M Xanthomonas &5 =2 &5 2 &7

1. A &

Xanthomonas %9 &3t AL YREE A2 HYdHFAY 2 AEAdA EEde A=
214 9t Sevtetd E¥EsE= Xanthomonas £ AEEL E19A BE uie} o] F2 Yoy
Z7)o] vby 9@ 7Y ASFAL dodAY ZERE Y AEAE ZESA e S g

3
SRS, FEASE T Aok
o B EFAAMN oldE T8t AZ4H
C wAel 7128 T3 A Xanthamonas £9) EFE N Scldelds @ Ao B &
9 B52 2AH guE HdA B Jx2 Folgrin & 4 Utk Xanthomonas®) Ax
A NRE 7FAE2RY " #HYA Xanthomonast M EE Xanthomonas
2 7@94%]"\-3 Aol T4 oy A2 REH AFAY nALAN THL JIF50A o9
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X. campestris B9 WHolF BFE Wi Fog FEAA AW Xanthomonas &9 &FHE
EFeHez £47 JdJo 71F5o|4e 2353 54 & TEs7) A8 AHEE A
stah4, FeE 54 A9 Ak Ad 2 @ Ft AFAEL 14070 ol HA¥E EFT
Xanthomonas®] @ EFAAE +34 ‘?37_7&1-:-% gt Ret= AL FHa g Muratast
Star (1973)= Xanthomonas £& 7FA 3 3= & o gl IA FTE
oA 50% ol ik AeAde& BFEIATE Schroth$t Hildebrand (1983)F Pseudomonas$t
Xanthomonas 4 Wo| E5738t4 #AE H&3] a7l HalM AL 43 v .S Bx
32th SDS-PAGE @3 a 7|45, AW 7t2azng 4, Asdite] Adzsod 933
(RFLP), rRNA®] Alstg st Fell @ YU FL X campestris ol B AY} & ERESA +

2 g0 4G, BE F7e 299 pathovan el oA Felehs AL ne] Fojgrh A7t
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®1. vt 2233 A= Xanthomonas &9 93 zZHEH

2 W gy L 2

= X campestris pv. oryzae Bacterial blight, @ {r}lE4

X. atroviridigenum Black eye spot of rice grains, 24 2& 544
X itoana Black rot of rice grains, 73-&73ulo] s

H g X. aampestris pv. translucens Bacterial streak, ¥ %494

z X campestris pv. panici Bacterial blight, Al # A0} E 4

== X. aampestris pv. glycins Bacterial pustule, £ o} &4
AR X campestris pv. phaseoli Bacterial blight, &9} &4
= 3 X campestris pv. malvacearum Angular leaf spot, 2% H
3 o} X. nakatae Bacterial leaf spot, Al|l¥ A3 nl&4

A X campestris pv. cannabis Bacterial blight, A7 A v &4
3] v} =} X campestris pv. ricini Bacterial leaf spot, A% & rl&4
2 4 X campestris pv. campestris Bacterial rot, q -S4
E X. campestris pv. campestris Bacterial rot, 7é—% -5
k3 X. campestris pv. campestris Bacterial rot, 22224
I F X campestris pv. vesicatoria Bacterial spot, &l @l o}¥
A} A X. campestris pv. campestris Bacterial spot, Al T A A 74

=g X. campestris pv. citri cirtus canker, %Y
Bao} X. campestris pv. pruni Bacterial shot hole, A7 144
4 F X. campestris pv. pruni Bacterial shot hole, A4 744
T X campestris pv. pruni Bacterial shot hole, A4 7+ 4
%A uj X. campestris pv. papavericola Bacterial blight, A3 4 %44

(F=984, A%, FzP7, 1986, FZTAER 58 3)

(2) Xanthomonas %

Xanthomonase AE¥ATolAY &2 AEH BAZ Aok AFE9 Xanthomonas TFE
@A) £E5 R w1l colony (FF)E FAFeth =4 M2+ Xanthomonadin®
mono- =¥ dibromo arvipolyense]™, £ AT %9 EFolt} MEe tpFAL 223 FA) S
o] gele] Huy, B AT &9 AP EHojr}

ANEE 2WPSAHOZAM 04-06 x 1.0-29 pme] Z 7)ot} gy dAZT Y &8 How e}
o, &3] 4o E HEhrlE Sy, TE AR FE e AEE Uedn AEs BF s i F
ojsiA &EAHE 7HTh

Catalase”} & A&} ureasest indole2 AAsHA] &B=T. nitrateE nitrite2 FUA7) R G on

oxidaseZlb EA8A] FAY F& ul$ A3t} Acetoned EAFX gon dEWA SHE AFA

“E
>
ﬂ()JL
rir
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1% etk pH 45 &L 4 ol3hy 37°C o) ddAe AebA 2om, NaCl 6% 30%9] sucrose,
0.01% methy! green, 0.01% thionin, 0.01% lead acetate$} 0.1% triphenyl tetrazoliumchloride “€j <l
Ax Zekx get FFELS U3 E ervthromycin® tetracyclined] #1743tk o2 T/79 & 49
ozRE &7re) AL AA S, L-rhamnose, adonitol, sorbose, D-sorbitol, meso-erythritol®}
meso-inositoll A= AFS AAE A =1} Glycin® L-glutamine, L-asparagine< +Y3 &4 47}
AsrQozn o) &HX =T Xanthomonas & TFE2 chemoorganotropic (¢ &74)olH st
E= 7 o]4e growth factor (FZ4)E B2 )

Xanthomonas dFE-2 11:0 iso 3 OH, 12:0 3 OH, 13:0 iso 3 OH, 150 iso, 16:1 cis-9, 16:0,
17:1 iso F, 17:0 iso & 22 9 71X AFAHES /3t Ao, o5 F 110 iso, 11:0 iso 3 OH
13:0 iso 3 OHE Xanthomonas® EARAZQ Aoz tt& AFoz ¥¥ Xanthomonas 48 +E3
=d F&3 ot}

Xanthomonas TFEL F2 polvamine. 24 spermidine® 332 2t} Spermine2 B%E
Az vt Fow EA3= ¥bA, 2-hydroxyputrescine, 1,3-diaminopropane, putrescine< 23 &
Aetx) et 22 #FEL cadaverines Rt

Biolog®l GN microplate®}A] D-fructose, «-D-glucose, D-mannose, methylpyruvate®} «
-ketoglutaric acid Z& ©49EL HAF JATFF 94% ool <9 AH3Hw, uaby
Xanthomonas 49 EA2= B F Auh. ¥HdE ¢ -cyclodextrin, adonitol, = D-arabitol,
meso—ervthritol, meso-inositol, Xvlitol, D-glucosaminic acid, 7 —~hydroxybutyric acid, itacenic acid,
sebacic acid, L-ornithine, L-pyroglutamic acid, D-serine, DL-carnithine, 7 —aminobutyric acid,
phenyl ethylamine, putrescine, 2-amino ethanol® 2,3-butanediol S 94% ]3] FFEo 3} 43}t
A e G+C =L 63.3-69.7 mol%eld, EFF 2 Xanthomonas campestris©] T},

g 2oy

1) Xanthomonas fragariae

FUdlA FF7 AeAe] Ton, & FTEF4 F3o] FEHr). obF pathovar’t Eid uf
Qo Asda A5G dad ol&dR Fo &N e Fd Fddo. @429 T dextrn,
glycogen, D-fructose, gentiobiose, a-D-glucose, maltose, D-mannose, D-psicose,” D-trehalose,
methvlpyruvate, L-glutamic acid 5% °¢]&3}9, ¥t o -cyclodextrin, Tween 40, Tween &0,
N-acetyl-D-galactosamine, Adonitol, L-arabinose, D-arabitol, cellobiose, meso—erythritol,
meso-inositol, @ -D-lactose, lactulose, D-mannitol, D-mellibiose, = 8 -methyl-D-glucoside,
D-raffinose, L-rhamnose, D-sorbitol, xylitol,. monomethylsuccinate, acetic acid, cis—aconitic acid,
citric’ aicd, formic acid, D-galactonic acid lactone, D-galacturonic acid, D-gluconic acid,

D-glucosaminic acid, D-glucuronic acid, «-hydroxybutyric acid, £ -hydroxybutyric- acid, 7



~hydroxybutyric acid, p-hydroxyphenylacetic acid, itaconic acid, « -ketobutyric acid, «

-ketovaleric acid, DL-lactic acid, malonic acid, propionic acid, quinic acid, sebacic  acid,
glucuronamide, alaninamide, D-alanine, L-alanine, L-alanylglycine, L-asparagine, L-aspartic acid,
glycyl-L-aspartic acid, glycyl-L-glutamic  acid, L-histidine, hydroxy-L-proline, L-leucine,
L-omithine, L-phenylalanine, L-proline, L-pyroglutamic acid, D-serine, L-serine, L-threonine,
DL-camithine, r-aminobutyric acid, urocanic acid, inosine, uridine, thymidine, pheny! ethylamine,
putrescine, 2-aminoethanol, 2,3-butanediol, glycerol, DL-  -glycerolphosphate, glucose I-phosphate,
glucose 6-phosphate 5& o] &3tx X3}

2) Xanthomonas hortorum

AsAATEA 2 FFE A5H0] 2% olFoE W$ Fou, o FHe Filo] ¥Ed
t}. Biolog® GN microplate ¥+¢o2 ©2 FE#9 FHo| 753th Cellobiose, gentiobiose,
maltose, D-melibiose, D-psicose, D-trehalose, monomethylsuccinate, DL-lactic acid, succinic acid,
bromosuccinic acid, succinic acid, alaninamide, L-alanine, L-alanylglycine, L-glutamic acid,
L-serine 5& o]£3t0, ¥tA o] N-acetyl-D-galactosamine, L-arabinose, @ -D-lactose, D-mannitol,
B -methyl-D-glucoside, L-rhamnose, D-sorbitol, formic acid, D-galactonic acid lactone, A
-hydroxybutyric acid, p-hydroxyphenylacetic acid, « -ketovaleric acid, quinic acid, D-saccharic
acid, glucuronamide, L-asparagine, glycil-L-aspartic acid, L-histidine, L-leucine, L-phenylalanine,
urocanic acid, inosine, uridine; thymidine %8 ©]&3 % X%} Pathovar pelargonii, pv. hederue,
pv. vitians7t o™ THARHT ik £ o2 Fu pathovar F FEO BuAHogzg 7psdirh

G+C ##2 63.6-65.1 mol%°]tt.

3) Xanthomonas populi

AxFA AEH O g /K g@FoezM tE T FEHY, ofy F Ul pathovare
Bagyn x 2 8429 F dextrin, glycogen, D-fructose, a-D-glucose, maltose, D-mannose,
D-psicose, sucrose, D-trehalose, alaninamide & ©]&3t®, wtdd @ -cyclodextrin, Tween 40,
Tween 80, N-acetyl-D-galactosamine, Adonitol, L-arabinose, D-arabitol, cellobiose,
meso-ervthritol, L-fucose, meso-inositol, a-D-lactose, lactulose, D-mellibiose, D-raffinose,
L-rhamnose, xvlitol, formic acid, D-galactonic acid lactone, D—galacturonfc acid, D-glucosaminic
acid, D-glucuronic acid, @ -hydroxybutyric acid, 8 -hydroxybutyric acid, 7 ~hydroxybutyric acid,
p-hydroxyphenylacetic acid, itaconic acid, @ -ketobutyric acid, a -ketovaleric acid, propionic acid,
quinic acid, D-saccharic acid, sebacic acid, succinamic acid, glucuronamide, D-alanine,
L-asparagine, L-aspartic acid, L-glutamic acid, glvevl-L-aspartic  acid, L-histidine,
hydroxyv-L-proline, L-leucine, L-ornithine, L-phenylalanine, L-pyvroglutamic acid, D-serine,
DL-carnithine, r-aminobutyric acid, urocanic acid, inosine, uridine, phenyl ethylamine, putrescine,
2-aminoethanol,  2,3-butanediol, DL~ a -glycerolphosphate,  glucose I-phosphate,  glucose
6-phosphate 52 ©]&3%% %3t}
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4) Xanthomonas arboricola

71FEolA HYuAHd o2 pathovar corylina pv. juglandis, pv. poinsettiicola, pv. populi, pv.
pruni7t BEHo o Y A FEAALS 89%E WS = 53] Quinate® ol&¥ F U
on ol YREY vE FEIH FEIHE EAott @A T dextrin, glvcogen, Tween 80,
N-acetyl-D-glucosamine, cellobiose, L-fucose, D-galactose, gentiobiose, maltose, D-psicose,
D-trehalose, monomethylsuccinate, acetic acid, DL-lactic acid, succinic acid, bromosuccinic acid,
succinamic acid, L-glutamic acid, glvcyl-L-glutamic acid, glycerol & ©]-&3t®, whdd
N-acetyl-D-galactosamine, L-arabinose, ~D-mannitol, 8 -methyl-D-glicoside, = D-raffinose,
L-rhamnose, formic acid, D-galactonic acid lactone, D—galacturonic acid, D-gluconic acid,
D-glucuronic acid, p-hydroxyphenylacetic acid, « -ketovaleric acid, quiﬁic acid, D-saccharic acid,

o

glucuronamide, L-phenylalanine, thymidine, glucose-6-phosphate 5& ©]-&3% %3t}
G+C 3L 66.0-67.0 mol% o]t}

5) Xanthomonas cassavae

Asaa FEAFG ol g8, P 7 5 A g2 FER FEe] drh 7]F 5
x WYA¥ (pathovar)S otd EFHA 23 vk & A9 F L-fucose, gentibiose, maltose,
D-melibiose, D-trehalose, monomethylsucinate, succinic acid, bromosuccinic acid, succinamic acid,
alaninamide, D-alanine, L-alanine, L-alaninglycine, L-glutamic acid, glycyl-L-glutamic acid,
L-serine 5& o]&3t9, ¥k g-D-lactose, D-mannitol, £ -methyl-D-glucoside, D-raffinose,
L-rhamnose, D-sorbitol, formic acid, D-glacturonic acid, a-hydroxybutyric acid, B
~hydroxybutyric acid, p-hydroxyphenylacetic acid, malonic acid, propionic acid, quinic acid,
glucuronamide, L-histidine, L-leucin, L-phenylalanine, urocanic acid, thymidine, glucose
6-phosphate 5-& °]&3FX %3t}

G+C %€ 64.2-66.1 mol%°]t},

6) Xanthomonas codiael

B Zd &£3= FFEL Cordigeun variegatumd] NESHS dol9 7€ EFAA T X
campestris pv. pointsetticola type BTF7} o710 &3ty o} 714 pathovar7t &7 AA &
o A 4547 R Y @ ga9 o)goR S A tE T3 FEdEy. gad T
dextrin, glycogen, Tween 40, Tween 80, N-acetyl-D-glucosamine, cellobiose, D-galactose,
gentibiose, @ -D-lactose, lactulose, maltose, D-melibiose, S -methyl-D-glucoside, D-psicose,
sucrose, D-trehalose, turanose, monomethyvlsuccinate, acetic acid, cis—aconitic acid, citric acid, «
-ketobutyric acid, malonic acid, propionic acid, D-saccharic acid, succinic acid, bromosuccinic acid,
succinamic  acid, alaninamide, D-alanine, L-alanine, L-alaninglycine, L-glutamic acid,
glveyl-L-aspartic acid, glvcyl-L-glutamic acid, hydroxy-L-proline, L-proline, L-serine, glycerol

=2 o] &3, ¥k N-acetyl-D-galactosamine, L-arabinose, L-fucose, L-rhamnose, formic aicd,

-37_.



D-galactonic acid lactone, D-galacturonic acid, D-gluconic acid, D-glucuronic acid,

p-hvdroxyphenylacetic acid, a -ketovaleric acid, DL-lactic acid, quinic acid, glucuronamide,
L-asparagine, L-histidine, urocanic acid, inosine, uridine, thymidine, DL- @ —glycerolphosphate,
glucose 1-phosphate, glucose 6-phosphateE ©]&3t% X3t}

G+C %2 66.3 mol%°]t}.

7) Xanthomonas bromi
B ZFo] £33 TFFE5L bromegrass (Bromus spp)ol AIESHE dog|d, o}F7A
AA ok At e oA gd, gk 74 2 g4 ol f4F
Sd 9N & =3 FEddg. @49 F dextring N-acetyl-D-glucosamine, cellobiose,

D-galactose, gentibiose, maltose, D-psicose, sucrose, D-trehalose, turanose, monomethylsuccinate,

L
o
2

pathovar7} &5 5

D-glucuronic acid, DL-lactic acid, succinic acid, bromosuccinic acid, succinamic acid, alaninamide,
L-alaninglycine, L-aspartic acid, L-glutamic acid, glycyl-L-glutamic acid, L-serine & ©]&3}9,
vt o] N-acetyl-D-galactosamine, D-raffinose, cis—aconitic acid, formic acid, D-galactonic acid
lactone, D-galacturonic acid, e -hydroxvbutyric acid, p—hydroxyphenylacetic acid, « —ketovaleric
acid, malonic acid, quinic acid, D-saccharic acid, D—alanine, L-asparagine, glycyl-L-aspartic acid,
L-histidine, hydroxy-L-proline, L-leucine, L-phenylalanine, L-threonine, urocanic acid, uridine<
o] &3t7 X3t}
G+C &2 65.6 mol%e]th

8) Xanthormnonas curcurbitae

B Fd &l dEL Citrullus vulgaris, Cucumis sativus, Curcurbita spp. (Curcubitacease)
WA AEANA BEH, obA7A pathovar’t EFH AA Lo, At Feda o
2 e, Pgak T L B4y o4 E S gsix g2 T3 HEEd 84 Y F dextrin,

glvcogen, cellobiose, maltose, D-psicose, D-trehalose, monomethylsuccinate, DL-lactic acid,

lo

2 o

=

succinic  acid, bromosuccinic acid, L-glutamic acid, L-serine %& ©°]&3™, ¥idd]
N-acetvl-D-galactosamine, L-arabinose, gentibiose, «-D-lactose, lactulose, D-mannitol, B
-methvl-D-glucoside, D-raffinose, L-rhamnose, D-sorbitol, sucrose, turanose, acetic acid,
cis-aconitic acid, citric acid, formic acid, D-galactonic acid lactone, D-galacturonic acid,
D-gluconic acid, D-glucuronic acid, B -hydroxybutyric acid, p-hydroxyphenylacetic acid, «
-ketovaleric acid, e -ketovaleric acid, malonic acid, propionic acid, quinic acid, glucuronamide,
D-alanine, L-asparagine, glycyl-L-aspartic acid, L-histidine, hydroxy-L-proline, L-leucine,
L-phenylalanine, L-threonine, urocanic acid, inosine, uridine, thymidine, DL- « -glycerolphosphate,
glucose l1-phosphate, glucose 6-phosphates: ©]&3}#] X3t}
G+C L 65.1-66.8 mol%°]Th.

_38_.



9) Xanthomonas axonopodis

¥ 3L M ge 379 3

T 98 v F3 HEdd JF

, pv. axonopodis® AYInE BF 7

So) &3 Ye FozAN AFHN HEAHH @
Ao wel BF 2470¢] pathovar 7}t

9] X. compestris pathovar o &3l= TE°

o

o4
F50} 2l
]

Az o]

ﬁ_ A

3 =
=
Eo =2}

o o

T

s
S

rh

e

Zow BEIQYT. B Fd £3lE= pathovart pv. alfalfa, bauhiniae, begonige, cajani, cassavae,
cassiae, citri, aurantifolii (719 X campestris pv. citri B, C & D), citrumelo Z1E9 X
campestris pv. ctri E), clitoriae, coracanae, cvamopsidis, desmodii, desmodiigangetici,
desmodiiritundifolii, dieffenbachiae, erythrinae, glycins, lespedezue, malvacearum, marihotis,
patelii, phaseoli, phaseioli var. fuscans, phyllanthi, pointsettiicola, rhynchosiae, ricini, sesbaniae,
tamarindi, vasculorum, vesicatoria, vignaeradiatae, vignicola, vitians °] At 49 F dextrin,
cellobiose, gentiobiose, maltose, D-psicose, D-trehalose, monomethyvlsuccinate, succinic acid,
bromosuccinic acid, succinamic acid, D-alanine, L-alanine, L-alanylglycine, L-glutamic acid,
glycyl-L-glutamic acid $& °]43, wde)] S -methyl-D-glucoside, L-rhamnose, formic acid,
D-galactonic acid lactone, D-galacturonic acid, D-glucuronic acid, p-hydroxyphenylacetic acid, a
—ketovaleric acid, quinic acid, glucuronamide, L-phenylalanine, thymidine& o] &34 X3t
G+C &L 65.0-67.6 mol%oltt.

10) Xanthomonas oryzae

2 ze Anua 4545 AP od o2 F3 FEH9, pv. oryzaest pv. oryzicola®
nzgo] gt} 49 Z dextrin, cellobiose, D-fructose, @-D-glucose, maltose, D-mannose,
D-psicose, D-trehalose, methylpyruvate, a -ketoglutaric acid, succinic acid 54 o] &3, ukAd
@ —cyclodextrin, N-acetyl-D-galactosamine, Adonitol, D-arabitol, meso-erythritol, meso-inositol,
a -D-lactose, lactulose, D-mannitol, D-mellibiose, B -methyl-D-glucoside, . D-raffinose,
L-rhamnose, D-sorbitol, xylitol, acetic acid, cis-aconitic acid, citric aicd, formic acid, D-galactonic
acid lactone, D-galacturonic acid, D-gluconic acid, D-glucosaminic acid, D-glucuronic acid, «
~hydroxybutyric acid, A ~hydroxybutyric acid, 7 -hydroxybutyric acid, p—hydroxyphe_nylacetic
acid, itaconic acid, a-ketobutyric acid, @ -ketovaleric acid, malonic acid, propionic acid, quinic
acid, D-saccharic acid, sebacic  acid, glucuronamide, L-asparagine, L-aspartic . acid,
glycyl-L-aspartic acid, L-histidine, hydroxy-L-proline, L-leucine, L-ornithine, L-phenylalanine,
L-proline, L-pyroglutamic acid, D-serine, L-serine, L-threonine, DL-carnithine, r-aminobutyric
acid, urocanic acid, inosine, uridine, thymidine, phenyl ethvlamine, putrescine, 2-aminoethanol,
2,3-butanediol, glycerol, DL- @ —glycerolphosphate, glucose l1-phosphate, glucose 6-phosphate % &
o] &3}« E3gt}.

11) Xanthomonas vasicola
2 oze Avad 2EAT @9 Y, 3 74 2 Bad olg

3 5ol faq te

-psicose, L—glutamic

o
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acid & ©]-&3}#, ¥4 N-acetyl-D-galactosamine, L-arabinose, @ -D-lactose, D-mellibiose, 8

~methyl-D-glucoside, L-rhamnose, D-sorbitol, formic acid, D-galactonic acid lactone,
D-galacturonic acid, D-gluconic acid, D-glucuronic acid, p-hydroxyphenylacetic acid, «
-ketovaleric acid, quinic acid, glucuronamide, L-asparagine, L-histidine, .L-phenylalanine, urocanic
acid, inosine, wuridine, thymidine, DL- a -glycerolphosphate, ghicose I-phosphate, glucose
6-phosphateE ©]-§3tx XE3Fct

G+C L 64.2 mol%o]Th.

12) Xanthomonas pisi

B Fo £3l= FEL Pisum sativum (Fabaceae)®] WA AEA| A 25w, o}A7}x
pathovar7t £F 5] A &k AL 4547 992 dd 2 g4 o84 % 5o M ot
2 T3 7d9d. 8429 F dextrin, glycogen, Tween 40, Tween 80, N-acetyl-D-galactosamine,
L-arabinose, cellobiose, L-fucose, D-galactose, gentiobiose, @ -D-lactose, lactulose, maltose,
D-mannitol, D-mellibiose, £ -methyl-D-glucoside, D-psicose, D-raffinose, L-rhamnose, D-sorbitol,
sucrose, D-trehalose, turanose, monomethylsuccinate, cis-aconitic acid, citric aicd, formic acid,
D-galactonic acid lactone, D-galacturonic acid, D-gluconic acid, D-glucuronic acid, e«
~hydroxybutyric acid, p-hydroxyphenylacetic acid, « -ketobutyric acid, DL-lactic acid, malonic
acid, propionic acid, D-saccharic acid, succinic acid, bromosuccinic acid, succinamic acid,
glucuronamide, alaninamide, D-alanine, L-alanine, L-alanylglycine, L-asparagine, L-aspartic acid,
L-glutamic acid, glycyl-L-aspartic acid, glycyl-L-glutamic acid, L-histidine, L-phenylalanine,
L-proline, L-serine, L-threonine, urocanic acid, inosine, uridine, thymidine, glycerol, DL-a«
-glycerolphosphate, glucose, I-phosphate, glucose 6-phosphate 5-& ©]-&3}8, W4 acetic acid,
B -hydroxvbutyric acid, @ -ketovaleric acidg ©]&3}x] E3tc},

G+C %32 64.6 mol%e°]t}.

13) Xanthomonas melonis
» 2 Fd £3= TEL melones (Cucumis melo)2] ¥MZA AEA A ZHY, o}A7}x
pathovar7} £F 5] AA &vh. AL 454 L @429 049 T ey v F3 pad
o &49Y F dextrin, glycogen, Tween 40, Tween 80, N-acetyl-D-glucosamine, cellobiose,
L-fucose, D-galactose, gentiobiose, lactulose, maltose, D-mellibiose, D-psicose, sucrose,
D-trehalose, monomethylsuccinate, acetic acid, cis-aconitic acid, citric aicd, « -ketobutyric acid,
malonic acid, propionic acid, D-saccharic acid, succinic acid, bromosuccinic acid, succinamic acid,
glucuronamide,  alaninamide, = D-alanine, L-alanine, L-alanylglycine, L-glutamic acid,
glyevl-L-glutamic acid, hydroxy-L-porline, L-leucine, L-proline, L-serine, L-threonine & o}&
st9, Wk N-acetyl-D-galactosamine, L-arabinose, D-mannitol, L-rhamnose, D-sorbitol, formic
acid, D-galactonic acid lactone, D-galacturonic acid, D-gluconic acid, D-glucuronic acid,

p-hvdroxvphenylacetic acid, quinic  acid, glucuronamide, L-asparagine, L-histidine,
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L-phenylalanine, urocanic acid, inosine, thymidine, DL~ a -glycerolphosphate, glucose l-phosphate,
glucose 6-phosphate 5& ©]&3HA 23},
G+C &2 66.1 mol%eltth

14) Xanthomonas vesicatoria

B Fo &3 TES pepper (Capsicum annum), tomato (Lycopersicon spp)# 98 FHL
Solanaceous®] ¥WZY AEx M B 5], o}z 71X pathovar’t EF ol AR Foh AFHL &
A3 gwa gy 2 849 ojgd¥ 5o oA ot T 7Edth 929 T dextrin,
Tween 80, L-fucose, gentiobiose, maltose, D-psicose, D-trehalose, monomethylsuccinate, succinic
acid, bromosuccinic acid, succinamic acid, alaninamide, L-alanine, L-serine, 5 & o] &3}, ¥k e
L-arabinose, D-galactose, «-D-lactose, B -methyl-D-glucoside, D-raffinose, cis—aconitic acid,
formic acid, D-galactonic acid lactone, D-gluconic acid, D-glucuronic acid, p-hydroxyphenylacetic
acid, a-ketobutyric acid, quinic acid, glucuronamide, glveyl-L-aspartic acid, thymidine, glucose
6-phosphate 55 ©] &34 X},

G+C %L 656 mol%elth

15) Xanthomonas campestris

E Zo| £38%F TS Brassicaceaed] &3t 8 79 crucifere] W2 AEAAA £
=, pv. aberrans, pv. aﬂnoraciae, pv. barbareae, pv. campestris, PV. incange, pv. raphani%iﬂ
pathovar® 2Fso} Aok A 2543 oud g, i 24 9 9429 ol8oqF B
g#lA 2 3 FEdd @429 F dextrin, glycogen, N~acetyl—D-glucosaﬁ1ine, cellobiose,
L-fucose, D-galactose, gentiobiose, lactulose, maltose, D-melibiose, D-psicose, D-trehalose,
monomethvisuccinate, malonic acid, D-saccharic acid, succinic acid, bromosuccinic  acid,
L-glutamic acid $& o]&3%0, wdo] N-acetyl-D-galactosamine, L-arabinose, «-D-lactose,
D-mannitol, 8 -methyl-D-glucoside, L-rhamnose, D-sorbitol, formic acid, D—galactonic acid
lactone, D-galacturonic acid, D-gluconic acid, D-glucuronic acid, B -hydroxybutyric acid,
p-hvdroxyphenylacetic ~acid, ¢ -ketovaleric écid, quinic acid, glucurdnamide, L-asparagine,
glvcyl-L-aspartic acid, L-histidine, _L—leucine, L-phenylalanine, urocanic acid, uridine, thymidine,
DL- @ —glycerolphosphate 5& °}&3t% X3t}

G+C &L 65.8-66.6 mol%°|Ttt.

16) Xanthomonas translucens B
B Fo &3 TEL Poaceaed %3t T H HAY ASANN L=, 7155 o]
3 warelv W¥dge| W} pathovar arrhenatheri, pv. cerealis, pv. graminis, pv. hordei, pv.
phlei, pv. phleipratensis, pv. poae, pv. secalis, pv. translucens, pv. undulosa®. 275 Ao Al
A 4547 od gy, Uik 2 g ol&dqy T oA t& T '7“3%“4. 35

j=}
29 # dextrin, maltose, D-psicose, D-trehalose, turanose, alaninamide, L-alanylglycine,

_41_.



L-glutamic acid $& ©]&3t8], utdd] N-acetyl-D-galactosamine, «-D-lactose, D-mannitol,

D-mellibiose, £ -methyl-D-glucoside, D-raffinose, L-rhamnose, D-sorbitol, acetic acid,
cis—aconitic acid, formic acid, D-galactonic acid lactone, D-galacturonic acid, D-gluconic acid,
D-glucuronic acid, p—hydroxyphenylacetic acid, @ —ketobutyric acid, « -ketovaleric acid, malonic
acid, propionic acid, quinic acid, D-saccharic acid, glucuronamide, L-histidine, L-leucine,
L-phenylalanine, L-proline, L-threonine, wurocanic acid, inosine, thymidine, DL-a«
-glycerolphosphate &% ] &34 X3t}

G+C 2 69.1-69.7 mol%°]T}.

17) Xanthomonas hyacinthi

B 24 &8 FEL Hyacinthus orientalis®] A ESHE& 4279, o} 71A] pathovart &
F5o] Adx 2ok Axda A4y g g8y, APt 24 4 829 olgdF Sl A o
2 23 g 829 F dextrin, glvcogen, cellobiose, D-galactose, gentiobiose, maltose,
D-psicose, sucrose, D-trehalose, monomethylsuccinate, B -hydroxybutyric acid, succinic acid,
bromosuccinic acid, succinamic acid, L-glutamic acid, glycyl-L-glutamic acid, glycerol, glucose
1-phosphate, glucose 6-phosphate & ©]&3}9, ¥tH| N-acetyl-D-galactosamine, L-fucose, «
-D-lactose, lactulose, D-mannitol, D-melibiose, D-raffinose, L.-rhamnose, D-sorbitol, acetic acid,
cis-aconitic acid, citric aicd, formic acid, D-galactonic acid lactone, D-galacturonic acid,
D-gluconic acid, D-glucuronic acid, @ -hydroxybutyric acid, p-hydroxyphenylacetic acid, «
-ketobutyric acid, e« -ketovaleric acid, DL-lactic acid, malonic acid, propionic acid, quinic acid,
D-saccharic acid, glucuronamide, alaninamide, D-alanine, L-alanine, L-alanylglycine, L-asparagine,
L-histidine, L-leucine, L-phenylalanine, L-proline, thymidine & °]&3t%x] X3t}

G+C &2 69.2-69.3 mol%°]t},

18) Xanthomonas theicola

B Zo &3l FEL AUF (Camellia sinensis)dl B 4279, o}& 71X pathovar’} &
FH0] A etk AW FEADN Ry gy, A 24 L G449 o] 8QF F | esiA o
2 23 FdHEr 8429 F dextrin, glvcogen, Tween 40, Tween 80, cellobiose, L-fucose,
D-galactose, gentiobiose, maltose, D-psicose, £ -hydroxybutyric acid, @ -ketovaleric acid,
DL-lactic acid, alaninamide, D-alanine, L-alanine, L-alanylglycine, hydroxy-L-proline & ©]-&%}
o),  whdo]  N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, «-D-lactose, lactulose,
D-mannitol, D-mellibiose, B -methyl-D-glucoside, D-raffinose, sucrose, cis—aconitic acid, citric
aicd, formic acid, D—galactonic acid lactone, D-galacturonic acid, D-gluconic acid, D-glucuronic
acid, p-hvdroxvphenylacetic acid, @ -ketobutyric acid, malonic acid, propionic acid, quinic acid,
D-saccharic acid, bromosuccinic acid, glucuronamide, L-asparagine, glycyl-L-aspartic acid,
L-histidine, L-leucine, L-phenylalanine, urocanic acid, thymidine & ©]&3}x] X3t}

G+C 33F& 69.2 mol%o]th.
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19) Xanthomonas sacchari

B Zo 232 FEL o A ABSS (Saccharum officinarum) A EEHH, b 7HA|

pathovar’t 550 A &tk Awda 4547 ouad Ad, AP =24 = ®aY o gy
= oy e 3 FeEdEd. @49 T dextrin, glycogen, Tween 40, Tween &0,
N-acetyl-D-glucosamine, L-arabinose, cellobiose, L-fucose, D-galactose, gentiobiose, a
-D-lactose, lactulose, maltose, D-mellibiose, B -methyl-D-glucoside, D-psicose, sucrose,
D-trehalose, turanose, monomethylsuccinate, acetic acid, cis—aconitic acid, citric -aicd, @
~hydroxybutyric acid, B -hydroxybutyric acid, a -ketobutyric acid, a -ketovaleric acid, DL-lactic
acid, propionic acid, quinic acid, succinic acid, bromosuccinic acid, succinamic acid, alaninamide,
D-alanine, L-alanine, L-alanylglycine, L-asparagine, L-aspartic acid, L-glutamic acid,
glycvl-L-glutamic  acid, hydroxy-L-proline, L-leucine, L-phenylalanine, L-serine, L-threonine,
glycerol 5% ©]&3t0, #t@e] N-acetyl-D-galactosamine, D-raffinose, L-rhamnose, D-sorbitol,
p-hydroxyphenylacetic acid, malonic = acid, glucuronamide, L-histidine, urocanic acid, glucose
l-phosphate, glucose 6-phosphate 54 ©]838t< X3tk
G+C &2 685 mol%°ltt.

20) Xanthomonas albilineans (

Nz FFEE0] B Fd %350 o}A7H pathovar’t EFH A4 etk AEAL FEAH
B9 olf&dE So oA vt £33 FEdc §49 T N-acetyl-D-glucosamine, D-fructose,
@ -D-glucose, D-mannose, sucrose, methylpyruvate, DL-lactic acid 29 oj&3y, ki «
-cyclodextrin, dextrin, glycogen, Tween 80, N—acetyl—D—galactosémine, Adonitol, "D—érabitol,
meso-erythritol, D-galactose, gentiobiose, meso-inositol, @ -D-lactose, lactulose, maltose,
D-mannitol, D-mellibiose, 8 -methyl-D-glucoside, D-psicose, D-raffinose, L-rhamnose, D-sorbitol,
D-trehalose, turanose, xylitol, monomethylsuccinate, acetic acid, cis—aconitic acid, citric aicd,
formic acid, D-galactonic acid lactone, D-galacturonic acid, D-gluconic acid, D-glucosaminic acid,
D-glucuronic acid, a;hy’droxybutyric acid, A -hydroxybutyric acid, 7 —hydroxybutyric acid,
p-hyvdroxyphenylacetic acid, itaconic acid, @ -ketobutyric acid, a -ketovaleric acid, malonic acid,
propionic acid, quinic -acid, D-saccharic acid, sebacic acid, succinic acid, brofh’osuc’cinic acid,
succinamic  acid, glucuronamide, D-alanine, L-alanine, L—aspafagine, L-aspartlc acid,
glvcyl-L-aspartic  acid, . glycyl-L-glutamic  acid, L-histidine, hydroxy—L—proline, L_—leucine,
L-omithine, L-phenylalanine, L—pyrogiutamic acid, D-serine, L-serine, L-threonine, DL-carnithine,
r-aminobutyric acid, urocanic acid, inosine, uridine, thymidine, phenyl ethylarhine, 4putréscine,
2-aminoethanol, 2,3-butanediol, glycerol, DL- a -glycerolphosphate, glucose l—phosphéte, ﬁlucose
6-phosphate 5& o} &3= X3t
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21) Xanthomonas sp.
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Table 2. Media of choice for isolation of some species or pathovars of Xanthomonas

Species and Pathover* Mediumx**
X. campestris pv. campestris SX, SM, NSCAA
X. translucens pv. translucens XTS
X. axonopodis puv. phaseoli MXP
X. arboricola pv. pruni - XPS
- X. arboricola pv. juglandis BS
X. vesicatoria Tween, XCS, XTS
X. axonopodis pv. malvacearum XCS :
X. axonopodis pv. manihotis XCS
X. axonopodis pv. beqoniae : . SX, SM, MD-5
X. hortorum puv. pelargonii XTS. XCS, Tween
X. fragariae SX, SM
X. axonopodis pu. dieffenbachiae XCS. Tween
Xanthomonas spp.(X.c. nigromaculans) XCS, Tween
X. arboricola pv. corviina SX
X. axonopodis pv. alfalfae XTS, XCS

aWLA, YDC il xa@d8g Hu MS s zetx @AY Z2 #7138 Feid
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Table 3. Diagnostic tests for differentiation of Xanthomonas spp.

Test X. cam- X X albi- X axo- X am-

ests pestris  fragariae  lineans nopodis pelina
Mucoid growth on GYCA/YDC o+ + - - , _
Growth at 35°C + - + + _
Asculin hydrolysis + - + " -
Gelatin liquefaction % + v - -
Protein digestion + - - - _
Urease production - - - - +

Acid from: '

Arabinose + - - - +
Glucose + + + + _
Mannose + + + - -

Table 4. Growth of some species or pathovars of Xanthomonas on semiselective agar media

Species or pathovar SX SM BSCAA MXP XPSa XCS MD-5 Tween
X ¢ aampestris + + + v+ - + V- +
X t translucens - - + v - + v +
X axo. phaseoli v- - v- + V- + + (+)
X arb. pruni v- v + V- + v (+) +
X. vesicatoria - - v v+ + v +
X. o. oryzae - - - - - - ND ND
X. axo. malvacearum - v V- v+ - + v +
X. axo. manihotis - - V- - - + v v
X, axo. beqgoniae + + + (+) v (+) + +
X h pelargonii - v + v v + v +
X. fragariae + + + + v + v +
X. axo. dieffenbachiae v+ (+) + - + v +
X sp. (X.c. pv. nigromaculans) + v + (+) v + v +
X axo. dlfalfae (+) (+) + v ND + - (+)
* 33t 7|Ee EFAA
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Appendix 1.

A. Recipes for differential media

1) Yeast extract nutrient agar (YNA)

o/L
Yeast extract )
Nutrient agar 23
Used for general isolation from plant tissues.
2) Glucose veast chalk agar (GYCA)
a/L
Yeast extract 5.0
Glucose 5.0
Calcium carbonate (not refined) 40.0
Agar 15.0
3) Yeast extract-dextrose-CaCOs (YDC) 7
g/L
Yeast extract 10.0
Dextrose (glucose) ' ' 20.0
Calcium carbonate , 20.0
Agar 15.0

After autoclaving, cool to 50°C and swirl before pouring the plate to suspend CdCOs.
Slants are recommended for short-term (3 mo) storage of cultures. '
Can be used for genearl isolation fron plant tissues.

4) Miller—Schroth (MS) medium for differentiating Xanthomonas and Erwinia

g/L
Agar 15.0

When the agar is dissolved in 800 ml of distilled water, add each of the following
ingredients in the order listed. Make sure each is dissolved before adding the next.

Mannitol (or Sorbitol) 10.0
Nicotinic acid 05
L~-asparagine 3.0
KzHPO,, dibasic powder 2.0
MgS0;s - TH0 ' 0.2
Sodium taurocholate 25
Agar 15.0
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Put the following liquid ingredients together in a container and mix into medium above.

Tergitol 7 (sodium heptadecyl sulfate)

Nitrilotriacetic acid (2% solution)
Bromthyvmol blue (0.5% solution)
Sodium hyvdroxide (1 N)
Thallium nitrate (1% solution)
‘Cobalt chloride (1% solution)
Cycloheximide (1% solution)

0.1 ml
10.0 m!
25 ml
50 ml
1.75 ml
50.0 mt
50 ml

Bring the volume to 1,000 ml, adjust pH 7.0 and autoclaving.

5) Yeast extract sucrose peptone agar (YSP)

Yeast extract
Sucrose
Peptone

Agar

Recommended for isolation of X albilineans.

g/L
5.0
20.0
100
15.0

6) Yeast salts (YS) broth and veast salts agar (YSA) (5)

NH4sH2PO;
K:HPO,
MgSO; - TH:0
NaCl

Yeast extract

If solid media required (YSA), add 12.0 g agar.

and a basal medium for some cultural tests.

~

B. Recipes for semiselective media

1) X. ¢ pv. campestris

a. SX agar (15)

Starch (soluble—potato)

Beef extract

Ammonium chloride
Dipotassium phosphate
Methyvl violet 2B
Methyl green
Agar

g/L
05

05
0.2
5.0

5.0

Particularly useful as a storage medium

per L
100 g
10 g
50 g
20 g
1.0 mé*
2.0 ml*x

150 g



After autoclaving add:

Cycloheximide

50 mix**

¥ 1% solution in 20% ethanol- Be sure to use methyl violet 2B and not methyl
violet B as the latter is more toxic to X. ¢ campestris.

¥ 1% aqueous solution

%% add 50 g to 10.0 mf methanol, bring to 100 mf with water,

and filter sterilize (0.22 gm membrane).

SX medium can be used for isolation of X.. ¢ pv. campestris and several other starch
positive species from plant tissues and soil. Also useful for direct plating of

contaminated seeds.
b. SM agar

KH>PO4

NazHPO4

NH4Cl1

NaCl

MgSOy4 - TH20

CaCl; * 2H20

Glucose

L-methionine

Starch (soluble potato)

Methyl violet 2B

Methyl green

Trace element solution

Triphenyltetrazolium chloride
- Cycloheximide

Agar
X 196 solution in 20% ethanol
PR 1% aqueous solution

per L

10 g

26 g

10 g
120 g
02 g
67.0 ml
10g

02 g
100 g
1.0 mé*
2.0 mbx*
1.0 mé***
1.0 mxkk:k
50.0 mg
200 g

Dissolve the following in 100 mé HxO: EDTA, 250 mg; FeSOs - TH2O, 500 mg;

ZnS0q - THX0, 10 mg; CuSOy - 5SHO, 10 mg; MnSO4 - HzO, 10 mg; NaMoOs - 2H:0,
25 mg; NazB4O7 - 10H0, 18 mg; CoSO4 - TH20, 10mg.

XXX X 1% aqueous solution

Especially useful for isolating X. ¢ pv. campestris from soil and debris in soil. Less
selective than SX but results in higher recoveries of most strains.

c. NSCAA

Nutrient agar
Starch (soluble-patato)
Agar
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After autoclaving add the following:

Cycloheximide
Nitrofurantoin
Vancomycin

% add 5.0 g to 10.0 m¢ methanol,

bring to 100 m{ with water.
and filter sterilize (0.22 pm membrane).

50 mé*
1.0 mﬂ**
1.0 mé***

COX add 50 mg to 5 mé of 50% dimethy! formamide.
¥ % add 125 mg to 25 mf water, and filter as above.

Especially useful for isolating X. ¢ pv. campestris from seeds.

d. BSCAA

Starch (soluble-potato)
Glycine

K2HPO;4

KH2PO4

MgSO; - 7TH:0

Methyl green

Agar

After autoclaving, add:
cvcloheximide

per L

10 g
02 g
10 g
10 g
0.2 g*
0.2 ml**
150 g

5.0 me**x

¥ Add first and be sure it is fully dissolved.

3% 1% aqueous solution.

3% 3% Add 50 g to 10.0 m¢ methanol, bring to 100 m¢ with water, and filter sterilize

(0.22ym membrane).

Especially useful for isolating X. ¢ pv. campestris from seeds.

2) Bb medium for X. arboricola pv. juglandis

Starch (soluble potato, Difco)
K:HPO; - 3H:0

KH2PO4

L-methionine

Nicotinic acid

L-glutamine

Brilliant cresyl blue
Methylene green

Agar

% Dve content of 55%.

- 50 -

per L
10.00 g
300 g
150 g
025 g
025 g
025 g
10.00 mg*
10.00 mg
1500 ¢



Before autoclaving, adjust pH to 6.8-7.0, with 80 mé/L of 1 N NaOH. The medium
may be stored in bottles and remelted when needed.

3)

Alginic acid
8-azaguanine
Nicotinic acid
Cysteine
KH2PO4
K:>HPO4
MgSO4

Agar

After autoclaving add:

Chlorothalonil
Kasugamycin

4) X. translucens pv. translucens

a. Kim’s medium

Lactose
D(+) trehalose

Thiobarbituric acid

K:HPO,4
Yeast estract
NH; Cl

Agar

XPS medium of X. arboricola pv. pruni

per L
2.0
0.2
20 mg
30 g
08 g
08 g
01¢g
150 g

80.0 mg
16.0 mg

per L
100 g
40 g
02 g
08 g
300 mg
10 g
150 g

Dissolve above on hot plate, and adjust to pH 6.6 with 1 N NaOH
After autoclaving, cool to 50°C and add:

Cycloheximide
Tobramycin
Ampicillin

100.0 mg
80 mg
1.0 mg

Especially useful for isolating X. a. pv. translucens from soil.

b. XTS agar

Nutnent agar
Glucose



After autoclaving add:
Cycloheximide
Gentamycin
Cephalexin

2.0 mé*
0.5 mlxx*
1.0 méxxx

The following stock solutions should be prepared:

¥ 1.0 g to 10 mf of 75% ethanol (use only when assaying seeds)
%% 50 mg to 5 mé of the ethanol (omit if antagonism occurs)

%% 50 mg to 5 ml of 75% ethanol

Especially useful for isolating X. a. pv. translucens from seeds.

5. Xanthomonas sp. (X. campestris pv. carotae)

a. Modified D-5

D-Cellobios
KoHPO4
NaHzPO4
NH4C1

MgSO;s - 7H20
Agar

¥  Add filter-sterilized (0.22 m) D-cellobiose and cycloheximide after autoclaving.

Especially useful for isolating X. ¢ pv. aarotae from seed and soil.

b. XCS agar

Lactose

D(+) Trehalose
2-Thiobarbituric Acid
K>HPO4

KH:PO,

NH4Cl

Yeast extract

Agar

Combine all ingredients except agar and antibiotics and adjust to pH 6.6. After
autoclaving, cool to 50°C and add the following after filter-sterilizing:

Tobramycin
Ampicillin (Na salt)
Vancomycin
Cycloheximide

per/L
10.0 g*
30 g
10 g
10 g
0.3 g*
150 g

per/L
100 g
40 g
02 g
08 g
08 g
10 g
05¢g
150 g

1.0 me=
0.5 mé*=
0.5 ml**x
5.0 mlxxxx



% Add 80 mg to 10 m¢ water.
P Add 20 mg to 10 mf water.
O X Add 10 mg to 10 mé water.
%% Add 5 g to 10 m¢ methanol and bring to 100 mé with water.

Especially useful for isoléting X. ¢ pv. carotae from seeds.
Normally not selective enough for isolation from soils.

6. MXP ager for X. axonopodis pv. phaseoli

per L
Starch (soluble potato, Difco) 80 g
Glucose 10 g
Yeast extract 07 g
KoHPO4 08 g
KH2PO4 06 g
Potassium bromide 100 g
Methyl violet 2B 30.0 pi=
Methyl green . 60.0
Agar 150 g

After autoclaving add the following filtered, sterilized stock solutions:

Chlorothalonil ’ 1.0 mixskx
Cephalexin 10.0 ml*xa*k
Kasugamycin 10.0 ml**xk*
Gentamycin 5.0 mxkxkkk
¥ 1% solution in 10% ethanol

K 1% aqueous solution

OO 1.2 mf to 38.8 ml water

mxxx 1.0 g to 500 mé water
OO % % 100 mg to 500 mé water

7. Tween medium for X. vesicatoria

per L
Peptone 100 g
Potassium bromide 100 g
Calcium cloride 250.0 mg
Agar 150 g
After autoclaving add:
Tween 80 100 g
Cephalexin 250 mg
5-Fluorouracil 6.0 mg
Tobramycin 04 mg
Cyvcloheximide 75.0 mg
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8. XOS medium for X. oryzae pv. oryzae

Peptone
L-glutamic acid
Sucrose
Fe(EDTA)

© Ca(NO3)2.4H-0
K>HPO,
Agar

Afber autoclaving add:

Cephalexin
Cycloheximide
Kasugamycin
Methyl violet 2B

20g
50 g
200 g
10 g
02 g
02 g
170 g

20 mg
100 mg
20 mg
3 mg



