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ST RV 'Y IWW-0'700 'K '702NaniT " TY7X Nd>Mya ,0'ANY NIZNNA NIYTN AN 1902 ; :n{}w"'“m

.DAYYN N1 D'NNYX 7Y NAIZINDY N7'7NNn NIKXIN e &7
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NIan

?0"PN DNIVRI T 7Y DPNAYINN DTN 7Y (NYY 01w O2TN 7V 219 D2 1K) DYTI91 D9 TNV VI
NINNAN 17X 27 178 NI7Nn 2 02A171MT'OXRNE DMA171AN D7 TANN XD NNRD,NIMPY N0 "My W DY
NI7NN 1%0n 7w 21-n kNN N7'NNN 700 NI NIMIYAYN DPIXI9NN XN NMYNELONNR DPTN T 7Y
NYYN71 19PN DNIXK D717 DTN TR DPNYT 1721I0Y ,0700 T 70 DNaymn 0T N T 720 Dimtaw
22 KRI ENNN 'R7PNN IR0 AP 19X NI7NN 7Y DMImn MIaN-'on'™” X NN ATNa 175N
NNITN 7V NIYN 21 ,0'NNXA NI7NN MR DRPTYNN NXIARYT 178 D'PT'N 70 DN NWUN X 7V 1710 112N
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D'PT'NN '2'A1 A0 NRIN' [ N'R TTINNNY D'0IN X 12 [9INXAI D'NAX] NI7NNA 10 T2 'R DN TYDI
[ITA1 DAY NINRD 110211 7Y YIT'D VYNN KA ,INT2 N7 [IOR NN NI7NN LIT NXIAPa 0'9701w 0Mp'vin
NN NN DINN2A NINMD [TV NIZRY 1901 17V1' 91017 .0'MNIA DAY NI7NNN DY NITTMNN? 0T

JUTAN N7'ApnN 17 2UIRIN 270 NNIYN DR A MNNKRY Y T

N9'Y '"DIY 071N 7w 01770 D11'ONN
DN7Y V7N DIAN KIN DN DNI0PI T 7Y DNAYIMN D'PT'NN NXAR 7W NI 0'07120 017'9XNN TR
,OXNNAIL'PT'NN DIAN 7T, NIKTT7 (N1 (1 n720) o'nnya DNR N7 'mIIa 0P TN 79 DNRA7 onxa
VP DM7N DYIRY DTN 7Y 178N N2TN2 D0 LIT DXAPA D'PT'NN 7Y D TTIRNRN 0RAN 190N
-7 530,000 2 va (nno%910'9) Candidatus Phytoplasma '771'n ¢ Dnan 7712 XnarT? 7> .0Nnxon?
D'AI0N 7V D'ININ DYAMD D'PT'N 1M 7w DN 7w 17TIa Tva L(Oshima et al. 2013) nroroa 880,000
V1 NINI NNd 'S 71ma ,0N¥9N7 MIVRIA 0YI7N DI'R WK ,Pseudomonas -1 Acidovorax ,Xanthomonas
.0'0'01 |I''m 5-6.5 2

NT XINENID DNR D'RPT'N7 19X 07 TN 2 0171120 21D 0'01] TRl D'RPT'NN DA 7713 7Tann
NN20 .0 DI0R1 7w 19127 YINN IR ,'NC'NNY RNY7 YINn NI'NY 0722100 DR 1970 0 TNN 2N DAY
N1 ,(degenerative) N2'0NAT NNIZIAR 7W DRXIN RID 17X D'PT'N ¢ D¥NINAND DIANY X' N725n
NNITA ,PT'NN 7Y 'RNXYN NP7 0'NNON 022 TIAKRYT 07210 AWK LI7W |0ORN7 77NN |2 NI7N NNN9NN
.(Gonella et al. 2019; Oshima et al. 2013) on10>xn |27 D"VIAN'O D'PT'N |2 WNINNY )'7nNY
VPP, 0 RN-'2 077N ,0'%7vn 7w 0190 DLW 1A 7Y DYPNNY 0Y7D'Y ,0NNXR DTN TN NI
DTAIN DN 271 D'R¥N1 DN 12 OTAIRA V7NN [9IXA D7D 17X DTN, TIVE NIAPYI DAY NINRY 7Y
DNI0PI T 7V DMAYIMN D'PTYNN NN )7 DRNNA L(D'NNY NIZNN 219 181) 0MI10AYAIR D'0'TI9D
VYN NN IT D'PTN NXIAPZ YITA NI2'ON NNK AR IT UMIDRA 21T y¥na 7ma% 0'ana D'’ ovjpn
NI722a00 7221, NKR'M [ITA VXN 7V 2721 TIT1% [N K7W 0T0IK DY NTIAYA 'YIgn .0NNKR 0P T'NY7 non'
.D'PT"N DNIX DX IPN'M 021 DARIN IR'NN 0N NIvnnwnn
[ND |"¥7 21WN .0"'YAV D'RINA NX9NY7 7N VRIIA NOV7NIMN DNITN KRINLIT 07 TN NXIAR 7¢ 0N |'"'9XN
q12'N) NN T 7Y D'NNAY 2 Y7 07 19K DTN NN N L7010 D'RINT 7W NIRTNOoNN DX
N2 TN ,NINT DY TN' LNIDR7A DI NI7'R Y¥A7 QX [N 0R'7n oy L,(9'Nn1 ARNA N1 7 vl 20N A
D'YXNAN T2V X721 ,700 01071 YT 7Y 00 R R NIRTN IR DN 070 INa 0YoIn 17X n'7nn i
.DNX 0PN 11YN7 0713 D AWK IDIENTIAY 72, L0 L' T'O yan 12D DNNX
D2AIMD D'PT'N 7W1 ‘PN 1071 T 7V DMavini D'NNY NI7Nn oy 0D1YNN D'RT'N 7w Dman 71 .1 070

7N 10pIn D"I7N DI'NY
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D'TTIM (%) (bp) 0PI
(12707 7N
(Chung et al. 2013) 421 24.3 562,473 +  Candidatus Phytoplasma
aurantifolia (PnWB)
(Chung et al. 2013) 479 21.4 601,943 + Ca.P.mali
(Chung et al. 2013) 684 27.4 879,959 +  Ca. P. australiense
(Chung et al. 2013) 671 26.9 706,569 +  Ca. P. asteris (AYWB)
(Katsir et al. 2018) 1,172 34.8 1,302,651 +  Ca. Liberibacter
solanacearum (ISR100)
(Duan et al. 2009) 1,136 36.5 1,227,204 +  Ca. Liberibacter asiaticus
(Davis et al. 2017) 1,573 25.56 1,599,709 +  Spiroplasma citri
(Van Sluys et al. 2003) 2,066 51.80 2,519,802 +  Xylella fastidiosa subsp.
fastidiosa
(Qian et al. 2005) 4,273 64.94 5,148,708 - Xanthomonas campestris
pv. campestris (8004)
(Buell et al. 2003) 4,874 58.4 6,397,126 - Pseudomonas syringae
pv. tomato (DC3000)
(Yang et al. 2019) 4216 68.9 4,846,466 Acidovorax citrulli (M6)

N721N 7Y N'RINKD NNZN L,N9'WN Nnzn DIITIN D707 17X D' T'N YW 0MI0R1In DX 7707 N1

N72IN7 N'RINKD AN L(NYY 01W DTN P9 INY) NXVN ngn D2ITAN DYPINY1,NNXa DNDIoN
D'PT'N P71, T'NN 070XN NNIX ANPZIN DA DY ,'7INN ORI (1T NINN NN717 DRNNA .NNX2 DN
7V DAYVIMN O'PTN 17'R1 ND'WN RN NIX D'07ORN N9'WN NNz DX D'070XNN D'PN YT 7Y 0Mavinn

O DY D'PTND T/NN] N7 77192 .NXYNn 7¢ NN2ON NINIZ DX D'070KRN ,NXY 11T o'yn T

D'PTNN 'A10
Ca. Phytoplasma :n210 7w nynixn 190n nNdIN2 N771D n9'wWn NP1 DR NO7DRNN O'7T'NN NNIAP
X2 .(hvjpanaY) Ca. Liberibacter -1 (nno%9's0 = n11a11) Spiroplasma ,(nno7910's = D1IRPT'N)
27NN 2107 nooimd (Nix'pa Ca. Ix) Candidatus owin [N NN DIV WX PT'N7 D ,2'NaN7 DN
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271> 207227 a10n L,(20 7yn) DM 7w 21 1DoN PDINA 7710 NNOY7910'S AI0N TIYA .DY'A 190N 1DINA
Joseph M.) o' nwi?w 7710 NNn0791N'©0 A10N1 D'NNAX DAIN9D D'WIT D' NYAIX D”N01 DINA
.(Bové 2014; Hogenhout et al. 2008
77N )0 N2 .D'NNAYD 7Y N9'WN 7Dimn DTN DRIY DN T 7V DNAYIM N9 DIYW DTN
-1 Cicadellidae (leafhoppers) ninswnnn N9'W-NIXXIN NITR'Y T 2V 2N 'S 7V DMAvIn NN07910'9
07227 0, onnY? (psyllids) ni7'oo v niw 0 1 7w noini Fulgoridea (planthoppers)
[7TN NIYXNANA NATA YT YN 2T'NN DX WO 7NN 0PI D IX YD .NI17'09 YT 7Y Ty'72 |91 DNavin
712'vin NdDWN 7R PTNN 79 ITAN N2YN T 'wnn 27NN ,0NPR0N 2N VI NN 7Y N9'WN RN 7nimn
7v2 17 L (infective) '2'0p91'R 7NN 910 )21 7NN NIVIA 781 N9N'7INNN 7R 'Yl N2NN KIN DY
1'0P91'K7 PANN 7W IND'9N YA TV nwDIN van It at noipn .(Hogenhout et al. 2008) npaTh n'71d!

(1 ') NIyiIaw 1%0n%7 0’ 1901 |'2 NdWN1 217 X'NI1EN'0I07 N9IPN DK

n7nn? 191X n7nn utnn .1 IR
[I"7V0 2702 1071 NNAYIN NPT
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N . (7120-TN1 YY) 700 N10172Y%1
nnxn [IT1N (N'75N Y1) 2'upoIN
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['27 D12 'O 7TAN DT NITY P90 'R N L'NNYN XNT N7NNN DA DYRNN NN DYPRIVIRND

J7R NN 7Y TNMN 191X N2 DTN NIRINKY DNKR DTN

(nmarrn-ox1a 0'pT'n) (MNOY%911'90) D111 (NNOY7910'9) DIIFT'N *T* 7y NINNAIA NI7NN
Mullicutes -n nx¥2P? 0'O*"NWNN L|9IT NON ,0"AI'N-DXIA DTN D1'N NNO791N'D0I NNO79IV'S D'AION
N'oN' TNINN 272 Y'an D'NNYA NIZNN 2'0N DY DDYIYNN DRPTYND 17X D'PT'N 7 D172 (1910 D)
TYW ,N9YdN XLXLNI L0111 '1'NON D'RINN D'NNXY [9' NXIAR NNXIN 1967 miwa .0'nnxn NiNn yTa
D'R¥NIN L(N2Y NNIX *7¥2) D'OMIKTD 077N T 7V D'072INN ,01N'IIA D'WIAY DN D N20 NY NNIRY
,NN07917'n .(Doi et al. 1967) (nno7o17') Mycoplasma '71'n7 21 [IMT DNY71 XN W N9'wn Nn7a
PITNN ' .0TX 121 07N *7252] NI7NNY7 D' 91T 0N DMAI'N-DRIA D7 T'Nd NYN NNIKA DWIT I'N
,D'NNY DNIN2 ONMIEINT D770 ATYN DY TN',NNO0Y9IZMN-"INT 0'{7'?'7NN NINJI1 DY N'7NNN 1'NoN 7w
-NT 0PRINN 7w DNMPYN7 A o'nnyn DR XNAN 7700 DR'0IY0INA 719'0W nTaIvnl
1'Y1 .NNXN 7W NO'WN 'RN D'RYNIN 17X D'P'R'7N T 2V 0'NNA1 0'2'NONN D NIYWNA 1DAN ,NN07917'Mn
.NN0791N'0I NNOY7910'S 'ZT"N 'T' 7V NINNAIN D'NNAX NI7NN 7N 0T NXII9Y7 IT NTIAY NAwNl 0N
DWUN NX 0'N'D NIDNA DNY7 72Yn ) T'RA D'NNY DY 17X D'PTYN 7 DERXIORNT TN NNOY791R'Y? |1I'Tn

.(Firrao et al. 2004) (nno7910'9) Ca. Phytoplasma
[ITA Y¥N XX¥XN1 D10 DI'N TY X ,N7NNN DA TITA7 070120 X7 0'¥nxn 1wyl 1967 niwa 1710 T8N
NN "TI7 "MXM ITD Yy¥Nn 7y 0TTIA7 'WIpn .An07910'9 A10NN 071N 7¢ NIAON IR TIT2 TWONRAN
JRPTADN PANN T2V IR ,NN¥N T 7Y DN 0Y7910nN 02D DN NV7NIMN NITNNN RV Yan vt
NIT TRNAY ,X'N 12TN NIVAWN .01N 17UN D'NNX DUIX'™N 7'on0 (It y¥n 2y 0'pT'Nn DX 717 ninron
[9IXQ N'INT YN T2 YyU"Non X7 ,NN¥] N'7NN '1'ON |27 NNO7910' '7T"N |2 MYWORN TN NIYRIY

.0MYN DN DN'R D'21'MONY7 WIIyYN 'M7an1 “TY72n DN 0N 178 01N D, [nan) 7apmn
NNO0Y7910'S 210N ,7'720 .01IY D'VIA D'OI9'0 17X D'N NI ,DAN D' 1DINA 771D NNO79I1V'S AIoN
Weintraub and ) 'n '‘nnx1 nipA* 212 Tyl 0'¥yn 700 ,0'NNY 72U DIY D' 07ONN1 'RPTIIO 10 NIN

I My o'pT'N 7w npna .(Jones 2009

DA X7N ,'RPTION |27 122 '012N DRNNN 'O 7Y 71 K7 Va7 PTNN 7¢ 'wynin O'RPTA9N N0 107
NINTAIN NIZNNN 27191 JWNNQ NNAINM AT 2¥NY N'WNIN XNAIT .D'10N ['MN 0PI 7Y NTYN IX ININDIA ' 7y
.("7'707) Xylella ai0nn nxy "I DTN T 7Y

nNaIT ,0"oX7P N7NN "1'MON7 0'MNIA DI'R Q0 'O 7Y ,N9'WN DIV NXIAPY? DDYNYUAN 0YRTN
T2V NNAIN D700 219 1K) TIVE ) PN ,00m DN L,n'71a L, (*RN NmN 0'n0a1) 0'0ipIl 0'Rnd

NX"MO NNAITY NNX2 D'NINNONN D'1'YA DIMDIRN NO'Y "1DIY 0'MI1AIND O'PT'N .('?N'WJ'J D'NNX] D'?T'N



D'2'NONN TNK .0'7Y NNXNI D719 NNXPNN ,'00AT NIM'YY? 2'0FZITN9Y NN 12V ,A'00AI NIN'Y 7Y
D'D91N N9 7W NNIDN 7Y 12 2¥N IRNNN virescence X1j7av |'non KIN NN07910'97 AN 0'1'DINN
X720 |'NON KIN virescence -7 Jwnna 0wy y'oinn 90 19X Mon (‘T2 1'K2 W'K) (npin) npne
IX ,0'™7V 7 DX T 2 Na'0al NNy (NN9) N0RITN9Y N1 7w 1ayn aRnnn (n'T17'9) phyllody
NIxMo 1211 (N2 12 k) nanxn 07713 0'9011 0'9IX 0'RoN (22 I'R) 07121 DY T DMAR

.N9YWON RLUXLN '11'DN NX 7AW YoM (Tpw ,'I2 AI'R) D719 NNXPNNI DY

2y 7w (virescence) NN 'K N9 DY D'RTN T 7V NINNAIN NI7Nn% 0TU9IN DMOoN .2 1IN
nNMyY7 (NNM9) N'VRITN9Y ANMXA 12yN 2 ()27 XIN N5 7Y 'Wa0N 1YaY) DIYNIY NNX2 DNDN
NaN¥N 2 ;NN MAX DN NN9N 1NN 0*%Y 0'NNo5nn Na phyllody nx1pan nysim niwniwa narvoval
QYWY NI NNY N ;NPT NNAXD 27U DNNID Y 7w npaim T ;Nn0910' T Y 0MNaN | 931 07V 710701
NUXUN' 1MON NRINN TPY YV 'I ;N2NXN "1'NO0N XN 0'NID XN 11'K ,TA71 N'0VAI NNNX7 171D
n7nn% 0MvoIXN DTN N0 N blotchy mottle imon 't ;ino%910' Dy 0DYwNN '‘NoSWIN
a1a Ny ' ; (source: Constable 2010) 2vjPaM2" T 7Y D'MIAIN X7ONA 9¥¥-NNAT 2'A0N 'N ;AN



:017'¥ .D1'NON K77 KIN 7XNWNn NNxn L ("'NdWion XUXLN’) D™MY NI¥AD 12N 121 NVPANA7A VIR ('nn)
.(’'n -7 V19) N2 OIN
7X¥n Nn0'791N'901 NN0Y791V'S NI'NNn

NIOoN [N D XM D XL M NTY 2T NIXIDY TINNA 'R NNno7910' ni7nn (2020 Ty) 8w
NNNA IT 17NN .|92N [IANY N7NN XN 7RY NIRMIINN NNno7910'9N NINNN NNX .01 DYV ‘2177 71
78w Flavescence Dorée -1 Bois Noir ni'7nn? omaian nno'7910' 7w nniv 0'o19'0 v 1 7y 071ya
IT n7nn .(Zahavi et al. 2013) Hylasthes obsoletus nT'yxn T 7¥ My X'N1L,NIYRIN 71 NNDIN
" 192 D™77AN DN YIRD DRIY 71T NITRA NIKYNAE,DRA70 DT IR L)Y (92 7T A2 7220 DA nawn)
NN'N9 DRNNAI NI7DWRY NYon nvan (a2 R) 0'7yn 9w 710701 nan¥Na 0'RVANN N7NNN 'NON
IR D192 NNIYY? 7122 n'Miynwn

,TPYWI PONOKX ,NINV 0771 7XIW NN07910'9 NIZNNY7 DM1"'DIX DY'NON D'RINY DINK D717
['27 17X D'ON "2 WWzn ,NRT DY TN .('12 AI'R) NDWON XOURLVA "1'MONI NIIZYA DTRIN VAN 'Y D'RINN
1'MON NYOSIN7 7T"NN NINJI |2 N'¥XR'YION 1NN 7V 7'y JNoal NFOOoN NI¥A 1NN DIV N7NAN DI
(yonn 1I7x ,2019 pnaini ANT) 0T DR'A0N DRANNAN NIND0NN D'NIMT V1 N7NN

NIY XIN )21 NY'90 MY L,INYN 7101 X L,|91TN-D1 NXIAPY7 ' Nwn KIN 02 ,NN0791N'90 A10N
A10NN D' D' NN Y7 TTAY DNRIN YW DT A%V D ,NN07910'97 TIANA .NN07910'9 AI0NN
n7nnn 78w (Daniels et al. 1973) n7nnn 1mon 2% D1 Awpn DX NDINYE NN079N'00
nopinn (citrus little leaf disease) n7y2yn N7NN X' NNO7911'0 210N *T' 2V NNNAIN NI NNIYNYUNN
2172 112 7221 DA DINN N1'R RDENT7NND DYIAIY YR DITTIA 0'YY DIW' NYIT 2A0'NY7 IR .0

el ¥lak b

("779-0x12 T'N) Y022 T 7Y NINNAN NINn
(hujpanate) Ca. Liberibacter aionn p'pT'n ,TIKA 2AND KIN D'R{7TI9N NIV DY ,NN07910'97 TIA
NI7NN DY D'DMYNAN 2”N0 D'A YAIX DIY!' 107227 2102 .0'NNAYX 1'N 7w N'ON' DXNIXN 190N D'OPIN
(greening ,a111a) Huanglongbing nx1j7an DTN 7NN NNIX DY DD'IYNA 17X D'2'AN NYI7Y .D'NNY
X7 'wan mn (Bové 2006) Ca. Liberibacter asiaticus/africanus/americanus o'x1j71 pR'nNI
(Abad et al. ) n"12ay1 NnnTX NISN 'Nn¥2 n7nn oy I'wa k¥l (psyllaurous pa x1j1) solanacearum
NT NVIT'D 2NN N7Nn%? 121 .2009; Hansen et al. 2008; Liefting et al. 2008; Secor et al. 2009)
INX7 DY 19501 NP N2N INIKA 27w D'NAXA N'7NNn DR n7ann solanacearum 'n ,NIQN DAY
.(Munyaneza, Fisher, Nissinen, et al. 2010) 0*>210n NN9WnNN D'NNAY DY )I'YA DA [ IMIX X¥N1 , PN
NIT'AR T 2V "0 DR MmMiv? N "oX7 NIXn N7y solanacearum 'n 7w 0'RT2190 1901 12N DY

022 19%0n 0'ox N nal, multi-locus sequence typing (MLST) nx1j71 win'y nwyl N AT7aRnN NI



.DNNX D'RPTIONN TTIA WYUK AN 7Y 0'OXY7 'vian NIXnIin ¥ DX D'IYAl 2T'NN DX DIy
,(haplotypes) n'9'0179n D1IDNN 0'0IA D'OI9'V IX ,0'2'N NN 7 =D DI'NYT 121 IMOIX LIT NT'7IX NIYXNK]

.solanacearum |'"an N2

0"TNA (2212M3) N N7Nn
.(da Graca 1991) n'ox n1m Nt Mt 19 -0 ANNNN 12D D71V VI DTN (MPYY) 211N N7Nn
.(Halbert 2005) n"97xn nnw N7'nN2 NTI1797 NNYan INXR7? 1 MIynwn M7y 010197 nnNdT n7nnn
N20N N7NNN .20 KIN IT N1TA2 DYTRN 21T 'N0YI D71V N71TAN D'TI9SNN YA NINNX'N NNX XD L,NTAI179
NNNITY T8N MY 15 -5 ,01" 1712 qayn 7w mrrp 7y 'wnn D' 15 TV ,0M TN NMYYNYT AN MIynwn pn
[INND XX¥N1 DIV ,APNNA 0'901 0'NIAI YN 7Y NIFTR N'90D NYPYN X 72V ,NTMI1791 NIWKRYT n7nnin
N7nmn nvan? anTpw noipn? ariiwna 70% -2 nno Xt .ATI92 n7nnn oy NITTmnng 'y
TNN .09MN1 'M72 VYND KIN NTI792 DTN N*WYNY7? DAY PN .300% -2 N7y XN NI NTAI797
0" TN Nwyna o'Taly 6000 -n it ,50% ->2 o TN 2ma q'n nno 2018 maw Tl n7nnn 17
X779 X' DI nninn nnann .(Singerman 2018; Singerman and Useche 2015) onTiay nX 1ITaX
-> Mx' 2006 My Tyw N1 1Y .NNIS0 DAY N D7YN NTI1792 DTAN NYYYN ,A¥N] 'onT 'Y
N'7370 N1'NaN [N AR DO RN IT ,VAYN "MON,N7AT 2V T1I9NN DX n0NE27NIRA TN ximn 70%
J'MIAN/N'MN2N DA NiRYIon NI‘Nanl

NTI 27NN NIM YI9IN |'AN X ,107212'7 210NN D' NYITY DY NDYIYA 217720 N7NN MR
Diaphorina n'nx'oxn N7'09n T 7y 1ayin N1 ' .asiaticus 'mn XN NT1792 AN 2N P17 DY
mrn .(J. M. Bové 2006) n7nnn 1N'T7 0TI DAY 7 -3 D7IN NITNN 2”7NIK7 DA XD DA WWR Citri
YYD 7Y NO'WN NN M YR PTUNN 79 NNavnT 7aim XN 0T Nnyn TN nvia n7'os v ny
NNMAT (1D 0Y Y7 N0 ZT'NNY IXNIN DPNN 01N YYD NITRY? DWONINI NQINN 77NN N9'WN NNnja
D'VITAI N9 LYY 'WNIwd DA X¥N1 D71 V7207 Jipnn AN 0K Q¥pa D DX L,N9'WA D'YNoInn
NIY¥NX2 N7Nnn 7w 1ayn? 0Na% 02 'R ,0'AaTA a7 zTnn nindin qx 7y .(Etxeberria et al. 2016)
Albrecht and ) n'vama "ayn w'w nyva DAN'Y NNMN2 NIITY 'R DAY 121 nwyn?l 0 0T
ni7nna DA NPI7NNa 'Y Nt kW 2ax .(Bowman 2009; Graham et al. 2013; W. Li et al. 2009
NYTN D OXL,[XI71 XD NIYITY AW DN{7NN QWA .DXY I NO'Y '0'7DRN DR TN 17X DX |2 NNNX NIFPTN
NI7NNN NNX X2 D'YITA N7NNRN W 12y 'RY X'D DIZNN 79 NP 210 19002 NDNANI WX DNININN
.(Hartung et al. 2014; W.-B. Li et al. 2003; Loiseau et al. 2017; Mawassi et al. 2018) 17x

(Mw TyI D'UTIN NYI7YUNn 7NN) NIZ'RD INKT? D'YTIN 1901 102 'TY7 0'K2 21120 17NN '1'oN

N 7Y I'TTY TWn D'MOLUN'0 DI'RY (ﬁTI"II"D) NANXN MND 0'X1) niya .Noa [l Ny |N O'X7]l



7¥ NnTRIN D' N7wan 190 INK? NNmNi 019y 7w nanyn L(Blotchy mottle) n7vn v rto>nn
AWXN NIM'YN 23 72V 21 '9 7Y Nk N7'090 7w nindn (‘12 k) yvn 7w N7 DT ' Ta anty ,Mon
-0'127 0IN *7'70D NIXNIN LNIDNIN 7Y NIMDION NIYISAN NIZNN [A'7R1 Yyn 7w (green flush) javaini

NN MINKND O'RXI'N D'9I1pPY

aTAN [1ANY
'wa AnTX Nidvn 7maa 2a7nnxa 2008 mawa naiwr? nnir Ca. Liberibacter solanacearum 'n
;N7 NX ™02 2000 -n nnw n7'nnn 12d nnoxav (Hansen et al. 2008) zebra chip nx 7w n'7nnY
TI7'T 112 X79NI N2V 'NNXA DA N9¥1 7NN DA MK .(Munyaneza 2012) 2"nxX DTl 7'opn
T2V 12VIn NTD MDD ,0NTNA 21Na0 N7Nn Dy )1wne 102177 nnim L(Liefting et al. 2009)
7122 ,NANTX NISN) D'WITA N72INN NNNY 7W NnNniont 0 7yn 7w nanxn 07713 n7nnn 1mon .n'7'09
.(n2 21'x) (Munyaneza et al. 2007) N2t 7w 090191 NXN DHIYNAT DMWY [IA'0 INRT WK L(Nan

12 11D ,(Apiaceae) 022100 NNOWNAN D'NNY DA PIN [ MIX D 272NN NI INIKA DY 150N
M ININT 198 n7nn M 7w pdi'w gx v .(Munyaneza, Fisher, Nissinen, et al. 2010) o nx1 170
N'"2aYI X”ON D'97IMY D'o19'un .01IY (Haplotypes) o'o'0179n> NTaIMI n™ N1 N'01a 0'7T721 DN
nm .C-E nrrmixn nx 1727 055100 NNOWNNn 0'NnY 0'97IMY 0'9'01790 17'X1,B -1 A 9'01790 D'
N7'09 7¥ TNX ' 71ayn B -1 A 0'9'01790 NX .0'NT DI'R DIYA 0'9'01790N X NINAYNY NI7'09N
0'7721,D'D210N NNOYNN D'NNY D'07OXNY 0'9'VI79NN .X“ON N'7'09 IX ,Bactericera cockerelli kv
9'0179N .07 DNIX NX QNI L,'KPTID 7Y |'n INIX DX D'9PIN DAY X 7V ,0"'NINN D1'9XN 190N DN
Trioza apicalis ( NXIW 2TA N7'0D *T* 7V 1IN A THYIE,TI72'9 10D NIFTNA N9N'K [19¥] ’k¥nmw ,C
Nn7'09 17 7v oNavim LE -1 D n'9'0179n nxt nniv? .(Munyaneza et al. 2010b; Nissinen et al. 2014
Bactericrea trigonica ( Tahzima et al. nxapan [I>'Nn D'A AR NDIN'R DNT TR MNP DXIDIN ITA
.(Mawassi et al. 2018 ;2016

[9IX2 MIY NNNTAI N9N'R (19X 170NN TN L,ZT'NN DR NN'AyNn 07'090 |'na 77207 qoina
T. 2120 N2'09 NOIN QNN NOIPNAI TA72 Y70 NAYA W TN 2T ,N9N'KR (19X .ATAI AT "IN
aTAN NINNONNI Y7 X2 oy .(Picea) N'NIUX 10NN 00NN D'¥y2a L, PT'NYT 1101 hwnwnn ,apicalis
37nN2 TNR T AN X7 NIT'Ryn NI7'09n .0'NNXN DX INYRY TN NIRN 7R NI7'09n 1T NiTwa
ITA D'7TAN ,NRT NNIY? 7RIW2 .00 00NN 9NN7 NNain Ni?'o5n NNTIN LIN9'OX 0yl L,71Tan
N'RN1 N7'09N N2 NODIPNN .NIYN 72 NIRY VYND ITAN NITYA NRYN1 N7'09N ,OXNNAL MWD 72 0ynd
, V7 21" UTINQ 0'O0KXK] D'INNKRN D'YITAY INKRY 1N 721722 (170 'yn NY' DAY Y70 NOIZN XN NIND

WTIN2 12D 1TA NITYA NIRY'A? DITIN N7'09N0 .12N0VD0-VOIAIN NINN02 Y AT D'YThn D'vAa™nl



17T :NIANDNN) [NNXRD 'OX7 TV ,NNX¥Y 191 NP'7N 72 1IN ,7Tan1 170 NITwA n7'090 NT0I7DIXI 12NN
NOIPN INXYT ,T'NN DR DWW YAINNITAN 21T 17002 0MIThn 1900 T'yn? n'713' n'2'09n .(1111'ow
n7'0on ndoIn ,()Sengoda et al. 2014( ;orr 14 ->2 1T NDIFN NDWIM X”ON 7¥ N7'091) NN'ion N'VIVY
.NX¥17 NN N'POIR NIXA ZT'NN 7 12yn 'R LVIT'Y 720 .00 910 TY ) IRYNI N'0POYIR NIFNY
[ARI NOMN'X DNTA T2 DRIV 178N TIRN D21 L,(C 9'01790) NDN'X [19¥] 1TA2 N'7NNN '1'NOoN DA
TN' ,0'750N 7¥ Nanxnl n'720n 07710 00720 N7Nnn 1MmMon noN'X 19¥a L(E -1 D 9'01790) [b'nn o'
q0PANAMTA NPATAY AN IYOIRD 'MONN L NINT NNIYY .WNWRNT ITAN NINNSNNA 'MIynwn 1n'y 0y
L(TIPTIZ 07w TIA'R) DUE'N DY 7Y NIXN9 AN KIDL,N9N'R DNTENPZNION (19X NIFTAA DAl 7KW
DN 1VPANAMA DWYIA D'NNY] D'NYY D'Y'9IMY 0'901 00N (02 TI'R) NOWIN KUXKLN DA KN

YIA1 1'RY NNXN 7172 WNWKR Q0 '9 201 DNHYN WNWR MY 07 TTY D'YIIY 12N, 0% Danxn

NO'Y NIV DPTN 7Y NIN'IN 112210
D'PT'NAN IXYN DNIX NTNYA ‘N 'NAX XN N2 N9'WN DY 0'PT'NN 79 Dnip'n 37 0TI DTINY '9)
KDDL ZT'NN 2 NN21I7mMm0 DPRIVIRT? NIYANN NI NIZRY 27un 0T 'NINN 1Y .0'NNX7 DAIMON
NYI5N NDIYN] WiN'y D'WIY D'RN-'2N 07702 D'22IWN D21 DDAIND DTN D VIT ,XNAIT? .'Nn¥n
NX 0777 N 7V 'Nn¥n XNN JIN 78 PT'ND XN 0''9'¥90 D1IA7N 1'ayn? N7 NMwoNnn L3 a1on
.(Galan and Collmer 1999) nnxa 7NN NICO2NN

D N1NY 120 P71 N9'WN DIV DPTRN NXIAPZA NNK X IRXN] X7 3 2101 NWI9N NdwN L'I9XD
NNIY 7NN NIXIAP MY DX .0NAI0Y NAXN 7 N'RNN N1AI71'°22 NIDYNNY DK D121220 178 DRT'NY
NI'9'¥90 NINUVN 17X DIA7NYTI XN7 YINN 78 D11A7N D'WYNI9N NNOYT9I0'D TN D ,7'apna VYN LIXIN
T2V PTURN XN w19In 127NN 0T nnjpna .(MacLean et al. 2014; Maejima et al. 2014) '‘nnxn XN
N'YPRIVI'R] K KIN ,0YW .N9'WN KN M 7R (General secretion pathway) n'*775n nwionn ndwn
NI7'W9 727U ARXINN .NN¥2 NNN190 1*70n2 oivnn MADS domain 2ya nnx 170 9w pine? 7ami
nwyn? In*2¥n 0NN (2 1'R) virescence -1 phyllody 12> 0™"91IX NN07910'S 1'NON NYSIN RN IT
NX D'TANNA 17X D'WIAY D'NNY 020170 D'NNY] XV ITA7 (12700 AWK DA NNO7910'S "1'MON ThY?
D™V TIVI TIV NM¥NY7 D'WNN DN TWKRD NX1 NIV ['YN 0DIT NYYNn71 D'WAT NIYXARA NIANNYT7 D700
[12'7NN NX D'RVANY D'NAXY D2 NYOINYT 2I'YI7IAX 120N DA 179'0 DIPINN .0'NN9 K77 X ,0'WTN D'OI
OI70KYW 7D ,N7NNN 7¢ DNIVRID D'YNYN TWX D'PINN 1Y MNP D'M'0I0K ' NNo7910'9] NNy
AN 'Y DPTNN 27U DXONN 17NN )21 17K D'NNRYY KPIT JI0RIN DR WIS TN T 7Y NN
.(MacLean et al. 2014)
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D''7aN DMIVEI T 7Y NNAYIND AD'Y NIDIY NI'RTN NI7NN oY NITTINNAN

TTINNNT? ' 'R 1NI2'0 190110 NXRTI NADIIM XN DNI0PI YT 7V NNAImMN NIET*N NI7Nn oy DITTMNNN
N2'207 27w DIYA qIYN 'R NYWYNY? n7NNn D1IA 21102101 07NN DA, NINS'7 DYAI71'2 D'ANIA Y DY
AN9Y? N'WYN T 'K PTMN 72T YYW Y02 AL, NNX NINZY N2 IX 770 7W 1912 11N AN X7R ,NIIXNN
.0NIYM 19017 77N1 D"PAN DNIVRI T 7V NNAYIMN DIETYN NI7NN oY DITTIMNNN DX

D'7ON T210 NNATN NN N NR'OIRIVI'RD XN I0RIIN DY DITTIMNNAN -I0RIN 0OY DITTMNN .1

D'010"Y NIN 7V .N2'207 DNI7'WA |22 7INYT YINN D'RXIN ONN DY D OXL,VIYD N'ON' DNIY' ,110N7 W
AN D100 ATAIDIENAN DN AN NYT7 7NN W 0NN ITNNA DR NT'OPA TN77 W'y [amd 0'7'yr 1t 19X
AM0PIN NNATAY NN 7Y ,INXY 192 7'TND 7N DY NITTINNNN NIYA .07V NN2TH 1737 inn Diw"y
7N NNQTN2 NYATIN ITA MNP N2IN 7' NI NdMY NNATHN ,N7NNAN NIVYONN YN n7'w' RN
2w T 97 1Itan L, (Navn? 7a10n1 7NN DA DX KW N17D) 'OR9IXR 71N 721 Nk 2V1Tn L' tnd
.NANONNY7 7'NNN N7NNNI P2TIN 12D YYnLPN INKY ART QT OX 02 D71,07NN0N DR 1Y RN NN¥n
NI DAL7ITAN 7V NN YN IR ,NMO0I7DIRN 77122 NY'AD WK LINXY 119 2'TN XINY 7NN MW NINT
737 niatani 0NN on |RJ1 NI L NMMIVAYN TINA NNIXA 2720 DX 1'NoN7 0710 100% -n ndima x'nw

.ITIN NIX DA N'NON DTN ONIYVA 7 NNN9N |D71,7TIN NT'A DX Vap' YV

N2 01N 0YZ .PT"NN TA1D NM'Y' NITTINN TIRKN VYN Nn''ye ,AYYNY? -0'WIA1 DYV 7¢ nx1aN .2

7w N7 I IR NNX7 07 10 RT W TN, TRR TN 70NN DI DX QI7NT7 1701'y D1'NV0oto DNININa
122'X ,NTAYN 1N2N2 7'V' DX DA ,NP'VIA'VIN] YIN'WD .NAXND NAI0T7 N7VIDY D'ATIAIRNP'M N1OITIN
ND 7727 721N 21N N7NN OW ,XNAIT? NTAI1792 .nN7un 22 7w 001NN DX X7 'KTIA,2N '9 7V 'N0o'o
NZ'0IM'VIN DY YXIN YYD DR XMW 719'0 7D 721707 0'Dm 10 N o 0T 0 TANNY TV nwp
N"OI72IX NTNINT 172N X1,010M2 DIYY IWKRN NQNA NNIAA N7 IRIN 17X NIPATR YYD YTA7 npmna
n7nim 73-72n Nd5nn? ar At 719'0 ox 1mar o' .( 2019) Li et al. 7w nuT '©% 75 ,nn¥a jamosn
.NTMI791 07NN Dy NITTIMNN
NININN IT NYOIN .NN07910'9] D'WIAY D'XY 7W NRIANN NYODIN X'N KW NINZONN NIYSINN NNX
-11) 0¥V NI ,NYYNY NNTpENN PR NYOINNY FT7 NanT Nndon MYl ,DNIY D'7IT'A2 NINS02
IN ,NAZIVN Nwal (27NN D1I2) NN07910'9] D'VIAY INXNAI NTAVYA 1[7T2) ,N'7NN 1'N0N INNY (D' NIY
(R Musetti et al. n7nnn DY1A NINDI D2 NN7V1 DN'R TN M7V1 N7NNAN 2'MON ,NIF ININA DY 190N
ATRN 7R'NYI019N X V1, DX T NYOINY N2n NMpon 9 7y .2004; Rita Musetti et al. 2007)
NNXN 7Y 1ITN NIZINNN IR WWORNY M7177Mn 0'0an 7y TINN VYN O'WTI' NNIX DI'NY [19] ,NN12NAY

T 2V DMaVIMN NIZNnn 'min o'PT'NN NXI Ml N X7 NanN NN IT AY9IN .A7NNN DN YN
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(7752 DX) D'NIFT TIND VYN W' YT 20T NIL'702 DAIMOSN 07T NN NXIAP 1IN DA X7X ,0M1071
['0I7N7 XM2N NN AT INK?,0MN2 7NN 1'MOoN RN NNXNLLINW'2D 07NN D112 002NN DN D'NNY 7Y
.N7nnnn

N7NNN DIIA DX 02,02 D'PATI K7 N7NNNN INMANY D'YYY DIRNN YR D'NIFT DN NIND X7 D'1'yn
DA X7X ,0'R"N2N1 07NN DYIAN 07NN 71 K7 0w NI ((Osler et al. 2014) np'7na 0N I0RINI
NYOINN 7U N71'7IMN 0'02N 7y 'MIynwn YT DIY 'K ,[XD DA .NNNIXA NIPATN 190 NR'ON |'Vn 0O'NNSN
AW 07 OXRN .(YY NIDSNI wnwn ,[93) 0N'W1 DXV (70 '7IR1) 7'V DNNTA NYSINNY X' N1Myn NI
?nY9IN7 ,2'aN2 WThn DNNIYNN 197 QlINn N9IpNa 070 775 Nl 19K oYY 79 ni7rro'sn
NX 7¥17 N0 1WYY D X L,NYOINN 7Y M7177Mmn 0'02N N1ANT NIIF0Y NN IWYIY TNI7 nwp 7N
IYNNYNI NN07910'9N INMINY UNwn 'YXy DNPIN INRY ,XNAIT7 70 .07Nnn oy TTMNNT N1una nysinn
D'7'NY 271 ,7'W7 ININY 19D 21 N2 NN K7 70NN N XN YYY NN )IMn 2017 DX 'NNY) DN
MDINY wnwn '7Nv 17Nw1 ,0MY 9 YN (JUNIY 17NN .N7Nnn 191 02'0N I'N' 17X DX 'Yyn 10I'Y
TIva .01v 9 qwun 0'xya n7Nnn NINNSNN INK 1APYI N7NNYT 19UN1 K7W DX 'NNXI INMNANY DX 'NNXN
INTANW DX 'Nn¥n 1IN o'nnynn 1.5% 1 ,n'7nn 1Mmon IXNN 0'RMa oKX 'xyn InY o'nnxnn 93%
DPINNI L2070 OY NNA NI‘onn NMdN D ATyn It nrxn .(Osler et al. 2014) n7nn 1'on XN
AT IR "MW1 DNYY ND'TAY NN¥] D'0IA'OX D''11'WA 121N NRID D DNywn

N7'W' NITIO NRTVONAR'TI NIV NOIYN D'P7 W' A TAN NNIENA 719'0N 197 -paTnn JIpna 719'0 .3

N71Y9Y 110 L,17X K77 /121 D'WTN DFTRIN 7W NYOIN ,N7NNN 7¢ NIFIXI9NN NNAX AT NINT? 700w Nan 7y
2TAN NNIPNA DX N'N9NYT NNVNA NIYYIY NI7AIENAN NIZIVON NNK X' N'Y01I0 .07'W' DN X7 N'Y0aon
N7 1072 N'YV1I0N NI7IWYOYW NDIN DMWY ,NNNA TN X7 N'Y01I0N NIZ'WD 7w NI7'WN NINT DY .N7'7N2
n'xv10n naon .(Centner and Ferreira 2012, citrus canker in USA n'7nn IXY) nnxy n'7nnn YUxN 71
T2V N7NNN DA DYDY IR wnw? 715 AWK YI21 ‘NN nin 7707 XN

,72TN IPNd wnwnl 72TIN YYY Yaan 0YpY ATh Y9 X' NYY0107 Yana NN n'va .oNiopl 4
TVI D700 "T2 YYD 7Y DRaTRN TV TINN YINN AT 219 DY 0'N'Y7 .0'7NNn 1'non 0'Y'oin 1Y yaly
N'XV1I0 271 ,0'7N N ZT'NY VN Wnw'? 712' Yynw 110 0T [ATA 101 77N .07Nn 1'non nysin?
212y NMI'ONAKN 7TA'N7 NDMX N7NNN N¥ON NNN9NA NNIZ'Y' N7V N'YY1 DX D2 ,0"'0NIVON'O O'YY 7Y
727 0'7'2In AWK D'WIAY D'XY NN0NA 02 0001 DMI0ZIA0 DMYR DA DMYR )0 7Y qon .nnni nnn 75
TN ININA (IATN NIYXANN A'Y00N NI7ZIVOY

NP0 X 7y ,X79NI1 DTN T0VPANA77 NV7NIN NITMY D'RINY DT INXN1 DIV _-D'T'NY D'NNY .5
N'N N1'Yn N7RY .N07NIM NITNY nYIT X7 NRIY Nno7910'S NI7NN Ta1d DA ,'NY'T 20M7 .IYYIw 07

o'pPT'NN D' 17X o'pPT'Nn NId™ ?09'w NIV n'pTn NI7NN "MNIA TAD NITNY NRYNI X7 VITN 72 DX
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D'77N2 DNIRYN'N 'R DNT7YW DXNIXNN DN 7712 ,NN¥] 0'07OXN DN NNIXK NN ,0M0N19 190N DINX
oy TN' .D'TNY D'NNY NXR'YN] 'WIRY DNIYR TN' 0710 X IX 17X 0D17ORNN TARY NIfMY 710" .0"KN-an
NN DT NP0 VIX 72V TINA D'YUPN 17X 07NN '"MIIA DY DT 707 NOTINY D'WURN D Y7 2IWN DINT
JINNKX 77TM NI7Nn7 nRIYN2 N'oN' N XIN 178 NI7Nn 2y apnnn qpan DI

D"MY TN D717 |0 D'NNAX NI7NNYT Yain 701 ¥pann 71 12 nMin vin'y -1 f1an nin .6
,0"PN 0MIVREI TAD NINYIA D2AIM ,N7NNN MIIAN 071 ,0X 'YON NNz .0"NIY 10 D717V 'RTIAI
71 "2 MIN 7 1IXT N2 AT INTVAY L,0'YY] DRAIMDN NINdIR 7Y NIMNAY N Tayn NIp'Ta oy TN
7V NIj'o 0" X7 0712 NIV NN 00N D'91YAY X7 W' NI7NN NX9N NNIYAYN NIIXA IN'N9Y
X7 NIxa NP0 70! 'nny ning 3 .0'WTN 07 DY IXT? NIPTRYNN DR DWNN NNXN Ninn ipn
72T .N7NN2 0'WIA1 DY7'NY 7W N''oN NX9N'7 DAY 221 O'WIA) O'¥YN L[1DINN X7 [DINA [2Id1 ,N171an
X71,0"7un DY YYD QUKD ,NNTINN NOIZNA 107N DX 0'NRI7 21 '9 7Y [An ,0M1'w] 0'XY7 TN "IN
,TYUN 92V 2710 ,0'20 0'91Y ,XNAIT7 7KW 0K NNIXDY DRI 0WIA) D'XVIL,N7NN '1'AoN2 |'NaNY? N1
INXN]I I7T2IW D'V 7¢ DX 'Won D'pPnY ARTE,NPNwNN T 7Y 1210 nin NNpRe |9IR DX 127 nay
MIN 7Y NP2 DTRYN IV )WY II'WAY [UX7 2IWN .27NNnn 210 YIT'Y YR DITRA IRpinl DR
DIW DTN P9 IRT) YIRN 7707 nnnn nxonn wwninl n77'02 NIvain NIXIONN NIAPYA XA AN
n77'0p7 ,NN0Y910'9 V1A 1WXIN ,N7NNN DA NY'0R7 ,2072 DIN 71910 L7112 NN RYN Ty L(Nvy
(Caudwell et al. 1997; Hoffman et al. n'7nnn D122 N7IXn 207 12 NNoN NI IKDNIE VAN
.2012; Sanderlin and Melanson 2008)

nid'o
NI7NN 7¥ NIXI9NNT7 D721 NIRTA 2 INK A7 NIN1NNY N 7w 1ayn n970 iy v nxralian
11107 MWOKX 'M72 LYND NT 11'NAI NI YA' T )'7NNY 110 .0'WTN DNITRA NNdIN NI7NN w1 NN
17X 120 NI7NN ,)27 'R XY D7 7Y Xwa RIDEPNYY DAY NN 7Y DTN Y21 n2TTAn N7 Nx
19> MNI' DNIMN D'PT7 QRI DY7TANN 11AY D'NIYNYN DYT09NY7 DINA7I VYWONNYT 1D'UN' ;AT 191 NITIY
MIYNYN 17NN Nd¥N N7 2¥n 7w N1an .0*Y70'R n77'op1 nTNI1792 210 NN 7w N2 nndny
NnmM"pN NIZNNN DY MNP N7'YH NAI0 DITTIANND AWOR'Y 0101 *T' 7V NNAvInN DI'pPT'N NI7NN Xwina
A'OINT NITNY TIVY 17X DY
Y'PUNT 1IN DR 2720 178 NI7nna npoivn nyTn n7'NEn 191 1ITy'Y DNANKRNNALNIZRYNN 770
N7nn 'Man NN . (AVEANAY ,NN0Y910'D) INQNIN DIV WK D'PT'NN DX N2INYT NIIF0YA DAY D'YNANNA
178 D'PT'N 727U NIN'YIRN 210200 72V N 7'Ryn pnn WOKR' [AMDd1 IR [N NN7WUN DX YWOR'T PN 17X

n'pTn NI7Nn% 0'Nny¥a NITy NKY |1'0'1A 'Myn NN WAT1 LD IND .0'NNX DY DN7Y N'XPXI0X'RNI
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[120 ¥ N1AN ,NT YR .A9'Y-DIYW DTN YT 7V NINNAIN NI7NN DY NITTINNNA 0T NXM9 wnwyy
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