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EFFECTS OF GRAPE XYLEM SAP AND CELL WALL CONSTITUENTS ON IN VITRO GROWTH AND 

CELL WALL DEGRADING GENE EXPRESSION OF XYLELLA FASTIDIOSA 
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ABSTRACT 

=H+,C,1*";1//!N2//";)8B5,5H185B")+"-+241"U>/10"B24"2**1*"5)"01*,2"2CC1;51*"Xylella fastidiosa (Xf) in vitro"-+)N5M<"I,)C,/0"

C)+025,)8<";1//"2--+1-25,)8"28*"-181"1U4+1BB,)86""@1*,2";)852,8,8-"U>/10"B24"C+)0"=,1+;1^B"*,B12B1"P=3Q!BHB;145,I/1"4/285B"

4+)9,*1*"I1551+"BH44)+5"C)+"I2;51+,2/"-+)N5M"28*"I,)C,/0"C)+025,)8"5M28"01*,2"BH44/101851*"N,5M"U>/10"B24"C+)0"=3!

+1B,B5285"4/285B6""DH/5H+,8-"Xf )8"01*,2";)852,8,8-"92+,)HB"4H+,C,1*";1//!N2//";)8B5,5H185B"*10)8B5+251*"5M25"D@!;1//H/)B1<"

U>/28<"!!3!-/H;28<"F!;2++2-11828<";1//)!)/,-)B2;;M2+,*1"28*"/20,82+,8"4+)0)51*"I2;51+,2/"-+)N5M"NM1+12B"/,;M1828"B5+)8-/>"

BH44+1BB1*"-+)N5M6""])N191+<")8/>"/20,82+,8<"U>/28<"28*"F!;2++2-11828"4+)0)51*"I,)C,/0"C)+025,)8"in vitro6"d,;M1828<"

)/,-)B2;;M2+,*1<"F!;2++2-11828<"/20,82+,8<"U>/28"28*"!!3!-/H;28"2//"B,-8,C,;285/>"*1;+12B1*"I2;51+,2/";1//"2--+1-25,)8",8"

9,5+)6""tH285,525,91"+12/!5,01"=D("2BB2>B"+1912/1*"5M25"1U4+1BB,)8")C"-181B"18;)*,8-"1U5+2;1//H/2+"18*)-/H;282B1<"18*)!$<\!

I152!-/H;282B1<"28*"41+,4/2B0"4+)512B1"N1+1"*,CC1+185,2//>"+1-H/251*",8"+1B4)8B1"5)"2018*0185")C"01*,2"N,5M"U>/10"B24"C+)0"

=3!+1B,B5285"28*"=3!BHB;145,I/1"-+2419,81B6""LM,B"B5H*>",8*,;251B"5M25";)04)B,5,)8")C"U>/10"B24"28*";1//"N2//B"02>",8C/H18;1"

5M1",851+2;5,)8")C"Xf"N,5M"-+241"M)B5B"in planta 28*"02>"2;;)H85"C)+"*,CC1+18;1B",8"425M)-181B,B")C"Xf )8"=3!+1B,B5285"28*"n

BHB;145,I/1"-+2419,81B6"

"

INTRODUCTION"
Xylella fastidiosa"PXfQ",B"2"a+20"81-25,91<"U>/10!/,0,51*"I2;51+,H0";2HB,8-"=,1+;1^B"*,B12B1"P=3Q")C"-+2419,81"P$Q6""Xf",B"

5+28B0,551*"I>"U>/10!C11*,8-",8B1;5B<",8;/H*,8-"5M1"4)/>4M2-)HB"28*",892B,91"-/2BB>!N,8-1*"BM2+4BM))51+<"Homalodisca 

vitripennis"Pa1+02+Q"P%Q6""])N191+<"5M1"01;M28,B0B")C"Xf 425M)-18,;,5>",8"M)B5"4/285B"2+1"8)5"CH//>"H8*1+B5))*6""LM1"

;H++185/>"2;;1451*"1U4/2825,)8"C)+"*191/)40185")C"=3",8"-+2419,81",B"N251+"B5+1BB"+1BH/5,8-"C+)0");;/HB,)8")C"U>/10"91BB1/B"

I>"I2;51+,2/"I,)C,/0"28*k)+"2;;H0H/25,)8")C"1U5+2;1//H/2+"4)/>B2;;M2+,*1B"28*"BHIB1XH185"I/);F2-1")C"U>/10"91BB1/B"N,5M"

41;5,8B<"5>/)B1B"28*"-H0B"4+)*H;1*"I>"5M1"4/285"M)B5",8"+1B4)8B1"5)"Xf",8C1;5,)8"P%Q6""LM1+1"2/B)",B"2"CH8;5,)82/"+1/25,)8BM,4"

I15N118"U>/10";M10,B5+>"28*"Xf 4/28F5)8,;"-+)N5M<"2--+1-25,)8"28*"I,)C,/0"C)+025,)8"N,5M,8"Vitis"-1+04/2B0"P&<"\Q6""S1"

M>4)5M1B,R1"5M25";1//"N2//"*1-+2*25,)8"4+)*H;5B"02>"2CC1;5"Xf";1//"-+)N5M<"2--+1-25,)8<"I,)C,/0"C)+025,)8<"28*"0)910185"

N,5M,8"U>/10"91BB1/B"1,5M1+"*,+1;5/>"2B"2"B)H+;1")C"8H5+,185B"28*k)+",8*,+1;5/>"I>",8*H;5,)8")+"+14+1BB,)8")C"Xf"-181B6""

"

OBJECTIVES 

$6 3151+0,81"5M1";)042+25,91"1CC1;5B")C"U>/10"B24"C+)0"=3!+1B,B5285"28*"=3!BHB;145,I/1"-+241B")8"-+)N5M<"I,)C,/0"

C)+025,)8<"28*";1//"2--+1-25,)8"in vitrov"

%6 3151+0,81"5M1"1CC1;5B")C"2"92+,15>")C";1//!N2//";)8B5,5H185B")8"Xf"-+)N5M<"I,)C,/0"C)+025,)8<"28*";1//"2--+1-25,)8"in vitrov"

28*"

&6 .82/>R1"5M1"1CC1;5B")C"U>/10"B24B"C+)0"=3!+1B,B5285"28*"=3!BHB;145,I/1"-+241B"4+1!,8);H/251*"N,5M")+"N,5M)H5"Xf")8"5M1"

;1//!N2//"*1-+2*,8-"18R>01!+1/251*"-181"1U4+1BB,)8 in vitro6"

"

RESULTS  

Effects of xylem sap from PD-resistant and PD-susceptible grapevines and other cell-wall constituents on bacterial 

planktonic growth:".C51+")81"*2>")C";H/5H+1",8"/,XH,*"=S"P!E:.Q"01*,H0"2018*1*"N,5M"$o"=S"01*/H0"P0,8HB"E:.Q"n

;)852,8,8-"U>/10"B24"C+)0"=3!+1B,B5285")+"!BHB;145,I/1"4/285B<"8)"B,-8,C,;285"*,CC1+18;1B"PpiO6\#W&Q",8"Xf"-+)N5M"N2B"

)IB1+91*6""])N191+<"2C51+"5M+11")+"B1918"*2>B<"-+)N5M")C"Xf",8"/,XH,*"=S"P!E:.Q"01*,H0"2018*1*"N,5M"U>/10"B24"C+)0"=3!

BHB;145,I/1"4/285B"N2B"B,-8,C,;285/>"-+1251+"5M28"-+)N5M",8"5M1"B201"01*,H0"2018*1*"N,5M"U>/10"B24"C+)0"=3!+1B,B5285"

4/285B"PpiO6O%#%"28*"piO6O$WW<"+1B41;5,91/>Q"PFigure 1AQ6""T8;/HB,)8")C"E:.",8"5M1"-+)N5M"01*,H0"25"M2/C"5M1"8)+02/"

;)8;185+25,)8"P$k%o"E:.Q"+1BH/51*",8"0)+1"+24,*"-+)N5M")C"Xf"PFigure 1BQ"5M28",8"=S"P!E:.Q"01*,H0"PFigure 1AQ6""

J)815M1/1BB<"Xf"-+)N5M"2C51+"5M+11"*2>B"N2B"B,-8,C,;285/>"-+1251+"PpiO6OOW$Q"NM18";H/5H+1*",8"=S"P$k%o"E:.Q"01*,H0""

2018*1*"N,5M"U>/10"B24"C+)0"BHB;145,I/1"4/285B"+1/25,91"5)"-+)N5M",8"5M1"B201"01*,H0""2018*1*"N,5M"U>/10"B24"C+)0"=3!

+1B,B5285"4/285B"PFigure 1BQ6""L)";)8C,+0"5M,B"+1BH/5<"Xf";1//B"-+)N8",8"/,XH,*"=S"P!E:.Q"01*,H0"2018*1*"N,5M"U>/10"B24"
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C)+"B1918"*2>B"N1+1"4/251*")85)";)04/151"B)/,*"=S"01*,H0"PFigure 1CQ6""LM1"8H0I1+")C"9,2I/1";1//B"+1;)91+1*"C+)0"-+)N5M"

01*,H0"2018*1*"N,5M"U>/10"B24"C+)0"=3!BHB;145,I/1"4/285B"291+2-1*"%6%\!C)/*"0)+1"5M28"5M1"8H0I1+")C"9,2I/1";1//B"

+1;)91+1*"C+)0"01*,H0"BH44/101851*"N,5M"U>/10"B24"C+)0"=3!+1B,B5285"4/285B"P8H0I1+")C"Xf";)/)8,1B'"\&$�W"C)+"U>/10"B24"

C+)0"=3!BHB;145,I/1"4/285B"91+BHB"$Y%�#Y"C)+"U>/10"B24"C+)0"=3!+1B,B5285"4/285B<"N,5M"8"g"&<"p"i"O6O$Q6""T8"2**,5,)8<"N1"

*151+0,81*"5M1"1CC1;5B")C";1//!N2//";)04)8185B")8"Xf"-+)N5M6""@)B5";1//!N2//";)04)8185B"M2*"4)B,5,91"1CC1;5B")8"I2;51+,2/"

-+)N5M"in vitro<"20)8-"5M1B1<";1//H/)B1"M2*"5M1"0)B5"4+)0)5,8-"1CC1;5"C)+"2//"5,01"4),85B"1U20,81*"P4iO6OOO$"25"32>"$<"

4iO6OOO$"25"32>"&"28*"4iO6OO$\"25"32>"WQ<"C)//)N1*"I>"/20,82+,8"P4iO6OeeO"25"32>"$<"4iO6O$$$"25"32>"&"28*"4iO6OO$\"25"

32>"WQ<"U>/28"P4iO6$$h&"25"32>"$<"4iO6O%%#"25"32>"&"28*"4iO6O$#%"25"32>"WQ<"-/H;28"P4iO6#ehY"25"32>"$<"4iO6O$%h"25"32>"&"

28*"4iO6O%\\"25"32>"WQ<"28*";2++2-1++28"P4iO6O\Wh"25"32>"$<"4iO6OOOY"25"32>"&"28*"4iO6Y\Yh"25"32>"WQv")/,-)B2;;M2+,*1B"

4+)0)51*"Xf"-+)N5M")8/>"25")81"*2>"P4iO6O$%O"25"32>"$<"4iO6#O&O"25"32>"&"28*"4iO6$h&h"25"32>"WQ6""T8";)85+2B5<"/,;M1828"

,8M,I,51*"I2;51+,2/"-+)N5M")8"5M1"5M,+*"28*"B19185M"*2>B"P4iO6%$%h"25"32>"$<"4iO6OOO\"25"32>"&"28*"4iO6OOO$"25"32>"WQ")C"

;H/5H+1"PFigure 1DQ6"

 

Effects of in vitro growth medium amendment with xylem sap from resistant or susceptible grapevines and cell wall 

components on bacterial biofilm formation and aggregation:"".B"BM)N8",8"Figure 2A<"U>/10"B24"C+)0"=3!BHB;145,I/1"

-+2419,81"B,-8,C,;285/>",8;+12B1*"Xf"I,)C,/0"C)+025,)8"in vitro"P$6eW"5,01B"M,-M1+"5M28",8"H82018*1*";)85+)/<"4iO6O$h%v"$6hO"

5,01B"M,-M1+"5M28"+1B,B5285"U>/10"B24<"4iO6OO#%Q6""T8";)85+2B5<"U>/10"B24"C+)0"I)5M"=3!BHB;145,I/1"28*"!+1B,B5285"-+2419,81B"

B,-8,C,;285/>"*1;+12B1*"Xf";1//H/2+"2--+1-25,)8"in vitro"I>"C2;5)+B")C"&6%#"P4iO6OOW\Q"28*"%6%O"P4iO6O&&&Q"5,01B"/)N1+"5M28"

5M1"H82018*1*";)85+)/"PFigure 2BQ6""d20,82+,8"28*"F!;2++2-11828"B,-8,C,;285/>"18M28;1*"Xf I,)C,/0"C)+025,)8"P%6\#"C)/*"

-+1251+"5M28";)85+)/<"4iO6OOOh"C)+"/20,82+,8v"$6eY"C)/*"-+1251+"5M28"H82018*1*";)85+)/<"4iO6OOee"C)+"F!;2++2-11828Q6""

d20,82+,8"28*"F!;2++2-11828"2/B)"B,-8,C,;285/>"*1;+12B1*"Xf";1//H/2+"2--+1-25,)8"e6%e!"C)/*"P4iO6O&YWQ"28*"\6%"C)/*"

P4iO6O$W#Q<"+1B41;5,91/><";)042+1*"5)"5M25",8"H82018*1*";)85+)/"01*,H0"PFigure 2BQ6""d,;M1828"28*";1//)!)/,-)B2;;M2+,*1"

*1;+12B1*"5M1"Xf";1//H/2+"2--+1-25,)8"91+>"B,-8,C,;285/>"P&6OO"C)/*"/1BB"5M28";)85+)/<"4iO6OOYOQ"28*"B,-8,C,;285"P\6hW"C)/*"/1BB"

5M28"H82018*1*";)85+)/<"4iO6O$&WQ"/191/B<"+1B41;5,91/><"IH5"*,*"8)5"2CC1;5"Xf"I,)C,/0"C)+025,)8"PFigures 2A and 2BQ6""T8"

;)85+2B5<"Xf"I,)C,/0"C)+025,)8"28*";1//H/2+"2--+1-25,)8"N1+1"8)5"B,-8,C,;285/>"*,CC1+185",8"01*,H0"BH44/101851*"N,5M"U>/28"

28*"!!3!-/H;28"C+)0"5M25",8"H82018*1*"01*,H0";)85+)/B6"

"

Effects of xylem sap from resistant and susceptible grapevines on bacterial cell-wall degrading-related gene expression:"

7U4+1BB,)8")C"18*)!$<\!!!-/H;282B1"-181"N2B"B,-8,C,;285/>",8;+12B1*"P%6#&"C)/*"-+1251+<"4iO6OeQ",8"=S"01*,H0""2018*1*"

N,5M"4/285"U>/10"B24"C+)0"=3!+1B,B5285"-+2419,81"4+1!,8C1;51*"N,5M"Xf<"IH5",8;+12B1*")8/>"B/,-M5/>",8"01*,H0""2018*1*"N,5M"

BHB;145,I/1"4/285"U>/10"B24"C+)0"=3!"BHB;145,I/1"-+2419,81"4+1!,8C1;51*"N,5M"Xf"PFigure 3AQ6""LM1"Xf"41+,4/2B0"4+)512B1"

-181"N2B"B,-8,C,;285/>"*)N8!+1-H/251*"P$6hW"C)/*"/1BB<"4iO6O$Q",8"01*,H0"2018*1*"N,5M"U>/10"B24"C+)0"=3!+1B,B5285"

-+2419,81B"4+1!,8C1;51*"N,5M"Xf6""T8";)85+2B5<"5M1"41+,4/2B0"4+)512B1"-181"1U4+1BB,)8"N2B"B,-8,C,;285/>"H4!+1-H/251*"P%6%$"C)/*"

-+1251+<"4iO6O$Q",8"01*,H0"2018*1*"N,5M"U>/10"B24"C+)0"=3!BHB;145,I/1"-+2419,81B"4+1!,8C1;51*"N,5M"Xf PFigure 3BQ6"

"

Total protein content and composition changes in PD-resistant and PD-susceptible grape plant xylem sap in response to Xf 

infection:"".B"BM)N8",8"Figure 4<"5M1"02[)+,5>")C"Xf!,8*H;1*"M)B5"4+)51,8B",8"=3!+1B,B5285"4/285B"2+1")C"/)N"0)/1;H/2+"N1,-M5"

P$e"n"&e"K*Q"N,5M"M,-M"4T"92/H1B"P4T"W"n"$OQ<"2/5M)H-M"2"B02//"-+)H4")C"4+)51,8B"N,5M"/)N1+"4T"92/H1B"P4T"&6e"!"\Q"N1+1"2/B)"

,8*H;1*"PFigures 4A and 4BQ6""T8";)85+2B5<")8/>"2"C1N"M)B5"4+)51,8B"N,5M"5M1"B,0,/2+"+28-1")C"0)/1;H/2+"N1,-M5B"28*"4T"

92/H1B"N1+1",8*H;1*"I>"Xf ,8"=3!"BHB;145,I/1"4/285B"PFigures 4C and 4DQ6"":)01"Xf!,8*H;1*"U>/10"B24"4+)51,8B"N1+1"

-18)5>41"B41;,C,;<"NM1+12B")5M1+B"N1+1"B41;,C,;"5)"Xf",8C1;5,)86""

"

DISCUSSION 

Genetic differentiation of xylem sap from PD-resistant and PD-susceptible grapevines 

],-M/>"=3!+1B,B5285"28*"!BHB;145,I/1"Vitis^"B41;,1B"N1+1"HB1*",8"5M,B"B5H*>6""3,CC1+185,2/"M)B5"+1B4)8B1B"5)"Xf ,8C1;5,)8"

I15N118"5M1"5N)"/,81B"2+1";)85+)//1*"I>"2"B,8-/1"02[)+"/);HB"P5M1"*)0,8285"+1B,B528;1"2//1/1",B"PdR1Q"PWQ6""])B5"4/285"+1B4)8B1"

5)"Xf",8C1;5,)8 *,CC1+B"I15N118"+1B,B5285"28*"BHB;145,I/1"-18)5>41B"25"I)5M"0)/1;H/2+"28*"4M>B,)/)-,;2/"/191/B"28*"2/B)"92+,1B"

N,5M"4/285")+-28<"2B"B510"28*"/12C"5,BBH1B")C"5M1"B201"4/285"+1B4)8*"*,CC1+185/>"Pe<$OQ6""a,918"5M25"Xf",B"/,0,51*"5)"U>/10"

91BB1/B<"N1"M>4)5M1B,R1*"5M25"U>/10";1//"N2//"4+)41+5,1B"28*";M10,;2/";)04)B,5,)8")C"U>/10"C/H,*"02>"B,-8,C,;285/>"2CC1;5"Xf"

425M)-181B,B6""./5M)H-M"5M1"I,);M10,;2/"4+)41+5,1B")C"U>/10"B24"C+)0"5M1B1"5N)"-+2419,81B"M291"8)5"I118"*151+0,81*",8"

*152,/<")H+"I,)2BB2>"28*"4+)51,8"282/>B,B",8*,;251*"5M25"U>/10"B24"C+)0"=3!+1B,B5285"28*"=3!BHB;145,I/1"-+2419,81B"*,CC1+1*"

,8"4+)51,8";)04)B,5,)8<"1B41;,2//>"C)//)N,8-"Xf",8C1;5,)8"PFigure 4Q6""

"

Roles of cell-wall constituents in bacterial growth, biofilm formation and cellular aggregation of Xf 

S,5M,8"U>/10<"Xf ,B";)8C,81*"5)"2"4))+"8H5+,5,91"189,+)80185"P#<"YQ6""A4)8"*1-+2*25,)8")C"U>/10";1//!N2//B<"U>/10"C/H,*",8"

=3!+1B,B5285"28*"!BHB;145,I/1"-+2419,81B"/,F1/>"*,CC1+"I)5M"XH2/,525,91/>"28*"XH285,525,91/>"N,5M"+1B41;5"5)"5M1";M10,;2/"

;)04)B,5,)8")C";1//"N2//"*1-+2*25,)8"4+)*H;5B6""ZH+"+1BH/5B"BH--1B5"5M25"*,CC1+185";1//!N2//";)8B5,5H185B"M291"*,CC1+185"1CC1;5B"

)8"-+)N5M<"I,)C,/0"C)+025,)8"28*";1//H/2+"2--+1-25,)8")C"Xf"25"/12B5"in vitro PFigures 1 and 2Q6"":191+2/";1//!N2//";)8B5,5H185B"

P;1//H/)B1<"U>/28<"-/H;28<"/20,82+,8<";2++2-1++28"28*")/,-)B2;;M2+,*1BQ"18M28;1*"Xf"-+)N5M"in vitro6"":)01";1//!N2//"

;)8B5,5H185B"P/20,82+,8<"F!;2++2-11828<";1//H/)B1<"/,;M1828"28*")/,-)B2;;M2+,*1BQ",8M,I,51*"Xf";1//H/2+"2--+1-25,)86""Z8/>"

/20,82+,8"28*"F!;2++2-11828"B,-8,C,;285/>"18M28;1*"I,)C,/0"C)+025,)8<"28*")8/>";1//H/)B1"B,-8,C,;285/>"18M28;1*";1//H/2+"
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/,XH,*"=S"01*,H0"N,5M"U>/10"B24"C+)0"

=3!+1B,B5285"PY#%$!hWQ"28*"=3!
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C)+025,)8"P.Q")+";1//"2--+1-25,)8"PEQ6""

.B51+,BF"P�Q",8*,;251B".JZ_.!51B5"

+1BH/5B")C"B,-8,C,;28;1"25"="i"O6Oev"

*)HI/1"2B51+,BF"P��Q",8*,;251B"

B,-8,C,;28;1"25"="i"O6O$6"
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*)HI/1"2B51+,BF"P��Q",8*,;251B"B,-8,C,;28;1"25"="i"O6O$6"".6 Xf
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*2>B",8"/,XH,*"=S"P$k$O"o"E:.Q"2018*1*"N,5M"U>/10"B24"

C+)0"=3!+1B,B5285")+"=3!BHB;145,I/1"4/285B6""36"7CC1;5B")C"
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28*"92+,25,)8")C"02[)+"9,B,I/1"4+)51,8"B4)5B"
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