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gyrA
agyrA

gyrB
gyrB

DNA (total DNA) RNA
(total RNA)
(periwrinkle, Catharanthus roseus)
(dodder, Cuscuta australis)
23) (side
graft)
DNA
Ko (10)
RNA Yeh @9
gyrB
(probe)
(GCG,

http://gcg.nhri.org.tw/) NCBI (National Center
for Biotechnology Information, http://www.ncbi.nlm.nih.gov/)
Acholeplasma laidlawii, Bacillus
sp., Mycoplasma ar thritidis, Mycoplasma genitalium,
Mycoplasma gallisepticum, Mycoplasma hominis,
Mycoplasma pneumoniae, Spiroplasma citri, Streptomyces
spheroids, Staphylococcus aureus, Streptococcus pneumoniae
Escherichia coli gyrB (GenBank accession
numbers AF167102, AB010081, U83664, U09251,
L35044, X77529, X53555, 219108, 217305, M86227,
X83917  D87842) DNA gyrase B
(DNA gyrase B subunit) CLUSTAL
(6) (12)

O  (degenerate oligonucleotides) GBF2 5-
CATGCWGGWGGWAAATTT-3' GBR3 5'-
CATYTCWCCWARWCCTTT-3' 50 ng
DNA 35 PCR
0.5u M PCR
94 30 50 30 72 3
QIAquick PCR purification kit (QIAGEN GmbH , Germany)
TOPO TA Cloning” Kit (Invitrogene Corporation, USA)
PCR

(universal primer)

Sanger  didoxy chain termination (18

ABI PRISM ™ BigDye™ Terminator Cycle Sequencing
Ready Reaction kit ~ ABI PRISM™ 310 Genetic Analyzer
(Perkin Elmer Corporation, USA)
3
20 3
DNA

Roche Molecular
Biochemicals (Germany) PCR DIG Probe
SynthesisKit PCR
gyrB
GBF3 5-TCTAAAGGTGGTATTCAAG-3

(nt3774-3792) GBR5 5-CGAAACCTGTACCAAAAGA-3
(nt 4533-4551) (GBF3  GBR5 778 bp)
DNA PCR
gyrB
gyrB
gyrB
Yu
(25)
DNA EcoRI Strategene

(Strategene, USA)
[1/EcoRI/CIAP cloning kit

Predigested lambda Zap"
Gigapack Il packaging extract

DNA pBluescript SK(-)
O DNASTAR

(DNASTAR Inc.) NCBI
ATG,GTG TTG TGA,
TAG TAA D open reading

frame (ORF)
gyrA
gyrA
agyrB
gyrA oyBgrA  (coupled) (210
gyrA
gyrB

(forward primer) GAF1 5-AAAGGGTTAGGAGAAAT-3

GCG Bacillus sp. Mycoplasma
genitalium Staphylococcus aureus Streptococcus
pneumoniae E. coli gyrA

(GenBank accession numbers AB010081, U09251, D10489,
AF053121  X06373) ayrA
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Fig. 1. Sequencing strategy of the inserts of pPGB 1-4 (A), pTAGA 3 (B) and pPGA 2-3 (C). The four putative genes and their
directions of transcription are indicated. Arrows below the bar indicated the direction and the extent of sequencing. Overlapped
regions of the three insert DNASs were shaded in the same pattern. Upward arrows indicate the EcoRl sites.

GyrA gyrA
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GAF1/GAR2 DNA 50 ng
PCR 0.5u4 M
94 10 50 5 72 30
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gyrB

gyrA
GAF3 5-GGATTATCTAATCAAGAACG-3' (nt 5347-

5328), GAR3 5-CATTAAATCTTGAGTTTCTA-3' (nt

5770-5789) gyrA PCR DIG Probe
Synthesis kit gyrA
gyrA
DNA 0
gyrB
(Southern blotting) (Northern
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5u g DNA
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10 BamHI, EcoRlI, Hindlll, Kpnl, Sacl, Xbal, Xhol
(Roche, Germany) 6
0.8% DNA
Nylon ( ) (810
20u g RNA 20xSSC

CDP-Star™ chemiluminescent
detection reagent (TROPI X, Inc.,USA)

68 6
gyrB  gyrA
(reverse transcription
PCR, RT-PCR)
Sug

RNA 44 | nuclease-free H,O 10 unit RNase-free
DNasel (Roche) 37 15 68 10
nuclease-free

H20 ( 20p 1) 4pl  5x Reaction Buffer

1250 M dNTPsmixture 25y M

[SGBR2 ( gyrB 3 nt4106-4123)
5-AGCTTCTTGCGGATTCTC-3 SGARS ( gyrA

3 nt5522-5540) 5-AAACTGTAGGTTCTTTCTC-
3] 200 unit M-MLV reverse transcriptase (Promega)
1p | nuclease-free H,O

RNA DNA 37
DNA 1 1ml
[SGBF2 ( gyrB 5  nt 3393-
3410) 5-CACTTGGTTTACAGTGGA-3/SGBR2 (
gyrB 3 ) SGBF5 ( gyrB
5 nt 4598-4615) 5-TATTTTGCTCAACCTCCT-
3/SGARS ( gyrA 3 )]
0.5u M PCR PCR 94 10
50 5 72 30 30
1% (1x TAE )
cDNA PCR
DNA 50 ng cDNA PCR
gyrB
gyrB
DNA 5
pPGB 1-4 DNA
pPGB 1-4 5308 bp
tRNACS 3 ORFs ORF1 ORF2
ORF3 ( A)
Genbank (AF263924) tRNA®"  ORF1

ORF2 ORF3 ORF1
ORF2 NCBI
ORF3
NCBI
gyrB
gyrB
E. coli gyrB GyrB
37% (identity) Acholeplasma laidlawi

Mycoplasma arthritidis Mycoplasma gallisepticum
Mycoplasma genitalium Mycoplasma hominis
Mycoplasma pneumoniae Spiroplasma citri  Bacillus

subtilis Staphylococcus aureus  Streptococcus pneumoniae

Sreptomyces spheroides  gyrB GyrB
57% 47% 49% 49% 49%
48% 50% 54% 53% 51%  46% ORF3
1948 bp 648
73.5 kD
ATG TAA ORF3 A+T 71.9% G+C
28.1% G 16.2% A 37.7% T
34.21% C 11.92% (codon usage)
ORFs 1,2,3
UGA tryptophan
UGA tryptophan 29
ORF3 E. coli
GyrB E.
coli GyrB 114 117 119 GXXGXG ATP-
binding motif ATP triphosphate 46 103
33 337 N, K, Q, K ATPribosering
2'-hydroxyl 5 Y
ATP  adenine 109 73
Y,D® ORF3
( Genbank AF263924) ORF3
ATG 20 25
! 16S rRNA 3'
(5'AGGAG3) (ribosome binding
site, RBS) Shine-Dalgarno (19) ORF3
84 bp 203 bp ATG
EcoRl
ORF NCBI
203 bp
Ureaplasma
urealyticum Mycoplasma genitalium  gyrA

49% 45%

ayrA

ORF3 (gyrB )3 GyrA
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Table 1. Codon usage in the PNWB-phytoplasma gyrB gene
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Codon with 2nd base

1st base : U : C : A : G 3rd base
Amino No. of Amino No. of Amino No. of Amino No. of
Acid occurrence Acid occurrence Acid occurrence Acid occurrence
U Phe (F) 24 Ser (9) 21 Tyr (Y) 29 Cys(C) 3 U
Phe (F) 6 Ser (S 2 Tyr (Y) 1 Cys(C) 0 C
Leu (L) 50 Ser (S) 4 TER*' 1 OPA? 0 A
Leu (L) 4 Ser (S) 1 TER 0 Trp (W) 3 G
C Leu (L) 4 Pro (P) 13 His (H) 11 Arg (R) 4 U
Leu (L) 0 Pro (P) 2 His (H) 0 Arg (R) 1 C
Leu (L) 1 Pro (P) 3 GIn (Q) 24 Arg (R) 3 A
Leu (L) 0 Pro (P) 3 GIn (Q) 3 Arg (R) 1 G
A e () 49 Thr (T) 22 Asn (N) 37 Ser (9) 11 U
le(l) 3 Thr (T) 0 Asn (N) 8 Ser (S) 1 C
e (1) 10 Thr (T) 9 Lys (K) 60 Arg (R) 13 A
Met (M) 11 Thr (T) 1 Lys(K) 2 Arg(R) 2 G
G val (V) 16 Ala(A) 31 Asp (D) 30 Gly (G) 21 U
val (V) 1 Ala(A) 3 Asp (D) 2 Gly (G) 6 C
val (V) 9 Ala(A) 6 Glu (E) 39 Gly (G) 7 A
val (V) 3 Ala(A) 4 Glu (E) 6 Gly (G) 4 G
L TER, termination codon
2 opal codon
GAF1/GAR2 kD ATG TAA ORF
DNA PCR 1kb A+T 72.7% G+C 27.4% G
DNA PCR 157% A 3951% T 33.14% C 11.65%
pTAGA 3 pTAGA 3
938 bp gyrB UGA  tryptophan ORF4
pPGB1-4 gyrB 3 NCBI
EcoRlI 427 bp gyrA
EcoRl 511 bp ( B) gyrA E. coli
511bp O gyrA gyrA 36% (identity)
PPGA 2-3 ( © Mycoplasma genitalium  Bacillus sp.
EcoR DNA (ayrA 5 Saphylococcusaureus  Streptococcus pneumoniae gyrA
) o PPGB 1-4 GyrA 40%
PPGA 2-3 ( ) DNA E D 2% 41% 41% ORF4
CoR E. coli GyrA
EcoRlI pPpTAGA3 .
( ) E. coli GyrA
112 GyrA DNA
oA tyrosine ® ORF4 ATG
EcoRl PPGA 2-3 4 D
DNA 3840 bp 7 11 ine-D G\cljr;arno (
EcoRlI pPGB 1-4 pPGA 2-3  EcoRI SAACGS) tRNA ORF1
DNA EcoRl DNASTAR ORF2 gyrB  gyrA
9 kb GenBank AF263924
tRNA®" 3 ORFs ORF
ORF4 ( ) ORF4 2541 bp
846 95.8 gyrB
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gyrA
Table 2. Codon usage in the PNWB-phytoplasma gyr A gene

Codon with 2nd base

1st base U C A G 3rd base
Amino No. of Amino No. of Amino No. of Amino No. of
Acid occurrence Acid occurrence Acid occurrence Acid occurrence
U Phe (F) 28 Ser (9) 28 Tyr (Y) 18 Cys(C) 1 U
Phe (F) 4 Ser (S) 3 Tyr (Y) 3 Cys(C) 3 C
Leu(L) 60 Ser (S) 6 TER! 0 OPA? 0 A
Leu (L) 7 Ser (9) 2 TER 1 Trp (W) 0 G
C Leu (L) 8 Pro (P) 14 His (H) 10 Arg (R) 14 U
Leu(L) 1 Pro (P) 0 His (H) 3 Arg (R) 5 C
Leu (L) 2 Pro (P) 1 GIn (Q) 41 Arg (R) 5 A
Leu (L) 0 Pro (P) 4 GIn (Q) 3 Arg (R) 0 G
A e (I) 61 Thr (T) 24 Asn (N) 57 Ser () 12 U
le (1) 8 Thr (T) 4 Asn (N) 5 Ser (9 0 C
le (1) 21 Thr (T) 11 Lys(K) 86 Arg (R) 13 A
Met (M) 21 Thr (T) 1 Lys (K) 6 Arg(R) 0 G
G val (V) 24 Ala(A) 30 Asp (D) 50 Gly (G) 24 U
val (V) 4 Ala(A) 1 Asp (D) 0 Gly (G) 3 C
val (V) 22 Ala(A) 9 Glu (E) 47 Gly (G) 17 A
val (V) 4 Ala(A) 0 Glu (E) 3 Gly (G) 4 G
L TER, termination codon
2 opal codon
DNA EcoRl PCR RT
5 kb DNA DNA PCR PCR
Hindl1l 3kb DNA SGBF5 ( gyrB 5 )/ISGARS (
gyrA 3 ) RNA RT-
10 Kb DNA ( A PCR 1kb 943 bp) (
gyrA EcoRl B) gyrB gyrA
21kb DNA HindlII (cotranscription) RNA
3kb DNA RT-PCR PCR
10 Kb DNA RT DNA
( B gyB gyA PCR PCR
DNA
gyrB - gyrA
gyrB gyrA B
r
RNA a9y
gyrA
GyrB GyrA
(degenerate) PCR
PCR
DNA
gyrB (Gram-positive bacteria) ~ Mollicutes
SGBF2 ( gyrB 5 )/SGBR2( Mollicutes
gyrB 3 ) RNA gyrA gyrB gyrase
RT-PCR 0.7 kb ( gyrB  gyrA ogyrB
731 bp) ( A) RNA gyrB



163

A B
G L33 A B 6.7 8 L A FAEEETE
21.0— 21.0—
--.-H ! r' n!
10.0— = | [0.0 i | I
S0 — —
3.0— — 3.0 —

. 0

oyrB (A)  gyrA (B)
DNA
Fig. 2. Southern blot analyses of total DNA (5u g per lane)prepared from healthy periwinkle digested with restriction enzyme
EcoRI (lane 1)and from diseased periwinkle infected with PNWB-phytoplasma digested with restriction enzymes EcoRI (lane 2),
BamHI (lane 3), Hindlll (lane 4), Kpnl (lane 5), Sacl (lane 6), Xbal (lane 7), Xhol (lane 8). Hybridizations were conducted at 68
for 6 hr using the PCR DIG-labeled gyrB gene probes (A) and gyrA probes (B). Sizes (in kb) of the hybridization signals are
shown on the left.

gyrA @ ORF3  ORF4
gyrB 84 gyrB gyrB  gyrA
gyrA Bacillus 16S rRNA
subtilis 214 Staphylococcus aureus a4
39 Mycoplasma pneumoniae GyrB GyrA
1 ® GyrB  GyrA
E.coli Pseudomonasputida gyrB  gyrA ParE  ParC ( E
2 coli PaAE  ParC 34%  22%) parE
gyrB  gyrA parC topoisomerase gyrB
GyrB GyrA agyrA topoisomerase ||
Mollicutes GyrB  GyrA (Typell)  topoisomerase
45-46%  40- 41% GyrA E. coli GyrB  GyrA ParE
N C ParC 52% 41%
GyrB Mycoplasma genitalium ayrA
Bacillus subtilis, parC @
Borrelia burgdorferi, Haloferax sp., Mycoplasma pneumoniae gyrB  gyrA
Staphylococcus aureus gyrB gyrA  parE parC
E. coli Pseudomonas putida GyrB

GyrB 150 GyrA GyrB  GyrA
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048

(RT-PCR) gyrB
gyrB gyrA

Fig. 3. Transcription of the gyrB gene and cotranscription of
the gyrB and the adjacent gyrA gene analyzed by RT-PCR.
For each amplification, a pair of two synthetic
oligonucleotide primers was chosen. A, primer pair was
located inside the gyrB gene (sequence at bp 3393— 3410 for
the 5' primer SGBF2, and sequence corresponding to bp 4106
— 4123 for the 3' primer SGBR2). B, one primer was located
in the 5' region of the gyrB gene and the other in the 3' region
of the gyrA gene (gyrB-gyrA hybrid:sequence at bp 4598—

4615 of the gyrB gene for 5' primer SGBF5, and sequence
corresponding to bp 5522— 5540 of the gyrA gene for the 3'
primer SGARS8). Negative controls for RT-PCR were run in
the absence of reverse transcriptase (lanes 2, 4). Lanes 1-2
show the amplification products from healthy periwinkle
RNA and lanes 3-4 from RNA purified from periwinkle
infected with PNWB-phytoplasma. DNA templates extracted
from healthy periwinkle (lane 5), and periwinkle infected
with PNWB-phytoplasma (lane 6) were used as positive
controls for RT-PCR. PCR products were separated in a 1.0%
agarose gel. Sizes (in bp) of PCR product are shown on the lft.

ParkE ParC (

)
ORF3  ORF4

ayrB  gyrA parE  parC

gyrB
oyrB parE
Table 3. The percentage of identity of PNWB-phytoplasma
putative GyrB protein compared with the GyrB proteins and
ParE proteins of various or ganisms

Percentage of identity of

Organisms PNWB-phytoplasma putative GyrB protein with

GyrB protein of  ParE protein of
Mycoplasma genitalium 49 41
Mycoplasma pneumoniae 48 44
Mycoplasma hominis 49 42
Mycoplasma arthritidis 47 40
Bacillus sp. 54 44
Escherichia coli 37 34

ayrA
gyrA parC

Table 4. The percentage of identity of PNWB-phytoplasma
putative GyrA protein compared with the GyrA proteins and
ParC proteins of various organisms

Percentage of identity of

Organisms PNWB-phytoplasma putetive GyrB protein with
GyrB protein of  ParE protein of
Mycoplasma genitalium 40 26
Bacillus sp. 42 32
Sreptococcus pneumoniae 41 30
Escherichia coli 36 22
gyrB  gyrA
gyrB
agyrA 7
DNA
gyrB - gyrA
Vibrio parahaemolyticus gyrB
gyrA @
gyrB gyrA
RNA
gyrA
500 bp gyrB
ayrA 440 bp
RNA RT-PCR
gyrB  gyrA cDNA

Mycoplasma gallisepticum

gyrB-gyrA polycistronic

Hal oferax volcanii

MRNA
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ABSTRACT

Chuang, J. G.%, and Lin, C. P.*? 2000. Cloning of gyrB and gyrA genes of phytoplasma associated with
peanut witches' broom. Plant Pathol. Bull. 9:157-166. (* Department of Plant Pathology, Taipei, Taiwan; >
Corresponding author, E-mail:cplin@ccms.ntu.edu.tw, Fax No:886-2-23661980)

DNA gyraseisatype Il topoisomerase that is a tetrameric molecule composed of two A and two B
subunits, which are encoded by the gyrA and gyrB genes, respectively. In order to clone the gyrB gene of
phytoplasma associated with peanut witches' broom (PNWB), a pair of oligo- nucleotide PCR primers
GBF2/GBR3 were designed according to the conserved amino acid sequences of the gyrB gene of various
prokaryotes including Acholeplasma laidlawii, and Mycoplasma spp. Total DNA from diseased periwinkle
infected with phytoplasma associated with peanut witches broom (PNWB) was prepared for PCR reaction
to amplify a 1458 bp-PCR fragment of the gyrB gene of the phytoplasma. A 768 bp-PCR product was
further amplified by using the internal primer pair GBF3/GBR5 synthesized according to the sequence of
the 1458 bp- PCR fragment. The 768-bp DNA fragment was DIG-labeled and used as a probe for screening
of the PNWB-phytoplasma genomic library. A positive clone, pGDB1-4, was selected and the sequence of
the insert DNA was determined. The sequence of the insert DNA (5308 bp) contained three compl ete open
reading frames (ORFs 1-3), one of which showed sequence homology to the gyrB genes of many bacteria,
and a partial sequence homology to the gyrA genes of many bacteria. The specific primer pair GAF3/GAR3
was then designed based on the sequences of the partially sequenced gyrA gene and the conserved domains
of the gyrA gene product. The primer pair was used to amplify a 462 bp gyrA gene fragment from the
PNWB-phytoplasma DNA and used as a probe to screen for the gyrA gene-containing clone from the
PNWB-phytoplasma genomic library. Clone pPGA 2-3 was found and the sequence of the insert was
determined. The complete sequence (3840 bp) of the insert was linked to the 5308-bp sequence previously
determined and an ORF(ORF 4) was found to be homologous to the gyrA genes of several bacteria. Based
on the homology data, we concluded that ORF 3 and ORF 4 represent the gyrB and gyrA genes of the
PNWB-phytoplasma, respectively. Southern hybridization analysis indicated that PNWB- phytoplasma has
only one copy of gyrB and gyrA in the genome; and the results of RT-PCR analyses indicated that gyrB and
gyrA may be cotranscribed as a polycistronic mMRNA in PNWB- phytoplasma.

Key words : gyrB gene, gyrA gene, peanut witches' broom, phytoplasma



