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SUMMARY

[ . Title

Disease forecasting system for citrus canker and genetic diversity of Xanthomonas smithii

pv. citri in Jeju Island

IT. Background and Objectives

Tangerines are important as an income source for citrus growers in Jeju Island of Korea. In
oder to increase income from tangerines, Korea has been making a great deal of efforts to
export tangerine to USA, Canada, and other countries in the world. Two major aspects that
need to be emphasized in Korea are the environmentally friendly production systems with a
minimum use of chemicals to protect citrus plants from diseases and insect pests, and
appropriate quarantine technologies for identifying pathogens that may be introduced from or
exported to foreign countries along with citrus fruit trades. Currently, citrus canker caused by
Xanthomonas smithii pv. citri is one of the major diseases that causes serious losses in fruit
production in quantity and quality. It is also an important disease that draw attentions in the
quarantine systems of many countries in the world. The objectives of this study are (i) to
develop a disease forecasting system to determine infection risks based on weather data. The
forecasting system is expected to be used as a decision making-support system for
determining when to spray chemicals to control the bacterial disease; (ii) to establish a
discase management system for citrus orchards that can manage citrus canker in
environmentally friendly manners without using antibiotics; and (iii) to identify genetic
background of X. smithii pv. citri found in Jeju Island, and distinguish the Korean isolates
from strains originated from foreign countries. The genetic data can be used in the quarantine
systems to safeguard the citrus production in Korea from risks of foreign strains that may be

introduced along with oranges and other citrus fruits produced in foreign countries.

III. Contents and Scope

This research was conducted for three years by three teams. The contents and scopes of

research by each team were as followings:



1. The project led by Eun Woo Park in Seoul National University:

(DInfluence of environmental factor to pathogen survival and growth on the surface
of citrus leaf

(@Development of disease forecast model for citrus canker based on weather data

(@Ultrastructural study on responses of susceptible and resistant species of Citrus to

infection by Xanthomonas smithii pv. citri

2. The project led by Yong Kyu Han in Epinet Co.
(DDevelopment of weather data acquisition system using automated weather stations
(@Development of agricultural weather data management system generating near
real-time data at high spatial resolution

(@Development of disease forecasting system for citrus canker at farm-based scale

3. Project led by Jac Wook Hyun in National Institute of Subtropical Agriculture

(DUnderstand of mechanisms of streptomycin resistance of citrus canker pathogen
(Xanthomonas smithii subsp. citri) in Jeju Island

(@Diminishment method of copper spray injury and the mechanism

(3Development environmentally-friend control systemof citrus canker disease

4. Project led by Yong Hoon Lee in National Institute of Agricultural Science and
Technology

(DDiversity of Xanthomonas smithii pv. citri by host range and physiochemical
characteristics

@Genetic diversity of Xanthomonas smithii pv. citri strains

(@ Analysis of diversity in pth4 gene and virulence of Xanthomonas smithii pv. citri

@Development of multiplex PCR methods for differentiation of pathotypes

(®Design of specific primers for pathotype detection

IV. Results and Applications

Asiatic citrus canker (ACC), which is caused by Xanthomonas smithii pv. citri (syn.
X. campestris pv. citri, and X. axonopodis pv. citri), is one of the most damaging
discases of several citrus species. Although effective chemicals such as antibiotics and
copper compounds are available to control the disease, their effectiveness varies

depending on when to spray. Consequently, determination of daily infection risks



would be of importance to achieve successful management of the disease in citrus
orchards. The objectives of this study were (1) to investigate growth response of X.
smithii pv. citri on citrus leaves to temperature, and (2) to develop a disease
forecasting model to predict risk levels of infections based on weather conditions. A
rifampicin-resistant mutant, rx31, was obtained by screening for spontaneous mutants
from a wild type isolate, xj31, collected from Jeju Island in 2005. By using bacterial
identification methods including physiological tests, the BIOLOG and FAME analyses,
and the 16S rDNA sequence analysis, both rx31 and xj31 were determined to have
typical characteristics of Xanthomonas smithii pv. citri. Both isolates also showed
similar growth rates on the LB medium, suggesting that both isolates may have
similar growth behavior. Growth response of epiphytic population of rx31 on

detached leaves to temperature was measured in terms of doubling time, and could
G=10.42-9 HenpH0. 1 em

be described as (R’=0.90), where ¢ and ‘“"” are

doubling time and temperature, respectively. Using the doubling time model, an

exponential growth model was derived as T , » Where Y and 4 are the

2
1

g "

population size at time 0 and t, respectively. From this equation, KR

Since Nt indicates the amount of inoculum available, we propose that infection risk

(IR) would be proportional to %4 . The infection risk model was evaluated using

observed weather and disease data collected from the experiment field plots in
2005-2007. With consideration of rain events and the post-infection latent period of
20-30 days, the estimated IR could explain citrus canker development at the
experimental orchard in Jeju Island.

We developed a web-based disease forecasting system (http:/citrus2.epinet.co.kr) to
provide citrus growers with disease forecast information that can be used for
determining spray schedule for individual citrus orchards in Jeju Island. The imput
variables for disease forecast are hourly temperature and leaf wetness period. The
weather data used in the forecasting system were collected hourly from 22 locations
in Jeju by automated weather stations of Korea Meteorological Administration. The
system generates weather maps of Jeju by geospatial interpolation at the spatial
resolution of 120m x 120m. Using the weather maps, the system also generates
hourly infection warning maps of citrus canker at the same spatial resolution as the

weather maps. The warning has four distinct levels representing levels of infection



risks. The system delivers hourly maps of air temperature, rainfall, and the infection
warning maps through the web map interface upon users' requests. It also provides
users with the time series data of weather and disease forecast information of any

point locations on the map.

Ultrastructural aspects of citrus canker development were investigated in citrus leaves
by transmission electron microscopy. A susceptible species Mexican lime and a
resistant species Yuzu were spray-inoculated with a strain of Xanthomonas smithii pv.
citri. Initial symptoms occurred on Mexican lime 9 days after inoculation, whereas
they were found on Yuzu 11 days after inoculation. In Mexican lime, the bacterial
invasion was usually accompanied by host cell wall modifications and cellular
disruption. Fibrillar materials from cell wall degeneration were usually found in
intercellular spaces. Damaged host cells with necrotic cytoplasm showed the localized
separation of plasma membrane from the cell wall adjacent to invading bacteria. It
was common to observe bacterial multiplication and electron-transparent capsule-like
structures around bacteria. In Yuzu, cell wall protuberances formed outside host cell
walls. Occlusion of intercellular spaces was also formed by fusion of two or more
individual cell wall protuberances originated from two adjacent host cells. Papilla-like
materials accumulated locally within host cells in close proximity to bacteria. Some
bacteria were found to be undergoing degeneration in xylem fiber cells. Also, the
shrunken, inactive bacteria were surrounded by electron-translucent fibrillar materials
in intercellular spaces, implying bacterial immobilization. Such cellular responses are

thought to be consequences of defense-responses of Yuzu to invading bacteria.

By survey in 64 citrus orchards in Jeju Island for 3 years (2005 to 2007), the
canker disease mainly occurred in west and east area in Jeju Island, and the rate of
discased fruit and leaf was 0.2 to 1.0% and 0.6 to 2.9%, respectively. The disease
progress was surveyed on Natsudaidai and grapefruit. The disease symptoms were
produced in middle of June, the progress was rapidly increased in middle of July
and early of Sept in case of leaves and fruits, respectively. Two hundred twenty
seven isolates were resistant to streptomycin and 46 isolates were to copper among
319 isolates from 17 citrus orchards in Jeju Island. We knew that most of

streptomycin resistant isolates in Jeju Island were expressed the resistance by str gene



on plasmid and point mutation that alters codon lysine (AAG)-4lof rpsL gene in
chromosome to arginine (AGGQG).

Copper was the most effective to control of canker disease but restrictive for copper
spray injury. The injury was diminished by tank mixing with paraffin oil such like
oils from plants or petroleum. The control was effective in lemon cultivating orchard
by forecasting model for incidence of canker disease but we think we should

diminish 2 or 3 times of spraying schedule for Satsuma mandrin cultivating orchard.

New Xanthomonas isolates causing citrus bacterial canker in Korea were
differentiated primarily on the basis of host range by comparison with reference
strains. The new isolates were pathogenic to Citrus sinensis, C. paradisi, C. limon
and C. unshiu and formed crater like canker on the plants, which indicating that they
are X. axonopodis pv. citri A types. Cluster analysis by combining the band patterns
of ERIC, BOX and REP-PCR clearly separated one group including only X. a. pv.
citrumelo and the other group including X. a. pv. citri and X. a. pv. aurantifolii
strains. There was a clear separation between X. a. pv. citri Asiatic types and X. a.
pv. aurantifolii B, C types in the second group. Partial sequence analysis of 16S
rDNA revealed that all of the strains of X. a. pv. aurantifolii B and C type, and X
a. pv. citrumelo formed a distinct cluster with similarity of 99%. These results
indicate that the isolates causing citrus canker in Korea belong to the A type of X
a. pv. citri. The pattern of several carbon source utilizations and fatty acid
composition reliably discriminated the pathotype of citrus bacterial canker and X. a.
pv. citrumelo. The dendrogram which was constructed by 95 carbon source utilization
profiles differentiated X. a. pv. citri A, A" and A" from other pathotypes. When the
dendrogram was drawn by combined analysis of carbon source utilization pattern and
fatty acid composition, X. a. pv. aurantifolii B, C and X. a. pv. citrumelo formed a
distinct cluster. Accurate identification of the symptoms and causal bacterium is
crucial in a quarantine situation. Compared to more laborious, sophisticated and
expensive protocols, here we provide a more simple multiplex PCR method. The
optimum conditions for the detection of Xanthomonas pathogens are presented with
60C of annealing temperature. The multiplex PCR developed in this study is suitable
for monitoring pathotypes in a very short time. And the specific primer set can be

used for the detection of pathotypes of the Xanthomonas pathogens.
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Table 1. 7=l AT+

o7)= e 253 HEd A=

(Brunings and Gabriel 2003)

Canker group Citrus sinensis | C. paradisi | C. limon | C. aurantifolii
(Sweet orange) | (Grapefruit) | (Lemon) | (Mexican lime)

X. a. pv. citri A +++ -+ +++ -+

X a. pv. citri A* - - - ++++

X a. pv. citri A" - HR - et

X. a. pv. aurantifolii B + + +++ ++++(white)

X. a. pv. aurantifolii C HR HR HR ++++
ol# g ZAFEES Aty feiM = euet Ede Exshe AdHEE
dere] BAgAsty 54 FEstel U AEAGYS REsn B
7l=d Bagk gy 2AS FREjoF shal, H Aol Zad dns e
% Gaol

2003 $-Elube} 7ES 24,600hacl Al SF 646,000ES AJAbEe] wHe W A G
Aakdol gyt B4 T /b oy AEe A Y LdA e St
Q X2 7l
[e) (e}

o} B} B Ao Ao A gaR F ojelgdl BFE Ax AFo
=2 7%4 I AL = 7o st o w QlE) E3Y s FUtet

(W =971 ¢ 3,3009/3.75 Kg, o] Ayt +=&7F @ 1,7009/3.75 Kg, 2002
9 7)) AGHeR A% Ao AR ofego] Atk AFEClAE 1994
WHy duiEsEdA] 24Age] FAE dAl 6329 uin] FEUA
(256.4ha, 2795 7holl A ZhEo] AMfE L JYX|FF AGH L oR st FA
209 dA Mgk tiu] FFo] 7hEEit) o] Ee 2002 R = HlHoR FE
H 1,600= T 12100 ASFHEAF AEol o FHAEHA EsHA ?%%7}011
2 JE ot FAaL, o2 kel 2003 20040l = mFO RO G230
A3 o] FoyA A Hetar Q= AA ol Wk 2003 d B = tin] & 8 H
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ko AT G FsHAT D).
wEFo ALGSEE dov= WUdMALE dA Xanthomonas axonopodis pv.
citri, X. a. pv. aurantifolii, X. a. pv. citrumelo’} R 3150 At} o] HAMFS X
campestris pv. citrithi= $F 71X 9] WAH o= Q1A Ho X thr} 19951 Vauterin 5
of 25} type AT X a. pv. citriZ type B, C= X a. pv. aurantifolii® type BT
X a. pv. citrumeloZ. A-FEHATE ©] F X a. pv. citrumelo= g o AYS
Froe FH AFYHSYS dovle wWddom e At A5 W (citrus
bacterial spot)2. 2 WHIE X gom FIA TAFHIL JAE &t} (Graham, J.
H. and Gottwald, T. R. 1990). X. a. pv. citri®} X. a. pv. aurantifolii= 2 27|+ 4
ol mlg- fAkete] V1R g2 A Rded 5EAS o] 85t FEH A
Atk - vetE xstete] d AAY] dulet ofdd] A He A Y= X oa
Ccitri A ORAIRE FERaL EElw Aol g Astal oA, #H, AE

pv >
T BAA TS e gER A% 8e dovm gAY (citrus canker)
= 407l F8 HdAtolth. 1 9] erk, Abg-tofEtH|o}, o] @} Q% A

S doJ|E X a. pv. citri A¥7} HIFE o,
X a pv. citri A*9] WHol #l X a. pv. citri Awo] ZEE|To|A THEATH
(Mohammadi 5 2001, Cubero and Graham 2002). X. a. pv. aurantifoliidl= ©}=23
g}, gpefato], fFolA el Fxato] #Za AT gelel Be dovle
type Bo} Hepde] RxstH #HAZE gQlel vk S dod)E type C7F HilH o]
At
o]¢} T2 WA vgHo Rz Qlste] HGHA
71918t AElshAQl Alg, 9] glols, dAEH A4 Fo] ©
(Egel 5, 1991; Graham 5, 1990; Verniere 5., 1998). 3+ whHzl 7| g
(repetitive sequences)®] PCRQ! rep-PCRS F3dlo] WUHS w7ety HAdAES &
Aol = AlZ=7t o]FolA $E=ul (Louws 5, 1994; Cubero and Graham, 2002),
rep-PCRE S8l =/ AFETY FES WEste= A= o] FolA Sttt
SYudtel A F= AuEa JdE SFEAe A di& = AgHS 7
Aoz Judoez AA A7 HA= & I F 2 1 R o] FrbekaL Sl
FAolaL, SAAF, 1o ZF2E Y Fol= AP HAl wAlHo R
© dAgusFor AAe] Hoda oA E FAEHToE
o} 20039 5-E tin] % FHE] 2% (Work plan)o] w9~ ZstE 7] wiitel] vl
ome] FFol ¢ o AR AddHY, Il FEFel EEs= AGE
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1 zrg o FHolAe] ¥ e B 54

7h A H
DAEE A 2 L 54
20041 7-89 7 AT 167 A ol WBE A QS A8kl T 36709 M
S &5 stk AR E 72 H YA testE F8H randomdHA| N E A s}
Sar A o] Xanthomonas axonopodis pv. citriQl A & 218}7] 913} Bergey's

Manual®] A 2] 2 &S 8313l t) o A 2] A d 52 Gram staining, Urease A4 7d,
NA+5%glucose 1 2] moucoid A4, T 2 7}4= -3 48 peptone ©]-& A H,S
Bk o] B Nitrate -9 WS-, A% A] Methionine & 743, Gelatin¥} Starch &3l WF-&-
Pectinase - H], &1 5ol w2 WA, Dye's medium Col| 4] Trehalose} Cellobiose ]
& Al Akl A Foltt

2)Tn5E ©] &3} GFP-tagged mutant A2

= 2285k 3670 2] ¥ 7ol A spontaneous mutation= % 5F] F 3671 2
rifampicin # &/d mutantE 423} 31, kanamycin £} GFP makerE 7}4] 3L 91+ E.
coli DH5a(pAG408)¥} mating 311, %+ 337 ©] kanamycin¥} rifampicin #] &/d o] ™
GFP makerE 717 mutantE < 23t W U4 testE &3H] randoms} Al A2
H B bf139l] 121871 2] GFP marker tagged mutanti= YDC(yeast extract,
dextrose, calcium carbonate) agar plate®l] A growth rate, 34 = 2 WA testE &
Sho] 12} Ak} az, wild type(bf13)3} growth rate H] 13} T}

3)A1 = <A ¥ ] (spontaneous mutation)E & $F rifampicin 4] &J mutant 1%

T 223k 367 2] W <ol A spontaneous mutationS- 31 F 3671 2]
rifampicin 4 &4 mutantE A TF 25221 X313 F 3671 9] rifampicin
resistance mutant®] growth 4] 2 YDC(yeast extract, dextrose, calcium carbonate)
agar plate®l| A growth rate, ¥ 94 testE &3] 12} A8kl wild type(Xj31)2}
growth rate H] 1L}l T}

laYs)



1 bf13 3} rifampicin resistance 7 2] & o]
<1 Xac xck 9211, 93672 = 28] A4 Al Methionines 2 8 2 3191 M, Gelatin
o
=

RahshA BRI, @ B 1% PN E R TR BATF 2F AP

Fig 1. WY test 23} (bf13, Xj31: wild type, gfp5: GFP marker tagged

mutant, rx31: rifampicin resistance)

Table 1. A1 wild typedl] thet A2 2 579 4] 2 3 (Xac xck 9211, 9367: KCCM

&3 17, *:Bergy's manual of Determinative bacteriology ninth ed. 33%)
Bacterial Xac Xac x x ¥
Species bf13 Xj31 Xck Xck ' i ' trige 't.'*
Characteristics 9211 | 9367 | @xonopodis campestris citri
Urease - - - - - - -
Nitrate Reduction - - - - - - -
Mucoid growth on _ . _ ) _ +
MNA+5% glucose
Methionine require for
growth - - + + d
Hydrolysis | Gelatin - - + + - d
of: Starch + + + + - d +
Milk proteolysis - - - - - +
HzS from peptone + + + + + +
Acid Cellobiose - - + - - +
production | Trehalose + + + + + +
0 + + + + + +
Maximum 1 + + + + + +
NaCl
tolerance 2 - - + - - +
0,
(%) 3 N ; : N N n
4 - - - - - +

laYa)



BIOLOG data °l| 4] = wild type &= rlfamplcm resistance -+ L-glutamic
acid2} monomethyl succinate S AF-& 0}7\] 5313 a1, GC fatty acid ol 4] = wild type 3}
rifampicin resistance v 52| A Wiko] thH-iE Bl Szsh Al S A8t aL ol vt wild type ¥t
rifampicin resistance 1 T B¢ o] § FAFolvt A Ak S v wE A E W

H] n
of & zfol7k gl A& & = vk whEkA F 8 Fdstrha B 5 gk

H m

Table 2. wild type¥} rifampicin resistance type i -7+%] *}o]& olr 7] £Jgh
BIOLOG, GC fatty acid 4 A3} (w: wild type(Xj31), r: rifampicin resistance
type(rx31))

BIOLOG GC fatty acid
carbon source W r peak name 4l r

Fructose + + 11:0 150 6.240.5 5.240.9
Dextrin + +
Fucose A A 11:0 150 30H 3.130.3 2.60.5
Glycogen + +

12:0 30H 2.710.3 2.820.4
Galactose + +
Gentiobiose + + 13:0 150 30H 6.310.6 5.6%1.2
o-D-glucose + +

15:0 150 24.4+0.7 26,540.8
Sucrose + +
L-alanyl-glycine * * 15:0 ANTEISO 8.510.2 10,240.9
N-acetyl-D-galactosamine + +
Trehalose N N 16:0 150 4,602 2.640.3
Lactulose + +

160 3.220.1 3.810.6
Serine + +
Maltose + + 105 17:1 wic 8.040.3 77401
L-glutamic acid + -
Cellobiose + + 17:010% 8.510.6 9,0£0.9
Mannose + +

17:1 wac 1.610.1 1.540.1
Monomethy! succinate + -
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Fig. 2. YDC agar plate ol A1 2] wild type®] & Bl ¢} LB agar plate 3l 4] UVE
Z o] &= GFP marker”’} AH ) ® 2] ¥h33 A = (bf13: wild type, gfp5, 22, 24, 27,

30: GFP marker 4%} )

0.8kb + 0.85kb +0.6kb = 2.25kb

Kpnl 4
S pAG408
tnp bla ‘lfr!:% (l.lrfil( TE gfp aphA-3 Gmfj 5700 bp
Y Xac chromosome
BarInHI BarInHI BarInHI
1.75kb

Fig. 3. GFP marker’} A% E coli DH5a(pAG408)2] mini-transposon?!
pAG4082] x99 X a pv. citridll insert HUS AR AAEHE HE (O

outer end, I: inner end)
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pv. citriE GFP £-°] primer® PCR 3 Z3}
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Tirme
Fig. 5. wild type 72} GFP marker”’} At} ¥ 5-2] growth rate
H) 1L A8 (bf13: wild type, gfp5: GFP marker A %) )

3)Rifampicin # &/ mutant®] growth rate x}©]

YDC agar plate 7ol 4] rifampicin resistance 75~ wild type X.T} 3= 7] A}5L o,
LB brothol| A 9] growth ratet™= 7 37-7Fe] ZFo| 7} A 9] gl
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Fig. 6. YDC agar plate *-oll 4 ¢] 2] gt wild type 2} rifampicin
resistance 72| & El

Optical density of wild type and mutant

2“5 _‘_-_'Bﬁ_\:e

0.5 ﬂ ——xj31
=7 o

0 4 8 12 16 20 24 28 32 36 40 44 48 (hours)

Fig. 7. LB borthol A wild type®} rifampicin resistance type 2]
growth rate 2 & (Xj31: wild type, rx31: rifampicin resistance type)
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AA st JFeTE 302 5 A5 Ao Aol A A7), dxy 9
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A kS weol S 7o) 215 ©] Smm<] cork borer= disc 10704 & RHE ST
CaCO;-Silwet buffer Iml©] 5] 91 1.5ml test tube®l] 107 2] discE ¥ 31 250rpm, 2
8 Cshaking incubator®l] 4] 1A] {F-& 9} shaking incubationd} S} T} Incubation$t 1 o &

0] -&-3}¢] dilution plate method (live cell %)<} real-time PCR (total cell = 7)2] F+
7HA] W O 2 At o] /) A& 54 3L T Dilution plate method ol 4] 3= rifampicin
S 71k v A & AFE-3} AL, real-time PCROI A= Xanthomonas 2] pthA genes
primer= Ab&-3to] A F g M A ntS A ¢ == ATk 7] 24 Ay 2
o Al growth period & ¢ T2 A & Ml =W S-S S48 Fig. 82 Al
o o] A logaks F & Lef>zoltt. 7 A L= E gl P 3] A S
Sho] tha-9] A4~ A % B3 (exponential growth model)oll A specific growth rate, k=
“+3&}al o] & doubling time, g2 $H2F35}A T

AR AR

N =N yoeki=N, 27
My AZE el M o) AL ] 27
N,  ARE p=0 A AR A7 (AR A7) 271%))

k : specific growth rate
¢ : Al X (hour)
g :doubling time (>0l th gk 24} 5k

Specific growth rate, k5 doubling time, g= 2H2Fa} = W
9 Z/g: e/f[

doubling time-=- —%Xj &= 3| A = aS Aatalal ),

oA nE
1)Doubling time X3 7} &
A3t 9 DNAT 54 A3 26 Cell A G E©
S 7FshE & 5= 21Ut} Dilution plate method & ©]
Real-time PCRS- o] &3} =43l DNAT o] A &3] d X3} ]
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Cuticle thickness measurement by length
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Fig. 21. Light micrograph of an inoculated leaf of Mexican lime leaf. Bar=100/m.
LEP=lower epidermis cell, O=oil gland, UEP=upper epidermis cell, V=vein

)3 E Al Mexican lime I} Yuzu 9] Zu|Al F24 Z}o]
AZE 2pQlol Al Aol Y2 dubdoR 7|5 AlxEY W Ax 13
sHkskol o Axd {3

= 232 Q1ste] YEls= fibrillar materials & A 3EXF
oA &3] TAHAT. AR AEZZ o]Foix EA4E VT MEES F
Yok Alatel A3 AEH oY dPdde] FHE s BT
HFE Hegt Az B2 A% 7|5 AE 9 S7t= Qlate] ¢lo s
Al RAEE AS BAFRa Al F2 3 electron-transparent  capsule-like
structures®= =R A ES b o® & AT Mexican lime 9] 7|
T MEY vpgEFq A=, e dAEESE 71X

A F7Hd Sol Al AxE &
Ao A FElo] mglo = UE Hdes Al AlE
]
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Fig. 22. A. Degeneration of host cell wall. Bar=0.5/m. B, Electron-transparent

capsule-like structures around bacteria in the intercellular space. Bar=1um.

Fig. 23. A, Unenveloped bacteria adjacent to host cell wall. Bar=1m. B, Dissolution

of middle lamella and host cell wall. Bar=0.5.m.
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Fig. 24. A, Extramural layer on the host cell wall appeared in the vicinity of

bacteria. Bar=1xm. B, Intracellular invasion of bacteria. Bar=1gm.

Fig. 25. A, Accumulated electron-dense materials in middle lamella junction. Bar=1

um. B, Pellicle-bound bacterium in the intercellular space. Bar=0.5um.
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Fig. 26. A, Concentrated host cell wall fibrillar materials on degenerated and intact
bacteria. Bar=1/m. B, Accumulation of papilla-like materials in inside host cell.

Bar=0.5/m.

Fig. 27. A, Colonization of the xylem fiber cell with bacteria with either
electron-dense or translucent cytoplasm. Bar=1gm. B, Bacterium in the damaged host

cell. Bar=1/m.
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= bacterium, CH = chloroplast, CW = host cell wall, DB = degenerated bacteria,

ER = endoplasmic reticulum, HC = host cell, IS = intercellular space, M
mitochondrion, MJ = middle lamella junction, PA = papilla-like materials, S

starch, XF = xylem fiber cell
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i Hd4 Intitude: VARCHAR(ZS) — | format.= TERT
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STEP 1: X|%3} 20| SRE Mesiy 2.

1) xY [AIZE SR=ae-E J= 0o HE AHES (#53) |
HefEE SO E g (T ) :
2 22 57 HES 22 A9 A TR (IF) (61

(2E2Z oM Comrolrlé CEA AEAME |HFES TE AT NEEE2(E) (#62)
C

SorR| 1S SAJ0] MEEA ) [Bz= d=opie (g

NEE O EE 2ie (45
3) N7+ 747 HIZE OHES 6047 (#6)

HET SHIZ=2 22| (#60)
BE(0% 23) | O [iEs OHEE BHRl (457
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STEP 3: MetgtA Atz ILICh.
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2)GIS 7|5 o] &8 7|4 B At s A4

WDIS(Weather Data Interpolation Server)& ©]-8-3l 7|25 A5 HIFSWE -5
a1 Azt Y 120m x 120mE AFEEFTE 7] 9] BAES A Al Akt
= H(IDSW; inverse distance squared weighting)= ©]-83}o] F-7HAF o2 =7 74 9
ARPE 7125 A Foll 2T W79 Eololl whE 7] 23HE(-0.0065C/m)S ©] &

3k 31 %= 1 A (elevation correction) S &-8-A| A A =4 5} T}
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Table 3. FEHAGFIHF(] 2ol thateod 28)

\ T:, v A
) e 2 42
T: —E-+ r— [
1 1
X | Xa
T: 34 Aol A9 712 F4%k
Ti: A B=xHo) e 7] A=7)
di: iH A B=XH 3} =4 DA7h= o Ax

Z: 34 Ao st

Zir 778 A ] ik

It EF7] o] ke g 71238 (-0.0065C/m)

= FAT AN A7t 77k A AR 7 N(EE 4~5
B ko] o] 8-(nearest neighbor method)3FA] 7, A =2 7]/ W 7kl = #| 5=

o
=
Tol L FE RE FEAYL o] SHUTt

e A T dSEY 7w gl Ba ws B V1S AU
3 7177 ol A AA g 27138502270 A 3)E ol &kl 24 V1Y whs
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IF (RH > 90 or RAIN >= 0.1) THEN WET = 1

ELSE WET = O;
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Fig. 14. AIF% Al tigh 120mx120m 3= 1=
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A3 A dEAFETe] A A AH o H
SRS A A A

.|_4

1. 7= Ady
2005 5-E] 20073744 3 AFE gha AlufA 9] 647 2AF 2ol A 9] 3F
2 AdH DS A5 A AAHoRE Qo] AF 0.6~2.9% 33
guﬂ dufe] A9 02~1.0%8% FHH AOoE FALEJT (Table 1). T8k A
HEE AFE AFAGR] 4, dHA o, SEA G =] A FA 7t

A=A Th(Fig. 1).

Y A

e

JN

_I_4

—E

it
ﬁ

2
=2
E

ol
ol
s
i3
ok
-
o
ey St

AdH S (%)
o A
A
S e | 20059% 200613 20074
o A o o A uf o A uf
s, ¢ 16 0.5 0.2 0.3 0.8 0.5 0.3
EA, At 13 1.7 0.1 0.7 0.8 0.5 0.0
AT, =4 9 7.1 1.0 0.2 1.5 0.3 0.0
A=A, o 6 0.4 0.2 1.6 0.2 0.1 0.0
sk, sk 7 8.6 1.3 7.6 2.1 1.4 1.2
AAA, A4 13 2.4 0.8 1.4 0.7 0.7 0.1
g A 64 2.9 0.5 1.5 1.0 0.6 0.2
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20079 % AP W Aol we SHEI A4E delMe] WA S
179 nheh 2Abl 2 Ao 68 Fadol A Aol ekl Aldkstel 74
EAA GRS el AAAAL, Aokl A5 78 260 olel Wol L3
Aol 908 z&Ael FA8 %

0{N o

16.0
—a— AHS (E Bha=/1009)
14.0 —o— 513 (3 4 /10021)
12.0 | | —e—st2Lo(gets/a)
10.0 1
<I-
8.0 r
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20074
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3. 34 Aol e A
3-1. A AR 1o EEAE B wAARA

7h As 9wy

2EFEno]lS W3 AFESHA] R FTtAFE W 43] AMEete AR

ul 1778 #delA F 31970 A S FEete 2EfEvelily g A A
FE ARGt ~EflEnlo|xl A& ZAE paper disc(8mm)ell 40uge]

2EAEUo]AS A 8aal o] TATE 200ul(SF 107cfu/ml)e] HigHow w

AF ¥ YNA(yeast extract 5g, nutrient broth 8g, agar 15g/1L)ll *|/&}al 2¢d

TR AXLE AT o= AT, AAdo] IR EHA Fe wF e AG

T2 ERsth 78 AF 2mM ST Eoldle

YNA Al A 1 &<t vidE #5FE5 JE5k colonys: FAdsh= d5=

g A, dF colonys FAA Roh= o= FEo PR Ee)

sk,

oX Hob R

.

<
z
>
jus)
2
=

v Ay g

AFE=W 1770 FLolA F 3197 ASHAS Este] ~E

Abelel]l tigk A ARE WA el A FAbe] 2 A3 2E

A ATE 71.2%% 22770 Aol e A AT

of| A 38.3%%1 467 T ©|Att (Table 2). ~EIEn}o]il kil

Ad AEE dold A3 2EfEntolily} g B Al #F
I

ZAE A 1217 TFE F 264%2 3270 #Fo|gon, ~AEEnlo]ald

o5

(Table 3).
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Table 2. &9 ALEEHE A 2 7 A AFH A=
A 45 FANEAT T
W A AE I
Streptomycin Copper
A(HT82-1) 36/39 23/37 1
B(734h 9/13 3/8 2
c(dadeh 7/8 0/7 2
D(HET) 5/6 0/5 2
E(X.5) 1/13 9/13 0
F(sH 27 10/20 8/18 0
G(t 3£ F-#] 3} 4/11 2/11 2
H(EH-3-12]) 6/8 1/5 ?
[(AIAFE) 10/10 0/9 3
J37H) 5/8 0/7 3
K(H.5-1) 7/8 ?
L(3LAh) 35/50 0
Mol <€) 25/29 3
O 7H %)) 32/38 5
P(IL&) 35/39 4
Q(AI&h 0/9 ?
R(3H) 0/10 ?2
= A 227/319 (71.2%) 46/120 (38.3%)

N




Table 3. 2~2E=:Enlo| A} Falof gt wx} A

3
P4 e A5 FAEAT T
741 9
ST(+)-Cu(+) | ST(-)-Cu(+) ST(+)-Cu(-) ST(-)-Cu(-)
(Ft82-1) 21/37 2/37 13/37 1/37
B4 3/9 1/9 3/9 2/9
c(dddeh 0/7 0/7 6/7 1/7
D(H ) 0/5 0/5 5/5 0/5
E(X.5) 1/13 8/13 0/13 4/13
F(aHE 27 4/18 4/18 5/18 5/18
G(Hh Z5-A &} 2/11 0/11 2/11 7/11
H(EH5-12]) 1/5 0/5 4/5 0/5
[(AIART) 0/9 0/9 9/9 0/9
J37H) 0/7 0/7 4/7 3/7
= 4 32/121 15/121 51/121 23/121
(26.4%) (12.4%) (42.2%) (19.0%)
3-2. A4 ¥4 g5 7%
7 Am 3 U

)Str

strB-R :
e I R Kl I o=
PCRE
FEvte]2  AZY  FAA

s7 gl
Erwinia amylovora®| W3l 7 Zefo]w (suB-F :

5-GCTAGATCGCGTTGCTCCTCT-3)E Ah-&3lo] ZAaAdy e &=
AE eﬂEu],O] Al

[ R=N
AN -

pul

-
T4&

5'-AACCCCTGCCTTCTGCCCTTCTC-3'}

5-ATCGCGTTGCTCCTCTTCTCCATC-3'E | 4-&}3i Tt
thermocycler (Perkin-Elmer Cetus thermal cycler, model 480)5 AFE IR FE
ZAL 95 CTollA 287F %7] denaturation, ©]o{A &=
%7t annealing, 72 C, 27-:7J extension, L& il

7} denaturation,

60C,

74

ZEfoln,

o]

x{ 3} A]

5-GGAACTGCGTGGGCTACA-3,

strB-1(forward)

strB-1(reverse)

___;-’;0

R

35 Ato]E9] 94C, 30x%
72°C 9

ARSI E
Mgl FESn YT F G1ADE BAS] GEAPY 2B

programmable



Al 1057t final extension®] %1t}

DNA #32]& AccuPrep Gel Purification Kit (Bioneer, Seoul, Korea)ZS, = =3 3}
&2 3-2Topo TA Cloning Kit (Invitrogen, Carlsbad, CA 92008, USA)E, =&}
Zv]= F2]+ AccuPrep Plasmid Extraction Kit (Bioneer, Seoul, Korea)S A}-&
Folom A7 d +42 MI13 forward and SP6 reverse primersE A}-83}¢]
F ek o 2 Biosystems 3730XL DNA sequencer (Applied Biosystems, Inc., Foster
City, CA, USA)°l Al A3t}

ol

O

NCBI/g2] #H= AlYgw e A Al
o mpsLFHAE TFAL F Ade Zgo|HE AFtstar 24t dFER
mpsLr A 2HE S3ste] F29etal A7IAES A8k A Ed¥ol
SN =

) AT 2EfEuo)A A 2 g5 9 2d )

GAA A 7T GE8727HFE  rifampicin 50 pg/mlo] EoUE
YNAOA A v A el A o] Ak wj7hx] 5UZE viFste] rifampicinA G4
(P 82-27-if)E WHERNOH o] FFE HAE A oHds] ~EfEwLo]A
of Hair= A4S Holal YAtk FEt 82-27xif #F9 suFHAE 71HA]
I e 2EFEutolAl Aol rifampicino] wE ATl Gt
82-543F 5 YNA A wix|o] Y Fo=z HFste] 2z wigstdth 7]
oA dAFS FHato] YNAWIA, rifampicin (50 pg/ml), Z2EFEulo]Al(50 |
g/ml), Z12]3L rifampicin®} ~E R Ewlo] Al (72t 50 ug/mhESIJAE YNA ILA|
iAo = HEeta 1Y & At 559 HEE ZARSHY FAA T

gl A 5= dgkd Ao d2x=s AT

d

D)Str 572}
StrB-1Z &}o
AR H55

rum~ﬂ

o
AaL Y= AR FALEJATH(Fig. 3, Table
) =

o Tk
:Oé
[>
[
)
i
=
0,
>
X
o
o
o
=<1
o)
ol
rir
P
o
fru
e
ol
it}
0

2 3o



Fig. 3. 7H& #9 o2 E PCRo| 93 ~EZEntolAl AdA FH2KStr) 4
|
Table 4. & ALFH A 2EJEno|x A g FAI} Str F-122ke] #A
A e g4F FAEAT S
7 9
ST(+)-PCR(+) ST(-)-PCR(+) ST(+)-PCR(-) ST(-)-PCR(-)
et 82-1 37/38 0/38 0/38 1/38
ARy 8/13 3/13 1/13 1/13
A do} 8/8 0/8 0/8 0/8
AT 4/5 /5 0/5 0/5
Ax7} 1/1 0/1 0/1 0/1
BAl-l 4/8 1/8 3/8 0/8
stOA | 62/73(84.9%) 5/73(6.9%) 4/73(5.6%) 2/73(2.8%)

[e}
PCR(+) : PCRol| 9|3t Str #&4]

ST(+) : streptomycin A &4J, ST(-) : streptomycin 77,

[e]
Nl

2)rpsL 42} 2] point mutation <1

Tk Al gEAu R A EelE dFEol dldlA Streptomycin A A o

2Abg A% 297 #FE BN 26 EFES ARY FFReH )

H =
T=

irda)

A} FZE PCR(-) : Str 44 gl&
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LA gokom HFh rpsL A
gobA 41HA ol Ak V| Hol AAGE AT sHAIRE &
AA A 75 1970 T sueF AR Sl 1) #FE 2383 157 7 e
A olu :=AS codedtE B7IAEC] AGGE WElITh AT A A
S RHIUAE ) dFE 41HA ol gt A7) Ho] AAGE FA 5
GAA AL 197 dF E T 147 dF+ Plasmidde] A

1 ostr frdakel sA Oé*—‘iiﬂ NA”91 rpsL 7 2}l

Ap2Fel Al point mutation™=
=

point mutation® T AAL A AdAE dFE T N AT

1
=
Plasmid’d9] strf-d =Foll A nt, 18]al 17] #5F rpsL 3 AFe] point

mutation®l] ]3] A Aol FHAHIT ASE & = AUTKTable 5, Fig.
4, 5).

g AT ~EfEro)x] A fHA g5 4 iy 7=

Ay A3 ~Ef|Eulolal T4AQl Eit 87277 T 2ERIERIO|Al A
AT G 82-547 59 £ wdS B5te] 3.3:19 H| &2 2E#Eulo]al
Ay 72 AFHAFS & T A ole AAAAAE A A
77 FAAA AR AT vuA A AR FAS 5T F AS
7heAd S AAEET A & 4 AT

74



Table 5. 4

FA A

ARz Eepmeadel sy fA4 AR, 9

rpsL A A42] point mutation o] -

Sz Streptf)mycin Str fr%ﬂx} Codon 41 of | a.a. of 41 of
~g+4d o E o] 5 rpsL gene rpsL gene
21 & (SIN)-1 + + AGG R(arg)
HE(B)-18 + - AGG R(arg)
H5(B)-93 + + AGG R(arg)
7 AHKPS)-50 + +
AIAFT(SSG)-22 + + AAG K(lys)
AT (KNK)-28 + + AGG R(arg)
°] #(E)-53 + +
EZZH(P)-10 + + AGG R(arg)
’J7}(Sang) F-40 + + AGG R(arg)
’$7}(Sang) D-10 + + AGG R(arg)
T94(G)-17 + + AGG R(arg)
] 5(T)-20 + + AAG K(lys)
| 5-(T)-27 + + AAG R(arg)

F-ABY)13-2 + +

E(P)-52 + + AAG K(lys)
EZZH(P)-50 + + AGG R(arg)
54 (B)2-18 - -

T (N)82-14 + + AGG R(arg)
it (N)82-29-1 + + AAG K(lys)
Wt (N)82-29-3 + + AGG R(arg)

W (N)82-54 + + AGG R(arg)

Tt (N)82-65 + + AGG R(arg)
T (N)82-29-4 + + AGG R(arg)

Fr(N)87-2 + +

W (N)87-27 - - AAG K(lys)

W (N)87-55 - - AAG K(lys)




M123456 78 310111213 M14 1516171819 20212223 24 2526

Fig. 4. PCRY o str 32 5%
Lane M: 100bp DNA ladder, 1: A1 &-1, 2:H %18, 3:H %93, 4:7+%4}-50, 5:20A}
-22, 6:71F-28, 7:219-53, 8:3E%-10, 947} F-40, 10:7%-17, 11:%47} D-10,
12:65-20, 13:805-27, 14:5-F13-2, 15: 2752, 16:E7-50, 17:%5-42-18, 18:'F
82-14, 19:'F82-29-1, 20:F82-29-3, 21:\F-82-54, 22:%<82-65, 23:%-82-29-4,
24:'F187-2, 25:'F87-27, 26:'F87-55

e

Fig. 5. PCRO 9|3t rpsL A} 2

4. -] v LA HAS AL
4-1. FElA FHo W FEA Ay v& =

7h As 9wy

Ao AREE FElAlE A BEREY (242 - ks 2 g +AA 3] 4 g/
L, 5-52): 3ab%s 5 g + A3 5 gL), HELZN CMI50 (505: 5-524], 408: 2-4
A, HEaxu i A5 A(Cuz A 20%, 3% - I, Syngenta Korea), -
HFSA(CuZ A 35%, &FE-FA| =, F2A3|AL 57-3k), Egdo]l 45w d
Ho|E N FF3A(CuzA 15%, HEE-AM WL, Syngenta Korea)E AH&-3F3A T

i da)



Mgl Ae) TS 2AE] Aske]l FUAE Wolisl 48 el A 59
2 7ol Axan 79 F Ia) Az FE A A9 49 59 wrE
A

SR WS 123 FelAE A2l gro) A ssle,

o] wj-9- FAke A
80%°] % 2 AH 1
ofgfje} o] HeHFHY o]
[(1A+3B+5C+7D+9E)/9 x E ] x 100

0: I WA 0, A T WH <1%, B: I3 WA 1-5%, C: T
I3 WA 6-25%, D: T3l WA 26-50%, E: 7|75 H

(‘&ﬂ,

Table 6. Af<=ell ol v-2lAl 8 2] 93] HX=(05)

A g eV g E(%)
27} BEEN(5-52]) 93.1
ZA7F BRELA(5-52]) + o} 83.0
A7 REEN(5-52) + FA7|AHF 8.3
HEEd (9 H) 0.01
naxd (3 AH) + FAVAR 0.01
BHEEI (o] ) 0.01
HELN(0] ) + FA7AHF 0.01
871 %A 86.7
L7 EA + BA g 27.5
F715A + aAE + SAAS 0.03
T AL = (21 7] ) 0.02

w59 3 Ay, 59 11 24
A7F BRIl iw%ﬂr A o] &ste] ATtelM Azt m=
T, okl AV Al Sabed wd & AL

F71EA - T Akl ofvidto]l Aol E H el Al ARE



g o Ad 2 2008 ARE

Al A= 1008

Table 7. ¥l wheh 24 8 2] Jaf H=(05)

AEAe W e A& %) | A=)
A=
6979 [6€219 | 7€6Y [7925Y [8€ 16| ALKAE
247t B2 E )4 0 0 0 0 0 38.5
A7NHEE(2-4) + 1A 0 0 0 0 0 252
HETZ CMI50 (4-4) 0 0 0 0 0 222
HEXd CMI150+7] Al 0 0 0 0 0 13.3
B2 5ol (1] A]) 0 0 0 0 0 21.5
HEENIA) + 7| AF| 0 0 0 0 0 20.0
Cuprik 0 0 0 0 0 733
Cuprik + 7] Al 0 0 0 0 0 56.3
IC 2% 0 0 0 0 0 28.9
IC HE2%+7] A+ 0 0 0 0 0 19.3
Authors HE% 0 0 0 0 0 23.7
Authors B 2 E47] A5 0 0 0 0 0 16.3
ARV 0 0 0 0 0 20.0
A g+7) A5 0 0 0 0 0 18.5
AR+ g 3= 0 0 0 0 0 13.3
ARV ZL 8] 32 =47 | Al 0 0 0 0 0 12.6
A mEE ke A E o] gate] Aprtol A ARE RELE

bz 4r 0 AE 2= 2008] A

1A+ S AN AFA 4008
P ReHTHY ol AL 7] WE
Y69 7,219, 7€ 6, 259, 89 169 A% AX

0




Table 8. A1Z9} dvfol] gk 72 H A A3 98] Fr=(06)

T2 9 3 %= (%)
A g

e o ol

A7} BEEZN(2-44]) 29.7 12.8

A7 BE2EN(2-42])+5 A 7] Al 4001 . 3.82
2A7F BEE N (2—42])+5 A 7] Al-1004) 2.5 2.55
A7 HEEH(5-52]) 32.8 50.61
27 BEEN(5-52)+5 A1 7] AlF4008) . 39.77
A7 BEEN(5-52])+% 7 7] Al f-1004) 17.4 16.5
A7F REEN(5-54)+CAA—1(5004] ) 0.4 33.3
A7 HEE N (5-52)+CAA—2(5001]) 2.0 50
A7 REXd(5-524 1L8E 22.2 63.1
A7F BREk(5-52], e 42 3]) 65.8 35.2
A7 REaEA(5-52] 1sE 5, AA3I) 19.0 52.72
HE 23 (I9A) : 6.89
Egjo]| A AT o] E + et : 12.58
FHBPO )| EFALO] = + B : 17.52

CAA : A&7 e, b 98.5%(d53s, 3ate)

N

REE 5 3 9% o8 (FBAUIHAL AL Fab2)

A3 SESSH (AR
IACA *ﬂ/fjﬂ 1 90% o (T FAH sk B AL, AkEb )

42, A g B84 P e Azt 9
R ER T

FelAel selrgere] Ego o
Egol o Telve AwE 99 @
oln7] Slate] AL 19, 60 F

L E Ay



A i 28l AAES & 7 AUTH kA9 AFolA ofH )l AT
Az BREEdg AYSH Ao BE Qo] 5’4/\}6‘}93\ ARk Z7F Az BEE
2-42e 71 AFA 10085 =83te] HEFAS G 45.8%14 95.8%714]
T8 d&o] #AATS & & AUk Jﬂré:_‘oﬂ EMAE st b}‘joﬂ oF
209 FHA SR 53] AZ(2004 6E 39 ¥} 234, 7€ 16Y, 8¢ 3¥} 20%) &

dgt FYAE FEAS B9 AT AE £E+£ 5-52& Axd ?011*154
T8 I EE 553%0AA R Z)ARRA 15085 =8sto] AEIIUS A
o= T I =T} 43.5%2 T8 FMNE 21.3% BHAIA 5 AT 20059 %=
o] A% A7b Ax BEE 2428 V|AFRFA 15009 &8k A
TFollA A7t Az HEEd 2445 Tgog A¥g Foi HTh FH s E
48.1% AAANA 4 A}TE 2 HEEN o] e FEjAe] A% F A
Ag Zg&ate] Axsls A5 Tt FATES & 5 UAATK(Table 6, 7,

8).
THA L 7AFFAE E851e] Ax 19 T g o FH
T aERS AL A 27t AR RETd 55283 2420 7 ASFS
e &kl dxels 4F AT dEEs o ny e F
% 17.5% <F 20% 7+ S EAAR AE 60 Foll ARG A= 7]
AZF &8 Zxd YoM FEd w2 FErE FEEH &%% &
Ch(Table 10). SHA%F tlolol gk WAl dafo] 9o
W2 28sto]x 1 WA &bl QojME A o]z}
Table 89 AFoA] HET N 24248 A¥3 For BN 55243 7] A F
FAE &8 X FoA BHoh 77 Bo] Yo

1A xﬂe Egato] H¥s S T 9 4z

£ e HeT TG A B8 MES PE UT g
FAAAAYH o2 B A} ?r‘ﬂxﬂ HETANM AAGHA £ 2
7ol vlskel T AAEol FAA Uee ¢ 5 AATHFig 6). o1 ¥l 2
Be FeAd ANAGEAE ESAE I A9 TNt pass AL
HqgA EA RASE Feigel gaclM /198 o] ok HEA EW
of FHYA BAA Qe Gmsk dahs] B Aow paw

an



Table 9. A9 FEAle} et ds €& Ax w71 & 72 a3 T4 57t
A9 T B FF 7/ =AY 57
A E, A 0/15
g, g, gt 0/8
A=, 24, Y 0/10
g, s, 74 0/8
71BN ) 0/1
= A 0/42
Table 10. Fh= o F-2E = F8] 2 Za 3P v
2k (ppm) 2 (100cm”
A 9! 14 5 609 F
Ca Cu Ca Cu
A7 R 2 E(5-5) [8.04 £ 0.31 a*[4.00 £ 0.18 a| 1.19 + 0.26a | 1.37 + 0.12a
A7 R 2 E(5-5)
R 631 £ 1.02 b[3.30 + 047 b| 1.66 + 0.27a | 1.84 + 0.29a
+7] Al 1004
A 7T R 2 E(5-5)
R 8.54 + 0.87 a|3.83 + 0.22 a| 1.50 = 0.11a | 1.66 + 0.36a
+7) Al 4004
A7 HEE(2-4) | 7.03 £ 0.77 a|1.66 £ 0.21 a| 0.84 £ 0.26b | 0.33 = 0.0.9b
A7} 2 (2-4)
R 569 £ 032 b |1.33 + 0.08 b| 1.84 = 0.47a | 0.66 = 0.13a
+7] Al 1004

B!
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Table 1. Xanthomonas isolates and reference strains used in this study

Pathotype Strains Origin Source”
CFBP2859 Brazil CIRAD
JH410-1 China CIRAD
C43, CFBP1814 France CIRAD
CFBP2900 Japan CIRAD

X. a.pv.citri A
J1238-3, JK4-3 Korea CIRAD
CFBP2525 New Zealand | CIRAD
JK148-2 Philippines | CIRAD
M9, A-5246, M5, A-5208 USA DPI
IRO1, IR02, IR03, IR04 Iran PPDSI

. JF90-2 Oman CIRAD

X. a.pv. citri A
JK2-10 Saudi Arabia | CIRAD
A-1609 USA DPI

X. a. pv. citri A" A-2032 USA DPI

X a. pv. aurantifolii B | CFBP2868, CFBP2903 Argentina CIRAD

X. a. pv. aurantifolii C | CFBP2866 Brazil CIRAD

X a. pv. citrumelo (CBS) | XC05-252, A-1902, A-1887 USA DPI

SL-0870, 0874, 4021, 4024, 4026, 4028, 4029,
4034, 4036, 4040, 4041, 4042, 4043, 4044, 4045,
4046, 4047, 4049, 4050, 4052, 4054, 4056, 4057,
4059, 4060, 4062, 4063. 4064, 4066, 4067, 4068
4070, 4071, 4072, 4073, 4090, 4091, 4093, 4095,
4096, 4098, 4099, 4100, 4468, 4469, 4474, 4477,
4478, 4483, 4484, 4492, 4493, 4500, 4501, 4510,
K ol 45114516, 4517, 4518, 4519, 4520, 4525, 4526
orean isolates 4528, 4529, 4530, 4537, 4538, 4539, 4547, 4548
4553, 4554, 4556, 4558, 4560, 4562, 4564, 4566,
4567, 4568, 4915, 4916, 4917, 4918, 4920, 4922
4925, 4926, 4928, 4931, 4932, 4933, 4934, 4935
4937, 4943, 4945, 4946, 4947, 4949, 4950, 4952,
4953, 4954, 4955, 4956, 4958, 4990,4993, 4995

Korea PPD

KACC10443 Korea KACC

'CIRAD; The Agricultural Research Centre for International Development, DPI;
Division of Plant Industry, Florida, USA, PPD; Plant Pathology Division, NIAST,
Korea, PPDSI; Plant Pests and Diseases Research Institute, Iran, KACC; Korean
Agricultural Culture Collection.
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2)715 W f1 A

B3 #210° cfuml 52 3|4 8t] C sinensis (sweetorange), C. paradisi
(grapefruit), C. limon (lemon) ¥ C. unshiu (mandarin)®] A= Z}g+ Qo] 7 F 3}
Ak HF T 2o BashdA of 1Y Sot WRt B AT FAAFT

5o WAL F T BE WAY JEE JRFF vasgc

N

e o] &A% A
FHH 759 B49Y o]&AH %=+ GN Microplate (Biolog Inc., Hayward, CA)
£ o]&3ste] FAbslth FAME 9570 Al o] &A%+ fingerprinting 11

—

informatix™ (Bio-Rad, Hercules, CA, USA) Z&1%S o]&3lo] 37+
ATAE FA T

HA AR A
2l¥ 5 trypticase soy broth agar (BBL laboratories, Cockeysville, MD)?l|
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Table 2. Pathogenicity of reference strains and Korean isolates of Xanthomonas on

different host plants

. Host"
CBC group Strain GF TLemon! SO T MD Canker
CFBP2900, CFBP2859, | +++° | +++ | +++ | +++ | Y
JK148-2
1J238-3, JK4-3, M9, 5246,
X a. pv.citri A M5, A-5208, CFBP1814, | +++ | +++ | +++ | ++ Y
CFBP2525, JH410-1
C43 + + + + Y
(small)
X a. pv. citri A* IR01, IR02, IR03, IR04, - - - - N
JF90-2, JK2-10, 1609
X a. pv. citri A A-2032 HR - - - N
X. a. pv. aurantifolii B | CFBP2868, CFBP2903 + ++ + - N
X. a. pv. aurantifolii C | CFBP2866 HR | HR | HR v N
X a. pv. citrumelo (CBS) | XC05-252, 1902, 1887 ++ + ++ + N
Korean isolates Total 112 strains(Tablel) | +++ | +++ | +++ | +++ Y

'GF; grapefruit (C. paradisi), lemon (C. limon), SO; sweetorange (C. sinensis) and
MD; Mandarin (C. wunshui) "Pathogenicity was recorded 6 weeks after inoculation.
HR; hypersensitive reaction, -; no pathogenicity, +; weak, ++; moderate, +++; severe

pathogenicity, v; variable. N; no canker

2)7|FHS e HE HAdY
&5+ & C. sinensis (sweetorange), C. paradisi (grapefruit), C. limon (lemon)
I} C. aurantifolii (Mexican lime)o| &S S3dlo] YIS WHEE 4 Qv
B 1% o] 9lo] (Brunings and Gabriel, 2003), ¥ A F % 4719 7=EFFE o]
&atel & 11270 5ol tiete] HAdd = 7‘/‘} shal, tzqtFok Bl skl
X a. pv. citri A %L—r% AHAT 4709 7]1Fo] da] HEAHS ngo AT ¢
AY 7T BT HYUAS HolX LI (Table 2). X. a. pv. aurantifolii B 1
F+< mandarine X] flsk & 7]Fd ok WHUAMS HAOW, X a pv.
aurantifolii C 15 grapefruit?} lemon % sweetorangeol| 714 WH&-S =S
< dibxow o 1579 FRY WA AAste] X oa pv. ciriol
v‘i‘i}:ﬁ 2o AFS X a pv. citrumelo®] ]3] FAdwH HHsh
| TEEAT Al BEHE (CBS)2 4702] 71570l i@l
o], Al FAHA k. TujelA EelE B
X a. pv. citri AT FASHA Zdgk WEAdE Holal, 7
Cpv. citri A 1F9 &3l AR AZHE
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[)

g9 o] 84 %=+ Biolog GN microplates ©]-83Fo] 9571¢] &Aaol s3]
28T Glycogen®}  dextrin 2 maltose= X. a. pv. citri A, AY, A 153}
CBSol 93] o]&EHASY X a pv. aurantifolii B+ C 1&F2 o]&31A] 53}
St} (Table 3). Saccharic acid™= X. a. pv. aurantifolii B type°l] 23]} o]& 5
3L, galactose™ B type Wro] ©]-&3tA] X3FATE Tween 407} leucine> T2
CBSell oafA|nt o] &AL, ThE THF A9 o] &3t Hekutt. A Ao
2 BT ) A, AT 9 AV typetS ©a9 ol g4 ko] waEl FEE7 o
HR oY X a pv. aurantifolii B, C type?} CBS+

o] met 4A Fiol bsdtel, #& we F B

AHE S ©Aadol g

w2 BAsw AgPiel

(€} [e}
B2 AMEE F A0S 2 AzZtEt). 33| raffinose, fucose ¥ alaninamide 5
o] kg o] SAHLEE MUY Fiol o] §o] 7t Zom AL o Fol upet
oFzto] Zfo] 7} A3t

Table 3. Oxidation of carbon sources by different pathotypes of CBC and CBS

CBC pathotype
Carbohydrate " CBS
A A A" B C

Glycogen 100" 100 100 0 0 100
Dextrin 100 100 100 v v 100
Maltose 100 100 100 0 0 100
L Fucose 100 85.7 100 0 100 100
D Galactose 100 100 100 0 100 100
D Saccharic acid v 0 0 100 v 0
Tween 40 1.8 0 0 0 0 100
Leucine v v 0 0 v 100

*Percentage of strains with positive results from all of the strains in Table 1. v;

variable but negligible,

some strains used slowly but the change of color was

negligible. Representative carbon sources which showing distincitive difference are
listed. The carbon source utilization patterns on the GN microplate were read with a
microplate reader. A; X. axonopodis pv. citri A, A*; X a. pv. citri A*, AV ;X a
pv. citri A", B, C; X. a. pv. aurantifolii strains, and CBS; X. a. pv. citrumelo.

A A T HAdGdd w7 od] o] ] AbolE Mol AHAHS Table
4o YA X a pv. cii AT 9F AV typeS  9-methyldecanonic acid,

3-hydroxy-11-methyldodecanoic acid, 9-hexadecanoic acid % 15-methylhexadecanoic

NA



acid®] FAol wWEl X a4 pv. ciri A typedt TFEo] 7HE3FiTh
12-methyltetradecanoic acid®} cis-9-hexadecanoic acid= X. a. pv. aurantifolii B} C
types TRHSI=Y AFRo] & Ao AFHU WS X g, pv. aurantifolii BSF C
typeZtell = 15-methylhexadecanoic acid®} cis-7-15-methylhexadecanoic acid®] 3=7d <l

B Aolg ugik

Table 4. Difference of fatty acid profiles depending on the strains of CBC and CBS

CBC pathotype
Fatty acid* . CBS
A A A" B C
11:0 ISO 4.9+1.04 2.84+0.29 2.84+0.39 4.7+0.38 3.4+0.22 3.7£0.19
13:0 ISO 30H 5.9+1.40 2.6+0.13 2.5+0.41 6.3+0.22 5.7+0.34 3.5+0.07
15:0 ISO 9.8+0.64 12.741.19 | 13.9+0.88 | 8.9+0.34 6.6+0.17 8.9+1.01
15:0 ANTEISO 18.8+1.44 | 13.9+1.21 | 12.348.10 | 28.84+5.52 | 28.0+1.39 | 17.4+0.97
16:1 w7c 5.5+1.17 10.9+0.92 | 10.942.34 | 3.3+2.40 2.240.57 9.3+£0.30
16:0 13.3£1.19 | 17.1£1.07 | 20.1+0.11 | 13.0£3.16 8.7+0.59 19.0+£0.95
ISO 17:1 w9c 11.6£1.65 8.4+1.35 5.6+0.11 6.7+1.82 13.9+1.19 | 8.9+0.69
17:0 ISO 6.9+0.60 4.1+£0.77 2.4+0.67 8.6+3.17 15.2+0.71 4.2+0.39

"11:0 ISO: 9-methyldecanoic acid, 13:0 ISO 30OH:

3-hydroxy-11-methyldodecanoic acid,

15:0 ISO: 13-methyltetradecanoic acid, 15:0 ANTEISO: 12-methyltetradecanoic acid, 16:1
w7c: cis-9-hexadecanoic acid, 16:0: hexadecanoic acid, ISO 17:1 w9c: cis7-15-
methylhexadecanoic acid, 17:0 ISO: 15-methylhexadecanoic acid. Representative fatty
acids which showing distinctive difference are listed.

S)EAY] o] &3 XAk A9 zpolo] mE FHEA
Ao AYHE o= Xanthomonas VAL HWUEHS
Tof we BAES

£ W9 2§ TRl s (Fig 1)
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Fig. 1. Dendrogram showing relationship between Xanthomonas strains by carbon

source utilization pattern. The data was analyzed by the fingerprinting II informatix ™
software. The lines indicate the CBC group as follows, A; X. axonopodis pv. citri A,
A"; X a pv. citri A, AY ; X a. pv. citri A, B, C; X. a. pv. aurantifolii strains,
and CBS; X. a. pv. citrumelo.

The X a pv. ciri A ¢+ AY = X a pv. citri A type ¥ TS 1F
AAeRA . 2E Y 5099709 APEAE 2430 ofgk EA AN Z7te] WAy
gels] FHEE 215 FASHAE FUTE (data not shown). FHE, B
o] &A=} XAt 2AHARE FAl A% A X a. pv. awrantifolii B, C
type 2 X a. pv. citrumelo E type LS 1FS FAsH thE HAP G

T o] 73kl (Fig. 2)
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Fig. 2. Dendrogram showing relationship between Xanthomonas strains by combined
metabolic and fatty acid profiles. The data of carbon source utilization and
composition of fatty acid were combined and analyzed using the fingerprinting II

. - T™
informatix — software.

2 FeldFe] §4% ey
b AE 2y

N A A DNAS] #e

Genomic DNA Shiotani 5(2000)9] W& °FzF WA ste] #elatsivh. AL
Wt AHAE Xanthomonas -5 peptone sucrose agar (1% polypeptone, 1%
sucrose and 0.2% L-glutarmate) 1} LB v #|¢]] 28Tl A 247t v st & +&
5319 o] S 5 M NaClE o] &3l A2 F SDS®} proteinase K& =
T 2% 9 250 ug/ml 3 TrisEDTA €59 (pH 8.0) (Sambrook et al.,
1989) 600ulell #AEsIATE o] AgHS 37CoA 1A17F 5 s F 5M
NaCl& 100pl M7kt & 4 T2} Cetyltrimethylammoniumbromide
(CTAB)NaCl (10% hexadecyltrimethyl ammonium bromide in 0.7 M NaCl) &
NE Bul H7Fg & 65ColA 107 vlYgs * DNAT phenol chloroform
isoamyl alcohol (25:24:1) ©]-&3lo] 2]t o, 2% DNAT 20T B
et ARSI TH

2)DNA S35 91§ PCR =71



w2lE DNAE FEOo= st 3 ¢ X2 E rep-PCRE AAISHATH
BOX PCRS % 25 plo] WHg oo 1 X Taqg &%, 2 mM MgCl, 4 uM9]
primer BOXIR (Louws et al. 1994)3 Z}Z}2]  deoxynucleoside triphosphate
(ANTP)E 025 mM#¥ 4Yil, 2 U of EX-Taq polymerase (Takara)E ©]-83}]
94Cell A 12, 52ColA 18 2 65CellA 8&3F 303] PCRS AAI8H3i=tl,
Z @A 94Tl A 73, wpAE @A Z= 72TCAA 10230 ksS4
A8kt ERIC-PCR< 1 X Taq buffer, 2 mM MgCl,, 2 uM primer ERICIR,
2 uM primer ERIC2 (Louws et al. 1994)¢} Z}Z}2] dNTPE 0.25 mM % 2 U<
EX-Taq polymerases Ab-&3to] WA A% BOX PCR¥I} & XzloAl 4
Aleteledl, Ad2 50Cx2dd A A ASEI T REP-PCR< 1 X Taq buffer, 2
mM MgCl,, 50 uM®] REPIR-I9®} REP2-1 Zz}ojm 2 Z}zko] NTP 1.25 mM
7} 2 U®] EX-Taq polymerases ©]-83to] AlG2E7F 45C< A& A 9star
BOX PCR¥} &3t =M At whg % PCR A=< 1 X TBE
bufferol] 41 1.5 % agarose gels ©]-83}o] #7]%d &3t

A bandE UVElol| A AL

3 ethidium bromide®

3)rep-PCRA 3} #-2
BOX, ERIC ¥ REP-PCRS E3lo] #41% band & W=9] fio] et
FAFEZS NTSYS, version 2.1 (Rohlf, 2000) AZEo]ES o] &35
(unweighted pair group method with arithmetic mean) W'H o2 FAsle] 53¢

o §44 A e =S

o
_|L
£
c
g
Q
<
>

4)16S DNA 4]

16S tDNA®] 7| E& Alxte] EA oy #F3ke] AR Apo] 4] Fo
AFEE oA Th (Louws et al, 1995). ¥ AIME 16S DNAS  27F
(5'-AGAGTTTGATCMIGGCTCAG-3')  >Zefo]m¢}  1492R(5°-GGTTACCTTGITACGACTT-3¢)
Zelolw (Lane, 1991)5 B3t A4 & #F 7F fFAIRE AT ¥
A 50 ng®] DNAS F8 o2 3lo] 5 pmol®] Zato]w, 7+7Fe] dNTP 0.2 mM,
1.5 mM MgCl, 2 1 U ¢ E-Taq DNA polymerase (SolGent Ltd., Korea)E 50

Fol AIgwkg-& 303 AAIG § wpx|Eto g 72°Co| A 5&7F whg-Ekgivt vk
53 PCR 4H=S SolGent PCR purification kitE ©|&3lo 4 ®2|d &

SolGent Ltd. (Korea)ol <]Z|&}>] BigDye terminator sequencing kit®} ABI

= R 1:]_
-2 & 95°Co| A 20%7Fe] WA, 50°Col A 40 =7+ Ag @ 720Co A 1E
Z_ A



PRISM 3730xl DNA analyzer (Applied Biosystems, Norwalk, CN, USA)E ©|&
o] M EE Btk o] AVIMEE  fingerprinting 1T informatix ™
software (BioRad, Hercules, CA, USA)E ©]&3}o] UPGMA WHOoZ fATA
& AE e, HEoE AFEH A7IAES F 880 bpE X a. pv. citri 306
strain (NCBI accession number, AE012039)2] 1,017bpoll Al 1,896bp2] 3714 <&z}

e A9,

SRS ) =

Drep-PCRO o]t AlFH I Xanthomonas 52 F+AAA 4

BOX, ERIC % REP-PCROIA ols] A= = 2F 100914 40,000 bpu
of $1A83 k. ERIC PCRO| WIE=dRS o] &ate] FAdAE Hlugd 23}
AA FAe aIFeZ Yot (Fig 3). ol dhUeE B X a. pv. citri
TTE 75%2 FAI=E X3t YAS™, X a pv. aurantifolii 9+ X. a. pv.

citrumelo E type 7 132 Tt fIAsITH BE #F9 Fd FAEE

oF 43% A= om oA Euld dFE X a pv. ciri AT DAY= o
2 OFS gASd, S Y 75 s 90% o4 fAIREE A
AR T}

L £
a0 ]
BC & o
cas ﬁ &%
— X
i & i ™ o

Fig. 3. Dendrogram showing relationships between Xanthomonas causing CBC based
on ERIC-PCR analysis. Similarities were calculated by using the Dice coefficient,

and clustering was achieved by UPGMA using the NTSYS version 2.1.
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BOX PCRel <3 423 A7 Fe aF5e= uy
BE X a pv. citri ®F X a. pv. aurantifolii types X3$H3FSlaL, thE
X a. pv. citrumelo type®] XESEHUTH T 2F Fo HT AR
43%A ) (Fig. 4). < 2wl XEJE X a. pv. citri, X a. pv. aurantifolii
B % CE o 50%9 fAIER A2 & LOFo2 F¥FATE X a pv
ciri A type AT 2 AV typed} TEEA ekgtom ) EEditele oF
80%°]7%e] FAHES H At

2
2l
rlr
=
o

$ 1
>

M2 o
o orie e

e
? e
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B.C
cBs

53T
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Fig. 4. Dendrogram of relationships based on BOX-PCR analysis. Similarities were
calculated by using the Dice coefficient, and clustering was achieved by UPGMA
using the NTSYS version 2.1.

REP PCR A3l ot T34 23 oF 59%°] FAt==Z F719 aFo=
U=z F AT (Fig. 5). °lF 52 X a pv. aurantifolii BE
xEsigion &g 3 aFde e EE HdPol XIHAY. FAb9
IFAAM X a. pv. citrumeloe °F 70%2] FAIEZ U2 WA FEEA L,
X a. pv. aurantifolii C type> X. a. pv. citri 2} 75%2] FAIEZ B2 &AL}
v 9o Aol A et HS=EHAl X a pv. citi ASE AT E AV T
ol HA gt

b
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Fig. 5. Dendrogram of relationships based on REP-PCR analysis. Similarities were

calculated by using the Dice coefficient, and clustering was achieved by UPGMA

using the NTSYS version 2.1.

ERIC, BOX

= g i
MEZE 5 1 s Beln S48k -
BAE ZAzte] Avelt MER A F 2 %9
BAE @ A3 o sowel AAER FAle gl Sdal 2
shelsk AN o] St 152 9A X a. pv. citrumelo typeX
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FAAA X a pv. citri A type> X a. pv. aurantifolii B

2 C typedt A FEo] H Atk Cubero$t Graham (2002, 2004)S A%t

A" A typed} THAJO] o} @A Mexican limeZ} Alemowol T+ W4
ol Ao Bud uk gtk B ¥ repPCR ZFE A'9h AV typeo]
typedt #HEgo] E& Fo® YEI o, Al /e PCR AR}E FJ}HORE
A3 A3k A"9F AY typeol A typedt FdF FEREHE AL 39
t}. Trindade 5 (2005)> Zt7te] rep PRC
of e A7t fAbgE A9E RQiva B
ERIC, BOX % REP PCRZAI}E 35
He o] Frtelke S A% F Al

=

Az} Al N
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Fig. 6. Dendrogram showing relationships among Xanthomonas strains causing CBC
based on combined analysis of ERIC-, BOX- and REP-PCR results.

2)16S rDNA 4

16S rDNAES ¥ EA3 A3} Xanthomonas 5 o= A= vl$ =
2= Aoz BuyQled, ZF 7579 16S 1DNAY THEA A bgdst a1
S FAeE S I F F AJT Fig. 7). SHIEAE FHEANAYL X a
pv. aurantifolii B, C type@} X. a. pv. citrumelo™ 99%%] FAIEE HolW Y
g 152 FAsth 16S DNAE "l fAME7E 2 dF5S FEser
et E3 Aoy BuFEAEH (Fox et al., 1992), ¥ Ao %= U
#H HLFE FEA = XSS, Asiatic pathotypet B, C X E typeit
o= AR & Ius d45te s 920 T 5 Uk
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Fig. 7. Phylogenetic tree based on 16S rDNA sequences of the Xanthomonas strains

causing CBC. The tree was constructed by using the fingerprinting II informatix
software with UPGMA method.

3oy FAA 2 FEE WA ao] A

7h As 3

n¥dE A4

Wy 9 Td WdPelAe # e wE WA AolE: EAstuxt
s7hel HEF EF F oMY FFE 100 cfuml TEE FHFTIT F
=]

2)Southern hybridization

717kl 7 ER5E E¥ ¥ DNAE BamHI AELE A F 0.8%
agarose gel= ©]-&-3lo] 719 F 33t o] A5 104 52t 250mM HClol| H++ %
SHF52 37 Y  Denaturaion sol.(1.5M NaCl, 0.5N NaOH)°l| gelE& ¥ i
AL A FEgdA £5oF11A DNAE WHAAAFY. ol& T/FTE Tk
Aol ¥ neutralization sol.= o] AolA F=¥7| shaking s} gel=
neutralizationd} $1t}F. ©] & membrane®l| transferdt § UV ©l| cross linkage A1
P* 2 label ¥ probeS AF-g&Fo] HE-S-A]7] & uk-S-o] B2 3143} ),

ol



3)Plasmid 2]

Zyzko] # O B2 EE plasmid AxyPrep plasmid midi prep kit (Axygen)E
Abgstel EEletelth. e ARE el uwel A=, kits
ol-gste]  Eeletrl Al Aol HFES IM NaClz 23] Al
A g5,

<
T

D#F 2 HAE
Sjee @5
el Aol

WAL He

Banpeiyu Grapefruit Harehime Heungjinjosaeng

A
|
.

Rough Lemaon Sasebo

Sweetorange

Fig. 8. Difference of virulence according to the difference of CBC strains

9, #F D FF] Wk gAY 9ol v WS B, wulg,
A%, 2 EQNA Sl WU Feke] zolo] wAglel MmH WA
o] Wt o] o] umH AP e



Banpeiyu

@repefult

Harehlime
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Lesion diemeter(mm)

agar, Hegdoe] At w e wFol dAgle]l ¥AH SRR wEa, HA
AldESol gk ¥Rk A% =2 el (Fig. 10). 5 WA o] 43
e ARE HA Tl dEdFE o]&d ¢ US Aow A7HY, oy
b e Abeolsk A Abole] @A wiF dg= Fed o=
W7he,

30

o WZzzsbo BRough Laman

P B amon DOHsungjinjosang OHarshima
E " Grapefruit BBanpeivu H
o
: -
B 15
c
=}
i =
= 10
=]
E

0 L | | | | L | |

SL-4096 SL-4098 SL-4468 SL-4474 SL-4516 SL-4566 SL-4024 SL-4050 SL-4553

Strains of CBC

Fig. 10. Difference virulence of Korean isolates
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Fig. 11. Southern hybridization patterns of pthA genes of BamHI-digested total DNA

from Xanthomonas strains.
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Fig. 12. Representative group of CBC strains according to the numbers and size of

pthA gene

S a5 v g AEHTHAE Xanthomonas w2 HIAFS FES

o X A3} X a pv. citri A typed] A% BT 37 °]39] pthd FAAE 7HA]

AROHW, X a pv. citri At AVE 127012, X, a. pv. auwrantifolii BS} C
Ne

type> 1-370E HA-3FaL ATt (Table 5). X a. pv. citri A type2] WA 0]
Zetal 71FHAE W A AUHoR X a pv. citri A type©] 7FAAL S)
= opthd AR 7 B2 AdE DS ddo] IS AoRE AZHEL

Table 5. Difference of pthA gene depending on the pathotypes of CBC

Pathotype
pth4d Group A N A B C 7
1A - 1 - 1 - 2
2A - 5 - - - 5
2B - 1 - - 1
2C - - - - 1 1
3A 89 - - 1 - 90
3B 4 - - - - 4
3C 1 - - - - 1
4A 8 - - - 8
4B 7 - - - - 7
4C 2 - - - - 2
4D 1 - - - - 1
4E - 1 - - - 1
4F 1 - - - - 1
Total 113 7 1 2 1 124




Fig. 13. Plasmid profiles of Xanthomonas axonopodis pv. citri strains

ol Eotavs OFd WA He #d
type®] 789 1-37§7hA] thFsHAl B frshaL
IWE, X a pv. aurantifolii B&}+ C type 3

d Sl
AN oW, X a pv. citri A AVE
Al INE BA3kal AATE (Table 6).

Table 6. Diversity of plasmid numbers according to the pathotypes of strains

*

Plasmid group A A AY B C Al
plA 5 ; ; - ] 5
pIB 3 - - ; - 3
plC 1 3 ; ; ; 4
pID 3 ; 1 ; ; 4
pIE ! 1 ; 1 ; 3
pIF 1 ; ; 1 1 3
p2A 3 ; ; ; ; 3
p2B 1 - - ] - 1
p4A - - - - 1
Gl 18 5 1 2 1 27
HAE T QoA B pthd T2 B plasmid®] sHEle] WE AHAL S T
Hog mAEsle] B X a pv. citri A typed AS HFeta JdE g
SO St HeAehE Bishn 9 pmd FA4S G BE AL @ 5 9
fovl, Tehavs oh pihd fAAL] S 9 FRFTe] BAYE ke A

o
fru
i
o,
L

t} (Table 7).



Table 7. Diversity of pthA gene and plasmid number depending on the pathotype of
CBC

Plasmid type
Pathotype | pthA type Al
plA | pIB | pIC | p1D | plE | plF | p2A | p2B | p4A

A 3A 1 2 - 1 1 1 - - - 6
3B - - 1 - - - 1 - - 2

4A 2 - - - - - 1 - - 3

4B 1 1 - 1 - - 1 - - 4

4C - - - 1 - - - 1 - 2

4F 1 - - - - - - - - 1

A 1A - - 1 - - - - - ; |
2A - - 2 - 1 - - - - 3

4E - - - - - - - - 1 1

AY 2B - - - 1 - - - - - 1
B 1A - - - - - 1 - - - 1
3A - - - - 1 - - - - 1

C 2C - - - - - 1 - - - 1
Al 5 3 4 4 3 3 3 1 1 | 27

4. HYE $EE 93k Multiplex PCRY 7|
= H

7F s Ed
DT 2 DNAE-E

e ASHY #HE Xanthomonasd: T(Table 8)5 WHUHol| ulg}
peptone sucrose agar (1% polypeptone, 1% sucrose and 0.2% L-glutarmate) =+
LB Aol A oF 2= wjdst (28C) oA w3 I A3
WO 2 DNAS 228kl



Table 8. Bacterial strains

used in this study

Type Name Origin Source”
CFBP2900 Japan CIRAD

X. a. pv. citri A M9 USA DPI
SL-4510 Korea PPD

X. a. pv. Citri A’ IRO1 Iran PPDSI
JK2-10 Saudi Arabia CIRAD

X. a. pv. citri A" A-2032 USA DPI

X a. pv. aurantifolii B | CFBP2868, CFBP2903 Argentina CIRAD

X a. pv. Aurantifolii C | CFBP2866 Brazil CIRAD

X a. pv. citrumelo CBS | XC05-252, A-1902 USA DPI

"CIRAD; The Agricultural Research Centre for International Development, DPI;

Division of Plant Industry, Florida, USA, PPD; Plant Pathology Division, NIAST,

Korea, PPDSI; Plant Pests and Diseases Research Institute, Iran.

2)~gtolw 9 PCR %71

Agde BAoRRE BAFe BUF F vaddols, A 24
gohe] BAL WAHS AReE @A A Hed, 28 A%
olglol = WARE HAlajol Frh (Fig. 14) e, WA o] 7]
NFUAE ol§F WP B AN} FE P4 Fuld Folob
wdol Ak

Isolation |

# Nesative

[hio ]

Conventional identification
test and pathogenicity test

|

Fig. 14. Diagram for the diagnosis of CBC on symptomatic samples
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oruE

&olar ges Bddy S sty 98, ool A
23 DNAS F3d o2 319 multiplex PCRS 2 A&zt Zhzhe] Zzlo] o

S AAS Y. Zgoln = 7]Eo| Xy 2/3 (Hartung et al.,
1993), J-pthl1/J-pth12 (Cubero and Graham, 2002), J-Rxg/J-Rxc2 (Cubero and
Graham, 2002), XACF/XACR (Park et al. 2006) % Xac01/Xac02 (Coletta-Filho
et al. 2006)= AH&3EFSITE (Table 9). PCRS F3 50 ngoll 2.5 mMe| z+7}e)
dNTP, 2.0 uM<® Z}Z+e] primer®t 2.0 U 2] e-Tag DNA polymeraseS
HEE-el o i sho] HZx 94Col A 33 WhE § 94T oA 45%, 62Tl A 45%

2 2CANA 45%3F 303 vk T wpxEto g 72TCo|A] 10E3F g
A Zth WA zpzre] Zefolde] diste] 7] RayE Aol U3 At
dojA= Ao oRE 58C, 60C 2 62T AFLEZ o] gdto]

Nk R A=

Zgto]lw & 370 2%% & SubE 2/3, Jpthl/J-pth2 2 XACF/XACRS} o} &
St 2/3, J-pthl/J-pth2 2 Xac01/Xac02E  AFE3}ATE Multiplex PCRS
FahA= 25nge]l FH3t 0.1 uMe] ZHze] EeolwE AREESITE Multiplex
PCR HEEF 3.0% (w/v) agarose Z17]|9& $ ethidium bromideZ A3+
Uvalel| A st

Table 9. Primers used in this study for the detection of CBC strains

Primers Sequence Exgizceted Sources
2 5-CAC GGG TGC AAA AAA TCT-3 29y by | Hartung et
3 5-TGG TGT CGT CGC TTG TAT-3 P | al, 1993
J-pthl | 5-CTTCAACTCAAACGCCGGAC-3' 107 by | Sibere &
J-pth2 | 5-CAT CGC GCT GTT CGG GAG-3' Pl S ’

, , Cubero &
J-Rxg 5'-GCGTTGAGGCTGAGACATG-3 179 bp Graham.

J-Rxc2 | 5-CAA GTT GCC TCG GAGCTATC-3' 2002
5'-CGT CGC AAT ACG ATT GGA AC-3'

XACF , Park et al.,
XACR ASA:-%’GG AGG CAT TGT CGA AGG | 561 bp 2006
5'-CGCCATCCCCACCACCACCAC .
Xac01 ) Coletta-Filho
Xac02 | GAC-3 S81bp | o7al, 2006

5'-AACCGCTCAATGCCATCCACTTCA-3'

3)Whole cell PCR
Mz wgs AES IM NaCl2 F ¥ AlF3 5 10° cfu/ml (ODg=0.3)=



o] FOo & 10%13]45ke] multiplex PCRe| 98 HAE3AE
A3td ). ZHzbe]l wxo] oA jul NS FHoE Fo F 25ulY
AAER T PCRS HE WHAAAIFS 48202 3 A

1

[e)
- = A
gol= §lelM 7= A TAdF 2A LA

LS e B = <

DTS PCRE 918 PCR 271 9 Zefo]ul SolA

7)ol ®Harg zhzhe] ZpolmE o] gste] WHAY HEAHS AT A
Zaboln) 230 ME X a. pv. citri A%t A” typed] BE #F7F AEEAL,
selolm Jpthl/J-pth2 ol M= X a. pv. ciri A, A’ AY type D X. a. pv.
aurantifolii. B9} C type®] AEFHAJEUY, X a pv. awrantifolii B typeol| A=
ok7ke]l Wol7} 9idtk. Zelolw XACF/R, J-Rxg/Xc2 and Xac01/02S RE X
a. pv. citri A, A%} AY typeo] AEEH AL X a. pv. citrumelo E typeS $1¢]
ol ZglolWRx HEHA LUTE (Fig. 15). 2% 58T 60Coll A
gk 23 Boled, F o 52 50140 245 = 2% 60TolA
multiplex PCRS A A|87]| 2 &3t

Jpthlsd-pthz JRxa/l-Rec2 RACF/ HACR xacOlxaclz
MT 23456 765 91011 M1 254567891071 M1 234567591011 M1 2345678597011 M1 234567881011

0b
0z

Fig. 15. Specific amplification of Xanthomonas pathotype targets by PCR using
isolated DNA. Lane M: 1-kb plus DNA ladder (InvitrogenTM); lanes 1-3: strains of
X a. pv. citri (A), lanes 4-5: X. a. pv. citri (A*), lane 6: X a. pv. citri (A"), lane
7-8: X a. pv. aurantifolii (B); lane 9: X. a. pv. aurantifolii (C); lanes 10-11: X.
a. pv. citrumelo (E). Note that the specific band should be detected at the size as
described in Table 1. The arrow indicated the size of 0.2 and 0.5 kb



e A HEs %%H e et o] @ ZtolmEo] Halwolgle
d, o5& ol&3ste] A& B WHAdE 75 SAld aAdsts s F2aA,
olE primerE ©]&3] multiplex PCRS AA3IAE T 25 = (23

J-pth1/J-pth2 2 XACF/XACR)¥} (2/3, J-pth1/J-pth2 = Xac01/Xac02)oll 4] H] =3k
ARE BYE, A, A, A9 B, C 1857+ XACR/XACR Z#lo]m &, A,

| AT

A'S} A%, B, C 152 23Zgto| & o] 7153819 0w, Jopthl/2 EEfo]n

= EE A Ao e ¢ deE #ARle s th(Fig 3). 3, X a
pv. citrumelo E type©] (2/3, J-pthl1/J-pth2 2 XACF/XACR)2] Z3tolA HAEH

of Mz the molw e @ WEom mI oE ZeomME o gd

o] PCRS AA 3 A¥} Xac0l¥} J-pth2o] 2]sjr Eo]

& Atk o5 2Ee
89 & 92 Aoz 47

05

0.z

05
0.z

HE7E P49 g9l
X a. pv. citrumelo E type2] FZE°] Eol¥ oz A}

) (Fig. 16)

5 7 8 510 1

Fig. 16. Multiplex PCR performed for the differentiation of Xanthomonas pathotypes.

The combinations of primers,

A: 2/3, J-pthl/J-pth2 and Xac01/Xac02, B: 2/3,

J-pth1/J-pth2 and XACF/XACR, C: primer Xac01/J-pth2 for the specific detection of

X. a. pv. citrumelo. The order of strains in each lane is same as described in Fig. 1.



3)Whole cell PCR & 7 &34

A2 wjst AFEAEESE 10° cellsyml & FAste] 233 A3 DNAES
TPoR o]&PYS e} FUst ANE IS (Fig. 17). ©]%+¢]
Adz 2w dAHsE oYY AdAEE 1-8-3 %= multiplex
PCRS AAe=d de FA7F S Aoz AlR
cellsmlZ WHg-A o 1007 Ao AHx7t o]8d u
7Vsd Ao w AZETH (Fig. 17).

e ok 10’

t
kl
Y
o

108cfu/ml 105cfu/mi 10#cfu/ml 103cfu/ml

M1 234567891011 M1 23456 7789101 MT 2345678910111 2353456 788101

05

;2

05

0.2

Fig. 17. Limits of detection of Xanthomonas strains with cultured cells. PCR
amplification from a tenfold dilution series of cultured cells. Two combinations of
primer mixture, A: 2/3, Jpthl/Jpth2 and XACF/XACR, B: 2/3, Jpthl/Jpth2
and Xac01/Xac02, were tested for differentiation of the pathotypes. The order of strains

in each lane is same as described in Fig. 15.
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%LELW ASE 2 BddE Xanthomonas®: T (Table 10)5 HLFP ufeh
peptone sucrose agar (1% polypeptone, 1% sucrose and 0.2% L-glutarmate) =+
LB HjA| Ao A ok 2d A E 28T oA vjdt & QoA AF3 A Hdss
HPHJ o2 DNAS 0}01 /\]_.Q_ ]_oﬂr/]_



Table 10. Bacterial strains used in this study

Type Name Origin Source®

CFBP2900 Japan CIRAD

X a. pv.citri A M9 USA DPI
SL-4510 Korea PPD

X a.pv. citri A IRO1 Iran PPDSI
JK2-10 Saudi Arabia CIRAD

X. a. pv. citri AV A-2032 USA DPI

X. a. pv. aurantifolii B CFBP2868, CFBP2903 Argentina CIRAD

X. a. pv. aurantifolii C CFBP2866 Brazil CIRAD

X. a. pv. citrumelo CBS | XC05-252, A-1902 USA DPI

X. o. pv. oryzae 10860 Korea KACC

X. a. pv. phaseoli 10559 Korea KACC

X a. pv. glycines 8ra USA PPD

X a. pv. pruni S4383 Korea PPD

X. a. pv. vesicatoria S4656 Korea PPD

Pseudomonas syringae | DC3000 USA TIGR

pv. tomato

"CIRAD; The Agricultural Research Centre for International Development, DPI;
Division of Plant Industry, Florida, USA, PPD; Plant Pathology Division, NIAST,
Korea, PPDSI; Plant Pests and Diseases Research Institute, Iran, KACC; Korean
Agricultural Culture Collection.

2)x kol Az B PCR %71

el AAIPEE  ERICPCR A Tl 72 HAPHERE Solgd H=E
d7ke] WAY AES AR Ho| mejolv] AMel Agstud 2tz
W= DNAS FE3}9 pGEM-T (Promega) vectoro]l =29 3}l o] g

A7NAEE S F NCBIE Fsto] Aed7IAgs &4 A3 2 7HA 9]
AR 7ML S ZE 5 AT ol 2R Folzgto|ME AFteitt
PCR> 50ng?] DNAES F¥oz 3lo] Zbzte] 25 mM2 dNTP, 2.0 uM2]
axgtolw, 20 U E-Taq DNA polymerase (Solgent Corp.)& ©]-&3}¢]
AABET X a. pv. citi A* 9 Aw typed] HEES Hs] XcAsF o}
XcAswRE AF&3l] FHx 94CollA 287F &5 94Col A 45%, 65ColA]
Z 2 12CoA 45%3F 303 wbeS AAESlAL, Aoz 72T A
HESSIATE. X a. pv. aurantifolii B typed] HES A=, 67C
7104 XaBF2} XaBRE ©]&3}3l, X a pv. auwrantifolii C type2]
A M= 69Col A XaCF13}F XaCR1e ©]-&3to] ¢l9t sd7 =A
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PCRES AHASTH H7|9& £ 2% (w/v) agarose gelsE ©]-8-3}]

BRI

3)Wholecell PCR 2 7 & 37| A}

Mz wjekst AEE 5M NaClZ 7 W AlF3 F 10° cfu/ml (ODg=0.3)%
A3kt olE 7T 107138438k multiplex PCROl &3t HE3IAE
ARttt 27l wEe] SA oA 1ul AE FHORE F] F 25ul9]
Hj koo A PCRES AAEATE PCRES HE WAADS 4802 3 A
o= QoM 71Ee A FIIF @A PCRE A IS L

U, An 9w
HEolzZeto|HE o] &3k EFAYHE ] HE
NCBI®] databases ©]-&ste] Asd AME 3 F ClustralWE &3]
zkzbe] Wl Holgk QAVIMEES Zsdth oy 7pA 9] Zepo]m et PCR
zAo® AYS F X a pv. ciri A % AV type®] AES Y3 XcAsFS}
XcAswR Zg}o] W2 674 bpe] AHES AT} (Fig. 19 and 19). 33, XcBF9}t
XcBRE ©] 8319 X a. pv. aurantifolii B type©ll 5°]% 21 281 bpe] PCR AHES
A5 4 AT (Fig. 203 21). E=3F Zelo]m XaCF13 XaCR1S ©] &3}
373 bp2l X a. pv. aurantifolii Col| 5-°]4 <1 PCR 4HE S A& 4 AAH(Fig. 229
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= AR T T T A TR TAGEAL TEEE LT Jad

I CICATGCGTARCITCCAACCTACTCCAAMCTCCCTCIGCCAC RCCACTCCCACTS €0
H=v GIGATGCGTARCTICCARCGIACGGCARRRGTGECAS G’“G,m,:rs.,:m,,au GGECACTE 60
Xcc GTEATGECCTANCTICCAACETACCECALRACTEECTCTCEEACTECTACCACTCECACTE 60
- et e b e e e o o o oo e e o o o B o S e e
&+ TCATAC CIETCCEEATETCEEICATAGCOCCECIGCAGCARCARCR 120
: ]‘._,AIA«_,A.,I CIEICCEGATETCEOICATAGCCCCGCIGCAGTARCARCA 120
Xaw TCATALC CATCTCECICATAGCCCCECIGCACCAMCARCA 120
foC TCRTACACToCCECCECSICETETECEElTETCE T ChTac C T TocT oo hn s 120

e ok o e o e o b e o e 1 e o G e el B G b et s o e

A+ GEGECIGEEEECCASTCETCCCICTIGCTACTIGATCICTOGECTIGTCAGCACCTITIGCACSTE 1
Aw  GGEGET GTCGTCCCTCTGCTACTGATCTCTCGGCTGTCAGCACCTTIGCACGTS 1
Hawv GCGCTH ACTCCTICCCICIGCTACTIGATCTICTICGEEC gTuAa‘.K\.\.II CRCCTC 1
Heoco SGECTIGEEEECCAGTCETCCCTICTIGT IA"I.:PIquTu\:a"IaIquACC‘I SCRCGTE 1
e e e o e e e e e e B o e o e o o e e B e e B o B e o o B e

L+ TRTRCGEITCGRGCG SRIGS; -.]'}LCCI;.. _gI.. GGCCCTAGTIGGCGATGTIC 2
Zw TATACGCTICGAGCGAG GGG CCGCTACCTCCRAAGTCARTCCCCCTACTGGCGATGTC 2
Xaw IAIP\,.:TICGA’"“"R;AISGG CCGCTRCCTIGCRRGTCRARTGECCCTRAGTGECGACETIC 2
Moo TRATRACGTTICGAGCGAGACGGRATCCGCTATCTGCARGTCRATGECCCTAGTGECOGATGETC 2
e e e ek e e o e o e e e e e e e e o

R CSMCISCMTCQS.:I GCLRTCCRACGETACCCGTTGEGTCATGCCGETIGETATCGATGCR 3

2w CG GTGGATCGACGGTACCCGTTGEGGTCATGCCGGTISGTATCGATGCA 300
= GERTCE] GTAC SI EEE TECCE ,:r_raa:ra GAIGCA 300
Hee ._..:M T AAI._.G\: TCGATCGACCE o CITECGCTICATCGCCCCTITCG! 300

TA: TCGATGC:
0 o ke e e 0 A G B e s A e e e e o e s
L+ GRO -JJLJ L .,ATL.-JT"'"SSC‘.;.:.,TI\*!LJ GCGGTRCAGTCGTRATATGRAGER 360
=R CC. GCLICCIGGCCECCEECTTCRC LCCGETACRACTCETATATCRACCR 380
Hawr SkCCGCACCkCSAICCIS‘SCSGCGSSI'ICJ‘.CSCCCVSASUG’TAUAqTCSIAIMqMSSJ& 2E0
Hoo GRACCGCACCACGATCCIGGECGECEEETICACECCCGAGCEETACAGTCGSTATATGARGER 380
v ke e e e o e e e e o ek e e e e o ke e e e ok e e e e e ke e e e e
4A* GACGCTATGACCCTIGCCTGCCTACACACACTCCCOCCTCCTARCRACCTEGECTCATCCSTACCT 420
Lo GRCGGTATGRCGGTIGCTIGCTACAGACACTCCCOCEIGETARCACCTGECTCATCCTACCT 420
Haw GAT aGIAIaP.CSSIG-.,IauTkuA’AuAu‘quHSCa GETRRCAGCTGECTCATCGTRCCT 420

Xeoo GATGGTATGACGEIGCICCTACAGCACACTCCCGOETIGETRARCACCTGECTICATCCETALCCT 420
e e e e e e e e e e e o e e e e o o e e e e e

A% AR RRATTGATCGIGTCCCIGTIGSIICECARACARAGRAGCTGATCTIGCCCSTATGETSE 460
Aw AARAATIGATCGTIGTCCCTIETIGGTTCCEAAACARAGARGCTGATCTIGCCCGIATEETG 480
Hev RERRLTTCATCCETCTCCCTEITCEITCCGARRCARRCARCCTCATC GCCC';IAI-SSIS 420
Hee RRRARTTGATCGTGTCCCTSITGCITICEGRARCARRGARGCTSATCTTGCCCGTATGETE 480
e i i i i sl i
A+ GCGCCGGCAGSTGCOCRCCATACGRAGOGE. ECCT\,’T.,.:};._.M-JT TECTGTGTTCTCRAS 540
I GCGCCOGGLC GS SCCACCAI}LCG GCCGCRCCCIGT CGARCRACTCTICCTIGIGTICTICARG 540
Xav GCGCCEGCAGETECOACCATACGAGCEOALCCIGOTIGEACAMCTCTICCTGIGITICTCARE 540
Hec scsc:gﬂ"aaarac:p..,,p.:ra"“’,cscmcc SET———————=— TECTETETICTCAAS 531
it ittt e
A* ACCGCTCCCACTICECACGCITECTCICICCCTIATCCCCCTAAATACATACAGCARTECS 600
2w AGCGETCCEACTGGCAGGCTITGOTICICTIGECTIATCCCCETARATAGATACAGCARTGOT 600
Xav AGCGGTCCCACTGGCASECTITECTCICTGECTTATCCOOS: TAGATACAGCARTGCC 600
¥ce B CCGACTGGCAGGECT GGCTT CCCCG TRGAT RGECRRT C 551
S R kA Nk K R kA ke ok B R
A% CIGGAGCCCECECAGITITICCEACCCTIGECCTICATGETATCACGCCITCITCEELECAD 660
Aw CTGGAGCCCGCGCAGTTTTICCGACCCTGGCCTTGATGGTATG! CSC"'IT\,TT.,GAGSCA., e&0
Nav CIGGAGCCCGCECAGTITICCGACCCIGECCTIGCATGCTATGACCCCTIGCTCS. A;‘;C = &€€0
Xcc CTEGAGCCCECECAGTTTTCCEACCCTGECCTTCATGETATGACGCCITCCTEEAGGCAS 651

ke e e e e e e e e e ek o ke e e o ek e o e ko

1
+
E
m
"

Aw LCRGCECLRTCGECC

Fig. 18. Alignment of X. a. pv. citri A* and A" pathotype specific sequences of
CBC. The sequence was aligned with ClustralW. The position of the X. a. pv. citri
A* and A" specific primer are indicated by box. A*; X. a. pv. citri A*, AY; X a
pv. citri A*, Xav; X a. pv. vesicatoria 85-10, Xcc; X. c¢. pv campestris strain
8004.

N 1 2. 3 4 5 656 7 5 91011121314151617

Fig. 19. Specific amplification of target DNA from X. a. pv. citri A" and A" strains
by the PCR. The position of the predicted 500 bp product is marked in the margin.
PCR products were analyzed by agarose gel electrophoresis and stained with ethidium
bromide. The primer set XacSF and XacSR were used for the PCR. M: 1kb plus



DNA ladder; lane 1-3: X a. pv. citri A SL-4510, M9, CFBP2900; lane 4-5: X. a.
pv. citri A* IRO1, JK2-10; lane 6: X. a. pv. citri Aw A-2032; lane 7-8: X. a.
pv. aurantifolii B CFBP2868, CFBP2903; lane 9: X. a. pv. aurantifolii C CFBP2866;
lane 10-11: X. a. pv. citrumelo (CBS) XC05-252, A-1902; lane 12: X. o. pv.
oryzae KACC10860; lane 13: X. a. pv. phaseoli KACC10559; lane 14: X. a. pv.
glycines 8ra; lane 15: X. a. pv. pruni S4383; lane 16: X. a. pv. vesicatoria S4656;
lane 17: P. s. pv. tomato DC3000

XaaB Ly 1 CGCATCCGCCGTACCGGCTIGRATCGE 60
fac ——mm——m—————- GCATCRGCTGTACCGGCTTGRATCGE 44
dap - -CAGCGCATCRRCCATGCCG 30
Xav - -TCRGCAC LTC k LRATCCG 48
Hoo  ———— GRERATCAGCCC I CATGCG LCCGGCTTGRATCOG 54

Bhkkdh k kkdw ok

XaaB TTGGATTARACGRATTCTCCGGCARACATGCCGCGCARCTGRGCRARGCATGTCGGETGCGE 120
Xac TIGGATCARACGRATTCTCCGGCARRCATGCCGCGCARCTGGECARG 106
Hap GIGGATTARRCGRATTCTCCGGCARACATGCCGCGCRACTGGGCGAGCS 30
Xav TIGGATTARRCGRATTCTCCGGCARACATGLCGCGCARCTGGECGAGIGT. 103
¥oo TTGGATCARRCARATTCGCCGGCGRACATGCTGCGCAATTGGGCARGEG 114
Hohkkk  kdkkk kkdkk  kkkkk kkkkkhx kkdkkh kd k¥ kdk ¥ kk  kkdak
CT 174
CGG 16
" LG 1
CRCCGGGCTGEIGCCG 14
-RTGCATG BARRTTCACCGGGCTGGTIGCCE 16
TGC CTGCCGCTGCCGCATGCAGGCCAGCGCRAR ACCCGCCGGECTGETACCE 174
HOREEEERE hRERER HEAKFE REkER T FOAEEAREEERRE kR

L CGRCCTTTTCRTG

XaaR GGTGCGGTGATGACGCCGIC

Hac CCGTCH

Zap SCCGTC

Xav CGGCGE

Xoo GA CEECGCT-GRCGAC GATAGTGIGCCGCGCC 233

AKX FEFIAIH IR AT F KA EFERIE KFE AF kA H ¥ KAkEkE

¥amaE TGCETACGECAC TETTCCTGCAARART GO 293
¥ac TG TECTCCTECRRGRAGECCE 279
Xap TGCGL CCACGIGCICC 284
¥av TGCGT CACGTGCTCCTGCARGAR GCECGCGCTC 281
oo TGCATACGGCACACCCTGCTCCIGCLGGARTGCCAL GIGIGGACCCGT 293

L *;( LRSS k RE kkETREE *E KEkEF ;*u**;r*;****** * LER s
XaaB ATCGAGCAGGCCGGCA
Xac ATCGAGCAGGCC
Xap ATCGAGCAGECC
Xav ATC
Fig. 20. Alignment of X. a. pv. aurantifolii B pathotype specific sequences of CBC.
The sequence was aligned with ClustralW. The position of the X. a. pv. aurantifolii

B specific primer are indicated by box.

M 123 43567 8910111213 1415 16 17

03




Fig. 21. Specific amplification of target DNA from X. a. pv. aurantifolii B strains by
the PCR. The primers XacBF and XacBR were used for the PCR. The lane are
same as described in Fig. 1. The position of the predicted 300 bp product is marked

by arrow.

acc IAP_GT&_CTG‘:GC"GAECTCCCAICCP_CCAJI\_PA—’_CCG'“I\:FI'EP_PTCC.—GP}TTTT 58
acam33sis — TGAL M CI G-GTGRGECACTECTT GECGECEGEG LT 'CACC 55
acams004d e ¢ |-1_' F-:r“TGGCCGGGTC.—;:C 55
ac J.»L 5 CGGIGELCEEEICECE 58
av CEGAGRAC CGETGECGEGEICECE 5o
oo CGPE CAJJTGGCL;GG:;ETCEC 55
acC TTECVICGEETT SCGCACCTEATRAG 118
acam33313 CATGCECTIGEILAGIT SGIGCCGAGCEA 115
acamz004 CATGCGCIIGEICE CGETGLCGAG 115
ac CP_'EG\_.GCCQSGTE: LCGEIGCCGAGCRR 118
v LCGGTGCCGAGCAR 118
oo 1:'[ :CCERGCRI " 115
acc 178
ACamIZSL3 163
acams004 1a3
ac 171
av 171
oo GEIG, T'EGPG.{E———TG\:CL.EGGCCC 168
acc &:BCP..—.GTuu'EAECGCIF CARCET 238
acam33513 GGGETGRR-GGICATGCCCAC--CAG 221
acami004 GGETGRR-GETCATGCCCAC--CAG 221
ac GGETARL-CETCATGCCGAC ——TAGCGT! G 224
av GOGIARE CETCATRCCEAC - —CAGT Yol TGCCUQCLrTu 221
00 GEGTHAA-GETCATOCCHAL - —GA iEC-TECCECCCRTE 251
e T
acC ACTTGCTCCATTGRCATTCT TGGEE GCTTGCRG 258
mcam33513 A-TGGCEACGICCIGLOECEIGE C-GCGT 276
acam=004 A-TGGCERCEICCIGLGECGIGE 276
ac A-TGGCGACCTCOTCOGGTT TRGTE 219
v B-TGGCGACCTCGTCCGGTTTIGE 279
oo L-TGGCGACETCGICGGETT GEE, 278
e *
acc CTGECCEECCEEC-TGECR, Gl GC! 357
aCam3asia GCLGEICEIARIGL: TFT]:GLUG GITGGIGARCGL 334
acamz004  CG TCGIRAGTGCATCTTGCCGGC CCA. L' GGCGITGGTGRACGC 334
ac CGAGEC] CCR- CTCCCCGTTGCC:CC TIGETGRACGC 337
av Ci CCR- —CIC“E‘LA.TTG\_ TIGEIGRATGC 337
oo EC 1‘.1r GEIGRRGEC 334
acc 'EG MATEECGECRC 417
cam33sl3 .,uuu,bp_ﬁ__ GE .:anL.LU..L 3 Ci jech i 5 382
acamenfd  CTTGCCGLRGECGETGEAGCCECGEAAGTTCACT "‘_\_F' — CG CCGOGETTE 392
ac CTTGECCGRRECCGETGEREC CACCEARATT CACCGCCARCACC--GCATAECCECGETIG 385
av Gl CGR R CCCGETCOAGCCACCE ARCTT CACCERACRACACE ——GCATAG CGEITGE 395
oo LTTGCCGA;UC GGTG"’}CC.;E L AGTTCACCGACEGCACT--GCATAGCCGCGRTTG 3582
# 3 * FORE Rk ¥ ¥ Eres
acC CTGOR, iy R L LR CT AL TTACT TARTCCCGOG GOCAT 476
acam33513 GC-CAGCCATTGC-TCGTACGCGECAT! ECCAT.;}"TG TCGCGLG EC 449
acamz004 GC-CAGCCRTTGC-TCETACGCGCCATI RACTG-TCGCGECGC! C 449
ac GC-CARCCRTTGU-TCETRC CCET d}uC"‘I’r_GCTG F bUJLbL.L,L 452
v GC-CRACCETTGT-TCGT] J:“G-"'-CCE GT AGCCGTAGCTG-TCGCGCGCEC 452
oo GC-RAGCCATTGT-TCGTAC _P_CCGTP_CCF\J TCJCGCJC\.C CCGCCG. 449
T MR FARE EEE R T AEEE

Fig. 22. Alignment of X. a. pv. aurantifolii C pathotype specific sequences of CBC.
The sequence was aligned with ClustralW. The position of the X. a. pv. aurantifolii

C specific primer are indicated by box.

M 1 2 3 4 5 6 7 8 9 10 1112 13 1415

Fig. 23. Specific amplification of target DNA from X. a. pv. aurantifolii C strains by
the PCR. The primers XaCF1¥} XaCR1 were used for the PCR.



)HAZE3HI

ol 5o oo HESA AHAHS % HAFAT}  XcAsF9
XcAswRol A= 10* cfwml EE7b4] HAZEo] ¥ 3, XcBF XcBR ¥ XaCF17}
XaCR19I A= 212} 10° efu/ml 2 10° cfu/ml 5 %7HA] A Z0] ¥t} (Fig. 24). o] =
ZF gk oF 10%01 4 10"74X] 9] Al AE7E AFEE RS fo] v E2 AEdAE
R o vl F ¥y B = ALgo] 7heE Aoz AZhHr

Fig. 24. Estimates of limits of detection by PCR amplification for each Xanthomonas
pathotype. DNA amplification from a tenfold dilution series of cultured cells using the
primer set XacSF and XacSR for the detection of X. a. pv. citri A" (A) and X. a. pv. citri A"
(B), XacBF and XacBR for X. a. pv. aurantifolii B (C), and XacCF and XacCR for X. a. pv.
aurantifolii C (D). M: 1 kb plus DNA ladder (Invitrogen TM); lanes 16: 107, 106, 105, 104,
103, and 102 cell, respectively. Note that the 1 ul was used as template from each dilution

sample.
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