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(QIAGEN GmbH, Hilden, Germany) TOPO TA

cloning® Kit (Invitrogene Corporation, Eugene, Oregon)

PCR 
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(subgenomic

library) serS

Ko

Lin (12) SpeI

DNA 3.5 kb 

( ) SpeI 

3.5 kb 

10 g DNA 20 U SpeI 

(Roche Molecular Biochemicals) 37 16 

65 10 0.8% 

3.5 kb 

QIAquick® gel extraction kit (QIAGEN GmbH) 

pBluescriptII SK (-)

phagemid (Stratagene, LA Jolla, CA) SpeI 

CIAP (Promega Corporation, Madison,

Wisconsin) plasmid DNA 5' 

1:1, 1:3 3:1 

20 T4 DNA ligase (New England BioLabs,
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(colony hybridization) 

(HybondTM-N+, Amersham

Pharmacia Biotech, Sweden) 

37 16 1 

10% SDS solution denaturation solution (0.5
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Table 1. Sequences of oligonucleotide primers used in this study

Primer Sequence (5' to 3') 1 Size
Annealing site 2 Source Purpose

(mer)
wsf2 GTC GAC GGT ATA AAT TGA AGA ACA 24 nts 615-638 this study probe WS2-5
wsr1 TAA CAA CAT AAT CCG ATA AGG TAA 24 nts 1300-1323 this study probe WS2-5
wsf8 ATG AAG ATT TAT TGG ATG AAT T 22 nts 422-443 this study probe WS8-6
wsr7 ACG GGC CCC TAA TCC TT 17 nts 854-870 this study probe WS8-6
wsf6_modi ATG GCW AAT ATT AAR CAR CAA A 22 nts 1-22 this study clone CW67
wsf10 AGA AAG AAA AGA AAT GCT GCT AT 23 nts 211-233 this study RT-PCR
wsr11 TTT GGC GAG AAA ACT GAT T 19 nts 508-526 this study RT-PCR
wsf17 TAC AGG AAT ATT TGG GAA CAG 21 nts 1595-1615 this study RT-PCR
wsr12 CCT TTA GGA ATA CGA GCG CC 20 nts 2539-2378 this study RT-PCR 
1 W= A or T; R= A or G.
2 The annealing site of PCR primers on the 3914 bp genomic fragment of peanut witches'-broom phytoplasma cloned and

sequenced in this study (GenBank FJ611944).

PCR SI419, HIII236 CW67 
3902 bp 

Fig. 1. Schematic illustration showing the relative position of the cloned fragments in clones (SI419, HIII236 and CW67)
obtained in this study in the 3902 bp PnWB phytoplasma genomic fragment conducted by SeqMan sequence analysis
program. Large arrows refer to the direction of transcription, and small arrows refer to the annealing sites and the
directions of oligonucleotide primers used in this study. The upper solid line indicates the relative nucleotide positions. 
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ORF serS 
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Table 2. The PCR thermocycling parameters used in this study for different PCR primer pairs

PCR parameter
Primer pairs

wsf10/ wsr7 wsf10/ wsr11 wsf17/ wsr12
Preheat 1 94 , 5 min 94 , 5 min 94 , 5 min
Denaturation 94 , 30 sec 94 , 30 sec 94 , 30 sec
Annealing 54 , 30 sec 51.5 , 30 sec 60 , 20 sec
Extension 72 , 30 sec 72 , 25 sec 72 , 45 sec
Cycle No. 35 35 35
Final incubation 72 , 7 min 72 , 7 min 72 , 7 min
Amplified length 660 bp 330 bp 784 bp
Source 2 wsr7 wsr11 wsr12
1 PCR reaction tube was preheated before first cycle of PCR 
2 The reverse primers used in the synthesis of the first strand cDNAs

WS2-5 (A) WS8-6 (B) 
DNA 

Fig. 2. Southern blot analysis. A, Total DNA (5 g per lane) prepared from healthy periwinkle digested with restriction
enzyme ClaI (lane 9) and from PnWB phytoplasma-infected periwinkle digested with restriction enzymes SpeI (lane 1),
SacII (lane 2), SacI (lane 3), SmaI (lane 4), EcoRV (lane 5), EcoRI (lane 6), XbaI (lane 7), and ClaI (lane 8), respectively.
B, Total DNA (5 g per lane) prepared from healthy periwinkle digested with restriction enzyme SpeI (lane 7) and from
PnWB phytoplasma-infected periwinkle digested with restriction enzymes EcoRV (lane 1), HincII (lane 2), HindIII (lane
3), kpnI (lane 4), XbaI (lane 5), and SpeI (lane 6), respectively. Hybridization was conducted at 68 using the PCR DIG-
labeled probe WS2-5 (A) and probe WS8-6 (B). M, 1 kb DNA ladder as molecular weight standards (Fermentas Life
Science). Sizes (in kb) of the electrophoresis and hybridization signals are shown on the left margins.
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rpsT serS
hflB 
Fig. 3. Transcript of rpsT, serS and hflB in PnWB phytoplasma was
verified using RT-PCR. Primer pairs that spanned the intergenic
region wsf10/ wsr7 (A), wsf10/ wsr11 (B), wsf17/ wsr12 (C) were
used for polymerase chain reaction. PCR was conducted using total
cDNA reverse transcribed from total RNA of periwinkle infected
with PnWB phytoplasma (lane 1) (the first strand cDNAs were
synthesized using primers wsr7, wsr11 and wsr12, respectively) and
healthy periwinkle (lane 2) (primers wsr7, wsr11 and wsr12 were
also used, respectively), total RNA prepared from periwinkle
infected with PnWB phytoplasma (lane 3) and healthy periwinkle
(lane 4), total DNA prepared from periwinkle infected with PnWB
phytoplasma (lane 5) and healthy periwinkle (lane 6) as templates.
PCR products were separated in a 1.0 % agarose gel. M,
GeneRulerTM 1 kb DNA ladder (Fermentas Life Science) as
molecular weight standards in (A) and (C). M, 100 bp DNA ladder
as molecular weight standards in (B). Sizes (in bp) of PCR products
are shown on the right margins.
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ABSTRACT

Lu, P. Y. 1, and Lin, C. P. 1, 2 2009. Cloning and analysis of rpsT, serS and hflB genes of peanut

witches'-broom phytoplasma. Plant Pathol. Bull. 18: 57-66. (1 Department of Plant Pathology and

Microbiology, National Taiwan University, Taipei, Taiwan 106, R.O.C.; 2 Corresponding author, E-

mail: cplin@ntu.edu.tw; Fax: +886-2-2366-1980)

To investigate serS gene in peanut witches'-broom (PnWB) phytoplasma, subgenomic libraries

of PnWB phytoplasma were constructed in this study. Clone SI419 was obtained from the PnWB

phytoplasma SpeI-restriction subgenomic library by colony hybridization using a probe containing

partial serS gene sequence of PnWB phytoplasma. To obtain the 5' end sequence of serS, another

probe WS8-6 was amplified according to the sequence of cloned fragment of SI419. Clone HIII236

was then selected from the PnWB phytoplasma HindIII-restriction subgenomic library. Sequences of

the cloned fragments of SI419 and HIII236 were integrated and analyzed to reveal that the sequences

may cotain four putative open reading frames (ORFs 1-4). The deduced amino acid sequences of

ORF1, ORF2 and ORF3 showed homology with those of rpsT gene, serS gene and hflB gene,

respectively. On the other hand, amino acid sequence of the ORF4 probably encodes a hypothetical

protein with no significant homology to any known sequences. To clone complete rpsT gene, a

degenerate PCR primer was designed according to the 5' conserved region of phytoplasma rpsT gene,

a clone CW67 with full length of rpsT gene was then obtained using PCR-based cloning strategy. The

3,902 bp genomic DNA sequence of PnWB phytoplasma was determined from the sequences of the

cloned fragments of SI419, HIII236 and CW67 using SeqMan sequence analysis program. The

fragment contains full length of rpsT gene, serS gene, hflB gene and an incomplete ORF4 in order.

PCR fragments that spanned the rpsT-serS and serS-hflB intergenic region were amplified separately

in RT-PCR using the total RNA prepared from PnWB-affected periwinkle as template, and the

sequences of PCR products were identical to the corresponding sequences of the 3,902 bp PnWB

phytoplasma genomic fragment. RT-PCR experiments indicate that the three genes are expressed as a

single transcript, demonstrating that they constitute an operon.


