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ABSTRACT 

T8"4+19,)HB"N)+F<"N1"*,B;)91+1*"5M25'"$Q"tolC"N2B"2IB)/H51/>"+1XH,+1*"8)5")8/>"C)+"425M)-18,;,5><"IH5"2/B)"C)+"BH+9,92/")C"

Xylella fastidiosa"PXfQ"B5+2,8"L101;H/2",8"Vitis vinifera -+2419,81Bv"%Q"5M25"5M1"/)BB")C"0H/5,!*+H-"+1B,B528;1"P@3(Q"1CC/HU"

5M+)H-M"5M1"L>41"T"B1;+15,)8"B>B510"N2B"5M1"4+,02+>"+12B)8"5M25"tolCn"L101;H/2";)H/*"8)5"BH+9,91",8"-+2419,81Bv"28*"&Q"5M25"

-181"F8);F)H5B")C"L>41"T"B>B510";)04)8185B"2BB);,251*"N,5M")CC18B,91"L>41"T"1CC1;5)+"B1;+15,)8"2/B)"+1BH/51*",8"B,-8,C,;285"

/)BB")C"425M)-18,;,5>6""E)5M"M10)/>B,8B"28*";)/,;,8"_"1CC1;5)+B"2+1"C)H8*",8"5M1"L101;H/2"-18)016"":H+4+,B,8-/><"F8);F)H5"

0H525,)8B")C"I)5M"$Q"5M1"L>41"T";)04)8185B"2BB);,251*"N,5M";)/,;,8"B1;+15,)8"28*"%Q"5M1"5M+11";)/,;,8"_"1CC1;5)+B",8"L101;H/2"

+1BH/51*",8"2"B,-8,C,;285"/)BB")C"425M)-18,;,5>")C"5M1"0H5285B<"+2,B,8-"5M1"4)BB,I,/,5,1B"5M25";)/)8,R25,)8"28*"425M)-18,;,5>")C"

-+2419,81B"I>"Xf",89)/91B"5M1"1U;/HB,)8")C")5M1+"I2;51+,2"C+)0"5M1"U>/10"8,;M1"28*k)+"5M25"5M1B1";)/,;,8B"0,-M5"*,+1;5/>"2CC1;5"

4/285";1//B6"

"

INTRODUCTION 

T8"a+20!81-25,91"I2;51+,2<"0H/5,*+H-"+1B,B528;1"P@3(Q"1CC/HU"4H04B"2+1";)04)B1*")C"5M+11"4+)51,8";)04)8185B<"5N)")C"

NM,;M"2+1"/);2/,R1*",8"5M1",881+"010I+281<"28*")81<"L)/D<"5M25"5+291+B1B"I)5M"5M1"41+,4/2B0"28*")H51+"010I+281"PK)+)82F,B"

15"2/6"%OO\Q6""LM1"4+);1BB")C"@3("1CC/HU",B"181+->"*1418*285"28*"H5,/,R1B"1,5M1+".L=")+"5M1"5+28B010I+281"1/1;5+);M10,;2/"

-+2*,1856"".5"/12B5"C,91";M2+2;51+,R1*"C20,/,1B")C"@3("1CC/HU"4H04B"1U,B5",8"I2;51+,2'"5M1".L=!I,8*,8-";2BB1551"P.EDQ"C20,/>"

P329,*B)8"28*"DM18"%OO\Q<"5M1"02[)+"C2;,/,525)+"P@VQ"C20,/>"P=2)"15"2/6"$YY#Q<"5M1"B02//"0H/5,*+H-"+1B,B528;1"P:@(Q"C20,/>"

P=2H/B18"15"2/"$YYWQ<"5M1"+1B,B528;1!8)*H/25,)8!;1//"*,9,B,)8"P(J3Q"C20,/>"PLB18-"15"2/6"$YYYQ<"28*"5M1"0H/5,*+H-"28*"5)U,;"

;)04)H8*"1U5+HB,)8"P@.L7Q"C20,/>"PE+)N8"15"2/6"$YYYQ6"".//"H5,/,R1"L)/D"2B"2";)00)8"41+,4/2B0k)H51+"010I+281"4+)51,8"

;)04)8185"PFigure 1Q6"

"

T8"2**,5,)8"5)"P*1C18B,91Q"@3("1CC/HU<"L)/D",B"2/B)"1BB185,2/"C)+"5>41!T"*1418*185"B1;+15,)8")C"2"92+,15>")C"*1-+2*25,91"

18R>01B"28*")CC18B,91"1CC1;5)+B<"B)01")C"NM,;M"2+1"285,I,)5,;"28*")5M1+B",89)/91*",8"4/285")+"28,02/"425M)-18,;,5>6""LM1B1"

,8;/H*1"2"92+,15>")C"M>*+)/2B1B"P4+)512B1B<"4M)B4M252B1B<"1B51+2B1B<"8H;/12B1B"28*"-/H;282B1BQ"28*"4+)51,8"5)U,8B<",8;/H*,8-"

M10)/>B,8B"28*"I2;51+,);,8B"PK)+)82F,B"15"2/6"%OO\Q6""Z+5M)/)-B")C"tolC"2+1"M,-M/>";)8B1+91*"20)8-"*,91+B1"a+20!81-25,91"

425M)-18,;"I2;51+,2<"28*"B5+2,8B"5>4,;2//>";2++>"0H/5,4/1"M)0)/)-H1B"41+"B5+2,8"P:M2+CC"15"2/6"%OO$Q<",8;/H*,8-"2//"B1XH18;1*"

B5+2,8B")C"Xanthomonas, Pseudomonas 28* Ralstonia. 

"

Xylella fastidiosa"PXfQ",B"2"U>/10!,8M2I,5,8-"a+20!81-25,91"I2;51+,H0"5M25";2HB1B"B1+,)HB"*,B12B1B",8"2"N,*1"+28-1")C"4/285"

B41;,1B"P=H+;1//"28*"])4F,8B<"$YYhQ6""LN)")C"5M1"0)B5"B1+,)HB")C"5M1B1"2+1"=,1+;1^B"*,B12B1"P=3Q")C"-+241"28*"D,5+HB"

_2+,1-251*"DM/)+)B,B"PD_DQ6"".82/>B1B")C"5M1"D_D"28*"=3"4HI/,BM1*"-18)01B"BM)N1*"5M25"5M1+1"N2B"8)"5>41"TTT"B1;+15,)8"

PhrpQ"B>B510<"IH5"5M1+1"N1+1"25"/12B5"5N)";)04/151"5>41"T"B1;+15,)8"B>B510B"4+1B185<""5)-15M1+"N,5M"0H/5,4/1"-181B"18;)*,8-"

5>41"T"1CC1;5)+B",8"5M1"(Lo"P+14125B",8"5)U,8Q"C20,/>")C"4+)51,8"5)U,8B<",8;/H*,8-"I2;51+,);,8B"28*"M10)/>B,8B6"

"

LM1+1"2+1"5N)"02,8"4H+4)B1B"C)+"L>41"T"B1;+15,)8"P+1C1+"Figure 1Q'""0H/5,!*+H-"+1B,B528;1")+"@3("1CC/HU"P,8"5M,B";2B1<"

*1C18B1"2-2,8B5"4+1BH02I/>"285,!0,;+)I,2/";M10,;2/B",8"5M1"U>/10"B24")C"-+241Q<"28*"1CC1;5)+"B1;+15,)8"P)CC18B,91<"5)"1,5M1+"

4+)0)51"425M)-18,;,5>")+"B1;+151"285,0,;+)I,2/"4145,*1BQ6""LM1")H51+"010I+281"4+)51,8"L)/D"M2B"I118"BM)N8"5)"I1"1BB185,2/"

C)+"@3("1CC/HU"28*"425M)-18,;,5>",8"Erwinia chrysanthemi"PE2+2I)51"15"2/6<"%OO&Q"28*",8"Xf"P(1**>"15"2/6<"%OOWQ6""ZH+"

-181+2/"N)+F,8-"M>4)5M1B,B"M2B"I118"5M25"Xf",B"2"M,-M/>")44)+5H8,B5,;"B41;,1B"28*"5M25"P25"/12B5Q"028>")C",5B"B5+2,8B"M291"2"91+>"

N,*1"M)B5"+28-1"5M25",B"/,0,51*"I>"25"/12B5"5N)"C2;5)+B")C"H8F8)N8"N1,-M5'""5M1"M)B5"+28-1")C",5B",8B1;5"91;5)+B<"28*",5B"intrinsic 

host range factors that may or may not elicit obvious pathogenic symptoms6""LM,B"N)+F,8-"M>4)5M1B,B"N2B"I2B1*")8"B191+2/"

)IB1+925,)8B6""V,+B5<"V+1,52-"P$Ye$Q",*185,C,1*"We"2B>045)025,;"M)B5"B41;,1B"C)+"=3")H5")C"$OO"4/285"B41;,1B"51B51*6""T8"BH44)+5"

)C"5M1B1")/*1+"4HI/,BM1*"51B5"+1BH/5B<",5",B"8)N";/12+"5M25"25"/12B5"B)01"=3<"D_D"28*";)CC11"/12C"B;)+;M"B5+2,8B")C"Xf";28"-+)N"

N1//",8";)CC11<"5)I2;;)"28*"41+,N,8F/16""LM1B1"+1BH/5B"2//"B5+)8-/>",8*,;251"5M25"B)01"B5+2,8B"2+1";242I/1")C"HB,8-"5M1"U>/10"

B24")C"028>"4/285"B41;,1B"2B"-+)N5M"01*,H0<"28*"02>"I1"+1B5+,;51*"4+,02+,/>"I>"5M1"/2;F")C"91;5)+B"5)"52F1"5M10"5)")5M1+"

4/285"B41;,1B6"

"

:1;)8*<"=3"B5+2,8B",8);H/251*")8"-+241"I)5M"-+)N"28*"1/,;,5"/12C"B;)+;M"B>045)0B<"IH5")8"5)I2;;)";H/5,92+":20BH8<"=3"

B5+2,8B"-+)N<"IH5"1/,;,5"8)"B>045)0B"P]2+2F292"=M636"5M1B,BQv")8";,5+HB<"=3"B5+2,8B"81,5M1+"-+)N"8)+"1/,;,5"B>045)0B"

P])4F,8B<"$YWWQ6"":,0,/2+/><"5M1";)CC11"B5+2,8"*)1B"8)5"-+)N")+";2HB1"B>045)0B",8";,5+HB<"IH5"5M1"D_D"B5+2,8";2HB1B"/,0,51*"

B>045)0B",8";)CC11"28*"02,8/>";M/)+)B,B",8"5)I2;;)"P]2+2F292<"41+B)82/";)00H8,;25,)8Q6""LM1B1"+1BH/5B",8*,;251'"$Q"5M25"



!"$O%"!" "

B>045)0B"2+1"M)B5"B41;,C,;"28*",8*H;1*")8/>",8"2"BHIB15")C"M)B5"B41;,1Bv"28*"%Q"5M25"5M1"M)B5"B41;,C,;"B>045)0",8*H;5,)8"

*1418*B")8"5M1"Xf"B5+2,8"2B"N1//"2B"5M1"4/285"B41;,1B",8C1;51*6"

"

PD strains produce a host-specific elicitor of PD involving programmed cell death (PCD)6"":>045)0B")C"/12C"B;)+;M",8"=3"

2+1"8)5"1U41;51*")C"2"425M)-18"5M25"01+1/>"I/);FB"U>/10"91BB1/B6""_2B;H/2+"N,/5B<"BH;M"2B"41+,N,8F/1"N,/5<"2+1"0)+1"5>4,;2/")C"

U>/10"91BB1/"I/);F2-16""d12C"B;)+;M"0HB5"I1";2HB1*"I>"28)5M1+"C2;5)+<"/)8-"2-)"4+)4)B1*"5)"I1"2"5)U,8"P(2[H"28*"S1//B<"

$Y#hQ6""])N191+<"5M1"/,0,51*"19,*18;1"4+)9,*1*"5)"BH44)+5"5M1"5)U,8"5M1)+>"25"5M1"5,01"N2B"C)H8*"5)"I1"28"2+5,C2;5";2HB1*"I>"

;)04)8185B")C"5M1";H/5H+1"01*,H0"Pa))*N,8"15"2/6<"$Y##Q"28*"5M1"02551+"B1101*"B155/1*"P])4F,8B<"$Y#YQ"H85,/"91+>"+1;185/>6""

.5"5M1"%OOW"=,1+;1^B"3,B12B1"(1B12+;M":>04)B,H0<"a,/;M+,B5"28*";)//12-H1B"+14)+51*"19,*18;1"5M25"Xf =3"B5+2,8B"1/,;,51*"=3"

28*"4+)-+2001*";1//"*125M"P=D3Q")+"24)45)B,B",8"V. vinifera<"IH5"8)5"V. california -+241B<"28*"5M25 285,!24)45)5,;"-181B"

;/)81*"C+)0"-+241"92+,15>"DM2+*)882>"28*"+15+28BC)+01*",85)"4/285B"HB,8-"2"B5+)8-"PD2@_Q"4+)0)51+"B5+)8-/>"BH44+1BB1*"

B>045)0B")C"=3"28*"=D3"Pa,/;M+,B5"?"d,8;)/8<"%OOW"=,1+;1^B"3,B12B1"(1B12+;M":>04)B,H0"=+);11*,8-B<"44"%e%!eQ6" T8"

+1;185">12+B<"2"/2+-1"28*"-+)N,8-"8H0I1+")C"I2;51+,2/"4+)51,8"5)U,8B"M291"I118"*,B;)91+1*"5M25"I1M291"2B"9,+H/18;1"C2;5)+B<"

28*"028>")C"5M1B1"I2;51+,2/"5)U,8B",8*H;1"24)45)B,B"P:;M,29)<a6v"928"*1+"a))5<"V6a6"%OO$Q6""Z81"101+-,8-"5M101"C+)0"

B5H*,1B")C"5M1B1"I2;51+,2/"5)U,8B",B"5M25"5M1>"C+1XH185/>",851+C1+1"N,5M"M)B5"425MN2>B<"5M1+1I>"1/,;,5,8-"4+)-+2001*";1//"*125M"

PC)+"2"+19,1N"B11"S1,8+2H;M"28*"q>;M/,8BF><"$YYYQ6"":,8;1"B>045)0B")C"=3"2+1"BH44+1BB1*"I>"285,!24)45)5,;"-181"

1U4+1BB,)8<",5"I1;)01B"/,F1/>"5M25"5M1"425M)-18",B"4+)*H;,8-"2"=D3"1/,;,5)+<")+"b5)U,8c6""LM,B"b5)U,8c")+"1/,;,5)+"M2B">15"5)"I1"

,*185,C,1*6"

"

Elicitation of symptoms of PD and PCD enhances Xf growth in hosts6""."02[)+"XH1B5,)8"M2B"2/N2>B"I118"NM15M1+")+"8)5"5M1"

B>045)0B")C"/12C"B;)+;M")8"-+241";)85+,IH51"5)"425M)-18"-+)N5M")+"B4+12*")8"-+241")+"2+1"01+1/>"-+25H,5)HB6""a,/;M+,B5^B"/2I"

*,B;)91+1*"5M25"5M1 285,!24)45)B,B"-181B"I)5M"B5+)8-/>"BH44+1BB1*"B>045)0B")C"=3"28*",8"2**,5,)8<"/,0,51*"5M1"I2;51+,2/"5,51+"

P25"B,U"0)85MB"4)B5",8);H/25,)8Q"5)"5M25"NM,;M",B"HBH2//>"B118")8"5M1"2B>045)025,;"M)B5< V. californica P,16<"5)";26"$O\";CHk-+20"

B510"5,BBH1",8B512*")C"$O#";CHk-+20"B510"5,BBH1 )IB1+91*"25"4),85")C"*125M")C"V. vinifera"v"+1C1+"L2I/1"%")C"5M1"=)N1+=),85"

4+1B18525,)8"I>"a,/;M+,B5<"d,8;)/8<"S2+*"28*"D))F<"%OOW"=,1+;1^B"3,B12B1"(1B12+;M":>04)B,H0<"292,/2I/1")8/,81v";)8C,+01*"

I>"3291"a,/;M+,B5",8"41+B)82/";)00H8,;25,)8Q6""LM,B"*252",8*,;251B"5M25"1/,;,525,)8")C"4+)-+2001*";1//"*125M"P=D3Q";28"

;)85+,IH51"5)"2**,5,)82/"Xf"-+)N5M",8"M)B5B<"IH5",B"8)5"+1XH,+1*"C)+")44)+5H8,B5,;"P42+2B,5,;Q"-+)N5M")C"Xf<"25"/12B5"8)5",8"B)01"

M)B5B6"

"

ZC";)H+B1<"5M1"12+/>"N)+F")C"V+1,52-"P$Ye$Q"0185,)81*"2I)91"*10)8B5+251*"5M25"=3"B>045)0"1/,;,525,)8",B"8)5"+1XH,+1*"C)+"

-+)N5M")C"=3"B5+2,8B",8"2"92+,15>")C"M)B5B6""LM1";)891+B1",B"2/B)"5+H1v"B191+2/"8)8!=3"Xf B5+2,8B"2+1"F8)N8"5)"I1";242I/1")C"

2B>045)025,;"-+)N5M",8"V. vinifera P])4F,8B<"%OOeQ6""T8*11*<"Xf"B5+2,8"7EY%!$<",B)/251*"C+)0"1/*1+I1++><"M2B"I118"C)H8*"5)"

I1"M,-M/>"1CC1;5,91"2B"2"I,)/)-,;2/";)85+)/"2-185"2-2,8B5"=3",8"5M1"C,1/*"C)+"$%!$#"0)85MB<"28*"b)8/>"B5+2,8B"5M25"N1+1"2I/1"5)"

0H/5,4/>"28*"B>B510,;2//>";)/)8,R1"N,5M)H5"4+)*H;,8-"B,-8,C,;285"B>045)0B"N1+1"2I/1"5)"4+)51;5"2-2,8B5"9,+H/185"B5+2,8Bc"

P])4F,8B<"%OOeQ6"".8",04)+5285"B1+,1B")C"XH1B5,)8B"+1-2+*,8-"M)B5"B41;,C,;"B>045)0B"28*"M)B5"+28-1"8)N"02>"I1"XH285,525,91"

,8"825H+1'""M)N"0H;M"2**,5,)82/"-+)N5M",B"4+)9,*1*"I>"2I,/,5>"5)"1/,;,5"=D3"28*k)+"=3"B>045)0B}"".+1"0H/5,4/1"1/,;,5)+B"

,89)/91*}""])N"M)B5!B41;,C,;"2+1"5M1B1"1/,;,5)+B}""TB"B)01"/)N"/191/")C"=D3<"I1/)N"5M1"/191/"+1XH,+1*"5)"1/,;,5"B>045)0B<"

+1XH,+1*"C)+"M)B5"+28-1}""LM1"285,!24)45)B,B"-181B",8"a,/;M+,B5^B"B5H*>"BH44+1BB1*<"IH5"4+1BH02I/>"*,*"8)5"1/,0,8251<"

4+)-+2001*";1//"*125M"P=D3Q",8"5M1"M)B5<"5M1+1I>"+1BH/5,8-",8"BH44+1BB,)8")C"B>045)0B"28*"/,0,5,8-"I2;51+,2/"-+)N5M6""SM25"

,C"=D3"N1+1"1/,0,8251*}""S)H/*"2//")+"0)B5"Xf"-+)N5M"2/B)"5M18"I1"1/,0,8251*<"28*"5M1"4/285"I1"2"8)8M)B5}""

"

."+1/251*"XH1B5,)8",B"NM15M1+")+"8)5"2I,/,5>"5)"1/,;,5"=D3"H/5,0251/>"+1B5+,;5B"2I,/,5>"5)",8C1;5"4/285B"5M25"0,-M5")5M1+N,B1"I1"

M)B5B<"BH;M"2B"=3"B5+2,8B",8);H/251*")8";,5+HB6""T8")5M1+"N)+*B<"B,8;1"=3"B5+2,8B"*)"8)5"-+)N",8"2//"4/285B<",B"P2+1Q"5M1"=D3"

1/,;,5)+B"P2//Q"M)B5"B41;,C,;}"".+1"5M1+1"2**,5,)82/"C2;5)+B<"2B,*1"C+)0",8B1;5"5+28B0,BB,)8"28*"B>045)0"1/,;,525,)8"5M25"02>"

/,0,5"M)B5"+28-1}"".B"*1B;+,I1*",8"B)01"*152,/"I1/)N<"+1;185"N)+F"C+)0")H+"/2I",8*,;251B"5M25"5M1"28BN1+"5)"5M1"M)B5"+28-1"

XH1B5,)8",8*,;251B"5M25"5M1+1"2+1"/,F1/>"**,5,)82/"C2;5)+B"2B,*1"C+)0"1/,;,5)+B"5M25"02>"/,0,5"M)B5"+28-16""LM1B1"C2;5)+B"02>"

,89)/91";)/,;,8B"HB1*"C)+";)0415,5,91"1U;/HB,)8")C")5M1+"I2;51+,2"5M25"02>";)/)8,R1"5M1"B201"1;)/)-,;2/"8,;M16""ZH+"-181+2/"

N)+F,8-"M>4)5M1B,B"+1-2+*,8-"5M1"91+>"N,*1"M)B5"+28-1")C"5M1"185,+1<"M,-M/>")44)+5H8,B5,;"Xf"B41;,1B"IH5"0)+1"/,0,51*"+28-1"

)C",8*,9,*H2/"B5+2,8B"M2B"I118"1U428*1*"5)",8;/H*1"5M+11"C2;5)+B"2CC1;5,8-"M)B5"+28-1'""$Q"5M1"M)B5"+28-1")C",5B",8B1;5"91;5)+B"

P8)5"1U20,81*"I>")H+"015M)*BQv"%Q"5M1"2I,/,5>")C"oC"5)"1/,;,5"=D3"N,5M")+"N,5M)H5"/12C"B;)+;M"B>045)0B")8"V. vinifera;"28*"&Q"

2I,/,5>")C"Xf"5)";)0415,5,91/>"1U;/H*1")5M1+"I2;51+,2"C+)0",5B"U>/10"91BB1/"8,;M16""TC"5M1"4+,02+>"C2;5)+PBQ"5M25"*151+0,81"M)B5"

+28-1";28"I1",*185,C,1*<"5M18"2**,5,)82/"52+-15B"C)+";M10,;2/<"I,)/)-,;2/"28*k)+"5+28B-18,;";)85+)/B"N)H/*"I1"02*1"292,/2I/16""

"

"
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OBJECTIVES 

LN)"B41;,C,;"L>41"T"5)U,8"B1;+15,)8"B>B510B"2+1"C)H8*",8"I)5M"D_D"B5+2,8"Y2e;"28*"=3"B5+2,8"L101;H/26""LM1B1"2+1"28"2/4M2!

M10)/>B,8!/,F1"B>B510"~,8"L101;H/2<",5"H5,/,R1B"L)/D"P)H51+"010I+281<"=3$Yh\Q"28*"]/>Ek3"P,881+"010I+281<"

=3$\$%k41+,4/2B0<"=3$\$&Q�<"28*"2";)/,;,8"_!/,F1"B>B510"~,8"L101;H/2<",5"H5,/,R1B"L)/D"P)H51+"010I+281<"=3$Yh\Q"28*"

D92.kE"P,881+"010I+281<"=3O\Yhk41+,4/2B0<"=3O\YYQ�6""LM1B1"L>41"T"B>B510B"2+1"2/B)"C)H8*"5)-15M1+"N,5M"0H/5,4/1"-181B"

18;)*,8-"5>41"T"1CC1;5)+B")C"5M1"(Lo"P+14125B",8"5)U,8Q"C20,/>")C"4+)51,8"5)U,8B"Pd2//>"15"2/6<"$YYYQ6"

"

D+,5,;2//><"2//"B1XH18;1*"oC"B5+2,8B";2++>")8/>"2"B,8-/1"tolC"-181v"5M1+1C)+1<"2"F8);F)H5")C"5M,B"B,8-/1"-181",8"L101;H/2"

1/,0,8251*"2//"L>41"T"B1;+15,)8<"I)5M")CC18B,91"28*"*1C18B,91"P(1**>"15"2/6"%OOWQ6""A8C)+5H8251/><"5M1"/)BB")C"@3("1CC/HU",8"

L101;H/2"+1BH/51*",8"5M1"B5+2,8"I1,8-"H8*151;52I/1"1918"2"C1N"0,8H51B"2C51+",8);H/25,)8")C"5M1"tolCn"0H525,)8v"5M1+1C)+1<"5M1"

/)BB")C"425M)-18,;,5>"+1C/1;51*"5M1"/)BB")C"5M1"B5+2,8",5B1/C"28*"28>")CC18B,91"+)/1")C"L>41"T"B1;+15,)8",8"425M)-18,;,5><"*H1"5)"

/)BB")C"B1;+15,)8")C"1,5M1+"M10)/>B,8"28*k)+";)/,;,8B";)H/*"8)5"I1"51B51*6"

"

L>41"T"B1;+151*"1CC1;5)+B"C)H8*",8"5M1"B1XH18;1*"D_D"28*"=3"B5+2,8B"N1+1"2"I2;51+,);,8"PoV%\OW",8"D_D"28*")+5M)/)-"

=3$\%W",8"=3Q"5M25"+1B10I/1B"2"Rhizobium"M)B5"+28-1"C2;5)+"PZ+1B8,F"15"2/6<"$YYYQ<"5M+11"M10)/>B,8B"PoVO$We<"oVOY#\"28*"

oV$%#OQ",8"D_D"28*")+5M)/)-B"=3O\$&<"=3O%#%"28*"=3Oe&h<"+1B41;5,91/><",8"=3Q<";2/;,H0"I,8*,8-"M10)/>B,8!5>41"

4+)51,8B"PoVOhh#<"oV$O$$<"oV%WeY",8"D_D"28*")+5M)/)-B"=3$eOh<"=3O&Oe<"=3%OY\<"+1B41;5,91/><"4/HB"28"2**,5,)82/"

;2/;,H0"I,8*,8-"4+)51,8"=3%OYWQ<"28*"5M+11";)/,;,8"_"4+1;H+B)+B"PoVO%h%<"oVO%h&",8"D_D"28*")+5M)/)-B"=3O%$e<"=3O%$h"

28*"=3O%$W",8"=3Q6""LM1"*,B;)91+>")C"BH;M"2"/2+-1"-+)H4")C"(Lo"5)U,8B",B"/,F1/>"B,-8,C,;285"I1;2HB1"I)5M"-18)01B";2++>"

+14+1B18525,91B")C"I)5M"02[)+"(Lo"5)U,8"5>41B'"5M1"2/4M2!M10)/>B,8"-+)H4"5M25"2+1"5)U,;"5)"2"91+>"N,*1"+28-1")C"1HF2+>)5,;"

;1//"5>41B"Pd2//>"15"2/6<"$YYYQ<"28*"5M1";)/,;,8"_"-+)H4<"NM,;M",B"8)5"F8)N8"5)"HB"5)"2CC1;5"1HF2+>)5,;";1//B6"".0)8-"5M1"

B>045)0B"1/,;,51*"I>"D_D"B5+2,8B")8";,5+HB"2+1"I+)N8<"81;+)5,;"28*"B/,-M5/>"-H00>"/1B,)8B")8"5M1"H8*1+B,*1B")C"/1291B"5M25"

2+1"BH--1B5,91")C"5)U,8"2;5,9,5>6""LM1"12+/,1B5"B>045)0";2HB1*"I>"=3"B5+2,8B")8"-+241",B"/12C"B;)+;M<"NM,;M",B"2/B)"B5+)8-/>"

BH--1B5,91")C"5)U,8"2;5,9,5>6""

"

RESULTS 

(25M1+"5M28"2551045"F8);F)H5B")C"0H/5,4/1"28*"4)5185,2//>"+1*H8*285"1CC1;5)+B<",8,5,2/"1U41+,0185B"C);HB1*")8"F8);F)H5B")C"

5M+11"2442+185/>"B142+251";)04)8185B")C"L>41"T"B1;+15,)8'""$Q"@3("1CC/HU")8/>'"acrD"P=3$\O\Q"28*"acrF P=3OW#&Qv"%Q"L>41"

T"M10)/>B,8"B1;+15,)8")8/>'"5M1"41+,4/2B0,;";)04)8185""hlyB P=3$\$%Q"28*"5M1",881+"010I+281";)04)8185""hlyD P=3$\$&Qv"

28*"&Q";)/,;,8"_"B1;+15,)8")8/>'""5M1",881+"010I+281";)04)8185"cvaA"P=3O\YhQ"28*"5M1"41+,4/2B0,;";)04)8185""cvaB"

P=3O\YYQ6"":H+4+,B,8-/><"F8);F)H5B")C"28>")C"5M1"5M+11"L>41"T"B>B510"B5+)8-/>"+1*H;1*"425M)-18,;,5>"PFigure 2)."

"

LM1";)/,;,8"_"4+1;H+B)+B"P=3O%$e<"=3O%$h"28*"=3O%$WQ"2+1";/HB51+1*",8"5M1"L101;H/2"-18)01<"2//)N,8-"5M1"B,0H/5281)HB"

F8);F)H5B")C"2//"5M+11";)/,;,8B",8"2"B,8-/1"+1;)0I,825,)8"19185"I>"02+F1+"1U;M28-1<"NM,;M"N2B"2;;)04/,BM1*"28*"

*);H01851*"2B"*1B;+,I1*"P(1**>"15"2/6"%OOhQ6""=/285",8);H/25,)8"2BB2>B"HB,8-"5M1";)/,;,8"_"F8);F)H5"0H5285"N1+1"41+C)+01*"

,8";)//2I)+25,)8"N,5M"3+6"3)8"])4F,8B<"25"5M1"@,*!V/)+,*2"(1B12+;M"28*"7*H;25,)8"D1851+<".4)4F2<"V/)+,*26"a+241"4/285B"

P92+6"D2+8,-821Q"N1+1",8);H/251*"N,5M"5M1"N,/*!5>41"Xf L101;H/2"B5+2,8"28*"5M1"0H5285"'"P=3O%$e<"=3O%$h"28*"

=3O%$WQ''845TT"B5+2,8"P/2I1/1*"b;)/,;,8Bc",8"Figure 2Q6"LM1"4/285B"N1+1"02,852,81*"H8*1+"-+118!M)HB1";)8*,5,)8B"28*"N1+1"

192/H251*"C)+"=3"B>045)0B"25"hO"28*"YO"*2>B"2C51+",8);H/25,)86"".//"4/285B",8);H/251*"N,5M"5M1"N,/*!5>41"L101;H/2"B5+2,8"

1UM,I,51*"5>4,;2/"=3"P8)5"BM)N8Q6"

"

.-2,8"5)")H+"BH+4+,B1<"425M)-18,;,5>"N2B"B5+)8-/>"+1*H;1*"I>"1/,0,825,8-"[HB5"5M1";)/,;,8"1CC1;5)+B"PFigure  2Q6"

(PD1964)

Figure after Koronakis et al. 2004 Ann. Rev. Biochem . 73:467

(PD0784)

(PD0783) AcrF

AcrA

(PD1964)

Figure after Koronakis et al. 2004 Ann. Rev. Biochem . 73:467

(PD0784)

(PD0783) AcrF
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Figure from Koronakis et al. 2004 Ann. Rev. Biochem . 73:467

(PD1964)

(PD1413)

(PD1412)

Two potential toxin secretion systems:  HlyD (PD1413)/ HlyB (PD1412)& 
CvaA (PD0496)/ CvaB (PD0499)

Figure from Koronakis et al. 2004 Ann. Rev. Biochem . 73:467

(PD1964)

(PD1413)

(PD1412)

Two potential toxin secretion systems:  HlyD (PD1413)/ HlyB (PD1412)& 
CvaA (PD0496)/ CvaB (PD0499)

Figure 1:""L>41"T"02;M,81"C)+"@3("Pb3+H-Q"1CC/HU",8"X. fastidiosa"H5,/,R1"tolC"28*"acrF/A")+"acrC/D"P/1C5Q6""L>41"

T"02;M,81"C)+"4+)51,8"1U4)+5")+"B1;+15,)8",8"X. fastidiosa"H5,/,R1"tolC"28*"cvaA/B")+"hlyB/D"P+,-M5Q6""V,-H+1B"C+)0"

K)+)82F,B"156"2/6"P%OO\Q6"
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Figure 2.  G+241"92+6"D2+,-8281",8);H/251*"N,5M"02+F1+"1U;M28-1*"0H5285B")C"acrF P=3OW#&Q< acrD 

P=3$\O\Q< hlyBD; =3$\$%!$\$&), cvaA (=3O\Yh) and cvaB P=3O\YYQ<"28*"5M1"5M+11";)/,;,8"_"4+1;H+B)+B"

=3O%$e<"=3O%$h"28*"=3O%$W"P/2I1/1*"b;)/,;,8BcQ 28*"2BB1BB1*"C)+"f"*,B12B1*"/1291B"25"\O"28*"##"*2>B"

4)B5",8);H/25,)86"""

 

 

J)51"5M25"-181B";)8B,*1+1*"5)"I1"*1*,;251*"5)"I)5M"M10)/>B,8"PhlyBDQ"28*";)/,;,8"PcvaABQ"B1;+15,)8"1UM,I,51*"-+125/>"

+1*H;1*"B>045)0B<"28*"8)5"[HB5"*1/2>1*"B>045)0B6""LM1"acrF"P@3("1CC/HUQ"0H5285<"IH5"8)5"hlyBD"PM10)/>B,8"B1;+15,)8Q"

N2B"B18B,5,91"5)"I1+I1+,81";M/)+,*1"Pa2I+,1/<"%OOW"=,1+;1^B"3,B12B1"(1B12+;M":>04)B,H0"=+);11*,8-B<"4$YO!&Q<"2B"1U41;51*6""

LM1B1"+1BH/5B"B5+)8-/>"BH44)+5"2"+)/1")C"I)5M";)/,;,8B"28*"M10)/>B,8B",8"425M)-18,;,5>6""T8"5M,B"+1-2+*<",5",B",04)+5285"5)"8)51"

5M25"M10)/>B,8B"2+1"F8)N8"5)"I1M291"2B"24)45)5,;"5)U,8B",8",8B1;5B"28*"28,02/"425M)-18B"P_,-81HU"15"2/6<"%OOWQ6""LM1+1C)+1"

M10)/>B,8B"02>"M291"2"*,+1;5"+)/1",8"=3"425M)-18,;,5>6"":)01";)/,;,8B"M291"2"B5+H;5H+2/"*)02,8"B,0,/2+"5)"E;/!%"/,F1"4+)51,8B"

5M25"2+1",89)/91*",8"24)45)B,B")C"28,02/";1//B"PE)>2"15"2/6"%OO$Q<"28*";28",8M,I,5"4+)/,C1+25,)8")C";28;1+";1//B6""LM1+1C)+1"5M1"

;)/,;,8B"02>"M291"2"*,+1;5"+)/1",8"=3"425M)-18,;,5>"2B"N1//v"2/51+825,91/>")+"2**,5,)82//><"5M1>"02>"M291"2"+)/1",8"BH44+1BB,8-"

-+)N5M")C"I2;51+,2"5M25"02>";)04151"C)+";)/)8,R25,)8")C"5M1"U>/10"8,;M16""LM1B1"4)5185,2/"+)/1B"2+1";H++185/>"H8*1+"

,891B5,-25,)86"

"

CONCLUSIONS 

LM,B"N)+F"*10)8B5+251B"5M25"8)5")8/>",B"0H/5,*+H-"1CC/HU";+,5,;2/"5)"BH+9,92/")C"Xf",8"-+241<"IH5"2/B)"5M25"L>41"T"B1;+15,)8",B"

811*1*"C)+"CH//"425M)-18,;,5><",8;/H*,8-"5M1"4H525,91"L>41"T"1CC1;5)+B"288)5251*"2B"b;)/,;,8"_"4+1;H+B)+Bc6""E)5M"0H/5,*+H-"

1CC/HU"28*"L>41"T"B1;+15,)8"*1418*"H4)8"2"B,8-/1"5)/D"-181"4+1B185",8"5M1"Xf"-18)016"":,8;1"L)/D",B"1U4)B1*"5)"5M1")H51+"

BH+C2;1B")C"I2;51+,2<"5M1B1";)0I,81*"+1BH/5B"02F1"L)/D"2"9H/81+2I/1"28*"B41;,C,;"52+-15"C)+"I)5M";M10,;2/"28*"5+28B-18,;"

244+)2;M1B"5)";)85+)/"=36"".**,5,)82//><"B,8;1";)/,;,8!/,F1"1CC1;5)+B"24412+"5)"I1",04)+5285",8";)8*,5,)8,8-"425M)-18,;,5><"

5M1>"+14+1B185"2**,5,)82/"52+-15B"C)+";M10,;2/<"I,)/)-,;2/"28*k)+"5+28B-18,;"*,B12B1";)85+)/"B5+251-,1B6"

"

REFERENCES CITED 

E2+2I)51<"(636<"15"2/6<"%OO&6""Erwinia chyrsanthmi TolC ,B",89)/91*",8"+1B,B528;1"5)"285,0,;+)I,2/"4/285";M10,;2/B"28*",B"

1BB185,2/"5)"425M)-181B,B6""m6"E2;51+,)/6"$#e'eWW%!eWW#6"

E)>2<"=6<"()XH1B<"E6<"28*"K+)101+<"a6"%OO$6""_,+2/"28*"I2;51+,2/"4+)51,8B"+1-H/25,8-"24)45)B,B"25"5M1"0,5);M)8*+,2/"/191/6""

7@EZ"m)H+82/"%O'\&%e!\&&$6"

E+)N8<"@6"]6<"=2H/B18<"T6"L6<":FH++2><"(6".6"$YYY6""LM1"0H/5,*+H-"1CC/HU"4+)51,8"J)+@",B"2"4+)5)5>41")C"2"81N"C20,/>")C"

5+28B4)+51+B6"@)/"@,;+)I,)/6"&$'&Y\n&Ye6"

DM),<"Z6<"u2M,+)<"K6<"@)+,82-2<"J6<"@,>2R2F,<"@6<"28*"J)*2<"@6"%OOW6""T8M,I,5)+>"1CC1;5B")C"92+,)HB"4/285"4)/>4M18)/B")8"5M1"

5)U,;,5>")C":524M>/););;2/"2/4M2!5)U,86"@,;+)I,2/"=25M)-181B,B"\%'%$e!%%\6"

329,*B)8<".6"d6"28*"DM18<"m6"%OO\6"".L=!I,8*,8-";2BB1551"5+28B4)+51+B",8"I2;51+,26".88H6"(196"E,);M106""W&'%\$!%h#6"

329,B<"@6"m6<"156"2/6"$Y#$6".U18,;";H/5H+1")C"5M1"I2;51+,2"2BB);,251*"N,5M"4M)8>"*,B12B1")C""412;M"28*"4/H0"/12C"B;2/*6""DH++6"

@,;+)I,)/6"h'&OY!&$\6"

31/141/2,+1<"=6"%OO\6"L>41"T"B1;+15,)8",8"-+20!81-25,91"I2;51+,26""E,);M106"E,)4M>B,;6".;5266""$hY\'"$\Y!$h$6"

3)N<"m6@6"28*"328,1/B<"@6m6""%OOO6""o>/1//2"-18)0,;B"28*"I2;51+,2/"425M)-18,;,5>"5)"4/285B6""u12B5"$W'%h&!%W$6"
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V,-H1,+1*)<"=6"@6":6<"VH+H0H+2<"@6"L6<",*2+!A-+,8)9,;M<"d6<"*1"D2B5+)<".6"V6"=6<"=1+1,+2<"V6"a6<"@15R1<"T6"d6<""28*"u28)<"L6"

%OOW6"T8*H;5,)8")C"24)45)B,B",8"D2;)!%"28*"]L!%Y"MH028",851B5,82/"14,5M1/,2/";1//B"I>"1851+)M10)/>B,8"4+)*H;1*"I>"

;/2BB,;"1851+)425M)-18,;"Escherichia coli6"d1551+B",8".44/,1*""@,;+)I,)/)->"\e'&e#!&h&6"

V+2/,;F<"m6".6"$YYh6"79,*18;1"5M25"L)/D",B"+1XH,+1*"C)+"CH8;5,)8,8-")C"5M1"@2+k.;+.E"1CC/HU"4H04")C"Escherichia"coli6"m6"

E2;51+,)/6"$W#'e#O&!e#Oe6"

a))*N,8<"=6"]6<"31_2><"m6"76"28*"@1+1*,5M<"D6"=6"$Y##6"()/1B")C"N251+"B5+1BB"28*"4M>5)5)U,8B",8"5M1"*191/)40185")C"=,1+;1^B"

*,B12B1")C"5M1"-+2419,816"=M>B,)/6"@)/6"=/285"=25M)/6"&%'$!$e6"

])4F,8B<"36"d6"$Y#\6"_2+,2I,/,5>")C"9,+H/18;1",8"-+2419,81"20)8-",B)/251B")C"5M1"=,1+;1^B""*,B12B1"I2;51+,H06"=M>5)425M)/6"

W\'$&Ye!$&Y#6"

])4F,8B<"36d6""%OOe6""E,)/)-,;2/";)85+)/")C"=,1+;1^B"*,B12B1",8"5M1"9,81>2+*"N,5M"B5+2,8B")C Xylella fastidiosa"I18,-8"5)"

-+2419,816""=/2856"3,B6"#Y'$&\#!$&e%6"

K)+)82F,B<"_6<"7BN2+28<"m6<"28*"]H-M1B<"D6"%OO\6":5+H;5H+1"28*"CH8;5,)8")C"L)/D'"LM1"I2;51+,2/"1U,5"*H;5""C)+"4+)51,8B"28*"

*+H-B6".88H6"(196"E,);M106"W&'\hW!\#Y6"

K)92;M<"@676<"7/R1+<"=6]6<"],//B<"36:6<"()I1+5B)8<"a6"L6<"V2++,B<"@6.6<"())4<"(6"@6"28*"=151+B)8<"K6@6"$YYe6"V)H+"81N"

*1+,925,91B")C"5M1"I+)2*!M)B5"+28-1";/)8,8-"91;5)+"4EE($@D:<";2++>,8-"*,CC1+185"285,I,)5,;"+1B,B528;1";2BB1551B6"a181"

$hh'$We!$Wh6"

m128*15<"=6<"3)H,//15!E+1H,/<".!D6<"E1BB,B<"(6<"31I)+*<":6<":I2-M,<"@6<"28*".*+,28<"@6"%OO%6"=M>5)2/1U,8B""C+)0"5M1"9,52;121"'"

I,)B>85M1B,B<"4M>5)2/1U,8"-181"1U4+1BB,)8",8"5+28B-18,;"4/285B<"285,CH8-2/"2;5,9,5><"28*"0152I)/,B06"m6".-+,;6"V))*"

DM106<"eO'"%W&$!%W\$6"
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K)+)82F,B<"_6<":M2+CC<".6<"K)+)82F,B<"76<"dH,B,<"E6<"28*"]H-M1B<"D6"%OOO6""D+>B52/"B5+H;5H+1")C"5M1"I2;51+,2/"010I+281"4+)51,8"

L)dD";185+2/"5)"0H/5,*+H-"1CC/HU"28*"4+)51,8"1U4)+56""J25H+1"\Oe'"Y$\!Y$Y6"

d2//><"76"L6<"],//<"(6"E6<"K,1I2<"d6"(6"28*"K)+B5)CC6<"m6"$YYY6"LM1",851+2;5,)8"I15N118"(Lo"5)U,8B"28*"52+-15";1//B6"L+18*B"

@,;+)I,)/6"W'&eh!&h$6"
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Vitis vinifera"-+2419,81B6"@)/1;6=/285!@,;+)I1"T851+2;56"%O'\O&!\$O6"

:;M,29)<"a6v"928"*1+"a))5<"V6a6""%OO$6""LM1"I2;51+,2/"5)U,8"5))/F,56""J25H+1"(19,1NB"@)/1;6"D1//"E,)/6"W'e&O!e&W6"
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0H/5,*+H-"1CC/HU'"V+)0"B51+1);M10,;2/";1+52,8,5>"5)"01;M28,B5,;"M>4)5M1B,B6"7H+6"m6"E,);M106"%h#'eO$$!eO%h6"
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xaxAB"-181B"18;)*,8-"2"81N"24)45)5,;"5)U,8"C+)0"5M1",8B1;5"425M)-18"Xenorhabdus nematophila"2+1"4+1B185",8"4/285"28*"

MH028"425M)-18B6""m)H+82/")C"E,)/)-,;2/"DM10,B5+>"%#%'YeW$!Ye#O6"
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S1,8+2H;M<"u"28*"q>;M/,8BF><"q6""LM1",8*H;5,)8")C"24)45)B,B"I>"I2;51+,2/"425M)-18B6"".88H2/6"(196"@,;+)I,)/6"e&'$ee!$#W6"
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FUNDING AGENCIES 
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