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woR

TS 7 {L 2RO (Peanut witches” broom, PNWB) i LA TR

( phytoplasma )gyr B KL [<3 7‘5&%‘ I'] Acholeplasma laidlawii 4 Mycoplasma spp.
ALY gyrB LGS TEar > ATl ) Iil&]@‘f%ﬁ PCR [~ » F|I'J{e 4 58
Jﬁ}ﬁ FLEsI’?'TFE‘ DNA Fiffif5:% % PCR ™ s » JEIH— 1.4kb | V PCR 97> F|
rl L%"*f’/ﬂ?s}?r PCR o [= 5T J3gp e i G PRt - ol | g 12 BV
FUATTRLY FLESh o SBUH - SEGERR DA TR pPGB 1-4 H DNA 8¢ S R & 5
= {55 % open reading frame (ORF )« [y &5l pPGB 1-4 15715 F=5fET a5y
P gyrA JLINAS R > G PCR SIS QyrA B R [FEEE - Db g
LD b EIAEE pPGA 2-3 R R [ 2 pPGB 1-4 M [FlE T AY
(534 o BT bI- Y ORF H:3j]) o HL (1 ORF3 % ORF4 J5 jf| 5 - 3
TP FOATTRLY gyrB 0o gyrA LI « 11y a5 1 e
TP FUAETF VS S E [T~ % Csingle copy number ).V gyrB FLEA > gyrA FLEK «
iyt RT-PCR ™ il i S0 > 75 1t 80 ATV gyrB 2 gyr A SLEA

EIR H:fQL_I | gyrB-gyrA cotranscription [ V& 5 {EIE o

S QB JLI  gyrA JLP S e



FEP T (phytoplasma ) » RU T AT (mycoplasms-like organism,
MLO ) Rl FEE IR R[> iy Rk e B RS~ R 1™
SR~ BRI L SR IR L
phytoplasma Hrd [& (1) o P RIPARfURL T 1967 & BLGEZ > [EIFT 52 4 (75200
VRS A R L E e S TRl
L (13;20; 21) » {=F 5528 (peanut witches” broom, PNWB) 7t 7 #1417
WP - YRR o ALY P U T [

(23)° PNWB &4 it JTF B B JTF (legume witches’ broom ) V- » <HAI']

R Tk RSB Y R TR B S R T
DNA 55 7 3 HIl] - 55k~ (SR - DNA 53 0 g Rt o o oy
BB o iy IR DNA. F1 8B BEtA F 7 81 B TR R DNA 53 %%
IR A I o — ARRPE RS (topoisomerase ) - DNA gyrase 7t~
4T 1A RL DNA topoisomerase ITIUiFfi(S)» i £ =<V gyrase g 1hLfT gyrA
o gyrB FLN T R PURY A subunits  (GyrA) W[{li B subunits (GyrB)
BrHUFIAE S5 Py (tetramer ) Srf 1 (A2B2) (9)° 7t gyrase grf 1 GyrA subunit
FIE‘J TRk B DNA S5 =7 > GyrB subunit [I[|Z' & ATP 7J<Efiﬁf5ﬁi (16,
15) o [ DNA 53" 28 5 I ~ (S TRy T a1 2 1 G Rt A s 75

W o T gyrase S 17 S PR SR - RIS - AP



VB et R U TTILY QyrB P QyrA JLENFOERT 2 PR g
P OYTBE QyrA SR LIS SR B ) ) IE SH IR TR DNA

gyrase Pk I RITE - AR



FRR=
SRR IR e BT E DNA (total DNA) (e
FERRIEE R fi (periwrinkle, Catharanthus roseus) (T ER AP B
PIRATTE o AP 855" (dodder, Cuscuta australis) [FHRER /1 » S L2t i b/
PRI TR [T PUETS R (23) W7 FR IR R Gside
graft) Z55 o [P = DNAFIEVDY 0% 2 R17o2 HKod » put i (10) - Al S

15T o

~

e FEBOTR AT gyrB BLENERE Ry FRST (probe) IV EfH
I'T]

Az fJIDF =155 1] 55 ﬁﬁﬂ’ﬂ% (GCG, http://geg.nhri.org.tw/) HFLH

ETR ’EI (gene bank ) »NCBI ( National Center for Biotechnology Information,

http://www.ncbi.nlm.nih.gov/ ) £l PHE¥E| ’?Ll Pl & & ?F",Acholeplasma laidlawii ~

Bacillus sp. ~ Mycoplasma arthritidis ~ Mycoplasma genitalium * Mycoplasma
gallisepticum: ~ Mycoplasma hominis~ Mycoplasma pneumoniae* Spiroplasma citri
Sreptomyces spheroides ~ Saphylococcus aureus - Sreptococcus pneumoniae &
Escherichia coli ( GeneBank accession number : AF167102, AB010081, U83664,
U09251, 135044, X77529, X53555, 219108, 217305, M86227, X83917~ D87842 )

Z5 A DNA gyrasef# BRI i+ ( DNA gyrase B subunit) I ¥ ELLA-3]] - #]"]

CLUSTAL (G)ff{ R 7 = » i)~ FL=SLV Bl (12) FFHIRAD20 bp



-] ;'/;E}'T‘J?zﬁ % (oligonucleotides) 7[= GBF2 : 5 CATGCWGGWGGWAAATTT
3> ¥GBR3 : 5> CATYTCWCCWARWCCTTT 3 < PCR™ /& 179 I4 10.5uM ~ 50
ngf LR FY (SN = DNAGE S 3E S 351 IR ~ i 9 .94 °C 307) -
50 C 30772 C3sife 7 F]"]QIAquick PCR purification kit( QTAGEN GmbH ,
Hilden, Germany ) *TOPO TA Cloning® Kit (Invitrogene Corporation, San Diego,
CA) %5 PCRE P [ 25251 o A& I SRR L AT TVIE (5 PCRA& Pubi & 4
FEDNARYF] R3]0 50« FIIM AR £A T (pCRPI-TOPOYM * RV 1
MEV M IF =7 (universal primer) %] > F8Sanger (18). SHET. S f9 [T Pl
7% 1H(didoxy chain termination) ¥ 3% > ffi®|ABI PRISM™ BigDye™ Terminator
Cycle Sequencing Ready Reaction kit*{|/ABI PRISM™ 310 Genetic Analyzer (Perkin
Elmer, US.A) fPPLFIEVET M RAE T 1 o 20 el g 1 A f v 3 Jffu‘
SlE F%;H“,wzo mer V3 [=" > I'J{fi1=3 .nm%h"::& qgﬁh =B E ﬁj
R PR [ F i e £ g o

M PREE GV 1@~ TEEFR P [Roche Molecular Biochemicals *® FJEP? i 3% V PCR
DIG Probe Synthesis Kiti 7 » I:PCRZ Hiv S5 s~ esp| 1578 | 1 o [ ds gt et
i HTH 1 gyr BELERA, RIS > e El J—ﬁﬁ'l'jf?[ﬁ%%gf 14H [+ $%[GBF3 : 5
TCTAAAGGTGGTATTCAAG 3% GBRS : 5> CGAAACCTGTACCAAAAGA 3’

(GBF3Z*GBR53 = #f#H778 bp ) ©



Tl BT ATV gyrB BLPN LV g
(b2 BB R TV RIEL PR 7 945 H  Strategene 2 Fi] ( Strategene, LA Jolla,
CA) Ffff|3% V Predigested lambda Zap®Il/ ECORI/ CIAP cloning kit Gigapack II
packaging extractyE 17 > I'[ i Hyk "gilfﬁ ] gyr BEL P P R RS B - AT B
(=2 B PR TR GRS 5 aTE - [~ TR FLe8 C e ST
PR ERSE 2] SRR EAT TTIDNAF ™ [pBluescript SK(-) I—F"Tiﬁ ERIEIRE )
AE ST FEDNA Y A ] RS 5 A ST A o AT T DNASTAR (i
( DNASTAR, Inc.) bxﬁL'T?NCBIﬂWEY*‘I?H‘TQ‘I * DNA V-3 = 55 7
I;.%‘LATG GTGjVTTGt"E[i[F[L‘%@EE’ MTGA, TAG®TAALS; S‘L[*'%TJ—FE (11) > $5¢0

[ Ht JORF (open reading frame ) °

Tk B8P T R TR QyrA JLEREE D IR TRIEST Y Bl W LR
FED PaF I s JTJIDL [lfF,L[' DR RS EE TR gyrB Y gyrAﬁl[ﬂ[F[' I
coupled (gyrB-gyrA) pu =0 it (12, 17)° £ v '35~ HAETAINATERY gyr A FLE -

S|P RS A 1 gyrB L R - AT (forward primer)
GAF1 : 5> AAAGGGTTAGGAGAAAT 3’ » &= GCGE“’?J [ & E[J?F Bacillus
sp. ~ Mycoplasma genitalium ~ Saphylococcus aureus - Streptococcus pneumoniae

E. coli ( GenBank accession number : AB010081, U09251, D10489, AF053121 *

X06373) S QA HESHFERSIE LAY S5 gyrA LTS



W =7 (reverse primer ) EI%%‘,?{- ) Fl’?r%‘gfﬂlfi@ﬁ&d[% £, GAR2 : 5°
GTBGGRAARTCWGGWCC 3" H H:A[[0 0% gyrA b > 0 F[[H =5 [+ %} GAF1/
GAR2 - 37 PCR ™t 3 [57 5 0.5pM [1~ bl 353 45: 94 °C 10 )4 - 50
T SFpH 72 C 30 R 35 ARl L PCR MR Pl 2

ST o FIFIR I B LY gy AL SIS TR -
$%f GAF3 : 5 GGATTATCTAATCAAGAACG 3°, GAR3 :
5’CATTAAATCTTGAGTTTCTA 3” [il§)'] PCR DIG Z v $Hgalifs =534 5 gyrA
FLPRY A ) o &5 B D G > B DNA VS )

7o

F’ﬁﬁﬁi.ﬂ,@ﬁ (Southern bIotting)%:l"‘“&?“#@??ﬁ (northern blotting) ¥l ~ &
(hybridization)

VS pg SOV SRS FEOE VAEY = DNA S ST 10 #6E Y BamHI,
EcoRI, Hindlll, Kpnl, Sacl, Xbal, Xhol #% &[] [HTHJ 3% (Roche Molecular
Biochemicals ) 3 (= i H 15 6 JEJJ“ F EAOS%%QFI EER 135 (5 o< ?“Fiq‘ﬁw
7+ DNA fEy = Nylon Yiljpl > A% 7 35 [ <1 TE5(3, 10)

AP 2 RNA VHITVZARA ] Yeh 370 (24) poid - #9772
F1%. DIG-dUTP 42 .V DNA #5551 - I RNA F2 Sy [ >=] 20x SSC =" 1

& AZ T EY, CDP-Sar ™ chemiluminescent detection reagent( TROPIX, Inc. Bedford,



MA ) - F]:J*ﬁj'{‘%ﬂrl ﬂjﬁkgﬁiﬁb;ﬁ@j@r@F“;@ﬁF‘@ L&Hﬁt 68 C » W&%é{.%

T gyrB A gyrA FLIN G E A RpEET -

BQE%&E%F’}E?%@%}@% (reversetranscription PCR, RT-PCR)

K 5 ug b ﬁ‘%ﬁﬁﬁ@ﬁ%l@?ﬁ% RNA i?\fﬁ?‘ 4 ul nuclease-free H,O [1]"] 10 unit
DNase I, RNase-free ( Roche Molecular Biochemicals ) % 37 ‘CHEE 15 556 » F|
AL 68 CHIEI 10 7588 » ok [ fﬁ[‘ﬁ"(}]‘ Hﬁ Bl e FI#A-p 7 nuclease-free HoO - (fl
o T Eq?“ﬁﬁ'ﬁ% 20 pl) ~ 4 pl f 5x Reaction Buffer ~ 1.25 uM fiv dNTPs mixture
& =" 2.5 uM (gyrB ELWEEJ,@? SGBR2 : 5> AGCTTCTTGCGGATTCTC 3’ &
gyrB-gyrAﬁL[ﬂEai@‘? SGARS : 5 AAACTGTAGGTTCTTTCTC 3”)> =>4 * 200 unit
M-MLV reverse transcriptase  ( Promega Cooperation ) H5{E&[1* 1 pl nuclease-free
H,O [EE G RNA HI E|=. DNA Y ﬁpﬁ J#LTHJ'” s K37 ChIEL f > PCR
ko T;EH T~ M8 [="%f (SGBF2 : 5 CACTTG GTTTACAGTGGA 3’/ SGBR2,
SGBF5 : 5> TATTTTGCTCAACCTCCT 3’/ SGARS ) i 0.5uM > = 5i|p* 1l

R G TR PO ST 50 g (ROS 0 (Lot BRI R T A

4

DNA [ PCR i’ « & TalE(F £3:94 C 10 Fp¢k > 50 C 5 FH >
72 °C 30 FPERE 30 WAL o MR i BT 1 %R (Ix TAE AR k)

= A=

i% i er‘CT‘f;j‘J‘J\ 7[":" °
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A

Tl R FUM TR ayrB SLERY PR g

GERRN > HE] S (WEA R  SLEIVEH 1~ pPGB 1-4 Y5778 DNA
= R VA A o R pPGB 1-4 qu 5308 bp #h * HFEE > FE -
tRNA"™ ¥ 3 {iif ORF » 53 [jf||5% ORF1 » ORF2 % ORF3 - £l ]I » tRNA®" « ORF1 -
ORF2 fLfkHT ORF3 Firfit £ &3] 1 &P -« I') ORF1 % ORF2 /& K 5L
PRI S NCBI TR 5 FS6 » 0ok SLIRE) (2 (7 = 415l Pl 2 AP 1)1 -
ORF3 VAFLLSH £ 1948 bp » i MRS ) 648 [ Sl » FLEE P fhiFtas
B 73.5 kD iV g 1T fuiEE @t[PLMFt b ATG > 55 (RS TAA © ORF (1 A+T [fl
£ 71.91 %> G+C [j!jt 28.09 % El g kA 7Y L 16.18% Y G»37.7% [V A>34.21%
AU T 11.92% pu C ;3 H ﬁﬂ,‘ﬁEﬂJE'J‘[‘i (codon usage ) Y[1F— Fra- o [ FELPRAY
FI!] F> = {li' ORF JF“* FE24F) '] UGA £} tryptophan fﬁ?ﬂj[?‘ﬁ/ ESiRai
T (25) 5 ORF3 VA% A5 [EGE RS BL PR 5152 Vi GCG gL A
55 SRR QB LD I s [ E. coli 2 gyrB S PUH R e (%
A48 37%VHITIE (identity ) Jf 5 H 9= Acholeplasma laidlawi - Mycoplasma
arthritidis - Mycoplasma gallisepticum »  Mycoplasma genitalium - Mycoplasma
hominis - Mycoplasma pneumoniae ~ Spiroplasma citri ~ Bacillus subtilis -

Saphylococcus aureus~ Staphyl ococcus pneumoniae #1 Sreptomyces spheroides ¥
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ﬁlp@i’f’/ﬂj—m“ﬁlﬂﬂﬂ 57% ~47 % ~49% ~49 % ~ 49 % ~ 48 % ~ 50 % ~ 54 % ~ 53
% ~ 51 %146 Yop VA TR o 0 3R F ORF3 Attt IV FLPLR A3 » & 5 i RAE:R
E. coli &1 P45 I _Frmg 4 [ﬁj:fJFlfJfﬁigj"[EtEﬁiﬁﬁﬁw[[ E.coli 757114 ~ 117 ~
119 PF[[ i GXXGXG ATP-binding motif ﬁk/ﬂ‘:‘é‘? ATP triphosphate £ #5746
103 ~ 335~ & 337 fib i Hi&ﬁl&N K, Q, K == ATP ribose ring - 2’-hydroxyl i %
RIOEY S (PR Y WS ATP b adenine P{FSHLER B 109 A1 73 &R
TWEL Y, D(8 )ﬁﬁ:fi ORF3 Frfa v g £l [‘Qﬁ@f"‘ffﬁl’féﬁﬁi ° =9t » 7 ORF3
j/jé[ilf[ﬁﬂfﬁ% ATG [V iz 20 = 25 [Wgki] > F[S2RPIRAETEL (14) - 4R
% % P90 16S rRNA 3’fﬁ.}ﬁ VR ) A FE (L] Shine-Dalgarno H-%[|( Shine-Dalgarno
sequence ) ° WHHW*&?FE%% fi’fﬁ[‘ (ribosomal binding site, RBS ) U771 (19) = [
7 ORF3 R3] i 84 bp &l ¢ 32 pl— 7% 203 bp H-3[|5 ATG EI&?F[ R
it S DR ECORT [ Sk P 6 - 52l b bl ORF [uliss Ak
HAI] e A NCBL LN EWR == E Papipa U JLPGE 5 e > 55203 bp 19
PRES[FERrH VA RLR R [= Ureaplasma ureal yticum ~ Mycoplasma genitalium

[ gyr A FLPVHE LR E | 49 % ~ 45%FUREI{] % o

T2t SO FUA TR oyrA SLPRS RIS B 0 SLER R e
SFEEAK pPGA 2-3 B¢ H FS DNA 3 A% b o 554 - g Zh s

P PPGA 2-3 & £ 3840 bp ¢t * A P <JK{E5j1fk pPGB 1-4 I pPGA 2-3 /4 * DNA
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H[fiIF] ") DNASTAR Jifestet * DNA V5L 7 5347 » 53 bt B o
tRNA" > 3 i ORFs 9t » fJaEF~ {19 ORF » #i £} ORF4 - Wi ORF4 V1
PEAH E] 2541 bp » ST ) 846 WL HLENE P
£7, 95.8 kD fIUSLF VET - %”@ilﬁi%fﬁ%% ATG » 7% ﬁ{-%;"g%% TAA - ORF [ A+T fff
£ 72.65 %> G+C [ith 27.35 % FIFGPLAE RS EL 15.7 % 9 G»39.51 % [V A»33.14
% FYT > 11.65 % [y C o EUHHSAIN g B [y TR L PRpvF o
85I UGA 1S tryptophan ﬁﬂ,‘ﬁ%ﬁlﬂ‘[‘ﬁ] 7 o }{ﬁ]’ ORF4 1 H JH-4) [qei B m% ik BL Pk
A= VP GCG L PR 1A & 2] f‘, ARV D gyr A BLPAE = P [R5 E.
coli 7 gyrA SLPHFELIE3(] E [ [R594T 36 %V AT (identity) 9t & &I poee
Mycoplasma genitalium ~ Bacillus subtilis ~ Saphylococcus aureus 7| Saphylococcus
pneumoniae 7t EL &3] 55 e 140 % ~ 42 % ~ 41 %F 41 YA [T o F=
ORF4 RV LS 0 {1+ i - ooli 121 Posglph L oy e
UL AEISEPS . coli v 57 112 A0/ > = GyrA Sf B[S Fy9% DNA 55" 7Y 6
A [?JEI%E[U tyrosine JFEL% (8) JF»TFJ‘ZT} ORF4 Hrft it ik EL ke =322l - 1=9f
T+ ORF4 @ﬁf‘[ﬁﬂfﬁ% ATG [V Hss 7 = 11 [ P& - & %{l] Shine-Dalgarno -
U T o I 5 7 (RNAY" 2 ORFI ~ ORF2 ~ gyrB = gyrA 1 JLPIr-] ! 7k

= GeneBank ?HSI’?[ ’ ﬁ,?FﬁE (accession number ) £} AF263924 -

AL S i W
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P T S FER RS o I gyrB BN ERAGPAERST - A I S EcoRI
FEH o T TR 5 Kb V) DNA A B & S S 1] HindII FEi - i 4% 3 kb
DNA M Bl = G i I E EREFERY PR [P o e B3 R v 10 Kb

IJ - DNA S EsE 5 (1= ) - PA) gyrA SNBSS 53] | EcoRI e
W T TEAY 21 kb DNA M EE R SV 5 1) HindII i » it 7659 3 kb 7
DNA M Bl = G i I E EREFERY PRI [P o e B R v 10 Kb
FI-D DNA % Bk & (= )5 [ gyrB & gyrABLPNEGEA S T IS V=
DNA JI[R< e (= [ 8l o ph i fd > 25 (TR0 1450 gyrB & gyrA FLEK W -
RSB R TR TERL single copy FY low copy number © [1iI"] gyrB F gyrA Fl
PORSPEREGT VAL T 1 1 2 RNA SR (7 V0 o (P e R

@TFEE%%{UU/E FI AR = RNA F{ A i F[Erﬁ%ﬁfj?*%t; °

BRI £ Pk~ T

7 gyrB SLEMATST > ' SGBF2 ~ SGBR2 139 [~ %35 RT-PCR ™ Tt » [ 37
731 bp VEFY (= ) e [P JESETETF = RNA G Y P SRS podk
Ac ko VR T ;F&\ = DNA /% PCR @J‘%fj rﬁ |% 7 I'] SGBFS5 - SGARS £}
= #[3% 5 RT-PCR P& » Frféﬂn,g 11943 bp V%P (W= ) - 19 » RT-PCR &
TGS TET S = RNA [EERRBUS A o[ S Ak pod il 5% PCR ™~

TR DNA {EEWES VAEAE T @ i P R PR 2
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AR FRP L BLPSE TP AL & H PYRUGAE T gyrB R gyrA LY
RIS R[] o I ob R PR TR C 3 (G R R R A
( Gram-positive bacteria ) » =SB Mollicutes afff » 57| 4742V 2vR[ & 75
%lqéﬁ%ﬁ‘q’ﬁ 7.V Mollicutes 5fif = 1 {55 i = [R 140 P G o 1A gyrase &
FIPYR LT gyrB + gyrA T FLERR 1T gyrB BLPNFUR RIS R EEY o
ETHAGRLT] gyrB FLNEE S e
FI" 91~ GAF1, GAR2 ') PCRIt! 5% 155 1 kb [V DNA i F -
FIAEE S PCR B P& i - - SE5APREIAD U1 pTAGA 3 - 55 pTAGA 3 3£/ ¢
O R o ECATIERY % 1 938 bp > chp O gyrB gL
PR PR L gyrB FLEN 3% HR e [ EcoRI PARET A B def-A
79427 bp » I [ ECORY Y450 ™ i 511 bp = oy 511 bp {5
Plerbj|[= b i gyr A JLPNE SRR PG TR E AR £ T pPGA 2-3 7 DNA
MR TP PRIk ECOR JARE A 0 el PRIt 2 AR [N AL T
fi pPGB 1-4 % pPGA 2-3 frty £1.1 DNA th ™ A it~ SHush VA ) et = 1
HISTE = TGRS EcoR fAREIAL ©
T BB R TTRI oyrB 2 gyr A LEIRS R SR Lo gyr A SLEN T
i gyrB FLPNAS IR 5 84 [l 1= gyrB-gyrA L[N couplet (11

e B R R AR Bacillus subtilis 417 214 [[#igEl - Staphylococcus
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aureus H7i 39 [kl » Mycoplasma pneumoniae - 1 [’[ﬁ‘ﬁ?ﬁﬁiéi.tﬁ@[ﬁ%ﬁl[ﬁj
(8)» [I== v ' [l SR %R E. coli ~ Pseudomonas putida - gyrB & gyrA ~ %l
PROAERRAR S gt (12) food P Il o =9t > 4 kel vn s 12 ik
BT AT gyrB 2 gyr A FLPHERTTH Y GyrB  GyrA gef 1 2L i K TH
[ Mollicutes ifdaf 41V GyrB % GyrA & 1E > 53] 46 ~ 45 %~ 40 ~ 41
Yot TR B VAT (%%}Jﬁ%ifﬁﬂif K)o EUET GyrA S 1)1 B
8BS VTN B S GyrA S (RN TR © BAST o e GyrB S 1R
P b i o AR 1 2 U RUR TR GyrB g DI 2 A
- E&T ¥ 4% Bacillus subtilis, Borrelia burgdorferi, Haloferax sp., Mycoplasma
pneumoniae + Staphylococcus aureus =7 i U F [ TR 0 f EF%W?T; T}ﬁ"“ s
{11 E. coli, Pseudomonas putida [+ 150 i £L P& -3[fobk = A B (8)« ' F]
~ e FRETEAIH LTSS BT R TTLY gyrB R gyrA L - 7 S
S AT 16S rRNA H-)[5) T’?HI?‘F'IH';phytoplasma T [ K R T A A T” AR
(1 03 =2 AR LY GyrB % GyrA S 1l VAR 9 PISE -
3P IR ParE W ParC Sef 1 T B VAT (%F'ﬂﬁ%ﬁlif
P1) = parE » parC LN PIH[£% topoisomerase IVi=f 1> [ gyrB > gyrA JLNE:
Pu8h Gyrase §=f |0 “YHiEERL topoisomerase 1T S 1 H [fi fi g 572 1 (Type IT) fiY
topoisomerase ° T‘jﬁiﬁ%’é’ﬁ‘)“ﬁ?fI%ﬁ%fﬁfﬁ'}ll}i’;ﬂ]’” » 7 E. coli _F GyrB ¥ GyrA

i T ParE = ParC &7 15 = 5T [l E| 52% % 41%[uAHI]4 - 71 Mycoplasma
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genitalium sl - > SECH = IR gyr A BLINEY degenerate [ 5 3E 1 parC
FLPNFVESE (2) g BFE o SBEURRRATTRD gyrB % gyr A SLIN VL&A
ST ALY gyrB ~ gyrA & parE ~ parC BRI SEAE R e =
+BEORR PR GyrB % GyrA I r= W R R [t GyrB
* GyrA §f I ParE ¥ ParC §f 1 ﬁﬁf | AR (R ﬁ%ifﬁgﬂif L
FPU) I SR [ (R HRRH G R T R R
TP gyrB M gyrAJLEN - ThjZEparE M parC SN -

Ty R R R gyr B I gyrA LR TR R R TR
PR T 2 R iAo T\ﬁﬁﬂ QyrB 5 gyrA BNV GRS s 0 1] T
FE BEIPE=R 3 I i 7 el 7 R O R TR BT R
Es'l@fr"i%pll » gyrB * gyrA FLPNEERL single copy HY low copy number » [P {5 £ -
FH W TR gyrB > gyrAJLINEG single copy JELNF AR (22) -

o BT BBV RUATTINAY gyrB v gyrA BLPNEEIERA POR {10 A e 5
F L1 PSR IS o 5 4 kb RNA S o 0y IR
(iR ause gl I 0 gyr A LSRR ™ e S00bp fell ™~ |~
pr= B0hT gyrB FLIN T o AREE gyrA LTI RS 440bp J gRd [0 A

RT-PCR i =4 iﬁmﬁtl i~ PRSI gyrB W gyrA BLPEEEE PIRY cDNA - f{‘fﬁﬁ%
WIS fFﬁf%."JT%FTP#% i e EESOT RUA TR o gyrB P gyr AL E R RERLYD

[ﬁJT‘i A b R R R Hal oferax volcanii (7) 1Y Mycoplasma gallisepticum (4)



FLI'] cotranscription v =V iEELT, gyr B-gyrA polycistronic mRNA #/=¢ I/

transcript °

17
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Abstract
DNA gyrase is a type 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 and analyses the gyrB gene, a pair
of oligo-nucleotides PCR primer GBF2/ GBR3 was designed according to the
sequences of the gyrB gene of Acholeplasma laidlawii, Escherichia coli,
Bacillus sp., Saphylococcus aureus, Sreptococcus pneumoniae, Sreptomyces
spheroides, Spiroplasma citri 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 then
amplified by using the primers GBF3, GBRS synthesized according to the
sequences of the 1458 bp-PCR fragment and used as a nucleic acid probe for
the screening of the Lambda ZAP II genomic library of PNWB-phytoplasma.
The complete nucleotide sequence of the 5.0 kb insert DNA of pPGB 1-4, one
of the in vivo excised recombinants carrying three complete open reading
frames (ORFs) , ORF1, ORF2 and ORF3 were determined. And in order to
clone and analyses the gyrA gene, a specific primer GAF1 was designed based

on the ORF3 DNA sequence, and the other degenerate primer GAR4 was
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designed according to the sequences of the gyrA gene of E. coli, Bacillussp., S
aureus, S. pneumoniae and Mycoplasma genitalium.  Total DNA from
diseased periwinkle infected with phytoplasma associated with peanut witches’
broom (PNWB) was prepared for PCR reaction to amplify a 995 bp-PCR
fragment of the gyr A gene of the phytoplasma. A 462 bp-PCR product was
then amplified by using the primers GAF3, GAR3 synthesized according to the
sequences of the 995 bp-PCR fragment and used as a nucleic acid probe for the
screening of the Lambda ZAP II genomic library of PNWB-phytoplasma.

The complete nucleotide sequence of the 4.0 kb insert DNA of pPGA 2-3, one
of the in vivo excised recombinants carrying a complete ORF, ORF2 was
determined. The genes organization and the nucleotide sequence in conserved
region of the ORFs are similar to those of the homologous gyrB and gyrA genes
of other organisms. According to the nucleic acid and amino acid sequence
analyses, these genes were identified as the putative gyrB and gyrA genes.
According to the results of Southern hybridization analysis by using the probe
for gyrB or gyrA, it is suggested that only one copy of gyrB and gyrA may exist
in PNWB-phytoplasma. However, according to the results of Northern
hybridization and RT-PCR analyses, it is suggested that gyrB and gyrA may be

cotranscribed as a polycistronic mRNA in PNWB-phytoplasma.



Key words: gyrB gene, gyrA gene, peanut witches broom
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Fig. 1. Seguencing strategy and the location of the open reading frames in the 5.0 kb,

1.0 kb and 4.0 kb inserts of pPGB 1-4 (A ), pTAGA 3 (B )and pPGA2-3(C). The

directions of transcription of the open reading frames are shown above the bars.

Arrows below the bar indicated the direction and the extent of seguencing.
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Fig. 2. Southern blot analysis of total DNA (5ug per lane) prepared from healthy
periwinkle digested with restriction enzyme ECORI (lane 1) and from diseased
periwinkle infected with PNWB-phytoplasma digested with restriction enzyme ECORI
(lane 2) , BamHI (lane 3 ) , HindIII (lane 4 ) , KpnI (lane 5) , Sacl (lane 6 ) , Xbal
(lane 7) , Xhol (lane 8 ) . Hybridizations were conducted at 68 °‘C 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.
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Fig. 3. Transcription of the gyrB gene and cotranscription of the gyrB and
the adjacent gyrA gene shown by RT-PCR. For each amplification, a pair of
two synthetic oligonucleotide primers was chosen. A, this pair was located in
gyrB gene ( gyrB: bp 3393-3410 for the 5’ primer SGBF2 and 41064123 for
the 3’ primer SGBR2 ). B, one primer was located in the 5’ region of the gyrB
gene and one in the 3’ region of the gyrA gene ( gyrB-gyrA hybrid: bp
4598-4615 of the gyrB gene for 5’ primer SGBFS5 and bp 5522-5540 of the
gyrA gene for the 3’ primer SGARS ) .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
were extracted from: healthy periwinkle ( lane 5 ), periwinkle infected with
PNWB-phytoplasma ( lane 6 ) as positive controls for RT-PCR. PCR
products were separated in a 1.0 % agarose gel. Sizes (in bp ) of PCR

product is shown on the left.
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Table 1. Codon usage in the PNWB-phytoplasma gyrB gene

Codon with 2nd base
C
1st 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 (S) 21 Tyr (Y) 29 Cys (C) 3
Phe (F) 6 Ser (S) 2 Tyr (Y) 1 Cys (C) 0
Leu (L) 50 Ser (S) 4 TER® 1 OPA® 0
Leu (L) 4 Ser (S) 1 TER 0 Trp (W) 3
C Leu (L) 4 Pro (P) 13 His (H) 11 Arg (R) 4
Leu (L) 0 Pro (P) 2 His (H) 0 Arg (R) 1
Leu (L) 1 Pro (P) 3 Gln (Q) 24 Arg (R) 3
Leu (L) 0 Pro (P) 3 GIn (Q) 3 Arg (R) 1
A Ile (I) 49 Thr (T) 22 Asn (N) 37 Ser (S) 11
Ile (I) 3 Thr (T) 0 Asn (N) 8 Ser (S) 1
Ile (I) 10 Thr (T) 9 Lys (K) 60 Arg (R) 13
Met (M) 11 Thr (T) 1 Lys (K) 2 Arg(R) 2
G Val (V) 16 Ala (A) 31 Asp (D) 30 Gly (G) 21
Val (V) 1 Ala (A) 3 Asp (D) 2 Gly (G) 6
Val (V) 9 Ala (A) 6 Glu (E) 39 Gly (G) 7
Val (V) 3 Ala (A) 4 Glu (E) 6 Gly (G) 4

3rd base

QrFraOc Qr0c Qrac arac

*TER, termination codon
® opal codon
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Table 2. Codon usage in the PNWB-phytoplasma gyrA gene

33

Codon with 2nd base
C
1st 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 (S) 28 Tyr (Y) 18 Cys (C) 1
Phe (F) 4 Ser (S) 3 Tyr (Y) 3 Cys (C) 3
Leu (L) 60 Ser (S) 6 TER® 0 OPA® 0
Leu (L) 7 Ser (S) 2 TER 1 Trp (W) 0
C Leu (L) 8 Pro (P) 14 His (H) 10 Arg (R) 14
Leu (L) 1 Pro (P) 0 His (H) 3 Arg (R) 5
Leu (L) 2 Pro (P) 1 Gln (Q) 41 Arg (R) 5
Leu (L) 0 Pro (P) 4 GIn (Q) 3 Arg (R) 0
A Ile (I) 61 Thr (T) 24 Asn (N) 57 Ser (S) 12
Ile (I) 8 Thr (T) 4 Asn (N) 5 Ser (S) 0
Ile (I) 21 Thr (T) 11 Lys (K) 86 Arg (R) 13
Met (M) 21 Thr (T) 1 Lys (K) 6 Arg(R) 0
G Val (V) 24 Ala (A) 30 Asp (D) 50 Gly (G) 24
Val (V) 4 Ala (A) 1 Asp (D) 0 Gly (G) 3
Val (V) 22 Ala (A) 9 Glu (E) 47 Gly (G) 17
Val (V) 4 Ala (A) 0 Glu (E) 3 Gly (G) 4

3rd base

QrFrOc arac Qrac arac

*TER, termination codon
®opal codon
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Table 3. The percentage of identity of PNWB-phytoplasma putative GyrB protein compared

with the GyrB proteins and ParE proteins of various organisms

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 %
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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

Organism PNWB-phytoplasma putative GyrA protein with
GyrA protein of ParC protein of
Mycoplasma genitalium 40 % 26 %
Bacillus sp. 42 % 32 %
Sreptococcus pneumoniae 41 % 30 %

Escherichia coli 36 % 22 %
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