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1 M A% 1.2 VIS REY E5 |80t
(1] A
1.1 # CQUJYF05/CQUJYRO05
111 : (Xanthomonas PCR Xac, DNA(413bp)
axonopodis pv. citri, Xac) Xac04
' FSA _ o Oligo 6.0  Primer Express
- (CIawbacterI michiganense CQUJIYFO05/
subsp.michiganense) (Bacillus cereus) CQUJYRO5 :

(Bacillus  subtilis)
(Pseudomonas fluorescence) (Pseudomonas
aeruginosa) (Staphylococcus aureus)

(Escherichia coli)

Xxist
MFold (http://www.bioinfo.rpi.edu

/applications/mfold/) ,

1.1.2 . Tag DNA ligase (Biolabs) NCBI
Bst DNA polymerase (Biolabs): Exonuclease | (Ta-
KaRa): dNTPs (Promega) 100bp DNA ladder '
(Promega) PCR (Mycycler, Bio-Rad,
USA) DU640 (Beckman DU, USA) ' 5
VersarDoc 1000(Bio-Rad, USA) (
F 1 RN Xac B AR B IRE R EY 155149
Table 1 Tested padlock probe and primer pairs for detection of Xac with RCA
Name Sequences(5“- 34 Length/bp
XacPp" P-AGAAACGTCGCATGCTCTCCAGGTTTCCCAATAGGTCCAGAATGTCAGCC- 105
-GTTCCTCACACCAGACTGCCCTGAGAAATAATCTAAGACTGGGAGTATGAGAGGT
OCPF1 AGCCGTTCCTCACACCAGAC 20
OCPR1 GACATTCTGGACCTATTGGGA 21

“: XacPP means Padlock Probe designed for detection of Xac pathogen or DNA. XacPP sequence showed with capital letters is of sequence

from xist gene (11637-11708).

1.3 Xac BYE#M PCR &l

PCR FEF¥ 2 ILSCHR[A]
14 RN EBENERBZISRL
1.4.1 | :
(Open circle probe,
OCP) I
10uL: 10xTaq DNA
1ul, 200pmol/L OCP 0.2uL, 40U/uL Tag DNA
0.15uL, Sterilized ddH,O 6.65uL,
2ul : 94C 4 min; 94T 30s,
65C 5min, 15 ; 95C 15min Taq DNA
5min,
10puL | (10x |
2uL; 5U/uL I 2uL; Sterilized
ddH,0 6ulL), 37C 2.5h
, 80°C 15 min I

1.4.2

25uL: 10xBst DNA

2.5uL, 10umol/L OCPF1 1.25uL, 10umol/L OCPR1
1.25pL, 10mmol/L dNTPs 0.75uL, 8U/uL Bst DNA

0.5uL, Sterilized ddH,0 14.75uL,

4uL 62.5C 1h, 7ul  2.0%
1.5 GRINY MK R A REMK
15.1 :
1><108cfu/mL ,
, Sterilized
ddH,0 2ul
PCR ,
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PCR ,
15.2 : PCR (413bp) ,
DNAM!  Xac 10 , ( 2
2pL PCR ' 123 4M5 678 91011
1.5.3
PSA Xac
PCR ,
1 234 M567 891011
2 HERMAT bp
. . N . 525
2.1 FIAYERNMK R 413bp 120
|
3
' | 2 W REGRERRIBERNERE
, Fig. 2 The specificity of RCA for Xac A: Result of RCA. B:
[9] Result of conventional PCR. 1: Sterilized ddH,0O as blank con-
! trol; 2 to 3: Cloned plasmid of Xac as positive control; 4: Xan-
, thomonas axonopodis pv. citri; M: 100 bp DNA ladder; 5: Es-
4 L 10U | cherichia coli; 6: Bacillus cereus; 7: Bacillus subtilis; 8: Xan-
pmo ! thomonas spp; 9: Pseudomonas aeruginosa; 10: Staphylococcus
2.5h, , aureus; 11: Clavibacter michiganense subsp.michiganense.
[10]
625 2.3 FIIEENHREUE
‘ ' Xac Xac 10
1h , , 2uL
(1 PCR ,
10* cfu/mL  Xac ( 3-A) 10%opy/pL
' ( 3-B), PCR 10* cfu/mL
’ 1 Xac ( 3-C) 10%opy/uL ( 3-D),
. Xac
Xac .
Xac
[11]

2.4 ELIREESRAIAIS A
PCR

(Positive percentage,

1 HERBRERRT SIS RETY ) ,
Fig. 1 Special products of RCA for Xac 1: Cloned plasmid of Xac SPSS
as positive control; M: 100 bp DNA ladder; 2: Xac; 3: Sterilized
ddH,0 as blank control; 4: No OCP control; 5: No ligase control. ( 2 , ,
PCR

2.2 RINHEEN e R
(p>0.01),

Xac, 7 )
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413 bp

3 WREREGRE R BRI REE
Fig. 3 The sensitivity of RCA for Xac A and C: 1-8: Ten times continuous dilution of pathogen from 10° cfu/mL to 10'cfu/mL, de-
tected with RCA and PCR separately; 9: Sterilized ddH,0O as blank control; M: 100bp DNA ladder. B and D: 1-8: Cloned plasmid of Xac
from 10® copy/uL to 10*copy/uL, detected with RCA and PCR separately; 9: Sterilized H,O as blank control; M: 100 bp DNA ladder.

*2 HWHEREFEGREREENER : ,
Table 2 Detection result for Xac samples collected from
field with RCA and PCR

Sample Number of Number of Positive percentage
sources samples positive results 1%
RCA  PCR RCA” PCR ,
I?aIXIa)n 45 9 13 20 29 , , DNA
Fengjie , 3~ [12]’
() 19 12 1 63 58
DNA
Wanzhou
() ! ! ! 100 10 , Marianna [ Judith ¢4
Total 71 28 31 39 44 ’
" P>0.01: Positive percentage of RCA versus Positive percentage of PCR. 5~
3 Wi 24bp, Tn 74C,
(65C) 9C, 3~ 17bp, Tr
52T, 137, [7,13,14]
PCR
; PCR PCR '
[6] !
, RCA , :
’ ' 7
PCR , ,
PCR ,
Watson-Crick
, PCR ,
; Tag DNA polymerase ,
PCR 1

RNA , RNA , )

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



1 (2008) 48(3) 379

RCA , ( YJournal of Jilin University (Medicine Edition)),

Bst DNA polymerase 2006,32(1): 18-22.

5] Bin Wang 6] RCA [6] Wang B, Potter SJ, LII’.l YG, et al. Rapid and Senémve Detectfon
of Severe Acute Respiratory Syndrome Coronavirus by Rolling

) DNA( mRNA)’ Circle Amplification. Journal of clinical microbiology, 2005,

43(5): 2339-2344.

[7] Szemes M, Bonants P, Weerdt MD, et al. Diagnostic application of

padlock probes-multiplex detection of plant pathogens using uni-

! versal microarrays. Nucleic Acids Research, 2005, 33(8): e70—e70.

[8] Nilsson M, Malmgren H, Samiotaki M, et al. Padlock probes:

circularizing oligonucleotides for localized DNA detection. Sci-
ence, 1994, 265(5181): 2085-2088.

[9] YiJzZ, Zhang WD, Zhang DY. Molecular Zipper: a fluorescent
probe for real-time isothermal DNA amplification. Nucleic Acids
% % I i 0 RH(;sfenzlrrc(r;,JZ(:;J:r,] 34(11): e81—e81. o

, g IC, Wolter LC, et al. Isothermal Amplification

[ ’ ' ' PCR and Multimerization of DNA by Bst DNA Polymerase. BioTech-
niques, 2001, 30(4): 852-867.

[11] Hsuih TC, Park YN, Zaretsky C, et al. Novel, Liga-
tion-Dependent PCR Assay for Detection of Hepatitis C Virus in
Serum. Journal of Clinical Microbiology, 1996, 34(3): 501-507.

[12] Pickering J, Bamford A, Godbole V, et al. Integration of DNA
ligation and rolling circle amplification for the homogeneous,
end-point detection of single nucleotide polymorphisms. Nucleic
Acids Research, 2002, 30(12): e60—e60.

[13] Banér J, Isaksson A, WaldenstroEm1 E, et al. Parallel gene
analysis with allele-specific padlock probes and tag microarrays.

. (Acta Phytopathologica Sinica), 2004,
34(1): 14-20.

[2] Park DS, Hyun JW, Park YJ, et al. Sensitive and specific detec-
tion of Xanthomonas axonopodis pv. citri by PCR using pathovar
specific primers based on hrpW gene sequences Microbiological
Research, 2006, 16(2): 1145-1149.

[3] Cubero J, Graham JH, Gottwald TR. Quantitative PCR method
for diagnosis of citrus bacterial canker. Appl. Environ. Microbiol.,
2001, 67(6): 2849-2852.

(4] : : » - HRCA Nucleic Acids Research, 2003, 31(17): e103-e103.
(Chinese Journal of Biotechnology), [14] Qi XQ, Bakht S, Devos KM, et al. L-RCA (ligation-rolling circle
2003, 19(3): 294-300. amplification): a general method for genotyping of single nucleo-
[5] ' ; . tide polymorphisms (SNPs). Nucleic Acids Research, 2001,
0157: H7 . 29(22): e116—e116.

Detection system for Xanthomonas axonopodis pv. citri using
Rolling Circle Amplification
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Abstract: Padlock probe was designed based on the sequence of the unique hypothetic protein gene in complete genome of
Xanthomonas axonopodis pv. citri (Xac), and amplification primers ware designed according to the universal linking sequence of
padlock probe. Detection system of rolling circle amplification (RCA) was established and optimized. Results show that the sys-
tem could detect Xac and its DNA specifically, while other plant pathogens and bacteria attached on the surface of citrus leaves
could not be detected. This indicates that the detection system had its specificity. The detection sensitivity of RCA was 20 cfu/uL
for Xac cells and 10%copy/uL for cloned DNA fragment, which was slightly higher than the sensitivity of conventional PCR.
Leaf samples collected from orange orchards were detected with both RCA and conventional PCR. The result shows that the Xac
positive percentage had no remarkable difference between the two methods (P>0.01). Because the universal linking sequence in
padlock probe can use same amplification condition, the new technology and detection system can be used to detect diverse plant
pathogens simultaneously in plant quarantine and disease pre-symptom diagnosis.
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