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Fig. 1. Nucleotide sequence of the 4226 bp insert DNA of
recombinant clone C2 and the predicted amino acid
sequences of the open reading frames. The sites of start
codons and the directions of the open reading frames
(replication protein gene, unknown function ORF,
hypothetical threonine synthase, DNA primase) are indicated.
The stop codons are indicated by asterisks. The DNA
sequences of the primers C2R1, C2R2, Rep1, C2F1 and Rep2
are indicated.



DNA ( A B)

4.2 kbp DNA 4.1 kbp

DNA

2.5 2 kbp (supercoil)

DNA 3.5 kbp

pPNWB

NCBI GenBank AY270152

H13 HindIII DNA

pBluescriptII SK (- )

DNA H13

3880 bp ( )

putative ORFs ORF

ORF nt 1- nt 506 nt 506 TAA

506 bp 168

18499.93 Daltons NCBI

Bacillus anthracis A2012 Streptococcus

pyogenes M1 GAS putative DNA primase 47

% 44 % putative ORF nt 628

ATG nt 1089 TAA 462

bp 153

17640.41 Daltons NCBI

Bacillus subtilis Bacillus halodurans hypothetical

proteins 57 % 58 %

putative ORF nt 1746

ATG nt 2684 TAA 939 bp

312

37708.74 Daltons NCBI

Lactococcus lactis subsp. lactis Bacillus licheniformis

Marinococcus halophilus Enterococcus faecium Bacillus

13 2 2004148

primer C2F1 primer C2R1 (A) primer C2R2 primer Rep1 (B)
DNA

Fig. 2. Inverse polymerase chain reaction (IPCR)- product amplified by primer C2F1 and C2R1 (A), C2R2 and Rep1 (B) using
the total DNA of healthy periwinkle and periwinkle infected with PNWB-phytoplasma as templates. Thirty PCR cycles were
conducted with the following parameters: denaturation for 30 sec at 94 , annealing for 30 sec at 51 , and extension for 7 min
at 72 . PCR products were analyzed by electrophoresis in a 0.8% agarose gel. The DNA templates were extracted from: lane 1,
healthy periwinkle; lane 2, periwinkle infected with PNWB-phytoplasma; lane 3, water as negative control. M, 1 kbp DNA
ladder as molecular weight standards. Sizes (in kbp) of the PCR products are shown on the margins.
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Fig. 3. Electrophoresis (A) and Southern blot analysis (B) of total DNA (5 g per lane) prepared from healthy periwinkle
undigested (lane 9), and digested with restriction enzyme EcoRI (lane 7) and from diseased periwinkle infected with PNWB-
phytoplasma undigested (lane 8), and digested with restriction enzymes BamHI (lane 1), ClaI (lane 2), EcoRI (lane 3), HindIII
(lane 4), PstI (lane 5), and XbaI (lane 6). Hybridizations were conducted at 68 using the PCR DIG-labeled Rep gene probe.
Sizes (in kbp) of the elctrophoresis and hybridization signals are shown on the margins.
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H13 3880 bp DNA

Fig. 4. Nucleotide sequence of the 3880 bp insert DNA of
recombinant clone H13 and the predicted amino acid
sequences of the open reading frames. The sites of start
codons and the directions of the open reading frames
(putative DNA primase, hypothetical proteins, transposase
gene, DNA primase) are indicated. The stop codons are
indicated by asterisks. The DNA sequences of the primers
IST3, Tr3, Tr7 and IST7 are indicated. The inverted repeat
sequences are shaded in gray.
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Fig. 5. Southern blot analysis of total DNA (5 g per lane) prepared from healthy periwinkle digested with restriction enzyme
EcoRI (lane 1) and diseased periwinkle infected with PNWB-phytoplasma digested with restriction  enzymes XhoI (lane 2), XbaI
(lane 3), HindIII (lane 4), EcoRI (lane 5), ClaI (lane 6), and BamHI (lane 7). Hybridizations were conducted at 68 using the
PCR DIG-labeled probe amplified with primers IS3/ IS7 (A) and primers Tr3/ Tr7 (B). Sizes (in kbp) of the electrophoresis
hybridization signals are shown on the margins.
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ABSTRACT

Wei, H. C. 1, and Lin, C. P.1,2 2004. Cloning and sequencing of extrachromosomal DNA and insertion

sequence of phytoplasma associated with peanut witches' broom using random sequencing. Plant Pathol.

Bull. 13: 143-154. (1Departement of Plant Pathology and Microbiology, National Taiwan University, Taipei,

Taiwan; 2Corresponding author), E- mail: cplin@ccms.ntu.edu.tw, Fax No: 886- 2- 23661890

A random ("shotgun") sequencing strategy was conducted to investigate the genome of the

phytoplasma associated with peanut witches' broom (PNWB) in this study. Total DNA of periwinkle

infected with PNWB phytoplasma and that of  healthy periwinkle were used as probes for differential

screening of lambda Zap II genomic libriay and pBluescriptII SK (-) recombinant plasmids of PNWB-

Phytoplasma. Eight out of 108 random clones thus selected were completely sequenced and analyzed. The

insert DNA of recombinant plasmid C2 consists of  4226 nucleotides and encompasses an ORF homologous

to the Rep genes found in the extrachromosomal DNA of other organisms. A pair of oligo-nucleotide

primers C2R1/ C2F1 for inverse polymerase chain reaction (IPCR) were designed according to the nucleic

acid sequences of the recombinant plasmid C2, and a 265 bp fragment was amplified only with the total

DNA prepared from diseased periwinkles infected with PNWB phytoplasma as the template for IPCR

reaction. The result indicates that the 4.2 kbp insert DNA of the recombinant plasmid C2 is a circular form

DNA (plasmid). The results of Southern hybridization analysis using Rep gene fragment of clone C2 as a

probe suggested that multiple copies of Rep gene may exist in PNWB-Phytoplasma. Recombinant clone

H13 encompasses a complete ORF of 3880 nucleotides homologous to the transposase gene of other

organisms. An eight- nucleotide inverted repeats between nucleotides 1711- 1718 and 2735- 2742 near the

ORF was found and a conserved DDE motif in this ORF was identified. According to the results of the

Southern hybridization analysis by using the probe for transposase gene or partial fragment of the insertion

sequence, it suggests that only one copy of transposase and insertion sequence may exist in PNWB-

phytoplasma.

Key words : extrachromosomal DNA, insertion sequence, peanut witches' broom, phytoplasma


