, Nr M=#5 -$, %<N., #70 377 7%<.$ 

%&#5 #70 &M$.%/:( #/= %A-7#$ +#,) ;,/2/-,%<) #/= V. dahliae +#$ M=#5 "/= &DN$0 

&%;/',$+#&D %& #/ pTRV-00 (-&0E) M/.<$)) ( pTRV-ETR4. L ".E/2/) #7) $+9<0&,$) 

-$, / 2&D-#7) AUDPC ="/'/:D+#7-$0 E"4) "&.,:.5M&#$, +#70 "$.5:.$M/ 2.3.3. >$ 

"&,.5%$#$ "$9/:<0&,$) &"$0$'(M97-$0 3 M/.<) %& 15 &"$0$'(P&,) $05 "&D.$%$. 

3.3.8 ?%$6<2543 DNA &%< ;"#: #$6:#&T 

K,$ 0$ 2,&.&=079&D &50 #$ %&,4%<0$ +=%"#1%$#$ #40 %&#$''$:%<040 M=#10 

Nr +=+N&#D?/0#$0 %& %,-.E#&.7 $05"#=*7 #/= %A-7#$ +#$ $::&D$ #/=), $"/%/0197-& 

:/0,2,$-E DNA $"E M=#5 #/%5#$) +A%M40$ %& #/ ".4#E-/''/ #40 Dellaporta et al., 

(1983) #/ /"/D/ N.7+,%/"/,(97-& +#7 +=0<N&,$ +& $0#,2.5+&,) Real-time PCR :,$ 

#70 "/+/#,-/"/D7+7 #/= V. dahliae. R=:-&-.,%<0$, 10 M=#5 $"E -59& &"<%;$+7 (WT 

-$, Nr) -E"7-$0 +#/ &"D"&2/ #/= N1%$#/), $M$,.<97-$0 #$ MA''$, *&"'A97-$0 %& 

$"/+#&,.4%<0/ $",/0,+%<0/ 0&.E -$, -/0,/.#/"/,(97-$0 %& N.(+7 =:./A $?1#/= +& 

$"/+#&,.4%<0$ ,:2D$. I, 2&,:%$#/'7PD&) <:,0$0 $05 5 7%<.&) $"E 5 <4) 25 7%<.&) 

%&#5 #70 &M$.%/:( #/= V. dahliae. 3&.D"/= 80-100 mg -/0,/.#/"/,7%<0/= ,+#/A 

N.7+,%/"/,(97-$0 :,$ #70 $"/%E04+7 DNA E"4) "&.,:.5M&#$, +#7 "$.5:.$M/ 

2.3.5. 3/+/#,-/"/D7+7 #/= %A-7#$ ".$:%$#/"/,(97-& -$, +& ,+#/A) M=#10 #/%5#$) 

%&#5 #70 :/0,2,$-( +D:7+7 #/= ETR4. U:,0& 2&,:%$#/'7PD$ +& 30 M=#5 $"E -59& 

&"<%;$+7 (pTRV2-00 -$, pTRV2-ETR4) -$, $"/%E04+7 DNA E"4) "&.,:.5M7-& 

",/ "504 :,$ #$ WT -$, Nr M=#5. 

3.3.9 ?%$6<2543 RNA &%< ;"#: A. thaliana 

L $"/%E04+7 /',-/A RNA ".$:%$#/"/,(97-& +#$ M=#5 #/%5#$) #40 

"&,.$%5#40 #7) :/0,2,$-() +D:7+7) :,$ #70 &",;&;$D4+7 #7) +D:7+7) #/= :/0,2D/= 

ETR4. K,$ #7 2,$2,-$+D$ $=#(, <:,0& 2&,:%$#/'7PD$ $"E #$ $01#&.$ MA''$ #40 

M=#10, #$ /"/D$ *&"'A97-$0 %& $"/+#&,.4%<0/ $",/0,+%<0/ 0&.E -$, 

-/0,/.#/"/,(97-$0 %& N.(+7 =:./A $?1#/= +& $"/+#&,.4%<0$ ,:2D$. 50 mg 

-/0,/.#/"/,7%<0/= M=#,-/A ,+#/A N.7+,%/"/,(97-$0 :,$ #70 $"/%E04+7 RNA %& #7 

N.(+7 Trizol (Ambion) E"4) "&.,:.5M&#$, +#7 "$.5:.$M/ 2.3.6. 
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3.3.10. -9#.343 2$"+(0W2*+82 $V952 

I ="/'/:,+%E) #7) +=:-<0#.4+7) #/= DNA -$, RNA ".$:%$#/"/,(97-& 

E"4) "&.,:.5M&#$, +#7 "$.5:.$M/ 2.3.7. 

3.3.11 ?2#S=.&43 &2#S4#.$;3T 60#&).&;,T 

L $0#D2.$+7 $0#D+#./M7) %&#$:.$M() &M$.%E+#7-& :,$ #/0 -$9/.,+%E #/= 

&","<2/= %&#$:.$M() #/= :/0,2D/= ETR4 +#$ "&,.5%$#$ :/0,2,$-() +D:7+7) -$91) 

-$, #/= :/0,2D/= #7) G-#/=%"/='D07) #7) #/%5#$), E"4) "&.,:.5M&#$, +#7 

"$.5:.$M/ 2.3.8. 

3.3.12 H;&.6$), PCR %.&)6&#*+$1 7.<2$" (Real-time PCR) 

K,$ #7 "/+/#,-/"/D7+7 #/= DNA #/= %A-7#$ +#,) &",%<./=) $0#,2.5+&,), 4) 

".E#="$ 2&D:%$#$ (:04+#10 +=:-&0#.1+&40) N.7+,%/"/,(97-$0 "'$+%D2,$ +#$ 

/"/D$ &DN& -'40/"/,79&D #/ :/0D2,/ &02,$M<./0#/) (#%(%$ #7) ="/%/052$) 5.8S 

rRNA #/= V. dahliae). K,$ 0$ 2,$+M$',+#&D 7 $-.D;&,$ #40 %&#.(+&40 #/= 

M4#/%<#./= "/= N.7+,%/"/,(97-& 1+#& 0$ "./+2,/.,+#/A0 /, +=:-&0#.1+&,) #40 

2&,:%5#40 /',-/A DNA $"E #/=) ,+#/A) +N&2,5+#7-& ?&A:/) &--,07#10 "504 +#/ 

:/0D2,/ #7) G-#/=%"/='D07) #7) #/%5#$). (3D0$-$) 3.3.1) #/ /"/D/ &0,+NA&, "./ïE0 

%(-/=) 172 ?&=:10 ;5+&40. @& $=#E #/0 #.E"/ 2,$+M$'D+#7-& E#, /, $.N,-<) 

"/+E#7#&) /',-/A DNA /, /"/D&) N.7+,%/"/,(97-$0 4) &-%$:&D/ :,$ #/ 

"./+2,/.,+%E #/= "$9/:E0/= +& E'&) #,) &",%<./=) &"&%;5+&,) (#$0 "$.E%/,&), -$, 

-$9,+#/A+$0 2=0$#( #7 +A:-.,+7 #40 $"/#&'&+%5#40 "/+/#,-/"/D7+7) #40 

%=-(#40. L "/+/#,-/"/D7+7 #7) G-#/=%"/='D07) ".$:%$#/"/,E#$0 +#70 D2,$ 

$0#D2.$+7 %& #$ $0#D+#/,N$ 2&D:%$#$ "/+/#,-/"/D7+7) #/= %A-7#$. 

R#$ "&,.5%$#$ &'<:N/= #/= &","<2/= <-M.$+7) #/= :/0,2D/= ETR4 +#$ M=#5 

#/%5#$) %&#5 #70 &M$.%/:( #7) :/0,2,$-() +D:7+7), 7 $"/2/#,-E#7#$ (efficiency, E) 

:,$ #/ -59& &0,+N=%<0/ "./ïE0 ="/'/:D+#7-& %& #7 %<9/2/ #7) :.$%%,-() 

"$',02.E%7+7) "504 +#$ 2&2/%<0$ #/= '/:5.,9%/= M9/.,+%/A $05 -A-'/, %& #7 

N.(+7 #/= '/:,+%,-/A LinRegPCR (Remakers et al., 2003). L &0D+N=+7 #7) G-

#/=%"/='D07) ".$:%$#/"/,(97-& %& #/=) D2,/=) &--,07#<) E"4) +#70 "&.D"#4+7 #7) 

"/+/#,-/"/D7+7) #40 %=-(#40 (3,0$-$) 3.3.1). H G-#/=%"/='D07 N.7+,%/"/,(97-& 

+$0 &+4#&.,-( +#$9&.5 :,$ #70 -$0/0,-/"/,7+7 %,-.10 2,$M/.10 +#,) $.N,-<) 

"/+E#7#&) cDNA. K,$ #70 $05'=+7 #40 $"/#&'&+%5#40 ="/'/:D+#7-& 7 #,%( #/= 

%<+/= E./= #/= /.,$-/A -A-'/= (threshold cycle, Ct) :,$ #$ :/0D2,$ ETR4 -$, G-

#/=%"/='D07) %& ;5+7 #.D$ $0&*5.#7#$ ;,/'/:,-5 2&D:%$#$. I 'E:/) #/= &","<2/= 
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mRNA +#70 -59& &"<%;$+7 "./) #,) #,%<) #/= mRNA +#$ M=#5 %5.#=.&), 

="/'/:D+#7-& %& #7 %<9/2/ DCt [(1+E)-DCt] (Pfaffl, 2001). I, $0#,2.5+&,) Real-time 

PCR ".$:%$#/"/,(97-$0 E"4) "&.,:.5M&#$, +#7 "$.5:.$M/ 2.3.9. 
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3.4. ?ECGHIHD-?G? 

3.4.1 H2S47"43 #$" )$2*=S$" ETR4 &%< #$6:#& +&* 

+(52$%$S343 40 +&#:((3($"T %(&46*=*&+$1T ;$.0ST 

>/ $0$%&0E%&0/ #%(%$ 492 ?&=:10 ;5+&40 #/= :/0,2D/= ETR4 &0,+NA97-& 

%&#5 $"E %,$ #=",-( $0#D2.$+7 PCR %& #/=) &--,07#<) SilETR4-F / SilETR4-R 

("$.5:.$M/) 3.3.2) +& 9&.%/-.$+D$ =;.,2,+%/A 58°C +& :/0,2,$-E DNA #7) 

#/%5#$) Ailsa Craig (!,-E0$ 3.4.1 6). >/ #%(%$ $=#E -'40/"/,(97-& +#/0 

"'$+%,2,$-E M/.<$ pGEM-T, %& 2,$2,-$+D$ "/= "&.,:.5M&#$, +#70 "$.5:.$M/ 

3.3.4 K,$ #/0 <'&:N/ #7) "$./=+D$) #/= &",9=%7#/A #%(%$#/) DNA +& 

$0#,"./+4"&=#,-/A) -'10/=) #/= ;$-#7.D/= E. coli ".$:%$#/"/,(97-& $"/%E04+7 

"'$+%,2,$-/A DNA ("$.5:.$M/) 3.3.5) (!,-E0$ 3.4.1. O) -$, $-/'/A97+& "<P7 #/= 

"'$+%,2,$-/A DNA %& #$ "&.,/.,+#,-5 <0?=%$ Eco RI -$, Bam HI (!,-E0$ 3.4.1. K).  

 

          

H*+<2& 3.4.1: 6"/%E04+7 #/= :/0,2D/= ETR4 #7) #/%5#$) ?) !0D+N=+7 #/= #%(%$#/) 492 ;5+&40 #/= 
:/0,2D/= ETR4, &M$.%E?/0#$) PCR +& :/0,2,$-E DNA #/%5#$) B) L'&-#./ME.7+7 #/= "'$+%,2,$-/A 
DNA "/= $"/%/0197-& $"E #/ M/.<$ pGEM-T (2,$2./%( 1) -$, $"E #/0 -'10/ pGEM-T:ETR4 "/= 
M<.&, #%(%$ #/= :/0,2D/= (2,$2./%( 2) M) 3<P7 #40 M/.<40 pGEM-T-ETR4 (2,$2./%( 1) -$, pGEM-T 
(2,$2./%( 2) %& #$ "&.,/.,+#,-5 <0?=%$ EcoRI/BamHI, :,$ #/0 -$9/.,+%E #/= %&:<9/=) #/= 
-'40/"/,7%<0/= #%(%$#/). 
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3.4.2 /36*$".)S& #$" ;$.9& 4S)343T pTRV-ETR4 

3.$:%$#/"/,(97-& "<P7 #/= M/.<$ +D:7+7) YL156 (pTRV2) %& #$ 

"&.,/.,+#,-5 <0?=%$ EcoRI -$, BamHI #/ "./ïE0 #7) /"/D$) -$9$.D+#7-&, E"4) -$, 

#$ "./ïE0#$ #7) "<P7) "/= "./<-=P$0 $"E #/ -'10/ pGEM-ETR4, %& #7 N.(+7 

#/= MinElute PCR purification kit (Qiagen) (!,-E0$ 3.4.2. 6). 6-/'/A97+& $0#D2.$+7 

+=0<04+7) (ligation) #40 #%7%5#40 DNA #/= ETR4 %& #/0 "'$+%,2,$-E M/.<$ 

+D:7+7) YL156 -$, &,+$:4:( #/= $0$+=02=$+%<0/= -'10/= +& -A##$.$ ;$-#7.D/= 

E. coli. @&#5 #70 $"/%E04+7 "'$+%,2,$-/A DNA $"E #,) '&=-<) $"/,-D&) 

;$-#7.,$-10 -=##5.40 (!,-E0$ 3.4.2. O), <:,0& "<P7 %& #$ "&.,/.,+#,-5 <0?=%$ 

EcoRI -$, BamHI "/= $"&'&=9<.4+$0 #/ $0$%&0E%&0/ #%(%$ %&:<9/=) "&.D"/= 

500 ;5+&40 (!,-E0$ 3.4.2. K), "/= (#$0 7 ".1#7 &",;&;$D4+7 #7) -'40/"/D7+7) 

#/= &",9=%7#/A #%(%$#/) DNA. 6''7'/AN,+7 #/= "$.$"504 -'10/= (/ /"/D/) 

/0/%5+#7-& pTRV2-ETR4) &",;&;$D4+& #70 $"/%E04+7 #%(%$#/) 492 ?&=:10 

;5+&40 #/= :/0,2D/= ETR4. 

 

     

 

H*+<2& 3.4.2: 8$#$+-&=( #/= M/.<$ :/0,2,$-() +D:7+7) pTRV2-ETR4 ?) !=9=:.5%%,+7 -$, 
7'&-#./ME.7+7 %&#$ #/0 -$9$.,+%E #40 DNA #%7%5#40 #/= ETR4 (2,$2./%( 1) -$, #/= YL156 
(2,$2./%( 2) B) L'&-#./ME.7+7 #/= "'$+%,2,$-/A DNA "/= $"/%/0197-& $"E #/ M/.<$ pTRV2-
ETR4 (2,$2./%( 1) -$, pTRV2-00 (2,$2./%( 2, -&0E) M/.<$)) M) 3<P7 #40 M/.<40 pTRV2-ETR4 
(2,$2./%( 1) -$, pTRV2-00 (2,$2./%( 2) %& #$ "&.,/.,+#,-5 <0?=%$ EcoRI/BamHI, :,$ #/0 -$9/.,+%E 
#/= %&:<9/=) #/= -'40/"/,7%<0/= #%(%$#/). 
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3.4.3 >ï+: 0%&)<6023 )$2*=*&+, 4S)343 #$" )$2*=S$" ETR4 #3T 

#$6:#&T 

K,$ 0$ 2,$",+#49&D &50 #/ :/0D2,/ "/= -42,-/"/,&D #/0 ="/2/N<$ $,9='&0D/= 

ETR4 &%"'<-&#$, +#70 $09&-#,-E#7#$ #/0 M=#10 &050#,$ +#/ %A-7#$ V. dahliae 

".$:%$#/"/,(97-& %&D4+7 (knock-down) #7) '&,#/=.:D$) #/= %& #7 N.(+7 #7) ,ï-5 

&"$:E%&07) :/0,2,$-() +D:7+7) (VIGS). R#$ "&,.5%$#$ #7) :/0,2,$-() +D:7+7), #$ 

M=#5 &%;/',5+#7-$0 %& #/=) M/.&D) pTRV1 -$, pTRV-ETR4. H.7+,%/"/,(97-$0 

&"D+7) / M/.<$) pTRV2-PDS (+#<'&N/) #/= A. tumefaciens "/= <M&.& #%(%$ #/= 

:/0,2D/= 60#"+(:;D#* +(: @:+(0'7(: #7) #/%5#$)) -$, / -&0E) M/.<$) pTRV2 

(pTRV2-00). >$ M=#5 #/%5#$) "/= &DN$0 %/'=09&D %& #/ pTRV2-PDS $0<"#=*$0 #/ 

M$,0E#="/ #7) “M4#/-'&A-$0+7)” (photobleaching) +#$ $01#&.$ MA''$ 10 7%<.&) 

%&#5 #70 &M$.%/:( #/= A. tumefaciens -$, "$.<%&,0$0 '&=-5 :,$ #/='5N,+#/0 <0$ 

%(0$ (!,-E0$ 3.4.3 6 -$, O). 

 

 

H*+<2& 3.4.3 ?: I M$,0E#="/) #7) M4#/'&A-$0+7) 5.N,+& 0$ M$D0&#$, 10 7%<.&) %&#5 #70 &M$.%/:( 
#/= A. tumefaciens pTRV2-PDS. R#7 M4#/:.$MD$ 1 M$D0/0#$, #$ $.N,-5 +=%"#1%$#$ '&A-$0+7) "/= 
"$.$#7.(97-$0 $.N,-5 +#$ $01#&.$ MA''$. R#7 M4#/:.$MD$ 2 M$D0&#$, +& %&:<9=0+7 #/ MA''/ "/= 
"$./=+D$+& #/0 M$,0E#="/. 
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H*+<2& 3.4.3 B: I M$,0E#="/) #7) M4#/'&A-$0+7) +& 2,5M/.$ +#52,$ &*<',*7) -$, +& 2,5M/.&) 
N./0,-<) +#,:%<) %&#5 #70 &M$.%/:( #/= A. tumefaciens pTRV2-PDS 1) 13 %<.&) %&#$ #70 &M$.%/:( 
#/= ;$-#7.D/= 7 '&A-$0+7 5.N,+& 0$ "$.$#7.&D#$, -$, +#$ -$#1#&.$ MA''$ #40 M=#10 2) R#,) 15 
7%<.&) 7 '&A-$0+7 (#$0 /.$#( +N&2E0 +#/ 50% #40 +A09&#40 MA''40 3, 4) R#,) 18 7%<.&) #/ 70% #7) 
&",M50&,$) #40 MA''40 "$./=+D$?& #/ M$,0E#="/ 5) +#,) 20 7%<.&) #/ %&:$'A#&./ %<./) #40 M=#10 
"$./=+D$?& M4#/'&A-$0+7 "/= (#$0 /.$#( +& E'$ #$ MA''$. 
 

 

>.&,) &;2/%52&) %&#5 #70 &M$.%/:( #/= A. tumefaciens $"/%/0197-& RNA 

$"E ,+#E #40 $01#&.40 MA''40 #/%5#$) E"/= &DN& &",N&,.79&D 7 :/0,2,$-( +D:7+7 

#/= ETR4 -$91) -$, $"E #$ M=#5 %5.#=.&) (M=#5 "/= &DN$0 &%;/',+#&D %& #/0 -&0E 

M/.<$ pTRV2-00 -$, M=#5 +#$ /"/D$ &DN& &%;/',$+#&D $"/+#&,.4%<0/ $",/0,+%<0/ 

0&.E). >$ +N&#,-5 &"D"&2$ %&#$:.$M,-/A mRNA ="/'/:D+#7-$0 %& $0#,2.5+&,) Real-
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time PCR (!,-E0$ 3.4.4 6). 3$.$#7.(97-& +7%$0#,-( %&D4+7 #7) "/+E#7#$) #/= 

mRNA #/= :/0,2D/= +#EN/= ETR4 +#$ M=#5 E"/= &",N&,.(97-& :/0,2,$-( +D:7+7 +& 

+N<+7 %& #$ M=#5 %5.#=.&), "/= &%;/',5+#7-$0 %& pTRV2-00 -$, 0&.E. L %&D4+7 

"/= "$.$#7.(97-& (#$0 76% -$, 80%, $0#D+#/,N$ (!,-E0$ 3.4.4 6). >$ &"D"&2$ #7) 

G-#/=%"/='D07) "/= N.7+,%/"/,(97-$0 :,$ #70 -$0/0,-/"/D7+7 #/= &","<2/= 

%&#$:.5M40 #/= ETR4 M$D0/0#$, +#70 !,-E0$ 3.4.4 O -$, (#$0 +#$9&.5 :,$ E'$ #$ 

2&D:%$#$, ="/2&,-0A/0#$) E#, 7 <-M.$+7 #/= :/0,2D/= $0$M/.5) 2&0 &"7.&5+#7-& 

$"E #,) 2,5M/.&) &"&%;5+&,) "/= &DN$0 ="/+#&D #$ M=#5 (&%;/',$+%E) %& #/ 

;$-#(.,/ A. tumefaciens, 2,$%E'=0+7 %& #/0 ,E TRV, +D:7+7 #/= :/0,2D/= ETR4 -$, 

%E'=0+7 %& #/ %A-7#$ V. dahliae). 
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H*+<2& 3.4.4: (?) K/0,2,$-( +D:7+7 #/= :/0,2D/= ETR4 +& M=#5 #/%5#$). I',-E RNA $"/%/0197-& $"E 
#$ $01#&.$ MA''$ M=#10 "/= &%;/',5+#7-$0 %& pTRV2-ETR4 -$, pTRV2-00 -$91) -$, $"E #70 
$0#D+#/,N7 &"<%;$+7 %& 0&.E, "/= N.7+,%/"/,(97-& :,$ #7 27%,/=.:D$ cDNA. >/ cDNA 
N.7+,%/"/,(97-& +& $0#,2.5+&,) "/+/#,-() Real-time PCR %& &*&,2,-&=%<0/=) &--,07#<) :,$ #/ :/0D2,/ 
ETR4. L "/+E#7#$ #7) G-#/=%"/='D07) ="/'/:D+#7-& :,$ -59& M=#E 4) %5.#=.$) -$, N.7+,%/"/,(97-& 
:,$ #70 -$0/0,-/"/D7+7 #40 %&#$:.5M40 #/= ETR4. I, +#('&) $0$"$.,+#/A0 #/ %<+/ E./ $"E 45 M=#5 
-$, /, -59&#&) .5;2/, $0#,"./+4"&A/=0 #70 $"E-',+7 $"E #/ %<+/ E./ %& ;5+7 #/ #=",-E +M5'%$. I, 
+#('&) "/= +=0/2&A/0#$, $"E 2,$M/.&#,-E :.5%%$ 2,$M<./=0 +7%$0#,-5 +A%M40$ %<9/2/ "/''$"'10 
2/-,%10 -$#5 Tukey +& &"D"&2/ +7%$0#,-E#7#$) P _ 0.05. (B) @<+/) E./) #/= /.,$-/A -A-'/= 
(threshold cycle, Ct) #7) G-#/=%"/='D07) +#$ 2&D:%$#$ cDNA "/= "./<-=P$0 $"E #$ M=#5 E"/= 
2/-,%5+#7-& 7 :/0,2,$-( +D:7+7. I, +#('&) $0$"$.,+#/A0 #/ %<+/ E./ $"E 45 M=#5 -$, /, -59&#&) 
.5;2/, $0#,"./+4"&A/=0 #70 $"E-',+7 $"E #/ %<+/ E./ %& ;5+7 #/ #=",-E +M5'%$. 

? 

&

L
L

0 

5 

10 

15 

20 

25 

30 

35 

45 

pTRV2-
ETR4 

pTRV2-00 @5.#=.$)

H%06L:40*T

H
%
S%
0
=
&

 6
0
#&
)
.
:
;
5
2
 E

T
R

4
 4
0
 

4
7
94
3

 6
0
 #
3
2

 G
-#
$
"
6
%
$
"
(
S2
3

 (
x

1
0

3
) 

30 

B

0 

5 

10

15

20

-
94
$
T
 <
.
$
T
 C

t 
#3
T
 G

-#
$
"
6
%
$
"
(
S2
3
T
 

4
#*
T
 &
2
#*
=
.
:
4
0
*T

 R
e

a
l-

ti
m

e
 P

C
R

 

pTRV2-
ETR4 

pTRV2-00 @5.#=.$)

H%06L:40*T



8!Q6C6GI 2. BG!F![JLRL >I[ FICI[ >LR 3FIRCLVLR >I[ 6G\[C!JGI[ 

R>LJ 6J\!8>G8I>L>6 >LR >I@6>6R 86>6 >I[ @[8L>6 V. DAHLIAE 

 

144 

3.4.4 J &="2&6S& %.<4(3U3T &*'"(02S$" 6945 #52 "%$=$7952 

Never ripe +&* ETR4 60*820* #& 4"6%#86&#& %$" %.$+&(0S $ 

61+3#&T V. dahliae 40 ;"#: #$6:#&T 

3./7:/A%&0&) &.&=07#,-<) &.:$+D&) <2&,*$0 E#, #/ $,9='<0,/ <N&, +7%$0#,-E 

.E'/ +#70 &-2('4+7 #40 +=%"#4%5#40 -$#5 #,) +=%;$#<) $''7'&",2.5+&,) %& 

M=#/"$9/:E0/=) %A-7#&) (Lund et al., 1998). !"/%<04) +& $=#( #70 &.:$+D$ 

2,&.&=0(97-& &50 7 ".E+'7P7 #/= $,9='&0D/= %<+4 #40 ="/2/N<40 Nr -$, ETR4 

&"7.&5?&, #70 &-2('4+7 #40 +=%"#4%5#40 #/= %A-7#$ V. dahliae +& M=#5 #/%5#$). 

K,$ #$ "&,.5%$#$ $=#5 N.7+,%/"/,(97-$0 #$ %&#$''$:%<0$ M=#5 +#70 ".E+'7P7 

#/= $,9='&0D/= Never ripe (Nr), #$ /"/D$ M<./=0 %&#5''$*7 +& <0$ :/0D2,/ %<'/) #7) 

/,-/:<0&,$) ="/2/N<40 #/= $,9='&0D/= +#70 #/%5#$ (Lanahan et al., 1994) -$, 7 

$:.D/= #A"/= (WT) "/,-,'D$ Ailsa Craig -$91) -$, #$ M=#5 "/= &DN$0 ="/+#&D +D:7+7 

+#/ :/0D2,/ ETR4 (+=%"&.,'(M97-$0 %E0/ #$ M=#5 "/= &DN$0 +7%$0#,-( %&D4+7 #40 

%&#$:.$M7%5#40 #/= :/0,2D/=) -$, #$ M=#5 "/= &%;/',5+#7-$0 %& #/0 52&,/ M/.<$ 

pTRV2-00. 

R#,) ;,/2/-,%<) #/= V. dahliae %& #$ WT -$, Nr plants, #$ ".1#$ +=%"#1%$#$ 

#7) $+9<0&,$) &%M$0D+#7-$0 %& #7 %/.M( N'4.1+&40 -$, %$.50+&40 ,2,$D#&.$ #40 

"$'$,E#&.40 MA''40 +#,) 15 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$ (!,-E0$ 3.4.5). 

 

H*+<2& 3.4.5: R=%"#1%$#$ Verticillium dahliae +& M=#5 #/%5#$) Never ripe (Nr) -$, WT, 15 7%<.&) %&#5 
#70 &M$.%/:( #/= %A-7#$. >$ M=#5 %/'A097-$0 %& 10 ml $,4.(%$#/) +=:-<0#.4+7) 1 × 10

7
 -/0D2,$ V. 

dahliae $05 ml -$, 7 &-2('4+7 +=%"#4%5#40 -$#$:.5M7-& %<N., #,) 33 7%<.&) %&#5 #70 &M$.%/:( #/= 
%A-7#$. >$ WT M=#5 &-2('4+$0 $0#,"./+4"&=#,-5 +=%"#1%$#$ %5.$0+7) -$, 7 +/;$.E#7#$ #7) 
$+9<0&,$) &*&'DN97-& :.(:/.$, &01 #$ Nr %&#$''$:%<0$ M=#5 <2&,*$0 ',:E#&.$ +=%"#1%$#$ -$, ",/ 
$.:( &*<',*7 #7) $+9<0&,$). 
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>$ +=%"#1%$#$ -$#$:.5M7-$0 "&.,/2,-5 %<N., #,) 33 7%<.&) %&#5 #70 

&M$.%/:( #/= %A-7#$. L +/;$.E#7#$ #7) $+9<0&,$) (%5.$0+7 -$, $-/'/A94) 

-,#.D0,+%$ -$, 0<-.4+7 #40 MA''40) &*&'DN97-& :.(:/.$ +#$ WT M=#5, &01 #$ Nr 

%&#$''$:%<0$ M=#5 <2&,*$0 ',:E#&.$ +=%"#1%$#$ -$, ",/ $.:( &*<',*7 #7) $+9<0&,$) 

(!,-E0$ 3.4.6 6). >70 337 7%<.$ %&#5 #70 &M$.%/:( #/= %A-7#$ 7 &%M50,+7 #7) 

$+9<0&,$) ("/+/+#E $+9&010 M=#10) +#$ WT M=#5 (#$0 93% -$, 7 +/;$.E#7#$ #7) 

$+9<0&,$) ("/+/+#E $+9&010 MA''40 +& +N<+7 %& #/ +=0/',-E $.,9%E #40 MA''40) 

37%, &01 +#$ Nr M=#5 7 &%M50,+7 #7) $+9<0&,$) (#$0 82% -$, 7 +/;$.E#7#$ #7) 

$+9<0&,$) 17% (!,-E0$ 3.4.6 6). L +N&#,-( AUDPC +#$ Nr M=#5 (#$0 4.2%, "/+/+#E 

"/= (#$0 +7%$0#,-5 N$%7'E#&./ +& +N<+7 %& #$ WT M=#5 +#$ /"/D$ #/ "/+/+#E 

AUDPC (#$0 14.5% (!,-E0$ 3.4.6 O). 
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H*+<2& 3.4.6: (?) 3/+/+#E $+9&010 MA''40 M=#10 #/%5#$) WT -$, Never ripe %&#5 #70 &M$.%/:( #/= 
%A-7#$ Verticillium dahliae. L +/;$.E#7#$ #7) $+9<0&,$) ="/'/:D+#7-& :,$ -59& N./0,-E +7%&D/ 
-$#$:.$M() #40 +=%"#4%5#40 4) "/+/+#E #/= $.,9%/A #40 MA''40 "/= "$./=+D$?$0 %5.$0+7 
"./) #/ +=0/',-E $.,9%E #40 MA''40 #/= -59& M=#/A. I -59& :/0E#="/) +=%"&.,'5%;$0& 15 M=#5 -$, 
#$ "&,.5%$#$ &"$0$'(M97-$0 3 M/.<). I, +#('&) $0#,"./+4"&A/=0 #/ %<+/ E./ 45 M=#10 -$, /, 
-59&#&) .5;2/, $0#,"./+4"&A/=0 #70 $"E-',+7 $"E #/ %<+/ E./ %& ;5+7 #/ #=",-E +M5'%$. 
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H*+<2& 3.4.6: (B) I, #,%<) #7) $+9<0&,$) $0$"$.$+#597-$0 :.$M,-5 +#70 &*<',*7 #/= N.E0/= :,$ #7 
27%,/=.:D$ -$%"A'7) #7) &*<',*7) #7) $+9<0&,$). 6-/'/A94) ="/'/:D+#7-& #/ &%;$2E0 -5#4 $"E #70 
-$%"A'7 &*<',*7) #7) $+9<0&,$) (AUDPC) %& #7 %<9/2/ #7) #.$"&?/&,2/A) /'/-'(.4+7) (Campbell -$, 
Madden, 1990) -$, 7 $+9<0&,$ &-M.5+#7-& 4) #/ "/+/+#E #/= %<:,+#/= &%;$2/A :,$ E'7 #7 2,5.-&,$ 
#/= "&,.5%$#/), "/= $0$M<.&#$, 4) +N&#,-( AUDPC (Korolev et al., 2001). I, +#('&) "/= +=0/2&A/0#$, 
$"E 2,$M/.&#,-5 :.5%%$#$ 2,$M<./=0 +7%$0#,-5 +A%M40$ %& #7 2/-,%( t test +& &"D"&2/ 
+7%$0#,-E#7#$) (F) _ 0.05. 

 

R#$ M=#5 E"/= &DN& ".$:%$#/"/,79&D 04.D#&.$ #/ "&D.$%$ #7) :/0,2,$-() 

+D:7+7) #/= ETR4, / %A-7#$) V. dahliae &M$.%E+#7-& 22 7%<.&) %&#5 #/0 

&%;/',$+%E #40 M=#10 %& #$ +#&'<N7 #/= A. tumefaciens. >$ ".1#$ +=%"#1%$#$ 

#7) $+9<0&,$) &%M$0D+#7-$0 21 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$ +#$ -$#1#&.$ 

MA''$ #40 M=#10 "/= &DN$0 &%;/',$+#&D %& #/0 TRV:00 (!,-E0$ 3.4.7), -$, 

-$#$:.5M7-$0 %<N., #,) 37 7%<.&) (!,-E0$ 3.4.8 6). 
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H*+<2& 3.4.7: R=%"#1%$#$ #/= Verticillium dahliae +#$ pTRV2-ETR4 -$, pTRV2-00 M=#5 #/%5#$) 30 
7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$. >$ M=#5 %/'A097-$0 %& 10 ml $,4.(%$#/) +=:-<0#.4+7) 1 × 
10

7
 -/0D2,$ V. dahliae $05 ml -$, 7 &*<',*7 #7) $+9<0&,$) -$#$:.5M7-& %<N., 37 7%<.&) %&#5 #70 

&M$.%/:( #/= %A-7#$. >$ &%;/',$+%<0$ %& #/ pTRV2-00 $05"#=*$0 $0#,"./+4"&=#,-5 +=%"#1%$#$ 
%5.$0+7) #40 MA''40 -$, 7 +/;$.E#7#$ #7) $+9<0&,$) &*&'DN97-& :.(:/.$, &01 #$ M=#5 +#$ /"/D$ 
&DN& "./7:79&D 7 +D:7+7 #/= ETR4 <2&,*$0 ',:E#&.$ +=%"#1%$#$ -$, ",/ $.:( &*<',*7 #7) $+9<0&,$). 
 
 

>70 377 7%<.$, 7 &%M50,+7 #7) $+9<0&,$) +#$ pTRV-ETR4 M=#5 (#$0 86% 

-$, 7 +/;$.E#7#$ #7) $+9<0&,$) (#$0 13 %, &01 +#$ pTRV-00 M=#5 7 &%M50,+7 #7) 

$+9<0&,$) (#$0 100% -$, 7 +/;$.E#7#$ #7) $+9<0&,$) (#$0 28% (!,-E0$ 3.4.8 6). L 

+N&#,-( AUDPC +#$ pTRV-ETR4 M=#5 (#$0 2.8% "/= (#$0 +7%$0#,-5 %,-.E#&.7 

$"E #70 AUDPC +#$ pTRV-00 M=#5 "/= (#$0 6.5% (!,-E0$ 3.4.8 O), 2&DN0/0#$) E#, 

+#$ M=#5 "/= &DN& ".$:%$#/"/,79&D +D:7+7 #/= ETR4 #$ +=%"#1%$#$ #7) $+9<0&,$) 

$"E #/ %A-7#$ V. dahliae (#$0 +7%$0#,-5 ',:E#&./ <0#/0$ +& +N<+7 %& #$ M=#5 +#$ 

/"/D$ #/ :/0D2,/ ETR4 (#$0 &0&.:E. 
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H*+<2& 3.4.8: (?) 3/+/+#E $+9&010 MA''40 M=#10 #/%5#$) E"/= &DN& ".$:%$#/"/,79&D +D:7+7 #/= 
:/0,2D/= ETR4 (pTRV2-ETR4) ( &%;/',$+%E) %& #/0 -&0E M/.<$ pTRV2 (pTRV2-00), %&#5 #70 
&M$.%/:( #/= %A-7#$ Verticillium dahliae. L +/;$.E#7#$ #7) $+9<0&,$) ="/'/:D+#7-& :,$ -59& N./0,-E 
+7%&D/ -$#$:.$M() #40 +=%"#4%5#40 4) "/+/+#E #/= $.,9%/A #40 MA''40 "/= "$./=+D$?$0 
%5.$0+7 "./) #/ +=0/',-E $.,9%E #40 MA''40 #/= -59& M=#/A. I -59& :/0E#="/) +=%"&.,'5%;$0& 15 
M=#5 -$, #$ "&,.5%$#$ &"$0$'(M97-$0 3 M/.<). I, +#('&) $0#,"./+4"&A/=0 #/ %<+/ E./ 45 M=#10 
-$, /, -59&#&) .5;2/, $0#,"./+4"&A/=0 #70 $"E-',+7 $"E #/ %<+/ E./ %& ;5+7 #/ #=",-E +M5'%$. (B) 
I, #,%<) #7) $+9<0&,$) $0$"$.$+#597-$0 :.$M,-5 +#70 &*<',*7 #/= N.E0/= :,$ #7 27%,/=.:D$ -$%"A'7) 
#7) &*<',*7) #7) $+9<0&,$). 6-/'/A94) ="/'/:D+#7-& #/ &%;$2E0 -5#4 $"E #7 -$%"A'7 &*<',*7) #7) 
$+9<0&,$) (AUDPC) %& #7 %<9/2/ #7) #.$"&?/&,2/A) /'/-'(.4+7) (Campbell -$, Madden, 1990) -$, 7 
$+9<0&,$ &-M.5+#7-& 4) #/ "/+/+#E #/= %<:,+#/= &%;$2/A :,$ E'7 #7 2,5.-&,$ #/= "&,.5%$#/), "/= 
$0$M<.&#$, 4) +N&#,-( AUDPC (Korolev et al., 2001). I, +#('&) "/= +=0/2&A/0#$, $"E 2,$M/.&#,-5 
:.5%%$#$ 2,$M<./=0 +7%$0#,-5 +A%M40$ %& #7 +#$#,+#,-( 2/-,%$+D$ #/= t test +& &"D"&2/ 
+7%$0#,-E#7#$) (F) _ 0.05. 
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3.4.5 E$4$#*+$%$S343 #$" 61+3#& V. dahliae 40 ;"#: #$6:#&T 

60 Real-time PCR 

K,$ 0$ 2,$",+#49&D &50 7 $2=0$%D$ ".E+'7P7) #/= $,9='&0D/= %<+4 #/= 

="/2/N<$ Nr, &"7.&5?&, #70 $"/D-7+7 -$, #70 $05"#=*7 #/= %A-7#$ +#/=) 

$::&,$-/A) ,+#/A) #40 M=#10 #/%5#$), M=#5 $:.D/= #A"/= (WT) #7) "/,-,'D$) Ailsa 

Craig -$, %&#$''$:%<0$ M=#5 Nr %/'A097-$0 %& #/ %A-7#$ V. dahliae -$, 7 

"/+/#,-/"/D7+7 #7) ;,/%5?$) #/= ".$:%$#/"/,(97-& :,$ -59& :/0E#="/ %& 

"/+/#,-( Real-time PCR +& "<0#& N./0,-<) +#,:%<), 5, 10, 15, 20 -$, 25 7%<.&) %&#5 

#70 &M$.%/:( #/= %A-7#$ (!,-E0$ 3.4.9 6). 

L $05'=+7 #40 $"/#&'&+%5#40 #7) Real-time PCR <2&,*& E#, / %A-7#$) &DN& 

(27 $"/,-(+&, #/ $::&,$-E +A+#7%$ #E+/ #40 WT E+/ -$, #40 Nr #40 M=#10 +#,) 5 

7%<.&) %&#5 #70 &M$.%/:( #/= (!,-E0$ 3.4.9 6). L "/+E#7#$ #/= %A-7#$ %&,197-& 

+#,) 10 7%<.&) %&#5 #70 &M$.%/:( #/= -$, $-/'/A94) $=*(97-& +#$9&.5 %<N., #,) 25 

7%<.&) (!,-E0$ 3.4.9 6). >/ D2,/ %/#D;/ $"/D-7+7) "$.$#7.(97-& -$, +#/=) 2A/ 

:/0/#A"/=), 4+#E+/ +#$ Nr %&#$''$:%<0$ M=#5 #$ &"D"&2$ #/= V. dahliae (#$0 

+7%$0#,-5 N$%7'E#&.$ +& +N<+7 %& #$ WT M=#5, +& -59& N./0,-E +7%&D/ "/= 

".$:%$#/"/,(97-& 7 "/+/#,-/"/D7+7 (!,-E0$ 3.4.9 6). >/ :/0D2,/ #7) G-

#/=%"/='D07) #7) #/%5#$) N.7+,%/"/,(97-& 4) &+4#&.,-( +#$9&.5 :,$ #70 

-$0/0,-/"/D7+7 %,-.10 2,$M/.10 +#,) $.N,-<) "/+E#7#&) DNA "/= 

N.7+,%/"/,(97-$0 +#,) $0#,2.5+&,) Real-time PCR. >$ $"/#&'<+%$#$ <2&,*$0 E#, 

N.7+,%/"/,(97-$0 /, D2,&) +=:-&0#.1+&,) DNA :,$ E'$ #$ 2&D:%$#$, :&:/0E) "/= 

-$9,+#/A+& 2=0$#( #7 +A:-.,+7 #40 "/+/#(#40 #/= DNA #/= %A-7#$ +#/=) 2 

:/0E#="/=) #E+/ +#70 -59& %<.$ *&N4.,+#5 $''5 -$, +=:-.,#,-5 :,$ E'&) #,) 7%<.&) 

(!,-E0$ 3.4.9 O). 
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H*+<2& 3.4.9: (?) 3/+/#,-/"/D7+7 DNA #/= %A-7#$ Verticillium dahliae +#$ %&#$''$:%<0$ M=#5 +#/ %/0/"5#, 
#/= $,9='&0D/= Never ripe (Nr) -$, +#$ $:.D/= #A"/= Col-0 M=#5. >$ &"D"&2$ #/= DNA #/= %A-7#$ 
="/'/:D+#7-$0 %& Real-time PCR +& /',-E DNA "/= $"/%/0197-& $"E #$ +#&'<N7 10 M=#10 $05 :/0E#="/ 
5, 10, 15, 20 -$, 25 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$. >/ "&D.$%$ &"$0$'(M97-& #.&,) M/.<). I, +#('&) 
$0$"$.,+#/A0 #/=) %<+/=) E./=) $"E 30 M=#5 -$, /, -59&#&) .5;2/, $0#,"./+4"&A/=0 #70 $"E-',+7 $"E #/ 
%<+/ E./ %& ;5+7 #/ #=",-E +M5'%$. K,$ -59& 7%<.$ 2&,:%$#/'7PD$), /, +#('&) "/= +=0/2&A/0#$, $"E 
2,$M/.&#,-E :.5%%$ 2,$M<./=0 +7%$0#,-5 +A%M40$ %& #7 +#$#,+#,-( 2/-,%$+D$ t-test +& &"D"&2/ 
+7%$0#,-E#7#$) P _ 0.05. (B) @<+/) E./) #/= /.,$-/A -A-'/= (threshold cycle, Ct) #7) G-#/=%"/='D07) +#$ 
2&D:%$#$ DNA "/= N.7+,%/"/,(97-$0 :,$ -59& N./0,-E +7%&D/ #40 "&,.$%5#40 "/+/#,-/"/D7+7) #/= 
%A-7#$. I, +#('&) $0$"$.,+#/A0 #/ %<+/ E./ $"E 30 2&D:%$#$ DNA -$, /, -59&#&) .5;2/, $0#,"./+4"&A/=0 
#70 $"E-',+7 $"E #/ %<+/ E./ %& ;5+7 #/ #=",-E +M5'%$. 
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K,$ #7 2,&.&A07+7 #/= .E'/= #/= :/0,2D/= ETR4 +#70 $''7'&"D2.$+7 M=#10 

#/%5#$) %& #/ %A-7#$ V. dahliae -$, #70 ",9$0( +=+N<#,+7 #/= M$,0/#A"/= #40 

M=#10 "/= &DN$0 ="/+#&D +D:7+7 +#/ ETR4 (',:E#&.$ +=%"#1%$#$ "./+;/'() $"E 

#/0 V. dahliae) -$, #7) "/+E#7#$) #/= %A-7#$ +#/=) $::&,$-/A) #/=) ,+#/A), 

$"/%/0197-& DNA $"E #$ &%;/',$+%<0$ %& pTRV2-ETR4 -$, pTRV2-00 M=#5 -$, 

N.7+,%/"/,(97-& +& $0#,2.5+&,) "/+/#,-() Real-time PCR, 37 7%<.&) %&#5 #70 

&M$.%/:( #/= %A-7#$. L $05'=+7 #40 $"/#&'&+%5#40 <2&,*& E#, 7 "/+E#7#$ #/= 

"$9/:E0/= (#$0 7 D2,$ +#$ M=#5 -$, #40 2 &"&%;5+&40 (!,-E0$ 3.4.10 6). L 

"/+E#7#$ #7) G-#/=%"/='D07) "/= N.7+,%/"/,(97-& 4) :/0D2,/ $0$M/.5) (#$0 

+#$9&.( :,$ E'$ #$ 2&D:%$#$ /"E#& #$ $"/#&'<+%$#$ #7) "/+/#,-/"/D7+7) #/= 

%A-7#$ (#$0 $*,E",+#$ (!,-E0$ 3.4.10 O). 
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H*+<2& 3.4.10: (?) 3/+/#,-/"/D7+7 DNA #/= %A-7#$ Verticillium dahliae +#$ M=#5 E"/= &DN& 
".$:%$#/"/,79&D +D:7+7 #/= :/0,2D/= ETR4 (pTRV2-ETR4) ( &%;/',$+%E) %& #/0 -&0E M/.<$ pTRV2 
(pTRV2-00). >$ &"D"&2$ #/= DNA #/= %A-7#$ ="/'/:D+#7-$0 %& Real-time PCR +& /',-E DNA "/= 
$"/%/0197-& $"E #$ +#&'<N7 10 M=#10 +#,) 37 7%<.&) %&#5 #70 &M$.%/:( #/= %A-7#$ V. dahliae. >/ 
"&D.$%$ &"$0$'(M97-& #.&,) M/.<). I, +#('&) $0$"$.,+#/A0 #/=) %<+/=) E./=) $"E 30 M=#5 -$, /, 
-59&#&) .5;2/, $0#,"./+4"&A/=0 #70 $"E-',+7 $"E #/ %<+/ E./ %& ;5+7 #/ #=",-E +M5'%$. I, +#('&) 
"/= +=0/2&A/0#$, $"E #/ D2,/ :.5%%$ 2&0 2,$M<./=0 +7%$0#,-5 +A%M40$ %& #7 2/-,%( t-test +& 
&"D"&2/ +7%$0#,-E#7#$) P _ 0.05. (B) @<+/) E./) #/= /.,$-/A -A-'/= (threshold cycle, Ct) #7) G-
#/=%"/='D07) +#$ 2&D:%$#$ DNA "/= N.7+,%/"/,(97-$0 #70 7%<.$ #40 "&,.$%5#40 "/+/#,-/"/D7+7) 
#/= %A-7#$. I, +#('&) $0$"$.,+#/A0 #/ %<+/ E./ $"E 30 2&D:%$#$ DNA -$, /, -59&#&) .5;2/, 
$0#,"./+4"&A/=0 #70 $"E-',+7 $"E #/ %<+/ E./ %& ;5+7 #/ #=",-E +M5'%$. 
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3.4.6 [(0)7$T #3T 0%&)5),T )$2*=S52 %$" 470#SY$2#&* 60 #$ 

637&2*46< &2#$7,T 40 ;"#: #$6:#&T WT +&* Never ripe +&#: #32 

6<("243 60 #$ 61+3#& V. dahliae 

>$ $"/#&'<+%$#$ #40 2/-,%10 "$9/:<0&,$) $''5 -$, #$ $"/#&'<+%$#$ #7) 

"/+/#,-/"/D7+7) #7) ;,/%5?$) #/= %A-7#$ +#/=) $::&,$-/A) ,+#/A) #40 M=#10 

#/%5#$) <2&,*$0 E#, #$ Nr M=#5 &DN$0 $=*7%<07 $09&-#,-E#7#$ +#/0 V. dahliae +& 

+N<+7 %& #$ M=#5 $:.D/= #A"/=. >$ ',:E#&.$ +=%"#1%$#$ +& +=02=$+%E %& #70 

%&,4%<07 ;,/%5?$ #40 "$9/:E040 +#$ Nr M=#5 ="/2&D-0=$0 E#, / M$,0E#="/) $=#E) 

/M&D'&#$, +& %7N$0,+%/A) 5%=0$) "/= $0$"#A++/0#$, +#$ M=#5 $=#5. L 2=0$#E#7#$ 

$0$:01.,+7) :/0,2D40 "/= &"5:/0#$, +#$ Nr +& +N<+7 %& #$ $:.D/= #A"/= M=#5 9$ 

&"&2&D-0=& 2=07#,-5 +#/,N&D$ $09&-#,-E#7#$) "/= 2,<"/=0 $=#E #/ :/0E#="/. K, $=#E 

#/ 'E:/ &",'<N97-& %,$ /%52$ $"E /-#1 :/0D2,$ "/= +=%"&.,'5%;$0& 5 N,#,05+&), 2 

:'/=-$05+&) -$, %,$ PR-5 ".4#&T07 +N&#,?E%&07 %& #70 "$9/:<0&+7 :,$ #$ /"/D$ 

+N&2,5+#7-$0 &*&,2,-&=%<0/, &--,07#<) (3D0$-$) 3.3.1) -$, ".$:%$#/"/,(97-& 

<'&:N/) #/= &","<2/= <-M.$+7) #/=) +& 2,5M/.&) N./0,-<) +#,:%<) %&#5 #70 

&M$.%/:( #/= %A-7#$ V. dahliae +& M=#5 WT -$, Nr, %& $0#,2.5+&,) %& Real-time 

PCR. 6"E #$ $"/#&'<+%$#$ #40 "&,.$%5#40 2&0 "$.$#7.(97-& 7 &"$:4:( -5"/,/= 

:/0,2D/= +#$ Nr M=#5 $M/A 7 <-M.$+7 #40 :/0,2D40 2&0 2,<M&.& +7%$0#,-5 +#/=) 2 

:/0E#="/=) -$9’ E'7 #7 2,5.-&,$ #40 "&,.$%5#40. 
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3.5. DQRJGJDJ – DQ-EHK?D-?G? 

>/ $,9='<0,/ <N&, "./#$9&D $"E 2,5M/./=) &.&=07#<) 0$ "$D?&, +7%$0#,-E 

.E'/ +#70 $09&-#,-E#7#$ #40 M=#10 &0$0#D/0 2,5M/.40 M=#/"$9/:E040 (Feys -$, 

Parker, 2000ú Kunkel -$, Brooks, 2002). W+#E+/ / .E'/) #/= M$D0&#$, 0$ &*$.#5#$, 

$"E #70 $''7'&"D2.$+7 "$9/:E0/= – *&0,+#( $M/A +& /.,+%<0&) "&.,"#1+&,) 7 

"$.$:4:( #/= ( 7 $0#D'7P( #/= "./5:/=0 #70 $+9<0&,$ &01 +& 5''&) "&.,"#1+&,) 

#70 "$.&%"/2D?/=0. I +#EN/) $=#/A #/= -&M$'$D/= (#$0 0$ 2,&=-.,0,+#&D &50 7 

".E+'7P7 #/= &02/:&0/A) $,9='&0D/= &%"'<-&#$, +#70 $09&-#,-E#7#$ M=#10 #/%5#$) 

&0$0#D/0 #/= M=#/"$9/:E0/= %A-7#$ V. dahliae. 

L +A:-.,+7 #40 +=%"#4%5#40 #7) $+9<0&,$) "/= "./-5'&+& / %A-7#$) +& 

M=#5 $:.D/= #A"/= (WT) -$, +& %&#$''$:%<0$ M=#5 Never ripe (Nr) %& %&,4%<07 

".E+'7P7 $,9='&0D/=, <2&,*$0 E#, +#$ Nr M=#5 7 +/;$.E#7#$ #7) $+9<0&,$) -$, #$ 

+=%"#1%$#$ "/= "./-5'&+& +& $=#5 #$ M=#5 (#$0 +7%$0#,-5 ',:E#&.$ +& +N<+7 %& 

#$ WT M=#5 (!,-E0&) 3.4.5, 3.4.6). >$ $"/#&'<+%$#$ $=#5 &D0$, $0#D+#/,N$ %& #70 

&,-E0$ "/= "$./=+D$+$0 #$ etr1-1 %&#$''$:%<0$ M=#5 A. thaliana +#$ $"/#&'<+%$#$ 

#/= ".1#/= -&M$'$D/=, %&#5 #7 %E'=0+7 $"E #/ %A-7#$ V. dahliae, :&:/0E) "/= 

="/2&,-0A&, E#, /, 2A/ $=#/D ="/2/N&D) $,9='&0D/= &"7.&5?/=0 %& $0#D+#/,N/ #.E"/ 

#,) $0#,2.5+&,) #40 M=#10 +#70 "./+;/'( $"E #/ %A-7#$. K&0,-5, /, $0$%&0E%&0&) 

(predicted) 2/%<) #40 ="/2/N<40 #/= $,9='&0D/= #7) #/%5#$) &D0$, E%/,&) %& $=#<) 

#40 ="/2/N<40 #/= M=#/A A. thaliana (Klee, 2002). L &=9=:.5%%,+7 (alignment) #40 

"./;'&"E%&040 ".4#&ï010 #/= ="/2/N<$ ETR1 #40 M=#10 A. thaliana -$, #/= 

Never ripe #7) #/%5#$) <2&,*$0 E#, /, ".4#&T0&) &D0$, -$#5 69% #$=#E+7%&) 

(identical) -$, -$#5 81% E%/,&) (positive) :&:/0E) "/= ="/2&,-0A&, "$.E%/,$ 

'&,#/=.:D$ #40 2 ".4#&ï010 (!,-E0$ 3.4.11) I, Wilkinson -$, +=0&.:5#&) (1995) 

<2&,*$0 E#, 7 %&#5''$*7 Never ripe $"&0&.:/"/,&D +#70 #/%5#$ <0$ :/0D2,/ "/= 

-42,-/"/,&D ="/2/N<$ $,9='&0D/=, "/= &D0$, /%E'/:/ #/= ETR1 #/= M=#/A A. 

thaliana. 
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H*+<2& 3.4.11: !=9=:.5%%,+7 #40 "./;'&"/%<040 ".4#&ï010 ETR1 #/= M=#/A A. thaliana -$, Never 
ripe #7) #/%5#$) %& #7 ;/(9&,$ #/= "./:.5%%$#/) BLAST (blastp) #7) ,+#/+&'D2$) 
http://www.ncbi.nlm.nih.gov/. I, 2 ".4#&T0&) <N/=0 /%/'/:D$ 69% -$, &D0$, E%/,&) '&,#/=.:,-5 -$#5 
81%. 

 

3./7:/A%&0&) &.:$+D&) <2&,*$0 E#, #$ %&#$''$:%<0$ Nr M=#5 #/%5#$) (Lund 

et al., 1998ú Ciardi et al., 2000ú Balaji et al., 2008) -$, etr1 M=#5 A. thaliana 

(Veronese et al., 2003ú Love et al., 2007) &-2('4+$0 %&,4%<07 &="59&,$ +& 

+=:-&-.,%<0$ "$9/:E0$ (Pseudomonas syringae pv. tomato, Fusarium oxysporum f. 

sp. lycopersici, Xanthomonas campestris pv. vesicatoria, Clavibacter michiganensis 

subsp. michiganensis -$, Verticillium dahliae, Cauliflower mosaic virus, $0#D+#/,N$) 

="/2&,-0A/0#$) #/ +7%$0#,-E .E'/ #/= $,9='&0D/= +#/ #&',-E $"/#<'&+%$ #7) 

$0#D2.$+7) #40 M=#10 +& $=#5 #$ "$9/:E0$. I Lund -$, +=0&.:5#&) (1998) 

".E#&,0$0 E#, #$ M=#5 "/= 2&0 $0#,'$%;50/0#$, #/ $,9='<0,/ -$, "/= "$./=+,5?/=0 
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%&,4%<0$ +=%"#1%$#$ &D0$, %5''/0 $0&-#,-5 "$.5 $09&-#,-5 +#70 $+9<0&,$. >$ 

$09&-#,-5 M=#5 "./'$%;50/=0 ( "&.,/.D?/=0 #70 &*5"'4+7 #40 "$9/:E040 &01 #$ 

$0&-#,-5 M=#5 2&0 %&,10/=0 ( $"/#.<"/=0 #7 %E'=0+7, $''5 "$./=+,5?/=0 

',:E#&.$ +=%"#1%$#$ (Clarke, 1986). W+#E+/ +& $=#E #/ -&M5'$,/ 7 

"/+/#,-/"/D7+7 "/= ".$:%$#/"/,(97-& %& $0#,2.5+&,) Real-time PCR +& M=#5 Nr 

-$, WT %&#5 $"E %E'=0+7 %& #/ %A-7#$ V. dahliae <2&,*& E#, #/ &"D"&2/ #/= DNA #/= 

%A-7#$ "/= $0,N0&A97-& +#$ Nr %&#$''$:%<0$ M=#5 (#$0 +7%$0#,-5 %,-.E#&./ +& 

+N<+7 %& #$ WT M=#5 +& E'&) #,) %<.&) E"/= ".$:%$#/"/,(97-& 7 "/+/#,-/"/D7+7 

(!,-E0$ 3.4.9 6). !"D+7), "$.$#7.(97-& E#, 7 "/+E#7#$ #/= "$9/:E0/= "/= 

$0,N0&A97-& +#$ $::&D$ #/= *A'/= 5 7%<.&) %&#5 #70 &M$.%/:( #/= +#$ M=#5 (#$0 

%&:$'A#&.7 $"E $=#(0 "/= $0,N0&A97-& +#,) 10 7%<.&), #E+/ +#$ Nr E+/ -$, +#$ WT 

M=#5. 6"E #,) 10 7%<.&) -$, %&#5, 7 "/+E#7#$ #/= %A-7#$ $=*(97-& ;$9%,$D$ %& #70 

"5./2/ #/= N.E0/= -$, <M#$+& #7 %<:,+#7 #,%( #7) +#,) 25 7%<.&) %&#5 #7 %E'=0+7 

(!,-E0$ 3.4.9 6). 6=#( 7 $2=0$%D$ #7) $A*7+7) #/= %A-7#$ $"E #,) 5 +#,) 10 7%<.&) 

",9$01) 0$ ="/2&,-0A&, %&,4%<07 "$.$:4:( -/0,2D40 %<+$ +#/=) ,+#/A) #/= 

+#&'<N/=) #40 M=#10 #/%5#$) 7 /"/D$ +=%"D"#&, %& #,) -=-',-<) "&.,E2/=) 

$=*/%&D4+7) #/= %A-7#$ +#/=) $::&,$-/A) ,+#/A) #40 M=#10 "/= &D0$, 

N$.$-#7.,+#,-<) :,$ #/0 V. dahliae +#70 #/%5#$, #7 %&',#?50$ -$, #70 &'$,/-.5%;7 

(Heinz et al., 1998ú Chen et al., 2004ú Eynck et al., 2007ú Pantelides et al., 2009). 

L ,ï-5 &"$:E%&07 :/0,2,$-( +D:7+7 (VIGS) &D0$, %,$ -$'5 N$.$-#7.,+%<07 

%<9/2/) :,$ #70 $05'=+7 #7) '&,#/=.:D$) :/0,2D40 +& $''7'&",2.5+&,) #40 M=#10 

%& 2,5M/.$ "$9/:E0$. W+#E+/, 7 #&N0/'/:D$ $=#( 2&0 <N&, N.7+,%/"/,79&D %<N., 

".E+M$#$ :,$ #7 %&'<#7 $''7'&",2.5+&40 #40 M=#10 %& "$9/:E0$ "/= "./-$'/A0 

$2./%=-1+&,). @,$ "/'A ".E+M$#7 &.:$+D$ <2&,*& E#, 7 #&N0/'/:D$ VIGS %"/.&D 0$ 

N.7+,%/"/,79&D 4) &.:$'&D/ :,$ #7 2,&.&A07+7 #7) '&,#/=.:D$) :/0,2D40 "/= 

&%"'<-/0#$, +#$ %/0/"5#,$ &"$:4:() #7) 5%=0$) #40 M=#10 &0$0#D/0 #/= %A-7#$ 

Verticillium spp. (Fradin et al., 2009) 

R& $=#E #/ -&M5'$,/ :,$ 0$ 2,&.&=079&D "&.$,#<.4 / .E'/) #7) ".E+'7P7) 

#/= $,9='&0D/= &M$.%E+#7-& 7 #&N0,-( #7) ,ï-5 &"$:E%&07) :/0,2,$-() +D:7+7), %& 

"'$+%,2,$-/A) M/.&D) "/= &DN$0 4) ;5+7 #/0 ,E Tobacco Rattle Virus – TRV (Liu et 

al., 2002$) :,$ 0$ ".$:%$#/"/,79&D :/0,2,$-( +D:7+7 #/= :/0,2D/= ETR4 (AY600438) 

#7) #/%5#$). >/ :/0D2,/ ETR4 E"4) -$, #/ Nr &D0$, %<'7 %,$) /,-/:<0&,$) :/0,2D40 

"/= -42,-/"/,/A0 ="/2/N&D) $,9='&0D/= +#70 #/%5#$. R& %,$ "./7:/A%&07 &.:$+D$ 

/ Tieman -$, +=0&.:5#&) (2000) <2&,*$0 E#, 7 $"&0&.:/"/D7+7 #/= ="/2/N<$ ETR4 

/2(:7+& +& $=*7%<07 &=$,+97+D$ $,9='&0D/= &01 #<#/,&) &",2.5+&,) $05"#=*7) "/= 
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+N&#D?/0#$, %& #/ $,9='<0,/, 2&0 (#$0 /.$#<) +& %&#$''$:%<0&) +&,.<) #/%5#$) %& 

%&,4%<07 <-M.$+7 #/= Nr. R#70 "$./A+$ &.:$+D$, "$.$#7.(97-& %&D4+7 +#7 

+/;$.E#7#$ #7) $+9<0&,$) "/= "./-5'&+& / V. dahliae %&#5 #70 &M$.%/:( #/= +& 

M=#5 #/%5#$) +#$ /"/D$ &DN& ".$:%$#/"/,79&D :/0,2,$-( +D:7+7 #/= ETR4, +& +N<+7 

%& #$ M=#5 E"/= &DN& &M$.%/+#&D / 52&,/) M/.<$) #7) +D:7+7) (TRV2-00) (!,-E0&) 

3.4.7, 3.4.8). W+#E+/, 7 "/+/#,-/"/D7+7 #/= "$9/:E0/= "/= <:,0& #70 #&'&=#$D$ 

7%<.$ #40 "&,.$%5#40, <2&,*& E#, #$ &"D"&2$ DNA #/= %A-7#$ (#$0 "$.E%/,$ -$, 

2&0 2,<M&.$0 +#$#,+#,-5 +#$ M=#5 "/= &DN& ".$:%$#/"/,79&D 7 +D:7+7 -$, +#$ M=#5 

%5.#=.&) (TRV2-00) (!,-E0$ 3.4.10 6). >/ "$9/:E0/ &DN& &,+;5'&, &",#=N1) -$, 

$=*(97-& +#/0 D2,/ ;$9%E %<+$ +#$ $::&D$ #/= *A'/= #40 M=#10, #/='5N,+#/0 +#/ 

+=:-&-.,%<0/ N./0,-E +7%&D/, $''5 2&0 "./-5'&+& #/ D2,/ &"D"&2/ +=%"#4%5#40. L 

<''&,P7 "50#4) +=+N<#,+7) %&#$*A #7) "/+E#7#$) #/= "$9/:E0/= +#/=) ,+#/A) #40 

M=#10 -$, #7) +/;$.E#7#$) #7) $+9<0&,$), <N&, 2,$",+#49&D +& $.-&#<) 

$''7'&",2.5+&,) #E+/ #/= V. dahliae E+/ -$, 5''40 M=#/"$9/:E040 %=-(#40 %& 

2,5M/./=) *&0,+#<) (Schnathorst, 1981ú Brandt et al., 1984ú Corsini et al., 1988ú Gold 

et al., 1996ú Lynch et al., 1997ú Heinz et al., 1998ú Veronese et al., 2003), $''5 -$, 

+& $''7'&",2.5+&,) 2,5M/.40 *&0,+#10 %& ;$-#(.,$ (Bent et al., 1992ú Lund et al., 

1998ú O’Donnell et al., 2001) -$, ,/A) (Cecchini et al., 2002). @,$ ",9$0( &*(:7+7 

$=#/A #/= M$,0/%<0/= &D0$, E#, #$ +=%"#1%$#$ %"/.&D 0$ "./-$'/A0#$, 4) 

$"/#<'&+%$ :&:/0E#40 %&#52/+7) +7%5#40 "/= &"5:/0#$, $"E #$ "$9/:E0$ -$, 

"/= "./-$'/A0 $''$:<) +#7 M=+,/'/:,-( $05"#=*7 #40 M=#10 E"4) 7 

:.7:/.E#&.7 5097+7, :(.$0+7 -$, / "./:.$%%$#,+%<0/) 950$#/) #40 -=##5.40 

(Dietrich et al., 1994ú Lund et al., 1998ú O’Donnell et al., 2001ú Cecchini et al., 2002ú 

Piloff et al., 2002). B&0 $"/-'&D&#$, "50#4) 'E:4 #/= E#, 7 "/+/#,-/"/D7+7 #/= V. 

dahliae +#70 "$./A+$ &.:$+D$ <:,0& +& %,$ %E0/ N./0,-( +#,:%(, #70 #&'&=#$D$ 

7%<.$ #40 "&,.$%5#40, 0$ <N/=0 "$.$;'&M9&D +7%$0#,-<) "'7./M/.D&) "/= 

$M/./A0 #7 "/+E#7#$ #/= %A-7#$ +& "./:&0<+#&.$ +#52,$ -$#5 #70 &*<',*7 #7) 

"./+;/'() "/= 9$ %"/./A+$0 0$ 2,$M/./"/,/A0 #$ $"/#&'<+%$#$ #7) 

"/+/#,-/"/D7+7). !",".E+9&#$, #/ :&:/0E) E#, 7 "/+E#7#$ #/= "$9/:E0/= "/= 

="/'/:D+#7-& #70 377 7%<.$ %&#5 #70 "./+;/'( $"E #/ %A-7#$ +#$ M=#5 "/= &DN& 

".$:%$#/"/,79&D 7 :/0,2,$-( +D:7+7, (#$0 -$#5 "/'A N$%7'E#&.7 $"E #70 

"/+E#7#$ "/= ="/'/:D+#7-& +#,) 25 +#$ WT -$, Nr M=#5, 21.4 -$, 15.2 M/.<) 

$0#D+#/,N$ (!,-E0&) 3.4.9 6 -$, 3.4.10 6) ="/2&,-0A&, E#, &D0$, ",9$0E0 +#$ M=#5 $=#5 

0$ <N/=0 $0$"#=N9&D 2,$M/.&#,-/D %7N$0,+%/D 5%=0$) 'E:4 #40 "/''10 -$, 

2,$M/.&#,-10 $;,/#,-10 -$, ;,/#,-10 -$#$"/0(+&40 "/= &M$.%E+#7-$0 -$#5 #7 
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2,5.-&,$ #40 "&,.$%5#40. >$ M=#5 $=#5 &%;/',5+#7-$0 $.N,-5 ="E -&0E %& #$ 

+#&'<N7 #/= ;$-#7.D/= A. tumefaciens "/= <M&.$0 #/ :/0,2D4%$ #/= ,/A TRV. I ,E) 

"/''$"'$+,5+#7-& +#$ M=#5 -$, &0&.:/"/D7+& #/ %7N$0,+%E #7) +D:7+7) -$, 

$-/'/A94) %/'A097-$0 %& #/ %A-7#$ V. dahliae. !D0$, "./M$0<) '/,"E0 E#, &D0$, 

"/'A 2A+-/'/ 0$ "./;'<P&, -$0&D) #/0 $0#D-#="/ "/= 9$ &DN$0 E'&) $=#<) /, 

&"&%;5+&,) +#/=) %7N$0,+%/A) 5%=0$) #40 M=#10, -5#, "/= -$9,+#5 $2A0$#7 #7 

+A:-.,+7 #40 $"/#&'&+%5#40 "/+/#,-/"/D7+7) #/= %A-7#$ +#$ "&,.5%$#$ %& #7 

%&#$''$:%<07 +&,.5 Nr -$, $=#5 E"/= &DN& ".$:%$#/"/,79&D 7 :/0,2,$-( +D:7+7 #/= 

:/0,2D/= ETR4. !"/%<04), 7 +A:-.,+7 #7) &"D2.$+7) #40 2 :/0,2D40 E+/0 $M/.5 

#70 "/+E#7#$ #/= %A-7#$ 2&0 &D0$, 2E-,%7. !",".E+9&#$, 7 :/0,2,$-( +D:7+7 2&0 

"$.<N&, #7 2=0$#E#7#$ #7) "'(./=) $"&0&.:/"/D7+7) #/= :/0,2D/= +#EN/= E"4) 

+=%;$D0&, +#/=) %E0,%/=) %&#$+N7%$#,+%/A) :/0,2D40, E"4) :,$ "$.52&,:%$ +#$ 

%&#$''$:%<0$ ( :&0&#,-1) #./"/"/,7%<0$ M=#5, $M/A #/ :/0D2,/ +#EN/) +=0&ND?&, 0$ 

<N&, <0$ %,-.E "/+/+#E <-M.$+7). 

3$.E'/ "/= 7 ".E+'7P7 $,9='&0D/= &D0$, $"$.$D#7#7 :,$ $.-&#<) 

$0#,2.5+&,) 5%=0$) #40 M=#10 -$#5 #70 &"D9&+7 $"E "$9/:E0$, E"4) :,$ 

"$.52&,:%$ 7 &0D+N=+7 #40 -=##$.,-10 #/,N4%5#40 #40 M=#10, 7 +=++1.&=+7 

M$,0/',-10 &01+&40 (".N. M=#/$'&*D0&)) -$, 7 "$.$:4:( $0#,%,-./;,$-10 /=+,10 

(".N. PR ".4#&T0&)) ($0$+-E"7+7 $"E #/=) Broekaert et al., 2006), &D0$, ",9$0E0 7 

"$.$#7.79&D+$ $09&-#,-E#7#$ #40 Nr %&#$''$:%<040 M=#10 0$ ;$+D?&#$, +#70 

&0&.:/"/D7+7 -5"/,40 %7N$0,+%10 5%=0$). I Lund -$, +=0&.:5#&) (1998) <2&,*$0 

E#, 7 <-M.$+7 #7) ".4#&T07) PR-1B1 2&0 "&.,/.D+#7-& +#$ Nr M=#5 -$#5 #70 

$0#D2.$+7 #/=) +#7 %E'=0+7 $"E #/ ;$-#(.,/ Xanthomonas campestris pv. 

vesicatoria. R& %,$ ".1#7 "./+"59&,$ 0$ 2,$",+#49&D &50 7 %&,4%<07 "/+E#7#$ #/= 

%A-7#$ +#$ Nr M=#5 /M&D'&#$, +#70 &0&.:/"/D7+7 -$, ="&.<-M.$+7 :/0,2D40 "/= 

+=%%&#<N/=0 +#70 5%=0$ #40 M=#10, ".$:%$#/"/,(97-$0 "&,.5%$#$ <-M.$+7) 

E'40 #40 :04+#10 :/0,2D40 "/= -42,-/"/,/A0 N,#,05+&) +#70 #/%5#$ -$91) -$, 2 

:'/=-$0$+10 -$, %,$) PR-5 ".4#&T07), +& $:.D/= #A"/= -$, +& Nr M=#5. 6"E #$ 

"&,.5%$#$ $=#5 2&0 "./<-=P& 2,$M/./"/,7%<07 <-M.$+7 +& -5"/,//$ $"E #$ 

:/0D2,$ "/= 2/-,%5+#7-$0 +#$ Nr M=#5. K,$ 0$ &*$-.,;49&D &50 -$, "/,/, $%=0#,-/D 

%7N$0,+%/D &%"'<-/0#$, +#$ Nr M=#5 ".<"&, 0$ &*&#$+#/A0 -, 5''$ :/0D2,$ 2&D-#&) 

#7) &"$:4:() #7) 5%=0$) #40 M=#10. 

L "$./A+$ &.:$+D$ <2&,*& E#, 7 ".E+'7P7 #/= $,9='&0D/= &%"'<-&#$, +#70 

&-2('4+7 #40 +=%"#4%5#40 #/= %A-7#$ V. dahliae +& M=#5 #/%5#$). >$ 

$"/#&'<+%$#$ #7) <.&=0$) ="/2&,-0A/=0 E#, 7 %&,4%<07 ".E+'7P7 $,9='&0D/= %<+4 
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#/= ="/2/N<$ Nr /27:&D +& %&,4%<07 $05"#=*7 #/= "$9/:E0/= %A-7#$ +#/ $::&,$-E 

+A+#7%$ #7) #/%5#$), M$,0E%&0/ "/= 2&0 <N&, $0$M&.9&D %<N., +(%&.$ +#7 

;,;',/:.$MD$. !"D+7), 7 :/0,2,$-( +D:7+7 #/= :/0,2D/= ETR4 "/= -42,-/"/,&D 

="/2/N<$ $,9='&0D/= +#7 #/%5#$, /2(:7+& +#70 &-2('4+7 %&,4%<040 

+=%"#4%5#40 #/= V. dahliae +#$ M=#5, &0,+NA/0#$) #70 ="E9&+7 E#, 7 %&,4%<07 

".E+'7P7 #/= $,9='&0D/= <N&, 9&#,-E $0#D-#="/ +#/ $"/#<'&+%$ #7) $+9<0&,$) "/= 

"./-$'&D / %A-7#$). W+#E+/, #$ $"/#&'<+%$#$ #7) &.:$+D$) 2&DN0/=0 E#, 7 

$0#D2.$+7 #40 M=#10, 4) "./) #70 &0&.:/"/D7+7 %7N$0,+%10 5%=0$) -$, #/0 

"&.,/.,+%E #/= "$9/:E0/= +#/=) ,+#/A) #40 M=#10 #/%5#$), &*$.#5#$, $"E #/0 

="/2/N<$ #/= $,9='&0D/= "/= &"7.&5?&#$, 7 '&,#/=.:D$ #/= $M/A #$ $"/#&'<+%$#$ 

<2&,*$0 E#, 7 $"/D-7+7 #/= %A-7#$ "&.,/.D?&#$, +#$ Nr +& +N<+7 %& #$ $:.D/= #A"/= 

M=#5 &01 +#$ M=#5 E"/= <:,0& +D:7+7 #/= ETR4 7 "/+E#7#$ #/= "$9/:E0/= (#$0 

+#$ D2,$ &"D"&2$ %& #$ M=#5 #/= %5.#=.$. >$ ",/ "504 +#/,N&D$ ="/2&,-0A/=0 E#, 

",9$01) -5"/,/, %7N$0,+%/D 5%=0$) &0&.:/"/,/A0#$, +#$ Nr M=#5 $''5 EN, +#$ M=#5 

%& "&.,/.,+%<07 ".E+'7P7 #/= $,9='&0D/= %<+4 #/= ="/2/N<$ ETR4. L ="E9&+7 

E#, 7 %&,4%<07 ;,/%5?$ #/= "$9/:E0/= +#$ Nr M=#5 /M&D'&#$, +#70 &"$:4:( 

%7N$0,+%10 5%=0$) (/-$, 2/%,-10 2,$M/.10 %&#$*A #40 ="/2/N<40 Nr -$, ETR4 

N.&,5?&#$, "&.,++E#&.7 %&'<#7. L &%"'/-( "50#4) #/= $,9='&0D/= +#70 

$''7'&"D2.$+7 #40 M=#10 #/%5#$) %& #/ %A-7#$ V. dahliae $"/#&'&D <0$ ;(%$ "./) 

#70 -$#$0E7+7 #7) $''7'&"D2.$+7) $=#(). 
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GHI>@J DQRJGJDJ @?> DQ-EHK?D-?G? 

L 5%=0$ #40 M=#10 <N&, $"/#&'<+&, $0#,-&D%&0/ "/'=&#/A) <.&=0$) -$, 

="5.N&, %&:5'/) E:-/) "'7./M/.,10 :,$ #/=) 2,5M/./=) #A"/=) %7N$0,+%10 "/= 

&%"'<-/0#$, +#,) $0#,2.5+&,) 5%=0$) #40 M=#10. L $''7'/AN,+7 -$, $05'=+7 #40 

:/0,2,4%5#40 M=#10 E"4) #/ %/0#<'/ Arabidopsis thaliana $''5 -$, 

-$'',&.:/A%&040 M=#10 E"4) #/ .A?, -$, #/ -$'$%"E-,, /, #&N0/'/:D&) 

$"&0&.:/"/D7+7) -$, +D:7+7) :/0,2D40 +& M=#5 -$, "$9/:E0$ -$, :&0,-5 /, 

&*&,2,-&=%<0&) -$, &=$D+97#&) %/.,$-<) #&N0,-<) "/= <N/=0 $0$"#=N9&D, <N/=0 

2,&=-/'A0&, #70 #$=#/"/D7+7 :/0,2D40 "/= +N&#D?/0#$, %& #70 5%=0$ #40 M=#10 

&0$0#D/0 #40 M=#/"$9/:E040 /.:$0,+%10. W+#E+/, &01 /, "./7:%<0&) $=#<) 

%/.,$-<) #&N0,-<) <N/=0 &M$.%/+#&D :,$ #7 2,&.&A07+7 #/= .E'/= :/0,2D40 5%=0$) 

#40 M=#10 +& <0$ %&:5'/ $.,9%E "$9/:E040 %=-(#40, 2&0 <N&, 2/9&D ,2,$D#&.7 

;$.A#7#$ :,$ #7 2,&=-.D0,+7 #7) %/.,$-() ;5+7) #7) 5%=0$) #40 M=#10 &0$0#D/0 #40 

"$9/:E040 "/= "./-$'/A0 $2./%=-1+&,). 

L ".4#/#="D$ #7) "$./A+$) &.:$+D$) <:-&,#$, +#7 %&'<#7 #40 %7N$0,+%10 

5%=0$) #40 M=#10 "/= 2&0 <N/=0 %&'&#79&D 2,&*/2,-5 +#/=) %A-7#&) Verticillium 

dahliae -$, Fusarium oxysporum -$91) -$, +#70 &M$.%/:( #7) #&N0/'/:D$) #7) ,ï-5 

&"$:E%&07) :/0,2,$-() +D:7+7) :,$ #7 %&'<#7 #/= .E'/= :/0,2D40 5%=0$) +& M=#5 

#/%5#$) "/= 2&0 <N&, N.7+,%/"/,79&D %<N., +(%&.$ +#70 $''7'&"D2.$+7 #/=) %& #/0 

%A-7#$ Verticillium dahliae. 6"E #/=) %7N$0,+%/A) 5%=0$) %&'&#(97-$0 +=+#$#,-5 

#7) ".E+'7P7), $0#D'7P7) -$, %&#$:4:() #40 +7%5#40 #/= +$',-=',-/A /*</) (SA), 

#/= ,$+%/0,-/A /*</) (JA) -$, #/= $,9='&0D/= (ET) -$#5 #7 %E'=0+7 M=#10 A. 

thaliana %& #$ "$9/:E0$ V. dahliae -$, F. oxysporum (1). !"D+7), 2,&.&=0(97-& / 

.E'/) #7) ".E+'7P7) #/= $,9='&0D/= +#70 #/%5#$ %<+4 #/= ="/2/N<$ Never ripe 

+#70 $''7'&"D2.$+7 #40 M=#10 %& #/0 %A-7#$ V. dahliae (2). ><'/), &M$.%E+#7-& 

-$, ".$:%$#/"/,(97-& %& &",#=ND$ 7 #&N0/'/:D$ #7) ,ï-5 &"$:E%&07) :/0,2,$-() 

+D:7+7) :,$ #7 %&'<#7 #/= .E'/= #/= :/0,2D/= ETR4, "/= -42,-/"/,&D <0$0 5''/ 

="/2/N<$ $,9='&0D/= +#70 #/%5#$, +#70 5%=0$ #40 M=#10 &0$0#D/0 #/= %A-7#$ V. 

dahliae (3). 

3,/ $0$'=#,-5: 

1. 6"E #$ %/0/"5#,$ %&#$:4:() #40 SA, JA -$, ET "/= &%"'<-/0#$, +#70 

5%=0$ #40 M=#10, %&'&#(97-& / .E'/) #40 :/0,2D40 NahG, SID2, SID1/EDS5, 

ETR1, EIN2-1, EIN3-1, EIN4, EIN5-1, PAD3, PAD4 -$, NPR1 %& #7 N.(+7 

%&#$''$:%<040 -$, :&0&#,-1) #./"/"/,7%<040 M=#10 A. thaliana +#$ :/0D2,$ $=#5 

+& "&,.5%$#$ "$9/:<0&,$) %& #/=) %A-7#&) V. dahliae -$, F. oxysporum. 
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B,$",+#197-& E#, #$ etr1-1 (#$0 #$ %E0$ M=#5 "/= &DN$0 %,-.E#&./ "/+/+#E 

$+9<0&,$) $"E #$ WT M=#5. 6=#( 7 "$.$#(.7+7 &D0$, +A%M407 %& #$ $"/#&'<+%$#$ 

"./7:/A%&040 &.&=010 "/= <2&,*$0 +& in vitro "&,.5%$#$ E#, #$ etr1-1 M=#5 (#$0 

",/ $09&-#,-5 +#70 "./+;/'( $"E Verticillium spp. (Veronese et al., 2003ú 

Johansson et al., 2006). 60#D9&#$, /, Berrocal-Lobo -$, Molina (2004) <2&,*$0 E#, #$ 

ein2-5 M=#5 (#$0 ",/ &="$9( +#/=) %A-7#&) Fusarium oxysporum f. sp. conglutinans 

-$, Fusarium oxysporum f. sp. lycopersici +& +N<+7 %& #$ $:.D/= #A"/= M=#5 -$, /, 

Johansson -$, +=0&.:5#&) (2006) <2&,*$0 E#, #$ ein2-1, ein4-1 -$, ein6-1 M=#5 

<2&,*$0 $=*7%<07 &="59&,$ +& +N<+7 %& #$ M=#5 $:.D/= #A"/=, -5#, "/= 2&DN0&, E#, / 

.E'/) #/= $,9='&0D/= &D0$, ,2,$D#&.$ +A09&#/) +#7 5%=0$ #40 M=#10. L 

"/+/#,-/"/D7+7 #40 %=-(#40 +#$ %&#$''$:%<0$ M=#5 +#/ %/0/"5#, #/= $,9='&0D/=, 

<2&,*& E#, #$ &"D"&2$ #40 "$9/:E040 +#/=) $::&,$-/A) ,+#/A) #40 etr1-1 M=#10 

"$.<%&,0$0 +& +7%$0#,-5 N$%7'E#&.$ &"D"&2$ -$9’ E'7 #7 2,5.-&,$ #40 "&,.$%5#40 

+& +N<+7 %& #$ ="E'/,"$ M=#5 "/= N.7+,%/"/,(97-$0. 6=#E #/ +#/,N&D/ $"/#&'&D 

-$, <0$ $"E #$ ",/ ".4#E#="$ &=.(%$#$ #7) "$./A+$) &.:$+D$) $M/A /, %<N., 

+(%&.$ $0$M/.<) 2&0 +=+N&#D?/=0 #70 $05"#=*7 #7) ;,/%5?$) #40 "$9/:E040 %& 

#70 <0#$+7 #40 +=%"#4%5#40 (Schnathorst, 1981ú Brandt et al., 1984ú Corsini et al., 

1988ú Gold et al., 1996ú Lynch et al., 1997ú Heinz et al., 1998ú Veronese et al., 

2003). 6=#<) /, "$.$#7.(+&,) ="<2&,*$0 E#, / $09&-#,-E) M$,0E#="/) #40 etr1-1 

M=#10 ;$+D?&#$, +#70 &0&.:/"/D7+7 %7N$0,+%10 5%=0$). 6=#/D /, %7N$0,+%/D <N/=0 

%&.,-1) %&'&#79&D +#70 $''7'&"D2.$+7 V. dahliae – A. thaliana $''5 "/#< +#$ etr1-1 

M=#5. L %&'<#7 #40 %&#$:.$M,-10 %&#$;/'10 +#$ etr1-1 M=#5 %&#5 #7 %E'=0+7 #/=) 

%& #/0 %A-7#$ V. dahliae $"/#&'&D $-E%$ %,$ ".4#/#="D$ #7) "$./A+$) &.:$+D$). L 

N.(+7 #7) #&N0/'/:D$) #40 %,-./+=+#/,N,10 <:,0& :,$ ".1#7 M/.5 :,$ #7 %&'<#7 #7) 

$''7'&"D2.$+7) #40 M=#10 etr1-1 %& #/ %A-7#$ V. dahliae -$, ="<2&,*& %,$ /%52$ 

:/0,2D40 5%=0$) "/= &0&.:/"/,/A0#$, +#$ M=#5 $=#5 +& $0#D9&+7 %& #$ M=#5 $:.D/= 

#A"/=. L <-M.$+7 #40 :/0,2D40 $=#10 %&'&#(97-& "&.$,#<.4 -$, +& "&.,++E#&.$ 

N./0,-5 +7%&D$ %&#5 #70 &M$.%/:( #/= %A-7#$, %& $0#,2.5+&,) Real-time PCR. 6"E 

#70 $05'=+7 #40 $"/#&'&+%5#40 2,$",+#197-& E#, #$ :/0D2,$ GSTF12, GSTU16 

(glutathione-S-transferases), CHI-1, CHI-2 (chitinases), PR-1, PR-2 (;-1,3 

glucanase), PR-5 (thaumatin-like) -$, Myb75) ="&.&-M.5+#7-$0 +#$ etr1-1 +& +N<+7 

%& #$ $:.D/= #A"/= -$, #$ ein4 M=#5 ="/2&,-0A/0#$) #/ .E'/ #/=) +#/0 $09&-#,-E 

M$,0E#="/ #40 etr1-1 M=#10 &0$0#D/0 #/= %A-7#$. R& %,$ ".E+M$#7 &.:$+D$ 

%,-./+=+#/,N,10 E"/= &DN$0 %&'&#79&D #$ %&#$:.$M,-5 "./MD' M=#10 #/%5#$) %&#5 

#70 &M$.%/:( 2 2,$M/.&#,-10 $"/%/01+&40 V. dahliae, Vd1 -$, E6 "/= 

"./-5'&+$0 &="$9<) -$, $0&-#,-E M$,0E#="/ $0#D+#/,N$, "$.$#7.(97-& E#, #$ 
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:/0D2,$ "/= -42,-/"/,/A0 %,$ &02/N,#,05+7 (endochitinase) -$, %,$ S-#.$0+M&.5+7 

#7) :'/=#$9&,E07) (glutathione-S-transferase) &DN$0 ="&.&-M.$+#&D +#70 $0&-#,-( 

$''7'&"D2.$+7 (Robb et al., 2007). R& %,$ ",/ ".E+M$#7 &.:$+D$, +#70 /"/D$ 

%&'&#(97-$0 /, %&#$:.$M,-<) $''$:<) +& M=#5 #/%5#$), %&#5 #70 &M$.%/:( #/= V. 

dahliae (M='( 1), +#,) "/,-,'D&) MoneyMaker (&="$9() :/0E#="/)) -$, Motelle 

($09&-#,-E) :/0E#="/) &0$0#D/0 #7) M='() 1 #/= Verticillium) %& #7 N.(+7 

%,-./+=+#/,N,10, "$.$#7.(97-& 7 &"$:4:( #40 :/0,2D40 PR5 -$, N,#,05+7 #E+/ 

+#,) .D?&) E+/ -$, +#/ ="<.:&,/ %<./) #7) $+A%;$#7) $''7'&"D2.$+7) ($09&-#,-E) 

M$,0E#="/)) (van Esse et al., 2009). >$ $"/#&'<+%$#$ $=#10 #40 &.:$+,10 &D0$, +& 

+=%M40D$ %& #$ $"/#&'<+%$#$ #7) "$./A+$) &.:$+D$), :&:/0E) "/= ="/2&,-0A&, E#, 

+#,) $09&-#,-<) $''7'&",2.5+&,) #40 M=#10 %& #/0 V. dahliae &0&.:/"/,/A0#$, 

/%E'/:$ :/0D2,$ 5%=0$). !",".E+9&#$, "./7:/A%&0&) &.:$+D&) <2&,*$0 E#, /, PR 

".4#&T0&) PR-1, PR-2 -$, PR-5 "$D?/=0 +7%$0#,-E .E'/ +#70 $09&-#,-E#7#$ #40 

M=#10 -$#5 #7) %E'=0+7) %& %A-7#&) (Wessels et al., 1981ú Alexander et al., 1993ú 

Niderman et al., 1995ú Abad et al., 1996ú Pressey, 1997ú Li et al., 2003ú Menu-

Bouaouiche et al., 2003). G2,$D#&./ &02,$M<./0 "$./=+,5?&, 7 /,-/:<0&,$ #40 PR-5 

".4#&S010 "/= "$./=+D$+$0 in vitro $0#,%=-7#,$-( 2.5+7 &0$0#D/0 #/= V. dahliae 

(Abad et al., 1996ú Pressey 1997). I, N,#,05+&) $"E E'&) #,) /,-/:<0&,&) <N/=0 in vitro 

$0#,%=-7#,$-<) ,2,E#7#&) (Melchers et al., 1994ú Ponstein et al., 1994) &0$0#D/0 

%=-(#40 "/= <N/=0 N,#D07 +#$ -=##$.,-5 #/=) #/,N1%$#$. W+#E+/, %E0/ <0$) %,-.E) 

$.,9%E) %=-(#40 &D0$, &="$9&D) +#,) N,#,05+&). I, "&.,++E#&./, %A-7#&) &D0$, 

&="$9&D) +#7 +=0&.:,+#,-( 2.5+7 #40 N,#,0$+10 -$, #40 :'/=-$0$+10 (;-1,3-

glucanases) (Mauch et al., 1988ú Sela-Buurlage et al., 1993). R#70 "$./A+$ &.:$+D$ 

"50#4) #$ &"D"&2$ 2 N,#,0$+10 -$, %,$) ;-1,3 :'/=-$05+7) (#$0 $=*7%<0$ +#$ etr1-

1 M=#5. 3<.$ $"E #,) "./$0$M&.9&D+&) PR ".4#&T0&), $.-&#<) <.&=0&) <N/=0 2&D*&, 

E#, #$ M=#5 $0#$"/-.D0/0#$, +#7 %E'=0+7 $"E "$9/:E0$ %& #70 $=*7%<07 <-M.$+7 

%&#$:.$M,-10 "$.$:E0#40 E"4) /, glutathione S-transferases (GST) -$, /, Myb 

(Mauch -$, Dudler, 1993ú Hahn -$, Strittmatter, 1994ú Wagner et al., 2002). L 

<-M.$+7 &0E) :/0,2D/= GST &DN& ="&.&-M.$+#&D ",/ :.(:/.$ -$, ",/ ,+N=.5 +& %,$ 

$09&-#,-( "/,-,'D$ ;$%;$-,/A +#/0 V. dahliae +& +N<+7 %& %,$ &="$9( "/,-,'D$ (Jia 

et al., 2007). 3.E+M$#&) :&0&#,-<) $0$'A+&,) <2&,*$0 E#, $.-&#5 :/0D2,$ "/= 

-42,-/"/,/A0 Myb %&#$:.$M,-/A) "$.5:/0#&) "$D?/=0 +7%$0#,-E .E'/ +#,) 

$0#,2.5+&,) $0/+/"/D7+7) #40 M=#10, %& %&.,-/A) "$.5:/0#&) 0$ "./+2<0/0#$, +& 

="/-,07#<) (promoters) :/0,2D40 "/= +N&#D?/0#$, %& #70 5%=0$ #40 M=#10 (Rushton 

-$, Somssich, 1998). @&#$+N7%$#,+%E) M=#10 %& :/0D2,/ "/= -42,-/"/,&D <0$ Myb 

"$.5:/0#$ &DN& +$0 $"/#<'&+%$ #$ M=#5 0$ "$./=+,5+/=0 $=*7%<07 $09&-#,-E#7#$ 
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+#7 %E'=0+7 $"E $.-&#5 ;,/#./M,-5 -$, 0&-./#./M,-5 "$9/:E0$ (Mengiste et al., 

2003). R=%"&.$+%$#,-5, 7 "$./A+$ &.:$+D$ <2&,*& :,$ ".1#7 M/.5 E#, 7 %&,4%<07 

".E+'7P7 $,9='&0D/= %<+4 #/= ="/2/N<$ ETR1 &"5:&, #70 <-M.$+7 %,$) /%52$) 

:/0,2D40 "/= +N&#D?/0#$, %& #70 5%=0$ #40 M=#10 A. thaliana, ="/2&,-0A/0#$) #7 

%/.,$-( ;5+7 "/= &'<:N&, #70 $09&-#,-E#7#$ +#/=) %A-7#&) V. dahliae -$, F. 

oxysporum. >$ $"/#&'<+%$#$ $=#/A #/= -&M$'$D/= "/= $M/./A0 #/ %A-7#$ V. 

dahliae ="/;'(97-$0, <:,0$0 $"/2&-#5 -$, &D0$, ="E 27%/+D&=+7 +#/ 2,&90<) 

&",+#7%/0,-E "&.,/2,-E Molecular Plant Pathology. 

2. I 2/) +#EN/) #7) "$./A+$) &.:$+D$) (#$0 0$ 2,&=-.,0,+#&D &50 7 

".E+'7P7 #/= &02/:&0/A) $,9='&0D/= &%"'<-&#$, +#70 $09&-#,-E#7#$ M=#10 #/%5#$) 

&0$0#D/0 #/= M=#/"$9/:E0/= %A-7#$ V. dahliae. L +A:-.,+7 #40 +=%"#4%5#40 #7) 

$+9<0&,$) "/= "./-5'&+& / %A-7#$) +& M=#5 $:.D/= #A"/= (WT) -$, +& 

%&#$''$:%<0$ M=#5 Never ripe (Nr) %& %&,4%<07 ".E+'7P7 $,9='&0D/=, <2&,*& E#, +#$ 

Nr M=#5 7 +/;$.E#7#$ #7) $+9<0&,$) -$, #$ +=%"#1%$#$ "/= "./-5'&+& +& $=#5 #$ 

M=#5 (#$0 +7%$0#,-5 ',:E#&.$ +& +N<+7 %& #$ WT M=#5. >$ $"/#&'<+%$#$ $=#5 &D0$, 

$0#D+#/,N$ %& #70 &,-E0$ "/= "$./=+D$+$0 #$ etr1-1 %&#$''$:%<0$ M=#5 A. thaliana 

%&#5 #7 %E'=0+7 $"E #/ %A-7#$ V. dahliae, :&:/0E) "/= ="/2&,-0A&, E#, /, 2A/ $=#/D 

="/2/N&D) $,9='&0D/= &"7.&5?/=0 %& $0#D+#/,N/ #.E"/ #,) $0#,2.5+&,) #40 M=#10 

+#70 "./+;/'( $"E #/ %A-7#$. !D0$, &02,$M<./0 "50#4) E#, 7 %&#5''$*7 Never ripe 

$"&0&.:/"/,&D +#70 #/%5#$ <0$ :/0D2,/ "/= -42,-/"/,&D ="/2/N<$ $,9='&0D/=, "/= 

&D0$, /%E'/:/ #/= ETR1 #/= M=#/A Arabidopsis thaliana (Wilkinson et al., 1995). 

3./7:/A%&0&) &.:$+D&) <2&,*$0 E#, #$ %&#$''$:%<0$ Nr M=#5 #/%5#$) (Lund et al., 

1998ú Ciardi et al., 2000ú Balaji et al., 2008) "$./=+D$+$0 ',:E#&.$ +=%"#1%$#$ 

%&#5 #7 %E'=0+( #/=) $"E 2,5M/.$ "$9/:E0$ (Pseudomonas syringae pv. tomato, 

Fusarium oxysporum f. sp. lycopersici, Xanthomonas campestris pv. vesicatoria, 

Clavibacter michiganensis subsp. michiganensis) ="/2&,-0A/0#$) #/ +7%$0#,-E .E'/ 

#/= $,9='&0D/= +#70 $0#D2.$+7 #40 M=#10 +#$ "$9/:E0$. W+#E+/, / Lund -$, 

+=0&.:5#&) (1998) ".E#&,0$0 E#, #$ M=#5 "/= 2&0 $0#,'$%;50/0#$, #/ $,9='<0,/ -$, 

"/= "$./=+,5?/=0 %&,4%<0$ +=%"#1%$#$ &D0$, %5''/0 $0&-#,-5 "$.5 $09&-#,-5 

+#70 $+9<0&,$ -$, E#, #$ &"D"&2$ #40 "$9/:E040 2&0 2,$M<./=0 %&#$*A #40 

$0&-#,-10 -$, &=$D+97#40 M=#10. >$ $"/#&'<+%$#$ $=#() #7) &.:$+D$) E%4) 

<2&,*$0 E#, 7 "/+E#7#$ #/= %A-7#$ "/= $0,N0&A97-& +#$ Nr %&#$''$:%<0$ M=#5 (#$0 

+7%$0#,-5 %,-.E#&.7 +& +N<+7 %& #$ WT M=#5 +& E'&) #,) N./0/'/:,-<) +#,:%<) E"/= 

".$:%$#/"/,(97-& 7 "/+/#,-/"/D7+7, ="/2&,-0A/0#$) E#, -5"/,/, %7N$0,+%/D 

5%=0$) $0$"#A++/0#$, +#$ M=#5 $=#5 "/= "&.,/.D?/=0 #70 $05"#=*7 #/= %A-7#$ 

+#/=) $::&,$-/A) #/=) ,+#/A). R& %,$ ".1#7 "./+"59&,$ 0$ 2,&=-.,0,+#/A0 $=#/D /, 
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%7N$0,+%/D, ".$:%$#/"/,(97-$0 "&,.5%$#$ <-M.$+7) E'40 #40 :04+#10 :/0,2D40 

"/= -42,-/"/,/A0 N,#,05+&) +#70 #/%5#$ -$91) -$, 2 :'/=-$0$+10 -$, %,$) PR-5 

PR ".4#&T07) (:/0D2,$ "/= $"E "./7:/A%&0&) &.:$+D&) <N/=0 &%"'$-&D +#70 5%=0$ 

#40 M=#10 #/%5#$)), +& $:.D/= #A"/= -$, +& Nr M=#5. 6"E #$ "&,.5%$#$ $=#5 2&0 

"./<-=P& 2,$M/./"/,7%<07 <-M.$+7 +& -5"/,//$ $"E #$ :/0D2,$ "/= 2/-,%5+#7-$0 

+#$ Nr M=#5. K,$ 0$ &*$-.,;49&D &50 -$, "/,/, $%=0#,-/D %7N$0,+%/D &%"'<-/0#$, +#$ 

Nr M=#5 ".<"&, 0$ &*&#$+#/A0 -, 5''$ :/0D2,$ 2&D-#&) #7) &"$:4:() #7) 5%=0$) #40 

M=#10. >$ $"/#&'<+%$#$ $=#5 ="/;'(97-$0, <:,0$0 $"/2&-#5 -$, &D0$, ="E 

27%/+D&=+7 +#/ 2,&90<) &",+#7%/0,-E "&.,/2,-E Plant Pathology. 

3. W) 3/) +#EN/) #7) "$./A+$) &.:$+D$) (#$0 0$ 2,&.&=079&D "&.$,#<.4 / 

.E'/) #7) ".E+'7P7) #/= $,9='&0D/= N.7+,%/"/,10#$) #70 #&N0/'/:D$ #7) ,ï-5 

&"$:E%&07) :/0,2,$-() +D:7+7), %& "'$+%,2,$-E=) M/.&D) "/= &DN$0 4) ;5+7 #/0 ,E 

Tobacco Rattle Virus – TRV (Liu et al., 2002$) :,$ 0$ ".$:%$#/"/,79&D :/0,2,$-( 

+D:7+7 #/= :/0,2D/= ETR4 #7) #/%5#$). Z''7 %,$ ".4#/#="D$ #7) &.:$+D$) (#$0 E#, 

7 #&N0/'/:D$ $=#( 2&0 <N&, N.7+,%/"/,79&D %<N., +(%&.$ :,$ #7 %&'<#7 

$''7'&",2.5+&40 #40 M=#10 %& "$9/:E0$ "/= "./-$'/A0 $2./%=-1+&,). >/ 

:/0D2,/ ETR4 E"4) -$, #/ Nr -42,-/"/,&D ="/2/N<$ $,9='&0D/= +#70 #/%5#$. @&#5 

#70 &",#=N( :/0,2,$-( +D:7+7 #/= ETR4, ".$:%$#/"/,(97-$0 "&,.5%$#$ 

"$9/:<0&,$) %& #/ %A-7#$ V. dahliae +#$ /"/D$ "$.$#7.(97-& %&D4+7 +#7 

+/;$.E#7#$ #7) $+9<0&,$) "/= "./-5'&+& / %A-7#$) +#$ M=#5 "/= &DN& 

".$:%$#/"/,79&D 7 :/0,2,$-( +D:7+7, +& +N<+7 %& #$ M=#5 E"/= &DN& &M$.%/+#&D / 

-&0E) M/.<$) #7) +D:7+7). W+#E+/, 7 "/+/#,-/"/D7+7 #/= "$9/:E0/= "/= <:,0& #70 

#&'&=#$D$ 7%<.$ #40 "&,.$%5#40, 37 7%<.&) %&#5 #70 %E'=0+7 %& #/0 V. dahliae, 

<2&,*& E#, #$ &"D"&2$ DNA #/= %A-7#$ (#$0 "$.E%/,$ -$, 2&0 2,<M&.$0 +#$#,+#,-5 

+#$ M=#5 "/= &DN& ".$:%$#/"/,79&D 7 +D:7+7 -$, +#$ M=#5 %5.#=.&) (TRV2-00). L 

<''&,P7 +=+N<#,+7) %&#$*A #7) "/+E#7#$) #/= "$9/:E0/= +#/=) ,+#/A) #40 M=#10 

-$, #7) +/;$.E#7#$) #7) $+9<0&,$), <N&, 2,$",+#49&D +& $.-&#<) $''7'&",2.5+&,) 

#E+/ #/= V. dahliae E+/ -$, 5''40 M=#/"$9/:E040 %=-(#40 %& 2,5M/./=) *&0,+#<) 

(Schnathorst, 1981ú Brandt et al., 1984ú Corsini et al., 1988ú Gold et al., 1996ú Lynch 

et al., 1997ú Heinz et al., 1998ú Veronese et al., 2003) "/= <N/=0 $"/2/9&D +& 

2,5M/./=) "$.5:/0#&) "/= <N/=0 0$ -50/=0 -=.D4) %& #7 M=+,/'/:,-( $05"#=*7 

#40 M=#10 (Dietrich et al., 1994ú Lund et al., 1998ú O’Donnell et al., 2001ú Cecchini 

et al., 2002ú Piloff et al., 2002). W+#E+/ ="5.N/=0 /.,+%<0$ +7%&D$ "/= N.&,5?/0#$, 

"&.,++E#&.7 %&'<#7 <#+, 1+#& 0$ &*$N9/A0 ",/ $+M$'( +=%"&.5+%$#$. K,$ 

"$.52&,:%$, 7 "/+/#,-/"/D7+7 #/= V. dahliae ".<"&, 0$ ".$:%$#/"/,79&D +& 

2,5M/.$ N./0,-5 2,$+#(%$#$ &*<',*7) #7) $+9<0&,$) $M/A +#70 "$./A+$ &.:$+D$ 
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<:,0& %E0/ #70 #&'&=#$D$ 7%<.$ #40 "&,.$%5#40, -$, ",9$01) 0$ <N/=0 "$.$;'&M9&D 

+7%$0#,-<) "'7./M/.D&) "/= $M/./A0 +#70 "/+E#7#$ #/= %A-7#$ +& "./:&0<+#&.$ 

+#52,$ -$#5 #70 &*<',*7 #7) "./+;/'(). !"D+7), #$ M=#5 "/= +=%%&#&DN$0 +#$ 

"&,.5%$#$ #7) :/0,2,$-() +D:7+7) &DN$0 ="/+#&D %,$ +&,.5 $;,/#,-10 -$, ;,/#,-10 

-$#$"/0(+&40 "/= ",9$01) 0$ /2(:7+$0 -$, +#70 &"$:4:( 2,$M/.&#,-10 

%7N$0,+%10 5%=0$) $M/A &%;/',5+#7-$0 $.N,-5 ="E -&0E %& #$ +#&'<N7 #/= 

;$-#7.D/= A. tumefaciens "/= <M&.$0 #/ :/0,2D4%$ #/= ,/A TRV, $-/'/A94) / ,E) 

"/''$"'$+,5+#7-& -$, &0&.:/"/D7+& #/ %7N$0,+%E #7) +D:7+7) +#$ M=#5 "/= #&',-5 

%/'A097-$0 %& #/ %A-7#$ V. dahliae. 6=#E D+4) 0$ &*7:&D :,$#D 7 "/+E#7#$ #/= 

"$9/:E0/= "/= ="/'/:D+#7-& #70 377 7%<.$ %&#5 #70 "./+;/'( $"E #/ %A-7#$ +#$ 

M=#5 "/= &DN& ".$:%$#/"/,79&D 7 :/0,2,$-( +D:7+7, (#$0 -$#5 "/'A N$%7'E#&.7 

$"E #70 "/+E#7#$ "/= ="/'/:D+#7-& +#,) 25 7%<.&) +#$ WT -$, Nr M=#5. 6-E%$ <0$ 

+7%&D/ "/= ".<"&, 0$ '7M9&D ="EP7 &D0$, E#, 7 :/0,2,$-( +D:7+7 2&0 $"&0&.:/"/,&D 

"'(.4) #/ :/0D2,/-+#EN/ E"4) +=%;$D0&, +#/=) %E0,%/=) %&#$+N7%$#,+%/A) 

:/0,2D40, E"4) :,$ "$.52&,:%$ +#$ %&#$''$:%<0$ ( :&0&#,-1) #./"/"/,7%<0$ M=#5, 

$M/A #/ :/0D2,/-+#EN/) +=0&ND?&, 0$ <N&, <0$ %,-.E "/+/+#E <-M.$+7). >$ 

$"/#&'<+%$#$ $=#5 ="/;'(97-$0, <:,0$0 $"/2&-#5 -$, &D0$, ="E 27%/+D&=+7 +#/ 

2,&90<) &",+#7%/0,-E "&.,/2,-E Plant Pathology. 

R=0/PD?/0#$), +#$ "'$D+,$ #7) "$./A+$) &.:$+D$) 2,&.&=0(97-$0 /, 

%7N$0,+%/D 5%=0$) "/= &%"'<-/0#$, +#$ M=#5 -$#5 #70 $''7'&"D2.$+7 #/=) %& #/=) 

%A-7#&) "/= "./-$'/A0 $2./%=-1+&,), E"/= 2,$",+#197-& / +7%$0#,-E) .E'/) #/= 

$,9='&0D/= %<+4 #7) ".E+'7P7) #/= $"E #/=) ="/2/N&D) #/= +#/ &02/"'$+%$#,-E 

2D-#=/. L "./+<::,+7 "/= $-/'/=9(97-& +#70 &.:$+D$ <24+& %,$ /'/-'7.4%<07 

&,-E0$ :,$ #7 %/.,$-( ;5+7 #7) 5%=0$) #40 M=#10 &0$0#D/0 #40 %=-(#40 F. 

oxysporum -$, V. dahliae. R=%"&.$+%$#,-5, #$ $"/#&'<+%$#$ #7) &.:$+D$) 

+=%;5''/=0 +#7 :01+7 :,$ #7 '&,#/=.:D$ #40 %7N$0,+%10 +#$ M=#5 "/= -$9/.D?/=0 

#70 5%=0$ #/=) &0$0#D/0 #40 "$9/:E040 #40 $2./%=-1+&40 "/= $"/#&'/A0 

+7%$0#,-5 "./;'(%$#$ #7) &''70,-() -$, #7) "$:-E+%,$) :&4.:D$) $M/A 7 

-$#$"/'<%7+7 #/=) &D0$, ,2,$D#&.$ 2A+-/'7. 
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E?K?KGJ-? 

ATG = Translational Start/Stop  
atgc = UTR 
ATGC = Exon  
atgc = Intron  
ATGC = Forward primer 
ATGC = Reverse primer 

 
A. thaliana "2-tubulin (At1g50010) M84696 
atagcatcaaacagctctgtaaaaacctagaaatcgaaaaaatcagatctagatctaaaagaagagcgtcttcataaacgcccttcttcttcttcgt
cttcttccctgcaaatctagtttctagatcttttctttcttccgcgaaacgaaaATGAGAGAGTGCATTTCGATCCACATTGGTCA
GGCCGGTATCCAGGTCGGAAATGCTTGCTGGGAGCTTTACTGTCTTGAACATGGCATTCAGgttcgtct
cttcctcttctatcttgatctgtgtttttcttcatatttttcgtattttaaaagatcaaatctgagatatttttgcgcagcattgacctcgtagatctattttacgtaat
cgtttagatctgtgtttgatttcgacgtcttatgaaatttctgtggttgatgcgaaatccgtttctcatttctaaattattcgatgaacctggatagatctgtgttt
gaattggatttcatgtcagattgcttttgctgatgccatatccgtatttgttttataatattgggtgaaggaaaactttgctttatttgcttaaagagatggcga
ttgatatttgcgatatagttgaagcatctcgttgtgattttctcttttcatcgttgcttctatatgtgtagatcttttcgttttatatgtctctttgtattgatgtgttgtctt
ggatgtggaatgttacagCCTGATGGCCAGATGCCGAGTGACAAGACTGTTGGCGGAGGTGACGATGCTTT
CAACACCTTCTTCAGTGAGACCGGTGCAGGGAAGCACGTCCCACGTGCTGTCTTTGTTGATCTTGA
GCCAACTGTGATCGATGAGGTCAGGACTGGTACTTACCGTCAGCTTTTCCACCCTGAGCAACTCAT
CAGCGGTAAAGAAGACGCAGCTAACAATTTCGCCCGTGGGCATTACACCAgtaagttactccttcccttgtttcttc
atcatcaaccatatcttgttgaatttactgttcattcactgatttacttttgaaatcttatttcagTTGGGAAAGAGATTGTTGATCTGTGC
TTGGACCGTATCAGAAAGCTCGCTGATAACTGTACTGGTCTCCAAGGATTCCTCGTCTTCAACGCT
GTTGGTGGAGGGACTGGATCTGGTCTTGGATCTCTCCTCCTTGAGAGACTTTCTGTTGACTACGGG
AAAAAGTCCAAGTTGGGTTTCACAGTTTACCCATCTCCACAGGTCTCCACCTCTGTTGTTGAGCCTT
ACAACAGTGTCCTCTCCACTCACTCACTCTTGGAACACACTGATGTCTCTATCCTCCTCGACAATGA
AGCTATCTATGACATCTGCAGACGTTCCCTAAGCATTGAGAGACCCACCTACACCAACCTCAACCG
TCTCGTCTCTCAGgtatagagccagcttcaatcatttacatcagtcagtctttttgctgtttcgtttcttatgtttaactctctcttgatggtttcagGT
TATCTCATCCTTGACTGCTTCTCTGAGGTTCGATGGTGCCTTGAATGTTGATGTGACTGAGTTCCAA
ACCAACTTGGTCCCATACCCAAGAATCCACTTCATGCTTTCCTCCTATGCCCCAGTCATCTCCGCAG
AGAAGGCCTTCCATGAGCAGCTCTCGGTTGCTGAGATCACAAACAGTGCTTTTGAGCCAGCATCCA
TGATGGCAAAGTGTGACCCTCGTCACGGAAAGTACATGGCTTGCTGTTTGATGTACCGTGGTGATG
TCGTCCCCAAGGATGTGAACGCAGCTGTTGGCACCATCAAGACCAAGCGTACTATTCAGTTTGTGG
ACTGGTGTCCTACTGGATTCAAGTGTGGAATCAACTACCAGCCACCAACTGTTGTTCCAGGAGGTG
ATCTTGCTAAAGTCCAGAGAGCTGTGTGTATGATCTCAAACTCCACCAGTGTTGCTGAGGTGTTCTC
CCGTATTGATCACAAGTTTGATCTTATGTACGCAAAACGTGCTTTCGTTCACTGGTATGTGGGTGAG
GGTATGGAAGAAGGAGAATTTTCAGAGGCTCGTGAGGATCTTGCAGCATTGGAGAAGGATTACGAA
GAGGTTGGTGCTGAAGGTGGTGACGATGAGGATGATGAAGGAGAGGAGTACTAAgaaggttgtcggttttat
gtgggatttctattatctcgtgtttgtgtgaataggctcgaaactcttacgagtcgtacttgtgttttcaaaaaccatatttctatctcttgcttgtggcggtag
ccatttgttctagttcgtttgtttctgataatattttcatctccaagaactgaatttaagctgggtttggtttaaatcgattgtccaaaatctaaacaaatagaa
acgtcaaattgttatttgagtggtga 
Primers 
TUBa2 up: TCCGCGAAACGAAAATG 
TUBa2 dn: TGGCTCAAGATCAACAAAGAC 

 
A. thaliana PR1 (At2g14610) 
ataacacaacaataaccattatcaacttagaaaaATGAATTTTACTGGCTATTCTCGATTTTTAATCGTCTTTGTAGC
TCTTGTAGGTGCTCTTGTTCTTCCCTCGAAAGCTCAAGATAGCCCACAAGATTATCTAAGGGTTCAC
AACCAGGCACGAGGAGCGGTAGGCGTAGGTCCCATGCAGTGGGACGAGAGGGTTGCAGCCTATG
CTCGGAGCTACGCAGAACAACTAAGAGGCAACTGCAGACTCATACACTCTGGTGGGCCTTACGGG
GAAAACTTAGCCTGGGGTAGCGGTGACTTGTCTGGCGTCTCCGCCGTGAACATGTGGGTTAGCGA
GAAGGCTAACTACAACTACGCTGCGAACACGTGCAATGGAGTTTGTGGTCACTACACTCAAGTTGT
TTGGAGAAAGTCAGTGAGACTCGGATGTGCCAAAGTGAGGTGTAACAATGGTGGAACCATAATCAG
TTGCAACTATGATCCTCGTGGGAATTATGTGAACGAGAAGCCATACTAAtgaagtaatgatgtgatcatgcatac
acacgtacataaaggacgtgtatatgtatcagtatttcaataaggagcatcatatgcaggatgtatcaatatttatcaaataatacaaataagagctg
agattacgagaatctatttaaattaaaagttacatacttaattattatagttatatatgtaaaatatgtggcctttttaaaagttacataattaattattatagtt
aatgtctttc 
Primers 
PR1 F: TCACAACCAGGCACGAGGAG 
PR1 R: CACCGCTACCCCAGGCTAAG 

 
A. thaliana PR2 (At3g57260) 
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cttgcacagttgcaccccaggcttggctctataaattaggcggtaaatggaatgattaaaacatatcatttttcacagaatcatagaaaaatcaaga
aaATGTCTGAATCAAGGAGCTTAGCCTCACCACCAATGTTGATGATTCTTCTCAGCCTTGTAATAGCT
TCCTTCTTCAACCACACAGgttcagtcatcttttaagctattgtaacatctattaatcatctccatcttcacaaatttattcaatttaatgattctt
attttggaaaatgaagCTGGACAAATCGGAGTATGCTACGGGATGCTAGGCGATACCTTGCCAAGTCCATC
GGACGTTGTGGCTCTTTACAAACAACAAAACATCCAGCGAATGCGGCTCTACGGCCCTGACCCAG
GCGCTCTTGCCGCTCTCCGTGGCTCTGACATCGAGCTCATCCTCGACGTTCCCAGTTCAGATCTTG
AACGTCTCGCCTCCAGTCAAACGGAGGCCGACAAGTGGGTTCAAGAAAACGTTCAGAGCTACAGA
GATGGTGTCAGATTCCGGTACATCAACGTTGGAAATGAGGTGAAACCCTCAGTTGGGGGGTTTCTC
TTACAAGCAATGCAGAACATCGAGAACGCGGTTTCTGGAGCAGGGCTTGAAGTCAAGGTCTCAACA
GCTATAGCCACTGACACCACCACTGATACGTCTCCTCCGTCTCAAGGAAGGTTCAGGGATGAGTAT
AAGAGCTTTCTCGAACCAGTGATAGGTTTCTTGGCAAGCAAGCAATCTCCCTTGCTCGTGAATCTCT
ACCCTTACTTCAGCTACATGGGAGACACGGCCAACATCCATCTAGACTACGCTCTGTTCACCGCCC
AGTCCACTGTTGATAACGATCCAGGGTACTCATACCAAAACCTATTCGACGCAAATCTCGACTCGGT
TTATGCAGCATTGGAGAAATCAGGGGGCGGATCGTTGGAAATCGTGGTGTCGGAGACCGGTTGGC
CCACAGAGGGAGCAGTCGGGACGAGTGTGGAAAACGCAAAGACTTATGTTAACAATTTGATACAAC
ATGTGAAGAATGGATCACCGAGAAGGCCAGGGAAAGCTATAGAGACTTATATATTCGCTATGTTCG
ATGAGAATAAGAAGGAACCAACGTATGAGAAGTTTTGGGGACTGTTTCATCCAGATCGACAGTCTA
AGTATGAAGTTAATTTCAACTAAtccttagagacttgtgggctttttatgtaagcgtatttaaaaattgggaacttgttgtagtaataagga
ataattaatgcgctttcagcgtgtagtatgttgttatttttaaggttataaatgagctgcaagcataaataaggaaaaaaaatagcatgggcctatagg
cccaataataaaacaagcttgctt 
Primers 
PR2 up: GCTCTCCGTGGCTCTGACATC 
PR2 dn: TACCGGAATCTGACACCATCTCTG 

 
A. thaliana PR3 (AT3G12500) 
ccatagaacattgaacaaaATGAAGACTAATCTTTTTCTCTTTCTCATCTTTTCACTTCTCCTATCATTATCCT
CGGCCGAGCAATGTGGTCGCCAAGCTGGAGGAGCACTCTGCCCCAACGGTCTATGCTGCAGCGA
GTTCGGCTGGTGCGGTAACACCGAACCATACTGTAAGCAGCCTGGCTGCCAAAGCCAGTGCACTC
CCGGTGGTACTCCTCCTGGACCCACCGGCGATCTTTCGGGCATCATTTCAAGTTCTCAGTTCGATG
ATATGCTTAAGCATAGGAATGATGCCGCTTGTCCTGCTAGAGGTTTCTACACTTACAACGCCTTTAT
CACCGCTGCAAAGTCCTTCCCCGGTTTTGGCACCACCGGAGACACCGCCACGAGGAAGAAGGAG
GTCGCCGCCTTCTTCGGCCAGACTTCCCATGAAACTACAGgtacccaaaactcattaacaatttgacggagattgtttc
aaaacacaattgctaaattttggtgtttattattaaaacatcagaatttgaagttctttttttcttctgtaaagagttttggatccaagtgctcatatatacaaa
gaactactatactatatatatatatatatatatatatatatgttttattgaaaaaattatagcttctcatatttagaaacgaaagaaaaaaatcaaacaaa
aacgccaaacgcaaagaaaaatgttttggtcttagatgtttgcgtttacaattaaaaaactattttaaaaatatgaaattcttgattaatctaaacgcaa
ataaccaatcaaggaacttacGAATATTCCAGTTTCCAAATTATACACTTTTGAATaatgtcaagtttgtgagttgtgactata
tatatagctatatactaattaattaagtggacggttacgtcgtgcagGTGGATGGGCTACAGCACCAGACGGACCATATTCA
TGGGGCTACTGTTTCAAGCAAGAACAGAATCCTGCTTCAGACTACTGTGAACCGAGCGCCACGTGG
CCATGCGCATCTGGCAAACGCTACTACGGAAGAGGACCAATGCAACTGTCGTGGAACTACAATTAC
GGTCTATGCGGTAGAGCAATAGGAGTTGACTTACTCAACAACCCTGACCTTGTTGCCAACGACGCA
GTGATCGCTTTCAAAGCCGCGATTTGGTTCTGGATGACTGCTCAGCCTCCCAAACCGTCTTGCCAT
GCCGTGATAGCCGGCCAGTGGCAGCCTTCAGACGCCGACCGTGCCGCCGGGAGATTACCGGGTT
ATGGAGTGATTACGAACATCATTAACGGTGGATTGGAGTGTGGACGTGGCCAAGACGGGAGAGTC
GCCGATCGTATAGGGTTTTATCAGAGGTATTGTAACATATTTGGTGTTAATCCTGGTGGTAATCTTG
ATTGTTACAACCAAAGATCCTTCGTTAACGGCCTCCTCGAAGCTGCTATTTAGtaacgagagtattattattata
atataatacgcagctttgtattatcaaaacaataatatcagactaataaaactctttccaatgatgtttcactgtttatgttgcgattttatttccc 
Primers 
PR3 F: 5’-TTATCACCGCTGCAAAGTCCT-3’ 
PR3 R: 5’-TGGCGCTCGGTTCACAGTA-3’ 

 
A. thaliana PR4 (AT3G04720) 
agaccaccaagaaaacaaagacttatcgatcATGAAGATCAGACTTAGCATAACCATCATACTTTTATCATACACA
GTGGCTACGGTGGCCGGACAACAATGCGGTCGTCAAGGCGGTGGTCGAACTTGTCCCGGTAACAT
CTGCTGCAGTCAGTACGGTTACTGTGGTACCACCGCGGACTACTGTTCTCCGACCAACAACTGTCA
GAGCAATTGTTGGGGAAGTGGGCCTAGCGGACCAGGGGAGAGCGCGTCGAACGTACGCGCCACC
TACCATTTCTATAATCCGGCGCAGAATAATTGGGATTTGAGAGCCGTGAGTGCTTATTGCTCCACGT
GGGATGCTGATAAGCCGTACGCATGGCGGAGCAAGTATGGCTGGACCGCCTTCTGCGGGCCGGC
AGGACCTCGTGGTCAAGCTTCTTGCGGCAAGTGTTTAAGGgtaagttaattaattatctttttctcaaatctttatataagtat
gtttgtgcaaaaggagatcatatagaaagtgttggaattaagacgaatacaagataaaatttgttaccatttaccaacgtcaacgtgttagtgaaata
tttcaaaagatgtatagccggtaaaaattgtgattaaccggtgggtataaatggattcagGTGAAGAACACAAGAACAAATGCTGC
AGTAACTGTGAGAATAGTGGACCAATGCAGCAACGGAGGCTTGGATTTGGATGTAGCAATGTTCAA
TCAAATAGACACCGATGGTTTTGGCTATCAACAAGGCCATCTCATTGTTGACTACCAATTTGTCGAC
TGTGGCAATGAGCTCATTGGGCAGCCTGATTCCAGAAACATGCTTGTTTCGGCCATTGATCGCGTT
TGAtattatgtaatgattttgaggtcaatatcgatcggtctacataaaaataataaagaccgctatatatgtattgtcgagggatatatgtttcgtatca
ataaggaaattttaaatattattatcatt 
Primers 
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PR4 F: ATAATCCGGCGCAGAATAAT 
PR4 R: GCGGTCCAGCCATACTTG 

 
A. thaliana PR5 (At1g75040) 
atcatcatcacccacagcacagagacacacacaaaaaacccataaaaaaatATGGCAAATATCTCCAGTATTCACATTCT
CTTCCTCGTGTTCATCACAAgtaacaacatcaaacacactctatttctgtttcttctctgtttcacttatatatgtcttatctttctcctttcattatt
acattcttcacctgttttgtctgtttttaaggagaatagctttcaatactgtttcttaagtttccttttctgatgatttctttttcttttgttcatcatcttagatcacaac
atattgcaccattatttctcaaaattgtttcgtatttttgatgtttttgtttttttttaaactgcagGCGGCATTGCTGTTATGGCCACAGACT
TCACTCTAAGGAACAATTGCCCTACCACCGTCTGGGCCGGAACTCTCGCCGGTCAAGGACCCAAG
CTCGGCGATGGAGGATTTGAATTGACTCCAGGTGCTTCCCGACAGCTCACGGCTCCTGCAGGATG
GTCAGGCCGGTTCTGGGCTCGTACAGGCTGCAACTTTGACGCCTCCGGAAACGGTAGATGTGTAA
CCGGAGACTGTGGCGGTCTAAGATGTAACGGCGGCGGAGTTCCTCCCGTCACTCTGGCTGAATTC
ACTCTAGTAGGCGATGGCGGCAAAGATTTCTACGATGTGAGCCTCGTAGATGGTTACAATGTCAAG
CTGGGGATAAGACCATCCGGAGGATCGGGAGATTGCAAATACGCAGGCTGTGTCTCTGACCTCAA
CGCGGCTTGCCCCGACATGCTTAAGGTCATGGATCAGAACAATGTCGTGGCCTGCAAGAGTGCCT
GTGAGAGGTTTAATACGGATCAATATTGCTGCCGTGGAGCTAACGATAAGCCGGAAACTTGTCCTC
CCACGGACTACTCGAGGATTTTCAAGAACGCTTGCCCTGACGCCTATAGCTACGCTTATGACGACG
AAACGAGCACCTTCACTTGTACCGGAGCTAACTACGAAATCACTTTCTGCCCTTAAaaaccgaagcttcga
gttagatacagtcgggtttaattatctctcacgtttcttttgcttattatgtacggaaagataaataaggaaagctgatgactatgaatcatcgtcttccact
tttaagcttttttagtgagtattagtcagttgttacactcagctgatttgtttacaaagaaataaaacaaaatgattgatctacggatac 
Primers 
PR5 up: GACTCCAGGTGCTTCCCGACAG 
PR5 dn: ACTCCGCCGCCGTTACATCTT 

 
A. thaliana PDF1.2 (AT5G44420) 
acacaacacatacatctatacattgaaaacaaaatagtaataatcatcATGGCTAAGTTTGCTTCCATCATCACCCTTATCT
TCGCTGCTCTTGTTCTCTTTGCTGCTTTCGgtgagtaataatgttcttattggaaatgtgtttaaatgtaattttagtttatttgataatt
attcttgactgatgtatgcatatatatgcagACGCACCGGCAATGGTGGAAGCACAGAAGTTGTGCGAGAAGCCAA
GTGGGACATGGTCAGGGGTTTGCGGAAACAGTAATGCATGCAAGAATCAGTGCATTAACCTTGAAG
GAGCCAAACATGGATCATGCAACTATGTCTTCCCAGCACACAAGTGTATCTGTTACGTCCCATGTTA
Aatctaccaataatctttggtgctaaatcgtgtgtattttacataaaataagtctctgtcactctatgagtaactttatgacatgcatatttctgttttaatgttt
attttcccgttgttgttacaataatataaaaataatttatgt 
Primers 
PDF 1.2 F: CTGTTACGTCCCATGTTAAATCTACC 
PDF 1.2 R: CAACGGGAAAATAAACATTAAAACAG 

 
A. thaliana WRKY18 (AT4G31800) 
tcattcagtcggaccaacttgtgaccgaagaaagcaaattgagactacgcaccaactagtcctttggtttgtatcttaagataaaggtttcttttATG
GACGGTTCTTCGTTTCTCGACATCTCTCTCGATCTCAACACCAATCCTTTCTCCGCAAAACTTCCGgt
aagtccggatttcgtctgatccattttcccgaaatctaagttgatttttgtatcccttcaatttctatgaactgggattttgggaattaatcatgggttcatttca
aattttcgtatttcagAAGAAGGAGGTCTCAGTTTTGGCTTCTACTCACTTAAAGAGGAAATGGTTGGAGCAA
GACGAGgttagttctttcgtcgaacacttggtgtgcactaccttcgacttcatatacttgttcgaacattcagcttttatcaattctttaacttcactttagt
actttacgaatcaattaagatgggtctgagtttgaatgtctttgcatcgaaatgaatcggtgatgatgtagttagtataaagtctgaaactttacataatc
aatcttgtttggaacaaaaaggaagaatctttttagtaatttgatctttgtggtggtaatgaacagAGCGCAAGTGAGTTACGAGAGGA
GCTAAACAGAGTTAATTCAGAGAACAAGAAGCTAACAGAGATGTTAGCTAGAGTCTGTGAGAGCTA
CAACGAACTACATAATCATTTGGAGAAGCTTCAGAGTCGCCAGAGCCCTGAAATCGAGCAGACCGA
TATACCGATAAAGAAAAGAAAACAAGACCCGGATGAGTTCTTAGGCTTTCCTATTGGACTCAGTAGT
GGAAAAACTGAGAACAGCTCCAGCAACGAAGATCATCATCATCATCATCAGCAACATGAGCAGAAA
AATCAGCTTCTTTCATGTAAAAGACCAGTCACTGATAGCTTCAACAAAGCAAAAGTTTCGACTGTCT
ACGTGCCTACTGAAACATCGGACACAAGCTTGgtaagggattttgtctgtgaatcttttgattaaagagtcatatgtttgaaattg
catagagacaaatgactaagcagagtgtaactctgcagACAGTTAAAGATGGATTTCAATGGAGGAAATACGGACAA
AAGGTTACAAGAGACAACCCGTCACCTAGAGCTTACTTTAGATGCTCGTTTGCACCGTCTTGTCCA
GTAAAAAAGAAGgtaatttacacacatcgagtttattgtatttatagcttcatttgtaattgtttatctctgcttgcttcttcagttgtctaatgatctgtgg
tattactgttcagGTACAACGCAGCGCAGAGGATCCATCTTTACTTGTAGCGACATACGAAGGGACGCATA
ACCACTTGGGTCCAAATGCTTCTGAAGGGGATGCTACAAGCCAGGGTGGGTCAAGCACAGTGACT
TTGGATCTGGTTAATGGCTGTCATAGACTAGCGTTGGAGAAAAACGAAAGGGATAATACGATGCAA
GAGGTTCTGATTCAACAAATGGCGTCATCGTTAACAAAAGATTCGAAATTTACAGCTGCTCTTGCTG
CTGCTATATCTGGGAGGTTAATGGAGCAATCTAGAACATGAacgtttttagtgaatgtattgtttttgtttgtttagaatgattc
ttcgttttcgaattgtgtctttcgattaggagataaaagatgtatataaatattataagtagatgaagaaatcgtataagtattcgagaaactttaaatgta
cgaattctatataaccagttagatgtcgtctgaatactgtatatgaaaattttgaaataaatgatgtggtt 
Primers 
WRKY18 F: AGCGCAAGTGAGTTACGAG 
WRKY18 R: ATCCGGGTCTTGTTTTCTTTTCT 

 
A. thaliana WRKY22 (AT4G01250) 
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tcagcgctctcttttgtctcctctgcttttttctcttctctcctcagagattcgaagctttttgtctcccctgagtaaccaaattcaATGGCCGACGATT
GGGATCTCCACGCCGTAGTCAGAGGCTGCTCAGCCGTAAGCTCATCAGCTACTACCACCGTATATT
CCCCCGGCGTTTCATCTCACACAAACCCTATATTCACCGTCGGACGACAAAGTAATGCCGTCTCCT
TCGGAGAGATTCGAGATCTCTACACACCGTTCACACAAGAATCTGTCGTCTCTTCGTTTTCTTGTAT
AAACTACCCAGAAGAACCTAGAAAGCCACAGAACCAGAAACGTCCTCTTTCTCTCTCTGCTTCTTCC
GGTAGCGTCACTAGCAAACCCAGTGGCTCCAATACCTCTAGATCTAAAAGAAGgttcgtttcttcacccaattttc
gataaagtttaaaccttttgtcaaacccatcaacaagtttacgaaattctgttgaattaatcaaaattccgaattttgctgtatagaaatggttaaaagtct
caatttttgtcgaacccatcaaatttgattgaatcaagaaggctaaaataaaaagtctctgtttttatttggttgcttgttacagAAAGATACAGCA
TAAGAAAGTGTGCCATGTAGCAGCAGAAGCTTTAAACTCCGATGTCTGGGCATGGCGAAAGTACGG
ACAGAAACCCATCAAAGGTTCACCATATCCAAGgtaaaaccaaaaaaattaccagaaaaaaaaaagtcatttattgagtta
taaatgtgtgtattctttcaagacaaaagaaacttgtctgtttttgtgattctgtctgattttggtttgttaaattattatctgcgttacatttttggtaaaggattct
aattaattctcattttcatgaaaacagAGGATACTACAGATGTAGTACATCAAAAGGTTGTTTAGCCCGTAAACAA
GTGGAGCGAAATAGATCCGACCCGAAGATGTTTATCGTCACTTACACGGCGGAGCATAATCATCCA
GCTCCGACACACCGTAATTCTCTCGCCGGAAGCACACGTCAGAAACCATCCGATCAACAGACGAGT
AAATCTCCGACGACCACTATTGCTACTTATTCATCGTCTCCGGTGACTTCAGCCGACGAATTTGTTT
TGCCTGTTGAGGATCATCTAGCGGTGGGAGATCTTGACGGAGAAGAAGATCTGTTATCTTTGTCGG
ATACGGTGGTTAGCGATGATTTCTTCGATGGGTTAGAGGAATTCGCAGCCGGAGATAGCTTTTCCG
GGAACTCGGCTCCGGCGAGTTTTGATCTCTCTTGGGTTGTGAACAGTGCCGCCACTACCACCGGA
GGAATATGAttagattacgacggcttagaatactcttattaggacagatttataggattaaggaattattctcggagcatatgtaaaaataggat
aaaagaaaatgttctttgttactttttttcgggttttcttcctattgtttctaaacatcttagaaaaaatttaattgtatattccttaagctcgatacatcttgtttaa
ctcgagtacgatttacttatggagttatggtctttgtctc 
Primers 
WRKY22 F.: CCCGTAAACAAGTGGAGCGAAATA 
WRKY22 R.: CACCGGAGACGATGAATAAGTAGC 

 
A. thaliana WRKY33 (AT2G38470) 
aaacttccatttttcgtATGGCTGCTTCTTTTCTTACAATGGACAATAGCAGAACCAGACAAAACATGAATGGT
TCTGCTAATTGGTCACAACAATCCGGAAGAACATCTACTTCCTCTTTGGAAGATCTTGAGATACCAA
AGTTCAGATCTTTTGCTCCTTCTTCAATCTCTATCTCTCCTTCTCTTGTCTCTCCTTCCACTTGTTTCA
GTCCCTCTCTTTTTCTCGATTCCCCTGCTTTTGTCTCCTCCTCTGCTAACgtaagcctctctgttttttttctctgtttcttt
tgaaatgaatccaattagtgatgataatctgtgtttgatgtatcattgatttaacatcttgacaatgaatcgtgatcggaagtgataaagttatgggtcaa
cggtttcaaagagagagaaagacttttagagtcaactctcgactctttcttaattatgttattgctatttgtctcttttcttgaagtctgaacaattcttgggatt
gttttgcagGTTCTAGCTTCTCCAACCACAGGAGCTTTAATCACAAACGTAACTAACCAGAAAGGTATAA
ATGAAGGAGACAAGAGCAACAACAACAACTTTAACTTATTCGATTTCTCATTCCACACACAATCATCA
GGAGTTTCTGCTCCGACCACAACTACAACTACAACTACAACTACAACAACAACAAACAGTTCTATCT
TTCAATCTCAGgtatgtacttcatcaacagctcaaatcctctgtttatgagtttttctataactttgttttgagtttcagGAACAACAGAAGA
AGAACCAGTCAGAACAATGGAGCCAAACCGAGACTCGTCCAAACAATCAAGCTGTATCTTACAATG
GAAGAGAGCAAAGGAAAGGAGAGGATGGTTACAATTGGAGAAAGTACGGACAAAAACAGGTGAAA
GGAAGTGAGAATCCTCGGAGTTACTATAAGTGTACTTTCCCTAATTGTCCAACGAAGAAGAAAGTG
GAGAGATCTTTGGAAGGTCAGATCACAGAGATTGTGTATAAAGGAAGCCACAACCATCCTAAACCT
CAGTCTACTAGAAGATCTTCTTCGTCTTCTTCGACTTTTCATTCAGCTGTGTACAATGCCAGTTTGGA
TCATAATCGTCAAGCTTCTTCTGATCAGCCTAATTCCAATAATAGCTTTCATCAGTCTGATTCCTTTG
GGATGCAACAAGAGGATAATACTACTTCTGATTCTGTTGGTGACGATGAGTTCGAACAAGGCTCAT
CGATTGTCAGCAGAGACGAAGAAGATTGTGGGAGTGAACCTGAAGCAAAGAGATGgtacagatcatcatc
accctccaaatttgctactctttgaacaatcttgaatatgaaagttctaaaatgtatgtttttttgtgttttcagGAAAGGGGACAATGAAACA
AATGGTGGGAATGGTGGTGGAAGCAAGACAGTGAGAGAGCCGAGAATCGTAGTGCAGACAACGAG
TGATATTGACATTCTTGACGACGGTTACAGATGGAGAAAATACGGCCAGAAAGTCGTTAAGGGAAA
CCCAAATCCAAGgtaataacataaacaattgtgcatctcaataactcagaattaaggttcttgagaatctgaccttttgttttcttttcatttgctga
atcttaacagAAGCTACTACAAGTGCACAACCATCGGTTGTCCAGTGAGGAAACATGTGGAGAGAGCAT
CACACGACATGAGAGCAGTAATCACAACCTACGAAGGGAAACACAACCACGATGTTCCTGCAGCTC
GTGGTAGCGGTTACGCCACAAACAGAGCACCACAGGATTCGTCTTCAGTCCCGATTAGACCAGCT
GCTATTGCTGGTCACTCCAACTACACTACTTCTTCTCAAGCACCATATACACTTCAGATGCTGCACA
ACAACAACACTAATACCGGGCCTTTTGGTTACGCCATGAACAACAATAACAACAACAGCAACCTTCA
AACGCAACAAAACTTTGTTGGTGGTGGATTCTCTAGAGCAAAGGAAGAACCAAACGAGGAGACCTC
ATTTTTCGATTCGTTTATGCCCTGAagaaaaaaggaaccagttgttccttttttatgttccttttgtacatttctgccaccaaaggatttta
ctacttactagttatcctgcaggatagtaagtcagacttctatagtccatagagaaattttttcatttgttttttcacacgcctgtaatatgtttaatgtttgtact
ttgtaccatagaactagaacacggaataaaaccaatcaattttcagtttcttc 
WRKY33 F.: AGTACGGACAAAAACAGGTGAAA 
WRKY33 R.: TCGTTGGACAATTAGGGAAAGT 

 
A. thaliana WRKY40 (AT1G80840) 
aacaatcccaccattaaaaaagaagaacccaagatcgactcttacttcgaatctctctcaactttcttcctcagcttacgggaacttccacacatata
catccacaagaacccatatcgaagattcatcctacatatatttacATGGATCAGTACTCATCCTCTTTGGTCGATACTTCAT
TAGATCTCACTATTGGCGTTACTCGTATGCGAGTTGAAGAAGATCCACCGgtacgcttctctcagattcttcattct
ccacatgttcagaaattttcaattatcatggagctttttaatctagtatctcatcattatgtattatacacttacatttttcaattcggttggttttgaaaatatata
aactaactcaactatccatagacatttttttcagatgtataatctataaacatagatattttcttatacttcacaaatatttttatatataattggcataaacttt
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aacaacaagaaaaattcgttagtaattcatgtggtgggttcttgaaatatagatgtaacgctagatcataaaatcatattaaacttatagtatgaagaa
aataatatggttactaacttcatgcaatatatatatatatatatatatatatataaatgataaattgcagACAAGTGCTTTGGTGGAAGAA
TTAAACCGAGTTAGTGCTGAGAACAAGAAGCTCTCGGAGATGCTAACTTTGATGTGTGACAACTACA
ACGTCTTGAGGAAGCAACTTATGGAATATGTTAACAAGAGCAACATAACCGAGAGGGATCAAATCA
GCCCTCCCAAGAAACGCAAATCCCCGGCGAGAGAGGACGCATTCAGCTGCGCGGTTATTGGCGGA
GTGTCGGAGAGTAGCTCAACGGATCAAGATGAGTATTTGTGTAAGAAGCAGAGAGAAGAGACTGTC
GTGAAGGAGAAAGTCTCAAGGGTCTATTACAAGACCGAAGCTTCTGACACTACCCTCgtaagcattcatga
aaatgatcaaacttggtatctatctatctttagaaactttattttatatggtttactgattgtagaagttgtttcttatagGTTGTGAAAGATGGGTA
TCAATGGAGGAAATATGGACAGAAAGTGACTAGAGACAATCCATCTCCAAGAGCTTACTTCAAATGT
GCTTGTGCTCCAAGCTGTTCTGTCAAAAAGAAGgtaattgataaagaaaaaaaactgactctcgcttaaaatatgaattggc
ataatacaaatttgatagacttattaatctgattttgatcctgtgtttgtttctattcagGTTCAGAGAAGTGTGGAGGATCAGTCCGT
GTTAGTTGCAACTTATGAGGGTGAACACAACCATCCAATGCCATCGCAGATCGATTCAAACAATGG
CTTAAACCGCCACATCTCTCATGGTGGTTCAGCTTCAACACCCGTTGCAGCAAACAGAAGAAGTAG
CTTGACTGTGCCGGTGACTACCGTAGATATGATTGAATCGAAGAAAGTGACGAGCCCAACGTCAAG
AATCGATTTTCCCCAAGTTCAGAAACTTTTGGTGGAGCAAATGGCTTCTTCCTTAACCAAAGATCCT
AACTTTACAGCAGCTTTAGCAGCAGCTGTTACCGGAAAATTGTATCAACAGAATCATACCGAGAAAT
AGtttagcttcaaattccgttagagtttttagatttgaatttgtcatgagtaagagaaagagagtagattataatccattgtgatactgaaaatgtaacat
gtaatcgtttttcatacaatctccaatacattcggctttagaaa 
Primers 
WRKY40 F.: GCTTAAACCGCCACATCTCT 
WRKY40 R.: GTAGTCACCGGCACAGTCAAG 

 
A. thaliana WRKY53 (AT4G23810) 
aatcctataacactctcattctcatcatatcattcttcaatctatataacccattcttaattatactcaacacacattatatttttctgatcatatcattctttcagt
ccatctatataaccaattcttgatttatacttaaaacacacattatacatctttctcatcatagtttgtatcaatttcctagagtaaactacctaaaggaaaa
aaaaaatctattttgggaatcatatactaaaaATGGAAGGAAGAGATATGTTAAGTTGGGAGCAAAAGACATTGCTA
AGCGAGCTTATCAATGGATTTGATGCGGCCAAAAAGCTTCAGGCACGACTTAGAGAAGCTCCGTCG
CCGTCGTCATCATTTTCATCACCGGCGACGGCTGTTGCTGAGACTAACGAGATTCTGGTGAAGCAG
ATAGTTTCTTCCTACGAGAGATCTCTTCTTCTGCTAAACTGGTCATCCTCACCGAGCGTACAACTTA
TTCCGACGCCGGTTACTGTAGTCCCGGTGGCAAATCCCGGCAGTGTTCCAGAATCTCCGGCATCG
ATAAACGGAAGTCCGAGAAGTGAAGAGTTTGCCGATGGAGGAGGTTCTAGCGAGAGTCATCATCG
CCAAGATTACATTTTCAATTCAAAGAAAAGgtaacaaattgttgatatcttttttcacaattcaccaaattgaatttaaaaatctcattt
tttctagaaactaatttgaaatttgggtaatttttgcagAAAGATGTTACCAAAGTGGTCAGAAAAAGTGAGAATAAGCCC
AGAGAGAGGCTTAGAAGGACCTCAAGATGATGTCTTTAGCTGGAGAAAATATGGTCAAAAAGACAT
TTTAGGCGCCAAATTCCCAAGGAGTTATTACAGATGCACACATCGTAGCACACAAAACTGTTGGGC
AACGAAACAAGTCCAGAGATCAGACGGGGATGCTACGGTTTTCGAAGTGACGTACAGAGGAACAC
ACACTTGTTCGCAGGCGATCACAAGAACACCACCATTAGCCTCGCCGGAGAAGCGACAAGACACC
AGAGTCAAACCAGCCATTACCCAAAAGCCAAAGGATATTCTCGAGAGTCTTAAATCCAACTTAACCG
TTCGAACCGATGGGCTTGATGATGGTAAAGACGTTTTCTCGTTCCCTGATACGCCGCCGTTTTACAA
TTACGGAACTATCAACGGCGAGTTCGGCCACGTGGAGAGTTCTCCGATCTTCGACGTTGTTGACTG
GTTCAATCCAACGGTCGAGATTGACACAACTTTCCCCGCGTTTTTACACGAGTCGATTTATTATTAAtt
aaaatttgtaacagagaaatagatagtaactagtaagtaatgatcagcgagagttaaaacataaaagtacttagagtaatctaacgatgcataat
aaggaatgttcaacaggacttgaacatgatttcaatactaagagagatttat 
Primers 
WRKY53 F.: CAGACGGGGATGCTACGGTTTTC 
WRKY53 R.: CGGCGAGGCTAATGGTGGTGT 

 
A. thaliana WRKY60 (AT2G25000) 
tctcttagcaattatgaatttggtcttcgctataatctcacgttacattaaattggctcctgtgaacctaaatttATGGACTATGATCCCAACA
CCAATCCGTTCGACCTTCATTTCTCCGGTAAACTTCCGgtgagtttttcaatttcttcgaaaatttcacttcaattttcgaggttg
tggtgattattcgtggtgttcatatatattttattgcctgatttagAAAAGAGAAGTCTCGGCTTCAGCTTCTAAAGTTGTAGAG
AAGAAATGGTTAGTGAAAGATGAGgttagttctttcatcgaacactttggtgtgcaatactttgacctcaaaatttttgactatgagtgaa
tggattaggttgatcaagttctcatatctgatttagacattgaatagtttgtttagatcggtgatgctcaaaagttgaacaaatcaaagctttgtcttacag
cttagtttggtaatggtgattttcattttacacagAAGAGAAATATGCTACAAGATGAAATAAACCGGGTTAATTCGGAG
AACAAGAAGCTAACCGAAATGTTAGCAAGAGTCTGTGAGAAGTACTATGCTCTTAATAATCTTATGG
AGGAGTTGCAGAGTCGAAAGAGTCCTGAAAGTGTTAACTTTCAGAACAAACAGCTAACGGGGAAAC
GAAAACAAGAACTTGATGAGTTTGTTAGCTCCCCAATTGGACTCAGTCTCGGACCAATCGAGAACAT
CACCAACGATAAAGCGACGGTTTCAACCGCTTACTTTGCTGCTGAGAAGTCTGACACAAGCTTGgta
aggagatttctactacaagtatcgttctttgagtgtattgatttgttaacgaatgttttgtggatatacgttacttgtagACTGTGAAAGATGGAT
ATCAATGGAGGAAATACGGGCAAAAGATTACGAGAGATAATCCATCTCCTAGAGCTTACTTCAGATG
CTCGTTTTCACCGTCTTGTCTAGTCAAGAAGAAGgtactttggtttaaactttgttaaagagttcttcgatatcatcttgctgtctg
attaaattccctagttgtgtgtgcgcttgtttagGTGCAACGAAGTGCAGAAGATCCATCTTTCTTGGTAGCCACTTAC
GAAGGGACACATAACCACACCGGACCACATGCAAGTGTGTCCAGGACAGTGAAACTTGATCTAGTT
CAAGGTGGGCTTGAACCAGTTGAGGAAAAGAAAGAGAGAGGGACGATTCAAGAGGTTTTGGTGCA
ACAAATGGCTTCTTCGTTGACCAAAGATCCTAAGTTCACTGCAGCTCTTGCGACTGCTATTTCCGGG
AGATTGATAGAGCATTCAAGAACATGAaagttctctagaacatgtatatttctgttttgttctattttgttgctcattcctagtaaaaaggt
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aaagatttgtttgatcttgattaggaggcatagatgtcaattttaatgtgtgtgtatataattacatcaaatctaagtatccaaaaagggtcacccccattt
tatcttatgttgaaagagttttgttatagctcggtgtaagtatggtagattgacgctgcttcgacagtttatgtatcttccaatgttatcttgttcagttgtttgtat
taacttccattagagaagaatgtgatgccattacagacataaa 
Primers 
WRKY 60 F: 5-‘TAATCTTATGGAGGAGTTGC-3’ 
WRKY 60 R: 5-‘ACCGTCGCTTTATCGTT-3’ 

 
A. thaliana VSP1 (AT5G24780) 
atataataccaccctttgtgtcacacaaataaacaccataaactaaacaataaaccatacaaaaaaatATGAAAATCCTCTCACTTT
CACTACTCTTGCTCTTGGCCGCTACGGTCTCCCACGTCCAGTCTTCGGCATCCGTTCCAGGGCTCA
TCGAACTCCTCGAATCGAACACCATCTTTGGGAACGAAGCCGAACTCTTAGAGAAAGAGGGACTGT
CCATCAACTACCCCAACTGCAGAAGCTGGCACCTTGGTGTTGAGACCTCTAACATCATAAACTTCG
ACACGGTGCCCGCAAATTGCAAAGCCTATGTTGAAGACTACTTGATCACTTCCAAACAGTACCAATA
CGACTCCAAAACTGTAAACAAAGAGGCATATTTTTACGCCAAAGGACTTGCCCTAAAGAACGATACC
GTCAATGTTTGGATCTTTGACCTAGACGACACTCTCCTCTCTAGTATTCCCTACTACGCTAAATATG
GATATGGgtatatacatattattgtacctatctacattgaattaataatattatcgtcatatagtttttttgaaaatgtttagctgtcatatatggaaagac
acgtttcatttgacaactttaaatattttaactaacccatctaactgtttttttgggtccatatctactttgtgatttcattctaatgtagatttttttttgttggattctt
agGACCGAGAACACAGCCCCGGGGGCGTACTGGTCGTGGTTAGAGTCCGGAGAATCAACTCCAGG
ACTCCCGGAGACCTTGCATCTATACGAAAACCTCTTGGAACTCGGGATTGAACCCATCATAATCTCT
GACAGATGGAAAAAATTGTCAGAAGTCACTGTCGAGAATCTCAAGGCTGTTGGTGTAACAAAATGG
AAGCATCTCATACTCAAgtaagaattaatcaagtagcttagttatatatagcaaataatgtcatatgtgattgaatatcgaggactatatat
ggaaacgcagGCCAAACGGATCGAAGTTGACGCAAGTGGTGTACAAGTCAAAGGTTAGGAATAGCCTT
GTGAAGAAAGGGTACAACATCGTTGGGAATATTGGAGACCAATGGGCTGATTTGGTTGAGGATACT
CCTGGAAGGGTTTTTAAGCTCCCAAATCCACTCTACTACGTACCTTCTTAAttaagcatctatcttcatggcattgt
ccccttgtatccatttcatatctatgtcgtttcgtttatctttgtagccgttttggcaccactgcttaaataaaatgccaatcctatcataactcaataagtaca
acgacttcgtactaaattttgtttttcgttaaagggatcattaatcaagtttccatgaaatg 
Primers 
VSP1 F: 5’-TTTTACGCCAAAGGACTTGC-3’ 
VSP1 R: 5’-AATCCCGAGTTCCAAGAGGT-3’ 

 
A. thaliana VSP2 (AT5G24770) 
actcacatcaacatattcaatacatttttctagtaatgtagaacaactttacagtattctccaaaacgaaactctaattcaaaatttacaagcagataag
ccaaagataatagaacaacaaaacgccaaattctagttaagcacacaatctcaacgtgcactaaaaacgagtggtgtaagtgaaaaatatcgt
cgattataaacattatgggaccagtagcatttgttgcaccaatcgaaaacagacaagcacacatatctcctcatttctcatctggcttcttaatcatttct
cataaccccacctcattataaataccaccctttgcgtcacacatataaacatcacaaactaaacaataaaccataccataaaaaacATGAAA
ATCCTCTCACTTTCACTTCTCTTGCTCTTGGCCGCTACGGTCTCGGCATCCGTTCCAGGGCTCATC
GAACTCGTCGATTCGAAAACCATCTTTGGGAACGTAGCCGAACTCTTAGAGAAAGAGAAACTTTCC
ATCAACTACGCCAACTGCAGAAGCTGGCACCTTGGTGTTGAGACCTCTAACATCATAGACTTCGAC
ACGGTGCCCGCAAATTGCAAAGACTATGTTGAAGACTACTTGATCACTTCCAAACAGTACCAATACG
ACTCCAAAACCGTGTGCAAAGAGGCTTATTTCTATGCCAAAGGACTTGCCCTAAAGAACGACACCG
TCAATGTTTGGATCTTTGACCTAGATGATACCCTCCTCTCTAGTATTCCCTACTACGCAAAATATGGA
TACGGgtatatatacgcataattatcattattagttctacccacaccacctccattgcattaacaatattatcttcatattttttttttaatggtttagatatca
ctatatgcacgtttcggttttattttatatatattatttgcaactctaaatagtttcagtactgacctaaatgttttttttcatatatatcttactttgtgatttcattttga
actactttttttttttttggattcttagAACAGAGAAGACCGACCCGGGGGCGTACTGGTTGTGGTTAGGGACCGGA
GCATCAACCCCTGGACTCCCGGAGGCCTTGCATCTTTACCAAAACATCATAGAGCTCGGGATTGAA
CCCATCATACTCAGTGACCGTTGGAAGTTGTGGAAGAATGTCACTCTCGACAATCTCGAAGCTGCT
GGCGTGACCTACTGGAAGCATCTCATATTGAAgtaagaatattcaagtagttagttatatagtaattaaataaattataagtatc
atatatgtgattgaatcaaggactaaatatggaaatgtagGCCTAATGGTTCGAACTTGAGGCAAGTGGTGTACAAGTC
AAAGGTGAGGAAGAGTCTCGTGAAGAAAGGATACAACATCGTTGGCAATATCGGAGATCAATGGGC
TGATTTGGTTGAGGATACCCCTGGGAGGGTTTTTAAGCTCCCAAATCCACTCTACTACGTACCTTCT
TAAgaatctatcttcatcgcattgtccccttgtatacacttcatatctatgtcgtttcgtttatctttgtagccgttttggcaccgctgcataaataaaatgtct
atcctatcgtaacttaataagtacaaagacttcgtactaaatgttgtttttctttaaaggggtcattaattaagtggccatgaaatgatattcaccatgtaa
atctaatacaatgaaaagtataaatttgaactg 
Primers 
VSP2 F: 5'-TCAGTGACCGTTGGAAGTTGTG-3' 
VSP2 R: 5'-GTTCGAACCATTAGGCTTCAATATG-3' 

 
A. thaliana ERF1 (AT5G50080) 
gacaactttatttccatatataaactagtcaagcctctaaagagagaccacattccgaaaagtacttgtttattggtgttattcatcgctgctcaaggtgg
caaaccaaggagaacaagaagagtccagggccaatgagcctgagggtatcaaatcagtgattgatgacatctacatttttgaagacgaccctgt
ggttgataggttcaataggtttggcacggagATGTCTGCCATGGTCTCGGCCTTGACACAGGTGGTTTCTGCTCGC
TCTCAGACTGAGGCTGAAGgtgctcactctcagactgaggctgaagGTGCTCACTCTTCTTCCTCTTCGGCTGG
ACATAAAAGAGGATGGCTTGGAATCGATTCTGCTCCTATTCCCTCATCATTTGCTCGTGTAGACTCT
TCACATAATCCGATCGgtgagtctagatgttacatttcgtgaaccgtctctatagcttttatttttgatatgtgttcttgttctcgaatttatttgcttaa
acatggactctaacatctcaaagacaagaaataaaatttggttaattgtttctgtctgattaaaacaaaaaaattacacgtcaaatcataaaaagaa
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tcgctattttgtacagAAGAATCCATGAGCAAGGCATTTCCAGAGGAAGCAAGGGAGAAAAAAAGGAGGTAC
AGAGGAGTAAGGCAGAGACCATGGGGCAAATGGGCAGCTGAGATACGTGATCCACATAGAGCCGC
TAGGGTTTGGCTCGGGACGTTTGATACAGCGGAGGCCGCGGCTAGAGCCTACGACGAGGCTGCA
CTCCGGTTCCGTGGAAATAAAGCAAAGCTAAATTTCCCAGAGGATGTAAGGATTCTTCCTCCTCCC
CCTCCTCTTCTTCGTTCACCAGCTGACACGGTGGCGAATAAAGCAGAAGAGGATCTGATAAATTATT
GGAGTTATACAAAGTTGTTGCAAAGTTCAGGCCAACGGTCATTTCTCGAGCGAGGACAAGAAGAGA
GTAGTAACATATTTGAACATTCACCAATGGAACAACCTCTGCCTCCTTCAAGTTCTGGTCCAAGTTC
CTCTAATTTTCCTGCACCTTCTCTACCTAATACATAG 
Primers 
ERF1-F: GTTTGGCTCGGGACGTTTGATAC 
ERF1-R:AGAGGAGGGGGAGGAGGAAGAAT (ATTCTTCCTCCTCCCCCTCCTCT) 

 
A. thaliana ERF2 (AT3G16770) 
aagtaattcatttcactcacactttattaccataaaacatttattttgcgcctataaaggcatttcagctccaccgtaggaaactttctcttgaaagaaac
ccacagcaacaaacagagaaaATGTGTGGCGGTGCTATTATTTCCGATTATGCCCCTCTCGTCACCAAGGC
CAAGGGCCGTAAACTCACGGCTGAGGAACTCTGGTCAGAGCTCGATGCTTCCGCCGCCGACGACT
TCTGGGGTTTCTATTCCACCTCCAAACTCCATCCCACCAACCAAGgtatgtactctcctattaatcataaacaaaaat
acaaaatcattcaaaaacacaaacatatagttttttctaacctttttagcaaaaaggtaaaataatatttctggaacttacggaagatgataaaaaaa
aaatatttgtggttttggtaatgtaatttatcaggattatttaattatctgtgtggggttaaaattgtaaattttgaactttggggaatccggtgaaaattttgaa
gTTAACGTGAAAGAGGAGGCAGTGAAGAAGGAGCAGGCAACAGAGCCGGGGAAACGGAGGAAGA
GGAAGAATGTTTATAGAGGGATACGTAAGCGTCCATGGGGAAAATGGGCGGCTGAGATTCGAGAT
CCACGAAAAGGTGTTAGAGTTTGGCTTGGTACGTTCAACACGGCGGAGGAAGCTGCCATGGCTTAT
GATGTTGCGGCCAAGCAGATCCGTGGTGATAAAGCCAAGCTCAACTTCCCAGATCTGCACCATCCT
CCTCCTCCTAATTATACTCCTCCGCCGTCATCGCCACGATCAACCGATCAGCCTCCGGCGAAGAAG
GTCTGCGTTGTCTCTCAGAGTGAGAGCGAGTTAAGTCAGCCGAGTTTCCCGGTGGAGTGTATAGG
ATTTGGAAATGGGGACGAGTTTCAGAACCTGAGTTACGGATTTGAGCCGGATTATGATCTGAAACA
GCAGATATCGAGCTTGGAATCGTTCCTTGAGCTGGACGGTAACACGGCGGAGCAACCGAGTCAGC
TTGATGAGTCCGTTTCCGAGGTGGATATGTGGATGCTTGATGATGTCATTGCGTCGTATGAGTAAaa
gaaaaaaaataagtttaaaaaaagttaaataaagtctgtaatatatatgtaaccgccgttacttttaaaaggtttttaccgtcgcattggactgctgatg
atgtctgttgtgtaatgtgtagaatgtgaccaaatggacgttatattacggtttgtggtattattagtttcttagatggaaaaacttacatgtgtaaataaga
tttgtaatgtaagacgaagtacttataacttcttaactgttttgtggtag 
Primers 
ERF2-F: CGGGGAAACGGAGGAAGAGG 
ERF2-R: GCGATGACGGCGGAGGAGTAT 

 
A. thaliana MYB32 - myb family transcription factor (AT4G34990) 
aacctctctctctctctctctttctcaaaccgtctctccataaagccctaatttcttcatcacaagaatcagaagaagaaagATGGGAAGGTCT
CCTTGCTGTGAGAAAGACCACACAAACAAAGGAGCTTGGACTAAGGAAGAAGACGATAAGCTCATC
TCTTACATCAAAGCTCACGGTGAAGGTTGTTGGCGTTCTCTTCCTAGATCCGCCGGTCTTCAACGTT
GCGGAAAAAGCTGTCGTCTCCGATGGATTAACTATCTCCGACCTGATCTCAAGAGGGGTAACTTCA
CCCTCGAAGAAGATGATCTCATCATCAAACTACATAGCCTTCTCGGTAACAAgtgagtcacaaaacaactcct
ctgttttttttactatcctctgttatgttaaaaagctctgttttttaaactctgttttttttttcttctatcagGTGGTCTCTTATTGCGACGAGATTA
CCAGGAAGAACAGATAACGAGATTAAGAATTACTGGAACACACATGTTAAGAGGAAGCTATTAAGAA
AAGGGATTGATCCGGCGACTCATCGACCTATCAACGAGACCAAAACTTCTCAAGATTCGTCTGATT
CTAGTAAAACAGAGGACCCTCTTGTCAAGATTCTCTCTTTTGGTCCTCAGCTGGAGAAAATAGCAAA
TTTCGGGGACGAGAGAATTCAAAAGAGAGTTGAGTACTCAGTTGTTGAAGAAAGATGTCTGGACTT
GAATCTTGAGCTTAGGATCAGTCCACCATGGCAAGACAAGCTCCATGATGAGAGGAACCTAAGGTT
TGGGAGAGTGAAGTATAGGTGCAGTGCGTGCCGTTTTGGATTCGGGAACGGCAAGGAGTGTAGCT
GTAATAATGTGAAATGTCAAACAGAGGACAGTAGTAGCAGCAGTTATTCTTCAACCGACATTAGTAG
TAGCATTGGTTATGACTTCTTGGGTCTAAACAACACTAGGGTTTTGGATTTTAGCACTTTGGAAATG
AAATGAaatgaaatactatattaatcaatttatagctgtgaattgtgatataa 
Primers 
MYB32 F: TCATCAAACTACATAGCCTTCTCG 
MYB32 R: CCCTTTTCTTAATAGCTTCCTCTT 

 
A. thaliana MYB75 - myb family transcription factor (AT1G56650) 
tacttataccttttacaatttgtttatatattttacgtatctatctttgttccATGGAGGGTTCGTCCAAAGGGCTGCGAAAAGGTGC
TTGGACTACTGAAGAAGATAGTCTCTTGAGACAGTGCATTAATAAGTATGGAGAAGGCAAATGGCA
CCAAGTTCCTGTAAGAGCTGgtatgttatttacgaacacacacacactaaccgacacacacacacacaaatatgaatatctataatc
actaccaatagtcttcgttctctctattttctattcagaaaattgattaatacccggtattaaaaaaaaaaaaaaaaatttgtttaaatgagtacaaatcat
tgttacaacttctttatgctgtttttacatgctattaaaggttgtgcatgaaaatttcttttgctgttcgtatttgttttacacctaaacgaagatttttacttaaaatt
aaagaaaaaaaattatactaattttagttacgttgcgtattgctagcttctcctataaagtcgttcaaatttttacacgcttgtcttcttgtaaatgaattcgtg
ggaaaattttgtatgaacacgtgtttctgtgttggaacagttctttatttttattggtgtgcatagattcttcctgataaaatatatagaaggagacaaataa
aaaacagtcttagtatgtaggtataatcaaagaatcaattattggttttgtagGGCTAAACCGGTGCAGGAAAAGTTGTAGATT
AAGATGGTTGAACTATTTGAAGCCAAGTATCAAGAGAGGAAAACTTAGCTCTGATGAAGTCGATCTT
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CTTCTTCGCCTTCATAGGCTTCTAGGGAATAGgtattaattgttacctcgatactacttaactcggagagtcgtcataagttaat
actaataacatatgtatattttcttacaattgttagGTGGTCTTTAATTGCTGGAAGATTACCTGGTCGGACCGCAAATG
ACGTCAAGAATTACTGGAACACTCATCTGAGTAAGAAACATGAACCGTGTTGTAAGATAAAGATGAA
AAAGAGAGACATTACGCCCATTCCTACAACACCGGCACTAAAAAACAATGTTTATAAGCCTCGACCT
CGATCCTTCACAGTTAACAACGACTGCAACCATCTCAATGCCCCACCAAAAGTTGACGTTAATCCTC
CATGCCTTGGACTTAACATCAATAATGTTTGTGACAATAGTATCATATACAACAAAGATAAGAAGAAA
GACCAACTAGTGAATAATTTGATTGATGGAGATAATATGTGGTTAGAGAAATTCCTAGAGGAAAGCC
AAGAGGTAGATATTTTGGTTCCTGAAGCGACGACAACAGAAAAGGGGGACACCTTGGCTTTTGACG
TTGATCAACTTTGGAGTCTTTTCGATGGAGAGACTGTGAAATTTGATTAGtgtttcgaacatttgtttgcgtttgtgtat
aggtttgctttcaccttttaatttgtgtgttttgataaataagctaatagtttttagcattttaatgaaatatttcaagtttccgtgtttaca 
Primers 
MYB75 F: GATCTTCTTCTTCGCCTTCA 
MYB 75 F: CACGGTTCATGTTTCTTACTCA 

 
A. thaliana RAB - ABA-responsive protein (AT3G02480) 
ttttccatcatcaaacacaaaacaatcaatcaaaaacataaaattcaaagtgtaagcaaaaccagaacgagagaaaATGGACAACAA
GCAAAACGCGAGCTACCAAGCCGGTCAAGCCACTGGCCAGACTAAGgtctctctctctctctttcttttgttacacatttc
gtatcaatttgttgaaatatatgtaaaagatctctacatttctaaattcatatagttttcccgcaaatacttacggattacgatagggtgttctttttagacaa
ggttgatctaataatgtataatgttaaacttatgtgaatatagGAGAAGGCCGGTGGAATGATGGACAAGGCCAAGGATG
CTGCTGCTTCAGCTCAAGACTCCTTGCAACAGgttcagttttgattctttcatttcattttgctcccttgtagtaaaaccataatattg
aacttttaaatcaaattgtgaattgtagACTGGACAACAAATGAAGGAGAAGGCGCAAGGAGCTGCTGATGTCGT
CAAGGACAAGACCGGCATGAACAAAAGCCACTAAgcaagcaccttggacttcttttctaattaattcccctcttcgacttgtgttt
aataaatttggggttttaattctcattcctgctactttctgatgttgtttccttgcgtccatttggatctttatgtaatcttatctatctagttaataaaagtatgctttt
taatatcatgaa 
Primers 
RAB F: AGGATGCTGCTGCTTCA 
RAB R: TTAGTGGCTTTTGTTCAT 

 
A. thaliana RAB18 - dehydrin – (responsive to ABA 18) (AT5G66400) 
ttcatcgatcaaactcatcaaagtctaatatcacaaagaaagagtttttttaactagcttagctcaaagtgtttgcttaagacaagaagaacATGG
CGTCTTACCAGAACCGTCCAGGAGGTCAGGCCACTGACGAGTACGGAAACCCGATCCAGCAGCAG
TATGACGAGTACGGAAATCCGATGGGAGGAGGAGGATACGGAACTGGTGGTGGTGGAGGAGCTA
CAGGTGGCCAAGGATACGGAACAGGTGGCCAAGGGTACGGATCAGGTGGCCAAGGGTACGGAAC
CGGTGGCCAAGGATACGGAACCGGGACCGGGACTGAAGGCTTTGGAACTGGCGGAGGAGCTAGG
CACCACGGCCAAGAGCAACTCCACAAGGAAAGTGGTGGTGGCTTGGGAGGAATGCTTCACCGCTC
CGGATCTGGATCCAGCTCTAGCTCGgtacgtatcaagtgtataaagaagatttatgatgttttagtttagtatgtgaagcgtaattcg
aatgttatatgtataacagGAGGATGATGGACAAGGAGGGAGGAGGAAGAAGGGAATAACACAAAAGATCAA
GGAGAAGTTGCCAGGTCATCATGATCAGTCTGGTCAAGCTCAAGCGATGGGCGGCATGGGATCCG
GATATGATGCTGGTGGCTACGGTGGTGAGCACCACGAGAAGAAGGGGATGATGGACAAGATCAAG
GAAAAGCTTCCCGGTGGTGGCCGTTAAgcttcgaacaatcgtgtatacatattaaataaaaataatgagggtttgtaacgcagtc
gcattcggtcgttgtattgtgctttttatgtatgtacgtcctgcgatgtgtgttgtttacttacatgagtgtgtaatgagcatctggctctttttatgttctgagatgt
ttgtgttatgtaatttcacatctatataaatctactttcttctgcttagtt 
Primers 
RAB18 F: AGTGGTGGTGGCTTGGGAGGAAT 
RAB18 R: ACCACCGTAGCCACCAGCATCAT 

 
A. thaliana CHIT1 - chitinase (AT2G43620) 
aaagtggcattgactttgactcagaaaaagccaatcaataatcgtgaaagatgtctaacactgatcaatatttcaatttgaatagaccaaatttacac
tataaatacatcaacacaccttcttcatttcttcacacaacaccctccatacacaaaATGGCTACCCTAAGAGCAATGTTGAAAA
ACGCTTTCATCCTTTTTCTCTTCACCTTAACCATCATGGCAAAAACCGTGTTTTCGCAACAGTGCGG
TACAACCGGATGTGCAGCCAACTTATGTTGCAGTAGATATGGATATTGTGGCACCACAGATGCCTA
CTGTGGTACCGGGTGCCGAAGTGGACCTTGCAGCTCCTCAACCACACCTATCCCACCAACTCCTA
GCGGTGGTGCAGGCGGTCTAAACGCTGATCCTCGTGATACAATTGAAAATGTTGTCACACCAGCAT
TTTTTGATGGTATCATGAGCAAAGTCGGAAATGGCTGTCCAGCGAAAGGGTTCTACACTCGCCAGG
CTTTCATTGCGGCTGCCCAATCGTTCGACGCCTATAAAGGAACCGTCGCTAAGCGTGAGATTGCCG
CTATGTTGGCTCAGTTTTCTCATGAATCTGGAAgtaagttctttataaacccttctagttctactacatgaatgcatgtatactaat
tatttaattaagcaaattaatgaattattattatcaagaatattattacactaattaagcaccataatgtttcttgggtaagttaacaaatcatttcttttatcat
taaaattcatacatattcattctctattataaataacgatcttcttttacgttatgcaagGTTTTTGCTACAAAGAAGAAATAGCTAGA
GGGAAATACTGCTCACCGAGCACTGCGTACCCTTGTACACCGGGAAAAGACTACTACGGCCGCGG
TCCAATCCAAATCACATGGAACTACAATTACGGTGCAGCTGGAAAGTTCCTCGGACTCCCTCTCTTG
ACTGATCCAGACATGGTGGCTCGTAGCCCCCAAGTTGCCTTTCAGTGTGCCATGTGGTTCTGGAAC
CTAAATGTTCGTCCAGTCTTGGACCAAGGCTTTGGAGCCACCACTAGGAAGATCAATGGTGGTGAA
TGCAACGGTAGGCGTCCTGCAGCCGTGCAGAGCAGAGTAAACTATTACTTGGAGTTCTGCAGGAC
GCTTGGGATCACTCCTGGAGCAAATCTTAGTTGCTAAagatgttaaaatgtggttcgtatgacacggtttcatagtataagt
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gtggtcgttcacgtgtgagtttataactaaaggtgtcgaataaaaaagattatgcggtgtatcctaatgtaccaatgtgttgtttgaatcggttgtcacag
aatgaagtatatcaggctatcagccaatccataataaacgcatt 
Primers 
CHIT1 F: CGGCTGCCCAATCGTTCG 
CHIT1 R: ACCGCGGCCGTAGTAGTCTTTTC  

 
A. thaliana CHIT2 - chitinase (AT2G43570) 
tctctgcagtctgcatcacagacacaaaaacaATGGCTAAACCCACATCACGAAATGACCGATTTGCCCTTTTCTT
CATAACCCTAATTTTCCTGATCCTAACCGTTTCCAAACCGGTCGCCTCTCAAAACTGTGGCTGCGCC
TCTGACTTCTGTTGCAGCAAATATGGCTACTGTGGTACGACCGATGAGTTCTGCGGCGAGGGCTGC
CAGGCAGGACCTTGCCGGAGCAGTGGAGGCGGTGGAGATCCTGCTGTTTCACTAGAAGGAACGG
TGACACCTGACTTCTTTAACTCTATACTAAACCAAAGAGGTGATTGTCCTGGCAAAGGATTCTACAC
TCACGACACCTTCATGGCCGCAGCTAATTCTTACCCTAGCTTCGGTGCTTCCATCTCCAAACGCGA
AATCGCGGCGTTTTTCGCTCACGTAGCCCAAGAAACAGGGTgtaagtaaattttctcatataattttgaatgaataaaga
tacttataacataaattttattctagttacgactatattggttcaatttgactaaattaaatttcagcataagataataaaatcagtaattgttgtatacaaatt
ttggttaatcgtatatgtccaccactataggtttcgtttttgtgaccatatggttataccttgttgcagTCATGTGTTACATTGAGGAAATTG
ATGGACCAGCCAAGGCCGCATCCGGAGAGTACTGCGACACAGAGAAACCAGAGTTCCCATGTGCA
CAAGGAAAGGGCTACTATGGCCGTGGTGCAATCCAGCTCTCTTGGAACTACAACTACGGTCTCTGT
GGCAAAGCCTTGGACGAGAACTTATTGGCTTCACCAGAGAAAGTTGCTCAAGACCAGGTTCTTGCC
TTCAAGACCGCTTTCTGGTTCTGGACCACTAATGTTCGCACGAGTTTTAAATCGGGCTTTGGCGCAA
CAATCAGGGCAGTGAATAGTAGGGAGTGTAGCGGAGGAGATTCTACAGCCAAAGCCGCCAACAGG
ATTAAGTATTTCCAAGACTATTGTGGCAAGCTTGGAGTTGCACCTGGAGATAACCTCACTTGTTAAag
tttccttgctatccatccgaaacacaactagtgtttgaaaaacttagagatcacataagagaaagtatcatattagtataataatgttgtaatacttcac
attttaccaaaaataataataataatgttgtaatagctagtgtcaataaacgatttcttatgcatagg 
Primers 
CHIT2 F: GCTTCGGTGCTTCCATCTCC 
CHIT2 R: GCCATAGTAGCCCTTTCCTTGTG 

 
A. thaliana ATGSTF8 – glutathione-S-transferase (AT2G47730) 
atggataacaatgcaataaataaaggggacccaataaaaaaaaaggaaagagagacgtgcctgtgggtagtgggtggtggtgagaagattct
ggaaaaATGGGAGCAATTCAAGCTCGTCTTCCCTTGTTCCTTTCTCCCCCTTCTATAAAACACCATAC
CTTCCTTCATTCTTCTTCATCCAATTCCAATTTCAAAATCAGATCCAACAAATCTTCTTCTTCTTCTTC
TTCTTCGATCATCATGGCCAGTATCAAGGTTCACGGAGTTCCCATGTCCACCGCCACAATGCGCGT
CCTCGCTACTCTTTACGAGAAAGATCTCCAGTTCGAGCTCATCCCCGTCGATATGAGAGCCGGTGC
CCACAAGCAAGAGGCCCACCTTGCCCTCAACgtaacccctttctccctctctctctttacgaacaaacaaaactgaaaacactt
tatgtttggtttttccaattatctgacaatgatctttgttttgtttcagCCCTTCGGTCAAATTCCTGCTCTCGAGGACGGTGATTT
GACGCTTTTCGgtcagtttacttttgctttgatcaatgatttgacttttttagatttacagaaacatcattacgccttagtcactttgtattggataacg
atttatctgaaatgacagactgtgatgattatttttgttgctgaaagtttttgttggtaatatatttgcagAGTCAAGAGCCATCACACAGTA
CCTAGCAGAGGAATACAGTGAGAAAGGTGAAAAGCTTATCTCCCAAGACTGCAAGAAAGTCAAGGC
AACCACTAACGTATGGCTTCAAGTTGAAGGTCAACAGTTTGACCCTAACGCCTCTAAGCTTGCCTTC
GAGCGTGTCTTTAAAGGCATGTTCGGCATGACCACTGACCCTGCCGCTGTCCAAGAGCTCGAAGG
TAAGCTCCAGAAAGTCTTGGATGTCTACGAGGCTAGGCTCGCCAAATCTGAGTTCTTGGCTGGTGA
TTCCTTCACTCTTGCTGATCTTCACCACCTCCCAGCCATCCATTACTTGTTGGGTACTGACTCCAAG
GTGCTCTTTGACTCTCGCCCTAAGGTTAGCGAGTGGATTAAGAAGATCTCTGCCAGGCCTGCTTGG
GCTAAGGTTATTGACCTCCAGAAGCAGTAGtgaccctctctctttcttcacttcttttcttttccttttgcccaaataaacgagtccagt
gattttcttttcttggcttatgtacttgtgttttcagtattatttatgtcatcatcatcctcctcttttgtgttattgttgggttcattcacatttgtgcaattaaaaacca
gagtttaaacgccaaatttgcaaaa 
Primers 
ATGSTF8 F: 5’-CTCGAAGGTAAGCTCCAGAAAG-3’ 
ATGSTF8 R: 5’-TCACCAGCCAAGAACTCAGATT-3’ 

 
A. thaliana ATGSTF12 (glutathione S-transferase) (AT5G17220) 
agacaagatattaataagtgcatatagtaaaatctttcttattcgtaacaaagttattgtaaacttatagaATGGTTGTGAAACTATATGG
ACAGGTAACAGCAGCTTGTCCACAAAGAGTCTTGCTTTGTTTTCTCGAGAAAGGAATTGAATTTGAG
ATTATTCATATCGATCTTGATACATTTGAGCAAAAAAAACCAGAACATCTTCTTCGTCAGgtaaaaaaaac
aaatttcttaaacttaaaacataaatatattataattattgttttcatgtgtagCCATTTGGTCAAGTTCCAGCCATAGAAGATGGA
GATTTCAAGCTTTTTGgtaacatcctaataacaacattttataaacattcttctatcattttctttatagtgttttgaaatttggctctttatcttctaa
gAATCACGAGCCATCGCGAGATACTACGCTACCAAGTTCGCGGACCAAGGCACGAACCTTTTGGGC
AAGTCTCTAGAGCACCGAGCCATCGTGGACCAGTGGGCTGACGTGGAGACCTATTACTTCAACGTT
CTGGCCCAACCCCTCGTGATTAACCTAATCATCAAGCCTAGGTTAGGCGAGAAATGTGACGTCGTT
TTGGTCGAGGATCTCAAAGTGAAGCTAGGAGTGGTCTTGGACATATACAATAACCGGCTTTCTTCG
AACCGGTTTTTGGCTGGTGAAGAATTCACTATGGCTGATTTGACGCACATGCCGGCGATGGGGTAC
TTGATGAGTATAACCGATATAAACCAGATGGTTAAGGCTCGGGGTAGTTTTAACCGGTGGTGGGAA
GAGATTTCGGATAGACCGTCTTGGAAGAAGCTTATGGTGCTGGCTGGTCACTGAattagctccaatttatgat
gatctgaagaaccaaataagctttatagtttctgttttatgtttgtgttgt 
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Primers 
GSTF12 F: GGTCAAGTTCCAGCCATAGA 
GSTF12 R: TTGCCCAAAAGGTTCGT 

 
A. thaliana ATGSTU16 - glutathione S-transferase (AT1G59700) 
taatattgtgtggtgacaagcaacacatgatatgtccgtttagaaacagacaaaataagaagaagaagaaagagtcgtggaggattcttcattctt
cctcatcctcttcttcaccgattcattagaaaccaaattacaaaaaaaaacgtctatacacaaaaaaacaaATGGGAGAGAAAGAGGA
AGTGAAACTATTAGGAGTATGGTACAGTCCATACGCCATAAGACCTAAGATCGCTCTTCGTCTCAAA
TCAGTGGATTATGATTACGTTGAGGAAAATCTGTTTGGATCCAAGAGTGAGCTTCTTCTCAAATCAA
ACCCGGTTCACAAGAAAGTCCCTGTTCTCCTCCACAACAACAAACCGATTGTCGAGTCTCTCAACAT
CGTTGAATACATTGATGAGACGTGGAACTCATCTGCACCGTCCATTCTTCCTTCACATCCTTATGAT
CGTGCTCTTGCTCGCTTTTGGTCTGACTTCGTTGATAACAAGgtttggtttctttcttttcctttatccaacaatttcaatttctt
attatttctttcagttttcttttgatggaattttttggaacttttttattattattgttacattccaatgaatttatctttcgtgcatggattatcttggggatatatactta
gatcgtcctatttgagtgatttatatatgacaaaaataaaagagtaatgttgtattacataatacgtggatataaactcggatgaagacacattaccaa
tactatcacaagctagtcaactcaggtctaatgaaatccagtaaatacttcttctagtagtagcatataagtttgttctggtatacattattagtcctagat
aatcatacattatttctaacataaaaatgtcctaattcttatccataaatttaaataagaatcatcaggcttacaagagaacgacatttgtttgattactct
gacactagaccacatttgtttgtttgcgtctccgttggtgtttctatgctacggtgaataggattttatgatatagggacgcaattcaaacataaataaac
aattgtagcttatatattattcaaaaactaaaaatgcagTGGTTTCCGGCGTTGAGAATGGCGGCGATCACTAAATCGG
AAGACGCAAAAGCGAAAGCCATGGAAGAAGTGGAAGAAGGGTTGTTGCAACTCGAGGATGCGTTT
GTTTCTATAAGCAAAGGGAAACCCTTTTTCGGCGGTGAAGCAATCGGGTTTATGGATATTTGCTTTG
GAAGCTTTGTGGTTCTCTTGAAAGCTAGAGAAAAGTTTAAAGCAGAAAAGCTTTTAGACGAATCAAA
AACTCCTTCTCTTTGTAAATGGGCCGACCGGTTCTTGTCCGATGAAACGGTGAAGAATGTGGCACC
GGAGATCGAAAAAGTAGCTGAGTTTCTACAAGAACTTGAGGTTAGAGCTCAATCCGCAGCTTCAAG
ATCTTGAgatcatcttagaaatgtattgcaatgcaattgtgttttgtgtacatgtaaaacgaaaataagttgaagttttaaagtgttgtgttcagtctat
gctaggatttatgacgcggtgtatgggctacggactattttcagtttatgtttatcgaaaatataagggtcagcccaagattattaggggtcgtcccccc
tttaacat 
Primers 
GSTU16 F: TCGCTCTTCGTCTCAAATCAGTGG 
GSTU16 R: AATCGGTTTGTTGTTGTGGAGGAG 

 
A. thaliana ATGSL05 (callose synthase) (AT4G03550) 
agaaactgaaacgcggaaaggaggcaaaatcttctcgtcgtcgttgtcgccgtcttcagagctacaaacgaaaaaactcgcttccgtttcgatttct
ccattgttattgtttcttcagtgaagcttttttcttcgagaaatttctaagatctaccacatgctactATGAGCCTCCGCCACCGCACCGTC
CCGCCGCAAACCGGACGGCCGTTGGCGGCGGAAGCTGTCGGAATCGAAGAGGAGCCGTACAATA
TCATTCCCGTTAACAATCTCCTCGCCGACCATCCTTCACTCCGTTTTCCCGAGGTTCGTGCCGCCG
CTGCTGCTCTTAAAACCGTTGGAGACCTTCGTCGTCCGCCGTATGTTCAATGGCGTTCTCACTACG
ATCTCCTCGACTGGCTCGCCTTGTTCTTCGGTTTCCAGAAAGATAACGTTCGTAACCAGCGTGAGC
ATATGGTGCTTCATCTCGCAAATGCTCAGATGCGTCTCTCTCCGCCGCCGGATAATATTGATTCTCT
CGATTCCGCGGTTGTTCGTCGGTTTCGTCGGAAACTTCTCGCTAACTACTCTAGCTGGTGTTCGTAT
TTGGGGAAAAAATCAAATATCTGGATCTCAGATCGGAACCCTGATTCGAGACGAGAGCTTCTCTAT
GTTGGACTCTATCTTCTCATTTGGGGAGAGGCTGCGAATCTTCGGTTCATGCCTGAATGTATCTGTT
ACATCTTCCATAACATGGCCTCTGAGCTCAACAAAATCTTAGAGGATTGCCTCGATGAGAACACCG
GCCAACCTTACTTGCCTTCTCTCTCAGGCGAAAACGCTTTCTTAACCGGCGTCGTTAAACCTATTTA
CGATACTATCCAAGCTGAGATTGATGAGAGCAAGAACGGTACAGTTGCGCATTGTAAGTGGAGGAA
CTACGACGATATCAATGAGTACTTCTGGACTGATCGGTGTTTCAGCAAATTGAAATGGCCGCTTGAT
TTGGGAAGCAATTTCTTTAAGAGTAGAGGCAAAAGTGTAGGGAAAACTGGTTTCGTGGAGCGCAGG
ACGTTCTTCTACCTTTACAGGAGTTTTGATCGACTTTGGGTGATGCTAGCTTTGTTCCTTCAAGCCG
CCATTATAGTAGCTTGGGAGGAAAAGCCAGATACCTCGTCGGTAACAAGGCAGCTGTGGAATGCTC
TGAAGGCAAGAGATGTTCAGGTGAGACTATTGACCGTGTTCTTGACATGGAGTGGTATGCGACTCT
TGCAGGCTGTGCTGGACGCGGCTTCACAATATCCCCTCGTTTCCAGAGAGACCAAAAGGCATTTTT
TCAGAATGCTGATGAAGGTTATAGCTGCCGCAGTTTGGATTGTAGCTTTCACTGTCCTCTACACTAA
CATCTGGAAGCAGAAGAGGCAAGACAGGCAGTGGTCCAATGCCGCGACGACTAAGATATACCAAT
TCCTTTACGCTGTGGGGGCCTTCTTGGTGCCCGAAATCCTGGCTTTGGCTTTGTTTATTATCCCATG
GATGAGAAACTTCCTGGAAGAGACCAATTGGAAAATATTCTTTGCTCTAACTTGGTGGTTTCAAGGC
AAAAGCTTTGTGGGTCGAGGTTTGAGAGAGGGTTTAGTGGACAACATCAAGTACTCGACTTTCTGG
ATCTTTGTCCTAGCTACAAAGTTTACATTTAGTTACTTCCTGCAGGTTAAGCCAATGATTAAACCCTC
AAAGCTGCTATGGAACTTAAAGGATGTCGATTATGAGTGGCATCAGTTTTATGGAGACAGCAATAG
GTTTTCTGTCGCATTGTTATGGTTGCCAGTTGTGTTGATATATCTGATGGATATCCAAATTTGGTACG
CAATCTATTCTTCGATTGTTGGTGCTGTTGTTGGGCTGTTTGATCATCTGGGGGAGATCAGGGACAT
GGGACAGCTGAGGCTAAGGTTTCAATTCTTTGCTAGTGCTATTCAATTCAACCTAATGCCTGAGGAA
CAACTCCTGAATGCTAGAGGCTTTGGTAACAAGTTCAAGGACGGCATTCATAGgtagtccgtggaagcatgct
actaatattcctaaataattttctgtacaacgcttgacttgactgtacaagctgtgaaattttacttttgttaacgcagatgctgcatataattaaatttttcaa
tattgtaataacttgaggttgtgtactgtatgcagATTGAAGCTAAGGTATGGATTTGGGAGGCCGTTTAAGAAACTTG
AGTCGAATCAGGTCGAGGCCAACAAGTTTGCGTTGATCTGGAACGAAATCATCTTAGCTTTCAGAG
AAGAGGATATAGTTTCTGATCGTGAAGTAGAGCTACTGGAGCTGCCAAAGAATTCCTGGGATGTGA
CGGTTATTCGCTGGCCGTGTTTCTTGTTGTGCAATGAGCTTTTGCTTGCACTGAGCCAGGCCAGAG
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AGCTGATAGACGCACCTGATAAATGGCTGTGGCACAAAATATGCAAGAATGAATACAGGCGTTGTG
CTGTAGTTGAGGCATATGACAGCATCAAACATCTATTGCTCTCAATCATCAAAGTTGACACTGAAGA
ACATTCGATAATTACGGTCTTCTTTCAGATAATTAATCAGTCCATTCAGTCAGAGCAGTTCACCAAGA
CCTTTAGAGTGGACCTGCTGCCAAAAATTTATGAAACACTGCAGAAATTGGTTGGGCTGGTAAATGA
TGAGGAAACAGATAGTGGGCGGGTGGTGAATGTTCTGCAGTCTCTTTATGAGATTGCAACTCGACA
GTTCTTTATAGAGAAGAAGACAACTGAACAGCTATCTAATGAAGGTTTAACTCCTCGAGACCCAGCC
TCAAAGTTGCTGTTTCAAAATGCTATTAGGCTTCCTGATGCAAGCAATGAAGACTTCTACCGGCAGG
TTAGGCGTTTACACACGATTCTCACCTCTAGGGACTCTATGCACAGCGTCCCTGTGAATCTAGAGG
CGAGACGGCGGATTGCTTTCTTCAGTAATTCGCTTTTCATGAACATGCCTCATGCCCCTCAGGTTGA
GAAAATGATGGCGTTCAGTGTTCTGACTCCATATTACAGTGAGGAAGTTGTATACAGCAAAGAACAG
CTCCGAAATGAGACTGAGGATGGGATTTCCACCCTATACTACCTGCAGACAATTTATGCTGATGAAT
GGAAAAATTTCAAGGAACGGATGCATAGGGAAGGAATCAAGACAGATAGTGAGTTGTGGACAACCA
AGCTGAGAGACCTCAGGCTTTGGGCTTCCTACAGAGGTCAGACATTGGCACGTACAGTTCGTGGG
ATGATGTACTACTACCGGGCTCTTAAGATGCTCGCTTTTCTTGACTCTGCGTCTGAAATGGACATTC
GGGAGGGTGCTCAGGAGCTTGGTTCAGTGAGGAATTTGCAGGGAGAACTGGGTGGTCAATCTGAT
GGGTTTGTCTCTGAAAACGACCGATCTTCCTTAAGCAGAGCAAGTAGTTCCGTGAGTACGCTGTAT
AAAGGCCATGAGTATGGGACTGCATTGATGAAATTCACATATGTTGTGGCGTGTCAGATCTACGGG
TCTCAAAAAGCAAAGAAAGAGCCTCAGGCAGAGGAAATTCTGTATCTGATGAAGCAGAACGAAGCT
CTCCGTATTGCATATGTGGATGAGGTGCCTGCGGGAAGAGGAGAGACTGATTATTACTCCGTTCTG
GTGAAATACGATCACCAGTTGGAGAAGGAAGTGGAAATATTCCGTGTGAAGCTACCTGGTCCAGTG
AAGCTGGGCGAGGGAAAGCCAGAGAACCAGAATCATGCAATGATCTTTACCCGTGGTGATGCTGTT
CAGACCATTGATATGAACCAAGACAGTTATTTTGAGGAAGCTCTCAAGATGAGAAATTTGCTCCAGG
AGTACAACCATTATCATGGTATCAGAAAACCAACTATTCTTGGTGTCAGGGAGCATATCTTCACGGG
ATCAGTCTCGTCACTGGCGTGGTTCATGTCTGCTCAGGAGACAAGTTTTGTCACTCTTGGTCAGCG
TGTTCTTGCAAACCCACTGAAGGTCAGAATGCATTATGGCCACCCTGATGTATTTGACAGATTCTGG
TTCTTGAGTCGAGGCGGCATCAGTAAGGCTTCCAGAGTTATAAATATCAGTGAGGACATCTTTGCC
GGGTTTAACTGCACGTTAAGGGGGGGAAACGTCACCCACCACGAGTACATTCAGgttgggaagggtccac
aatttggattatttctaactaactatactgctacaacgtttttttaacgtttttaacgtttattaattatgcaatctacttttgttataattatgtaatttaacgtttttta
atcttctaaattcaaaaaatttgagtaacctttgtctttatgcatttttcagGTCGGGAAGGGACGGGATGTTGGATTGAATCAG
ATATCAATGTTTGAGGCTAAGGTAGCCAGTGGGAACGGAGAGCAGGTTCTCAGCCGAGATGTGTA
CCGGCTCGGGCACAGGCTTGATTTCTTCAGAATGTTATCATTTTTCTACACAACTGTAGGGTTTTTC
TTCAACACAATGATGGTCATTCTTACTGTTTACGCTTTCCTCTGGGGACGGGTTTATCTGGCTCTCA
GCGGGGTTGAGAAGTCCGCTCTAGCAGACAGTACGGACACCAACGCCGCGCTTGGGGTGATCCT
GAACCAGCAGTTCATCATTCAGCTCGGTCTGTTCACTGCCCTGCCAATGATTGTTGAATGGTCTCTC
GAGGAGGGTTTCCTTCTAGCGATATGGAATTTCATTCGAATGCAGATTCAGCTTTCAGCTGTCTTCT
ACACATTCTCAATGGGGACCAGAGCTCACTATTTCGGTCGAACTATTCTCCATGGTGGGGCCAAGT
ATAGAGCCACTGGACGTGGATTTGTTGTCGAGCACAAGGGATTCACTGAGAACTACCGACTGTATG
CACGCAGTCACTTTGTGAAGGCCATCGAGCTTGGGCTGATCCTCATAGTCTACGCTTCGCACAGTC
CGATTGCCAAAGACTCGTTGATTTACATAGCCATGACTATCACCAGCTGGTTTCTTGTGATTTCATG
GATAATGGCCCCATTTGTGTTTAACCCATCAGGATTCGACTGGCTTAAGACAGTCTATGACTTTGAA
GACTTCATGAACTGGATCTGGTACCAAGGCAGAATCTCAACGAAATCTGAACAAAGCTGGGAAAAA
TGGTGGTACGAGGAACAGGACCACCTGAGAAACACCGGGAAGGCAGGATTATTTGTGGAGATCAT
CTTGGTCCTCCGGTTTTTCTTCTTCCAGTATGGGATTGTATACCAGCTTAAAATTGCAAACGGATCC
ACCAGCCTTTTTGTCTACTTGTTCTCATGGATATACATCTTTGCTATATTTGTGCTCTTCCTAGTCAT
CCAATACGCCCGTGACAAGTACTCGGCAAAAGCTCACATACGGTACAGGCTTGTCCAATTCCTCCT
GATCGTGCTTGCTATACTGGTGATTGTTGCTTTGCTCGAGTTCACGCATTTCAGCTTCATCGATATC
TTCACAAGCCTTCTTGCATTCATCCCAACTGGCTGGGGAATTCTGCTGATCGCACAGACTCAAAGG
AAGTGGCTGAAGAATTACACTATTTTCTGGAATGCTGTTGTCTCTGTTGCTCGCATGTATGACATATT
GTTTGGGATACTCATAATGGTTCCAGTAGCGTTCTTGTCATGGATGCCTGGATTCCAGTCAATGCAA
ACGAGGATATTATTCAATGAAGCTTTTAGCAGAGGACTTCGCATCATGCAGATTGTCACTGGGAAGA
AATCAAAAGGCGATGTCTAAgtttaaaaaacg 
Primers 
ATGSL05 F: 5’-GAATGCATTATGGCCACCCTGAT-3’ 
ATGSL05 R: 5’-TTAAACCCGGCAAAGATGTCCTC-3’ 

 
A. thaliana UGT73B1 (UDP-glucosyl transferase) (AT4G34138) 
ccaaacttcactctcttaccttgcctcttgcttcaacctcctaagcacattcttatctctttctgaaacgagttcccaaattagctctacaaaaaccaggat
cttgatttctcatcagttaaacATGGGAACTCCTGTCGAAGTCTCTAAGCTCCATTTCTTGCTCTTCCCTTTCAT
GGCTCATGGCCATATGATACCAACTCTAGACATGGCTAAGCTCTTTGCCACCAAAGGAGCTAAATC
CACTATCCTCACTACACCTCTCAATGCCAAGCTCTTCTTCGAGAAACCCATCAAATCATTCAACCAA
GACAACCCGGGACTCGAAGACATCACCATCCAGATCCTTAATTTCCCTTGCACAGAGCTTGGTTTG
CCTGATGGCTGTGAGAATACTGATTTCATCTTCTCCACACCTGACCTAAACGTAGGTGACTTGAGTC
AAAAGTTTTTACTCGCAATGAAATATTTCGAAGAGCCACTAGAGGAGCTCCTCGTGACAATGAGACC
AGACTGTCTTGTCGGTAACATGTTCTTCCCTTGGTCCACTAAAGTTGCTGAGAAGTTCGGAGTACC
GAGACTTGTGTTCCACGGCACAGGCTACTTCTCTTTATGTGCTTCTCATTGCATAAGGCTCCCTAAG
AATGTGGCAACAAGTTCTGAGCCCTTTGTGATTCCTGATCTCCCGGGAGACATTTTGATTACAGAG
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GAACAGGTCATGGAGACAGAAGAAGAGTCTGTAATGGGGAGGTTTATGAAGGCAATAAGAGACTCA
GAGAGAGATAGCTTTGGCGTGTTGGTGAACAGCTTCTACGAGCTTGAACAGGCTTACTCAGATTAT
TTCAAGAGCTTTGTGGCGAAAAGAGCGTGGCATATCGGTCCGCTTTCCTTAGGAAATAGAAAGTTC
GAGGAGAAAGCAGAAAGAGGCAAAAAGGCAAGCATTGATGAGCATGAATGTTTGAAATGGCTCGA
CTCCAAGAAATGTGATTCAGTGATTTACATGGCCTTTGGAACCATGTCTAGCTTTAAAAACGAGCAG
CTGATAGAGATTGCAGCTGGTTTAGATATGTCAGGACATGATTTTGTCTGGGTGGTTAACAGAAAAG
GCAGCCAAGgtaccatagacatcactctctttgcagcaaaatcctctgtttttgttttagagaaaaaccaatgatctaattaggattctactgtttca
aactctaacttttgcgtttgcattacatataaatagTTGAGAAGGAAGATTGGTTACCAGAGGGGTTTGAAGAGAAGAC
CAAGGGAAAAGGATTGATAATCCGAGGGTGGGCGCCACAAGTGCTGATACTTGAGCACAAAGCAA
TTGGCGGATTTTTGACGCATTGTGGATGGAACTCGTTATTAGAAGGGGTGGCAGCGGGCCTGCCA
ATGGTGACATGGCCCGTGGGAGCCGAGCAGTTCTACAACGAGAAATTGGTGACACAAGTGTTGAA
AACAGGAGTGAGTGTGGGAGTGAAGAAGATGATGCAAGTAGTTGGAGACTTCATTAGCAGAGAGA
AAGTGGAGGGAGCGGTGAGGGAAGTGATGGTTGGAGAAGAGAGGAGGAAACGGGCCAAGGAGTT
AGCAGAAATGGCGAAAAATGCGGTGAAAGAAGGAGGATCTTCAGATCTAGAGGTAGATAGGTTGAT
GGAAGAGCTTACGTTAGTTAAACTGCAAAAAGAGAAGGTATAAagaagttgaatgtattgcaagttatggaacaata
atgtttttgtaattctgatggtttgagttacaacagtaaaagattgtatttgttcattcaaatttacaatggatgatcttttagtttgtagtattggtaagtgaatg
tgaagttaggttcttgagcc 
Primers 
UGT73B1 F: 5’-CATATCGGTCCGCTTTCCTTAG-3’ 
UGT73B1 R: 5’-CTTGCCTTTTTGCCTCTTTCTG-3’ 

 
A. thaliana SDR1 (ABA biosynthesis) AT1G52340 
agccgagaaacaacgcaaactccgattgagaggtgtttgcatgattcctgagcttgtctgtgtcaatagtgaggcactacatcgaggaataagaa
agaagatctaaggagctaaagctattATGTCAACGAACACTGAATCTTCTTCTTATTCTTCTCTTCCTAGTCAAAG
gtataagctttctccaactttttcctctgatccaactctttttgtttgatcttcgtttactttacctttttttccttcttgggtcattctaaatactgaaattttgttctttga
gggtcaaattaacagttgataatcagaccatggagttttttcagtttcatgagtgtctttgctctgctcacgacagatttgagatctagtcatggttctgtttg
atttattgatgtcaaatcttgaaatgtttatgatctctaggtttcagtctctttgctttttattatgatcttcaaacatttggattagttttatcagttctgattcaata
aactagtgatatacatttggcttttgtttacaaatctctcaacttcagatttgttattttgtgtcccatttgattcatctttacctcctttgcacgttctgtttcaaaa
ctggatttgtggtcctttcttttcaccattgtagttttgtggcccagatctttttttttttattttgtggcccagatcaatttatgaataaagttctttttttttctgttgcat
tttctttcactggtcttaagtttgatgtaacatctcaaccttattattaggagactatggtgcgattggtttaatccaatttaattacttgcttttaatctcttgtgtt
cttgatgtgacagGCTTTTGGGTAAAGTGGCATTGATCACTGGAGGAGCCACAGGGATAGGTGAGAGCAT
TGTTCGTCTGTTCCACAAGCACGGTGCCAAAGTCTGCATTGTTGATCTGCAAGATGATCTCGGAGG
TGAGGTGTGTAAAAGTCTGCTTCGTGGTGAGTCCAAGGAGACGGCTTTTTTCATCCATGGCGATGT
TAGAGTGGAAGATGACATTAGCAATGCGGTTGACTTTGCAGTCAAAAATTTTGGGACGCTTGATATA
CTTATCAACAATGCAGGATTATGTGGAGCACCGTGCCCTGATATTCGTAATTATAGTTTGAGTGAGT
TCGAGATGACCTTTGATGTGAATGTGAAAGGAGCTTTTCTAAGCATGAAACATGCAGCTCGTGTAAT
GATACCGGAGAAGAAAGGGTCGATAGTTTCCTTATGTAGTGTGGGAGGTGTTGTGGGAGGCGTTG
GTCCACATTCTTATGTTGGTTCCAAGCATGCTGTTCTAGGCTTGACTAGGAGTGTTGCAGCGGAGC
TTGGACAGCACGGGATACGTGTGAACTGTGTTTCGCCTTACGCGGTTGCAACTAAACTCGCTTTGG
CTCATTTGCCGGAGGAAGAAAGAACGGAGGATGCATTTGTTGGTTTCAGGAATTTTGCTGCTGCAA
ACGCGAATCTAAAAGGGGTGGAACTGACGGTTGATGATGTAGCGAACGCTGTTCTGTTTTTGGCTA
GCGATGACTCGCGGTACATAAGCGGAGATAATTTGATGATTGATGGAGGATTCACTTGCACTAACC
ACTCCTTTAAAGTCTTCAGATGAtgcattttgctaaagaatgttgtttaatgtttattgtccgccaatttatcatgtctatcaaataatttaact
gtggagcttattgtggttttaattgttacttttagcattgtagaaatgtttgatgttaactacatttcttactggtagacattgaacaaaatcagattctcataat
gattaaaaagattgagtagcaaaaatatcataatgatgtattgatgtttcttgaattagagaggactacaactttgacgagaaattgtctgattaacag
tatctactagaatcccacatgccacttttgcctgttcatcaagataattataaaacaaaattccattaatctga 
Primers 
SDR1 F: 5’-AACTCGCTTTGGCTCATTTG-3’ 
SDR1 R: 5’-GTCAGTTCCACCCCTTTTAGATTC-3’ 

 
A. thaliana AtMYC2 (AT1g32640) 
actacgaagactttctcctatctctctctctctcattaaaaacgtgtttttttttaccggtcaccggtttatggaATGACTGATTACCGGCTACA
ACCAACGATGAATCTTTGGACCACCGACGACAACGCTTCTATGATGGAAGCTTTCATGAGCTCTTC
CGATATCTCAACTTTATGGCCTCCGGCGTCGACGACAACCACGACGGCGACGACTGAAACAACTC
CGACGCCGGCGATGGAGATTCCGGCACAGGCGGGATTTAATCAAGAGACTCTTCAGCAACGTTTA
CAAGCTTTGATTGAAGGAACACACGAAGGTTGGACCTACGCTATATTCTGGCAACCGTCGTATGAT
TTCTCCGGCGCCTCCGTGCTCGGATGGGGAGATGGTTATTACAAAGGTGAAGAAGATAAAGCAAAC
CCGAGACGGAGATCGAGTTCGCCGCCGTTTTCTACTCCGGCGGATCAGGAGTACAGGAAAAAAGT
GTTGAGAGAGCTTAACTCGTTGATCTCCGGTGGTGTTGCTCCGTCGGATGACGCTGTTGATGAGGA
GGTGACGGATACGGAATGGTTTTTCTTGGTTTCGATGACGCAGAGCTTCGCTTGCGGTGCGGGATT
AGCTGGTAAAGCGTTTGCAACGGGTAACGCGGTTTGGGTTTCCGGGTCAGATCAATTATCCGGGTC
GGGTTGTGAACGGGCTAAGCAAGGAGGAGTGTTTGGGATGCATACTATTGCGTGTATTCCTTCGGC
GAACGGAGTTGTGGAAGTCGGGTCAACGGAGCCGATCCGACAGAGTTCGGACCTTATTAACAAGG
TTCGAATTCTTTTCAATTTCGACGGCGGAGCTGGAGATTTATCGGGTCTTAATTGGAATCTTGACCC
GGATCAAGGTGAGAACGACCCGTCTATGTGGATTAATGACCCGATTGGAACACCTGGATCTAACGA
ACCGGGTAACGGAGCTCCAAGTTCTAGCTCCCAGCTTTTTTCAAAGTCTATTCAGTTTGAGAACGGT
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AGCTCAAGCACAATAACCGAAAACCCGAATCTGGATCCGACTCCGAGTCCGGTTCATTCTCAGACC
CAGAATCCGAAATTCAATAACACTTTCTCCCGAGAACTTAATTTTTCGACGTCAAGTTCTACTTTAGT
GAAACCAAGATCCGGCGAGATATTAAACTTCGGCGATGAAGGTAAACGAAGCTCCGGAAACCCGG
ATCCAAGTTCTTATTCGGGTCAAACACAATTCGAAAACAAAAGAAAGAGGTCGATGGTTTTGAACGA
AGATAAAGTTCTATCATTCGGAGATAAAACCGCCGGAGAATCAGATCACTCCGATCTAGAAGCTTCC
GTCGTGAAAGAAGTAGCAGTAGAGAAACGTCCAAAGAAACGAGGAAGAAAGCCAGCAAACGGTAG
AGAAGAGCCACTAAACCACGTCGAAGCAGAGAGACAAAGACGCGAGAAACTAAACCAAAGATTCTA
CGCGTTACGAGCGGTTGTACCAAACGTTTCAAAAATGGATAAAGCTTCGTTACTCGGTGACGCAAT
CGCTTACATCAACGAGCTTAAATCCAAAGTAGTCAAAACAGAGTCAGAGAAACTCCAAATCAAGAAC
CAGCTCGAGGAAGTGAAACTCGAGCTCGCCGGAAGAAAAGCGAGTGCTAGTGGAGGAGATATGTC
GTCTTCGTGTTCTTCGATTAAACCGGTGGGGATGGAGATTGAAGTGAAGATAATTGGTTGGGACGC
AATGATTAGAGTTGAATCTAGTAAGAGGAATCATCCGGCGGCGAGGTTGATGTCGGCGTTGATGGA
TTTGGAGTTGGAAGTGAATCACGCGAGTATGTCGGTGGTTAACGATTTGATGATTCAACAAGCGAC
GGTGAAGATGGGTTTTAGGATCTATACGCAAGAACAGCTCAGAGCAAGTTTGATTTCAAAAATCGGT
TAAaagggtgtgttttgggaagtttagaaagttatggggtcaaatcataattaattcgttttagtggcttcagtaattttgtagattttagttttgtaagaaa
aaaatcttaaaatagagcgacaagtttcttcttttgctctatgtttgagtctgtatcgttttattgttgtatctcctcaatgagtaaacttgtatatattgatatga
gtaatatgagttagttactgaaaaa 
 
MYC22-F: 5'-TCATACGACGGTTGCCAGAA-3' 
MYC22-R: 5'-AGCAACGTTTACAAGCTTTGATTG-3' 
 
A. thaliana RD22 (responsive to dehydration 22)(AT5G25610) 
tcataacttcaacctcagctcctttctactaaaacccttttactataaattctacgtacacgtaccacttcttctcctcaaattcatcaaacccatttctattcc
aactcccaaaaATGGCGATTCGTCTTCCTCTGATCTGTCTTCTTGGTTCATTCATGgtacttataaactcaaaacga
acaaaacatgattacattcttactactttttattcattgtggtttgatgttattttctttttattattgaagGTAGTGGCGATTGCGGCTGATTTA
ACACCGGAGCGTTATTGGAGCACTGCTTTACCAAACACTCCCATTCCCAACTCTCTCCATAATCTTT
TGACTTTCGgttaaaatattttactttgccattcccaactctctcacttatttttgttcttaatgttagaaatacatgtttgttctgaatttatattatgaattt
atattatggttttcactagtgttagaaatacatgtttgccattccattcccaactctctccataattaactgttttttttctttcttttctttaaaacacacaaaaaa
tatttatttacataaatgcaaataaagatgtgtttgacttgtattattacaatttcttttatatttcaacatatttttctgaatttgtatgtagcaaataaatgtattct
tttttagttgttaataaaataaatgtttccttaccaaactttttttttttgcagATTTTACCGACGAGAAAAGTACCAACGTCCAAGTA
GGTAAAGGCGGAGTAAACGTTAACACCCATAAAGGTAAAACCGGTAGCGGAACCGCCGTGAACGT
TGGAAAGGGAGGTGTACGCGTGGACACAGGCAAGGGCAAGCCCGGAGGAGGGACACACGTGAG
CGTTGGCAGCGGAAAAGGTCACGGAGGTGGCGTCGCAGTCCACACGGGTAAACCCGGTAAAAGA
ACCGACGTAGGAGTCGGTAAAGGCGGTGTGACGGTGCACACGCGCCACAAGGGAAGACCGATTT
ACGTTGGTGTGAAACCAGGAGCAAACCCTTTCGTGTATAACTATGCAGCGAAGGAGACTCAGCTCC
ACGACGATCCTAACGCGGCTCTCTTCTTCTTGGAGAAGGACTTGGTTCGCGGGAAAGAAATGAATG
TCCGGTTTAACGCTGAGGATGGTTACGGAGGCAAAACTGCGTTCTTGCCACGTGGAGAGGCTGAA
ACGGTGCCTTTTGGATCGGAGAAGTTTTCGGAGACGTTGAAACGTTTCTCGGTGGAAGCTGGTTCG
GAAGAAGCGGAGATGATGAAGAAGACCATTGAGGAGTGTGAAGCCAGAAAAGTTAGTGGAGAGGA
GAAGTATTGTGCGACGTCTTTGGAGTCGATGGTCGACTTTAGTGTTTCGAAACTTGGTAAATATCAC
GTCAGGGCTGTTTCCACTGAGgtaaaaatactaactactgttttttaattaccggtttagttttgactgaaaacatataagattaatacta
aatataagataatttgtatataatcaattcggttttctttggataattttttggaaaggttgatgtagtttctgtcaaatttacttttcttcttttatgaataaaaaat
aaatataagacataaataactatgatagatttgggtcaggttgatgtaaaaaacatatacaaatagctactatgtacttagctataattatttttaagaa
atattaaacatggttcgatctaatttttcttagatagtttaacatagaaattatttcttaatttaagttcgtgtggttcgtttatactcaaattaattggtttacgttt
ggctttagcttcggtttctttggatttacatatataaaccaatctaaccattcatgaaaacacatggttcggtttagttgcagttgatttgtatgtccacacca
tatatattgtggctaatattttggctataaaccaatgtaactttggttactacagGTGGCTAAGAAGAACGCACCGATGCAGAAGT
ACAAAATCGCGGCGGCTGGGGTAAAGAAGTTGTCTGACGATAAATCTGTGGTGTGTCACAAACAGA
AGTACCCATTCGCGGTGTTCTACTGCCACAAGGCGATGATGACGACCGTCTACGCGGTTCCGCTC
GAGGGAGAGAACGGGATGCGAGCTAAAGCAGTTGCGGTATGCCACAAGAACACCTCAGCTTGGAA
CCCAAACCACTTGGCCTTCAAAGTCTTAAAGGTGAAGCCAGGGACCGTTCCGGTCTGCCACTTCCT
CCCGGAGACTCATGTTGTGTGGTTCAGCTACTAGatagatctgttttctatcttattgtgggttatgtataattacgtttcagataa
tctatcttttgggatgttttggttatgaatatacatacatatacatatagtaatgcgtggtttccatataagagtgaaggcatctatatgtttttttttttattaacc
tacgtagctgtcttttgtggtctgtatcttgtggtt 
Primers 
RD22 F: 5'-CTGTTTCCACTGAGGTGGCTAAG-3' 
RD22 R: 5'-TGGCAGTAGAACACCGCGA-3' 

 
A. thaliana ABI1 ABA signal transduction (AT4G26080) 
gaagcaattgttgcattagcctacccatttcctccttctttctctcttctatctgtgaacaaggcacattagaactcttcttttcaacttttttaggtgtatataga
tgaatctagaaatagttttatagttggaaattaattgaagagagagagatattactacaccaatcttttcaagaggtcctaacgaattacccacaatcc
aggaaacccttattgaaattcaattcatttctttctttctgtgtttgtgattttcccgggaaatatttttgggtatatgtctctctgtttttgctttcctttttcatagga
gtcatgtgtttcttcttgtcttcctagcttcttctaataaagtccttctcttgtgaaaatctctcgaattttcatttttgttccattggagctatcttatagatcacaa
ccagagaaaaagatcaaatctttaccgttaATGGAGGAAGTATCTCCGGCGATCGCAGGTCCTTTCAGGCCATTC
TCCGAAACCCAGATGGATTTCACCGGGATCAGATTGGGTAAAGGTTACTGCAATAACCAATACTCA
AATCAAGATTCCGAGAACGGAGATCTAATGGTTTCGTTACCGGAGACTTCATCATGCTCTGTTTCTG
GGTCACATGGTTCTGAATCTAGGAAAGTTTTGATTTCTCGGATCAATTCTCCTAATTTAAACATGAAG
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GAATCAGCAGCTGCTGATATAGTCGTCGTTGATATCTCCGCCGGAGATGAGATCAACGGCTCAGAT
ATTACTAGCGAGAAGAAGATGATCAGCAGAACAGAGAGTAGGAGTTTGTTTGAATTCAAGAGTGTG
CCTTTGTATGGTTTTACTTCGATTTGTGGAAGAAGACCTGAGATGGAAGATGCTGTTTCGACTATAC
CAAGATTCCTTCAATCTTCCTCTGGTTCGATGTTAGATGGTCGGTTTGATCCTCAATCCGCCGCTCA
TTTCTTCGGTGTTTACGACGGCCATGGCGGTTCTCAGgtaaaagattggatcttttgattagggttgtttacagtttgcagaa
tctgatttggttgttgttgtgtagGTAGCGAACTATTGTAGAGAGAGGATGCATTTGGCTTTGGCGGAGGAGATAG
CTAAGGAGAAACCGATGCTCTGCGATGGTGATACGTGGCTGGAGAAGTGGAAGAAAGCTCTTTTCA
ACTCGTTCCTGAGAGTTGACTCGGAGATTGAGTCAGTTGCGCCGGAGACGGTTGGGTCAACGTCG
GTGGTTGCCGTTGTTTTCCCGTCTCACATCTTCGTCGCTAACTGCGGTGACTCTAGAGCCGTTCTTT
GCCGCGGCAAAACTGCACTTCCATTATCCGTTGACCATAAAgtaagcatatatagactcaagatctatagttggattgg
ttgtgaacttgtgataggtttttagttttcaagatgttgagttagagaggtttatgaaaccatttctgatgtgtgcttgtgttatgtgtgtagCCGGATAG
AGAAGATGAAGCTGCGAGGATTGAAGCCGCAGGAGGGAAAGTGATTCAGTGGAATGGAGCTCGTG
TTTTCGGTGTTCTCGCCATGTCGAGATCCATTGgtaagctttcattatatttctccataaagcttctcaatggttcttgaaataga
agaaacctttcttcttacaaacatttatcattgtgacagGCGATAGATACTTGAAACCATCCATCATTCCTGATCCGGAA
GTGACGGCTGTGAAGAGAGTAAAAGAAGATGATTGTCTGATTTTGGCGAGTGACGGGGTTTGGGAT
GTAATGACGGATGAAGAAGCGTGTGAGATGGCAAGGAAGCGGATTCTCTTGTGGCACAAGAAAAA
CGCGGTGGCTGGGGATGCATCGTTGCTCGCGGATGAGCGGAGAAAGGAAGGGAAAGATCCTGCG
GCGATGTCCGCGGCTGAGTATTTGTCAAAGCTGGCGATACAGAGAGGAAGCAAAGACAACATAAG
TGTGGTGGTGGTTGATTTGAAGCCTCGGAGGAAACTCAAGAGCAAACCCTTGAACTGAggcagagagg
gtcctttttcttaatttttaaaatgaatatgggtctctccaagaaaaagtatttactattattaatttgtgcttatttttttaactaacaagttataaccatatgga
gataatgaagcttaatgtgttaagctcttttgtcttgactacattctaaaaagccccttgtatttttcttcccgggctaattgtaatatggttacaacatacatt
aagatgtagtattattgtttatgcaattactttcaaaactttacatac 
Primers 
ABI1 F: 5'-CGGCAAAACTGCACTTCCAT-3' 
ABI1 R: 5'-CACGAGCTCCATTCCACTGAA-3' 

 
A. thaliana KIN1 (ABA, dehydration inducible) (AT5G15960) 
ataaatataaaccattaagcccacatctcttctcatcatcactaaccaaaacacacttcaaaaacgattttacaagaaataaatatctgaaaaaAT
GTCAGAGACCAACAAGAATGCCTTCCAAGCCGGTCAGACCGCTGGCAAAGCTGAGgtactactctttctctct
ttgacagaactcttaaactggaaaaaaattgttgaagctataactctttgaaaacagttgaaacttgatcattactagaaatttcagttacttgtttaattt
agtttgtcgtaattatgtaattgatgatttttggttacaatggttgtcatgtagGAGAAGAGCAATGTTCTGCTGGACAAGGCCAA
GGATGCTGCAGCTGGTGCTGGAGCTGGAGCACAACAGgtaaacaatccatacacagacacataacatataatatgta
acgaaataaacgtctttgtaagcttacatgtacgcagatttctgatatggttatgtatatgttatagGCGGGAAAGAGTGTATCGGATG
CGGCAGCGGGAGGTGTTAACTTCGTGAAGGACAAGACCGGCCTGAACAAGTAGcgattcgggtcaaatttg
ggagttataatttcccttttctaattaactgttgggattttcaaataaacgatctttgatcaagaattgcattatatatatataaatatattgcaaaattattag
acgagccaaacttatattcaaataatgttttatctattttaaaaaatattctttatgcgaaagatcaaactccccaaacgatgttaaatggatcacgata
cataagtcgatccgaattgttgaagttttct 
Primers 
KIN1 F: 5'-GCTGGCAAAGCTGAGGAGAA-3' 
KIN1 R: 5'-TTCCCGCCTGTTGTGCTC-3' 

 
Fusarium oxysporum f. sp. raphani PG5 gene (endopolygalacturonase) (AB256876) 
cgtaaacacgggccactatcacggctgaacggcatctatgcgcggacatctcatgattcgagcttcaaatgcgcgcttcagatatagggagtgca
cttagtatataagagagccgcatgctcttggcattgtctatcttgttcttggcatcagcattccattcaacagtatacttcaattcgtatatacactttctcta
aacttccattcttttaacaatccattcattaacATGTTCTCTTCAACTGTCCTTCTCAGTGGCCTGGTCGCCTCCGTAC
TTGCGGCCCCAGCTCTTGAGCCTCGTGCCGGCAGCTGCACTTTCACCGATGCTGCTACTGCTATTA
AGAACAAGGCTGGCTGCTCTACTATCACCCTCAACAACATTGCCGTTCCTGCTAAGACCACTCTCG
ACTTGACCAAGCTCAATGATGGCACTCACgtgagctaactcatatctatatccatgcaaatctaacaaaacttgcagGTCAT
CTTCCAGGGCAAGACTACTTTCGGCTATGCTGAATGGGAGGGCCCTCTCATCTCCTTCACTGGTAA
CAATCTTCTCATCGAGGGAGCTGCTGGACACTCCATCGACTGCGAGGGTAAGAGATGGTGGGATG
GCAAGGGCAGCAACGGCGGCAAGAAGAAGCCCAAGTTCTTCAGCGCCCACTCTCTCAAGAACTCC
AACATCAAGAACTTGAACGTTCTCAACACCCCTGTCCAGGCCTTCAGCATCAACAGCGTCACCAAC
TTGGGCGTCTATGGCGTTCACATGGACAACTCTCTCGGCGACTCTCTCGGCGGACACAACACCGA
TGCTTTCGACGTTGGCTCCTCTACCGGCGTGTATATCTCTGGAGCTGTTGTCAAGAACCAGGACGA
TTGTCTCGCCATCAACTCTGGTACCAACATCACCTTCACCGGCGGCAACTGCAGTGGCGGCCACG
GTCTCTCCATTGGATCCGTTGGTGGACGCTCTGACAACACCGTCAAGACTGTCCGCATCCTCAACT
CTTCCATCTCCAACTCCGACAACGGTGTCCGCATCAAGACCGTTTCTGGCGCTACCGGTTCCGTTT
CCGA`TGTCAAGTACGACACCATCACTCTCTCCAACATCGCCAAGTACGGTATCGTCATTGAGCAGG
ATTACGAGAACGGTTCTCCTACTGGAACTCCCACTGCTGGTGTCCCCATCACCGACGTCACCATCA
ACAAGGTCACCGGAACTGTCAAGTCCAGCGGAACTGATGTCTACATCCTTTGCGCCAACTGCAAGA
ACTGGACCTGGACCAACAACAAGGTCACTGGTGGAAAGACCTCTACCAAGTGCATAGggaattccctctg
gtgcttcttgctaagtgttgagtcgg 
Primers 
Fox_r-F: CGAGGGTAAGAGATGGTGGGATGG 
Fox_r-R: GCCGCCGGTGAAGGTGATGT 
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V.dahliae gene for 5.8S ribosomal RNA (Z29511) 
ccgagtatctactcataaccctttgtgaaccatattgttgcttcggcggctcgttctgcgagcccgccggtccatcagtctctctgtttataccaacgata
cttctgagtgttcttagcgaactattaAAACTTTTAACAACGGATCTCTTGGCTCTAGCATCGATGAAGAACGCAGC
GAAACGCGATATGTAGTGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATGGCG
CCTTCCAGTATCCTGGGAGGCATGCCTGTCCGAGCGTCGTTTCAACCCTCGAGCCCCAGTGGCCC
GGTGTTGGGGATCTACGTCTGTAGGCCCTTAAAAGCAGTGGCGGACCCGCGTGGCCCTTCCTTGC
GTAGTAGTTACAGCTCGCATCGGAGTCCCGCAGGCGCTTGCCTCTAAACCCCCTACAAGCCCGCC
TCGTGCGGCAACG 
 
ATGC = ITS1 
ATGC = ITS2 
 
Primers 
Vd-F: 5’-CCGCCGGTCCATCAGTCTCTCTGTTTATAC-3’ 
Vd-R: 5’-CGCCTGCGGGACTCCGATGCGAGCTGTAAC-3’ 

 

Solanum lycopersicum beta-tubulin (TUB) (DQ205342) 

ggctctttcccatttctcccttcatcttcatcttcatcttcatctcttcttcttcttattctctcattcctctcatcaatttttttcatcaaaaaaactaagagaaaAT
Gagagaaattcttcacattcaaggaggacaatgtggaaaccaaatcggttccaaattctgggaagttatctgtgatgaacacggtgttgatcctac
cggacgttacaaaggaaccgccgctgagtccgatcttcagcttgaacgtatcaatgtttatttcaatgaagcttctggtggacgttatgttcctagggc
ggttttgatggatctagagcctggtacgatggatagtatcagatctggtccctatggacagatcttccgtcctgataactttgtctttggacagtctggtgc
tggtaataactgggccaaaggtcattatactgaaggcgctgagttgattgatgctgttctagatgttgttcgtaaagaagcggagaattgtgattgcttg
caaggattccaggtttgccactcacttggtggagggactggatctggcatgggaacactactgatttccaaggtaagggaggagtatccagacag
gatgatgctcacattctctgttttcccttctccaaaggtgtctgacactgttgtagaaccatacaatgctacactgtcggtgcaccaattggtggagaat
gccgatgaatgtatggtccttgacaacgaagctctatatgatatttgtttcagaactttgaagctcactactccaagttttggtgacttgaaccatttgatct
ctgcaaccatgagtggtgttacttgctgtttgagattccctggtcagctgaactcagacctgaggaaattggctgtgaatttaattcccttcccacgtcttc
acttcttcatggtgggatttgccccactaacctctcgtggatcacagcaatacatatcgctaacagtgccagagcttactcaacaaatgtgggatgcc
aagaacatgatgtgcgcggcagatccccgtcatggacgttacctgacagcttctgccatgtttaggggtaagatgagcacaaaggaggtagatg
aacagatgatcaatgtgcagaacaagaactcgtcctactttgttgaatggatccctaacaatgtcaagtctagtgtgtgtgatatcccaccaactggg
ctgaagatggcatccacgtttgttggaaattcaacctccattcaggagatgtttagaagggtgagtgagcagtttactgccatgttcaggcgcaagg
ctttcttgcattggtacacaggtgaaggaatggatgaaatggagttcactgaagccgagagcaacatgaatgatttggttgcagaatatcaacaat
accaggatgctacagcagatgatgaggaagagtatgatgatgatgaggttgctgatgatcaataccaatccTAAaaacttctctacatttgatatat
tgttggtttgttcaatttctgccaagtgaacttgttatgtttcctattgtcttctcttcatttgaactttgtgtttggtttgttgagaaatgaaatgtcttttattggtcta
tatgaatatactgtattacagtaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
Primers 
LeTUB-F: 5’-GATTTGCCCCACTAACCTCTCGT-3’ 
LeTUB-R: 5’-ACCTCCTTTGTGCTCATCTTACCC-3’ 

 
Solanum lycopersicum ethylene receptor (ETR4) 

ATGttgaggacgttagcatcagctttgttggttttgtccttctttgtttccttatcggctgctgataatggtttcccgcgatgtaactgtgatgatgagggattt
tggagcattgagagtatcttagagtgccaaaagattagtgatctctttattgcgattgcgtatttttccatcccaattgagctcctttactttgtcagttgttct
aactttccattcaaatgggtgctcttccaatttattgcattcattgttctgtgtgggatgactcatttgctcaatttctggacttactatggccaacacccgtttc
agcttatgcttgctttaaccatttttaaagtcctcactgcactggtatccttcgccacggctataacccttattaccctctttcctatgctgcttaaagtcaag
gtgagggaatttatgctgaaaaagaagacttgggatcttggtagagaagttggattaataaagatgcaaaaagaagctggatggcatgttcggat
gcttacacaggagattcgaaagtcacttgaccgtcatacaatactctacacaactctggtggagctatcaaagacgctggatttgcataactgtgct
gtttggaagcccaatgagaataaaactgagatgaacctaattcatgagctgagagacagtagctttaatagcgcgtataatttacctatcccgaga
agtgatccagatgttatacaggttaaggagagtgacggagtaaagatacttgatgccgactccccacttgctgttgcgagtagtggagggagtagg
gaaccaggagctgtggctgcaattaggatgccgatgcttaaagtgtcgaacttcaaaggtggaactcctgaacttgtcccagaatgttatgccatac
tggttttggttctacctagtgaacaaggtagatcatggtgcagccaggaaattgagatagtcagggttgtggctgatcaggttgctgtggctctgtccc
atgctgcaattcttgaagagtctcagcatatgagagaaacattggaagagcaaaaccgagctctggaacaagcaaagcaggatgcacttaggg
cgagtcaagcaaggaatgcatttcagatggttatgagccatggtctgagaagacccatgcactcaatattgggtctgctctccttgttgcaagatgag
aaattgggtaatgagcagcggcttcttgtggattcaatggttaaaaccagtaatgtcgtgtcaaccctaatagatgatgtgatggatacttcaacaa
aggacaacggtagattccctttggagatgagatattttcagctacattccatgataaaagaagctgcttgtcttgccaagtgtttgtgtgcttataggggt
tataatatttccattgaggttgacaaatctttgccaaatcatgttctcggtgatgaaagaagagtttttcaagttattcttcatatggttggaaatcttttgaa
ggaccccaatggaggtcttctcacatttagggttctcccagaaagtgtaagtagggaaggcattggtggagcatggagaacaaggaggtcaaac
tcatctcgtgataacgcctatatcaggtttgaagttggaacaagcaataatcattctcagccagaggggaccatgttgccacattacaggccaaaa
cgctgcagtaaggagatggatgaaggcttgagtttcactgtgtgcagaaagctggttcaggtattctattgctaataccagcatctgagtatgtatattc
tggagtttataaaccaaaaaactgtttcatttggttctattcccttctttctgtggtttatagtacactcaactttgataaaatcattctgttataggttaaaaga
gaaaaaatgatagtattacaaaagaaaaatgatatttaagcctgactagtttttaaatttctactgcaattggatgagaccttttaaattgtgatttctgga
tggcgttaactactacaatttccatgtcaaagaagataaagcaattcatgaccttgattgcctgtcatgtaattaaatatgtcgttttccctgtgaatgag
aaatatgatactaaagttgcttaagctgtttgttgcggaacttttaatccccatttgtttgggaatgaaatctgaaaccactcatacaagttggtagtacc
gtagtacttgttctcttttttctcccttcgattataatttaagtgcatatagttgtggtttggggtaggcactaacatcttgctggtatgcaaatatgatgaaca
gttgatgcaaggagacatctgggtaatcccaaatccagaaggttttgatcaaagcatggctgtcgttcttgggcttcaactgcggccatcaattgcca
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taggcattcctgaatatggggaatcttctgatcattcgcatccacactcactcctccaaggtgttaaagttctgttagcagattatgatgacgtgaatag
agcggtaacaagtaagctacttgaaaaattgggatgcagtgtttctgcagtttcatctggacgtgactgtattggtgttcttagccctgctgtatcctcatt
ccaaatcgtccttttggatcttcacctgcctgatttggatggcttcgaagtaaccatgagaattcggaagtttggtagccacaactggccattgatagtt
ggtttaactgcgactgctgatgaaaatgttactggaagatgcctgcagattggaatgaatggacttattcgtaaaccagtgctattgccaggtatcgct
gatgagcttcaaagggttctgctacggggaagtagaatgatgTAA 
Primers 
SilETR4-F: 5’-GGGGGGGCAGCGAATTCTTGTGGA-3’ 
SilETR4-R: 5’-CACATTACAGGGATCCACGCTGCGC-3’ 
 
LeETR4-F: 5-‘GGAAGCCCAATGAGAATAAAACTG-3’ 
LeETR4-R: 5’-CTACTCCCTCCACTACTCGCAACA-3’ 

 

Tobacco rattle virus RNA2-based VIGS vector pTRV2 (pYL156) (AF406991) 

ataaaacattgcacctatggtgttgccctggctggggtatgtcagtgatcgcagtagaatgtactaattgacaagttggagaatacggtagaacgtc
cttatccaacacagcctttatccctctccctgacgaggtttttgtcagtgtaatatttctttttgaactatccagcttagtaccgtacgggaaagtgactggt
gtgcttatctttgaaatgttactttgggtttcggttctttaggttagtaagaaagcacttgtcttctcatacaaaggaaaacctgagacgtatcgcttacga
aagtagcaatgaaagaaaggtggtggttttaatcgctaccgcaaaaacgatggggtcgttttaattaacttctcctacgcaagcgtctaaacggac
gttggggttttgctagtttctttagagaaaactagctaagtctttaatgttatcattagagatggcataaatataatacttgtgtctgctgataagatcatttta
atttggacgattagacttgttgaactacaggttactgaatcacttgcgctaatcaacatgggagatatgtacgatgaatcatttgacaagtcgggcggt
cctgctgacttgatggacgattcttgggtggaatcagtttcgtggaaagatctgttgaagaagttacacagcataaaatttgcactacagtctggtaga
gatgagatcactgggttactagcggcactgaatagacagtgtccttattcaccatatgagcagtttccagataagaaggtgtatttccttttagactcac
gggctaacagtgctcttggtgtgattcagaacgcttcagcgttcaagagacgagctgatgagaagaatgcagtggcgggtgttacaaatattcctg
cgaatccaaacacaacggttacgacgaaccaagggagtactactactaccaaggcgaacactggctcgactttggaagaagacttgtacactt
attacaaattcgatgatgcctctacagctttccacaaatctctaacttcgttagagaacatggagttgaagagttattaccgaaggaactttgagaaa
gtattcgggattaagtttggtggagcagctgctagttcatctgcaccgcctccagcgagtggaggtccgatacgtcctaatccctagggatttaagga
cgtgaactctgttgagatctctgtgaaattcagagggtgggtgataccatattcactgatgccattagcgacatctaaatagggctaattgtgactaatt
tgagggaatttcctttaccattgacgtcagtgtcgttggtagcatttgagtttcgcaatgcacgaattacttaggaagtggcttgacgacactaatgtgtt
attgttagataatggtttggtggtcaaggtacgtagtagagtcccacatattcgcacgtatgaagtaattggaaagttgtcagtttttgataattcactgg
gagatgatacgctgtttgagggaaaagtagagaacgtatttgtttttatgttcaggcggttcttgtgtgtcaacaaagatggacattgttactcaaggaa
gcacgatgagctttattattacggacgagtggacttagattctgtgagtaaggttaccgaattctctagaaggcctccatggggatccggtaccgagc
tcacgcgtctcgaggcccgggcatgtcccgaagacattaaactacggttctttaagtagatccgtgtctgaagttttaggttcaatttaaacctacgag
attgacattctcgactgatcttgattgatcggtaagtcttttgtaatttaattttctttttgattttattttaaattgttatctgtttctgtgtatagactgtttgagatcg
gcgtttggccgactcattgtcttaccataggggaacggactttgtttgtgttgttattttatttgtattttattaaaattctcaacgatctgaaaaagcctcgcg
gctaagagattgttggggggtgagtaagtacttttaaagtgatgatggttacaaaggcaaaaggggtaaaacccctcgcctacgtaagcgttatta
cgcccgtctgtacttatatcagtacactgacgagtccctaaaggacgaaacgggagaacgctagccaccaccaccaccaccacgtgtgaattac
aggtgaccagctcgaatttccccgatcgttcaaacatttggcaataaagtttcttaagattgaatcctgttgccggtcttgcgatgattatcatataatttct
gttgaattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttatgattagagtcccgcaattatacatttaatacgcg
atagaaaacaaaatatagcgcgcaaactaggataaattatcgcgcgcggtgtcatctatgttactagatcgggaattaaactatcagtgtttgacag
gatatattggcgggtaaacctaagagaaaagagcgtttattagaataacggatatttaaaagggcgtgaaaaggtttatccgttcgtccatttgtatgt
gcatgccaaccacagggttcccctcgggatcaaagtactttgatccaacccctccgctgctatagtgcagtcggcttctgacgttcagtgcagccgt
cttctgaaaacgacatgtcgcacaagtcctaagttacgcgacaggctgccgccctgcccttttcctggcgttttcttgtcgcgtgttttagtcgcataaa
gtagaatacttgcgactagaaccggagacattacgccatgaacaagagcgccgccgctggcctgctgggctatgcccgcgtcagcaccgacg
accaggacttgaccaaccaacgggccgaactgcacgcggccggctgcaccaagctgttttccgagaagatcaccggcaccaggcgcgaccg
cccggagctggccaggatgcttgaccacctacgccctggcgacgttgtgacagtgaccaggctagaccgcctggcccgcagcacccgcgacct
actggacattgccgagcgcatccaggaggccggcgcgggcctgcgtagcctggcagagccgtgggccgacaccaccacgccggccggccg
catggtgttgaccgtgttcgccggcattgccgagttcgagcgttccctaatcatcgaccgcacccggagcgggcgcgaggccgccaaggcccga
ggcgtgaagtttggcccccgccctaccctcaccccggcacagatcgcgcacgcccgcgagctgatcgaccaggaaggccgcaccgtgaaag
aggcggctgcactgcttggcgtgcatcgctcgaccctgtaccgcgcacttgagcgcagcgaggaagtgacgcccaccgaggccaggcggcgc
ggtgccttccgtgaggacgcattgaccgaggccgacgccctggcggccgccgagaatgaacgccaagaggaacaagcatgaaaccgcacc
aggacggccaggacgaaccgtttttcattaccgaagagatcgaggcggagatgatcgcggccgggtacgtgttcgagccgcccgcgcacgtct
caaccgtgcggctgcatgaaatcctggccggtttgtctgatgccaagctggcggcctggccggccagcttggccgctgaagaaaccgagcgccg
ccgtctaaaaaggtgatgtgtatttgagtaaaacagcttgcgtcatgcggtcgctgcgtatatgatgcgatgagtaaataaacaaatacgcaaggg
gaacgcatgaaggttatcgctgtacttaaccagaaaggcgggtcaggcaagacgaccatcgcaacccatctagcccgcgccctgcaactcgcc
ggggccgatgttctgttagtcgattccgatccccagggcagtgcccgcgattgggcggccgtgcgggaagatcaaccgctaaccgttgtcggcat
cgaccgcccgacgattgaccgcgacgtgaaggccatcggccggcgcgacttcgtagtgatcgacggagcgccccaggcggcggacttggctg
tgtccgcgatcaaggcagccgacttcgtgctgattccggtgcagccaagcccttacgacatatgggccaccgccgacctggtggagctggttaag
cagcgcattgaggtcacggatggaaggctacaagcggcctttgtcgtgtcgcgggcgatcaaaggcacgcgcatcggcggtgaggttgccgag
gcgctggccgggtacgagctgcccattcttgagtcccgtatcacgcagcgcgtgagctacccaggcactgccgccgccggcacaaccgttcttga
atcagaacccgagggcgacgctgcccgcgaggtccaggcgctggccgctgaaattaaatcaaaactcatttgagttaatgaggtaaagagaaa
atgagcaaaagcacaaacacgctaagtgccggccgtccgagcgcacgcagcagcaaggctgcaacgttggccagcctggcagacacgcca
gccatgaagcgggtcaactttcagttgccggcggaggatcacaccaagctgaagatgtacgcggtacgccaaggcaagaccattaccgagctg
ctatctgaatacatcgcgcagctaccagagtaaatgagcaaatgaataaatgagtagatgaattttagcggctaaaggaggcggcatggaaaat
caagaacaaccaggcaccgacgccgtggaatgccccatgtgtggaggaacgggcggttggccaggcgtaagcggctgggttgtctgccggcc
ctgcaatggcactggaacccccaagcccgaggaatcggcgtgacggtcgcaaaccatccggcccggtacaaatcggcgcggcgctgggtgat
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gacctggtggagaagttgaaggccgcgcaggccgcccagcggcaacgcatcgaggcagaagcacgccccggtgaatcgtggcaagcggc
cgctgatcgaatccgcaaagaatcccggcaaccgccggcagccggtgcgccgtcgattaggaagccgcccaagggcgacgagcaaccaga
ttttttcgttccgatgctctatgacgtgggcacccgcgatagtcgcagcatcatggacgtggccgttttccgtctgtcgaagcgtgaccgacgagctgg
cgaggtgatccgctacgagcttccagacgggcacgtagaggtttccgcagggccggccggcatggccagtgtgtgggattacgacctggtactg
atggcggtttcccatctaaccgaatccatgaaccgataccgggaagggaagggagacaagcccggccgcgtgttccgtccacacgttgcggac
gtactcaagttctgccggcgagccgatggcggaaagcagaaagacgacctggtagaaacctgcattcggttaaacaccacgcacgttgccatg
cagcgtacgaagaaggccaagaacggccgcctggtgacggtatccgagggtgaagccttgattagccgctacaagatcgtaaagagcgaaa
ccgggcggccggagtacatcgagatcgagctagctgattggatgtaccgcgagatcacagaaggcaagaacccggacgtgctgacggttcac
cccgattactttttgatcgatcccggcatcggccgttttctctaccgcctggcacgccgcgccgcaggcaaggcagaagccagatggttgttcaaga
cgatctacgaacgcagtggcagcgccggagagttcaagaagttctgtttcaccgtgcgcaagctgatcgggtcaaatgacctgccggagtacga
tttgaaggaggaggcggggcaggctggcccgatcctagtcatgcgctaccgcaacctgatcgagggcgaagcatccgccggttcctaatgtacg
gagcagatgctagggcaaattgccctagcaggggaaaaaggtcgaaaaggtctctttcctgtggatagcacgtacattgggaacccaaagccgt
acattgggaaccggaacccgtacattgggaacccaaagccgtacattgggaaccggtcacacatgtaagtgactgatataaaagagaaaaaa
ggcgatttttccgcctaaaactctttaaaacttattaaaactcttaaaacccgcctggcctgtgcataactgtctggccagcgcacagccgaagagct
gcaaaaagcgcctacccttcggtcgctgcgctccctacgccccgccgcttcgcgtcggcctatcgcggccgctggccgctcaaaaatggctggcc
tacggccaggcaatctaccagggcgcggacaagccgcgccgtcgccactcgaccgccggcgcccacatcaaggcaccctgcctcgcgcgttt
cggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtca
gggcgcgtcagcgggtgttggcgggtgtcggggcgcagccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcat
cagagcagattgtactgagagtgcaccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttc
ctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcagggg
ataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgc
ccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccctggaag
ctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgta
ggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgt
cttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctaca
gagttcttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttg
gtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaag
atcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgcattctaggtactaaaacaattcatccagt
aaaatataatattttattttctcccaatcaggcttgatccccagtaagtcaaaaaatagctcgacatactgttcttccccgatatcctccctgatcgaccg
gacgcagaaggcaatgtcataccacttgtccgccctgccgcttctcccaagatcaataaagccacttactttgccatctttcacaaagatgttgctgtc
tcccaggtcgccgtgggaaaagacaagttcctcttcgggcttttccgtctttaaaaaatcatacagctcgcgcggatctttaaatggagtgtcttcttcc
cagttttcgcaatccacatcggccagatcgttattcagtaagtaatccaattcggctaagcggctgtctaagctattcgtatagggacaatccgatatg
tcgatggagtgaaagagcctgatgcactccgcatacagctcgataatcttttcagggctttgttcatcttcatactcttccgagcaaaggacgccatcg
gcctcactcatgagcagattgctccagccatcatgccgttcaaagtgcaggacctttggaacaggcagctttccttccagccatagcatcatgtccttt
tcccgttccacatcataggtggtccctttataccggctgtccgtcatttttaaatataggttttcattttctcccaccagcttatataccttagcaggagacat
tccttccgtatcttttacgcagcggtatttttcgatcagttttttcaattccggtgatattctcattttagccatttattatttccttcctcttttctacagtatttaaag
ataccccaagaagctaattataacaagacgaactccaattcactgttccttgcattctaaaaccttaaataccagaaaacagctttttcaaagttgtttt
caaagttggcgtataacatagtatcgacggagccgattttgaaaccgcggtgatcacaggcagcaacgctctgtcatcgttacaatcaacatgcta
ccctccgcgagatcatccgtgtttcaaacccggcagcttagttgccgttcttccgaatagcatcggtaacatgagcaaagtctgccgccttacaacg
gctctcccgctgacgccgtcccggactgatgggctgcctgtatcgagtggtgattttgtgccgagctgccggtcggggagctgttggctggctggtgg
caggatatattgtggtgtaaacaaattgacgcttagacaacttaataacacattgcggacgtttttaatgtactgaattaacgccgaattaattcctagg
ccaccatgttgggcccggcgcgccaagcttgcatgcctgcaggtcaacatggtggagcacgacactctcgtctactccaagaatatcaaagatac
agtctcagaagaccagagggctattgagacttttcaacaaagggtaatatcgggaaacctcctcggattccattgcccagctatctgtcacttcatcg
aaaggacagtagaaaaggaagatggcttctacaaatgccatcattgcgataaaggaaaggctatcgttcaagatgcctctaccgacagtggtcc
caaagatggacccccacccacgaggaacatcgtggaaaaagaagacgttccaaccacgtcttcaaagcaagtggattgatgtgatggtcaac
atggtggagcacgacactctcgtctactccaagaatatcaaagatacagtctcagaagaccagagggctattgagacttttcaacaaagggtaat
atcgggaaacctcctcggattccattgcccagctatctgtcacttcatcgaaaggacagtagaaaaggaagatggcttctacaaatgccatcattgc
gataaaggaaaggctatcgttcaagatgcctctaccgacagtggtcccaaagatggacccccacccacgaggaacatcgtggaaaaagaag
acgttccaaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacgcacaatcccactatccttcgcaagacccttc
ctctatataaggaagttcatttcatttggagagg 
atgc: TRV strain ppk20 RNA2 5'-sequence (1-1639) 
atgc: multiple cloning site region (1640 1708) 
atgc: TRV strain ppk20 RNA2 3'-sequence (1709-2103) 
atgc: synthetic sequence (2104-2154) 
atgc: pCambia 0390 sequence (2155-8894) 
atgc: CaMV 35S promoter from pCASS2 (8895-9663) 

 
Tobacco rattle virus (strain ppk20) RNA1 - pTRV1 (AF406990) 

Tobacco Rar1, EDS1 and NPR1/NIM1 like genes are required for N-mediated resistance to tobacco 
mosaic virus Plant J. 30 (4), 415-429 (2002) 
cggtagaacgtacttatcacctacagttttattttgtttttctttttggtttaatctatccagcttagtaccgagtgggggaaagtgactggtgtgcctaaaac
cttttctttgatactttgtaaaaatacatacagatacaatggcgaacggtaacttcaagttgtctcaattgctcaatgtggacgagatgtctgctgagca
gaggagtcatttctttgacttgatgctgactaaacctgattgtgagatcgggcaaatgatgcaaagagttgttgttgataaagtcgatgacatgattag
agaaagaaagactaaagatccagtgattgttcatgaagttctttctcagaaggaacagaacaagttgatggaaatttatcctgaattcaatatcgtgt
ttaaagacgacaaaaacatggttcatgggtttgcggctgctgagcgaaaactacaagctttattgcttttagatagagttcctgctctgcaagaggtg
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gatgacatcggtggtcaatggtcgttttgggtaactagaggtgagaaaaggattcattcctgttgtccaaatctagatattcgggatgatcagagaga
aatttctcgacagatatttcttactgctattggtgatcaagctagaagtggtaagagacagatgtcggagaatgagctgtggatgtatgaccaatttcg
tgaaaatattgctgcgcctaacgcggttaggtgcaataatacatatcagggttgtacatgtaggggtttttctgatggtaagaagaaaggcgcgcag
tatgcgatagctcttcacagcctgtatgacttcaagttgaaagacttgatggctactatggttgagaagaaaactaaagtggttcatgctgctatgctttt
tgctcctgaaagtatgttagtggacgaaggtccattaccttctgttgacggttactacatgaagaagaacgggaagatctatttcggttttgagaaaga
tccttccttttcttacattcatgactgggaagagtacaagaagtatctactggggaagccagtgagttaccaagggaatgtgttctacttcgaaccgtg
gcaggtgagaggagacacaatgcttttttcgatctacaggatagctggagttccgaggaggtctctatcatcgcaagagtactaccgaagaatata
tatcagtagatgggaaaacatggttgttgtcccaattttcgatctggtcgaatcaacgcgagagttggtcaagaaagacctgtttgtagagaaacaat
tcatggacaagtgtttggattacatagctaggttatctgaccagcagctgaccataagcaatgttaaatcatacttgagttcaaataattgggtcttattc
ataaacggggcggccgtgaagaacaagcaaagtgtagattctcgagatttacagttgttggctcaaactttgctagtgaaggaacaagtggcgag
acctgtcatgagggagttgcgtgaagcaattctgactgagacgaaacctatcacgtcattgactgatgtgctgggtttaatatcaagaaaactgtgg
aagcagtttgctaacaagatcgcagtcggcggattcgttggcatggttggtactctaattggattctatccaaagaaggtactaacctgggcgaagg
acacaccaaatggtccagaactatgttacgagaactcgcacaaaaccaaggtgatagtatttctgagtgttgtgtatgccattggaggaatcacgct
tatgcgtcgagacatccgagatggactggtgaaaaaactatgtgatatgtttgatatcaaacggggggcccatgtcttagacgttgagaatccgtgc
cgctattatgaaatcaacgatttctttagcagtctgtattcggcatctgagtccggtgagaccgttttaccagatttatccgaggtaaaagccaagtctg
ataagctattgcagcagaagaaagaaatcgctgacgagtttctaagtgcaaaattctctaactattctggcagttcggtgagaacttctccaccatcg
gtggtcggttcatctcgaagcggactgggtctgttgttggaagacagtaacgtgctgacccaagctagagttggagtttcaagaaaggtagacgat
gaggagatcatggagcagtttctgagtggtcttattgacactgaagcagaaattgacgaggttgttccagccttttcagctgaatgtgaaagagggg
aaacaagcggtacaaaggtgttgtgtaaacctttaacgccaccaggatttgagaacgtgttgccagctgtcaaacctttggtcagcaaaggaaaa
acggtcaaacgtgtcgattacttccaagtgatgggaggtgagagattaccaaaaaggccggttgtcagtggagacgattctgtggacgctagaag
agagtttctgtactacttagatgcggagagagtcgctcaaaatgatgaaattatgtctctgtatcgtgactattcgagaggagttattcgaactggagg
tcagaattacccgcacggactgggagtgtgggatgtggagatgaagaactggtgcatacgtccagtggtcactgaacatgcttatgtgttccaacc
agacaaacgtatggatgattggtcgggatacttagaagtggctgtttgggaacgaggtatgttggtcaacgacttcgcggtcgaaaggatgagtga
ttatgtcatagtttgcgatcagacgtatctttgcaataacaggttgatcttggacaatttaagtgccctggatctaggaccagttaactgttcttttgaatta
gttgacggtgtacctggttgtggtaagtcgacaatgattgtcaactcagctaatccttgtgtcgatgtggttctctctactgggagagcagcaaccgac
gacttgatcgagagattcgcgagcaaaggttttccatgcaaattgaaaaggagagtgaagacggttgattcttttttgatgcattgtgttgatggttcttt
aaccggagacgtgttgcatttcgatgaagctctcatggcccatgctggtatggtgtacttttgcgctcagatagctggtgctaaacgatgtatctgtcaa
ggagatcagaatcaaatttctttcaagcctagggtatctcaagttgatttgaggttttctagtctggtcggaaagtttgacattgttacagaaaaaagag
aaacttacagaagtccagcagatgtggctgccgtattgaacaagtactatactggagatgtcagaacacataacgcgactgctaattcgatgacg
gtgaggaagattgtgtctaaagaacaggtttctttgaagcctggtgctcagtacataactttccttcagtctgagaagaaggagttggtaaatttgttgg
cattgaggaaagtggcagctaaagtgagtacagtacacgagtcgcaaggagagacattcaaagatgtagtcctagtcaggacgaaacctacg
gatgactcaatcgctagaggtcgggagtacttaatcgtggcgttgtcgcgtcacacacaatcacttgtgtatgaaactgtgaaagaggacgatgta
agcaaagagatcagggaaagtgccgcgcttacgaaggcggctttggcaagattttttgttactgagaccgtcttatgacggtttcggtctaggtttgat
gtctttagacatcatgaagggccttgcgccgttccagattcaggtacgattacggacttggagatgtggtacgacgctttgtttccgggaaattcgttaa
gagactcaagcctagacgggtatttggtggcaacgactgattgcaatttgcgattagacaatgttacgatcaaaagtggaaactggaaagacaag
tttgctgaaaaagaaacgtttctgaaaccggttattcgtactgctatgcctgacaaaaggaagactactcagttggagagtttgttagcattgcagaa
aaggaaccaagcggcacccgatctacaagaaaatgtgcacgcaacagttctaatcgaagagacgatgaagaagttgaaatctgttgtctacga
tgtgggaaaaattcgggctgatcctattgtcaatagagctcaaatggagagatggtggagaaatcaaagcacagcggtacaggctaaggtagta
gcagatgtgagagagttacatgaaatagactattcgtcttacatgtatatgatcaaatctgacgtgaaacctaagactgatttaacaccgcaatttga
atactcagctctacagactgttgtgtatcacgagaagttgatcaactcgttgttcggtccaattttcaaagaaattaatgaacgcaagttggatgctatg
caaccacattttgtgttcaacacgagaatgacatcgagtgatttaaacgatcgagtgaagttcttaaatacggaagcggcttacgactttgttgagat
agacatgtctaaattcgacaagtcggcaaatcgcttccatttacaactgcagctggagatttacaggttatttgggctagatgagtgggcggccttcct
ttgggaggtgtcgcacactcaaactactgtgagagatattcaaaatggtatgatggcgcatatttggtaccaacaaaagagtggagatgctgatact
tataatgcaaattcagatagaacactgtgtgcactcttgtctgaattaccattggagaaagcagtcatggttacatatggaggagatgactcactgatt
gcgtttcctagaggaacgcagtttgttgatccgtgtccaaagttggctactaagtggaatttcgagtgcaagatttttaagtacgatgtcccaatgttttgt
gggaagttcttgcttaagacgtcatcgtgttacgagttcgtgccagatccggtaaaagttctgacgaagttggggaaaaagagtataaaggatgtg
caacatttagccgagatctacatctcgctgaatgattccaatagagctcttgggaactacatggtggtatccaaactgtccgagtctgtttcagaccg
gtatttgtacaaaggtgattctgttcatgcgctttgtgcgctatggaagcatattaagagttttacagctctgtgtacattattccgagacgaaaacgata
aggaattgaacccggctaaggttgattggaagaaggcacagagagctgtgtcaaacttttacgactggtaatatggaagacaagtcattggtcac
cttgaagaagaagactttcgaagtctcaaaattctcaaatctaggggccattgaattgtttgtggacggtaggaggaagagaccgaagtattttcac
agaagaagagaaactgtcctaaatcatgttggtgggaagaagagtgaacacaagttagacgtttttgaccaaagggattacaaaatgattaaatc
ttacgcgtttctaaagatagtaggtgtacaactagttgtaacatcacatctacctgcagatacgcctgggttcattcaaatcgatctgttggattcgaga
cttactgagaaaagaaagagaggaaagactattcagagattcaaagctcgagcttgcgataactgttcagttgcgcagtacaaggttgaatacag
tatttccacacaggagaacgtacttgatgtctggaaggtgggttgtatttctgagggcgttccggtctgtgacggtacataccctttcagtatcgaagtg
tcgctaatatgggttgctactgattcgactaggcgcctcaatgtggaagaactgaacagttcggattacattgaaggcgattttaccgatcaagaggt
tttcggtgagttcatgtctttgaaacaagtggagatgaagacgattgaggcgaagtacgatggtccttacagaccagctactactagacctaagtca
ttattgtcaagtgaagatgttaagagagcgtctaataagaaaaactcgtcttaatgcataaagaaatttattgtcaatatgacgtgtgtactcaagggtt
gtgtgaatgaagtcactgttcttggtcacgagacgtgtagtatcggtcatgctaacaaattgcgaaagcaagttgctgacatggttggtgtcacacgt
aggtgtgcggaaaataattgtggatggtttgtctgtgttgttatcaatgattttacttttgatgtgtataattgttgtggccgtagtcaccttgaaaagtgtcgt
aaacgtgttgaaacaagaaatcgagaaatttggaaacaaattcgacgaaatcaagctgaaaacatgtctgcgacagctaaaaagtctcataatt
cgaagacctctaagaagaaattcaaagaggacagagaatttgggacaccaaaaagatttttaagagatgatgttcctttcgggattgatcgtttgttt
gctttttgattttattttatattgttatctgtttctgtgtatagactgtttgagattggcgcttggccgactcattgtcttaccataggggaacggactttgtttgtgtt
gttattttatttgtattttattaaaattctcaatgatctgaaaaggcctcgaggctaagagattattggggggtgagtaagtacttttaaagtgatgatggtt
acaaaggcaaaaggggtaaaacccctcgcctacgtaagcgttattacgccc 
 
atgc: replicase (203-5326) 
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atgc: movement protein (5328-6086) 
atgc: 16 kDa protein (6111-6536) 
atgc: synthetic sequence (2104-2154) 
 
Solanum lycopersicum chitinase gene (AB110610) 

AATGAAGTTCAATATTGTATCACCCGTTGCACTGTCTTGTCTCTTTTTCTTGTTCCTAACAGGTACTT
TAGCACAAAATGCCGGTTCCATTGTAACGCGGGAATTGTTCGAACAAATGCTGAGTTTTAGGAACAA
TGACGCATGTCCTGCCAAAGGATTCTACACTTATGATGCATTCATAGCTGCAGCCAATTCGTTTCCA
GGTTTTGGTACTGCTGGTGATGATACTGCACGTAAGAAGGAAATTGCTGCCTTTTTCGGTCAAACAT
CTCACGAAACTAATGgtaatttggatcatccttcttagcattgtaatttataggtaacaattgaattatatcattcgctcttttgcagGTGGTA
GTGCAGGAACATTCACTGGAGGATATTGCTTTGTTAAGCAAATAGAGCAGTCAGACAGATACTATG
GCAGAGGACCTATCCAATTGACACAgtaagacaattcaatagaatatcaacatttggaatcattagtaatattcttttttatgcagCC
AATCTAACTACGAACGAGCTGGACAAGGTATTGGTGTTGGACAAGAGTTAGTGAACAACCCTGATT
TAGTTGCGACAGATCCTATAATATCATTCAAAACAGCAATATGGTTCTGGATGACAGAACAGGATAA
TAAACCATCATGCCACAACGTTATCATTGGACAATGGACGCCATCCCCTAAAGATACAGCAGCTAAT
AGAGTTCCAGGGTACGGTGTCATTACCAACATCTTTAACGGTCAATTTGAATGTGGGATGGGTCCG
AATACTGCAGCGGAAAGTCGAATTGGATTTTACAGGAGGTATTGTGGTATGTTGAATGTTCCTACTG
GTGAAAATTTGGACTGTAACAATCAAAAGAACTTCGCCCAGGGCTAA 
Primers 
LeCHI1-F: ACCCGTTGCACTGTCTTGTCTC 
LeCHI1-R: TGGAACCGGCATTTTGTG 

 
Solanum lycopersicum class II chitinase, mRNA (LEU30465) 

ATGAGGCTTTTAGTATTGGGTTTGTTTAGTGTTTTGTGTCTAAAATGTGTTTTATCACAAAATATTAGT
AGTCTTATTAGTAAAAATTTATTTGAGAGAATACTTGTGCATCGAAACGATGCTGCTTGTGGTGCGA
AAGGTTTCTATACCTATGAAGCTTTTATAACAGCAACTAAAACATTTGCTGCCTTTGGAACTACTGGT
GATACTAATACTCGTAACAAGGAAATTGCTGCCTTTTTGGCTCAAACTTCTCATGAAACTACGGGTG
GATGGGCAACAGCACCAGATGGACCATATTCATGGGGATATTGCTACAAACAGGAACAAGGAAGTC
CTGGAGATTACTGTGCTTCAAGTCAGCAGTGGCCTTGTGCTCCTGGCAAAAAGTATTTTGGTCGAG
GTCCTATCCAAATTTCATACAACTACAATTATGGGGCAGCAGGGAGTGCAATAGGTGTGAATCTGCT
AAACAACCCAGATTTAGTAGCCAATGATGCAGTAGTGTCATTCAAAACAGCGTTGTGGTTCTGGATG
ACAGCACAACAGCCAAAACCATCGGCACACGATGTCATTACTGGAAGATGGAGTCCCTCTGTTGCT
GATTCTGCCGCTGGCCGCGTCCCGGGCTTTGGTGTAATCACTAACATCATCAATGGTGGAATGGAA
TGTAACAGCGGTTCAAATGCACTAATGGATAACAGAATTGGGTTCTATAGGAGATATTGTCAAATTT
TGGGAGTTGATCCTGGTAATAATTTGGACTGTGCTAATCAAAGGCCATTTGGATAA 
Primers 
LeCHI2-F: ACAATTATGGGGCAGCAGGGAGTG 
LeCHI2-R: CCAGCGGCAGAATCAGCAACAGA 

 

Solanum lycopersicum chitinase, mRNA (Z15139) 

ATGGTATTATGTTGTGTCTTTTTGTTGTTCCTAACGGGAAGCTTTGCACAAGATGTTGGTACAATTGT
GACAAGTGACTTGTTCAACGAGATGCTGAAGAATCGAAACGATGATAGATGTCCTGCCAAGGGCTT
CTACACTTATGATGCATTCATAGCTGCAGCCAATTCATTTCCAGGTTTTGGTACTACCGGTGATGAT
ACTGCGCGTAAGAAGGAAATTGCTGCCTTTTTCGGTCAAACTTCTCATGAAACTACTGGTGGTAGC
CTAAGTGCTGATGGTCCATTTGCCGGAGGATATTGTTTTGTTAGGGAAGGCAATCAAATGGGAAGT
GGATTTTATGGCAGAGGACCTATCCAATTGACAGGGCAATCTAACTATGACTTAGCTGGGCAAGCA
ATTGGACAAGACTTAGTTAACAACCCTGACTTAGTAGCTACAGATGCAACTGTATCTTTTAAAACAG
CAATATGGTTCTGGATGACCGCACAAGGCAATAAGCCATCATGCCACGATGTTATCACAGGGCAAT
GGACGCCATCAGCCGCCGATGCATCAGCAAATAGACAACCAGGCTACGGTGTCATTACAAACATAA
TTAACGGTGGAATTGAATGTGGCAAAGGACAGAATCCACAAGTGGAGGATCGGATTGGATTCTACA
GAAGGTATTGTACGATACTGAATGTTGCTCCCGGGGACAACCTTGATTGCTACGACCAGAGGAACT
TTGCTGAGGCCTAG 
Primers 
LeCHI3-F: CCAGGCTACGGTGTCATTAC 
LeCHI3-R: TAGGCCTCAGCAAAGTTCC 

 

Solanum lycopersicum chitinase, mRNA (Z15140) 

ATGAGGCTTTCTGAATTCACTACTCTTTTCTTACTATTTTCTGTGCTTTTGCTGTCTGCCTCTGCAGA
GCAATGTGGTTCACAGGCCGGAGGAGCACTTTGTGCATCCGGACTGTGTTGCAGTAAATTTGGTTG
GTGTGGTAACACTAATGAGTATTGTGGTCCTGGTAATTGTCAGAGCCAGTGTCCTGGCGGTCCCGG
TCCTTCAGGGGACCTAGGCGGTGTTATTTCAAATTCCATGTTTGATCAAATGCTTAATCATCGCAAT
GACAATGCTTGTCAAGGAAAGAATAATTTCTACAGTTACAATGCATTTGTTACTGCTGCTGGGTCTTT



36F6F>L@6 

 

 205

TCCTGGATTTGGTACTACTGGGGATATCACTGCCCGTAAAAGGGAAATTGCTGCTTTCCTTGCCCA
AACTTCCCATGAAACTACTGGAGGATGGCCTACGGCACCAGATGGACCATACGCATGGGGTTACT
GTTTCCTTAGAGAGCAAGGTAGCCCTGGCGATTACTGTACACCAAGTAGTCAATGGCCTTGTGCTC
CTGGAAGGAAATATTTCGGACGAGGTCCAATTCAAATTTCACACAACTACAACTATGGGCCATGTG
GAAGAGCCATTGGAGTGGACCTTTTGAACAATCCCGATCTAGTAGCAACAGACCCAGTCATCTCAT
TCAAATCAGCTATCTGGTTCTGGATGACTCCTCAATCCCCAAAGCCTTCTTGTCACGATGTCATCAC
CGGAAGATGGCAGCCATCTGGCGCTGACCAAGCAGCTAATCGCGTCCCTGGATTCGGTGTCATCA
CAAACATCATCAATGGTGGCCTGGAATGTGGTCACGGCAGTGACAGCAGGGTCCAGGATCGGATT
GGATTTTACAGGAGGTATTGCGGAATTCTTGGAGTTAGCCCAGGTGAAAATCTTGATTGTGGCAAT
CAGAGGTCTTTTGGAAACGGACTATTAGTTGATATTATGTAA 
Primers 
LeCHI4-F: CAGGCCGGAGGAGCACTTTG 
LeCHI4-R: CCGGGACCGCCAGGACA 

 

Solanum lycopersicum class I basic chitinase (AY185815) 

cgacggcccgggctggtctgtgacttgtaacaggtagttgattcaattcaaaaccagataaatactgactattcaatcgagtcatctcattatttagaa
aaaagtttttaagttactaagggttcacctacccactcaacttttaattataaataatcaagataagctatcattgacgaagttcatcacatacaaatag
ggtaatttggttgaataccaaacaaacatgcctgaataattcaacatgttttgaaggaaaaatggattacaacatgttttgaccttaacaaacctccta
tagcttttaattgcacgtattacacgttaatctcaatcatttgatgagacaacttcccttctaagttttacgagatttaagtgaatgaaaaccttcctagatg
atacatatttttttaaataagttgaaagaaaaaagaactttgaacctcaaaaattagtcatccaaggtacagccaccgtctctgattttgagtgttgaatt
tttgggaccaaactgttcatcatactggggataacagctatcaactgcaaaagatatacatggaaaatcactggtaaggtggtgcaattgcttgtgat
ttataagaaagacacagaatttgggtattatctattgatgagtttacaagtaatgctcgagtcatactagacgtcctagagaaactatttcatatagtta
attaatgtgcattttcaccatatctatggtaaaatacagaggacatatgtgaacagctagtaggagattttttttttaccaattacgttttagtatagtacta
atgaaaaaccagacaatgtggttaacagtttgaaagaatgctaacaattagcatctgtagtagaatagatccagcaatgcaggataagaataga
attgcctgtaatatataggaggcaattgagacatgaagatcaataactgcaccaaaatttgacaagaggtatcacttggaactatactaaacaatat
caacttatatatctagtgtgatttcacaagtactgaggtaagggaaaggaggggtgtatatgtacttgttatcactatcttgtgtgagatagagaggttat
tttcgatagaccctcagcacaagaaaaaatgtacttgaaaccatgtttgacaaataccatagtaaaaacagactacatgataattatcaacaagat
atggtttctgatcaacaacaccatttgtcaatatatattagactattatttggtatgatatttgaatgatacaacagtagctcatccattggtttagcttacttt
gcatctactttatggtttgataatagtacttcataaccaatttgttttctttccaatcatatatgtaaaatactgttacctttaaaactgataagactttggaga
aaagctctcaacacctcttttcattttcttatatttttacattatgttgagtgatttgataccccagtcatgttcatatacctttaactggtcaacatttgttctatgt
ccttttcatgtttgctgaaagttttagccatgactttttttttgtgtgtgtatttttgaaatagattttcacttttaaaataaaaaaattcttcatgttattttccctattt
atgctaccagtaaacaccaattaagacagaaataaactatttcatgatagagatatcaaattcaaatataacaaggaaaagtaaaccgacagga
tatttttataatagccgcctcttagcagaggtgaccccaataaaacagatagtattaatgagatattaagaattgagtcttatttagtcaatatctgctttat
caccctcttttatttacctataaataccttctactttccattactttttaccacttccattaaaATGAGGCTTTCTGCTTGTTGTTTACTTTT
TTCTCTCTTATTGTTAACTGTCTCGGCTGAACAATGTGGAAGGCAGGCAGGAGTTGCGCATTGTGC
CGCAGGACTGTGTTGCAGCAAATTTGGGTGGTGTGGTTACACTGATGCTCATTGTGCTCCCGGCAA
TTGCCAGAGCCAGTGTCCTCCTCGAAACTACCTACACCTCCTCTTGTTGGAGACATAGGCGCCGTT
ATCTCATATTCCATGTTTGATCAGATGCTTAAGCATCGCAATGATAATGCTTGTCAAGGAAAGAATAA
TTTCTATAGTTATAATGCATTCATTAATGCTGCCAGGTCTTTTCGTGGCTTTGGTACTACTGGTTATA
CCACTACCCGAAAAAGGGAAATTGCTACTTTCTTTGCCCAAACCTCCCATGAAACTACTGgtacatccatt
tgaattccacatttaagattgaagaattataatttttataattatgaatctaaaaataattgattatgtaccaattgatagGTGGATGGCCTTCA
GCACCAGATGGGCCATATGCATGGGGTTACTGTTTCCTTACGAACAAGGTAACCCGGGCTACTACT
GTACACCAAGTGGTCAATGGCCTTGTGCTCGTGGAAGGAAATATTTTGGACGAGGCCCAATCCAAA
TTTCATAGtaagttaccataattttagcaaagtcatggctatgaattttgtagggtctaattacgtgaattttgacattaatgaacacagCAACT
ACAACTATGGGCAATGTGGAAGAGCCATTGGAGTGGACCTTTTGAACAATCCTGATTTAGTAGCCA
CAGATCCAGTCATTTCATTCAAATCAGCTATCTGGTTCTGGATGACCCCTCAATCACCAAAGCCTTC
TTGTCACAATGTCATCACCGGAAGATGGCAACCATCTGGTGCTGACAGAGCAGCCAATCGCCTCCC
TGGATTCGGTGTCATTACAAACATCATCAATGGTGGCCTAGAACGTGGTCGTGGCAGTGACAGCAG
GGTTCAGAATAGAATTGGGTTCTACAGGAGGTATTGCAAAATTCTCGGAGTTAGTCCAGGCTACAAT
CTTGATTGCGGCAACCAGAGGTCTTTTGGTAATGGACTCTTAGTCGATTCTATGTAAcaactttatcgtctatt
tgttgtagtctgttggactcagctatgaatgaatttacttatctaattgtgttgtaatcgtttttcattttaataaacaaatactttgtccacgacagtgaatagt
tctacttctacagctgtgacttgtgacaggtagttggttcaattcaaaccagataaatactgactagttaatcgagccatctcattatttagaaaaggatt
taagttattatgggttcacctacccactcggcttttaattacaaataatcaatatttgctgtcattgatgaagttcatagagttgaagaagttgggccaag
aagtccacattattttattctttattttgtattttgtaattttgggcctaaacacttgttgtatttcttttctgcatttatttttgtaataggttaggacagacggaaat
gagtcaaaaacctaaaagaaacgggtccaaataccggttcaggcggacagataactcgaatttggacctgactctctctctcttatctttgtttatttgt
tggtagtttaccagcccgagccgtcgaccacgcgtgccctatagt 
Primers 
LeCHI5-F: TAGGCGCCGTTATCTCAT 
LeCHI5-R: CCTTTTTCGGGTAGTGGTAT 

 

Solanum lycopersicum PR-5, mRNA (AY093595) 

ATGGGCTACTTGACATCTTCTTTTATTTTCTTCTTCCTTGCTTTAGTGACTTACACTTATGCTGCCACT
ATCGAGGTACGCAACAATTGTCCCTACACCGTTTGGGCAGCATCGACCCCGATAGGCGGTGGTCG
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ACGTCTCGATCGAGGCCAAACATGGGTCATCAATGCGCCGAGGGGCACTAAGATGGCACGTATAT
GGGGTCGTACTAATTGCAATTTTAATGGTGCTGGTAGAGGTTCATGCCAAACTGGTGATTGTGGTG
GGGTCCTACACTGTACCGGGTGGGGCAAACCCCCAAACACCCTAGCTGAATATGCTTTGGACCAAT
TCAGCAACCTAGATTTCTGGGACATTTCTTTGGTTGACGGATTTAATATACCGATGACTTTCGCCCC
AACCAATCCTAGTGGAGGAAAATGCCATGCAATTCATTGCACGGCTAATATAAACGGTGAATGCCC
TAGTCCACTTAGGGTACCCGGAGGATGTAACAACCCTTGTACCACGTTCGGAGGACAACAATATTG
TTGTACTCAAGGCCCATGTGGTCCTACAAAATTTTCGAGATTTTTCAAACAAAGGTGCCCTAATGCG
TATAGCTACCCTCAAGATGATCCTACTAGCTTATTCACTTGCCCTAGTGGTAGTACAAATTATAGGG
TTGTTTTTTGCCCATAA 
Primers 
LePR5-F: GGCAAACCCCCAAACACC 
LePR5-R: TTAAATCCGTCAACCAAAGAAATG 

 

Solanum lycopersicum beta-1,3-glucanase, mRNA (M80608) 

ATGGCTACCTCACAAATAGCTATTATTGTGCTTCTAGGATTACTTGTCGCCACCAACATTCACATAAC
AGAGGCTCAAATAGGTGTTTGTTATGGAATGATGGGGAACAACTTGCCATCACATTCTGAAGTTATA
CAGCTCTACAAGTCGAGAAACATTAGAAGACTGAGGCTTTATGATCCAAATCATGGAGCTTTGAATG
CGCTAAGAGGATCAAACATTGAAGTGATATTAGGACTTCCAAATGTAGATGTGAAACACATTTCTTC
TGGGATGGAACACGCGAGATGGTGGGTACAGAAGAACGTTAGAGATTTCTGGCCTCATGTTAAAAT
TAAGTATATAGCTGTTGGTAATGAAATCAGCCCTGTTACTGGCACTTCCAATCTTGCCCCATTTCAA
GTTCCTGCTTTGGTTAACATTTACAAAGCAATCGGTGAAGCTGGTTTGGGAAATGACATTAAGGTCT
CAACGTCTGTAGACATGACGTTGATTGGCAATTCTTATCCACCATCACAGGGTTCATTTAGGAACGA
TGTTAGATGGTTTACTGATCCAATTGTTGGGTTTTTGAGGGATACACGTGCACCTTTGCTCGTTAAC
ATTTATCCTTATTTTAGCTATTCTGGTAATCCAGGACAGATTTCACTTCCGTATGCTCTTTTTACAGC
ACCTAATGTAGTGGTACAAGATGGATCGCGTCAATATAGGAACTTATTTGATGCTATGTTGGATTCT
GTTTATGCTGCGATGGATCGAACAGGAGGAGGATCTGTAGGAATAGTTGTGTCAGAGAGTGGATG
GCCATCTGCTGGTGCTTTTGGTGCAACACATGAAAATGCACAAACATACTTGAGGAACTTAATTCAA
CATGCTAAAGAAGGTAGTCCGAGAAAGCCTGGACCTATAGAGACTTATATATTCGCCATGTTTGATG
AGAATAACAAGAATCCAGAGCTTGAGAAGCATTTTGGAATGTTTTCACCAAACAAGCAGCCAAAATA
CAACCTAAACTTTGGGGTGTCTGAAAGAGTTTGGGACATTACTAATAGCACTGCTTCTTCACTCACT
AGTGAGATTTAA 
Primers 
LeGLUB-F: GTCGCCACCAACATTCACA 
LeGLUB-R: GATCCTCTTAGCGCATTCAAA 

 

Solanum lycopersicum beta-1,3-glucanase, mRNA (M80604) 

ATGGCTTTTCTAAGTTCTCTCTTAGCTTCCCTTTTACTTGTTGGGCTTCTAATCCAAATAACAGGAGC
GCAGCCTATCGGAGTATGTTATGGAAAAATTGCCAATAATTTACCATCGGATCAAGATGTCATAAAA
TTATATAATTCGAATAACATCAAGAAAATGAGAATTTACTTTCCAGAAACAAATGTCTTTAATGCCCT
CAAAGGAAGTAACATTGAAATAATTCTTGATGTCCCAAATCAAGATCTTGAAGCCCTAGCCAATCCT
TCCAAACGCCAAGGTTGGGTTCAAGATAATATAAGAAATCACTTTCCGGATGTTAAATTCAAATATAT
AGCCGTTGGAAACGAAGTTGATCCAGGTAGAGACAGTGGTAAATACGCACGATTTGTTGGTCCAGC
AATGGAAAATATTTACAACGCGTTATCATCAGCAGGGTTGCAAAATCAAATCAAGGTCTCAACCGCG
ACATATTTAGGGCTTTTAACCAACACCTACCCACCTAGAGATAGCATTTTTCGCGATGAATATAAAA
GTTTCATCAATCCCATAATTGGATTTCTATCAAGACATAATCTTCCACTTTTAGCCAATATTTACCCTT
ATTTTGGCCATGCTGATGATAATGTTCCTCTTCCTTATGCACTTTTCAAGCAACAAGGGCTAAACGA
TGCAGGATATCAAAATCTTTTCGATGCCCTTGTGGATTCAATGTATTTTGCTACTGAGAAACTTGGA
GGACAAAATATTGAGATTATTGTATCGGAAAGTGGTTGGCCTTCTGAAGGACACCCTTCCGCTACTC
TTGAAAACGCGATGACTTATTATACAAACTTGATTAATCATGTGAAAGGAGGGGCAGGAACACCAAA
GAAACCAGGAAGGACTATAGAAACCTATTTATTCGCCATGTTTGATGAAAATAGAAAGGATGGAAAA
CCAAGTGAGCAACATTTTGGACTCTTTAAACCTGACCAGAGGCCAAAGTATCAACTCAAATTTGATT
AA 
Primers 
LeGLUA-F: ATACGCACGATTTGTTGGTC 
LeGLUA-R: ATCGCGAAAAATGCTATCTCT 

 


