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AEREMRRE R E T ERREE
& Z FRAZAERAME R BT 38 PCR 85 3E F:4i]
B ESCID S ST MBS it
BEWYBYRBAT | PEABENFEESR

W

RUTELEEE R (pear leaf scorch) B E s A 2 IRE » I EIRHIFLEZE
L EIRE > HiE R E BIFIREE I HE (xylem-limited bacteria; Xylella
fastidiosa Wells) » 5 B AP RINH At EE H ER B R 5 BB Z R A
(fastidious prokaryrote) » B EHFE B R FIZES FEAREFE M2 £ 2 X
fastidiosa BRI R {E IS fHEE 14 (serology relation) » [H]Hf X. fastidiosa B
—PER [T 272-int-1/272-int-2 & RST31/RST33 Y F A 4% Hh BUBE 1 £ i
TR B RETT PCR [ » RISEAT(r ier e A - IRl AL B R FE A e e R
REAEANZY .2 X fastidiosa BRITRIAZ ¥ % B (phylogentic relationship)
ESE—27%)E 5 fIJF] ERIC-PCR ~ RAPD-PCR J; BOX-PCR ZH sy
T B P25 . BUEE R FEARG R e B B ik S AT 2. X fastidiosa BRTR
DNA » HAth & AV EFE 57T Bk (oleander) ~ ifiBk(pecan) ~ Z(plum) ~
(peach) + S=(mulberry) ~ #j%j(grapevine) K SHE{E F (sycamore) » AT #E SR &
Al B B R & o R KT » 3 B R AL R R B M B .2 X fastidiosa
RRE EEPE@—rﬂEZXfasﬂdlosa EAE AT LA R = fllﬁ”ﬁ (I)K’VT
PEETHE ~ ADBARE ~ 2= ~ Bk RIEAE R R (M) 32 KA A B AT Ak
T 16S rDNA J 16-23S rDNA & e 412 5347 » 53 BETES 15 E =4 IR
Fr By A/IMTHA 1537~1540bp K 512~540bp » Hrh BRI 551 BE T BLEE 4
ErRE R REE T T2 X fastidiosa IR {ME S B THR 0.982~
0.987 J 0.874~0.876; F| F HH AL %5 1% (neighbor joining) 1T /% HHEA 14 55
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f > H 16S tDNA Fr31 Kz 16-23S rDNA W& f#F751 Fr {558 #% 8 (phylogentic
tree) B AR B R Ry RREE - 0l R AN R EF EZ X fastidiosa
ERIPREF o FHfERERE AT SR ERZ BRI AT 2GR BN B RE fa A
T 97 e R PR Ry Xylella TEPISRINL I BETARES - FEILAG SR AT SCRp BTz iR
Tt BRI Ry Xylella safE DL _E o3 2EMAT » B TRERHTRE « Ry R
PIFLEERL FERETR B B Tk > I F] OPA11 BEHES [ TE1T RAPD 347 » BRIDET
2 BT AR B 8 A R Fr B RNy 1412bp > S — D5 THITE K
Pl gy o 3 AR 1§ — M F — Mk 5] 7 ¥ & PLS-F/PLS-R(5’-
TGGACGTTGTGGTATCGGTG-3’/ 5’- TTGAAGTTGACGTGTGGCTG
-3°) > b5 [ AT A AL EE R AL PR B PR D 416bp E—TREVIFEL > (2
HMimr £ X fastidiosa TR e HANE B — ke Il B B ko BRI
W RN EY) Fr By HEERUE R A LAF] 10pg BLARE L - i A] B
P T PP S R Ak < Rl - e [ B VBT E A R (T ]
EAEY) R s IR IR

BR#ET  BLEERAEN  (RIREEHIE - B HBE - PCR#EE Fl

il

Al

PLLERZ FEAT T (pear leaf scorch)Fy 1980 4 /oA (e o Mt |IZL A W 5%
BHHTRS - HEREELEINEE 7 AR, & 2B BTG R
o REESRE > BRI EREEREE SR > BERRIE 3
£ 5 FRVEL - BARBHIE EUATHEEREER - (HMIAAET - Btk 1990 £
A& EH Leu 1 Su {g A\ LURE - BR B 05 B 2 T s 2 A REL kA6 8 3R A3 A R T 2
ERCEE N > HolifEE 236 AR (ripple cell wall) » 4 ik 7 it 2
E A ERNRR R R PD2 858 E - 1 HAERS B R RARE— K
il RS > D DN TR R - BRI R SR A
e A EE N AR R E R BB SN B S R 2
V17 SR (AR B E A R (xylem-limited  bacteria)fH[A] - AAHE & FLEE B FEAG A
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F{RIREE TS [#(Leu and Su, 1993) -

{5 PR 357 Al B SRk i 38 ] R AT 2 B RS (R o Bl A0
(grapevine)(Davis er al, 1978) ~ H7Z (alfalfa)(Goheen et al, 1973) ~ fk
(peach)(Well et al, 1983) - Z& (plum)(Raju et al, 1982) - & {—
(almond)(Mircetich et al., 1976) ~ fiifi(elm)(Hearon et al., 1980) - {5
(sycamore) (Hearon et al., 1980) ~ =f(mullbery)(Koscka et al., 1986) ~ fH
& (citrus)(Chang et al., 1993) K IiWEfS (coffee) (de Lina et al., 1998)%% » H
HHET 2 G B 6 B R TR K o i LRI A L S5 A A R R T I
(Pierce’s disease, PD) ki Fd = & BEEL = {L.J% (citrus variegated cholorsis,
CVC) » H airFs At 35 i 4 B B8 p4 A A 22 28 £ 22 (R i [X] 7~ (Hopkins and
Purcell, 2002) -

A BRI R R e - 5 SR 1892 4 IKf N.B. Pierce #Fi26
[ 1 (Califonia) 5 [#E#] &) (Vitis vinifera L.).2 PD & > HIRELIELE
SEBI R P Al 8 A E B el - EERBOMN S [ f g KRBT - SER
EREARBERHewitt et. al,, 1946) » B 78 87 IHp ATREERBRE K I/ T B
R > R R LU 2 FR R A (virus) AT 5 [ (Hewitt er. al., 1942.) > HLiE
FERZEBE /T B f T 32 B (LR A & (155 o E 78 (alfalfa) B A & HLBI i B TS
#%Abip (alfalfa dwarf disease) - #EET L5 nGEEE PD & 24 F BH (Hewitt and
Houston, 1941) » HAREREE It I F 5 [ —JK IR B [#E(Goheen et al.,
1973) - 1971 4 Hopkins #[] Mortensen #£3H 254 PD 7 %%k PR A& VU ER ]
3 (tetracycline) iz #H 7% A] 191 )ty o %8 e - 1 2 s DAL R IR RZ AR 5 [
(Hopkins and Mollenhauer, 1971) - H.{% Hopkins {1 Mollenhauer #& & 1
BT B s PRSI 8 3R G R [ R AP AE - R B RE R e
FE 35 B Rickettsiaceae 1 & fHALL » & 8 I 9% 5 B B “Rickettsia-like
bacteria(RLB)” > FEJiA I 287 [ B - AE 38V » SR RIS #l B (Hopkins
and Mollenhauer, 1973) - 2R 1 L E R B B2 1978 4 > Davis 8 A F|F JD-1
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ARIDIAN TR - W5eplet E i - (A B L B b R e 5 o
REl(Davis et al., 1978) - 1987 4 Wells % A fR#2 DNA 1 G+C ft ~ [M]EE2
(serology) &k} ~ il ER(fatty acid) 34T K 16SIRNA Sl R - FEHIL
PR EEIE Rickettsiaceae » JNANB IR ERIFHNE - ARG T L
(RIS IR — T F1 Xylella fastidiosa > LIFEIT—5 /& (genus) K Jf—
B thME— Yy —TE (species) (Wells et al., 1987) »

Hefe 5 X fastidiosa Firn [EHRE - TS BT FEYES
145 f#(Hopkins and Adlerz, 1988 ; Hopkins and Purcell, 2002) » 58 2673 5~
[F)E5 EHEY) X. fastidiosa BTk » HR7E X Pe e st B B UL rT Fll 70 Ry I
Tl (pathotype) » BIAIZK H A @4 ~ B s A S ZBERTE R PD B EF(Purcell
and Hopkins,1996) » 2K B fH & & inWE .2 B kR B CVC BEEE(LL et. al,
2001) » 7 H Mk ;e 27 FE i By [B]— B £ (Purcell and Hopkins,1996) - 1 EoAH
& LMY X fastidiosa PR H ATk E 2 X pidatin s &f EERZIR
A EATE A8 S et BRI & 7 - [RIIRE X fastidiosa Ry B W i 5 o IR B -
HEWRNZIUS 55— /5 X fastidiosa 1~ 5558 H A KA RS - ik
FEF E 2 A B A LR M E TR AN R R AVE R o TERBER D T4V
HYHEZD - FI| G 8% 1 i A% R 2% AU 1% 7317 (random amplified polymorphic
DNA, RAPD ) (Williams et al., 1990) ~ ERIC-PCR(Sharples and Robert
1990)~ BOX-PCR(Martin et al 1992)~16S rDNA F¢%!|43#7(Hillis and Dixon,
1991) % 16S~23S & [H #2153 #7 (Glirtler and Stanisich, 1996; Jests et al.,
200173 E R » 512 I P J A B A P B B R 22 S 2 AT PR
B2 1995 4 Pooler & A\ LL RAPD £iffg7pift 7 HANFEr .2 X fastidiosa
ER > AT R TRE > AR (DFHEEEE - (D2 — FikfEaE - (11D
) &) — FAELR - (AIV)HCERE R (V)SEERT - 1 2001 £ Qin <5 ARIF]
F ERIC-PCR . RAPD Ffii#izRHALE KRSt 57 IR FRITEZ X
fastidiosa SELTAT » RIS EEIRE YRS - 3R R ¢ (DSRAEREREE ~ (D)
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& —RE A CEE - (DS — Bl ke 22 B R s (IV) i Wk -1 A
B Horb e SE 0k R AT AR BT R B2k B L3 58 = RE R BR AL A U R
0.45°71 2001 £ Kim 2 A F|FH BOX-PCR 54 [& 2575 BH B8 43 Bacillus
anthracis H1H3T#%F8E B. cereus ~ B. thuringiensis J; B. mycoides ; 2002
Chen 25 A HIIS3MT 20 MR [EIZ 2 X fastidiosa EilEZ 16S tDNA %] »
ALRFETR T Ry WEE > 7 Al R (1) i ) — SEREETRTRE S (IDAH AR — W B EE - 1
2001 4 Metta F1 Rosato 5347 10 ¥R [EEFF 2 X fastidiosa FkZ 16~
23S rDNA & [ 7 M HIAHBR T - rTRF IR R RS - 3 Bl R (DR %) — 3¢
TTHRERTEE Sz (IDFE AR — Wk — Bk — Rkl R TR

BRI X fastidiosa ;7 #5 7E BN > R HIREDIRFIRES AL RS 22 - OBER
SRS K B T BEMSAY) F 822 (Brlansky ef al., 1982; Chagas et al., 1992;
Davis et al., 1980; Well ez al., 1983) » {HAERFE J] ; BEAAINIE 2 i 28 B H
3o RCAGE R > N T R il T DA A A I R e KR R AR R S Ay
- KSR E R IR X, fastidiosa Y5 [F g ~ A 79 SR80 & fe aa e R0 55
T {E(Brlansky et al., 1982 ; Chang et al., 1993 ; Nomé et al., 1980 ; Pooler et
al., 1997 ; Sheraid et al., 1991 ; Yonce and Chang et al., 1987) » {54 1982
. Brlansky Z¢ A RIJFI]FH 2% 58 4% fir (immunofluorescent)f3; fiiy &5 £ e B8,
BRI < # e BUE tE AR A 0 1987 4 Yonece K Chang FiJ I 55
FEIE 4 MT1E (enzyme-linked immunosorbent assays, ELISA)YETTHkiE %
b7 (phony peach disease)HH &t B 27 =+ fe R & EHEY) . EERER
90 5 1991 4F Sherald #1 Lei [l A LL Agdia \FI4EE 2 X, fastidiosa 2
e S RE (T T A8 ZE A5 7 (elm leaf scorch)H I 2L - ££ 18 fREAMN
TEg FE A BTS2 17 B8 IESIE > PRT I By th A — 28
TR - ANTEYIRE Y & V)H 38 ELISA fgfll - NME & (K ELISA RS H.
Gk R ¥ (Duncan and Torrance et al, 1992) ; Wit B8 &2 HEH Y E
(polymerase chain reaction, PCR )(Mullis and Faloona et. al., 1987)J & #|
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FIBA X. fastidiosa J5 7 < TR & R AT > B4 1994 £ Minsavage 2
NPLX. fastidiosa E—1E5[F RST31/RST33 1T HH [ fe o el vk A 0 -
HEEBUL L ELISA fglis 100 % - 17 1995 £ Pooler Al Hartung HIIF(]F
RAPD EY)#EfE PCR 5| T-#{(CVC-1/272-2-int) - E—M4$E R X. fastidiosa
Z CVC HEE - 1999 4 Bank < AHILL RAPD £ {fy # & 5[ 1 ¥
(XF176f/XF686r)n] EL—4$& 5] X. fastidiosa PD Z &#E > 1997 4 Pooler
S\ JEFH 9% 14 ) 47 Bl (immunomagnetic separation)$& i nested PCR »
i £ FH PRI B A 14 & (potential insect vector)fdAH ke 7 e LLAT -

MR BT R R B R FEA i B BB YD N [F] B . X fastidiosa
ok L I AFBE (Leu and Su, 1993  Leu et al,, 1998) » H1#EHE LB SME
5411 X. fastidiosa 7 WA | TEHETHRBIGERITE A, 2002) T &5
TfE S BLEERZ SRR R BB A MNF S £ X fastidiosa TIRR LI 72
M KEFFE#ETT ERIC-PCR ~ BOX-PCR K RAPD Z#5fE[EE & 16S
rDNA 5182 16S~23S rDNA W& EFp oy - T AL EE 5 FEkl i B Bl
[F)% £ X fastidiosa TR FREAHRITE - (E R AR HE—F Rl o2
5 5 5L RAPD F i e 7E BUTE R At o o o S — 1A Bk Fr B 5t
MAEVLAE PCR PR E R AR L ARHETAR - AR2CA] R IR
ERfl ~ HoAth 2y £ M EF AR - R 2 AR L RE KA T
BZER > AN e BE 0 IRERESS - DR
EHAE > FIRFAIEREISN X fastidiosa JEIFR AT HE L B IERHE2
% °

PRSI
—  BEEEE
ARHIGERTHE 2 30 BRALEER SRR ET bR » (RER 75 8 S I R
PRAITETAL S HETTS » 34 BRBISNRRIZE X, fastiidiosa Ffk DNA
FIIFE A AT A SR AR T EC R — IR S B R R B A
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B B S T BROR ERAE ) s B B2 Rl BRI 52 E P R L R - B 4
& DNA Y FRZ2 I 1989 4= Sambrook HYTHANLAMEL -
= (BIREE I R 2 B P B AT

AN ERFT B 95 | 7B Operon technologieses 7\ F](Alameda, CA)Fft
H1535 ) OPERON 10-MER KIT #75% k5 OPA 01-20 ;2 20 {FfE#E 5 | T RAPD
[FERRFR22 I 1998 4 Albibi 5 A\ Z TR INED - BOX-PCR 73475 |
THERA 1995 4 Koeuth 5 A Fra%at Y5 75 BOXAIR » SERRIERTZ:
A Koeuth 55 AWy J7 LN LLE S » ERIC-PCR Fir £ F Y 5[ 1 ¥
ERICIR/ERIC2(Versalovic et. al., 1991) » |z fEfGRA-RI|Z2:1E 2001 £ Qin £
NSRRI E R -

g < EEVI LK ZEEVGET T 04T > B 10 « L PCR &) - B 1
p LESERER TEmB Gk DIMERE R i’ E ALL0.5 X TAE buffer
FTsdpli.Z 1.5% agarose ZEgfAnfEh > ATE A 2.5 ¢ L HELHERE (Biol00
DNA Laddersize marker, GenMark Technology Co., Lt.R.O.C) » L 150V HY
EEEAETTRRE VKT K 20 7 SR HUHH B HG > #8R AL L5 (ethidium bromide
0.5mg/mL)4 1 10 S35 B UV box FERZE » ST 5 IR AHHE Kz
Polaroid Type 667 JE&EF HEFHEC#% i /BF RAPD ~ ERIC-PCR J; BOX-PCR
& EH BRI TR i IR AUFEAUIEIRE » ACikS B PR DNA fERUERE R -
B ilERR 1 BEFRIDUERR 0 - ERm AENR - DL NTSYSpe
2.0(Exeter software, NY.USA )#/ & &l H IR BA (R E -
= ~ 16S rDNA F31/Ed 16S-23S & & P49 M

16S tDNA FEAI AT AT aR AR5 |53 & PCR [EP R {2217 2000
- Chen 5 NiZ J7% > 16~23S rDNA FeAll 3 A BRFH 5 [ 7% f PCR SEY)
P21 2001 4= Metta A1 Rosato 2 RIS &R © 58k PCR G R &
Py LIRS 2R DRHETT AT AR GE Fr B EE Y IR AT H B R P > T
EATE ¢ PCR TS 16S rDNA ¥l 16-23S rDNA & 741
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FrE% > L Montage™ PCR /(B )& (Montage™ PCR centrifugal filter
devices, Millipore, U.S.A.)/EFT DNA (Z il » AR B A ek < B FHRR
171 > EIHE: DL pOSI-T PCR Cloning kit(GeneMark, technology Co., Ltd.
R.O.C)ZHETT DNA Fr B BB - SIAR R e 7 3. B FHER BAAETT » BRI
&% TS EPRRIFS ' E e DNA HYfHEYL > LA plasmid miniprep purification
kit(GeneMark, technology Co., Ltd. R.O.C)ZRHETT Wi fR T i 5 A
AIHHETT - AXE RS DNA iR RSEER R IR YRR S
A LT EJE PR E R E BE DNA i AT B R HIRE e - 78 H B B E Fr s
Fit 5 B 51 Jc LU bioedit B #2 #7 45 > 3lff H & NCBI g 45 (http -
/f'www.ncbi.nlm.nib.gov/) Nk HAME = X fastiidiosa P51 - 1 ATE FPA LA
clustal X #xHEHEST26 Fe41| LL ¥ (multiple sequences alignment) » Fii{5—2 4
FeAR AN TR » fEZE A - DA% 8(E - DL Phylip 3.6
AR BEET T [ 70 T (phylogentic analysis)
VY~ BRSBTS

A BaAT 2 RAPD =22 1998 4= Albibi 5 A S G
e > kst Fr B R (B R iR st S B B &~ BISMRIZT £ X
fastiidiosa Ttk ~ K HETEY)RIFAERE TR MG R - DARERS
AP B R BLE R A R IR R A S BN B - I BLEE R AR R R
Y R 7 1T I ~ BE0E R f# Fe > #SH OLIGO, version 4.0(National
Bioscience, Plymouth, MN)fiT 4z 5% 5t Hi& G+C LBl & H R E .2
hairpin %z duplex structure 847 [F[a]5 [ F-(forward )z 52 [a]5 [-F-(reverse
primer) > 5 [T RMETRIGIRE - BEEHE - E—1HHE -
Ti. ~ HHEELEER SR s Ak i PCR Al

FH AR S LAY W AL R A P ] > A0 9 PRI AL SERR A
TR 1Y 7 H AR R A RS R R R - PRAEE
el s SRECGEMLIERRRENES - UIRRIE: - —BEEMIIA Iml DU3E
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T s i {2 A Tk 98 4% 1T V7% (succinate-citrate-phosphate buffer, SCP buffer;

disodium succinate, 1g/L ; trisodium citrate, 1g/L ; K2HPO4, 1.5g/L ; and
KH2PO4, 1.0g/L ; pH 7.0) > Z—EIERAIINIA S 0.02M JLEEIFRET

(sodium ascorbate) ;7 5% 2N KI5 (polyvinylpolypyrrolidone)SCP

TR E (& SCPAP FEETVR) » 43 RIRFEEIG EFRIEYIIEE - BUEY 2L

100 2 L Jn AR £ 0.5 N NaOH(& 0.5% polyvinylpyrrolidone; Sigma, U.S.A.)
REIE) > JIA 300 1 L IM Tris-HCI(pH 8.0) A1 » DAHEE 1R KHET7K

it 10 f5{F s PCR SR > PCR SRERIEIE ot PCR BR{AHETT - 6

DABE VK37 > PUiE m AR 25 MU (A PCR iR AR 5 pA RS 1% -

HETTHEIREE Z 9 PRIER TR BEM R A e fT PCR Al -

fm R

— ~ BRI Bt

LL 20 {Elb8ts [ T2 A7 £ X fastiidiosa BEIRAETT RAPD #EiER
f& - BIRA TU(ERRE RO R B AR5 179351 % OPA2 ~ OPA3
OPA4 - OPA11 f OPAILS > E—F DU FiE5 [ 5.2 RAPD FE# RIS R
TR EERMET - BHES [T RriEr R R 11~21 {F - frEdt
MR e 78 ik FrECRV/INIERs 200~3000bp (Z[H] > A& /Y X
fastidiosa RIREE5 TGI8 200 Fr R KEOHHE] - U E R R A 2L
WoESR > RMAEGHERENS > AR ELZ X fastidiosa EREN
AR AER  HpREREMREEREBEIIAFRFE X
fastidiosa TR 4 [ #E 58 M 77 o DL5[ T ¥ ERICIR/ERIC2 1T .2
ERIC-PCR S8 g FT{SHERLE R 35 27 R Fr B2 AV Ry 100~1000bp
ZIE > HHFIEFER) X fastidiosa Btk BATHRIRIERTY - 1 ELEEG AT
B YN [F i X fastidiosa ERFAIEEIGE MRS - L5 [ BOXAIR
172 BOX-PCR MRS FERUEF L E 16 Beifry - FrER/ MR 200
~1500bp Z[H] > MH[FZFERY X. fastidiosa EIREATHFRINIG > ELEE
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o B B B B SMANR] By £ 2 X fastidiosa TRIAR I HEHSE R -7 © DL
NTSYSpc 2.0 #5347 LL RAPD ~ ERIC-PCR F; BOX-PCR g 1525
AL EIFE R - MDA R AR B i kag kiR B (e 1~ [ 2 fef&l 3) - A&
SREER =R R E RS A A B A EHIRE AT RANE] B X fastiidios TR 57
RS — R R BN AL AR R ~ B RBINMEFE X
fastiidios BEfF - FrREE “RFATHH o R = (E X EHE - (DFVTHEERE - (D%
Pk~ Bk~ 2 RAETC R B R R (DS R AR R -
.~ 16S rDNA Fp#I1Ed 16S-23S & [ F41 5317

TS TH E FP & i 16S tDNA K 16-23S tDNA E&[E 51 - B
KN AR 1537 ~1540bp K2 512~540bp - (LA clustal X #REEHETT
FIELET - A nT 2R BUEE % FERERIR B ~ R RIF 12 X fastidiosa TR RS
I8 Xanthomonas HHEFY 16S rDNA [F41]EE 16-23S rDNA & [E791H 7%
HREEZ= S0 05 Sl AL 7= S M n BHEAE R AL EE R BRI R ~ BN [F
FZ X fastidiosa J;¥EIERY Xanthomonas B - 32 Phylip #iiEHE1E
16S rDNA %1}z 16-238 rDNA & [E 5.2 AHEME - 7 16S rDNA 31
1B 25t B EE R SRR R BT B PR ] A BMEL TR 0.993~1.000 - {HEH[E]
INANE B FZ X fastidiosa BERRZFEIMESTHY 0.982~0.986 ; Y 16-23S
rDNA & P71 58 AL S5 FE A i B B R R A AR BMEL T 1L 0.992
~1.000 - {HEAEISNA[FIEF £ X fastidiosa iR ZFHEMESTH 0.876~
0.884 5 JE—B DIAN R R E B A 16S tDNA 51 K 16-23S rDNA (&
[ 5 R Rl TR [ ([ 4 R S) > mlRFEABR BRIk 0 s R KB - 70 Bl R A
o RN N B R B L B VNN R 22 X fastidiosa TR > S5 W EFHY
bootstrap [HELE 90%LA F -
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pear

oleander
pecan
plum

peach

|—sycamore

—grape
I—mulberry

0.00 0.16 0.32 0.48 0.64 0.80 0.96

Loy MBSz AL i B B B YD AN [R] 75 2 Xylella fastidiosa Ttk.Z RAPD
{7 > KEEH NTSYS-pe BM# S 1Y UPGMA f2 = frig S E{EHE
BTN

Fig 1. Dendrogram depict the genetic relationships between pear leaf scorch
bacteria and strains of Xylella fastidiosa from other host based on RAPD
patterns. All analysis were made by 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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pear

oleander
pecan

peach

—grape
mulberry

0.00 0.17 0.33 0.50 0.67 0.83 1.00

2 AT BABERR R IR ER B SNSRI B £ Xvlella fastidiosa BIRZ
ERIC-PCR {547 - #8FH NTSYS-pe BEfi#HE T UPGMA 2 frig
SRMHCMERHRE -

Fig 2. 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 were made by 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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pear

oleander
pecan

ycamore

peach

—grape
I—mulberry

0.00 0.17 0.33 0.50 0.67 0.83 1.00

3. 53 W AL SE iR AR B BR B SN AN R 55 £ Xylella fastidiosa Btk
BOX-PCR {675 #8FH NTSYS-pe B [§#K S §11¥) UPGMA F=t g
AR EME IR E -

Fig 3. 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 were made by 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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[~ 4BD2 (pecan)
|~ 2-6 (plum)
2-4 (plum)

I 4BD7 (pecan)

SLS27 (sycamore)
SLS55 (sycamore)

4-5 (peach)

|: Ol (oleander)
01-6 (oleander)
GHS505 (mulberry)

ATCC35879 (grape)
100

x ATCC35876 (grape)
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Fig4. Neighbor-joining tree based on the 16S rDNA sequences show
relationship between pear leaf scorch bacteria and strains of Xylella
fastidiosa from other hosts. 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 represents 0.01 changes per nucleotide.
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Fig 5. 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 hosts. 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 represents 0.1 changes per nucleotide.
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& 6.(A)F]FHFEHES [+ OPA-11 HALZER RN E - NEZF T Xvlella
fastidiosa TR f FABHI R R PR 2 RAPD 7341 1& FTiS £ BB Uk Bl 7 f2 (B)
I F5380E B BUEEG SRR R TR OPA1-1400 BESHETR iR & SE-

Fig 6. (A) RAPD pattern of strains of pear leaf scorch bacteria, Xylella
fastidiosa, from other hosts and other general bacteria using OPA-11
random primer. (B) The southern hybridization of the RAPD production
with OPA11-1400 probe cloned from pear leaf scorch bacteria strain 2.
M: Gen-100 DNA Ladder (GeneMark, R.O.C); 1-10: pear leaf scorch
bacterial strains; 11-20 : strains of X. fastidiosa of different hosts;
21 : Erwinia chrysathemi; 22 : E. carotovora subsp. carotovora; 23
Burkholderia caryophyllies; 24 : B. gladioli; 25 : Pseudomonas
syringae; 26 - Ralstonia solanacearum; 27 Acidovorax avenae subsp.
citrilli; 28 © Xanthomonas axonopodis pv. citr; 29 :  X. campestris pv.
campestris; 30 X campestris pv. vesicatoria ; 31 : negative

control(sterile distilled water).
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=~ BUBER AL B E 5 [0 B 2 B P AT P s A A PCR Al

BT AL R A FHEERE S [~ OPAT1 HE{T RAPD [ - mIEiEH
1400bp e HHZERT - BISMNEIE £ Z X fastidiosa Fe A FAEH A
B AT (DU V) EE P 3R (1B 6A) > #7272 Itk Fr Bt s OPALL-1400 » [
OPA11-1400 FufREHET TR STREG ST » AR RS OPA11-1400
HERUBE R A B ) e A — MERE GRS MBS X fastidiosa
o B EL At AR P D B o B S B S R AR (8] 6B) - st — A e F il
{32208~ R Fea BRLILL Fr B RV NG 1412bp - iR TR R AP B OPAT1-1400
FI]F“National Center for Biotechnology Information”#g 53 is » TR
FLINEE ( gene bank AU FEL LLE] - FHLEIER KA DNA FrEa2 . R
Fe¥lrh 1-493bp B HFiT#R EEAE G DNA Foll 2 FEUE SRR
10% tRIE L FPA1E% e 15 [ - ¥f PLS - F (5° - TGGACGTTGTGGTATCGGTG
-3%)/ PLS - R(5’ - TTGAAGTTGACGTGT GGCTG - 3’) » & HEIE TS
PCR [ JEMEIEFGRIFR(1)94°C 10 7348 - 1 {E{EER ; (2)94C 193~ 63C 45
F2~72°C 149335 {E{EE= (3)72°C 10 734 1 {{EER 5 [-7-¥f PLS-F/PLS-R
ARG SR B TG E 416bp HYSE —MERRT - BIN[ES £ X fastidiosa
K EABE )7 [ B B PR SRR (R AT R (8 7) 5 5 [ S R A A 2]
10pg DNA % 7 1.36x10°cfu flEE & ; Hi#k SCP #ZE 5 SCPAP 7
et FH R AR B b I S0R > A5 R U SCPAP ik flir i P ot
T IR —PERE - SCP #EER & Ry ESHE - HEENE 9 PR NS
L TERRRH AR L - ELRSETT PCR Al aE —SUS 2 IS (& 8) -
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Fig 7. Polymerase chain reaction amplication products of total DNA from
strains of pear leaf scorch bacteria, Xylella fastidiosa from other hosts,
and other general bacteria with primer pair PLS-F/PLS-R. M :  Gen-100
DNA Ladder (GeneMark, R.O.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.
citrilli; 72 © X. campestris pv. campestris; 73 : X. axonopodis pv. citri,

74 - X campestris pv. vesicatoria.
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M 1 2 3 4 6 7 8 9 10 11 12 M

8. FI[F5 [-%f PLS-F/PLS-R #1725 & I 38 35 S S e {0 FH A ] Py
AtatH P o AL AR A R

Fig 8. 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).

A Em

AT iR iR e A YR o RO R R
B (R RSB HIEHE - MURIRE B R X fastidiosa(Leu and Su,
1993) » SRLAZLSE R BR A9 7 B B i 7 R B B DL LIV SEE 1T 2 SCHI
il B I AN RIS SR AR T (Leu and Su, 1993) > 1998 4 Leu A
W AL A B B — DU B SN [RI BT £ X fastidiosa PR
MELTHIE > AE RN IS RN E E BB YN [F 5 02 X fastidoisa
FeRIEAERANE 55— 7L X fastidoisa H—1%5[5%f RST31/RST33
K 272-1-int/272-2-int S RLBERG AL B ST PCR fg IS A IE L —
VB MBIYMN AT £ X fastidiosa RPRE Al PiE HHH — T Fr Be(fk
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KA, 2002) - e bt ot SR8 SLIRE G Rl A = B B SN AN [F]
FEZ X fastidiosa FIEMKHIZEE - ARiH522L RAPD ~ ERIC-PCR
BOX-PCR =f&EH {731 64 MR [FE £.Z X. fastidiosa Rtk - BEURELTER:
AR R BN E T X X fastidiosa R EILEMEER > DL
BUE AT A AT 0 Ry BRIRR R R RE 70 Bl Ry B S5 FE A 73 7 TR BT B e (B 9P
NAEF FZ X. fastidiosa FEEE > MBIV FIFH L2 X fastidiosa BIREE
AT R = (8K EEE - 0Bl Rs(DFPTHREEE ~ (ADEHEZ ~ B~ IR
B~ (IDEREEE > BURBINFEIZF EZ X fastidiosa EFE% IR EIM
o AH BRIk s SR B [ D SRR o B ZE i SR ZE DL (Albibi ef al., 1998 ;

Hendson et al., 2001 ; Hopkins and Adlerz, 1988 ; Hopkins, 1989 ; Poor and
Hartung, 1995A ; Purcell and Hopkins,1996 ; Qin et al., 2001) » FH¥g#[E
K eIk ] o A R > BLTERR A R B R BB SN A m £ X
fastidiosa TRIREFEEAHBANE - PLf RELME SRR — 20 NN SERE A
THERINE Ry X. fastidiosa W —R5 ZRIEE « A58 E REH] BOX-PCR £y
IAEEF L X fastidiosa » HAEREASURER RAPD K ERIC-PCR 73
s RIS > B BOX-PCR £ /Nl {E R A% .2 X. fastidiosa
PR R CAMLE -

HEZR 1987 £ Wells 5 A Al EZ (BIREEHE ERm 4R X
fastidiosa Well —F + ST 4R AC ST BRERBUTAR i b 22 S I3
(Hopkins and Adlerz, 1988 ; Hopkins, 1989) ~ B5& =, - DNA 55 (& ZZH]
21 (Albibi et al., 1998 ; Hendson et al., 2001 ; Poor and Hartung, 1995A ; Qin
et al., 2001 ; Rosato et al., 1998) K 16S tDNA DLz 16S~23S rDNA & [&]
Fe%153#1(Chen et al., 2000A ; Chen et al., 2000B ; Chen et al., 2002; Henson
et al., 2001 ; Metta et al., 2001 ; Qin ef al., 2001 ; Rosato ef al., 1998)ZE 1~
B XS ARTELZ X fastidiosa FHE ~ BURKEANFEFEZ X
fastidiosa B FHEAR TR E REEE 0 A A 4E (Purcell and Hopkins, 1996 ;
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Schaad et al., 2004): 2001 4% Mehta ] Rosato HYFFIZE ARG HALIER A,
WEEHEREZT EZ X fastidiosa BIATE Ry (X DNA [FJRE - 4
782 16S rDNA Rl oA /N s BUEERS: FEAgA o I B B (B A~ ]
ar FoZ X. fastidiosa BPR 73 BN FIRFE 55 2004 £ Schaad S5 KRB
A& ELZ X fastidiosa BIRFSEFFY ~ MIVEEE ~ DNA RN ~ JTAE R
VRIS E R F R T » 5 X fastidiosa BEAE 2 77 Fy —FfnifE
(Dpiercei— 2 H #j 4] ~ El 1 » fifsf(maple) & 77~ (almond) E Pk : (2)multiplex
— 2 H Bk(peach) ~ Z(plum) » #¥{Z(almond) ~ ifsf(elm) K pigeon w4 (Vitis
aestivalis)iE#k + (3) pauca —3& F & (citrus) g % » 58 = FELafER 16~23S
rDNA & [H 77 AR (UE Ry 0.987~0.992 » AHFERE R BLIE R FE AT s i Bl B
BIYNANE B £ 2 X. fastidiosa BRI Z 16~23S tDNA & [E 5 E ST
A 0.876~0.884 » SEIEFA X. fastidiosa =Efnnfd A OME » KL HESR
BUBE RS FEAG 7 Bl TR AR s A B 22 W T Sl o T o

BEER FEAE R R R RN R — R R R A R R RED
AHACREGERE EMHE - HeeiRREaEER - LR8N E
TR 2 E (Leu and Sue, 1993) - HEREARIE 2 HHEE £
gl FATIREE A RN BRER - D&M PCR £iin & R i 5 AT
TR E E TR 5 AFeakstryE—M5 % PLS-F/PLS-R H¥AIEE
o FEA P T B R RS AL BRI HY 416bp BN EY) P - (B BISMNE S
Fi& X fastidiosa Z RIVR Fe— s IR AHBR < TR RS A% R B i 1 s
REYI B » Fomiths [ TS S 2USER AR E A S EH 1 - AR RAL
TERZ FERGT A o RO E S (S FERE 5 AR e T F R b B P AL
AN TEYE - B8 PCR HIRER - BNk b &%) (phenolic
compounds)ZEH)'E A I PCR [ HE - SRR HHTE Y i 2 BURE ik Al s
IIPTEEIMER ~ PVPP SOEERRSFHIGIE RGN T HEYIE - nlf& PCR
Far I 2 (Benson et al., 1996 ; Kim ef al., 1997 ; Minsavage et al., 1994 ;
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Rowhani et al., 1993 ; Singh et al., 1998 ; Wang et al., 2004) » {441 1994 4
Minsavage % A LL SCPAP g & {F £y PCR iR RAE Y AR > 7]
Term B R A AR TUR T 2 X fastidiosa PCR g HISCR - AEARSE AT ER
MR AR ER > DL SCPAP 7% {7 ik W RE kR FH AT o A et A 1B (L 1 100
A REAWHETTH AL PCR fgfll - A]REE SCPAP #EENE R &
APUEMRE PVPP HER - RPN A EGEEYH & E L&Y Ak
AR (Benson et al., 1996 ; Minsavage et al., 1994 ; Rowhani et al., 1993) »
iy PVPP AR L& #)(Warren et al., 2000) o [X]Jtb B8] H P L R
IR LA SCPAP 1Ry Ryt ik 25 IR @R > IHE T Mg IR DURE G (R b R
R - HERER S - i PCR FFE KT EKBRG ST
KT IN R E N EHRERE i R IRe R 50T 7 20 IR R g 3 5 I 3R e g S I
(real-time PCR)EFAFTEIKKBELE » HSEAESERE R EEZE
Ao DRI A S AR S A e i L S AT R B Z F > BlAn 2002 4
Oliveira 55 A i FH S IR 25 & T SR S B S E R A & X fastidiosa AT E
TS it e A ARG G P58 i B Wi B AR A 2 MBI © AR SR i By 5 [ m]
ke I PR SR B PR SR REL A% - e [ G VB D FE IR EE AR FE A
T o VR A~ B R A A SR T TR R IR B R » SRR T R il R
[IRF PCR F i 3 17 R B o2 A= REERSEET T 2R ATSE

A W
HEREPH © BB AT B EER B AW IR E ~ DR EIINZ I
W AR R a2
R - HEEE 0GR 5% > B2 EA A > fEn] FEc LRGSR
MHPERE > (HAEBEENEAR - DRSS > e
B > HEHEZE RS BN BER > THE 67 HEE
Fri@fx B E EER N AT o RSB R E R ]
R R - e e TR M aE TS D -
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IR ¢ 1 ZE R R R ?
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FRITTE © R BREANEN ORE > A LEEEE S &
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FREKNT ~ B3 ~ TRITEL ~ EIER 2002 BUZERR FEAL G T & I 3R H B
SR 2 i5E TEORE ] 44(4) © 368-369 -
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Phylogenetic Relationships between Pear Leaf
Scorch Bacteria and Strains of Xylella
fastidiosa from Other Host, then Development
of PCR Identified Technique
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Abstract

Pear leaf scorch (PLS) disease was unique and limited in 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. Therefore, to
determine the taxonomic relatedness between PLS bacterium and strains of X.
fastidiosa from other host, 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 using

PLS bacterium and strains of X. fastidiosa from other host that included
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oleander, pecan, plum, peach, mulberry, grapevine and sycamore. 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; (II) pecan, plum, peach,
and sycamore group; (III) mulberry and grapevine group. The specific DNA
fragment size cloned from 16S rDNA sequence and 16-23S rDNA intergenic
spacesr region sequence from PLS bacterium and strains of X. fastidiosa from
other host was 1537~ 1540bp and 512~ 540bp, while the similarity of those
specific fragment DNA sequence from PLS bacterium in comparison with
strains of X. fastidiosa was 0.982 ~ 0.987 and 0.874 ~ 0.876. Under
neighbour-joining method showed phylogenetic relationships, all strains were
distinguished two groups -pear group and other host group. The PLS
bacterium was low closely related in comparison of strains of X. fastidiosa
from other host. The data of DNA fingerprinting and intergenic spacer DNA
sequence showed PLS bacterium did not belong to the X. fastidiosa genomic
species. We postulated the PLS bacterium could be a new species within the
genera of Xylella , but further elucidate it combined other characters. 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 from strains of X. fastidiosa from other host and strains
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of other general phytobacteria. The minimum amount of DNA from X
fastidiosa that could be amplified by PCR was 10pg. The PLS bacterium
could be directly detect by PCR technique using 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.

Key word : pear leaf scorch, Xylella fastidiosa, phylogenetic relationships,
PCR identified technique
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Fig 7. 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.O.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.
citrilli; 72 X, campestris pv. campestris; 73 . X. axonopodis pv. citri;

74 - X campestris pv. vesicatoria.
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Fig 8. Detection of pear leaf scorch bacteria of diseased tisuues from differnt
pear trees in fields by polymerase chain reaction using primer pair
PLS-F/PLS-R. M : Gen-100 DNA Ladder (GeneMark, R.0.C); 1-9 :

samples from different pear diseased trees; 10 : healthy tissue; 11 :

positive control; 12 : negative control(sterile distilled water).



