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ABSTRACT

Pear leaf scorch (PLS) disease was unique and limited the cultivation of pear in
Taiwan. It was caused by strains of Xylella fastidiosa, xylem-limited bacteria,
belonged to fastidious prokaryote that had a ripple cell wall structure. The early study
showed PLS strains were low serology relation in comparison of strains of X.
fastidiosa from other host. Then, for polymerase chain reaction (PCR) test, none DNA
fragment was amplified from PLS strains with two specific sets of RST31/RST33 and
272-int/272-int-2 those to detect and identify of X. fastidiosa. For development of a
rapid PCR technique to identify and detect PLS bacterium, a specific random
amplified polymorphic DNA product (PLS-OPA11) was isolated from a PLS strain.
The specific fragment of DNA was cloned, sequenced, and found to be 1412bp in
length. A set of specific primer PLS-F/PLS-R (5’-TGGACGTTGTGGTATCGGTG-3’
/5°- TTGAAGTTGACGTGTGGCTG -3’) was obtained to utilize these sequence data
for PLS strains. The primer set amplified a 416 bp DNA fragment from PLS strains,
but not strains of X. fastidiosa from other host and strains of other general
phytobacteria. The minimum amount of DNA from PLS bacterium that could be
amplified by PCR was 10pg. The PLS bacterium could be directly detect by PCR
technique with pear diseased tissue. A developed PCR primer technique would be a
potential to exploit for detection of PLS bacterium within vector and alternative host
plants in future. To determine the genetic relatedness between PLS bacterium and
strains originally isolated from oleander, pecan, plum, peach, mulberry, grapes, and
sycamore, we conducted DNA fingerprinting — enterobacterial repetitive intergenic
consensus sequence-PCR (ERIC-PCR), random amplified polymorphic DNA-PCR
(RAPD-PCR), and BOX-PCR assays and sequenced the 16S rDNA and 16-23S rDNA
intergenic spaces region. Under dendrogram depict the genetic relationships using
RAPD, ERIC-PCR and BOX-PCR assays, all strains were distinguished two major



groups — pear group and other host group, and strains of X. fastidiosa from other host
could be grouped into three subgroups —(I) oleander group; (Il)pecan, plum, peach,
and sycamore group; (IIT) mulberry and grapevine group. Further study was designed
to compare PLS bacterium with strains originally isolated from other hosts using
sequence analyses of 16S rDNA and 16S-23S rDNA spacer region. When sequence
analysis of 16S rDNA based on the fragment sizes of 1537-1540bp was compared, the
similarity index among PLS strains was 99.8-99.99%; whereas the similarity index
was 98.1-98.79 between PLS strains and strains from other hosts. When sequence
analysis of 16S-23S rDNA spacer region based on fragment size of 510-540bp, the
similarity index among PLS strains was 100%; whereas the similarity index was
87.6-88.49% between pear leaf scorch strains and strains from other hosts. Based on
the above similarity index study results, it seemed to suggest that specific gene
sequence can be developed for specific identification of pear leaf scorch strains.
Under neighbor-joining method showed phylogenetic relationships, all strains were
distinguished two groups —pear group and other host group. According to the above
DNA fingerprinting and intergenic spacer DNA sequence data, we postulated the PLS
bacterium could be a new species or supspecies within the genera of Xylella , but

further elucidate it that combined other characters.

Keyword: pear leaf scorch, Xylella fastidiosa, phylogenetic relationships, PCR
identified technique
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HE % B4z (Pear leaf scorch) A 1980 # = ¢ & & K L A % & Min
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(grapevine)(Davis et al., 1978) ~ # 7% (alfalfa)(Goheen et al., 1973) -~
(peach)(Well etal., 1983)~ Z (plum)(Raju et al., 1982)~ z i=(almond)(Mircetich et

, 1976) ~ fﬁ]#ﬁ-(elm)(Hearon et al., 1980) ~ & 7- % (sycamore) (Hearon et al.,
1980) ~ & f#f (mullbery)(Koscka et al., 1986) ~ #] #=(citrus)(Chang et al., 1993) %
weizfif(coffee) (de Lina et al, 1998)% » B ¥ ¥ S om g & 42 ¥ 2 JeE 4 >
B Al 6] 3 4ot 2§ F A 275 (Pierce’s disease, PD)% & £ #if 505 % 1
(citrus variegated cholorsis, CVC) » B o 3 # 2§ § &7 i A ¥ 1 & ')
]+ (Hopkins and Purcell, 2002) °

FHEBEUEY wEZ s E > F A0 1892 & pF N.B. Pierce # % I
v 43 % (California) i 142§ § (Vitis viniferaL.)2. PD s 3 > d 00 5 & 2 B L
BIVE AR Y BE 0 ERA mAlEL 51 aﬁﬁéﬂ 27 o RAE g
% (Hewitt et. al., 1946) > f & % Ryt ¥ &Mr&i SR B B iR E
pr «‘Iﬁif@;{é :Ilisi (virus) #7351 42 (Hewitt et. al., 1942) » = 5d By g0 & B g
B FHA2 28 7 @lfalfa)l 5 3 62 ?J" Tk i 7 (alfalfa dwarf
disease) » 1 %7y /,;‘a i 22 PD 2. % # 3 B (Hewitt and Houston, 1941) » # {5 5
#H - m T & F - iR F#T5142(Goheen et al,, 1973) - 1971 # Hopkins f=
Mortensen # L3 2 PD 2§ § Jm th5w Bl 7 (tetracycline) k2 £ ¥ | -
iz B FE TR Fl s R1r A $ 5142(Hopkins and Mollenhauer, 1971) - £ £
Hopkins f= Mollenhauer ¢ % =+ MAcEBL 2 H A 7 LR # MG /R F -
W d A H A 2 o B ¢ Rickettsiaceae 1 3 AR 07 0 g filst I R F =
“Rickettsia-like bacteria(RLB)”d = 85 it 7] 73 &0 8 ~ LB 'VEF R
(Hopkins and Mollenhauer, 1973) o X @ ¢ 5 f?‘j‘é 3] 1978 & Davis & A 1| *
ID-1 47 A1gd TR ELZR R EF L FHA2ALFEL AR



F¢ (Davis et al., 1978)-1987 & Wells % * 1335 DNA 17 G+C 1" ~ i 75§ (serology)
FAL Ty ospk(fatty acid)A 492 16Sr RNA % 4475 % o 4p 400 5 R g 0 22
Rickettsiaceae » 7+ % >+ H T v R i FlAEREA LA BNEE mE-
#ren s 3 Xylella fastidiosa » 14:& = — 37/ (genus) % P — #7/h ¢ rii— - &
(spec1es) (Wells et al., 1987) -

7 B X. fastidiosa - gz 22 i ipl » S P R U EARBREARE - L
%Ei%ﬁi T F R Acs s 3 B2 (Brlansky et al., 1982; Chagas et al., 1992; Davis
et al., 1980; Well et al., 1983) » e 4oy 4 5 o FEPMIFRE D &£+ 3 Y
oo e b G HPET L RS 2 < R S d R T b
* ¢ X, fastidiosa 5 & ¥ iRl > U 17 5 5 2 4% B4Frin s 1 i7(Brlansky et al.,
1982; Chang et al., 1993; Nom¢ et al., 1980;Pooler et al., 1997; Sheraid et al.,
1991; Yonce and Chang, 1987) > &]4- 1982 # Brlansky % A P % § & ¥ £ H
#(immunofluorescent) Hpr & fe & A F 2T 2 TEEF e S s ] 5 1987
# Yonece %# Chang f|* p%% i % £ £ » 17/ (enzyme- lmked immunosorbent
assays, ELISA)i& {7 ¥4 %% i J5 (phony peach disease)® ¥ f 44>+ % 1 2 ¢ &
FAiEd 2 B3 scFHkip 5 1991 & Sherald fo Lei & 4 12 Agdia = 7 24 & 2
X. fastidiosa z. kg ip|d e E i (5 fﬁ]:}ﬁ'ﬁ 1% i (elm leaf scorch)= @53 33 & -
I8 R E S & *é'fﬁﬁﬁiﬁﬂfﬁﬁfﬂ R 17T R 5 & F s > IRa o ks
TFh- EA R defp P 75 F 3 ELISA P 0 7 (e ¢ 2 1 ELISA &%
AcR P % i 2382 (Duncan and Torrance et al., 1992); 83T R £ f2 % @ 40 F &
(polymerase chain reaction, PCR )(Mullis and Faloona et. al., 1987) 7% % 41 # 3+ X.
fastidiosa i R A2 P R 5?‘J ’ L’«IJ 4o 1994 & Minsavage L X
fastidiosa % - 451+ RST31/RST33 i&f{7u B fepmiesiz iRl H Fawk
ELISA ##l® 100 & » @ 1995 # Pooler 4= Hartung E!J’H’* RAPD Z ¥ % &
PCR 3513 $¥(CVC-1/272-2-int) & — {4+ %] X, fastidiosa 2. CVC ﬁ%«’— 11999 #
Bank % 4 |12 RAPD H v E 31 3 ¥(XF176f/XF686r)¥ & — £ # 5 X
fastidiosa PD 2 p# > 1997 & Pooler % * & * & & xé SRR - APE
(immunomagnetic separation) # fiz nested PCR » 3 & v FF /8 i+ & 4 (potential
insect vector)f& g 2 # fFvt ] ©
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Hopkins, 1996) » % p #{f % w2 FiRfL = CVC F#(Li et al,, 2001)
¥e2 %2 Ftk i - F#F(Purcell and Hopkins, 1996) » @ # is & 3 fy_«fﬂ’\ X.
fastidiosa Fjth B 70 1945 £ 2R FfBdsk 2 T A R X B2 LR &R
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G X. fastidiosa # 4322 4 L3 RSN A2 R* G52 4184 (L MRS
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% +7(random amplified polymorphic DNA, RAPD ) (Williams et al., 1990) -
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# 1 2 X fastidiosa Fjthz 16StDNA E 71| » # #-Ftrs 5 a5 #F o AW 2 (DF
3 —:2#FaE - A)HY # —ver A F @ 2001 £ Metta - Rosato 4 45 10 &
7 % 2 2. X, fastidiosa ‘p«?ﬁ%\i 16~23S tDNA % & B 5| B erfp b 1+ » & rl&‘p%‘]
B 3 A 23T F — % AR AR (DHH — v — Hlit2 35
B AP IETHEL LR RRERE RS 2 R F L X fastidiosa Fths
(R o 2 F&?'H.(Leu and Su, 1993; Leu et al., 1998) » » & I B B 3 i X,
fastidiosa 2. & — {£51 3 2 {7k P (5“&5\ A 5>2002) 0 *# % 12 RAPD Hjie
EEHESR Ef%rfﬁifﬁipﬂ%— F“f"ffi Fooim iz 2 A~ PCR Pk g2 2 iRl
Pz R AR %iﬁ@*im%ﬁhxﬁ FALAPRFFLE 2 pMsT
;L“,ﬂ fiﬁ’}ﬁiﬁjﬁf—?-jﬁaﬁiﬁi;i”\ ﬁawyg_?aﬁﬁ%;%
RN P7» # iz X fastidiosa Fjphitpt 2 BFenZ B AP T RS
ERIC-PCR ~ BOX-PCR % RAPD i:ﬁ;fﬂ X B2 16S rDNA & 722 16S~23S
DNA & B A 70447 > 0 R { E G Etap 712 7 B F L X fastidiosa Fjta ¥ 2
GBI (T3 MFIE- B LA EY 2 AR T AR R 2
%ﬁaL ‘iHR SY o BT L X fastidiosa i & S b R
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Wzd B F b pRE oAl ] 2752 A
WF 28 DNA g B2k R Bl 2

;] > & DNA v 48 B~ % % B Sambrook = ¢ 3 34 4o 11 B %
(Sambrook,1989) » # # Bx4e™ B iR IR A PD2 B A AL 0 B2 30C
BOFR AN 720 B o #2 &R B 50 mlengts & 4 (8000 rpm, 10 A 4 )
i 2 ‘,% Fgik o 2 5ml ePett IV (10 mM Tris-HCI (pH8.0), 1 M NaCl )% i
R F Lk 2 R 4o (8000 pm, 10 A 48 ) wt ke H B EA4F - = £ 12 5ml
STE [ 10 mM Tris-HCI(pHS8.0), 0.1 M NaCl, 1 mM EDTA (pH8.0) ] i# itk
AR 4w (8000 rpm, 10 A 48 ) > #1573 % Iml2. STEX @ > £ 45 » 2
mlejic & s g @ o B F ~ 100 plee 10 % SDS ( sodium dodecyl
sulfate ) » % 65°C 1¥* 1.5 -] B¥ » 4¢ » RNase (50 pg/mL)** 37°C {7 % 1~2 | p¥
fs £ v » proteinase K (100 pg/ml ) » >+ 37°C 8% 3~4 [ pFts > 4o » TR 2
phenol/chloroform/ isoamy alcohol (25:24:1, vol/vol/vol) & f=i® 3 15 #4502 }
TAASG ¢ o #e (13000 rpm, 20 min, 4C ) > 1% 4 5F 2 tipe B+ KR o
TAF L A B 2~3 0 iR 2 iR e~ 2 B ARA 0 95 % 14 L B DNA >
Hr. (113000 rpm, 20 min, 4°C ) » 2 KR I * 70 % RigtE T ki
DNA > 58 4 F ¢ {2 > 4v » 100 uli® i 72 4 4+ -kt 4C T #FDNA
i A0 L2 A KR AR 180 1 %3 R ( spectrophotometer, pharmarcia biotech,
England ) i#] 2. ODsgonm2- 3 & 2 35 £ DNAZ k& & ] . OD2gonm/OD2gonm **
B FE T DNAZ B & > 2825 ¢ 78l & @ * 2 DNAH ODsonm/ ODogonm2- +*
oo A 1720 FF oo
HEZERRBRE - L33 iiﬂﬂif

R g1+ OPAll 217 RAPD &~ J& > RAPD & f@;%s_ N
1998 & Albibi & 4 & % ’iyﬁi‘%m i FEHEH Etﬂ]:r.}}ig]}ig];ﬂ;}-ﬂ‘- NA &
BiFL e *ifﬂ# Ef%r%%pﬂ B 7 % 1 X fastidiosa ﬁ—]ﬁ\ 2 H
fp#ﬂ}ﬁsiﬁ' m]}‘] BEFa3REEAT o UM ERE SR HNES Eﬁv,rr.}?:, {53—]
Fy 2 AR fx’%ﬂ#‘iﬁ%p}ﬁ%%pﬂﬁ&jymui% EfF v s AR fRE
i d OLIGO, version 4.0 ( National Bioscience, Plymouth, MN ) /74 %41 2

G+C bl # B ¥ & 42 T 2 hairpin 2 duplex structure #& > 2. & = 51 F
( forward )% F = 31+ (reverse primer ) 31 F LIS FEALEERE - FINAR
BlEZE B - Pl
v FHES &t et 5 PCR & iR
dPAERLHARHESER R R FLORELHES B2
femth 37 0 ¢ g op R A E G B2 ks BEE R EE R
BEEREROEHEA R A 0 7 A8 B - BRE et~ Il iR R
i W% (succinate-citrate-phosphate buffer, SCP buffer: disodium succinate, 1g/L;
trisodium citrate, 1g/L; K,HPO,, 1.5g/L; and KH,POy4, 1.0g/L, pH 7.0) » ¥ - £
Etwi4e » 3 0.02M#sf o ik B (sodium ascorbate) 2 5% & W F vt vs = fip
(polyvinylpolypyrrolidone) SCP it (#f f-SCPAP 3 fimie) » A~ |47 fr 3t 4 i
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A E o BES F % 100 14 > & & 0.5 N NaOH (7 0.5 % PVP
( polyvinylpyrrolidone ; Sigma, U.S.A.) & £323 > 4v » 300 ul 1M Tris-HCI (pH
8.0)¢ fr» i & 12 4 B3 KAFR 10 & 17 5 PCRF B Hi4 - PCRF &3 g
5 ()94C 1044 1 BHER; (b)94C 14 ~67C 454 ~72C 14 »
35 BB (C)72°C 10 ~ 480 1 BHaTR - X R AL T > W feH AR B Y
e HPCRY& R Py > W3 2 iz fasnis - #¥0 BT 9 RippiRL E£in
f AR 38 (TPCRYg R
DNA 4 23 Bl & 15
*EEE AT * 0313+ 5 Operon technologieses = 7 (Alameda, CA)#1 %]

17 OPERON 10-MER KIT %%. 5 OPAO01-20 2. 20 B%#35/+ > RAPD * &
PR 1998 & Albibi & A 2o 3 jE ff 4e 8 22 e BOX-PCR 4 1731 F $f4x *
1995 # Koeuth % 4 #7k2tem313 42 BOXAIR » F B i% it o 2B Koeuth %
A g gx 4o n i 2 ERIC-PCR #13% * 731 3 #F 5 ERICIR/ERIC2(Versalovic
et.al., 1991) » & Ji i 2 B 2B 2001 & Qin & A ek JBiE 2 4 108 ek o

HWirgie 2 A Pl RT N FAGEFT AT B~ 10 ul PCRA $ » & 1ulenig
Bug o AR ER s g scg g o BH E 0 0.5XTAE buffersr @ = 2
1.5 % agarosez tk &1 ¢ » & ¥ » 2.5 plfx etk (Biol00 DNA Laddersize
marker ©  GenMark Technology Co., Ltd. R.O.C ) » ™ 150V eng B iE (7 7 & A
170 520 2451 B~ R 5 581 ¢ 42 (ethidium bromide 0.5 mg / ml ) %
¢ 10 ~ 4818 ¥ 3t UVbox L% » T % 3p = ¥ BR4p % 2 Polaroid Type 667 &
¥ PR AP e 4% o #-RAPD » ERIC-PCR % BOX-PCRIGd F /4 A 44 {8 #7 & Mty
R 8L AR DNAG RRIEGES o 7 R R LK 1 miEF R
& 00 ?#»’ﬁ%l ~ 7 #e 0 INTSYSpe 2.0(Exeter software, NY., USA)#i 4
Jaccard’s % Bc(S;=Nap/(NaptNatNp) * Nap & % & Fth& F 0% #ic > Na »
NpA W &3 Ftkd pdeF 2083 > 385 & FIk2 4p 02 & (similarity,Ssu)
BT BEP L Z LB o ik 24 B K T 1572 (UPGMA >
Unweighted Pair Group Method Analysis)i& & i& {7 # 3 4 37 (Clustering) > g
DB RE
16S rDNA E 5] 16S-23S % & & 5| & 7

16S rDNA A 7|4 47974 * 3l 3+ ¥ 2 PCRF J 4~ 15 2 £ 2000 &
Chen% A 2.3 72 » 16~23StDNA & 7|4 47974 * 051 3 442 PCRF B4~ i
it %Pk 2001 # Metta - Rosatos A &1k Bif 2 o = S PCR¥# tgis A 4~ B 12k
TR ARFAPTIMRPF I EAP S EFEAEMRE > 2 2407 [ HEPCR
F Jts 9718 1 16S tDNAA 7] % 16-23S rDNA % & & 7| # £ » r/Montage ™
PCR#t < i 5 "-(Montage ™ PCR centrifugal filter devices, Millipore, U.S.A.)i&
TDNAZ # it » T iR pEkL@* _pPeF > gz * 2pOSI-T PCR
Cloning kit (GeneMark, technology Co., Ltd. R.O.C) % :& {TDNA * £ 2_# 7 »
R R R PR > HAF K TE FIRPSY FHDNA G B
12 plasmid miniprep purification kit(GeneMark, technology Co., Ltd. R.O.C) %



BT o T RPPERL G PR o S MDNAS B {5 FE i RE 8 th K 30
FAP TGP P > BFERRE 2 THDNAGR » PR PR R A
o R RO A 7L 0 bioedith M dE - M- E 5 B R H K 2
i #F 1 2 X. fastidiosa FjtA % € GenBank t 2_ #] 1§ &2 veeeiX. fastidiosa ik 2
16S rRNA % 16-23S rRNA £ F]1 5 7| 2 Clustal X 1.8 &7 5 B 7] ¥t
( multiple sequences alignment ) (Jeannmougin et. al., 1998) " 12 X, axonopodis
pv. Citri i€ 5 $+ & k> £ 2 Phylip 3.6 (Felsenstein et al., 2004)2.  DNADist4% 5%
PR Ap 2 iE o 1 ARE £ (Neighbor Joining methods ) fie & bootstrap > j# £
WP 1000 %% 0 A mam N HES BB ARREE # F L RRX
fastidiosa gtk & 2. ML 43] » £ ™ TreeView 1.66 (Page, 1996).% B 5% A1k B
( phylogentic tree ) °

i
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HEGERRBASL- B33 HRF 20 B e 2 PCR il
#H B 455 BT * 4E4531 3 OPALL i& FRAPDF Ji ¥ 7 % 1§ 1 1400 bp
TP RiEF A B2 F A 2 X fastidiosaz H s 2H4E 0 R AP 02 A 4

A NI(F- A) 0 BT 5 S OPALL-1400 - 1ZOPA11-1400 5 5 4-ie (7 %
S5 s F A1 R LAF4SOPALL-1400 F 2 HE 5% Sl pm AT A2 &

!

=

fse &g @ R X fastidiosa FthE B i {54 i Rl FF TR R 8 EGUEL
A(F-B): - Hgd Bt ~ER - REFRMS PR L 1412 bp o &
th 4¢ ~ 7 £ OPAL1-1400 {] * National Center for Biotechnology
Information “ %™ 4§ > & {74 + A F|E ( gene bank )% 3§ 221 4 5 F IR
E AR » DNA S B2 P LA 717 1-493bpsr p w8 L FIR © ;3p DNA
Bzl 2o 49 i B ¥ MO 10% 0 19 B 20 B 5 % 3l F ¥ PLS-F
(5’-TGGACGTTGTGGTATCGGTG-3) /PLS-R(5’-TTGAAGTTGACGTGT
GGCTG -3°) » 5 d I3 #7 @PCRF 3§ 1f 15 © % (2)94°C 10 2 48 1 B 7%
(b) 94°C 14 ~63°C 45 ~72°C 1~ » 35 B R 5 (C)72°C 10 A48 1 B 7
% 51 F HPLS-F/PLS-R¥ $f ] # % £ 455 3 15 416 bpenn® — #1053 » 47
fr % 2 X. fastidiosaz # @ {54 5 B o F 1R R T 0 0EF (R = )5 505 8
TR BIFE T 10pg DNAK R 2 1.36x10°cfuim F F € 5 v+ $SCP¥ firig &2
SCPAP fbeje v 7 f s AR Sk RIP2 S > % % ¥ § SCPAP fhri g2 15
e RRIEIE - R 5o SCPE TR T 5 fF 7 RIRT9 R fep HA
2 Eie ik s 0 B REFPCRIGR ¥ i - REPE L F (W) -
DNA #; & J3# & 45

20 BEEHS SIS ¥ B F A X fastidiosa Fj#RiE 7 RAPD # tg F & 0 &
BF I BHErE LEFE B RE2 513 4 W G OPA2-OPA3~OPA4~0OPAll

By e
|

=t
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%2 OPAI8 - #Hpt 7 B33 2. RAPD ;}Fl B2 ‘eé%&’af%g@gi{ﬁ_/n\
17 o = lﬁal—r“ri\ad’grﬂu F oo w5 1121 B> ATA 4 g £ 5 780k B
] 5 % 200~3000 bp 2. B > 48 = F 2 e X, fastidiosa pﬂﬁ\d 2 514 AT H 2.
FAIPE SRR R A RIESF G LMAR > RA XL EF LR B
ZFE'%._\XfaStldlosapﬂﬁ'\F'&mv TR R LB éﬂ:ﬁ-%ﬁf*p}ﬁi]}ﬂ
AHRE R F i X fastidiosa F#F & £ i M & o 145l 3 ¥
ERICIR/ERIC2 :£ 7 22 ERIC-PCR 3§ g7 ;f;] KRBIFHE G 27005 F > PE S
| % % 100~1000 bp 2. /¥ > 4p e % 2 e X, fastidiosa Ftk 2 § 48 e ik o
#HE % Lt FE R 7 F A2 X fastidiosa FR R & & xi MEE o5l S
BOXAIR & {7 22 BOX-PCR % ’1@5%?5'#% KBIFHEG 160EEF > PR 95
200~1500 bp 2 & » #p e % i 11 X, fastidiosa Fix L 5 40 hiEF > & H E 5
Efemmpe M7 b F 22 X fastidiosa FjtA R & % 6% o 12 NTSYSpe
2.0 # %8~ 7 RAPD ~ ERIC-PCR # BOX-PCR 3 5% “;}F’ KBlHEF T
MRS R R AR RI(Rle C RBI 2 Bl ) SR ET = A4 X E
HATE Wbk B F -7 B F A X fastiidios R E A 5 3 FH v - F L RPN
ﬂﬁ.ﬁij&t%—é:}ﬁsﬁﬁﬁ’%’iﬁ*@?}?w fr % i X fastiidios Fj# » # ¢ % - ¥
TPk izamE AN i afEmaE DR -~ 322 & ?’:% A
(& 2 7 5§ -
16S rDNA & 722 16S-23SrDNA % & & 7|4 47
4 513 % FR 2 unil320/ni332 HHEF LhpE 28 Fiz X
fastidiosa 2 X. axonopodis pv. Citri Fj}Ri& {7 PCR 3 d‘@b’“r’f" 2R F R B L
%15 %2 1.1 Kb -] > 5d #&7 ~ 25 % " ¥ #7182 16S rDNA # 7%
16-23S rDNA A 71 % & & ;xj,’sl_ FECA ) A G 1537~1540bp 2 512~540 bp >
~ % 0 clustal X #4838 7 5 Bt $ 5 % 5 A E % 4595 FT 16S iDNA
é F1 5 7] ® &5 51~65 2 16-23S IDNA % B 5 7 ¢ 455 106~141 ~ 224~237 ~
355~364 2 437~453 KA ¢ L3 HipHE AR BABUTVPEE A H
FhEtepRpe v F i X fastidiosa Ftk s & * Phylip #cd @ p 2
DNADIST #% ;¢ #r3+ & ) ﬁ‘ﬁ%F’“ 16S rDNA & 713 16-23S rDNA % & & 71| 4p i
E > > 16STDNA B 7|7 #{E 4% & %pvffa ‘pf]f;f]f%?a“ a2 E A 3T 99.8 3 99.9%
Mgt 4 87 I F A X fastidiosa Ftk2 4p 02 & 43t 98.3 3 98.6% @ 4
87 % 3 2 X fastidiosa Fte R 4p 02 & 5 99.3~99.7% - *+ 16-23S rDNA %
A7 Y 4/ % Ete 7 *p?jﬁfjﬁ\ﬁ‘* HE x> KaBEH L EA X fastidiosa
Atk 2B % 87.6~87.4% @ H s F A X, fastidiosa @& 4p i & % 97.2~100
% o @ 11 AREGE B B W5 2 4 16S 1DNA ér]ﬁﬂ SHC ¥yl Rl R fu}fg
A R T ERR AR 2 2 F SRS HES ERRRFAF
s F 2 X fastidiosa Fj## % X. axonopodis pv. citri Ftk » &= Hmbootstrap B
FMAE 9091 b oo @ His F A X fastidiosa FHE* 7L A~ 5= AHRE S -

F
FEFHBBAR § o H LS R H AR S EAKE 2o

_‘
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CFE R TR Bk o 16-23S IDNA ® F A 7R AT BlAc R~ %‘%ﬁf
%mwi?%ﬁ%mﬁaéiwa’a | FHEG BB pARF L6 F
3 X fastidiosa g+ % X. axonopodis pv. citri Ftk> &= ## bootstrap B 5% & 90

9% 1t o@m H s F A X fastidiosa FEY VL mA S HEKR V- HiTF
LR ER B A e R M A F TR HRtke 7 F s 3
ZETERFAKR S ER L AS PR

it

HEG EpphpFd wR2D - Rz R A2 L Ftgz i
APIRELET R FAMBREEARS C RE K2 T ks
s r B EFE T (Leuand Sue, 1993) > ¥ BF A M2 Y BEFALE B2 N
FENEL NG Lok o By PCR HIRY 5 AT ekt R
L3 AR R en% - 12513 4 PLS-F/PLS-R = $ H{ £ 4% LA 7 A& 7148
PRt 416 bp AFIA S P B EHE A FF L2 X fastidiosa 2 Fix
- B R R A PP Y B zi%rl’ﬁ“"é"]ﬁ Pt B Aom a3
HEGERFBFRFFAE - VELHES ERpRpA-d 25 Rz
AAH R @ﬁr_r S B??fg#f“ BN G TR ¥ § R EPCR ¥
BIPTEF o bl4efis 4 & 47 (phenolic compounds) % 4= 5 ¥ #r4] PCR ¥ & » = ;gle;};]
S R R E P R T 7 Sepudfon B -PVPP 2 RIFE EPrdfe - P 2+
#yF o 13k 3 PCR ##]»<F (Benson et al., 1996; Kim et al., 1997; Minsavage
et al., 1994; Rowhani et al., 1993; Singh et al., 1998; Wang et al., 2004) > &4
1994 & Minsavage % 4 12 SCPAP % 7% 17 5 PCR % BJ2 ﬁlftﬁ_fr?’ _H_%%k Bk

THREWE S AF & E Pk ¢ 2. X fastidiosa PCR # iR sa 5 5 e M AT 3 945 % 20
AfEEdER > B9 0 SCPAP ¥ tm P B n fe o tR 5 e Ak 1 Fw s
o FoRiE (T Fé“%aﬁ &2 PCR # B » ¥ iy &8 SCPAP ¥ ez ¥ eh=t & 7 5 £k
i fegr PVPP § B > FlAfilid v REE S DMt S5 L apkn
(Benson et al., 1996; Minsavage et al., 1994; Rowhani et al., 1993)> m PVPP ¥ r
fitfs v & 4 (Warren et al., 2000) o F]o* A0 B fep 2 4k R 2 SCPAP i®
PEREPEBR  TRAGRPIF UL GEEEEEE v B E R &
thiplpF > BILPCR Z R A2 RAMMA S » Fla 4k (T4 R 3 (T4LA
AR5 E KT TER LA B4 F fu(reak-time PCR)E § 7 § %74 % g
9 0 VEBRARET LE 2RI FARET SRR A RRIE T
Jﬁs§4§% % 0 5]4r 2002 # Oliveira % A g * wEF R EFEZ 04 F BHIFD &
X. fastidiosa f“ia}}ia.@;,g\_ AR R 1 p i R A EE A G2 APy
Fg sl 3 %7 SRR e F'J%%m}*a}ﬁaﬂﬂff_%k v gt %l—”ri'%”ﬁ HA BT
HEGERZepesd QHE Y FFLI 20 2 FmREVR S A RRET
BT PCR $HM B R AL L BFEFFENFY -

HESERBZ CBF FBT PR 2500 VR R FL 2 FHEE BIUE
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 m EAR o e&c},%/%" F b 4 & X fastidiosa(Leu and Su, 1993) » #2 72 4] £ 5
E*rfﬁifﬁiliﬂg‘ El A Iﬁi]%‘]f‘”imﬂ- 7 AR PIEBEOFRBEMEFL E 7 540
B 2 (Leu and Su, 1993) > 1998 & Leu % * # % { E 4 Lo F H - g x &
B H 72 e F 22 X fastidiosa Fjicie (7Rl 0 B R BT HES LR FRRE
B3 e A2 X fastidoisa = M jFp M tE; ¥ - 2 & 12 X fastidoisa & - £
51 % ¥ RST31/RST33 2 272-1-int/272-2-int ¥+ $] &£ % & g d Fi& 7 PCR #& Bl %
EEHENE - P E > A W2 R F L2 X fastidiosa FikE T O tE S E -
MFEFERNEA 202 FEP AT ESEFHNES LSRR R
fe# 4z X fastidiosa 3 &~ chZ R4+ o ## 3 12 RAPD ~ ERIC-PCR %
BOX-PCR = fa$Ljiss 45 64 th 7 [0 F 21 2 X. fastidiosa Fjtk » &1 H{ E 5 L4
BRFS R F L2 X fastidiosa FHME &£ b ALEF 2 HE A 457
FHARS LA A H UL HESERBFARNEEBA I RF L2 X
fastidiosa Fth# @ B+ 7 I F 4 2 X fastidiosa FH#EFT £ os 5 = B F
FiowiDrkApAE - ADFE P FRATCFE DR 2 F5FH o
B2 % a2 X fastidiosa Fic b st BFF 5 o SApBEIE > M B R B2 ;F*Jv\
F 3 % % 55 12 (Albibi et al., 1998; Hendson et al., 2001; Hopkins and Adlerz, 1988;
Hopkins, 1989; Poor and Hartung, 1995A; Purcell and Hopkins, 1996; Qin et al.,
2001) A R RGAR B A 1TRET JHESE R RERRRER I R F L
2 X. fastidiosa FjtAFmAp b it B R o L FRFE- R FEHESL L
i Fl » X fastidiosa ¥ - b2 F#; A7 1§ = 5% BOX-PCR #5447 7
% 3 2 X. fastidiosa » H % %< ;’%)@’# RAPD 3 ERIC-PCR 4 45 % 4pr=
& &+ BOX-PCR #jis7= 7 i¥ 5 72 fo F 2 2 X fastidiosa Fth & » ¥ F 22 5
Y1 B oo BEZR 1987 & Wells £ 4 #72 bF iz BURFwmETERE LS X
fastidiosa Well - #& > #Am i7& k= F%Pﬁﬁri&?:r % d 2R $&44P)5# (Hopkins and
Adlerz, 1988; Hopkins, 1989) ~ 2 & |3 - DNA 4p & B ¥ R 2 (Albibi et al., 1998;
Hendson et al., 2001; Poor and Hartung, 1995A; Qin et al., 2001; Rosato et al., 1998)
% 16S rDNA 12 32 16S~23S tDNA % & % 71 4 47(Chen et al., 2000A; Chen et al.,
2000B; Chen et al., 2002; Henson et al., 2001; Metta et al., 2001; Qin et al., 2001;
Rosato etal., 1998)% 7 fr > ;' 2 477 ¢ & 21 2 X fastidiosa Ftk &1 kg 2
%12 X fastidiosa Fikrz3 #Ep0 F# & 2% #7% & ((Purcell and Hopkins,
1996; Schaad et al., 2004);2001 # Mehta fr Rosato 77 3 # =g i f{ E 4% L4
:;}is];qbt’ﬁ v #fF a2 X fastidiosa FHRiket B 5 K DNA FiRlE > @ A3
2. 16S tIDNA B 7|~ 72 % T #H E % Etpm T FAE B2 e Faz
fastidiosa F#k4 7 b F# ; ¥ 2004 £ Schaad ¥ % :Lfrig R FELZ2 X
fastidiosa Fjthisd B 7] ~ i 74 ~ DNA FiRi: 4%4 (R EHERAEEFEE
FiEa 47 o & X fastidiosa FHR T & ® 4~ 5 Z ¥ L8 1 (I)piercei — kg § § ~
B % ~ #H(maple) 2 2 iz (almond )tk v (2) multiplex — % p ¥ (peach)
(plum) ~ 2 i=(almond) ~ fﬁﬁ-}(elm)& pigeon § % (Vitis aestivalis) # & » (3) pauca
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— %k p H i (citrus) Ftk - 2= HL AR 16~23S (DNA % ' A 5[4p i (& 5
0.987~0.992 » *F K HE 4% Eteppm FE M 7 b F 2 2 X fastidiosa 7
R 2. 16~23S rDNA % & & 7)4p i i 4 >t 0.876~0.884 » & >t X, fastidiosa
SHTEFRRRAANE FIr AN ESERRRRRES T2 17 RS
I ATHEZ Ry o

5l % =‘?}§%
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Table 1. List of strains of xylem-limited bacteria from pear and other host used in this study

2 Number Strains Source
of

strain

Xylella fastidosa
Pear 30 002, 008, 013, 015, 022, 045, C. C. Su
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, Ol, #6 O-10 C.J. Chang'
Pecan 4 4BD7,4BD3, 4BD2, 4B C.J. Chang
Plum 2 2#4, 2#6 C.J. Chang
Peach 1 2#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#10, ATCC35876,
ATCC35879, ATCC35870,
ATCC35869, ATCC3588l,
Chateau
Mullberry 4 Mul 1, Mul 7, GHS 505, C.J. Chang
G9E
Sycamore 5 SLS 55, SLS 61, SLS 27,C.J. Chang

SLS DCS5, SLS Mary

1.Total DNA of strains of Xylella fastidiosa from different host were directly provided
from C. J. Chang Lab.
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Fig. 1. RAPD pattern of strains of pear leaf scorch bacteria, Xylella fastidiosa
from other host and other general bacteria using OPA-11 random primer (A)
and southern hybridization of the RAPD production with OPA11-1400 probe
cloned from pear leaf scorch bacteria strain 2(B). M: Gen-100 DNA Ladder
(GeneMark, R.0.C); 1-10: pear leaf scorch bacterial strains; 11-20: strains of
X. fastidiosa of different host; 21: Erwinia chrysathemi; 22: E. carotovora
subsp. carotovora; 23: Burkholderia caryophyllies; 24: B. gladioli; 25:
Pseudomonas syringae; 26: Ralstonia solanacearum; 27: Acidovorax avenae
subsp. citrulli; 28: Xanthomonas axonopodis pv. citri; 29: X. campestris pv.
campestris; 30: X. campestris pv. vesicatoria, 31: negative control(sterile
distilled water).
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Fig. 2. Polymerase chain reaction amplication products of total DNA
from strains of pear leaf scorch bacteria, Xylella fastidiosa from other
host, and other general bacteria with primer pair PLS-F/PLS-R. M:
Gen-100 DNA Ladder (GeneMark, R.0.C); 1~30: pear leaf scorch bacteria
strains; 31~64: strains of X. fastidiosa from different hosts; 65: Erwinia
chrysathemi; 66: E. carotovora subsp. carotovora; 67: Burkholderia
caryophyllies; 68: B. gladioli; 69: Pseudomonas syringae; 70: Ralstonia
solanacearum; 71: Acidovorax avenae subsp. citrulli; 72: X. campestris pv.
campestris; 73: X. axonopodis pv. citri; 74: X. campestris pv. vesicatoria.
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Fig. 3. Detection of pear leaf scorch bacteria of diseased tissues from
different pear trees in fields by polymerase chain reaction using primer pair
PLS-F/PLS-R. M: Gen-100 DNA Ladder (GeneMark, R.O.C); 1-9: samples
from different pear diseased trees; 10: healthy tissue; 11: positive control; 12:

negative control(sterile distilled water).
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Fig. 4. Dendrogram depict the genetic relationships between pear leaf scorch
bacteria and strains of Xylella fastidiosa from other host based on RAPD patterns.
All analysis using Numerical Taxonomy and Multivariate analysis system
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(NTSYS-pc). A similarity matrix was calculated on Jaccard’s coefficient, and the tree
was generated from the similarity matrix by unweighted pair-group method with
arithmetic mean (UPGMA).
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Fig. 5. Dendrogram depict the genetic relationships between pear leaf scorch
bacteria and strains of Xylella fastidiosa from other host based on ERIC-PCR
patterns. All analysis using Numerical Taxonomy and Multivariate analysis system
(NTSYS-pc). A similarity matrix was calculated on Jaccard’s coefficient, and the tree
was generated from the similarity matrix by unweighted pair-group method with
arithmetic mean (UPGMA).
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Fig. 6. Dendrogram depict the genetic relationships between pear leaf scorch
bacteria and strains of Xylella fastidiosa from other host based on BOX-PCR
patterns. All analysis using Numerical Taxonomy and Multivariate analysis system
(NTSYS-pc). A similarity matrix was calculated on Jaccard’s coefficient, and the tree
was generated from the similarity matrix by unweighted pair-group method with
arithmetic mean (UPGMA).
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Fig. 7. Neighbor-joining tree based on the 16S rDNA sequences show relationship
between pear leaf scorch bacteria and strains of Xylella fastidiosa from other host.
Numbers on branches indicate the percentage of the number of times that the
node supported by 1000 replicates of bootstrap analysis(only values greater
than 65% shown). Bar, represent 0.01 changes per nucleotide.
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Fig. 8. Neighbor-joining tree based on the 16~23S rDNA intergenic spacer sequences
show relationship between pear leaf scorch bacteria and strains of Xylella fastidiosa
from other host. Numbers on branches indicate the percentage of the number of
times that the node supported by 1000 replicates of bootstrap analysis(only
values greater than 65% shown). Bar represent, 0.1 changes per nucleotide.
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