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SYSTEMIC CONTROL OF PIERCE’S DISEASE BY ALTERED EXPRESSION OF 

ANTI-APOPTOTIC GENES OR THEIR RNA-BASED REGULATORY ELEMENTS 
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Reporting Period:  TO1"+1BK/5B"+14)+51*"O1+1"2+1"C+)0"R)+F";)8*K;51*"];5)L1+"#<"HIIG"5)":14510L1+"%I<"HIId"

 

ABSTRACT 

Xylella fastidiosa"VXfY",B"L)5O"28"18*)4O>51"28*"2"425O)-186""D1//"*125O"B>045)0B"2BB);,251*"R,5O"5O1"425O)-18,;"B5251"+1BK/5"

C+)0"5O1"2;5,925,)8")C"4+)-+2001*";1//"*125O"V=D3Y"425OR2>B"R,5O"0)+4O)/)-,;2/"02+F1+B")C"24)45)B,B",8"5O1"BKB;145,L/1"

-+2416""TO1"-)2/")C"5O,B"4+)Q1;5",B"5)",*185,C>"8)91/"-181B"C+)0";3b."/,L+2+,1B")C"1,5O1+"-+241")+"O151+)/)-)KB"4/285B"5O25"2+1"

;242L/1")C"BK44+1BB,)8")C"=,1+;1ZB"*,B12B1"V=3Y"B>045)0B"RO18";)8B5,5K5,91/>"1P4+1BB1*"2B"5+28B-181B6""U1",*185,C,1*<"KB,8-"

2"CK8;5,)82/";3b."B;+118<"B191+2/"8)91/"-181B"C+)0"-+241"28*"O151+)/)-)KB"4/285B"5O25"BK44+1BB1*"=D3"RO18"1P4+1BB1*"2B"

5+28B-181B6""U1"+14)+51*",8"HIIG<"B191+2/"5+28B-181B"1P4+1BB1*",8"5O1"+))5"B5);F";K/5,92+"`+11*)0"5O25"BK44+1BB1*"=3"

B>045)0B6""h8"2**,5,)8<"5O1"/191/")C"L2;51+,2",8"5O1"92B;K/2+"5,BBK1"2+1"02,852,81*"C)K+")+*1+B")C"02-8,5K*1"/)R1+"5O28",8"

K85+28BC)+01*";)85+)/"4/285B<"2//")C"RO,;O"*,1*6""U1"8)R"+14)+5"5O25"5+28B-181"1P4+1BB,)8",8"5O1"C+K,51*"=3"BKB;145,L/1"

;K/5,92+"TO)04B)8":11*/1BB"2/B)"2CC)+*B"4+)51;5,)8"2-2,8B5"=3"B>045)0B"28*"/,0,5B"5O1"L2;51+,2/"5,51+"K4"5)"C)K+"5)"B,P")+*1+B"

)C"02-8,5K*1"L1/)R"5O25"+12;O1*",8"K85+28BC)+01*"4/285B"5O25"2+1"F,//1*"R,5O,8"5R)"0)85OB"2C51+",8);K/25,)86""TO1"4+)51;51*"

4/285B"O291"+102,81*"2/,91"28*"2B>045)025,;"8,81"0)85OB"2C51+",8);K/25,)86" `+)0"5O1"41+B41;5,91")C"5O1"-+241!L2;51+,2/"

,851+2;5,)8<",5"24412+B"5O25"5O1"285,!=D3"-181B"51B51*"5)"*251"BK44+1BB"=3"B>045)0B"28*"CK8;5,)82//>"+1B5)+1"5O1"L2;51+,2"5)"28"

18*)4O>5,;"1;)/)->",8"5O1"P>/10"1\K,92/185"5)"5O25"B118",8"5O1"2B>045)025,;"O)B5"Vitis californica6"""

 

INTRODUCTION 

.5"5O1")K5B15")C"5O,B"4+)Q1;5",8"HII#<"/,55/1"R2B"F8)R8"2L)K5"5O1"01;O28,B0B")+"-181B",89)/91*",8"B>045)0B")+"*125O")C"5O1"

-+241"4/285B",8C1;51*"R,5O"Xylella fastidiosa"VXf)6""h8"5O1";)K+B1")C"5O1B1"B5K*,1B<"R1"1B52L/,BO1*"5O25"5O1";1//"*125O"/12*,8-"5)"

/12C"B;)+;O"B>045)0B",8"=,1+;1ZB"*,B12B1"V=3Y",B"5O1"+1BK/5")C"5O1"2;5,925,)8")C"4+)-+2001*";1//"*125O"V=D3Y"R,5O"

0)+4O)/)-,;2/"02+F1+B")C"24)45)B,B6""h8"2**,5,)8<"3+6"T)0"()B5"28*"R1<",8*1418*185/><"*151+0,81*"5O25"=3"B>045)0B";28"

);;K+"*,B52/"5)"B,51B"RO1+1"5O1"L2;51+,2"2+1"*151;51*"BK--1B5,8-"5O1"4+1B18;1")C"0)L,/1"B,-82/B"C+)0"5O1"L2;51+,26""h5"2/B)",B"

*);K01851*"5O25"B191+2/"+1/25,91B")C"-+241<",8;/K*,8-"Vitis californica<"28*")5O1+"O)B5"4/285B";28"O2+L)+")5O1+R,B1"/15O2/"5,51+B"

)C"Xf R,5O)K5"1PO,L,5,8-"=3"B>045)0B6""TO1"\K1B5,)8B"4)B1*",8"5O,B"+1B12+;O"R1+1^"2Y"2+1"5O1+1"-181B",8"5O1"4/285"5O25"+1B4)8*"

5)"Xf"B,-82/B"L>"5+,--1+,8-"4+)-+2001*";1//"*125O",8";1+52,8"-+241"-18)5>41B<"LY";28"5O,B"+1B4)8B1"L1"L/);F1*"-1815,;2//>W"28*"

;Y",C"B)<"*)1B"5O,B"5O18"2//)R"5O1"L2;51+,2"5)"02,852,8"5O1"18*)4O>5,;"B5251<"/129,8-"5O1"4/285")5O1+R,B1"K82/51+1*"LK5"C+11")C"

*,B12B1"B>045)0BW"28*m)+"*Y"*)1B"BK44+1BB,8-"=3"B>045)0B"81-25,91/>"2CC1;5"5O1"2L,/,5>")C"5O1"L2;51+,2"5)";)/)8,S1"5O1"

92B;K/2+"B>B5106"

"

DK++185"/,51+25K+1"28*"+1BK/5B"C+)0")K+"/2L)+25)+>",8*,;251"2"8K0L1+")C"4/285"*,B12B1B"+1BK/5"C+)0",8*K;5,)8")C"=D3",8"5O1"O)B5"

;1//B",8"2*928;1")C"0,;+)L,2/"-+)R5O"VH<##<#HY6""TO1",8*K;5,)8")C"=D3"+1BK/5B",8"28")+*1+/>"*,B0285/,8-")C";1//B"5O25",8;/K*1B"

02,852,8,8-",851-+,5>")C"5O1"4/2B02"010L+281"K85,/",851+82/")+-281//1B"28*"4)5185,2//>"O2+0CK/";)85185B",8;/K*,8-"4O18)/,;B<"

+12;5,91")P>-18"28*"O>*+)/>5,;"18S>01B"O291"L118"+18*1+1*"O2+0/1BB"5)";)85,-K)KB";1//B6""N)R191+<"RO18"5O1";1//";)85185B"

2+1"+1/12B1*<"5O1>";28"B1+91"2B"8K5+,185B"C)+"0,;+)L,2/";1//B"RO18"5O1>"2+1"4+1B185",8"5O1",001*,251"189,+)80185"VH<$Y6""N18;1<"

L2;51+,2"/,F1"Xf";)K/*"+1;1,91"8K5+,185B"C+)0";1//B"2*Q2;185"5)"5O1"P>/10"5O25"2+1"5+,--1+1*"5)"K8*1+-)"=D3"28*"-+2*K2//>"

+1/12B,8-";)85185B")C"5O1"-+241";1//",85)"5O1"24)4/2B5,;"B42;1"BK++)K8*,8-"5O1"P>/106""TO1"C2;5"5O25"R1"012BK+1"L2;51+,2/"5,51+B"

5O+11!B,P")+*1+B")C"02-8,5K*1"O,-O1+",8"B>045)025,;"VK/5,0251/>"*12*Y"-+241"4/285B"5O28",8"1,5O1+"2B>045)025,;"R,/*"-+241B"

)+"5O1"5+28B-18,;"2B>045)025,;"-+241"4/285B",B";)8B,B5185"R,5O"18O28;1*"8K5+,5,)8",8"5O1"P>/10")C",8C1;51*"B>045)025,;"

4/285B6""TO1"R)+F,8-"B;182+,)",8"5O,B"+1B12+;O",BW"L/);F,8-"*125O<"/,0,5B"*125O"*1418*185"8K5+,185"+1/12B1<"28*"5O1+1L>"+1B5+,;5B"

L2;51+,2"0K/5,4/,;25,)8"LK5"*)1B"8)5"2;5"2B"28"285,L,)5,;"2-2,8B5"5O1"L2;51+,26""hC"5+K1<"5O,B"B;182+,)"*)1B"8)5"244/>"8)91/"

B1/1;5,)8"4+1BBK+1")8"5O1"L2;51+,2"28>"0)+1"5O28"+1B,*,8-",8"V. californica")+"28>")5O1+"2B>045)025,;"O)B56""

"

X1815,;"B5+251-,1B"C)+"*,B12B1"BK44+1BB,)8"28*"*191/)40185")C"2"L,)/)-,;2/"K8*1+B528*,8-")C""5O1"L2;51+,2/!4/285",851+2;5,)8"

2+1"O,-O"4+,)+,5>"2+12B",8"5O1"=3mXU::"(1B12+;O"=+)-+20"28*"5O1"b.:"+14)+56""TO1"-)2/")C"5O,B"4+)Q1;5",B"5)",*185,C>"8)91/"

-181B"C+)0";3b."/,L+2+,1B")C"1,5O1+"-+241")+"O151+)/)-)KB"4/285B"5O25<"RO18"1P4+1BB1*",8"-+241<"R,//"4+19185";)/)8,S25,)8<"

B>B510,;"B4+12*")+"B>045)0"*191/)40185"*K1"5)"5O1"4+1B18;1")C"Xf",8"5O1"P>/106""(1;185"4KL/,BO1*",8C)+025,)8"C+)0")K+"

/2L)+25)+>"1B52L/,BO1*"5O25"BKB;145,L,/,5>")C"B191+2/"4/285B"5)"2"+28-1")C"425O)-18B"*1418*B")8"5O1"2L,/,5>")C"5O1"425O)-18"5)"

*,+1;5/>")+",8*,+1;5/>"5+,--1+"5O1"2;5,925,)8")C"1P,B5,8-<"-1815,;2//>"+1-K/251*<"425OR2>B"/12*,8-"5)"24)45)B,B")+"4+)-+2001*"

;1//"*125O"V=D3Y"V#<H<%<&<'<aY6""TO1B1"*,B;)91+,1B"42+2//1/",891B5,-25,)8B"8)R"R,*1/>"+14)+51*"28*"2;;1451*",8"OK028"

01*,;,81"RO1+1L>"-181B<"B,-82/,8-"425OR2>B"28*";O10,;2/"B,-82/B"1P4+1BB1*"L>"28,02/"425O)-18B",8,5,251",8C1;5,)8"L>"



!"HI$"!"

2;5,925,8-")+"L/);F,8-"24)45)B,B"5O+)K-O";)8B5,5K5,91"-181"1P4+1BB,)8")+"B,-82/,8-"425OR2>B"4+1B185",8"2//";1//B6""TO1B1"

B5K*,1B"2+1"5O1"L2B,B"C)+"1P518B,91"B12+;O1B"C)+"24)45)B,B!L2B1*"5O1+241K5,;"244+)2;O1B"28*"2-185B",8"OK028"01*,;,81"VG<#dY6"

"

N18;1<"5O,B"+1B12+;O")8"=3",B";)8*K;51*"R,5O,8"2"-/)L2/";)851P5",8"RO,;O"5O1"4+);1BB")C"=D3"R,5O"24)45)5,;"0)+4O)/)-,1B",B"

CK8;5,)82//>";)8B1+91*"2;+)BB"5O1"28,02/"28*"4/285"F,8-*)0B"RO,/1"BO2+,8-"*,2-8)B5,;"02+F1+B")C"24)45)B,B",8;/K*,8-"

;O+)025,8";)8*18B25,)8"28*"B1-+1-25,)8",85)"*,B5,8;5"02BB1B"+1C1++1*"5)"2B"4>;8)5,;"3b."L)*,1B"#I<#%<#&<#'Y<"

)/,-)8K;/1)B)02/"3b."/2**1+B<"1P51+82/,S25,)8")C"4O)B4O25,*>/B1+,81<""28*"TAb7f!4)B,5,91"8K;/1,",8"5O1",8;,4,185"4/285"

*,B12B1"/1B,)8B"VHY6""./B)<",5",B"F8)R8"5O25"028>"4+)51,8B"28*"B191+2/"+1-K/25)+>"(b.B"CK8;5,)8",8"5O1",8*K;5,)8")+"

BK44+1BB,)8")C"28,02/"=D3"28*"1PO,L,5";+)BB!CK8;5,)82/,5>",8"5O1"4/285"F,8-*)06""7;5)4,;"1P4+1BB,)8")C"F8)R8"24)45)B,B!

L/);F,8-"28,02/"28*"28,02/"9,+KB"-181B<")+"5+1250185"R,5O"285,!24)45)5,;"4O2+02;)/)-,;2//>"2;5,91"4145,*1B<"O2B"L118"BO)R8"

5)"L/);F"=D3"28*"BK44+1BB"*,B12B1",8"4/285B"RO1+1";1//"*125O",B"2"B>045)0")C"*,B12B1<"2B",B"5O1";2B1")C"=3"V%<&<#a<#GY6""

"

N)R191+<"0,8,8-")C"4/285"-18)01"B1\K18;1B",8"5O1"292,/2L/1"*252L2B1B"O2B"8)5"+1912/1*"4/285"B1\K18;1"O)0)/)-B")C"1,5O1+"

5O1";)+1"4+)!")+"285,!=D3"425OR2>"-181B"C)K8*",8"28,02/B<"1918"5O)K-O"5O1",8*K;5,)8")+"BK44+1BB,)8")C"=D3",8"5+28B-18,;"

4/285B"L>";+)BB!F,8-*)0"1P4+1BB,)8")C"4+)!"28*"285,!24)45)5,;"28,02/"-181B"BK--1B51*"5O25"285,!*125O"O)0)/)-B"/,F1/>"1P,B5"

,8"4/285"-18)01B"VH<G<#dY6""D)8B1\K185/><",*185,C,;25,)8")C"4/285"-18)01"*1+,91*"285,!*125O"-181B"0KB5"L1"L2B1*")8"

CK8;5,)82/"B;+118B"28*",B"5O1"4+10,B1"5O25"*1C,81*"5O1"*,+1;5,)8")C")K+"+1B12+;O6""(1BK/5B"4+1B1851*"5O,B">12+"28*",8"HIIG"VdY"

,8*,;251"5O25"5O1"244+)2;O"O2B"L118"BK;;1BBCK/6""

 

OBJECTIVES 

TO1")LQ1;5,91B")C"5O1"4+)4)B1*"+1B12+;O"C)+"HIId!HI#I"2+1"2B"C)//)RB^"""

#6 D)85,8K1"5)"192/K251"+1;185/>")L52,81*"TO)04B)8":11*/1BB"5+28B-18,;"-+241"4/285B"1P4+1BB,8-"5O1"1,-O5";28*,*251"285,!

24)45)5,;"-181B"C)+"L/);F,8-")C"=3"B>045)0B"(Table 1)."

H6 @12BK+1"5O1"1CC1;5<")91+"2"5,01";)K+B1<")C"L/);F,8-"=3"B>045)0B"R,5O"285,!24)45)5,;"5+28B-181B")8"Xf L2;51+,2/"

4)4K/25,)8"/191/B"28*"0)910185",8"5O1"P>/10"L>"\K285,525,91"=D("V\=D(Y"28*";)8C);2/"/2B1+"B;288,8-"C/K)+1B;18;1"

0,;+)B;)4>"5)"0)8,5)+"X`=!52--1*"Xf6""

%6 3151+0,81"-+241"-181"1P4+1BB,)8";O28-1B",8"5+28B-18,;";)042+1*"R,5O"8)8!5+28B-18,;"4/285B",8"+1B4)8B1"5)"Xf ,8C1;5,)8"

L>"*,CC1+185,2/"5+28B;+,45,)82/"4+)C,/,8-"KB,8-"\K285,525,91"=D(6""

&6 =+)*K;1"-+241"5+28B-18,;"4/285B"R,5O"0)*,C,1*";28*,*251"285,!24)45)5,;"-181B"*1B,-81*"5)"18O28;1"B>B510,;"0)910185"

in planta6 "

'6 :1;K+1"425185"4+)51;5,)8"2B",851//1;5K2/"4+)41+5>"C)+"5O)B1"-181B"5O25"4+)91"5)"L1";242L/1")C"L/);F,8-"=3",8"-+2416"

a6 X+2C5"5O1"+1B,B5285"5+28B-18,;"D9"`+11*)0""+))5B5);FB")C"=(#"28*";3b."&'a")85)"K85+28BC)+01*"B;,)8B")C"TO)04B)8"

:11*/1BB"28*"DO2+*)882>"5)"0)8,5)+"0)910185")C"1,5O1+"1P4+1BB1*"4+)51,8B")C"5O1B1"-181B"5O25";)852,8"2"B1;+15)+>"

/12*1+")8"gg=(#"")+"5O1"(b."*1+,91*"C+)0"5O1"%ZAT("C+)0"5O1")+5O)/)-")C"5O1"4)525)"4H%"-181"5O25"BO2+1B"B510"28*"

/))4"O)0)/)->"5)"5O1"E;/"H"%ZAT(6"TO1"5+28BC)+01*"-+2C51*"4/285B"R,//"L1",8);K/251*"R,5O"Xf 28*"B;)+1*"C)+"*,B12B1"

+12;5,)8",8"5O1"K85+28BC)+01*"B;,)86 

"

 

Table 1.  TO)04B)8":11*/1BB"8)R"292,/2L/1"R,5O"4K525,91""

285,!=D3"-181B"K8*1+";)85+)/")C"5O1"%':"4+)0)51+6 

X18)5>41"
r"f,81B")+"h8*1418*185"

T+28BC)+0285B"
r")C"=/285B"

T:"_"DE=#&E" H&" %I"

T:"!"DE=#&f3" HG" HG"

T:"!"DE%Ga" Hd" H$"

T:"!"DE&'a" HG" %#"

T:"!"h%'" #&" #'"

T:"!"DE@T" HH" H&"

T:"!"DEUXH%" H%" H'"

T:"!"DEUXG#" HI" H%"

5)52/" #d'" HI&"

"

"

RESULTS 

Genes identified as potential anti-PCD genes from the conditional life-death screens. 

=+19,)KB"CK8*,8-")8"5O,B"4+)Q1;5"/1*"5)"5O1"*191/)40185")C"2"CK8;5,)82/";3b."B;+118"5)",*185,C>"4/285"-181B<"RO,;O"RO18"

)91+!1P4+1BB1*"2B"5+28B-181B<"BK44+1BB";1//"*125O"5+,--1+1*"L>";O10,;2/",8*K;1+B")C"=D36""TO1"-181B",8"Table 1"O291"L118"

*1B;+,L1*",8"12+/,1+"+14)+5B"5)"5O,B"B>04)B,K0"28*"5O1"+1BK/5B")C",8);K/25,)8")C"5O1"C,+B5"B15")C"5+28B-18,;"4/285B")C"D9"`+11*)0"

R2B"+14)+51*",8"HIIG"VdY6""h8"BK002+>")C"5O1"HIIG"D9"`+11*)0"+1BK/5B<"+1B,B528;1"2-2,8B5"=3"R2B")LB1+91*",8"5O1"BKB;145,L/1"

-+241"+))5B5);F"L>"5R)"285,!24)45)5,;"5+28B-181B"V=#&f3"28*"@TY"28*")81"%'I"L4"3b."B1\K18;1"2BB);,251*"R,5O"2"

81025)*1"K4!+1-K/251*"-181"*1B,-8251*"4H%6""`K+5O1+0)+1<"5O1""1P4+1BB,)8")C"5O1B1"5O+11"B1\K18;1B<"8)5")8/>"4+)51;51*"5O1"



!"H#I"!"

5+28B-18,;"4/285B"2-2,8B5"=3"B>045)0B"28*"4/285"*125O"LK5"02,852,81*"5O1"4)4K/25,)8")C"Xf 25""C)K+")+*1+B")C"02-8,5K*1"

L1/)R"5O1"/191/")LB1+91*",8"K85+28BC)+01*"4/285B"5O25"*,1*"R,5O,8"5R)"0)85OB"V#Id"L2;51+,2"41+"-+20")C"B510"5,BBK1Y"

;)042+1*"R,5O"5O1"2B>045)025,;"5+28B-18,;"4/285B"5O25"";2++,1*"2"/191/")C"#I&";1//Bm-0"B510"5,BBK1",8"5O1"0)B5"+1B,B5285"/,81B"

5O25"R1+1"2/,91"25"8,81"0)85OB6""h851+1B5,8-/><"5O1"#I&"5,51+",B"1\K,92/185"5)"RO25"R1")LB1+91*",8"5O1"2B>045)025,;"O)B5"V. 

californica"#H"0)85OB"2C51+",8);K/25,)86""h8"HIId<""R1"L1-28"51B5,8-"5O1"285,!=D3"-181B"1P4+1BB1*",8"D9"TO)04B)8":11*/1BB"

28*"+14)+5"5O1"12+/>"+1BK/5B")C"5R)",8);K/25,)8B")C"5O1"TO)04B)8":11*/1BB"5+28B-18,;B"L12+,8-"5O1"DE=#&f3"28*"5O1"DE&'a"

-181B6"

 

Thompson Seedless grape plants expressing anti-apoptotic genes. 

.C51+";+125,8-";/)81B")C"5O1B1"5+28B-18,;"/,81B<"5O1"4/285B"R1+1"5+2,81*"5)"-+)R"2B"5R)")+"5O+11";281B"28*"02,852,81*"L>"

41+,)*,;"4+K8,8-")C"B,*1"28*"5)4"L+28;O1B"VFigure 1Y6""N2/C")C"5O1"5+28BC)+01*"4/285B"R1+1",8*,9,*K2//>",8);K/251*"b)910L1+"

28*"31;10L1+")C"HIIG"28*"5O1"B1;)8*"O2/C",8".4+,/"28*"@2>")C"HIId6""TO1",8);K/25,)8"015O)*"R2B"5O1"B201"C)+"L)5O"B15B"

O)R191+"5O1";)8;185+25,)8")C"Xf"L2;51+,2"R2B"#III"C)/*"/1BB"C)+"5O1"B1;)8*"B156""TO1",8);K/25,)8"015O)*"R2B"L>"811*/1"

4K8;5K+1")C"5O1"B510"5)"2//)R"K452F1")C"#I!HI"t/")C"Xf"25"HP#Id";CK")C"5O1"X`=!52--1*"Xf"m0/"C)+"5O1"HIIG",8);K/25,)8B"28*"2"

#III"C)/*"/1BB"25"HP#I'";CK")C"5O1"X`=!52--1*"Xf"m0/"C)+"5O1"HIId",8);K/25,)8B6""TO1"4/285B"R1+1"0)8,5)+1*"9,BK2//>"C)+"

B>045)0B"28*"L>"\K285,525,91"=D("V\=D(Y"C)+"L2;51+,2/"0)910185"28*"0K/5,4/,;25,)86""TO1>"R1+1"B;)+1*"C)+"*,B12B1"

B191+,5>",8"@2>"HIIG"VC,+B5"B15Y"28*",8"];5)L1+"HIId"VB1;)8*"B15Y<"KB,8-"2"C,91"4),85"B;2/1"V#l*12*"28*"'l"2B>045)025,;Y"28*"

4O)5)-+24O1*6""(14+1B18525,91";)85+)/"VB;)+1*"2B"#Y"28*"5+28B-18,;B"C+)0"5O1"B1;)8*"B15"VB;)+1*"2B"'Y"2+1"BO)R8",8"Figures 1, 

2, and 3Y6"

"

"

 

"

"

"

9353 Control 

 

456-1 Uninoculated 

Control 
P14LD-19 

Figure 2.""=3"2BB2>")8"5O1"C,+B5"B15")C",8);K/251*"TO)04B)8":11*/1BB"4/285B""

5+28BC)+01*"R,5O"285,!=D3"5+28B;+,45B"=#&"28*"&'a"R1+1",8);K/251*"R,5O"HIt/"

)C"HP#Id"Xfm0/"28*"4O)5)-+24O1*"5O+11"0)85OB"/251+6"TO1"4+)51;51*"4/285B"2+1"

;)042+1*"R,5O""$%'%<"28"Xf!,8*K;,L/1"4+)0)51+"CKB1*"5)"X`=<"28*"28"

K8,8);K/251*"K85+28BC)+01*"TO)04B)8":11*/1BB"4/2856"

 
4 5 Uninoculated 

 1 32 

Figure 1. "`,91"4),85"(25,8-"B;2/1"C)+"=3"

B>045)0B")8"5+28BC)+01*"-+241"4/285B<"

;)042+1*"R,5O"K85+28BC)+01*""4/285B"

28*"X`=!5+28BC)+01*";)85+)/B<""

C)//)R,8-",8);K/25,)8"R,5O"&I"t/"#Id"

;1//Bm0/")C"X`=!52--1*""Xf"L>"B510"

4K8;5K+16"TO1"4/285B"4,;5K+1*"R1+1"+251*"

B,P"0)85OB"2C51+",8);K/25,)8"25"RO,;O"

4),85"2//"5O1",8);K/251*";)85+)/"4/285B"

V5+28BC)+01*"R,5O"X`="28*"

K85+28BC)+01*Y"R1+1"*12*"V;251-)+>"#Y6""

:510"*125O"L1-28"5)"24412+"R,5O,8"C)K+"

0)85OB",8"5O1"X`="5+28B-18,;";)85+)/"

4/285B6"=/285B"+251*",8";251-)+,1B"&"28*"'"

25"B,P"0)85OB"R1+1"K8;O28-1*"25"8,81"

0)85OB<"2C51+"RO,;O"42+185"4/285B"

*,B;2+*1*6"(2015B")C"2//"4+)51;51*"4/285B"

2+1"02,852,81*"C)+"CK5K+1"1P41+,0185B6"
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P14LD-12 P14LD-5 Control 
9353-6 

456-8 456-24 

Figure 3.""=3"2BB2>")8"5O1"B1;)8*"B15")C"T+28B-18,;"TO)04B)8":11*/1BB"4/285B",8);K/251*"

,8"HIId"R,5O"HIt/")C"HP#I'"Xfm0/"28*"4O)5)-+24O1*"5O+11"0)85O"/251+6""TO,B",8);K/K0",B"

#III!C)/*"/1BB"5O28"5O25"KB1*"C)+"5O1",8);K/25,)8B"BO)R8",8"Figure 16""TO1"$%'%";)85+)/"

4/285"O2B"2"=3"*,B12B1"B;)+1")C"#"28*"2//")5O1+B"R1+1"B;)+1*"2B"'")8"2"'"4),85"B;2/16""

TO1"1CC1;5")C"285,!24)45)5,;"5+28B-181B")8"Xf"L2;51+,2/"4)4K/25,)8B"R2B"012BK+1*"L>"(12/T,01"\K285,525,91"=D( V\=D(Y""

VTable 2Y6"".82/>B,B")C"Xf",8);K/251*"4/285B"+1912/1*"5O25"2/5O)K-O"L2;51+,2";28"L1"*151;51*"191+>RO1+1",8"2",8C1;51*"4/285<"

5O1",8);K/251*";281"B204/1B"2+1"0)+1";)8B,B5185"5O28"5O1";281")C"5O1"B510")C"4+,02+>"L+28;O1B6""h5",B"1BB185,2/"5)"*151+0,81"

5O1"1CC1;5")C"L/);F,8-"=D3!L2B1*"B>045)0B",8"5O1"5+28B-18,;"4/285B")8"5O1"L2;51+,2/"0K/5,4/,;25,)8"28*"B4+12*",8"51+0B")C"5O1"

)91+2//",042;5")C"5O1"5+28B-181B6""E2B1*")8",8,5,2/"1P41+,0185B"5)"2B;1+52,8"RO,;O"5,BBK1"5)"B204/1"C)+"Xf"\K285,S25,)8<"R1"

B204/1*"5O1"B510")C"4+,02+>"L+28;O1B")+"415,)/1B")C",8*,9,*K2/"4/285B6""./5O)K-O<"5O,B"R)K/*"2//)R"+141251*"B204/,8-")C"28"

,8*,9,*K2/"4/285")91+"5O1";)K+B1")C"5O1"1P41+,0185<"R1"C)K8*"5O25",5",B"8)5"2"+1/,2L/1",8*,;25)+")C"5O1")91+2//"L2;51+,2"/191/"28*"

;)K/*"92+>"L>"2B"0K;O"2B"B,P")+*1+B")C"02-8,5K*16""TO1B1"+1BK/5B",8*,;251"5O25"1\K,92/185"+1BK/5B"R1+1")L52,81*"25"5O1"5R)"

,8);K/K0";)8;185+25,)8B6""h8"L)5O";2B1B"5O1"0128"L2;51+,2/"/)2*")C"K84+)51;51*";)85+)/"4/285B"+12;O1*"5O1"B201"/191/"V#IdY"

2C51+"5R)!5O+11"0)85OB"25"RO,;O"4),85"5O1"4/285B"L1-28"5)"*,16""TO1"5+28B-18,;"4/285B"+102,81*"O12/5O>"24412+,8-"V;251-)+,1B"

&!'Y"2C51+"2BB2>,8-"25"B,P"28*"8,81"0)85OB"R,5O"L2;51+,2/"5,5+1B"+28-,8-"C+)0"#IH5)"#I&",8"5O1"02,8";281B")C"5O1",8);K/251*"

4/285B"VTable 2Y6""(14+1B18525,91",02-1B")C"4/285B",8"5O1"C,+B5",8);K/25,)8"R,5O"HI"t/"25"Hc#Id"2+1"BO)R8",8"Figure 2"R,5O"

1\K,92/185",02-1B")C"5O1"B1;)8*",8);K/25,)8"R,5O"HI"t/"25"Hc#I'"2+1"BO)R8",8"Figure 36""

"

Table 2.  TO)04B)8":11*/1BB"T+28B-18,;B"X18)5>41"282/>S1*"5)"*2516"

TO)04B)8":11*/1BB"T+28B-18,;B"

X18)5>41"282/>S1*"5)"*251"

r")C"f,81B"

192/K251*""

5)"*251"

=1+;185")C"4/285B"

+251*"2B"`,-K+1"#"

;251-)+,1B"&"28*"'"

28*"4+)51;51*"2B",8"

`,-K+1B"H"28*"%"

@128"L2;51+,2/"

/)2*"41+"I6#"-0")C"

B510",8"12;O"

+1B41;5,91"/,81"

Inoculation 1 @ 2X10
8
 cfu " " "

T:"!"DE=#&f3" &" %m&" #I&"

T:"!"DE&'a" &" %m&" #I&"

T:"!"$%'%"V;)85+)/Y" a" Ima" #Id"

Inoculation 2 @ 2X10
5
 cfu " " "

T:"!"DE=#&f3" H%" HImH%" #IH"

T:"!"DE&'a" Ha" H%mHa" #IH"

T:"_"$%'%"VD)85+)/Y" a" Ima" #Id"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"
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Bacterial plating for determination of bacterial viability in the control and transgenic plants. 

TO1"425O)-18,;"Xf KB1*"5)",8);K/251"5O1"4/285B"BO)R8",8"Figures 1<"2,"28*"3"28*"Table 2"R1+1")L52,81*"C+)0"3+6":51918"

f,8*)R6""TO1B1"L2;51+,2!1P4+1BB1*"X`="28*"R1+1"+1B,B5285"5)"e2820>;,86":510B"B1;5,)8B"C+)0"5O1"5,BBK1"KB1*"5)"-181+251"5O1"

*252",8"Table 2"R1+1"CK+5O1+"B1;5,)81*<",8;KL251*",8"R251+"28*";185+,CK-1*"5)"41//15"5O1"L2;51+,2<"+1!BKB418*1*",8"R251+"28*"

4/251*")8"Xf 01*,2";)852,8,8-"e2820>;,86""E2;51+,2"1P4+1BB,8-"X`="R1+1")L52,81*"C+)0"5O1";)85+)/"28*"5+28B-18,;"4+)51;51*"

4/285B"2B"BO)R8",8"Figure 46""TO1"B;O1025,;",//KB5+25,)8B",8*,;251"5O1"+1/25,91"20)K85B")C"L2;51+,2"1B5,0251*"L>"\=D("28*"5O1"

;)/)+"4/251B",8*,;251"+14+1B18525,91"C,1/*B")8"5O1"01*,2"4/251B"R,5O";)/)8,1B")C"X`=!1P4+1BB,8-"L2;51+,26""TO1B1"*252";)8C,+0"

5O25"028>"0)+1"L2;51+,2"R1+1"4+1B185",8"5O1";)85+)/";281"B1;5,)8B"28*"5O25"5O1"L2;51+,2"+1;)91+1*")8"5O1"4/251B"R1+1"9,2L/1"

4+)-18>";1//B")C"5O1",8);K/251*"Xf.  h8"BK002+><"5O1"\=D("28*"4/25,8-"*252",8*,;251"5O25"5O1"5R)"285,!=D3"-181B"282/>S1*"5)"

*251"BK44+1BB"B>045)0B")C"=3<"*)"8)5"1/,0,8251"5O1"L2;51+,2"C+)0"5O1"5,BBK1"LK5"*)"+1*K;1"5O1"L2;51+,2/"5,5+1"5)"2"/191/"5O25<"

RO,/1"*151;52L/1<",B")+*1+B")C"02-8,5K*1"/)R1+"5O28"5O1"K85+28BC)+01*";)85+)/"4/285B6"

"

"

"
"

"

CONCLUSIONS 

h8"5O1"42B5">12+<"R1"BK;;1BBCK//>"*10)8B5+251*"+1B,B528;1"2-2,8B5"=3",8"5O1"BKB;145,L/1"-+241"+))5B5);F";96"`+11*)0"L>"5R)"

285,!24)45)5,;"5+28B-181B"V=(#"28*"@TY"28*")81"%'I"L4"3b."B1\K18;1"2BB);,251*"R,5O"2"81025)*1"K4!+1-K/251*"-181"

*1B,-8251*"4H%6"".//"5O+11";3b.B"R1+1"+1;)91+1*"28)8>0)KB/>"C+)0"5O1"4/285!L2B1*";3b."B;+118"28*"2//"O291"CK8;5,)82/"

/,8FB"R,5O";)8B1+91*"*)02,8B"5)"285,!24)45)5,;")+5O)/)-B",8"5O1"28,02/"F,8-*)0"V#<#dY6""U1"CK+5O1+"*10)8B5+251*"5O25"

1P4+1BB,)8")C"5O1B1"5O+11"B1\K18;1B<"8)5")8/>"4+)51;51*"5O1"5+28B-18,;"4/285B"2-2,8B5"=3"B>045)0B"28*"4/285"*125O"LK5"

02,852,81*"5O1"4)4K/25,)8")C"Xf"25"C)K+")+*1+B")C"02-8,5K*1")+"-+1251+"L1/)R"5O1"/191/")LB1+91*",8"K85+28BC)+01*"4/285B"5O25"

*,1*"R,5O,8"5R)"0)85OB"V#Id"L2;51+,2"41+"-+20")C"B510"5,BBK1Y"C)//)R,8-";)85+)//1*",8);K/25,)8B",8"5O1"-+118O)KB16""TO1"F1>"

4),85",B"5O25"2/51+1*"1P4+1BB,)8")C"5O1"285,!24)45)5,;"5+28B-181B"*)1B"8)5"F,//"5O1"L2;51+,2"LK5"*)1B"+1B5+2,8"5O1"5,51+",8"5O1"

2B>045)025,;"5+28B-18,;"4/285B"C+)0"2"/15O2/"/191/")C"#Id"5)"2"/191/")C"#I&"5)"#IH";1//Bm-0"B510"5,BBK1",8"5O1"0)B5"+1B,B5285"

/,81BW"5O1"#I&"5,51+",B"1\K,92/185"5)"5O25"RO,;O"R1"012BK+1*"",8"5O1"2B>045)025,;"O)B5"V. californica #H"0)85OB"2C51+"

,8);K/25,)86""h851+1B5,8-/><"5O1"#I&";1//Bm-0"B510"5,BBK1"5,51+"/191/",8"5O1"2B>045)025,;"5+28B-18,;"4/285B"28*"V. californica",B"

1\K,92/185"5)"5O25")LB1+91*"L>"3+6"f,8*)R",8"O,B"rpfF"5+28BC)+01*"4/285B"5O25"2/B)"2+1"2B>045)025,;"BK--1B5,8-"5O25"

BKB;145,L/1"-+241"4/285B";28"5)/1+251"2"L2;51+,2/"4)4K/25,)8"25"5O1"#I&"R,5O)K5"BO)R,8-"=3"B>045)0B6  N18;1<"5O1";K++185"

1P41+,0185B",8*,;251"5O25"5O1"1CC1;5")C"5O1"285,!=D3"-181B"BK44+1BB1B"B>045)0"1P4+1BB,)8"LK5"*)1B"8)5"1P1+5"2"*,+1;5"

,8O,L,5,8-"1CC1;5")8"5O1"L2;51+,26""TO1"B>045)0"BK44+1BB,91"-181B"*)"8)5"2;5"2B"285,L,)5,;B"28*"*)"8)5"2CC1;5"5O1"825K+2/"

18*)4O>5,;"1;)/)->")C"5O1"L2;51+,2",8"5O1"P>/106""h8"1BB18;1<"28"18*)4O>51"-)81"L2*"O2B"L118"+15K+81*"5)"5O1"B5251")C"2"L18,-8"

18*)4O>516"

"

REFERENCES CITED 

X,/;O+,B5<"36"X6"#$$G6""@>;)5)P,8B"+1912/";)881;5,)8B"L15R118"4/285B"28*"28,02/B",8"=D3"28*";1+20,*1"B,-82/,8-6""D1//"

3125O"28*"3,CC1+185,25,)8"&^#%#H!#%#G6"

X,/;O+,B5<"36"X6"#$$d6""=+)-+2001*";1//"*125O",8"4/285"*,B12B1^"5O1"4K+4)B1"28*"4+)0,B1")C";1//K/2+"BK,;,*16"".886"(196"

=O>5)425O)/)->"%a^%$%!&#&6"

Figure 46""f,91"X`=!52--1*"Xf L2;51+,2";28"L1",B)/251*"C+)0"1P5+2;5B")C",8C1;51*"TO)04B)8":11*/1BB"

4/285B6"":O)R8"2+1"0,;+)-+24OB")C"Xf -+)R,8-")8"=3%"4/251B"BK44/101851*"R,5O"%I"-m0/"F2820>;,86""

D)8B,B5185"R,5O"5O1"\=D("*252<"5O1";)85+)/"4/251"O2B"2"/)5"0)+1"L2;51+,26""h8"C2;5<"028>")C"5O1"4/251B"

C)+"5O1"4+)51;51*"5+28B-18,;B"O2*"8)";)/)8,1B")8"4/251B6""TO,B"*252"2/B)"4+)9,*1B"19,*18;1"5O25"5O1"

\=D(",B"8)5"QKB5"204/,C>,8-"3b.")C"*12*"Xf ;1//B",8"5O1"4+)51;51*"5+28B-18,;"4/285B6"



!"H#%"!"

(,;O21/<"D6<"f,8;)/8<"M6<"E)B5);F<"(6<"28*"X,/;O+,B5<"36"X6"HII#6D2B42B1",8O,L,5)+B"+1*K;1"B>045)0"*191/)40185",8"

;)0425,L/1"4/285!425O)-18",851+2;5,)8B"28*"/,0,5"425O)-18"0K/5,4/,;25,)8"in planta. =O>B,)/6"28*"@)/6"=/285"=25O)/6"'$V&Y"

H#%!HH#6"

f,8;)/8"M676<"(,;O21/<"D6<"]91+*K,8<"E6<":0,5O<"e6<"N2//<"E636"E)B5);F<"(6@6<"28*"X,/;O+,B5<"36"X6"HIIH6""7P4+1BB,)8")C"5O1"

285,!24)45)5,;"L2;K/)9,+KB"4%'"-181",8"5)025)"+1BK/5B",8",8O,L,5,)8")C";1//"*125O"28*"2"*1;+12B1*"BKB;145,L,/,5>"5)"2"92+,15>"

)C"425O)-18B6"=+);"b25/".;2*":;,6"$$^"#'H#G!#'HH#6"

N2+91><"M6"MU<"M6"76"f,8;)/8<"e6"nK0B51,8"28*"36"X6"X,/;O+,B5"HIIa6".8"in planta"-1815,;"B;+118",*185,C,1B"2852-)8,B5B")C"

`K0)8,B,8"E#!,8*K;1*"4/285"=D36""h8"4+1BB"=/285"M)K+82/6"

X,/;O+,B5<"36<"M676"f,8;)/8<"28*"D6"(,;O21/<"HII#6"Inhibiting apoptosis in plants using a baculovirus p35 protease inhibitor 

gene.""=25185"r"a%#IHG%<"A8,51*":5251B"=25185"]CC,;16""

X+118L1+-<"M6T6"28*"i2)<"b6"HII&6""TO1"+)/1"28*"+1-K/25,)8")C"4+)-+2001*";1//"*125O",8"4/285!425O)-18",851+2;5,)8B6"D1//K/2+"

@,;+)L,)/)->6"a^HI#!H##6""

X,/;O+,B5<"36X6<"28*"M676"f,8;)/8"HIIG6""(1B,B528;1"5)"=,1+;1ZB"*,B12B1"L>"5+28B-18,;"1P4+1BB,)8")C"4/285!*1+,91*"285,!

24)45)5,;"-181B6":28"3,1-)<"D."31;10L1+"#H!#&6"

f,<""D<":"M6"E2+F1+<"3"X6"X,/;O+,B5<"M76"f,8;)/8"28*"U".6"D)R/,8-6"HIId6""Leptosphaeria maculans 1/,;,51B"24)45)B,B";)!

,8;,*185"R,5O"/1B,)8"C)+025,)8"28*"O>4O2/ 2*928;1",8"Brassica napus.  @)/1;K/2+"=/285"@,;+)L1"h851+2;5,)8B<"H#^##&%!

##'%6"

N2+91><"M6"MU<"M6"76"f,8;)/8<"e6"nK0B51,8"28*"36"X6"X,/;O+,B5""HIIG6""=+)-+2001*";1//"*125O"BK44+1BB,)8",8"5+28BC)+01*"

4/285"5,BBK1"L>";3b.B",*185,C,1*"C+)0"28"Agrobacterium rhizogenes!L2B1*"CK8;5,)82/"B;+1186"@)/1;K/2+"X1815,;B"28*"

X18)0,;B"HG$^'I$!'H#6" 

(,;O21/<"D6"28*"X,/;O+,B5<"36X6"#$$$6"TO1"O>41+B18B,5,91"+1B4)8B1^".";2B1")C"O)/*")+"C)/*s"=O>B,)/6"@)/6"=/285"=25O)/6"''^'!

#H6""

U)/41+5<"T6"M6<"f6"36"3K8F/1<"f6"DO2C155,""VHIIHY6"uN)B5!B1/1;5,91"5)P,8B"28*"29,+K/18;1"*151+0,8285B^"RO25pB",8"2"8201su"

.88K"(19"=O>5)425O)/"&I^"H'#!d'6""

`,8F,1/B51,8<"D6"g6<"f6"X6"DO18<"15"2/6"VHIIHY6"u."()/1"C)+"X#m:"D>;/,8!*1418*185"=+)51,8"e,82B1B",8"5O1".4)45)5,;"(1B4)8B1"

5)"h)8,S,8-"(2*,25,)86u"M6"E,)/6"DO106"HGGV&#Y^"%d&Ga!%d&d'6"

U28-<"N6<"M6"f,<"15"2/6"V#$$aY6"u.4)45)B,B^"."CK8;5,)82/"42+2*,-0"C)+"4+)-+2001*"4/285";1//"*125O",8*K;1*"L>"2"O)B5!B1/1;5,91"

4O>5)5)P,8"28*",89)F1*"*K+,8-"*191/)401856u"=/285"D1//"dV%Y^"%G'!%$#6""

U28-<"D6"c6"28*"n6"D6"f,K"VHIIaY6"u.+2L,*)4B,B"+,L)8K;/1)5,*1"+1*K;52B1B"2+1";+,5,;2/"C)+";1//";>;/1"4+)-+1BB,)8<"3b."

*202-1"+142,+<"28*"4/285"*191/)401856u"=/285"D1//"#dVHY^"%'I!%a'6"

3,;F028<"@6"E6<"i6"e6"=2+F<"15"2/6"VHIIHY6"u."()/1"C)+"X#m:"D>;/,8!*1418*185"=+)51,8"e,82B1B",8"5O1".4)45)5,;"(1B4)8B1"5)"

h)8,S,8-"(2*,25,)86u"M6"E,)/6"DO106"HGGV&#Y^"%d&Ga!%d&d'6"

DO18<":6"28*"@6"E6"3,;F028"VHII&Y6"E;/!H"C20,/>"010L1+B"/);2/,S1"5)"5)L2;;)";O/)+)4/2B5B"28*",8O,L,5"4+)-+2001*";1//"

*125O",8*K;1*"L>";O/)+)4/2B5!52+-151*"O1+L,;,*1B6"M6"7P46"E)56"''^"Ha#G!HaH%6"

(11*<"M6"D6"VHIIHY6"u.4)45)B,B!L2B1*"5O1+24,1B6u"b25K+1"(19,1RB"3+K-"3,B;)91+>"#VHY^"###!#H#6"

 

FUNDING AGENCIES 

`K8*,8-"C)+"5O,B"4+)Q1;5"R2B"4+)9,*1*"L>"5O1"A8,91+B,5>")C"D2/,C)+8,2"=,1+;1pB"3,B12B1"X+285"=+)-+20<"28*"5O1"D3`."=,1+;1ZB"

3,B12B1"28*"X/2BB>!U,8-1*":O2+4BO))51+"E)2+*"6 

"


