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Characterization of the infectious colonization and expansion with GFP
tagged strain of Erwinia amylovora in Kuerlexiangli pear (Pyrus sinkian-

gensis Yu) shoots
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Abstract: [Objective] Fire blight is a major international quarantine bacterial disease caused by Erwin-
ia amylovora, a destructive bacterium that infests pears, apples and other kinds of rosaceae nut fruit
trees. In 2016 and 2017, it was found for the first time in Yili and Bazhou in Xinjiang, China, harming
pear, apple, hawthorn, begonia, quince and other fruit trees, especially spreading extremely fast on Kuer-
lexiangli pear (Pyrus sinkiangensis Yu), resulting in severe economic loss to the pear industry. The infes-
tation characteristic that £. amylovora can transfer rapidly in the host tissues is an important reason for
the fast epidemic speed, destructive damage and great difficulty of control. Timely pruning of diseased
fruit trees can not only greatly reduce the amount of pathogenic bacteria, but also prevent its migration

and expansion in the tree, which is an important measure for disease prevention and control and easy to

Ysis B #A:2023-02-22 FE3 HHH:2023-04-27

EEWB SFriEge B /R [I6 X HARB 4 500 H (2021D01D12) ; 8 5 & A #F & 1 (2021 YFD1400200) ; 37 8 4k /K [ 6 X 8 KR
FHT(2019A01001-2)

EE T BRT TR 5 A, D507 MU YA A P S o E-mail:996248224@qq.com. #R3L[EH—1E# .

*J{ {5 {E34 Author for correspondence. E-mail : luomingxjau@sina.com



%8 BUR T 55 BUKBO A P /R B 25 SRR P I AR G B AT FR AR BT 9 1693

implement and cost-effective. The artificial inoculation of tracing pathogenic bacteria in pear branch tis-
sue infestation colonization and migration characteristics was employed to deeply understand the patho-
genic bacteria in the host tissue infestation expansion process and mechanism in order to guide the field
pruning of diseased branches, disease resistant varieties selection and breeding and the development of
integrated control measures [Methods]In this study, the virulent pathogenic strain E. a001 was isolated
the shoots infested by fire blight, and the Green Fluorescent Protein (GFP) plasmid phc60-gfp was trans-
formed into £. a001 by thermal excitation method, and the strong green fluorescent strain £. a001-gfp
was successfully obtained. The inoculations of different concentrations of £. a001-gfp suspension were
conducted with two methods, needle prick and spray, to detect and observe the dynamics of infestation
and expansion in the tissues of pear shoots. [Results] The GFP-labeled E. a001-gfp strain emitted
strong green fluorescence under fluorescence microscopy, and a target fragment of about 700 bp was
amplified from the genomic DNA of the labeled bacteria. The morphology, growth curve and pathoge-
nicity of the tagged strain E. a001-gfp were not significantly different from those of the wild type, and
its green fluorescence was stably inherited. The lowest concentrations of E. a001-gfp for inducing shoot
disease were 10° cfu-mL™" and 10" cfu-mL"' for needle inoculation and spray inoculation, respectively.
The expansion rate of the necrotic spots produced by the pathogen-infested shoots increased with the
concentration of the pathogen, and the expansion rate of spots on shoots treated with 10’ ¢fu-mL"' inocu-
lation was the fastest, and the migration rate was up to 3.96 cm-d'. The migration time of the necrotic
spots produced by the E. a001-gfp inoculation in the pear shoots was 12-15 d (average 13.5 d). The ex-
pansion distance of spots in 1-year-old branches was 37.72-47.27 cm (average 42.77 cm), and in 2-year-
old branches was 2.05-3.86 cm (mean 3.21 cm) respectively, which were significantly different. The re-
sults of spray inoculation treatment were similar to those of the needle prick method. The laser confocal
scanning microscope observation showed that the pathogenic bacteria mainly presented in the branch
vascular system after invasion, and a large number of them were distributed in the cortical thin-walled
cells and the interstices of the bast thin-walled cells, and a small number of them distributed in the xy-
lem ducts. The E. a001-gfp was colonized at the necrotic lesions, disease-healthy junction and 0-10 cm
of the non-significant part of the branch, and it could still be isolated at 40 d. The highest number of via-
ble bacteria was found at the disease-healthy junction, which could reach 10° cfu- g' tissue, and the
highest number of pathogenic bacteria was 10° cfu- g tissue at 0—10 cm of the undeveloped part of the
branch, but no pathogenic bacteria were isolated at 10— 15 cm of the undeveloped part of the pear
branch outside the diseased spot. It is suggested that pruning the diseased branch at 20-30 cm of the vis-
ible spot of the fire blight susceptible pear branch could effectively remove the pathogen, which is a
safe and effective pruning length; the pathogenic bacteria could survive in the diseased branches for a
long period of time, and the viable bacteria count of fire blight bacteria detected in the diseased branch-
es stored at room temperature for 6 months was 10° cfu-g". [Conclusion] The study clarified the expan-
sion distance, migration time and rate, distribution and colonization amount of the E. amylovora, in the
branch tissue of pear, which provided a scientific basis for the accurate pruning of diseased branches
and the formulation of comprehensive prevention and control measures of the disease.

Key words: Kuerlexiangli pear (Pyrus sinkiangensis Yu); Erwinia amylovora; Green fluorescent pro-

tein (GFP) genetagged; Infestation; Extension
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5B R T A A A R A R A S s A
TRAT » BUWT 700 58 SR B 77 Bk -

JF KL : 15 N E. coli DHSa, #5745 gfp FE R I A
A A 2 (50 pg- mL D P E AR L ) phe60-gfp
JRALEA , B R AR K AR ) AR 22 B 5 B A 2L
PR,
1.2 #HikERE

AL KR B A K i A B B 97 >k B LB (Luria-
Bertani) % 77 J& 5 52 45 40 e 5 75 K5 75 5 N LB+
0.5 mol- L' 1L AL/E+0.38 mol - L' H F& .
1.3 HiER

DA Ry i T AR BB F D' e S = i
) 4 45 A B BB O R 26 R B A R R AR
1.4 FLABEFREFRCE KA E R IGIE

S22 L 715 BRI 2L B phe60-gfp
LR AR E. a001 BRI Z S0 . ek
H1 2110 E. 001 B 32 25 40 i B T 0k B, 42 °C
KR PGB90 s Ji , I B 7% B T 40 CCUKAR L
B 3 min, 2R )5 B 0 37 °CTIAA Y LB & 75 15 77 3
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400 pL,32 °C.180 r- min" & 753% 7% 30 min, ¥ & 75
J& I =P340 T LB\ Km 50 pug - mL™) P4
1,37 oCHE IR 5 7R R, o 5] B OOk BB
(NikonECLIPSE Ts2R-FL) il B 74 ¢t o

B HBH 5 4k 7 ) GFP 4% S 1% 51 9 (gfp-F: 57 -
ATGAGTAAAGGAGAAGAACT- 3’ ; gfp- R: 57 -
TTATTTGTATAGTTCATCCATG-3" , Size: 700 bp)
I3 A Al 5 B A B AR R AT R V8 PCR 35 AT H
7@ ol SRR PSRN ER C R A
E. a001-gfp.
1.5 E. a001-gfp #RiCEMRRVE I
151 @#Efenne SEIERAE I,
PRECCL K 1) E. a001-gfp HL1A 75 B2 70 2 LB AR KE
FrFer,28 °C.200 r- min 15 35 3d 57, LASREL ) 6 &
WP TN Y R E M 2T E K LB IR
W BRURBR 12 h B FR B HT6F 50 mL 1) LB AR R: 77
FrpEIR . D RIFERTFE 12.24.36.48.60.72.84.96 h
ISFEX 100 uL WS AT B S P4 R A LB Rk B3
FRIE W . FEEFREBEALEEEL 100 N B 75, iR
LB Km 50 pg-mL ™) 75 3P4 _E, 24 h 5 it
B K B TR E LR BV B0 S s A
73 FE T SR AR R 8 A AR E
152 ARK$EME I E a001-gfp Fl R 46 H bk
E. a001 73 AN TEHAE R B LB 55357, 28 °C.
200 r-min" 35 9% ODgi=1.0 £ 47« 5 8 1% L 451 73
WA LB B IR, 28 °C.200 r-min” R 3% 55 9% , &
B 2 h & — IR ODgof , Il AE K I 25
1.53 #ieHE e BomtEm e B A AL S A
F o FH0.5% % BRI 10 min FE4T 2100 9 4,
To R KRR VE 3 IR FH TG A 251 i 7 (1) A7
FEEFLAL, R A 73 i 0 5 pL () E. a001-gfp Fl
E a001 B2 OKE AN 10° cfu-mL™") , AL FH 20
Mo, DR K RS IR . BeMa i i BT
R IR LA, 28 °C TR IR 5 7% , W52 K05 I 1) I FH g
% RO 529 D BV Bk B B
1.6 IEME. a001-gfp FRICEIKE T R FKHLAF
RIRFEFIT B RIS
1.6.1 T~RKEWGE a001l-gfp B & ik b4 & K E.
a001-gfp B AR E LB 55 77 3 Fid Ak, Bk EL o 1R v 422
A LB Km 50 pug - mLDH 72, 7F 28 °C.
160 r-min"' 7B % 1% 7% ODewi=1.2 /2 F « FH TC 1 K ¥
R R R 10°0 107 10° A1 10° cfu - mL™" AS [ ¥ &

1 TR TR

162 HHAMEEBEME a001-gfp R LA L P8
AT RN L TR E HAEF R AR K
P VA 2 AR 2, o0 R T o2 A
FARIEME. a001-gfp 2 - COEFRIEE M £ 7
BN 25 BETHIRY 5 om A2 A7 Ab FH T8 1 2F 25 45 29
0.5 cm 45 1, FHAS WA IR 10 L AN [R) 3R 2 1 Tk
WA D, R R S BT 1 om Ab B ZE— R TR B K
12V 1 0 B A 2 TR R JELAE 2 o 350 A6 5] 6 G
L ELFEUF ORI 24 h 5 L BREERIL 5 _E 5 SRl
JEEFI 8 G AR 5 (20 W5 55 vk 4 ol « 4 AN [ R i 110 BT 2
FENT- 4 2T AW 7, 5 B I 35 50 Vgt it £E A B
TS 10 em &b = | 51 5% 58 2, BAEAR
124 ho BEAN B EIRIR AL BR A 20 M 5%, DL
FhICTR KR AR HR o FEPh 5 15 % 5 I LS A 2% K
15 O D8 0 SR R0 A AL AR MR A 2% B BEd 1)
PRSI R], o BT A

1.7 $EME. a001-gp FRICEMERT R FZAER
HIEFE

1.7.1 E. a001-gfp EF KM FHB PR EHEE (E
BRI IR 2 AL 4 48 AR AR AR IR 24 47 2R 2R 5%
b SR 162 B filvE R E. a001-gfp B 81 R IE
N0 cfu-mL™D . BEFFE 9.19.40 d 435 IR T3 i
ZRTTURS AL 5 f 2 e A AN A B SR EURE 5 FH 75% 1)
PAS IR 1 min, 1% K F R BV 2~3 min, G
PR 7K 6 3~4 o B SR — R IG B 7K e 100 ul
WATT LB 5, B T 28 °ClEIRAA T 782 d. ML
2 THI K TR A8 JEC IR RE o JBON K B ) B, in N PBSS
G H AR T S , 4 EIE MO LK
HH 7 3 VR S 1 A (R W B FEE PRI AR RV o 0 B
B 100 wL I7E LB 50 pg - mL™" ) Km) P4
B gk b TC IR AT 23 50 1A J5 N 28 °CHE 97
L, RTIR2 do FEBIE DG BAEE N ME . G itk
FRH P EA ORI R, v R A
SANFRRAL I E FE  (cfu- g o

1.7.2  E. a001-gfp 2 & HAFHL P 254z 209 £
WA RH 1.6.2 BT VR & AL | A A0 T 422
FlE. a001-gfp. FHFl 10 d J5 BUR TR B 2% B AN [F)34
A CEER 55, BE R S AN R BE 2, e AR S RE 300D
1 em 1) BRAEA RV HLGZEER K CryoStar NX50 )
AT AVIRIEE R Y] v, BT ORI RERHR
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U bR L BRI 20 A, AR AT

1.7.3  E. a001-gfp £ B4R & FAL K ¥ 69 & ) 4
n 171 B E a001-gfp KIRIIEFFRF 68T T,
BN R ARSI AE S = IR N AR AT, B
B 6 AN A SR 1.7.1 B AL 200 B8 30 E AT 99 D 1 1)
IS, KT INAS 2% A I T T TR

2 AR50

2.1 BUANIEREE. a001-gfp B FHIRIETLE
K FH I AT K 35 7 ofp 3 DR R 5K phe60-

.
A.E. a001 BB, C. 3OLERMBINE E. a001-gfp BEAEAUV 6, BOAEE 518 10%,1000%) .
A. Colony morphology of E. a001 strain ; B, C. Colony and bacteria morphology of E. a001-gfpstrain under the fluorescent microscope (UV-light,

magnifications were 10x and 1000x, respectively).

gfp FNBLKIERHE E. a001 A2 541 . BREL
TELBIEFEMI AR PR LK%, R 6
TUBE T VLS TT WL T V& FH BRI AR 35 Kt R B R 4 7 o
(B 1-B, O hitk W & 23 A RO IR, &
T I, 6T, B B (B 1-A), AR AR, 55
AEBIRTC 2 e T B AR AR AN R . H gfp BEIRIRR
S G P05 BH M BT P A2 B AR E. @001 34T PCR
Fr, 25 SR B R AE P VE R A T SRR 20 L B gfp 2RI
JFUKL DNA 351 fedr 14 H oK /N2 700 bp 1 H FR 2717
T A B R R T AN B H I B (B 2D, 3R grp
LRI N2 E. a001 1) 55 R 2H A 5 75 20 1t Rl
DNFIE , ¥ FRic w Ak dr 44 4 E. a001-gfpo

20 um

1 FFEEHRA GFP FRICE KAV ASHHIE
Fig.1 Morphological characteristics of wild type and GFP-marked E. a001 strain

ME 2 3 4 s
Control

700 bp —

M. Marker; % . GFP Jiihi; 1-3. E. a001-gfp FHVEFEALT ;4-5. BF
HH R E. a001.
M. Marker; Control. GFP plasmid; 1-3. E. a001-gfp positive trans
formants; 4-5. wild typeo of E. a001.
2 PEMEELTFF GFP EEH PCR &7
Fig. 2 PCR detection of GFP gene in positive trans

formants

2.2 E. a001-gfp FRic BRI E M F 45 1%
22.1 E a001-gfp EAEAa 2 AW ISfE R e MR

M R IR (R DL E. a001-gfp bricd BHRIEA &P
M LB E IR BERR 12 hiES kR 7% 8 G , TTR
REFIRZUIZR BTN, BORLIRFF RN 99%LL 1. 45
RW, gfp BURLATLE E. @001 HHASE % HAE R AT,
&1 FRICE E. a001-gfp EHRAYEETIREMNELSR
Table 1 Determination of genetic stability of marked
E. a001-gfp strain

HEERALARI 7] TGRS SRR LR E A
Continuous Fluorescence Total colony Genetic
passage time/h colony count count stability/%
12 727 728 99.86

96 700 706 99.15

222 MRitHAREHARAKG ARG R LR T
AR 0 AR S BT AR AR AR K T 2R (3D . 7EAR A
REFR 4T  bRICHE E. a001-gfp 5B AE K E. 2001
BItEA K 6 h fEHENFREUN, 2924 h )5, NFasE 1,
AR IR IR A EE A A (E 3) . g5 R IR, Ab
TREER gfp (AL FNZRIB R FEIAFR L K E. a001-gfp
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Fig. 3 Growth curve of E. a001 and E. a001-gfp
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R b B P bR IC T Ak E. a001-gfp FITEF AE T8 #k
E. a001, L HEUH (4. E. a001-gfp F1E. a001
TEA R b= A 3 B (19 S RE B (W) O 22 %, B0 452
P 3 d AT L9 S A G 2 kT R B R s
BES, N4 em 3.9 em, HZEFAEE (p>
0.05). Z5REW,E a001-gfp bric H K12 Jehe )
AN M 5 B AR TR AR AR ARL, T DK T B Bl s
993 iR B 7E 27 S22 2P (AR i FR ) Th RE TR A
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Fig. 4 Comparison of pathogenicity between E. a001-gfp
(left) and E. a001 (right)
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FRAFIE
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0 INEF SIS TR e A SR SRR BEFE R 25 R 19 /8
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A~D. BRI EE 3 BN 10°cfu-mL", 10" cfu-mL", 10°cfu-mL", 10’ cfu-mL"',
A-D. Inoculation concentration 10°cfu-mL",10"cfu-mL", 10*cfu-mL",10°cfu-mL".
El 5 StRIEEM E. a001-gfp EEFXFHRBIY RIESFITHEE

Fig.5 Migration distance and time of necrotic lesions in pear shoots bystab inoculation with E. a001-gfp
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T2 HEEMARIKRER E. a001-gfp BiREST RN K+ A —e— 1 “£/E Annual —e— 2 £/} Biennia
NN . - 80
BT R H .
Table 2 Comparison of migration rate of necrotic lesions e § £ 60 L
s =
by stab inoculation with different concentrations of ﬁ% s £
5 &
E. a001-gfp suspension in pear shoots N g § 40 |
== g
B e BE I £ %
UKL ) s qippms s-10 GBBE 110 GERE -3
cleracon- s 4 Migration 5-10 d Migration 1-10 d Migration =
centration/ N " 1
., rate/Cem-d") rate/(cm-d") rate/(cm-d™")
(cfu-mL™) 0
10° 0.00+0.00d 6.68+0.05a 3.15£045b 2 5 8 10 12 15 19
10’ 1.60+£0.22¢  643+045a 3.42+0.20b B i} ] Time/d
10° 2.34+0.13b 6.50+0.27 a 395+£0.29a 70
10° 3.52+£029a 415+031b 396+0.13a 60

i : FZAFING AR R 25 A3 F) ) 22 53 B2 (p<<0.05) . FIFl.
Note: Different lowercase letters in the same column indicate signif-

icant difference at p<<0.05. The same below.

PR TR A R R A HEER . EER T4
SR 2% B, 29 IR R IR DR 10° ofu - mL B
AR BRAEAT 10 Ab A8 B S BEAS Y i 5 95 SR B VA
10° cfu-mL" i, Rk 3 d 5 A% 2% B FF 4R 30 2R (3R
SEIRBE, 5 d J5 IR BEA BT MY e, 2 Ja ¥ i
WE 107 10° 1 10° cfu - mL 5 R B R0 2 d R 5%
R H I B A IR B IR, R R 9
TP I N T 32 5 5 10° cfu - mL 95 JiR B 75 6 4% T A
P, AR TIE3.95 em-d', B3 T H AR K
JEo WIE=10° cfu-mL" % J5 B Bl 5 12 e B AU A 4%
ML= AR BN E R IRy 10~15 dCF
$113.5 & R BEY JE B N 38.06~45.31 cm (P 1Y
42.55 cm) , Ferf1 100,107 cfu - mL" 432 b B () K7 557
BT A% Fr i ) e K (15 d) 5 10°cfu - mL 2 b 3
(AR 25973 B AT RS It (R R 4L . (10 d) 5 10 cfu - mL™!
TR TR S B e R A P B i B K (45.31 em) o
TE 2 45 AR B 2% b o B R, 0 DR B IR R N
10° cfu - mL" I A JR #32 t0,  BE A9 J8 s ik T =
10° cfu - mL" 45 JR 18 B2 Fh 5 8~12 d A FF 4 H L5 B
JERIFZIEY R, ¥ B BB N 3.05~3.86 cm (°F- )
3.46 cm), 15 d JEIRBEA Y &
232 WEBMAFNARES R SLPOT EE
B AR feak & EFRN A2 FER K
R AW AR IR B E. a001-gfp B . ik
I RRH (K 6,3R3) 78 | FEAER 4hih: 4 1, ik
<10 cfu- mL" 93 Jif B B2 0 i B 26 A S0 s TR
107 cfu- mL 3 J5 R 2R 5 5~6 d 76 TR A 46
IR B0 BE I B AR M ) R R RN

P DA R
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Bl 6 MIZIEM E. a001-gfp £ B AL & hmRITHY
¥ REEEFIT A E
Fig. 6 Migration distance and time of necrotic lesions in

pear shoots by spray inoculation with E. a001-gfp

10° cfu-mL"' A1 10° cfu- mL" 97 J5 8 B2 7 5 2 d R 46
SRE VR, 10° ofu- mL M B (R B
e, Y R R Ak 4.06 cm-d . WKE=10" cfu-mL"
(4P AL B, 17 S5 R BRI R B ) 15 d, 2 JE i B
K FEASF 3 05 59 B4 P 5 R 38.89~47.27 em (T
$143.08 cm) , 10° cfu-mL" B AL 2 (195 L F i K
(4727 cm)

TE2FAER, EE S M S IR <107 cfu-mL"
BIAS L BLSE IR, K FE=10° i) 2 Fh AL BE )5 10 d FF 4R
HILRBE IS R, ¥ R I E N 2.05~3.9 cm (3
2.96 cm) , 15 d Ja R BEA Y .



81

EVRT A 0 BRI R AL P /K B A FUR A% P R B e FE AN FEARF AL F 7T 1699

3 BEEMTREIREN E. a001-gfp BREFT R EF
L nbNRE SV E S 4 30
Table 3 Comparison of migration rate of necrotic lesions
by spray inoculation with different concentrations of

E. a 001-gfp suspension in pear shoots

RIS s aipp S0 aEREE 110 AT
. 1-5 d Migration 5-10 d Migration 1-10 d Migration

concentration/ R " #

B rate/(cm-d™) rate/(cm-d") rate/(cm-d™)
(cfu-mL™")
10° 0.00+0.00 b 0.00+0.00 ¢ 0.00+0.00 ¢
107 0.00+0.00b 445+0.18b 221+1.69b
10° 2.24+0.66 a 6.31+0.11a 4.06+1.07a
10° 229+0.72a 6.17+0.51a 3.88+0.78a

24 E. a001-gfp fric EMKE TR FKALAFE
A
241 ARLHAMAERREEL P E FE4F4E

i B R AR I 24 4 AL B ot 2% B EETIRY 5 om AL %
BERDE. a001-gfp TR . FESERN G 70 51 KR I b 5%
THUAH 9 {8 52 SRR SR S0 A6 BURE: , J8 0 ok R PR 40
PESF AR BEAT 400 15, 456 B T O SR, M S A
0B PRTE A 26 AN [ AT R TG R e i i . 45 R SR
(4, FEETN G 9~40 d, MR B 4% 10 THR 975 D
FIEE e 4 2R 1) A He 4k T AR R A 1) 0~10 em A% 2% EB AL
5 e R 0 15 05 I TR P o T A 2 PRI RS
T AR i SR R B Oy SR T T e T R RO . R
PG 55 9 KB E W IEH] 1.40x10° cfu-g', 2 J5FE &
2 YL A ZE KA BT T BRI RERRE , 25 40 d I m] R4
F£2.50x10° cfu-g's FIK, 17 B 8 GH S5 2 R A A2
TE IR b S5 B TIURS BB A7 o B2 5 26 9 K g Fl = ik
F1.40x10" cfu-g',40 d J5 FFF % 3.50x10° cfu-g's

T4 BERFAFEBFREEEE

Table 4 Colonization count of the viable bacteria in different parts of pear shoots

BERNSALLB E. a001-gfp (¥ 55 o B
The highest amount of E. a001-gfp in the pear branches/(cfu-g")

PR 5 I ]

Time after inoculation/d TRY AL 0~10 cm

TR S AL

A ABIETRAL 0~10 cm ARIEFAL 10~15 cm

Tops 0~10 cm 111 health border Not diseased 0~10 cm Not diseased 10~15 cm
9 1.40x10’ 1.40x10° 7.05x10° 0
19 3.10x10° 7.70x10° 1.36x10° 0
40 3.50x10* 2.50x10° 8.00x10' 0

TE B it 4 1 2R 29 3802 0~10 em 75 975 Ji 1 52 5
SE N BN 8.00%10'~7.05%10° cfu- g, 40 d J5 7£ 1%
PEATHBE 73 B9 HE G B o (ELTE JB AR R 2% AR SERE S AT
10~15 em ZHZ 2R 73 B H 0 B A

242 WIRHMRERFMELACTHGIHULE F
BOGILR AT B TS E. a001-gfp 1B
AR . BT AT, #2800 10 dJ5 , 7E B A 4%
ML E. a001-gfp bric Bk £ 28 T 48 R4

wh, B A T 2 THE R 2 R R 40 i T B 4 )
SRR, A D BAPAE TR S .
2.5 FRCEMRETRBEREZTNEEEN

E. a001-gfp b1t B R 75 55 7 B BLBL 5% A7 0
J7 I 5 R 8 T o B b AR AR E IR R AT
1A H G Rz 0 5 B B N 10° ofu- g, 2 5 8T
R3S ABREREEC R R 10 cfu-g' 4 N H A
REXER B B2 10° ofu- g FTE T &

100 pm|

A, FAYFIHREIIN ; B. 2 e ALERRATIIN ; C. A AUA I D. WAL
A. Crosssection of diseased pear shoots; B. Crosssection of healthy pear shoots; C. Longitudinal section of diseased pear shoots; D. Phloem tissue.
7 RRAEREEREEATNSH
Fig. 7 Distribution of E. a001-gfp in stem tissue of pear
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Fig. 8 Survival viable count of E. a001-gfp in

vitrodiseased shoots
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I, GFP TE T AE P40 B Y 1) 1 R IA 42 38 il — e b
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SRV L ThRE R R AR iC AR A K
A R AR VBU ) Bt R e e AR, 5 R IR TR R
FH B2 75 A ORI AR A0 8 2 B 42 5 e 38032 1 Ak 1R
FURN AR V57K 45 H B R T2 R Y S 19 [
GFP Fric B Ak S G BT A8 B ik 1) AR KA 0, R AR I
A AR B R Bb AR K R RN B K AE W) &b 12.4% A
6% , FRBT REK 14.0% 0 7 BT ZE"SHR 3 (1) 7E ToIE £ I E
JIARIC B AR ZIY-116G 3% 2:4% 10 8, GFP i RL AR A7
AL 69.3%. EETEAMT T IG5 7 GFP 2 A
1 5K 5 N B K T E. 001 T Bk P, Fric T Bk
E. a001-gfp SEFAEHKE. a001 (R IE ST E R,
A B AR — B, BUR A Y, o 2 5 R
TETCHUAE RN IERE R ) 54~ 2 R4k AR5 37 )5 kL
(LR FF R AT BEIL 1] 99% LA |, I HARFFSR 4R (1
96, R W GFP A T RLAE E. a001-gfp B Ik RERS
SE B AR I B PR 308, W] T 7~ R F 9005 o A A 77 2
21 SR P45 e ok R I T BE T Rk

AL KPP DA B 2% IR R N A2 95 5 TR ) 7
—ANEBAZ NIRRT A I e R A
(1 55— A mr e . AR R TR R B R R RN
PRI R , A FAE B R 2% ER AN )

WEE B E. a001-gfp bric b M 8 08 Ik 41 ATt 55 2
Tl 7 V2B M, P25 DR B A N 2% L U s S 1)
N 1) B2 3 DA e R 2 TR 2R AT RS I [A) 45 o 10 45
TR B 51 LA 2% R 9 11 B AR 078 o 1 A
N 10° cfu-mL" AR T Wi 4R (107 cfu-mL ™ . AH[F
TR SE R0 Do B P, P 5 PR AR A N i R
i I [ 2E 58 2~3 do 1K F] 8 A2 R s 55 1 e i 1
F BB AR B AL VRIS B ARILEA
12, BE N 2PN 1993 Do v A B T T o e o Do o
T2 Gy i 112 3 3R Bk N R R TR T
993 D5 B () DR AR KA R, TR B R T ) ARG 95 5
PR P T RIAT 0% o BF 70 45 SR S B K 928 05 1 7 7 B4
Bk BRI SR A T M B R O 1A S
%, Sedlak Z" i A5 75N (10° efu- mL ) 7ESE
SOBORY - P e R B R B TR) (S D A gt 25 VA AT
T2d, GAN R RAL. {EB2% R IR I B AR R
T A 56 b AR 36 45 BR (10° cfu- mL) BRI, 7T B
T P MR E R EEE
AT T R R I, o SR TR A B N 3 R T A A A
B AR Y fe T28, 093 J5L B AR e b 2% 7= AR IR R
HY3 BE 4 T 2 o 5 D A A R D B n T 2 v
10° cfu - mL" (17993 5 B R 42 i A 2R 1 05 BE 9™ i it
J f B, 3 RS TR R ATk 3.95 em - d CEF I B2 RO A
4.06 cm-d ' (BFFFERD . g5 0 AT 0L, 40 510 B U8 &=
FE RS AR YR R A FEE BB R R

WFFER A, 76 2 AR 26 b B v e 55 v e
Pl FIBLCRETR R I R A, 7F 1 AR AR MR 2% b
PREER, —EHFREER. 2PN, 1A
FAAHE R, 2K, A RT3 TR R A2 e 95 i B ik
N B2 J2 B 4 4, A5 200 D 43 A1 B AR 4t ] R
K, Hh g 2t V& S vEky , AR T B B 1) E
FHBEIZHA NI TR E TR 5 1 2 AR SR A 2R IR
AR AR R R W SR B T AT B T — 2 (I BH RS
VER I AN GE /N T 993 SR B 9 % (1) B AN PR

ALK PR BT YR AR, g A Y
AN 22 38 R i R IR T R N KR R A
T, G AR EEARIE T, T HLIE A2 5 B AR YR, X 2
(R A RSB RNRAT B B, R
K RN A Z2 R HIR K B A& B9 A, A g BHL 1B LA
PR IE R R, 1 B IR Sk bR KB A JiR B
(TR YR, Pl /D AL AR AN B, 6 35 B iR RIS 3
PN HIR . TEAE = PR A S BT, BEZE A 24
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BUR T 55 BUKBO A P /R B 25 SRR P I AR G B AT FR AR BT 9 1701

iy A 7 R TR R 2k AL AT B SCELR AT e b AR
B AL 2, BRI B AR IE B A B K VE R
I [A] 55 2 — N BRI HOR R R, B3 FE AR 78 K
FH A4 K 95955 B GFP A B Ak I e B 3 2 5 0
B IR A R HEVE S A, DLECR - OB R A4
TG, B G 5 R LAY 5 T 1) e BE AL g BE
B RAFIEI A 25 R, BN T N R 5 £
FAETYHE KRG, KE /0T )2 HEE S i A1)
J R A L [R]BE, /D EARAE TR S, S5
A EL R IE I S 1) AT — B0 BB e A A
Bz RHOPE R, v BN S, o S A R
SEE IR 3G T R B A A, o AR
7 2 25 2H 2 B0 R B ) A2 R A, 1 0 R B
Mgy R EEER . AN, NIRRT
S 0 R B AT IE AR N 2 AR, — B AT
A 545 T B IR RN R 2 TR 2H 2R 2 N
Bl A, 3 F 3 5 1 PR IR R RAT o IR R ALK
P — HNAZ 27 LA, 78 6w e B i 1oms 55k DL
FIAR B BB R 2 — o I N AR S 1E 7 Al
RIRBE P ETE bR, 45 BRI 5 A2 AL 1)
T EBCE RE, FTIA R 10° cfu- g B 4 AR BE B AL
0~10 cm &b 75 Jif 14 B¢ =1 AT IA £ 10° efu- g, 75 40 d i)
SRBI5 BE AL AT B8 20 25 H A B (EL7E B B4 25 B
Ah K BRE #E AL 10~15 em AL ¥ oK 4 B s TR
Wilson %5/ FLIN A, 76 0] W AE N 5 15~45 em &b
1585 Ge G R4 4% #1199 3 , Clarke 252 g8 U3C7E #E L 7T L
AR 20~25 cm AME B , (H AR H A AR . A
B 7845 FAE S TABATI &5 18, 3 TR B K 988 0 I
)75 ZLA 26 T D098 BXE 20~30 em AME BTN AL , e 5 %%
TEBRTRIR , & 2 A B BT K E . KR 5 IR T IR
FE TR I8 B B B A A 2% v 10095 I T ¥t 1 200 PR A &5
SR AR 6 N H R B A 0 2 K 8 B
WM 10 cfu-g B R R 1 . 25 Fnl L, 7 i
BRI R 7R R TR B 2% S 40 AU K A7, PR LR e
TR AN B A2 B SR el v (1 0 A SR A I
TR SR 0005 B A el s g B AR R R
R A S A 4, 18 O T I PR UROR AR IRAT o DRI
T B A6 B 9 s RS [l 550 A S5 R A 2 o 3 T VR
G52 v

4 4w

BN BRI AR e Bk L IR SR B T ek

2 [ i 5 A AR FEE D 8 0 o s 0 R R N R A K S
T AL T R T B A i AR ) B 0 i B 2 P [ iR
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ARIE A 4 8 8 iR B 5 R CAE AT DL B4 20~30 em
AME BT R, BEAT RO BRI IR -
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