
(Rosaceae) (Pomoideae) 

(Pyrus) 

(P. communis L.; European pear) 

(P. pyrifolia Nakai; Asian pear)

(18) 30 

(17)

( 1200 

) (xylem-

limited bacteria) Xylella fastidiosa (16)

1990 (15)

5-43 % 
(34)
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1, 4 1, 2 3, 4 3

1 

2 

3 
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(Pear leaf scorch) (Pyrus pyrifolia) 

(Xylella fastidiosa Wells) X.

fastidiosa X. fastidiosa 272-int-1/272-int-2 

RST31/RST33 PCR 

PCR RAPD 

1,400 bp 

1,412 bp (GenBank DQ452418)

PLS-F/PLS-R(5'-TGGACGTTGTGGTATCGGTG-3'/5'-TTGAAGTTGACGTGTGG CTG-

3') 30 416 bp 

(oleander) (pecan) (plum) (peach) (grape)

(mulberry) (sycamore) 7 X. fastidiosa 34 

10 

PCR 



X. fastidiosa

(citrus) (grapevine) (coffee)

(alfalfa) (elm) (sycamore)

(mulberry) (almond) (plum) (peach) (6,

7, 9, 10, 11, 13, 20, 28, 37)

(Pierce's disease, PD) 

(citrus variegated chlorosis,

CVC)
(10)

X. fastidiosa
(5, 12)

80 

X. fastidiosa
(4, 6, 22, 26, 32, 39)

(DNA probe) (31)

(polymerase chain reaction, PCR) (21)

(random amplified polymorphic DNA, RAPD) (38)

PCR 

X. fastidiosa (19, 23, 25, 26)

X. fastidiosa 
(2, 24)

X. fastidiosa (14, 16) X.

fastidiosa PCR (35)

RAPD 

PCR 

30 

8 

PD2 (8) 28 2-3

7 X. fastidiosa 

DNA 34 

(oleander) (pecan)

(plum) (peach) (grape)

(mulberry) (sycamore)

10 

DNA

PD2 

PD2 28

3-5 

nutrient broth (NB) 1 

DNA DNA

Sambrook (30)

50 ml (8,000 rpm,

10 ) 5 ml Pett IV [10 mM

Tris-HCl (pH8.0), 1 M NaCl ] 

(8,000 rpm, 10 ) 5

ml STE 10 mM Tris-HCl (pH8.0), 0.1 M NaCl, 1

mM EDTA (pH8.0) (8,000

rpm, 10 ) 1 ml STE 

2 ml 100 l 10 %

SDS (sodium dodecyl sulfate) 65 1.5 

RNase (50 g/mL) 37 1~2 

proteinase K (100 g/ml ) 37 3~4

phenol/chloroform/isoamy alcohol

(25:24:1, vol/vol/vol) 15 

(13,000 rpm, 20 , 4 ) tip

2~3 

2 95 % DNA (13,000

rpm, 20 , 4 ) 70 % 

DNA 100 l 

4 DNA 

(spectrophotometer, Pharmarcia

Biotech, England) OD260nm DNA 

OD260nm/OD280nm DNA 

DNA OD260nm/OD280nm

1.7~2.0 

DNA 

10 7 

X. fastidiosa 10 

10 DNA RAPD PCR

Operon Technologies 
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(Alameda, CA) OPERON 10-MER KITS 

OPA 01~20 20 RAPD 

Albibi (1)

20 l 20 ng DNA 250 M

(dNTPs) (GeneMark,

Taiwan) 0.5 M 0.8 GenTaq DNA

Polymerase (GeneMark, Taiwan) 1

PCR (a) 94 1 1 

(b) 94 1 40 1 72 2 40 

(c) 72 5 1 PCR 

185

Table 1. List of bacterial strains used in this study 

Species/host
Number of

Strain Source
strains

Xylella fastidiosa
pear 30 002, 008, 013, 015, 022, 045, This study

052,   053,   061,   071,   072, 
076, 096, 097, 104, 114, 121, 
123, 131, 139, 140, 150, 156, 
184, 190, 194, 204, 207, 210, 
222

oleander 4 GH-9, O l, O 6, O 10 C. J. Chang 1

pecan 4 4BD7, 4BD3, 4BD2, 4B C. J. Chang
plum 2 2-4, 2-5 C. J. Chang
peach 1 4-5 C. J. Chang
grape 14 3SV 11A, FTC AG-1, Yugo C.J. Chang 

B, Shirag w/PD, White eo 
A27, Cab San, Melody, R118 
V3-4, ATCC35869, 
ATCC35870, ATCC35876, 
ATCC35879, ATCC35881, 
Chateau

mulberry 4 Mul 1, Mul 7, GHS 505, G9E C. J. Chang 
sycamore 5 SLS 55, SLS 61, SLS 27, C. J. Chang

SLS DC5, SLS Mary
Erwinia carotovora subsp. carotovora 1 Ecc K. C. Tzeng 2

orchid
E. chrysanthemi 1 Ech K. C. Tzeng

orchid
Burkholderia caryophylli 1 Go8 K. C. Tzeng

baby's branch
B. gladioli pv. gladioli 1 B2 K. C. Tzeng 

gladiolum
Pseudomonas syringae 1 Boac05 K. C. Tzeng 

carambola
Ralstonia solanacearum 1 Ps-tm-9 K. C. Tzeng 

sweet pepper
Acidovorax avenae subsp. citrulli 1 AAC143 K. C. Tzeng 

watermelon
Xanthomonas axonopodis pv. citri 1 XCW K. C. Tzeng 

citrus
Xan. campestris pv. campestris 1 XCC K. C. Tzeng 

cabbage
Xan. axonopodis pv. vesicatoria 1 XV65 K. C. Tzeng 

sweet pepper
1 Total DNA of strains of Xylella fastidiosa from different host were directly provided from Dr. C. J. Chang's Lab., Department of

Plant Pathology, University of Georgia. 
2 Dr. K. C. Tzeng, Department of Plant Pathology, National Chung Hsing University, Taichung, Taiwan.



10 l DNA 

1 l (loading dye 0.25% bromophenol

blue, 30 % glycerol in H2O)

(loading) 0.5 TAE buffer 

1.5 % (agarose gel) 4

l Gen-100 DNA Ladder (GeneMark, Taiwan) 

(size marker) 150V 

50 (ethidium bromide, 0.5

mg/ml) 10 UV box 

Polaroid Type 667 

(Southern

hybridization)

(Transfer) (UV-crosslinking)

OPA11 RAPD 
(33)

(depunination) (denature) 

(neutralization) TransVac

vacuum transfer unit (Hoefer Pharmacia, Inc. U.S.A.) 

(Nytran membranes, MAGNA, Micron

Separations Inc.) UVC-

500 Ultraviolet Crosslinker (Hoefer Pharmacia, Inc.

U.S.A.) 254 nm 

(probe labeling)

RAPD 

Gel Elution kit (GeneMark, Taiwan) 

Binding

solution 60 5 

13,000 rpm 1 

500 l Binding solution 

13,000 rpm 1 700 l

(washing solution) 13,000 rpm 1 

60 30 

60 30 l 

(ddH2O) 13,000 rpm 

1 

VersiTagTM Fluorescin Labeling

System (NENTM Life Science Production, U.S.A.) 

500 ng DNA 

0.5 l (0.5 unit) VeriTag fluorescein linking reagent 

(labeling solution) 

20 l 85

30 stop solution 

-30

(hybridization)

(hybridization tube) 15 ml 

(prehybridization solution: 5 SSC, 5 Dehardts,

50% Formamide, salmon sperm DNA 50 g/ml ) 42

3 

15 ml [

(25ng/ml) ] 42 12 

0.1 % SDS 2

SSC (30 mM sodium citrate, 300 mM NaCl, pH 7.0) 

15 ml 5 0.1 %

SDS 0.2 SSC 15 ml 65

15 buffer [0.1M Tris-HCl (pH 7.5),

0.15M NaCl] 5 buffer 

(0.5 % blocking reagent in buffer , 4 ) 5 

Anti-fluorescein-alkaline

phosphatase (Applied Biosystem, U.S.A.) buffer (1:

5000) 1 buffer 5

buffer [0.1M Tris-HCl (pH 9.5), 0.15 M

NaCl] 5 

(hybridization plastic bag) 

CDP-Star (Applied Biosystem,

U.S.A.) assay buffer (0.1M

Diethanolamine, 1mM MgCl2, pH 9.5) 

assay buffer 50 CDP-Star stock

solution 5 

X-ray (BIOMAXTM-ML, Kodak, U.S.A.) 

5 ~10 

DNA

002 DNA 

RAPD DNA 

Gel Elution kit (GeneMark, Taiwan) DNA

DNA TOPO TA Cloning® kit

(Invitrogen®, U.S.A.) DNA

1 l DNA

3 l 1 l pCR®II-

TOPO® vector 1 l (Salt solution)

5 (ligation)

(competent

cell) E. coli (TOP10F' cells)

2~5 l 30 

42 30 2

250 l SOC (bacto-tryptone 20g/L, bacto-yeast extract
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5 g/L, NaCl 0.5 g/L, MgCl2 0.95 g/L, KCl 0.186 g/L,

glucose 3.6 g/L, pH 7.0) 37 1 

40 l 100 mM 

IPTG (isopropyl-thio- -D-galactoside) 40 l 40 g/ml

X-gal (5-bromo-4-chloro-3-indolyl- -D-galactosidase)

kanamycin (50 ppm) Luria-Bertani (LB, bacto-

Tryptone 10g/L, bacto-yeast extract 5g/L, NaCl 5g/L, pH

7.0) ( LA) 37

(transformants)

DNA 

DNA 

DNA plasmid miniprep

purification kit (GeneMark, Tawian) 

kanamycin (50 ppm) 5 ml LB 

37 16 1.5 ml 

7,000 rpm 5 

200 l solution I

solution II 200 l 200 l solution

III 12,000 rpm 5 

12,000 rpm 1 

700 l washing solution 

12,000 rpm 1 60

60 25 l ddH2O

12,000 rpm 1 

DNA 1 l 1 l

0.3 l (12 U/ l) EcoRI 

(Promega, U.S.A.) 8.7 l 

10 l 37 1 

1.5 % 

DNA

DNA 

kanamycin

(50 ppm) LA 

DNA 

National Center for Biotechnology

Information (NCBI)

(GenBank) OLIGO,

version 4.0 (National Bioscience, Plymouth, MN) 

G+C hairpin duplex

structure (forward) (reverse

primer)

3 (002 008 

013) 1 X. fastidiosa (ATCC35876) 1 

Erwinia carotovora subsp. carotovora

DNA PCR 

20 ng DNA 1 

PLS-F/PLS-R 0.5 M dNTPs 250 M 0.8

GenTaq DNA Polymerase (GeneMark, Taiwan)

1 20 l

(a) 94 1 1 (b) 94 1 

61 63 65 67 69 45 72 1

30 (c) 72 5 1 

002 DNA 

100, 10, 1 ng/ l 100, 50, 25, 10, 1, 0 pg/ l

1 l PLS-F/PLS-R 

PCR 20 l

67 PCR

PLS-F/PLS-R 

DNA 002 

PD2 3-5 

OD620nm 0.29 ( 108 cfu/ml)

107~101 cfu/ml

1 l PLS-F/PLS-R 

PCR PCR 

0.1 ml 

PD2 3 30

PLS-F/PLS-R 

X. fastidiosa 272-int-1/272-int-

2(24) RST31/RST33(19)

PLS-F/PLS-R PCR 

30 7 X.

fastidiosa 34 10 

PCR 272-int-1/272-int-2 

(a) 94 1 1 (b) 94 1 

67 1 72 1 30 (c) 72

10 1 RST31/RST33 

(a) 95 1 1 (b) 95 30 55

30 72 45 40 (c) 72 5 1 

187



PLS-F/PLS-R (a) 94 1 1

(b) 94 1 67 45 72 1 

30 (c) 72 5 1 PCR 

PCR

PCR

7 30 

PCR 

1% 10

2 

( SCPAP ):

1 ml SCPAP (disodium

succinate, 1 g/L; trisodium citrate, 1 g/L; K2HPO4, 1.5 g/L;

KH2PO4, 1.0 g/L; sodium ascorbate, 3.52 g/L and acid-

washed insoluble polyvinylpyrolidone, 50 g/L, pH

7.0)(15) 1.5 ml 

8,000 rpm 10 1 ml 0.5 N NaOH

8,000 rpm 10 100 l 

1.5 ml 100 l 1M Tris-HCl

(pH 8.0) 10 PCR

( NaOH ) 1

ml 0.5 N NaOH [ 0.5 % PVP (polyvinylpyrrolidone

Sigma, U.S.A.)] 100 l 

100 l 1M Tris-HCl (pH 8.0) 

10 PCR PCR 

PCR 

PCR

PCR

4 PCR 

25 

1% 10 

2 

PCR 

0.2 ml PD2 PD2 

28

PCR 

SCPAP SCPAP buffer 

100 l 0.5 N NaOH [

0.5 % PVP (polyvinylpyrrolidone Sigma, U.S.A.)] 

300 l 1M Tris-HCl (pH 8.0) 

10 PCR PCR 

PCR PCR 

DNA

20 OPA OPA2 OPA3

OPA4 OPA9 OPA11 OPA14 OPA18 7 

OPA11 RAPD 

DNA 10 

1,400 bp 

7 X. fastidiosa 10 

10 

1,400 bp ( A)

X.

fastidiosa

( B) DNA 

DNA

DNA

DNA

002 

OPA11 1,400 bp DNA 

pCR®II-TOPO® vector 

10 

DNA 

EcoRI 7 DNA

1,400 bp 

NCBI 

(GenBank) 

DQ452418 DNA

494-1,412 bp 

DNA 85% 1-493

bp DNA 

10% OPA11 1,412 bp (

OPA11-1400) 1~493 bp 

DNA ( ) DNA

OLIGO, version 4.0 (National Bioscience,

Plymouth, MN) G+C 
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189

OPA11 Xylella fastidiosa
RAPD (A) 002 OPA11-1400 

Fig 1. RAPD pattern of strains of pear leaf scorch bacterium (PLSB), strains of X. fastidiosa from other host and other
phytopathogenic bacteria using OPA11 random primer (A) and southern hybridization of the RAPD fragment with OPA11-
1400 probe cloned from pear leaf scorch bacterium (PLSB) strain no. 002 (B). M, Gen-100 DNA Ladder (GeneMark,
Taiwan); Lanes 1-10: PLSB no. 002, 008, 013, 018, 022, 045, 052, 053, 061, and 071, respectively; Lanes 11-20 X.
fastidiosa strain no. GH-9, 4BD2, 4BD7, 2-5, 4-5, SLS 27, SLS 55, ATCC35876, ATCC35879, and Mul 7, respectively;
Lanes 21-30: Erwinia chrysanthemi, E. carotovora subsp. carotovora, Burkholderia caryophylli, B. gladioli pv. gladioli,
Pseudomonas syringae, Ralstonia solanacearum, Acidovorax avenae subsp. citrulli, Xanthomonas axonopodis pv. citri,
Xan. campestris pv. campestris, and Xan. axonopodis pv. vesicatoria, respectively; Lane31: ddH2O as negative control.

OPA11-1400 DNA 540 bp (1-540) PLS-F (31-50) /
PLS-R (427-456) 20 bp 
Fig 2. The 540 bp (1-540) partial nucleotide sequence selected from the inserted DNA fragment in recombinant plasmid
OPA 11-1400 and the 20 bp nucleotide sequences of primer of PLS-F (31-50) / PLS-R (427-456). 



harpin duplex structure 20 mers 

PLS-F (5'

TGGACGTTGTGGTATCGGTG 3') / PLS-R (5'

TTGAAGTTGACGTGTGGCTG 3') 

X. fastidiosa

DNA 

(61 63 65 67 69 ) 

PLS-F/PLS-R 

61 63 65 67

416 bp 

67 ( ) PCR 

(a) 94 10

1 (b) 94 1 67 45 72

1 35 (C) 72 10 1 

002 DNA 

100, 10, 1 ng 100, 50, 25, 10, 1 pg PCR 

1.5 % 

DNA 100, 10, 1 ng 100, 50, 25, 10 pg 

416 bp DNA ( ) 1

0 pg 

PCR PCR 

1.36 102 cfu/ml (

)

X. fastidiosa 272-int-1/272-int-2 

RST31/RST33 PCR 

7 X. fastidiosa 34 

DNA 500 bp 733 bp 

8 30

10 

( A B) PLS-F/PLS-R 

416 bp 

7 X. fastidiosa

( C)

PLS-F/PLS-R 

PCR

SCPAP 

NaOH PCR SCPAP 

30 NaOH 

SCPAP 

NaOH 

3 

PCR 4 PCR 

71 % 54 % (

)

1990 

(15, 16, 34)

PCR 

X. fastidiosa

PD 

CVC 
(27)

Pooler Hartung (24) RAPD 

PCR (CVC-1/272-2-int) X. fastidiosa 

CVC CVC Banks (2)

RAPD (XF176f/XF686r) 

PD 

X. fastidiosa 

RST31/RST33 (19) 272-int-1/272-int-2 (24)

8 30 

X. fastidiosa 
(14, 16)

X. fastidiosa

OPA11 RAPD 

1,412 bp DNA 

494-1,412 bp DNA 

85% 1-493 bp 

DNA 10%

1~493 bp 

1 PLS-F/PLS-R

416 bp 

7 X. fastidiosa

PCR 

67 PLS-F/PLS-R 

PCR 
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NaOH SCPAP 

PCR 

SCPAP NaOH 

(phenolic compounds) PCR 

Minsavage (19) SCPAP PCR 

X.

fastidiosa PCR SCPAP 

191

272-int-1/272-int-2 (A) RST31/RST33
(B) PLS-F/PLS-R (C) 

Xylella fastidiosa
DNA 
Fig 3. PCR amplification products of total bacterial DNA
with primer pairs 272-int-1/272-int-2 (A), RST31/RST33
(B), and PLS-F/PLS-R (C). M, Gen-100 DNA ladder
(GeneMark, Taiwan); Lanes 1~30: pear leaf scorch
bacterium (PLSB) strains no. 002, 008, 013, 015, 022,
045, 052, 053, 061, 071, 072, 076, 096, 097, 104, 114,
121, 123, 131, 139, 140, 150, 156, 184, 190, 194, 204,
207, 210, and 222, respectively; Lanes 31~64: strains of
Xylella fastidiosa from other hosts, strains no. GH-9, O 1,
O 6, O 10, 4BD7, 4BD3, 4BD2, 4B, 2-4, 2-5, 4-5, 3SV
11A, FTC AG-1, Yugo B, Shirag w/PD, White eoA27,
Cab San, Melody, R118V3-4, ATCC 35869, ATCC 35870,
ATCC 35876, ATCC 35879, ATCC 35881, Chateau, Mul
1, Mul 7, GHS 505, G9E, SLS 55, SLS 61, SLS 27, SLS
DC5, and SLS Mary, respectively (see Table 1 for details);
Lanes 65~74: phytopathogenic bacteria Erwinia
chrysanthemi ,  E. carotovora subsp. carotovora ,
Burkholderia caryophylli, B. gladioli pv. gladioli,
Pseudomonas syringae ,  Ralstonia solanacearum ,
Acidovorax avenae subsp. citrulli ,  Xanthomonas
campestris pv. campestris, Xan. axonopodis pv. citri, and
Xan. axonopodis pv. vesicatoria, respectively.

PCR 
Table 2. Detection efficiency of pear leaf scorch bacteria from diseased petiole tissues collected from fields by polymerase
chain reaction (PCR) and traditional tissue isolation 

Experiment
PCR 1 Tissue isolation 1

No. of positive/Sample size No. of positive/Sample size
1 15/25 15/25
2 18/25 13/25
3 18/25 10/25
4 20/25 16/25

Total 71/100 54/100
1 The petiolate leaf tissues showing typical leaf scorch symptom were kept at 4 for 3 days. Each petiole of 2 cm in length was

longitudinally cut into two sections, one for PCR test with the specific primer of PLS-F/PLS-R and the other for tissue isolation
test with PD2 medium.



PCR SCPAP 

PVPP
(3, 19, 29) PVPP (36)

SCPAP 

3 

PCR 71% 

54%

PCR

(real-time PCR) 

Oliveira
(23) X.

fastidiosa

PLS-F/PLS-R 

PCR 
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Pear leaf scorch (PLS) disease is unique in Taiwan and only found in areas where the Hengshen

variety (Pyrus pyrifolia) is grown. It is caused by Xylella fastidiosa, a xylem-limited bacterium,

However, PLS strains are not serologically related to strains of X. fastidiosa from other hosts.

Likewise, no DNA fragment was amplified from PLS strains with two universal primer sets of

RST31/RST33 and 272-int/272-int-2 used to detect strains of X. fastidiosa from other hosts. In this

study, we developed a polymerase chain reaction (PCR) technique to specifically identify and detect

PLS bacterium. The random amplified polymorphic DNA technique was employed and a fragment of

1,412 bp in size was specifically amplified with a random primer OPA11 for PLS strains (GenBank

accession no. DQ452418). A set of specific primer PLS-F/PLS-R (5'-

TGGACGTTGTGGTATCGGTG-3'/5'-TTGAAGTTGACGTGTGGCTG-3') designed from the 1,412-

bp DNA amplified a 416 bp fragment from all 30 PLS strains tested but not from 34 strains of X.

fastidiosa originally isolated from other hosts, including oleander, pecan, plum, peach, grape,

mulberry and sycamore, nor from 10 strains of plant pathogenic bacteria other than Xylwella. The

primer set can efficiently detect PLS bacterium in PLS-diseased leaf tissues collected from fields. We

proposed the PCR technique developed in this study could be a useful tool for rapid detection of PLS

bacterium in potential insect vectors and alternative hosts in the future. 

Key words: Xylella fastidiosa, pear leaf scorch, specific primer set, polymerase chain reaction,

detection


