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CONTROL OF PIERCE’S DISEASE BY METHODS INVOLVING PATHOGEN CONFUSION 
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RESULTS 

Objective 1.  Production of DSF in transgenic plants for disease control. 
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R.(;:"0)(;38O)F(:6O;"a(/6.6:P"(:":J1">;6=1)36:P"O8"+(.68O);6("(:"
M(=63"T6:J"(";O;!:()51::1?"rpfF"/O;3:)I/:,""0J131"S.(;:3"S)O?I/1?"
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6;O/I.(:1?"O;:O".1(=13,""cJ6.1"(;"(=1)(51"O8"$E$".136O;3"8O)F1?"TJ1;"Xcv"T(3"6;O/I.(:1?"O;:O";O)F(.":OF(:O@"&BD".136O;3"
8O)F1?"S1)".1(8"O;":J1"M<a!S)O?I/6;5"S.(;:3@"("86;?6;5"12S1/:1?"68"M<a"T(3"S)131;:"36;/1"=6)I.1;/1"O8"Xcv"63"1;J(;/1?"GP"
M<a,""c1"J(=1"(.3O"6;6:6(:1?":)(;38O)F(:6O;"O8"5)(S13"T6:J"("/J.O)OS.(3:":()51:1?"rpfF"/O;3:)I/:,""c1"12S1/:":O")1/16=1":J1"
:)(;38O)F1?"S.(;:3"GP"M1/1FG1)@"EDDC@"(;?":J1;"T6.."5)OT":J1F":O".()51)"36K13@"F(*1"5)11;"/I::6;53":O"S)O?I/1"1;OI5J"
S.(;:3"8O)"S(:JO51;6/6:P":13:6;5"GP"F6?!EDDb,""4.:JOI5J"RpfB"63";O:")1_I6)1?"8O)"M<a"3P;:J1363"6;"Xf@"6:"S)13IF(G.P"(6?3"6;"
M<a"3P;:J1363"GP"1;/O?6;5".O;5"/J(6;"8(::P"(/P."+O4".65(31"TJ6/J"F65J:"6;/)1(31"(=(6.(G.P"O8":J1"(SS)OS)6(:1"3IG3:)(:13"8O)"
M<a"3P;:J1363"GP"RpfF,""c1"12S1/:1?":J(:"/O!12S)1336O;"O8"RpfB"(;?"RpfF"6;":J1"/J.O)OS.(3:"T6.."8I):J1)"1;J(;/1":J1"M<a"
.1=1.3"6;"S.(;:3,""c1"J(=1"S)O?I/1?":)(;351;6/"Arabidopsis S.(;:3"T6:J"3I/J"("/O;3:)I/:"(;?"86;?"1=6?1;/1"O8"J65J".1=1.3"O8"
M<a"S)O?I/:6O;,""R(:JO51;6/6:P"(33(P3"T6:J":J1"rpfF"FI:(;:"O8"Xcc"6;?6/(:1?":J(:":J1":)(;351;6/"S.(;:3"/(;"/OFS.1F1;:":J1"
=6)I.1;/1"O8":J1";O;"S(:JO51;6/"rpfF"FI:(;:"O8"Xcc"
YTable 2\,""WFSO):(;:.P@":)(;351;6/"S.(;:3"12S)1336;5"
GO:J"rpfB"(;?"rpfF"T1)1"FO)1"3I3/1S:6G.1":O":J1"rpfF"
FI:(;:"O8"Xcc@"6;?6/(:6;5"1;J(;/1?"M<a".1=1.3,""e6=1;"
:J63"1=6?1;/1"O8"1;J(;/1?"M<a"S)O?I/:6O;"6;"
:)(;351;6/"Arabidopsis@"(;?")1/1;:")13I.:3"T6:J"
36F6.().P!:)(;38O)F1?":OF(:O@"T1"()1"6;6:6(:6;5"
:)(;38O)F(:6O;"O8"5)(S1"T6:J"36F6.()"/O;3:)I/:3,"
"
M6)1/:"(SS.6/(:6O;"O8"M<a":O";O;!:)(;351;6/"5)(S1"/(;""
(.3O"/O;81)"?631(31"/O;:)O.,""cJ6.1"T1"J(=1"=1)P"
)1/1;:.P"?1:1)F6;1?":J1"/J1F6/(."3:)I/:I)1"(;?"J(=1"
3P;:J136K1?"M<a"O8"Xf,"8O)":J131"3:I?613"T1"I31?"/)I?1"
1:JP."(/1:(:1"12:)(/:3"O8"("M<a!S)O?I/6;5"E. herbicola"
3:)(6;"(3"("3OI)/1"O8"M<a,""0J1"M<a"T(3"16:J1)":OS6/(..P"(SS.61?"(3"T1.."(3";11?.1"6;O/I.(:1?"6;:O":J1"3:1F3"O8"5)(S1"16:J1)"
O;/1"("?(P"G18O)1"6;O/I.(:6O;"T6:J"Xf"O)"T11*.P,""cJ6.1"("36;5.1";11?.1"(SS.6/(:6O;"O8"M<a")1?I/13"?631(31"6;?12@"("T11*.P"
(SS.6/(:6O;"O8"M<a"6;:O":J1"3:1F"O8":J1"S.(;:"T(3"FI/J"FO)1"1881/:6=1"YFigure 6\,""0J131")13I.:3"()1"12/6:6;5"6;":J(:":J1P"
3I5513:":J(:"?631(31"/O;:)O."8)OF"12:1);(."(SS.6/(:6O;3"O8"M<a"F65J:"G1"("S)(/:6/(."F1(;3"O8"?631(31"/O;:)O.,""c1"J(=1"
)1/1;:.P"G11;"3I//1338I."6;"?1:1)F6;6;5":J1"3:)I/:I)1"O8"Xf"M<a"(;?"J(=1"3P;:J136K1?"5)(F"_I(;:6:613"O8"M<a,""R.(;:3"J(=1"
)1/1;:.P"G11;":)1(:1?"T6:J":OS6/(."(;?"6;i1/:1?"3P;:J1:6/"M<a"(;?":J1;"6;O/I.(:1?"T6:J"Xfj"?631(31"(33133F1;:"T6.."/OFF1;/1"
6;"F6?!XO=1FG1),"

Table 2,""M631(31"31=1)6:P"8)OF":OS6/(."(SS.6/(:6O;""
O8"G(/:1)6("=()P6;5"6;"M<a"S)O?I/:6O;":O"Arabidopsis,"-(/:1)6(""
T1)1"6;O/I.(:1?"O;"?6881)1;:"Arabidopsis"51;O:PS13"
":)(;38O)F1?"T6:J"rpfF"O)"T6:J"GO:J!rpfB"(;?"rpfF 

 

Arabidopsis"51;O:PS1" " " Xcc"3:)(6;3"
" " " " c6.?":PS1""""" rpfF!"
+O."Yc0\" " " ssss""""""""""""""" !"
rpfF":)(;38O)F1?""""" " ssss" " s"
rpfF"w"rpfB":)(;38O)F1?" " ssss" " ss"
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Figure 4,""M631(31"31=1)6:P"Yz"
3PFS:OF(:6/".1(=13^S.(;:\"O;"a)11?OF"
5)(S1":)(;38O)F1?"T6:J":J1")pfF"51;1"
1;/O?6;5"M<a"S)O?I/:6O;"(;?"6;O/I.(:1?"
T6:J"Xf, 

Figure 5,""M<a"12:)(/:1?"8)OF":)(;351;6/":OG(//O"<N#"S.(;:3"
J()GO)6;5"("/J.O)OS.(3:":()51:1?"RpfF"Y.18:\"O)"8)OF"c0"
:OG(//O"Y/1;:1)\"O)"SI)6861?"M<a"8)OF"Xcc"Y)65J:\,"M<a"63"
3SO::1?"O;"("S(S1)"?63/"O;":J1")65J:"36?1"O8"1(/J"6F(51"(;?"
:J1"Xcc"M<a"G6O6;?6/(:O)"63":O":J1".18:,""58S"8.IO)13/1;/1"63"

1=6?1;/1"O8"M<a,"
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Objective 2.  Graft transmissibility of DSF,"
0O":13:"TJ1:J1)"M<a"63"FOG6.1"T6:J6;":J1"S.(;:"T1"()1"S1)8O)F6;5"5)(8:6;5"12S1)6F1;:3"6;"TJ6/J"M<a!S)O?I/6;5":OG(//O"
:)(;38O)F1?"T6:J":J1"rpfF"O8"Xf"()1"I31?"(3")OO:3:O/*3":O"TJ6/J";O)F(."<N#":OG(//O"63"5)(8:1?"(3"("3/6O;"YFigure 7\,""U=1)"
#DD"O8"3I/J"5)(8:1?"S.(;:3"J(=1";OT"G11;"F(?1@"(;?":J1P"J(=1"G11;"6;O/I.(:1?"T6:J"Xf":O":13:"TJ1:J1)";O)F(."<N#"3/6O;3"O;"
M<a!S)O?I/6;5")OO:3:O/*3"J(=1"(".OT1)"3I3/1S:6G6.6:P":O"Xf /O.O;6K(:6O;j"?631(31"T6.."G1")(:1?"GP"F6?!XO=1FG1),""XO;!
/J.O)OS.(3:":()51:1?"RpfF!12S)1336;5":)(;351;6/"a)11?OF"5)(S1"S.(;:3"J(=1"G11;"S)OS(5(:1?"6;"3I886/61;:.P".()51";IFG1)3":O"
S)O?I/1"1;OI5J"S.(;:3":O"31)=1"(3")OO:3:O/*3":O":13:"T6:J"Xf"6;O/I.(:6O;3"6;".()51)"3/(.1"3:I?613,""U=1)"#DD"3I/J"S.(;:3"J(=1"
;OT"G11;"S)OS(5(:1?"(;?"5)11;!5)(8:6;5"O8"+(G1);1:"<(I=65;O;"J(3"G11;"3I//1338I..P"1FS.OP1?":O"S)O?I/1"5)(8:1?"S.(;:3"
T6:J"(";O)F(."a)11?OF"(;?"("M<a!S)O?I/6;5"a)11?OF")OO:3:O/*"YFigure 7\,""W;6:6(."(::1FS:3"(:"5)11;"5)(8:6;5"O8"5)(S1"
S)O?I/1?"(".OT"8)1_I1;/P"O8"3I//1338I."5)(8:3@"GI:"(";1T"S)O/1?I)1"J(3"S)O=6?1?"("3(:638(/:O)P".1=1."O8"5)(8:"3I//133j":J1"
5)(8:1?"S.(;:3"J(=1"G11;"6;O/I.(:1?"T6:J"Xf"":O":13:"8O)"5)(8:":)(;3F6336G6.6:P"O8"Ma<"(3"1=6?1;/1?"GP")1?I/1?"FO=1F1;:"O8"Xf"
(;?"?631(31"31=1)6:P,"
"

"
"
Objectives 3 and 4.  Disease control with endophytic bacteria. 

c1"J(=1"G11;"3I//1338I."6;"S)O?I/6;5".()51"_I(;:6:613"O8"M<a"6;"1;?OSJP:13".6*1"Erwinia herbicola"(;?"(.3O"6;".(G"3:)(6;3"O8"
E,"coli"YTable 2\,""c1")1/1;:.P"T1)1"(G.1":O":)(;38O)F"("SI:(:6=1"1886/61;:"1;?OSJP:1"O8"S.(;:3@"Rizobium etili"e#E"T6:J"GO:J"
:J1"Xcc"(;?"Xf rpfF"YM<a"G6O3P;:J1:6/"51;1\"(;?"J(=1"OG:(6;1?"S)O?I/:6O;"O8"M<a"6;":J63"3:)(6;,""0J63"M<a!S)O?I/6;5"
1;?OSJP:1"J(3"G11;"6;O/I.(:1?"6;:O"5)(S1":O"?1:1)F6;1"GO:J"6:3"(G6.6:P":O"FO=1"(;?"FI.:6S.P"T6:J6;"5)(S1"(3"T1.."(3"6:3"(G6.6:P"
:O"6;:1)81)1"T6:J":J1"?631(31"S)O/133,""0J1"R. etli"3:)(6;"e#E"T(3"8OI;?":O"FO=1"T6:J6;"5)(S1":633I1"(8:1)"6;O/I.(:6O;"6;:O"
16:J1)":J1"3:1F"O)":J1".1(=13,""cJ1;"F1(3I)1?"8OI)"T11*3"(8:1)"6;O/I.(:6O;"GP"SI;/:I)1"6;O/I.(:6O;"6;:O"O;1"36:1"6;":J1"3:1F@"
F1(3I)(G.1"SOSI.(:6O;3"O8"R. etli"T1)1"311;"(3"8()"(3"&D"/F"(T(P"8)OF":J1"SO6;:"O8"6;O/I.(:6O;"YFigure 8\,""cJ6.1":J1"
SOSI.(:6O;"36K1"(T(P"8)OF":J1"SO6;:"O8"6;O/I.(:6O;"T1)1")1.(:6=1.P".OT"6;":J63"3JO):":6F1"6;:1)=(."36;/1"6;O/I.(:6O;@":J63"3:)(6;"
/.1().P"J(3":J1"(G6.6:P":O"FO=1"T6:J6;"5)(S1j"T1"()1"12/6:1?"(GOI:":J63")13I.:"36;/1";O"O:J1)"O8"31=1)(."G(/:1)6(."3:)(6;3":J(:"T1"
J(=1"6;=13:65(:1?"8O)":J1"(G6.6:P":O"FO=1"T6:J6;"5)(S1"J(3"1=1)"12J6G6:1?"(;P"(G6.6:P":O"FO=1"G1PO;?":J1"SO6;:"O8"6;O/I.(:6O;,""
aI):J1)"3:I?613"()1"I;?1)T(P":O"?1:1)F6;1":J1"SOSI.(:6O;"36K13":O"TJ6/J"R. etli"T6.."5)OT"56=1;"FO)1":6F1"(8:1)"6;O/I.(:6O;,""
R. etli"(.3O"J(3":J1"(G6.6:P":O"FO=1"T6:J6;"5)(S1".1(=13"(;?"FI.:6S.P":O"J65J"SOSI.(:6O;"36K13,""cJ1;"(SS.61?"(3"("SO6;:"3OI)/1"
:O".1(=13"I36;5"("S1;1:)(:6;5"3I)8(/:(;:@"/1..3"O8"R. etli"/OI.?"G1"8OI;?"IS":O":J)11"/F"(T(P"T6:J6;"O;1"T11*@"(;?"SOSI.(:6O;"
36K13"O8":J63"3:)(6;"6;/)1(31?"#DD!8O.?"T6:J6;":J)11"T11*3"(8:1)"6;O/I.(:6O;"YFigure 9\,""<:I?613"()1"/O;:6;I6;5":O"?1:1)F6;1"
:J1"F(26FIF"SOSI.(:6O;"36K1":J(:":J63"3:)(6;"/(;"(/J61=1"6;"5)(S1".1(=13,"
"
"
"

Figure 7."e)(8:1?"<N#":OG(//O"S.(;:3"
Y.18:\"(;?"+(G1);1:"<(I=65;O;"5)(S1"
5)(8:1?"O;:O"M<a"S)O?I/6;5"a)11?OF"
)OO:3:O/*3"Y)65J:\"O;:O"TJ6/J"Xf"J(3"
G11;"6;O/I.(:1?,""0J1"S.(;:3"()1"(3"P1:"
(3PFS:OF(:6/,"

Figure 6.  M631(31"6;/6?1;/1!31=1)6:P"
)1.(:6O;"Y?631(31"6;?12\"8O)"5)(S1"
6;O/I.(:1?"T6:J"Xf"(;?":O"TJ6/J"M<a"
T(3":OS6/(..P"(SS.61?"O)"6;:)O?I/1?"

6;:O":J1"3:1F, 
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Q()6OI3"M<a!S)O?I/6;5"G(/:1)6("T1)1 :13:1?"8O)":J16)"(G6.6:P":O"/O;:)O."R61)/1V3"?631(31"TJ1;"(SS.61?":O"5)(S1"6;"?6881)1;:"
T(P3,""M<a!S)O?I/6;5"R. etli"T1)1"GO:J";11?.1"6;O/I.(:1?"O;1"O)"FO)1":6F13"(:"36:13";1()"TJ1)1"Xf"T(3"3IG31_I1;:.P"
6;O/I.(:1?@"(3"T1.."(3"/O!6;O/I.(:1?"T6:J"Xf"6;:O"5)(S1"3:1F3"(;?"3S)(P1?"O;:O".1(=13"T6:J"D,&p"O8":J1"S1;1:)(:6;5"3I)8(/:(;:"
-)1(*:J)I"#"T11*"G18O)1"Xf"T(3"6;O/I.(:1?"6;:O"3:1F3,""0J1"/O!6;O/I.(:6O;"O8"R. etli"T6:J"Xf"5)1(:.P"?1/)1(31?":J1"6;/6?1;/1"
O8"/O.O;6K(:6O;"O8"5)(S1"S1:6O.13"/OFS()1?":O"/O;:)O."S.(;:3"6;O/I.(:1?"T6:J"Xf"(.O;1"YFigure 10\"TJ6.1":OS6/(."(SS.6/(:6O;"O)"
6;i1/:6O;"1.31TJ1)1"6;":J1"3:1F"S)O=6?1?".6::.1"/O;:)O.,""c1"S)13IF1":J(:":J1")1.(:6=1.P"3.OT"FO=1F1;:"O8"R. etli"6;":J1"3:1F3"
O8"S.(;:3"YFigure 8\"12S.(6;3"TJP"/O!6;O/I.(:6O;"T(3"FO3:"1881/:6=1,""R. etli"T(3"3OF1TJ(:"3I3/1S:6G.1":O"?(F(51"8)OF"
-)1(*:J)I"(;?"6:3"SOSI.(:6O;"36K13"T1)1")1?I/1?"?I)6;5"(SS.6/(:6O;"T6:J":J63"?1:1)51;:,""c1"T6.."/O;:6;I1":O":13:"?6881)1;:"
T(P3"6;"TJ6/J"R. etli"/(;"G1"6;:)O?I/1?"6;:O"S.(;:3":O"?1:1)F6;1"6:3"(G6.6:P":O"/O;:)O."RM,""c1"12S1/:":J(:"6;:)O?I/:6O;"O8"R. 

etli"6;:O"3:1F3"8()"6;"(?=(;/1"O8"Xf"T6.."S)O=6?1"FI/J"G1::1)"?631(31"/O;:)O.,"RpfC!"FI:(;:3"O8"Xf"5)1(:.P"O=1)!S)O?I/1"M<a"
3O"T1":13:1?":J1F"8O)":J16)"(G6.6:P":O"/O;:)O."RM"TJ1;"(SS.61?"6;"=()6OI3"T(P3"(3"?63/I331?"(GO=1"8O)"R. etli,""0J1"6;/6?1;/1"
O8"/O.O;6K(:6O;"O8"5)(S1"S1:6O.13"T6:J"Xf"T(3"5)1(:.P")1?I/1?"TJ1;"S.(;:3"T1)1";11?.1"6;O/I.(:1?"6;:O"5)(S1"16:J1)":TO"T11*3"
G18O)1"S.(;:3"T1)1"6;O/I.(:1?"T6:J"Xf"O)"TJ1;"/O6;O/I.(:1?"T6:J":J1"S(:JO51;"YFigure 11\,""cJ6.1":J1"RpfC"FI:(;:"?O13";O:"
FO=1"(3"T1.."T6:J6;"5)(S1"(3":J1"T6.?!:PS1"Xf@"6:3"S)131;/1".O/(..P"6;"S.(;:3"/(;"3ISS)133":J1"FO=1F1;:"O8"T6.?!:PS1"Xf"(;?"
:JI3".1(?":O"/O;:)O."O8"RM,""0J131"3:I?613"()1"S)OF636;5"(;?"()1"G16;5")1S1(:1?,"
"

"
 

Objective 5.  Degradation of DSF by plants. Development of an Xcc biosensor efficient in detecting Xylella DSF."
aO)"F(;P"O8":J1"OGi1/:6=13"O8":J63"S)Oi1/:@"6;"(??6:6O;":O":J1"3:I?P"O8"M<a"?15)(?(:6O;"6;"S.(;:3"(;"6FS)O=1?"G6O6;?6/(:O)"8O)"
M<a"TOI.?"G1"=1)P"=(.I(G.1,""c1"()1"S)131;:.P"I36;5"(;"Xcc!G(31?"G6O31;3O)"6;"TJ6/J":J1"1;?O5.I/(;(31"51;1"63".6;*1?":O"("
5)11;"8.IO)13/1;:"S)O:16;"YeaR\")1SO):1)"51;1,""R)1=6OI3"3:I?613"J(=1"3JOT;":J(:":J63"G6O31;3O)"63"(G.1":O"?1:1/:":J1"Ma<"
F(?1"GP"Xf GI:":J(:"6:"?1:1/:3"Xf"M<a"T6:J"(".OT1)"1886/61;/P":J1;":J1"Xanthomonas"M<a"36;/1":J1":TO"FO.1/I.13"(SS()1;:.P"
?6881)"3.65J:.P,""c1"J(=1"?1=631?"("3:)(:15P":O"?1=1.OS"("3I))O5(:1"Xcc"G6O31;3O)"3P3:1F"TJ6/J"T6.."12S)133"(..":J1"

Figure 10. "W;/6?1;/1"O8"/O.O;6K(:6O;"O8"
S1:6O.3"O8"5)(S1"GP"Xf TJ1;"S.(;:3"T1)1"
:)1(:1?"T6:J"M<a!S)O?I/6;5"R. etli"6;"

=()6OI3"T(P3, 

Figure 11. "W;/6?1;/1"O8"/O.O;6K(:6O;"
O8"S1:6O.13"O8"5)(S1"GP"Xf"TJ1;"S.(;:3"
T1)1":)1(:1?"T6:J"RpfC"FI:(;:3"O8"Xf 

6;"=()6OI3"T(P3, 

Figure 8.  ROSI.(:6O;"36K1"O8"R. etli"6;"
3:1F3"8OI)"T11*3"(8:1)"6;O/I.(:6O;"(:"O;1"
SO6;:,"

Figure 9.  ROSI.(:6O;"36K1"O8"R. etli"6;".1(=13"O;1@"
:TO@"(;?":J)11"T11*3"(8:1)"6;O/I.(:6O;"(:"("36;5.1"
SO6;:, 
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/OFSO;1;:3"O8"M<a"365;(.":)(;3?I/:6O;"O8"Xf.""0J63"3JOI.?"56=1")631":O"("3P3:1F"TJ6/J"63"/.O31":O"M<a"365;(.":)(;3?I/:6O;"
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Objective 5. Plant regulation of Xf virulence factors. 
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