
!"YW"!" "

DIFFERENTIAL EXPRESSION OF GENES OF XYLELLA FASTIDIOSA 

IN XYLEM FLUID OF CITRUS AND GRAPES 
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ABSTRACT 

A8*1+B528*,8-"+1-H/25)+>"425MN2>B";)85+)//,8-"0,;+)I,2/"425M)-181B,B";28"/12*"5)"2"I1551+"H8*1+B528*,8-")C"9,+H/18;1"C2;5)+B"

2B"4)5185,2/"52+-15B"C)+"*,B12B1";)85+)/"B5+251-,1B6""=+1/,0,82+>"+1B12+;M"M2B"BM)N8"5M25";,5+HB",B"5)/1+285")+"+1B,B5285"5)"=,1+;1^B"

*,B12B1"P=3Q"B5+2,8B")C"Xylella fastidiosa"PXfQ"IH5"02>"B1+91"2B"2"+1B1+9),+"C)+"5M1"I2;51+,H06""D)001+;,2/";,5+HB"P/10)8<"

)+28-1"28*"-+241C+H,5Q")+;M2+*B",8"4+)U,0,5>"5)"9,81>2+*B",8"L101;H/2"_2//1>"N1+1"B1/1;51*"5)"*151+0,81"5M1"1CC1;5")C"U>/10"

C/H,*")8"Xf6""DH++185"+1BH/5B"+1912/1*"5M25"4H+1"U>/10"C/H,*")C"-+241C+H,5<")+28-1<"28*"/10)8";2HB1*"5M1"I2;51+,2/";1//B"5)"C)+0"

2--+1-25,)8B")C"/2+-1"NM,5,BM";/H04B<"NM1+12B"5M1"U>/10"C/H,*")C"-+241";2HB1*"5M10"5)"C)+0"2"9,B,I/1"5M,;F"I,)C,/06"

@2;+)2++2>"282/>B,B"N2B";)8*H;51*"N,5M"$$$"-181B<"4+1*,;51*"I>"5M1"Xf"-18)01"B1XH18;1"5)"M291"+)/1B",8"9,+H/18;1<"2B"N1//"

2B"8H;/1,;"2;,*"28*"4+)51,8"0152I)/,B0<";1//H/2+"5+28B4)+5"28*"B5+1BB"5)/1+28;16""LM1+1"N1+1"%#"-181B"N,5M"-+1251+"1U4+1BB,)8"

,8"U>/10"C/H,*")C"-+241<"9B6"5M25")C";,5+HB6""LM1"9,+H/18;1"+1-H/25)+"xrvA<"5+28B;+,45,)82/"+1-H/25)+B"algU, agmR, gcvR<"5N)!

;)04)8185"+1-H/25)+B"gacA 28* colS<"28*"4)B55+28B;+,45,)82/"+1-H/25)+ hsq<"N1+1"1U4+1BB1*"25"M,-M1+"/191/B",8"-+241"U>/10"

C/H,*6""Z5M1+"-181B"5M25"N1+1")91+"1U4+1BB1*",8"-+241"U>/10",8;/H*1* hsf<"xadA<"fimT, pilI, pilT, pilU,28* pilY1<"+1/251*"5)"

2552;M0185<"I,)C,/0"C)+025,)8<"28*"5N,5;M,8-"0)5,/,5>")C Xf"N,5M,8"U>/106""LM1"*252",8*,;251*"5M25"-+241"U>/10"C/H,*"

B5,0H/251B"5M1"1U4+1BB,)8")C"9,+H/18;1"-181B<"/,F1/>";)85+,IH5,8-"5)"=3",8"-+2419,816""Xf"02>"HB1"-181"+1-H/25)+>"01;M28,B0B"

5)"+1B4)8*"5)";M28-,8-"189,+)80185B",8"5M1"U>/10")C"4/285B<"28*"M)B5"+28-1"02>",8"42+5"I1"*151+0,81*"I>"*,CC1+185,2/"

+1-H/25,)8")C"9,+H/18;1"-181B",8"*,CC1+185"M)B5"U>/10";)8*,5,)8B6"

 

INTRODUCTION 

Xylella fastidiosa PXfQ",B"02,8/>"91;5)+1*"I>"5M1"-/2BB>!N,8-1*"BM2+4BM))51+"PaS::Q",8"B)H5M1+8"D2/,C)+8,2"P(2[H"15"2/<"

$Y#&v":)+18B18"28*"a,//<"$YYhQ6""=+19,)HB"B5H*,1B",8"D2/,C)+8,2"M291",*185,C,1*"Y\"4/285"B41;,1B",8"0)+1"5M28"%#"4/285"C20,/,1B"

2B"M)B5B")C"Xf PD)B52"15"2/6<"%OO\Q6""@)B5")C"5M10"2+1"B>045)0/1BB"IH5"02>"B1+91"2B",8);H/H0"B)H+;1B"C)+"91;5)+"2;XH,B,5,)8"

)C"Xf6"":5H*,1B",8"5M1"L101;H/2"_2//1>"BM)N1*"5M25"5M1"4+)U,0,5>")C";,5+HB"-+)91B"5)"9,81>2+*B",8C/H18;1*"5M1",8;,*18;1"28*"

B191+,5>")C"=,1+;1^B"*,B12B1"P=3Q",8"-+2419,81"P=1++,8-"15"2/6<"%OO$Q6""=3",8C1;5,)8",B"0)B5"B191+1"NM18"5M1"-+2419,81B"2+1"

2*[2;185"5)";,5+HB<"28*"5M1"*202-1"*1;/,81B"2B")81"0)91B"2N2>"C+)0";,5+HB6""./5M)H-M"5M1"aS::"C11*B")8"28*"0)91B"I2;F"

28*"C)+5M"I15N118";,5+HB"28*"-+241"4/285B<"5M1+1",B"8)"Xf!;2HB1*"*,B12B1"B>045)0",8";,5+HB",8"5M1"2+126""LM,B",04/,1B"5M25";,5+HB"

4/285B"2+1"+1B,B5285")+"5)/1+285"5)"Xf"IH5"02>"I1"2"+1B1+9),+<"M2+I)+,8-"5M1"425M)-18"C)+"aS::"2;XH,B,5,)8"NM,/1"-+241"4/285B"

2+1"BHB;145,I/1"PE,"15"2/6<"%OOWIQ6""L+28B0,BB,)8")C"=3"I>"/12CM)441+B"C+)0";,5+HB"5)"-+2419,81B"M2B",8*11*"I118"*);H01851*"

P])4F,8B"15"2/6<"$YW#Q6""d,55/1",B"F8)N8"2I)H5"5M1"I,);M10,;2/"01;M28,B0B",89)/91*",8"M)B5"4/285"+1B,B528;1kBHB;145,I,/,5>"5)"

Xf",8"5M,B";,5+HB"28*"-+241"B>B5106""

"

T5"N2B"+1;185/>"+14)+51*"5M25";1+52,8"20,8)"2;,*B"2+1"1BB185,2/"C)+"Xf"-+)N5M<"28*"5M25"-/H;)B1"B5,0H/251B"-+)N5M<"NM,/1"

C+H;5)B1"28*"BH;+)B1"M291"28",8M,I,5)+>"1CC1;5"Pd1,51"15"2/6<"%OO\Q6""ZH+"4+1/,0,82+>"*252",8*,;251*"5M25"5M1+1"N1+1"/2+-1"

*,CC1+18;1B",8"U>/10"C/H,*"20,8)"2;,*"28*"BH-2+";)85185B"I15N118"-+241B"28*";,5+HB";H++185/>"-+)N,8-",8"5M1"L101;H/2"_2//1>"

PE,"15"2/6<"%OOW2Q6""o>/10"C/H,*")C";,5+HB"B,-8,C,;285/>",8M,I,5B"I,)C,/0"C)+025,)8"I>"=3"B5+2,8B")C"Xf";)042+1*"5)"U>/10"C/H,*"

)C"-+241"PE,"15"2/6<"%OOWIQ6""])N191+<"5M1"U>/10"C/H,*";M10,;2/";)04)8185B",8";,5+HB"28*"-+241<"28*"5M1,+"+)/1",8"Xf"-181"

1U4+1BB,)8"28*"M)B5"4/285"+1B,B528;1"28*"BHB;145,I,/,5>"5)"Xf< 2+1"8)5"N1//"F8)N86""VH+5M1+"+1B12+;M",B"811*1*"5)"*151+0,81"5M1"

1CC1;5")C"M)B5"4/285"U>/10"C/H,*")8"1U4+1BB,)8")C"Xf"9,+H/18;1"C2;5)+B"28*"5)"1/H;,*251"5M1"01;M28,B0B"5M25"2+1",89)/91*6""])B5"

4/285"+1B,B528;1"M2B"I118"+1;)-8,R1*"2B"5M1"0)B5";)B5"1CC1;5,91"28*"189,+)801852//>"B2C1"015M)*"C)+";)85+)//,8-"028>"02[)+"

0,;+)I,2/"425M)-18B")C"1;)8)0,;"4/285B6""A8*1+B528*,8-"5M1"I,);M10,;2/"01;M28,B0B",89)/91*"02>"/12*"5)"5M1"*191/)40185"

)C"+1B,B5285"92+,15,1B")+"285,!Xf";M10,;2/B"C)+"1U,B5,8-"-+2419,81B6"

 

OBJECTIVES 

$6 T891B5,-251"5M1"1CC1;5")C"M)B5"4/285"U>/10"C/H,*")8"Xf"2--+1-25,)8<"I,)C,/0"C)+025,)8<"28*"-181"1U4+1BB,)8 in vitro. 

%6 3151+0,81"5M1"+)/1")C"B41;,C,;";M10,;2/";)04)8185B",8";,5+HB"U>/10"C/H,*",8"Xf"+1B,B528;16"

"

RESULTS AND DISCUSSION"

Bacteria cell aggregation in xylem fluid. .--+1-25,)8"28*"2552;M0185")C"Xf N2B")IB1+91*"2C51+";H/5H+,8-"2"=3"B5+2,8",8"4H+1"

U>/10"C/H,*")C"-+241C+H,5<")+28-1<"/10)8<"28*"-+2416""LM1"I2;51+,2/";1//B"2--+1-251*"5)"C)+0"/2+-1";/H04B",8"-+241C+H,5<"

)+28-1<"28*"/10)8"C/H,*"PFigure 1Q6""LM,B"02>";2HB1"5M1"I2;51+,2"5)"+102,8",8")8/>"2"C1N"U>/10"91BB1/B"2C51+",85+)*H;5,)8"5)"
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5M1";,5+HB"I>"2"BM2+4BM))51+<"N,5M)H5"0H;M"0)I,/,5>"N,5M,8"5M1"U>/10")C";,5+HB6""T8";)85+2B5<"5M1"I2;51+,H0"C)+01*"/1BB"

2--+1-25,)8",8"-+241"C/H,*<";)8B,B5185"N,5M"5M1"F8)N8"2I,/,5>")C"=3"B5+2,8B"5)"0)91"12B,/>"N,5M,8"5M1"U>/10")C"-+2419,81B6"

 

Figure 1.  ."C+1BM"Xf"L101;H/2".Oe";H/5H+1"PD)B52"15"2/6<"%OO\Q"N2B",8);H/251*",85)"U>/10"C/H,*")C"-+241<"-+241C+H,5<")+28-1<"

28*"/10)8"25"Z3hOOgO6O%",8"I)+)B,/,;251"-/2BB";H/5H+1"5HI1B")8"2"+)52+>"BM2F1+"25"+))0"51041+25H+1"P2+)H8*"%\sDQ6".//"5HI1B"

N1+1";)91+1*"N,5M"2"I/2;F"I)U"5)"4+19185"5M1"U>/10"C/H,*"C+)0"/,-M5"*H+,8-"5M1"BM2F,8-";H/5H+16"=M)5)-+24MB"N1+1"52F18"2C51+"

$O!$%"N11FB6"LM1"+1*"2++)N",8*,;251B"5M1"2--+1-251*";1//B",8"U>/10"C/H,*6"

"

"

DNA macroarray analysis of gene expression in citrus and grape xylem fluid. 3J."02;+)2++2>"010I+281B"N1+1"

4+142+1*"N,5M"$$$"B1/1;51*"-181B"N,5M"4H525,91"+)/1B",8"9,+H/18;1<"2B"N1//"2B")5M1+B",89)/91*",8"8H;/1,;"2;,*"28*"4+)51,8"

0152I)/,B0<";1//H/2+"5+28B4)+5"28*"B5+1BB"5)/1+28;1<"I2B1*")8"5M1"-18)01"B1XH18;1B")C"Xf"Y2e;"P2"D_D"B5+2,8Q"P:,04B)8<"15"2/<"

%OOOQ"28* L101;H/2$"P2"=3"B5+2,8Q"P_28":/H>B<"15"2/6<"%OO&Q6""L)52/"(J.B"N1+1"1U5+2;51*"C+)0"Xf"L101;H/2$";H/5H+1*",8"5M1"

4H+1"U>/10"C/H,*")C"-+241C+H,5<")+28-1<"/10)8"28*"-+241"HB,8-"2"tH,2-18"(J.12B>"0,8,"F,5"PtH,2-1<"D.Q6""LM1"4H+,C,1*"

0(J."N2B"B142+251*"C+)0"5)52/"(J."HB,8-"28"0(J.!ZJduz"=+)F2+>)5,;"0(J."TB)/25,)8"K,5"2;;)+*,8-"5)"5M1"

028HC2;5H+1+^B"4+)5);)/"P74,;185+1<"STQ<"28*"HB1*"C)+"B>85M1B,R,8-";3J."4+)I1B"C)+"2++2>"M>I+,*,R25,)8"I>"+191+B1"

5+28B;+,45,)8"P(LQ6""3J."02;+)2++2>"8>/)8"010I+281B"N1+1"M>I+,*,R1*"N,5M"3Ta!/2I1/1*";3J."4+)I1B"C)//)N,8-"5M1"

028HC2;5H+1+",8B5+H;5,)8B"P();M1<"@)/1;H/2+"E,);M10,;2/<"T8*,2824)/,B<"TJQ6""LM1"B,-82/",8518B,5,1B")C"B4)5B")8"5M1"

010I+281B"N1+1"282/>R1*"HB,8-"5M1"tH285,5>")81{"B)C5N2+1"PE,)+2*Q6""LM,+5>"-181B"N1+1"*,CC1+185,2//>"1U4+1BB1*",8"-+241"

C/H,*";)042+1*"5)";,5+HB"C/H,*"PTable 1Q6"

"

Validation of macroarray data. :191+2/"4)5185,2/"9,+H/18;1!+1/251*"-181B"N1+1";M)B18"5)"92/,*251"5M1"*,CC1+185,2/"1U4+1BB,)8"

/191/B")C"-181B",8"U>/10"C/H,*")C"-+241"28*";,5+HB"HB,8-"(L!=D("PFigure 2Q6""+(J."N2B"*151;52I/1",8"2//"U>/10"C/H,*",8"5M,B"

(L!=D(";)8*,5,)86""J)"(J."N2B"*151;52I/1",8"2"N251+";)85+)/6""7U4+1BB,)8")C"5M1"-181B"xrvA, hsq, gacA, algU,"=3OOh%, 

pilI, pilU, PD0312, hsf, pcp, secG, hspA, clpP, msrA 28* tapB"(J."N2B",8;+12B1*",8"-+241"C/H,*<"28*"pglA"28*"=3O$\&"(J."

N1+1",8;+12B1*",8"-+241C+H,5<")+28-1"28*"/10)8"C/H,*B"PFigure 2Q6""a181B"4+1*,;51*"5)"I1",89)/91*",8"9,+H/18;1"+1-H/25,)8<"

BH;M"2B"5M1"9,+H/18;1"+1-H/25)+"xrvA<"5+28B;+,45,)82/"+1-H/25)+B"algU, agmR, gcvR<"5N)!;)04)8185"+1-H/25)+B"gacA 28* colS<"

28*"4)B55+28B;+,45,)82/"+1-H/25)+ hsq<"N1+1"1U4+1BB1*"25"M,-M1+"/191/B",8"-+241"C/H,*6""T8B,*1"5M1"4/285^B"U>/10<"Xf ,B"1U4)B1*"

5)"2"+28-1")C"92+,2I/1"B5+1BB"C2;5)+B<"BH;M"2B";M28-1B",8")B0)/2+,5><"292,/2I,/,5>")C"8H5+,185B<"28*"2-185B"-181+25,8-"+12;5,91"

)U>-18",851+01*,251B"P./91B"15"2/6<"%OO\Q6""L)"18BH+1"BH+9,92/<"Xf 02>"+1B4)8*"5)"5M1B1"B5+1BB"B,5H25,)8B"9,2"+1-H/25)+>"

01;M28,B0B",89)/9,8-"B41;,C,;"+1-H/25)+>"-181B6""LM1"+1-H/25)+>"-181B"algU"P:M,"15"2/<"%OOWQ"28*"gacA"PD))FB1><"%OOWQ"

N1+1"4+19,)HB/>"BM)N8"5)"M291"+)/1B",8"+1-H/25,8-"028>"4)5185,2/"9,+H/18;1"C2;5)+B",8"Xf.  ]CX<"28"2IH8*285"(J.!I,8*,8-"

4+)51,8<"02>",8*,+1;5/>"2CC1;5"I,)C,/0"C)+025,)8",8"Xf 5M+)H-M"2";)04/1U"hfqkrsmBkrsmA!01*,251*"B>B510"P:M,"15"2/<"%OOWQ6""

a181B",89)/91*",8"BH+C2;1"B5+H;5H+1B"28*"2552;M0185";)04)8185B<"BH;M"2B =3O&$%<"hsf, 28*"xadA<"N1+1"1U4+1BB1*"0)+1"

M,-M/>",8"-+241"C/H,*"5M28";,5+HB6"hsf P=3OW\\Q"M2B"2"M,-M"B,0,/2+,5>"5)"5M1"hsf 2*M1B,8"-181")C"Haemophilus influenza P:5"

a101"15"2/6<"$YYhQ<"28*"xadA 18;)*1B"2"4H525,91"2C,0I+,2/")H51+"010I+281"4+)51,8"2*M1B,)8"P:,04B)8"15"2/6<"%OOOQ6""LM1"

1U4+1BB,)8")C"hsf 28*"XadA N2B",8;+12B1*",8"-+241"C/H,*<"/,F1/>";)85+,IH5,8-"5)"28"18M28;1*"2I,/,5>"5)"2*M1+1"5)"U>/10";1//"

N2//B6""T5"N2B"+14)+51*"5M25"hsq"28*"hspA"N1+1"+1-H/251*"I>"algU"P:M,"15"2/<"%OOWQ"28*"xadA"28*"hsf N1+1"+1-H/251*"I>"gacA"

PD))FB1><"%OOWQ6""a181B",89)/91*",8"5M1"I,)-181B,B"28*"5N,5;M,8-"0)5,/,5>")C"5>41"T"4,/,"28*"5>41"T_"4,/,",8"Xf<"BH;M"2B"

=3OOh%, fimT, pilI, pilT, pilU, pilY1 P:,04B)8"15"2/6<"%OOOQ<"N1+1"BM)N8"5)"M291"M,-M1+"1U4+1BB,)8",8"-+241"C/H,*6""T5",B"

+14)+51*"5M25"5>41"T"4,/,"CH8;5,)8",8";1//!;1//"2--+1-25,)8"28*"I,)C,/0"C)+025,)8<"28*"5>41"T_"4,/,"2+1",89)/91*",8"5N,5;M,8-"

0)5,/,5>"N,5M,8"5M1"U>/10")C"M)B5"4/285B"P@18-"15"2/6<"%OOeQ6""LM1"1U4+1BB,)8")C"-181B"18;)*,8-"5>41"T"28*"5>41"T_"4,/,"N2B"

,8;+12B1*",8"-+241"C/H,*<"/,F1/>";)85+,IH5,8-"5)"28"18M28;1*"2I,/,5>"5)"2--+1-251<"C)+0"I,)C,/0<"28*"0)91"N,5M,8"5M1"U>/10<"

;)85+,IH5,8-"5)"=3"B>045)0B",8"-+2419,81B6"":,8;1"5M1"1U4+1BB,)8")C"secD"28*"secG"N2B",8;+12B1*",8"-+241"C/H,*<"5M1"

B1;+15,)8")C"4+)51,8B"I>"5M1"5>41"TT<"sec!*1418*185"B1;+15,)8"B>B510"02>"18M28;1"I2;51+,2/"BH+9,92/",8"-+2416""a181B",89)/91*"

,8"4M>B,)/)-,;2/"0152I)/,B0"H8*1+"B5+1BB<"BH;M"2B"M125"BM);F"4+)51,8"-181B"hspA 28* cplP, 28*"BH/C)U,*1"+1*H;52B1"-181"

msrA<";25,)8"5)/1+28;1"4+)51,8"cutA<"28*"M>4)5M15,;2/"4+)51,8"=3OOO#<"=3$W\$"28*"=3%O&$<"N1+1"2/B)"0)+1"M,-M/>"

1U4+1BB1*",8"-+241"C/H,*6""T8";)85+2B5<"5M1"4)/>-2/2;5H+)82B1"-181< pglA<"28*"M10)/>B,8<"M2*",8;+12B1*"1U4+1BB,)8",8";,5+HB"

C/H,*6""LM1"*252",8*,;251"5M25"5M1";M10,;2/";)04)H8*B")+"1/10185B",8"U>/10"C/H,*")C"*,CC1+185"4/285B"*,CC1+185,2//>"2CC1;5"5M1"

+1-H/25,)8")C"9,+H/18;1"28*"5M1"BH+9,92/")C"Xf"N,5M,8"U>/106""

"
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Table 1.  Differential expressed genes of Xf in grape fluid comparing to citrus fluid 

Gene ID
2
 NAME HYPOTHETICAL FUNCTION Grape/Citrus

I"<;
 P Value

*
 

Expression 

in Grape 

=3$YOe" xrvA _,+H/18;1"+1-H/25)+" $6#" $6%7!O&" ],-M1+"

=3%O\O" acvB _,+H/18;1"4+)51,8"" $6Y" &6\7!O&" ],-M1+"

=3OOhh" hsq (J.!I,8*,8-"4+)51,8" %6W" $6e7!O&" ],-M1+"

=3%Oh#" gacA LN)!;)04)8185"+1-H/25)+" $6#" &6O7!O\" ],-M1+"

=3$%Wh" algU L+28B;+,45,)82/"+1-H/25)+"" $6h" $6e7!O&" ],-M1+"

=3O%h#" agmR L+28B;+,45,)82/"+1-H/25)+"P/HU+kHM42"C20,/>Q"" $6Y" e6%7!O&" ],-M1+"

=3$W&#" gcvR L+28B;+,45,)82/"+1-H/25)+"" $6h" %6\7!O&" ],-M1+"

=3$Y%O" colS LN)!;)04)8185"B>B510<"B18B)+"4+)51,8"" $6h" $6\7!O&" ],-M1+"

=3OO$Y" fimL =+1!4,/,8"/,F1"/12*1+"B1XH18;1"" %6O" $6#7!O&" ],-M1+"

=3OOh%" !" V,0I+,2/"BHIH8,5"4+1;H+B)+" %6h" $6$7!O&" ],-M1+"

=3O#\h" pilI =,/HB"I,)-181B,B"4+)51,8"" $6#" \6e7!O&" ],-M1+"

=3$$\W" pilT LN,5;M,8-"0)5,/,5>"4+)51,8" $6h" &6%7!O&" ],-M1+"

=3$$\#" pilU LN,5;M,8-"0)5,/,5>"4+)51,8"" $6#" $6e7!O&" ],-M1+"

=3$h$$" pilY1 V,0I+,2/"2BB10I/>"4+)51,8"" %6&" %6$7!O\" ],-M1+"

=3O&$%" - ZH51+"010I+281"4+)51,8"4+1;H+B)+" %6e" $6%7!O&" ],-M1+"

=3OW&$" xadA ZH51+"010I+281"4+)51,8"" %6&" \6e7!O&" ],-M1+"

=3OW\\" hsf :H+C2;1"4+)51,8"" $6W" &6\7!O&" ],-M1+"

=3OWeW" pcp =145,*)-/>;28!2BB);,251*")H51+"010I+281"

/,4)4+)51,8"4+1;H+B)+""

$6h" $6W7!O&" ],-M1+"

=3O$#%" secD =+)51,8!1U4)+5"010I+281"4+)51,8"" %6$" $6\7!O&" ],-M1+"

=3O%\h" secG  =+)51,8!1U4)+5"010I+281"4+)51,8"" %6\" $6%7!O&" ],-M1+"

=3$%#O" hspA d)N"0)/1;H/2+"N1,-M5"M125"BM);F"4+)51,8"" %6&" $6#7!O&" ],-M1+"

=3O\W%" clpP .L=!*1418*185"D/4"4+)512B1"4+)51)/>5,;"BHIH8,5" $6h" $6$7!O&" ],-M1+"

=3O#eY" msrA =145,*1"015M,)8,81"BH/C)U,*1"+1*H;52B1"" $6h" %6$7!O&" ],-M1+"

=3$e&h" cutA =1+,4/2B0,;"*,92/185";25,)8"5)/1+28;1"4+)51,8"" $6#" $6h7!O&" ],-M1+"

=3$\We" ccmA ]101".ED"5+28B4)+51+".L=!I,8*,8-"4+)51,8"" $6#" \6$7!O&" ],-M1+"

=3%O&$" - ]>4)5M15,;2/"4+)51,8" %6e" $6%7!O&" ],-M1+"

=3OOO#" - ]>4)5M15,;2/"4+)51,8" $6#" $6%7!O&" ],-M1+"

=3$W\$" - ]>4)5M15,;2/"4+)51,8" %6O" $6W7!O\" ],-M1+"

=3$\#e" pglA =)/>-2/2;5H+)82B1"4+1;H+B)+"" !$6W" $6#7!O&" d)N1+"

=3O$\&" - ]10)/>B,8"TTT"4+)51,8" !$6h" $6W7!O&" d)N1+"
2a181B"N1+1"*151+0,81*")8"5M1"I2B,B")C"Xf L101;H/2$"-18)0,;"B1XH18;1B"25"5M1"JDET"N1IB,51"P:,04B)8"15"2/6"%OOOQ6""ILM1"

M>I+,*,R25,)8"B,-82/",8518B,5>"P0128")C"5M+11"M>I+,*,R25,)8"+14/,;251BQ")I52,81*"N,5M"-+241"N2B"*,9,*1*"I>"5M25")I52,81*"N,5M"

;,5+HB"5)")I52,8"-+241k;,5+HB"+25,)6";LM1"8)+02/,R1*"M>I+,*,R25,)8"B,-82/B"C)+"5M)B1"-181B"I15N118"-+241"28*";,5+HB"2+1"

B,-8,C,;285/>"*,CC1+185"2B"282/>R1*"I>":5H*185^B"t 51B5"PP"i"O6OeQ6""*a181B"M29,8-"|$6e")+"iO6hh"C,82/"-+241k;,5+HB"+25,)B"N1+1"

*1B,-8251*"2B"M29,8-"M,-M1+")+"/)N1+"1U4+1BB,)8",8"-+241<"+1B41;5,91/>6"

"
"

Figure 26""(191+B1"5+28B;+,45,)8"4)/>01+2B1";M2,8"+12;5,)8"P(L!=D(Q")C"*,CC1+185,2//>"1U4+1BB1*"-181B")C"Xf",8"U>/10"C/H,*"

)C";,5+HB"28*"-+2416""S251+"N2B"5M1";)85+)/6"

"
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"

CONCLUSIONS"

.--+1-25,)8"28*"I,)C,/0"C)+025,)8")C"Xf"N1+1"*,CC1+185,2//>",8C/H18;1*"I>"5M1"U>/10"C/H,*")C";,5+HB"9B6"-+2416""a+241"C/H,*"

B5,0H/251*"5M1"1U4+1BB,)8")C"-181B"4+1*,;51*"5)"I1",89)/91*",8"9,+H/18;1<"2552;M0185<"I,)C,/0"C)+025,)8<"28*"5N,5;M,8-"

0)5,/,5>")C Xf"N,5M,8"U>/10<"/,F1/>";)85+,IH5,8-"5)"=3",8"-+2419,816""D,5+HB"02>"I1"+1B,B5285")+"5)/1+285"5)"5M1"=3"B5+2,8")C"Xf<"

,8"42+5<"I1;2HB1";,5+HB"U>/10"C/H,*"*)1B"8)5"BH44)+5"5M1",8*H;5,)8")C"2"8H0I1+")C"9,+H/18;1"-181B<")+"M2B"BHIB528;1B"5M25"

+14+1BB"1U4+1BB,)86""T*185,C,;25,)8")C"B41;,C,;";M10,;2/";)04)8185B")C";,5+HB"U>/10"C/H,*"NM,;M",8C/H18;1"1U4+1BB,)8")C"

9,+H/18;1"-181B",8"Xf",B"I1,8-"2BB1BB1*6""

"
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