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pUCD800 Xanthomonas

axonopodis pv. dieffenbachiae ( XAD) (insertion sequence, IS)

(electroporation) pUCD800 XAD sacBR levansucrase

sacBR (transformant)

sacBR

pUCD800 EcoRI HindIII sacBR

186 71 28 sacBR 1.2

kb 87 PCR sacBR

1.2 kb 28 21 IS1051 7 IS3

family ISXCD1 1,203 bp

38 bp (imperfect) (inverted sequence, IR) 11 bp

(mismatchs) 15-4 27-25 sacBR 4 bp (direct repeat, DR)

open reading frame (ORF) orfA orfB

IS3 family A7T motif ORFA helix-turn-helix motif ORFB

DDE motif IS3 family ISXCD1 XAD
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(transposition)
(14,16)

(sensitivity)

Mycobacterium tuberculosis IS6100
(25)

(7)

(genetic

marker) IS533 IS200 IS1004
(6, 23, 32)

(chromosome

rearrangement)
(7)

(transpoase)

(marker)

(plasmid) (metabolitic

genes) (16)

(differential hybridization)
(29)

1985 Gay Bacillus substilis sacBR

pUCD800 (positive

selection) (11)

pUCD800

sacBR levansucrase

DNA (genomic DNA)

Xanthomonas

axonopodis pv. dieffenbachiae ( XAD)
(1)

X.

campestris pv. begoniae ATCC 49082 X. axonopodis pv.

glycines 69 X. campestris pv. oryzae 21 X. campestris pv.

phaseoli 73 Rhizobium leguminosarum R1 (

) X. campestris pv.

campestris XCC70 X. axonopodis pv. citri XW23 X.

campestris pv. magniferaeindicae 29-4 X. arboricola SH1-

34 X. axonopodis pv. vesicatoria XCV42 (

) Bacillus subtilis B.

thuringiensis Erwinia carotovora subsp. carotovora

Escherichia coli Klebsiella pneumoniae Proteus sp.

Pseudomonas cichorii Ralstonia solanacearum (

)( ) 20%

-70

Luria-Bertani (LB) (Xanthomonas spp.) NGA (

) (1) 28 24-72

nutrient broth (NB) 24-48

DNA (total DNA)

DNA DNA

DNA Current

Protocols in Molecular Biology "Preparation of genomic

DNA from bacteria" (30)

Xanthomonas

(exopolysaccharides) DNA

Pett IV (10mM Tris-HCl, 1M NaCl) (9)

pUCD800 ( Dr. C. I.

Kado ) E. coli XAD (transformants)

DNA Plasmid DNA Miniprep

System Kit (Viognen-Biotek Crop, Taiwan)

pUCD800

pUCD800

(Electro cell manipulator

ECM600 electroporation system operation manual; BTX

Inc., San Diego, CA)

(XAD A128 Ts-2 Y5)

16-20

XAD LB agar 28

3 mm

(single colony) LB

(spectrophotometer U-2000, Hitachi, Tokyo, Japan)

OD600 0.5 0.7

4 6,000g 15

40 ml

15 (4 ) 25 ml 15

ml 10 ml (wash) 0.4

ml

40 l XAD 2 l

pUCD800 DNA

cuvette (0.1 cm electrode gap) 5

(pulse generator BTX-
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ECM-600; BTX Inc.) 1.225 kV

129 ohm cuvette 1 ml

SOC medium (2% tryptone, 0.5% yeast extract, 10 mM NaCl,

2.5 mM KCl, 10 mM MgCl2, 10 mM MgSO4, 20 mM

glucose) 1.5 ml 28

2 M9 (1.28% Na2HPO47H2O, 0.3%

KH2PO4, 0.1% NH4Cl, 0.5% NaCl) 10 (10-1,

10-2, 10-3, 10-4, 10-5) 200 l LB/

kanamycin 28 3

Plasmid

DNA Miniprep System Kit (Viognen-Biotek Crop)

DNA pUCD800

(recombinant plasmid)
XAD

pUCD800 XAD LB/

kanamycin (50 g/ ml)

5 ml LB/ kanamycin 2

OD600 0.8 200 l

TYS-Km (1% tryptone, 0.6% yeast extract, 5% sucrose,

20mM MgSO4, 1.5% bactoagar, 50 g/ ml kanamycin)

2 3 sacBR

sacBR XAD

IS1051 (4)

(IR) Y15 (4)

(PCR)

DNA 15 ng/ l PCR (template)

0.2 ml PCR (

20 l) 2 l 10× Taq reaction bufferd 1.6 l

dNTPs mixture (dATP dTTP dCTP dGTP 2.5

mM) Y15 (20 M) 2 l ( 1 M)

1.5 Taq DNA polymerase (Promega

Corporation, Madison, WI)

94 (GeneAmp PCR

System 2400; Perkin Elmer Corporation, Norwalk, CT)

(program)

94 (prerun) 5 94 1

(denaturation) 55 1 (annealing) 72 1

(extension) 30 (cycle) 72 5

1%

(1× TAE ) 5 V/cm
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Table 1. Bacterial strains used in this study

Bacteria tested Strain number Host Geographic origin

X. axonopodis pv. dieffnebachiae A128 A122 Anthurium Nantou
Ts-2 Anthurium Nantou
Ts-3 Anthurium Pingtung
Y-2 Y-3 Y-4 Y-5 Anthurium Nantou

X. campestris pv. begoniae ATCC49082 Begonia u1

X. campestris pv. campestris XCC70 Cabbage Changhua
X. axonopodis pv. citri XW23 Liucheng Chiayi
X. axonopodis pv. glycine 69 u u
X. campestris pv. mangiferaeindicae 29-4 Mango Tainan
X. campestris pv. oryzae 21 u u
X. arboricola pv. pruni SH1-34 Peach Nantou
X. campestris pv. phaseoli 73 u u
X. axonopodis pv. vesicatoria XCV42 Sweet pepper Pingtung
Bacillus subtilis u u
B. thuringiensis u u
Erwinia carotovora subsp. carotovora u u
Esecherichia coli u u
Klebsiella pneumoniae u u
Proteus sp. u u
Pseudomonas cichorii u u
Ralstonia solanacearum u u
Rhizobium leguminosarum R1 u u
1 u, unknown.



EtBr

PCR IS1051 PCR

XAD sacBR

IS1051 XAD

DNA

EcoRI HindIII ( 2.4 kb)

pBluescript II SK(-) phagemid (Stratagene,

LA Jolla, CA)( 3 kb) (transformation)

E. coli

Perkin

Elmer ABI PRISMTM BigDyeTM Terminator

Cycle Sequencing Ready Reaction kit

(automatic sequencing analyzer) ABI

PRISMTM 310 Genetic Analyzer (Perkin Elmer Coporation,

Norwalk, CT)

(Souther hybridization analysis)

XAD A128 A122 Y-2 Y-3 Y-

4 Y-5 Ts-2 Ts-3 Xanthomonas ( )

(Souther blotting) (hybridization)

10 g XAD A128 A122 X.

campestris pathovars DNA 30 (unit)

EcoRI XhoI

DNA 16 24 nylon

unL1/ unR1 ( unL1 5'-GACATCCCGC

T T C A C C G A C - 3 ' u n R 1 5 ' - C AT C G A G C A G G T

TCAGGAC-3' ) PCR DIG

probe synthesis kit (Roche Diagnostics GmbH) PCR

(alikali-labele and detection of hybrids by enzyme

immunoassay; Roche Diagnostics GmbH, Mannheim,

Germany) 68

(inverse polymerase chain
reaction, IPCR)

(target sequence)

(IPCR) 4 g XAD A128 DNA 4

(HindIII KpnI SacI) 3

80 20 2 17.5 l

(ligation buffer) 1 (ligase)

20 l 14 16

(monomeric circles) (17)

DNA QIAGEN QIAquick

gel extraction kit (QIAGEN GmbH, Hilden, Germany)

2 l PCR

(outwarding) 15-4L3/

u n L 1 - R ( 1 5 - 4 L 3 5 ' -

GTCGGTGAAGCGGGATGTC-3 ' unL1-R 5 ' -GA

CATCCCGCTTCACCGAC-3' )

0.2 ml PCR

( 50 l) 5 l 10× Taq reaction

buffer 4 l dNTPs mixture ( 20 M)

1.25 l ( 1 M) DNA 2 l

1.5 Taq DNA polymerase (Promega Corporation)

94

(program) 94 (prerun) 5

94 45 (denaturation) 50 30 (annealing) 72

4 (extension) 30 (cycle) 72

10 0.8 %

(1× TAE ) 5 V/cm

EtBr

PCR

IPCR 20 l

Invitrogen (Invitrogen Corporation,

San Diego, CA) TOPO TA Cloning Kit

IPCR pCR II-TOPO

(vector) (competent cell) TOP10F'

(Invitrogen Corporation)

IPCR

pUCD800 XAD TYS-Km

10-4-10-5

20 50 LB/ kanamycin

186

pUCD800 XAD

HindIII EcoRI

71 (38.2%)

115

sacBR 1.2 kb 2.4 kb ( )

DNA

sacBR 28 (15%)

1.2 kb DNA IS1051 PCR

PCR 21 1 kb
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IS1051 IS1051

7 Y15 IS1051 PCR

( XAD Ts-2

) 2.4 kb EcoRI

HindIII pBluescript II SK(-)

phagemid E. coli 15-4

27-2 87 (46.8%)

15-4 27-2 EcoRI HindIII

2.4 kb

T7 T3 15-4

27-2 pUCD800 sacBR

IS-like element BLAST

(http://www.ncbi.nlm.nih.gov/BLAST/) GenBank +

EMBL + DDBJ + PBD

(sulfate-reducing bacterium) Desulfovibrio vulgaris

ISD1 (10) DNA (identity) 57%

IS3 family IS1389 (12) ISR1 (20) DNA

50% ISD1 IS3 family

ORFs (open reading

frames) orfA orfB

Lasergene (DNASTAR Inc. Madison Wisconsin)

ORFs ( ) IS3

223

EcoRI HindIII
XAD pUCD800
Fig 1. Restriction enzyme analysis of recombinant plasmids
from several sucrose-resistant transformants carrying
derivatives of pUCD800. Molecular weight (in kb) of major
DNA bands are indicated on the left. Plasmid DNA was
digested with EcoRI and HindIII and separated on a 1%
agarose gel. Lane 1, pUCD800 (control); lanes 2-10,
pUCD800 derivatives from sucrose-resistant isolates. The
plasmids in lane 2, 3, 8 and 9 carry insertions of approximate
1.2 kb in size.

ISXCD1
Fig. 2. Nucleotide sequence of ISXCD1 of Xanthomonas
axonopodis pv. dieffenbachiae. The flanking duplicated target
site (AAAT) is indicated in bold. Left and right IR (inverted
repeat) are boxed. The two open reading frames that encode
the cognated transposase (orfA (nt 74 to 337) and orfB (nt 334
to 1158)) are indicated by the above translated amino
sequences orfA gene is preceded by a ribosome binding site
(rbs). An A7T shifty codon motif (nt 328 to 335) is underlined
and shown in bold letters, and several primer sequences are
indicated.
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family ORFA ORFB ORF

ISD1 ORFA 45% (similarity)

ORF ORFB 41% IS3

family members ORFA ORFB

( ) orfA ( 88

) orfB ( 275 )

IS3 family A7T motif ( ) ORFA

helix-turn-helix motif (HTH motif) ORFB

DDE motif (D-(58)-D-(35)-E)( )

E. coli 15-4 27-2

unL1/ unR1 ( 1 kb) 5

XAD PCR

PCR 1 kb ( )

ISXCD1

1,203

bp 38 bp (IR)

4 bp (DR)

orfA orfB

(motif/ domain)

IS3 family

ISXCD1 NCBI

GenBank AF263433

ISXCD1 XAD

ISXCD1

unL1/ unR1

XAD 9-11

A128 ( )

(ISXCD1) CLUSTAL IS3 family
Fig. 3. CLUSTAL analysis of IS3 family transposases. The designations of IS shown in Table 3. Unknown-or stands for
ISXCD1. (A) Sequence alignment of ORFA sequences. (B) Sequence alignment of ORFB sequences. Consensus residues in 4 or
5 of the 7 sequences are shaded in gray, and conserved residues are shaded in black. The DNA binding helix-turn-helix motif in
ORFA and the D, D- (35)-E motif in ORFB are also indicated by inverted U on the top and underlying asterisks, respectively.
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pUCD800 XAD

Table 2. Analysis of recombinant pUCD800 plasmids from X. axonopodis. pv. dieffenbachiae

Bacterial strain No. of No. of plasmid No. of No. of positive PCR reaction
plasmid without size plasmid with with primer pair
analyzed change size change Y15/ Y15 unR1/ unL1

X. axonopodis. pv. dieffenbachiae A128 (pUCD800)
test #1 45 24 17 4 0
test #2 47 15 30 2 0
test #3 48 7 35 6 0

Ts-2 (pUCD800)
test #1 43 22 5 9 7

Y-5 (pUCD800)
test #1 3 3 0 0 0

Total 186 71 87 21 7

ISXCD1 IS3 family DNA ORF

Table 3. Comparison of DNA sequences and predicted amino acid sequences of ISXCD1 and other members of the IS3 family

ISXCD1
IS Original source DNA sequence ORFA ORFB Reference

Identity (%) similarity (%) similarity (%)

ISD1 Desulfovibrio vulgaris 57 45 41 Fu and Voordouw., 1998
ISR1 Rhizobium meliloti 48 50 12 Priefer et al., 1989
IS1389 Xanthomonas campestris 56 47 34 Gomez et al., 1999

pv. amaranthicola
IS1222 Enterobacter agglomerans 32 42 45 Steibl and Lewecke, 1995
ISRm1 Rhizobium meliloti 37 19 15 Watson and Wheatcroft, 1991
IS2 Escherichia coli 28 21 16 Besemer et al., 1980

ISXCD1 1 kb XAD Ts-2 A128 A122 Y-2 Y-3 Y-5 Y-4 Ts-3 Y-
4 EcoRI XhoI DNA
Fig. 4. Southern hybridization analyses of EcoRI- (lane 1), XhoI- (lane 2) digested total DNA prepared form Xanthomonas
axonopodis pv. dieffenbachiae Ts-2, A128, A122, Y-2, Y-3, Y-5, Y-4, Ts-3 and Y-4 hybridized with DIG-labeled 1 kb fragment
amplified from the internal segment of the ISXCD1. The molecular weight (in kb) is shown in the margines.



ISXCD1 Xanthomonas

ISXCD1

ISXCD1

X. campestris pv. campestris 70

12 X. axonopodis pv. citri XW23 X.

campestris pv. magniferaeindicae 29-4 8-9

X. axonopodis pv. glycines 69 X. axonopodis pv.

vesicatoria XCV42 6 X.

campestris pv. phaseoli 20

( )

ISXCD1 (target sequence)

ISXCD1 IPCR

IPCR pCR II-TOPO

H-2 ( 1.6 kb) Kpn2.1 (

1 kb) Kpn1.1 ( 1.6 kb) Sac1.4 (

1.5 kb) Sac2.3 ( 1 kb)

T7/ Sp6 700 bp

ISXCD1 (

) 5 15-4 27-2

15-4 27-2 4 bp (aaat)

(DR) IPCR H-2 Sac2.3

4 bp (DR) acct

attg H-2 ISXCD1

IS1051 ISXCD1 IS1051

ISXCD1

Kpn1.1

(DR)

ISXCD1 4 bp (DR)
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ISXCD1
Fig. 5. Southern hybridization analysis of EcoRI-cleaved total DNA from various pathovars of Xanthomonas campestris and
several G (-) or G (+) bacteria hybridized with DIG-labled 1 kb fragment from the internal sequences of ISXCD1. Lane 1, X.
campestris pv. campestris (XCC70); lane 2, X. campestris pv. begoniae (ATCC49082); lane 3, X. axonopodis pv. citri (XW23);
lane 4, X. axonopodis pv. glycine (69); lane5, X. campestris pv. mangiferaeindicae (29-4); lane 6, X. campestris pv. oryzae (21);
lane7, X. campestris pv. phaseoli (73); lane 8, X. arboricola pv. pruni (SH1-34); lane 9, X. axonopodis pv. vesicatoria (XCV42);
lane 10, Bacillus subtilis; lane 11, B. thuringiensis; lane 12, Erwinia carotovora subsp. carotovora; lane 13, Klebsiella
pneumoniae; lane 14, Pseudomonas cichorii; lane 15, Proteus sp.; lane 16, Rhizobium leguminosarum, lane 17, Ralstonia
solanacearum. The molecular weight (in kb) is shown on the left. 
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DNA
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ISXCD1 5 15-4/ 27-2
Fig. 6. Alignment of insertion sites for ISXCD1 homologues. Partial IR sequences are shown in upper case, and the internal IS
sequences are indicated by dotted lines. Flanking sequences are presented in lower case, with the duplicated 4-bp element
underlined. Genomic copies 1 through 5 were recovered independently from separate inverse PCR reactions whose templates are
treated with different restriction enzymes. Genomic copy 5 provides information only for the right flanking sequence.
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ABSTRACT

Lee, C. J.1, Liu, H. L.1, and Lin, C. P.1,2 2004. Isolation and characterization of a new insertion sequence,

ISXCD1, from Xanthomonas axonopodis pv. dieffenbachiae, the causal agent of anthurium blight. Plant

Pathol. Bull. 13:219-232. (1.Department of Plant Pathology and Microbiology, National Taiwan University,

Taipei, Taiwan 106, R. O. C.; 2. Corresponding author, E-mail: cplin@ntu.edu.tw; Fax: +886-2-23661980)

A new insertion sequence, ISXCD1, is successfully isolated from Xanthomonas axonopodis pv.

dieffenbachiae (XAD) by disrupting the sacBR-harboring plasmid, pUCD800, which was introduced into

XAD via electroporation. Based on restriction enzyme analyses, the plasmids isolated from 186 sucrose-

resistant colonies are divided into three classes: insertions in the sacBR element of pUCD800 (18.8%), no

noticeable change in the structure of pUCD800 (38.2%), and rearrangement of pUCD800 (46.77%).

ISXCD1 (accession no. AF263433) is identified from the insertions of the sacBR element. ISXCD1 is 1,203

bp in size, contains 38 bp inverted repeats with 11 bp mismatches at its termini, and carries two overlapping

open reading frames (orfA and orfB) with an A7T motif in the overlapping region. It generated 4-bp target

site duplication after transposition. The deduced amino acid sequences of orfA and orfB contained a

potential helix-turn-helix motif and a DDE domain of transposases, respectively. ISXCD1 is present about 9-

11 copies in the XAD genome according to the results of Southern hybridization. Southern hybridization

analyses also reveal ISXCD1 is widely distributed in G (-) and G (+) bacteria. Sequence analysis of five

IPCR products obtained from various ISXCD1-inserted locations of genome indicated there is no preferred

target sequence for its transposition.

Key words : anthurium blight, insertion sequence (IS), inverse polymerase chain reaction (IPCR)


