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AIHFEAER AT A FR SR S rpoC BEK 2 S EL LR Fe bl 2 A - BEIRI T S SR
FRAAT ECE R X AR 2 rpoC BEERIA A% S M BEFR R 41| » $3 H HLER AT A S B A 3% B HA R
B2 (degenerate) PCR 7| 7-¥} Frpocl/ Rrpocl » { LIS EAFEER 2 H HAEMR 2 DNA Ef
hRHgmE H— 1.8 kb K/ V& rpoC BEK 7041z PCR EY LIVEBERE » MR £ —Meix 4
YRS rpoC 2 rpoB BAf7hS FiffZ rpsk FEK 241 » LA chromosomal walking #y77 #0i%
i rpoC i 2 BRI B » itk 5E RS & rpoB 3 ~ rpoC Kz rpsL 5' iz 4,817 bp il 2 i3
WELE > o {ERIR YR E nt 201- 4,340 HA—5¢% 2 ORFL » WAl HERTHGEHY 1,379 {[ERLELRE
Feall > H RS P 9148 LU S8 IR H e 2 rpoC BE[RZ MRtk Fe o\ B M » Fit—
rpoC nafest: K 2l %184 E. coli K12 2 RpoC, Saccharomyces cerevisiae .2 RPO21 » ¢
Drosophila melanogaster .2 RNA polymerase |1 215 KD subunit RPI1215 2 izt BsFesi bt ¥t » £
JEBLR TR » #E C, D, G FRIBEGESZHLE « St /e o7 )
Ihie b HEfG PR - SEEPmE IR AL AR S E /S rpoC ELRIFE Dhive b AR ki b /Y
BEGe » thRTRE Y IR B — {18 Dh e [ 1 RE R i g & 1 B3 A K2 - #8577 ICHERC X B
(Southern hybridization) gf-7 rpoC R:[IK 1EFE 4 5= 50K ) E 2 FE & single copy Bk low copy
number o [FESf > AT RERCK & 82 RT-PCR 245 5/ B B FENL 2L AL R BRI E 78 rpoC H
FEERIC MRNA -

REERR « EAFRIEW ~ i YIR B - rpoC R

w8

(transcribe) 5% RNA » RNA #5413 (RNA polymerase)

MR E#E (phytoplasma) Ry B X (Gram-
positive bacteria) » ik Z HEE - (RFR FAHEY) R0 G
R AEY) R AIASH BEMEE (leafhopper) ~ TIE &
(planthopper) B¢ @& (psylla) i $# (graft) =575 =#
F& o JUAE BRI (peanut witches broom, PNWB) 7£ 4 it
T R B SR R WGEEE - Yang 2 1988 HEAR 1% DAPI
(4,6 - diamidino -2- phenylindole) #¢4xtt i 3 T84
EREEE > WMIFI| %% T (dodder, Cuscuta australis) £
FBEEEE T~ (Orosius orientalis, Matsumura) {##55: 520
B > FEEHHAR RN R B B RS ATS EEAIRE Y

EEYHE DNA ERYEE IS 4 relE FI 6 ek

iR B EE YA @ (R Y B R FfE e BE
N 2B KRBEY (a,8 B o) » HEEEEEAL
(a B B'&o) HEAFIRPITIRE LR Bl 2 1F
HAEVE - HepLl 5' (RpoC) HREE (125 T HERA
H. 2" BAfREI RNA &3R8 DNA gErFae i - 2
Higyeast g1 Drosophila .2 RNA &2 11 (RNA
polymerase |1) ELHA EY). 2 RNA B EHERVELLE » 58
¥ yeast i Drosophila 22 RNA & 1 B TR
B2 RNA &R A 2G5 ER Tt - 59
SREFRZAEY).2 E. coli rpoC B SR LU: » SE{eRz
SRR d i A-H O EER TR IS 5 s i
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MBI —FF 14 FTAE P B8 rpoC R K2 345 5
tak > {5 ] SHE— AR A A T 3RE R IR TR AT 1
H1IIEE o 5541 rpoC Rk [K 2 f4fk Silfi: B Fral| RF og
R HE—@ 2R T » S0 R Ay Bt B a5
FURRR RAYEE > WifE B S S s AR A LU
PR BT B R L R R 0% R RS TS ©

AHFSERITE AN T L4 PRSI B RS rpoC RR 2
T B L BRI P51 2 o3 AT » iR (R SRS Tt 8
HAMFRLHIE rpoC R 2 A4S R AL BB Y » PR
SRR ERAGERE 278 PCR 5| 11 » FIIF PCR Mg H{#
FREE R Y 2 72 e B B o R A — A TR AR )
AR rpoC oz BT L2731 » LA chromosomal
walking BT 0EIEHT rpoC Wi, FERI A ER » LASERK
rpoC 2 RALIEIFA & EIHEE 7 » Wit — H AT P
IR > LIEAREE MY B B (ol 8 5 T S — 2P
PIRER

ZREVIVFEES

s BENIY) 2 B L 2 DNA (total DNA) k%
RNA (total RNA) Z#lift

AeEE L HHA (periwinkle, Catharanthus roseus)
Ve 38 AT AR TERE V718 8 B 09 R RIY Bh T R
Hz5ir 2% (side graft) i) HEas H fem H H &(E
AfEHEH HE - if2: DNA ZHEOGE 5 2%
Ko 5 ARy EET @ 5 & RNA Z HECHFI A
Verwocrd 2 A Z J7iEHET © o

628 3 S BEEL I rp o C 4 K 38 P R
(probe) Z 8k K rpoC ZRFEH 28

1 NCBI (National Center for Biotechnology
Information, http://www.ncbi.nim.nih.gov/) FEXI& e
WSl (eubacteria) rpoC FE[AHRL k-2 LR R
Fe4ll > H GenBank & ER5RIBISIRAFE S+ » HrpfdE:
Bacillus subtilis (NC000964), Mycoplasma penetrans
(NC00443), Mycoplasma genitalium (NC000908),
Bacillus anthracis str. Ames (NC003997), Streptococcus
pneumoniae R6 (AE008542), Bacillus anthracis
(X89230), Staphylococcus aureus subsp. aureus N315
(AP003130), Bacillus halodurans (AP001507), E. coli
K12 (NC000913) - % &% 55 #4% & Ko Nig £ 1% B 41 LA
ClustalX 1.81 #XBEHEITELE » FioH b R T H
MHEE A 80 lig it (base) AYEK (s IEL » PRI ERET HIREG OF
7 (degenerate) PCR 5| * ¥t Frpocl (5'-

AATTTRTTRGGHAAAMGVG-3') #I Rrpocl (5'-
WGGTTCACCRATWGATTG-3) - 1T PCR [} » A5
G FERR (GeneAmp PCR System 2400/ 2700,
Applied Biosystems, Foster City, CA) 11T » {EARTFE
Hh# PCR i 2 #5hx DNA JRIE S 50 ng » w5 |+ i
MapEs e 0.5 M o [194°C 30 5 (denaturation) » 45°C
1 434% (annealing) » 72°C 1 43 308 (extension) H:tEfT
35 EfiGER - PCR J &% » %5 Hh LA H H Btk 2
DNA Et5hl (template) 2 PCR HrHEmg A~ [E] 5> LAGRER
HH#& % DNA BIBRRAY PCR ZEY) » HIGILH BRETT
ENENIRR PP o SR & PCR A ERZETE TIREELL
TOPO TA Cloning * Kit (Invitrogene Corporation, San
Diego, CA) 1k rasdta 2 J7iE T » T EFs LAENIZE
H BARR &= P78 AR 22 7] (Mission Biotech, Taipei,
Taiwan) 1T o I8 NCBIl ELRdEER LS % » ik
FrE&ES rpoC BERz—a670 » HilGakh Bl Tigast 28
o GEal#gd ) - W — D LI T KA E (GE
%) FEEI—EEFY5 PnWB phytoplasma 2
rpoC BRI ER » IV T T84 PCRUGNR Hi < B R v
E& 5 Uim b ke 3 Ui N FR A &I EL e e LA -
{E3%%1 rpoC 5' B 51 » {#k45 rpoBC operon [y
R = B ESRLL PCR WS H & FERH B3|
5' Ui I BRI SRR AT BT iz 517 (B i
ZH1F rpocl-3) » KRIAARE = G ROEEHZ rpoB
R ZFFH] (FEHIEATH rpoC FifF) @ #EH 3 b b
I 130 bp g 1+ T % 5% & Hi 51 F Frpobt (5'-
AGGGCGTAATCAATTATA -3') » LA | F#155H PCR
S B - TR FTHE A rpoB 3 ik rpoC 5 dimll.Z
FrER o PCR Z I EIGITRE - 94°C 30 # » 45°C 30 # >
72°C 2 7% - (T 35 {ET5HR 5 DARISRAVRNG » 15)%
G rpoC 3' U AIeE > fRHE SRl IRE ML B. subtilis i
I PERE R E. coli 7F rpoBC FiE#H rpsL
(ribosomal protein S12) RERITF(EZ#ds @ » K& R}
JERFRHAAAIES rpsL SRRz pIeEd i fLle e 1] - RRE
98 rpoC 3 imfrdilisiry 2% » 2% F R T (GenBank
BERYR B R 245 YE 1) ¢ B. anthracis str. Ames
(NC003997), B. halodurans (NC002570), B. subtilis
(NC000964), E. coli K12 (NC000913), Mycoplasma
pulmonis (NC002771), Staph. aureus subsp. aureus N315
(NC002745), M. penetrans (NC004432), Strep.
pneumoniae R6 (NC003098) - i34 4R IS T LL ¥
% > 2 rpsL B[R Z 5 Gt BiESE S [T rpslrl-
1 (5- WACAACRCTRTGYTCTTG-3) » ilfifF rpoC £
FrE& 3 wmit MlFaRET I (Elfg iz 5]+ trpocfl-
1) » LABL#ES| FHEH PCR XJE - TES rIG IR E &
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Fig. 1. Diagram showing the relative positions of rpoB, rpoC, and rpsL (open boxes) in the sequenced 4,817 bp DNA of
PnWB phytoplasma. Large arrows refer to the direction of transcription, and small arrows refer to the annealing sites and

the direction of oligonucleotide PCR primers used in this study.

rpoC 3 ke rpsk 5 ¥t 2 B o PCR ZS B

:04°C 30 2 45°C 30 # » 72°C 15330 # » T

35 flﬂﬁfa itz PCR ZEV) & #EH ~ ffFr LT

e o QIS L =B PCR ZEVITEFT F1| 1R b ] 248 S8 A5 (0

fu > TR W’E@a rpoB 3' i ~ rpoC &4 ~rpsL 5
Uin 2 25 o EERrh A | F 2 S B A E — PR o

i )i FCRERC R FE (Southern hybridization)

TR T ICHERC FEIRE » o T HREE AR 3 B
SIHTERIRE > QU SR LS | T-3%f Frpocl/ Rrpocl firbEE
Z rpoC H: K Fr B2 fIl /1 TOPO TA Cloning * Kit
(Invitrogene Corporation) {7325 (clone) LIVEEI4L S
BT B 2R o MR EEET 2 B S e P (58 2 B
i 1% 2 i Roche Molecular Biochemicals 7 H]
(Mannheim, Germany) Ffifid #.2 PCR DIG Probe
Synthesis Kit Fz HBE5, » WK HAER 2 T iEET -

HEITERUKIRE » BX 7 OBRER R AT A R SR i
P74 DNA - 53AILL 10 Bi{i7. 2 BamHI, EcoRI, EcoRV,
Hindlll #% fi& N FR &l B % (Roche Molecular
Biochemicals) 31 TH%fE 6 /|Wi% » THLL 0.8% IGNGEEE
1Tk F:0E vk > FE%F DNA & £ Nylon JE%
(Hybond ™-N+, 0.45 uxm; Nylon transfer membrane,
Amersham Biosciences Ltd., Buckinghamshire, UK) » iz
FII R 294 sS g3 (UV crosdlinker, XL-100, Spectronics
Corporation, NY) #77 DNA Ei nylon J&E .2 #E » A
AT b 2 S E -

A Fik E4Z3 DIG-dUTP 2#8t » 1+ 68°C T3t
17T HEAC S & 2.5 /NI T IDA##E 5,000 {52 anti-

digoxigenin akaline phosphate-conjugated (750 units/ ml)
}188 (Roche Molecular Biochemicals) & DIG-dUTP #
BHAIS - REfRRIHEIT 2 (i %¢ DNA A& "™ -

A5 FHERC R & (Northern hybridization)

oy R At BTS2 I HY Y rpoC mIREREA » £ PnWB
phytoplasma A& ik, mRNA » SR FHIE 7 ECHERD
S FENILAEERA -

Tk DIG-dUTP ZIAEEEREHRERFAINS rpoC LAl
5 m W ¥ Z rpoC 5| T ¥ rc2-1 (5'-
TCCTATTATTTTTGGCCCTGTTC-3') El rc2-2 (5'-
CATTAGCCATTTGTCGCGGGATACC-3") FrigngHi.z
PCR EY) ([E—) - HEBH 2 77iE LIRTR < T PCR
LI  94°C 15 # » 50°C 30 # > 72°C 1 43 30
o LT 35 {HTEER -

EITE UK - B30 «g ZZ& RNA LL 1%
formaldehyde gel (1% agarose, 1 x formaldehyde gel-
running buffer, 0.22 M formaldehyde) 1 TEELKE) 3.5 /s
IRE o RSB R FSRIE g% 2 DIG-dUTP 151
Z DNA £551 » £REF 2 IEIRZES 50 ng/ ml » HE RNA
TE 1 THENE I W 20 x SSC » H¥ &g hybridization
solution #JRk4r [(formamide, 50% (v/v); 5 x SSC;
blocking reagent, 2% (w/v); N-lauroylsarcosine, 0.1%
(w/v); SDS, 0.02% (w/v) ] » T 58 JRek S CDP-
Star™ chemiluminescent detection reagent (TROPIX Inc.,
Bedford, MA) » [tt—32E7E#% akaline phosphatase {7
L L (dephosphorylation) % &r& ¢ » Al{#
X JER O » HBURERE 30 fg Z RNA » L X
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JCRTIERRT 2 % 20 S EEfE - ik X OB DUBIERAER

O ERSR O F HN FE (RT-PCR)

FRAidti b7 MERC S ES Y - A5 EIT 1T RT-PCR
LUT RERmERATRE rpoC EEK 2 G AR mRNA ©
Fr R 2 5| 7% Sai1 .2 re2-1/ rc2-2 » HAT A EER
rpoC 5' ilfigk » H G & RT-PCR E ¥k /[Vg 952
bp -

RS FEER iR SuperScript™ One-Step RT-PCR
with Platinum * Tag Kit (Invitrogen Corporation) 317 -
RIERARLT : 7E 0.2 ml Zf&E PCR R EE H{RIF
AR K (S FERERSRE S 25 wl) ~12.5 ul HY 2 X
Reaction Mix (0.4 mM of each dNTP, 2.4 mM MgSO,) ~
5 F (398 20 «M) % 05 ul (RIERE %5 0.2
M) 5 FRER RNA (template RNA) 100 ng : FhA 0.5
ul 2 RT/ Platinum ® Tag Mix » L/ tip i8R =% » 1T
HR A BESE - RT-PCR 2 FEMS 1 £ - 50°C 30
G388 > 94°C 2 438 pre-run > #35LL 94°C 15 # > 50°C
30 ¥ 72°C 1 77 30 FPitEfT 35 MHIEER » A% LA 72°C 7
TrEERE R - ST R 0 7 1% IBREEIE R TE
WKAT » # ethidium bromide Hetfaf% » ERERIR Al E
PRI TERIRES o Eha .2 PCR gL Tag DNA
AR R R -

LSS

KR S BUR SR EI R E (PCR) 5l
T Z#%EH R PCR EWZ 53 Wi

B NCBI (National Center for Biotechnology
Information, http://www.ncbi.nlm.nih.gov/) K&l
K5 - HIE (eubacteria) rpoC 2% e Bl L B Fr
4 - #EELEHE - 3RET G| ¥) : Frpocl, Rrpocl ([&
—) > TELURRK DNA EfERle PCR S E S AHE
Rz Hi— 1.8 kb 2H—MEY (B =) » iF34F5—1%
1.8 kb EEVLEM LM TAERS » #8 NCBI BLAST
HFH1 R rpoC ERATERUIFES] > £512 rpoBC FHEH U E
PINE S » 3823571 RNA polymerase 5 BiEE{iy (BN
rpoB LK) (Y 3 hiifAiE Ea%a T PCR 5] Frpobt A
2% (Fpylanid) s tyREL S lE Pz 1.8 kb
Fegll i 5 Ui R 35 bp B A% E T rpocl-3 (5'-
CGTCCTGAATAATCTACC-3) - {ELLJRFE DNA i
IR 2R FEFRS IR/ 1.6 kb 2B —MEY (&
=) » B4 BEM R SERRR 15218 M) rpoB 3
%t k2 rpoC 5" P4 o IR SEEAE SRR XA T B.
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Fig. 2. Polymerase chain reaction (PCR)-product
amplified by primer pair Frpocl/ Rrpocl using DNA
templates extracted from: lane 1, periwinkle plants
infected with PnWB phytoplasma; lane 2, healthy
periwinkle plants; lane 3, water as negative control. M, 1
kb DNA ladder as molecular weight standards. Size (in
kb) of PCR product selected for further study is shown on
the left.

subtilis B PEREPER E. coli 1F rpoBC T it HER
rpsL (ribosomal protein S12 ) {£7E® » K& kHE
FRREEY rpsL EERLZ MAEEBEAG B RRIFY1) > WARIBH 5 Ui
FeoRREH OS5+ rpdrl-1  (FRHAnAind) » A
L ER.Z 1.8 kb Fp4lFh 3 i ifF 144 bp BEARET T
trpocf1-1 (5-TCTGTTAAAATTAGAAGT-3') ([E—) » 7&
LUtk DNA BiAR Z R SEIR M ) 1.4 kb 2B —
TerEYy (B ) - 124 EYRE Witk 58 BE PRS2 6
&5y rpoC 3' i e rpsL 5 BREENFE I o TS Lt =1
DNA JE& FRal {8 8 5553 #H & R 5Tk 4,817 bp Y
DNA R4l » H hff¢ nt 1-4,685 bp ZFF 411% $%5°
GenBank » H: GenBank & #7595 % DQ358049 -

Fl]F Lasergene ki (DNASTAR Inc., Madison, WI)
Jx NCBI KX T2 K 4,817 bp KIFFH5347 B ORF
(open reading frame) (8= o TMifE ORF SHGEFEA -
FH NCBI ORF finder 78l » LL ATG FBAELAEEHS » LA
TGA, TAG k TAA & IEERSHHITHEZ ORF » f& %
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Fig. 3. Polymerase chain reaction (PCR)-product
amplified by primer pair Frpobt/ rpocl-3 using DNA
templates extracted from: lane 1, periwinkle plants
infected with PnWB phytoplasma; lane 2, healthy
periwinkle plants; lane 3, water as negative control. M, 1
kb DNA ladder as molecular weight standards. Size (in
kb) of PCR product selected for further cloning and
sequencing is shown on the left.

TERZER P41 nt 201- 4,340 RTHERTHIASEHY 1,379 ([Ezhi
FEdIl > i HAEES ORFL » HCJIEEL e e dHSE EL T % 8 i il
HAth#IE < rpoC BEH Z M EL ik e 9 B A Z HHUE
(similarity) 4355 : Bacillus sp. (53%), Staphylococcus
sp. (51-52%) , Streptococcus sp. (50%), Mycoplasma
gallisepticum R (42%), Mycoplasma penetrans (41%) ,
Mycoplasma genitalium (40%) , Mycoplasma pneumoniae
(39%) , Pseudomonas sp. (42-46%) » HFEZ 170-1,363
e e B AT PEI] Hh o 5 B R T4 [k (putative
conserved domains) - ORF1 1 A+T {E£ 71.50% » G+C
fERS 28.50% » FTEHYIEERHE G+C {ErYFE - B
ORF1 FrHEfiT 2 7E Y HHEfh 257 F 8 K/NE 156.6
KD » BEEH fth#liF < £' an¥f7 (=155 KD) YA/
117 » H&% ORF1 TEM el i FI o b fEss B A
LLUGA £ tryptophan RIS - TAELL ORFL B+F
S At s & 5 UUA (Leu, L) (8.4%) » HX
5% AAA (Lys, K) (7.1%) B AUU (lle, 1) (7.0%) -

FEAFR BRI B % rpoC B 133

M 2 3

kb

14 —»

BP9 ~ FIIHF|F¥ trpocfl-1/ rpslrl-1 ZHHE& BH2TE4
RBEINE B  2 H H &2 DNA K RH H&E 2=
DNA 17 &Sl st N < FEV AT -

Fig. 4. Polymerase chain reaction (PCR)-product
amplified by primer pair trpocfl-1/ rpsirl-1 using DNA
templates extracted from: lane 1, periwinkle plants
infected with PnWB phytoplasma; lane 2, healthy
periwinkle plants; lane 3, water as negative control. M, 1
kb DNA ladder as molecular weight standards. Size (in
kb) of PCR product selected for further cloning and
seguencing is shown on the left.

{E2FP41 5 dim nt 2- 103 & mI##EE ) RpoB .2 C i
Ao R B 91| - T EL L thifliiR 2 RpoB C uifH¥T i 2
Mg KLl Fe O LL b 4% - S8 B KA BUE 0l 5 -
Mycoplasma gallisepticum R (58%), Mycoplasma
pneumoniae (62%), Mycoplasma genitalium (62%),
Mycoplasma pulmonis (59%) , Mycoplasma penetrans
(48%) , Saphylococcus sp. (55-58%) , Bacillus sp. (55%),
Streptococcus sp. (58%) - WEX 3 A+T {H 5
67.65% » G+C {itif} 32.35% » FFEild) HE SR G +C
B » BAE RpoB & C SRS 43 Mkl s 41 rhyR
HEFHIHLLUGA £5 tryptophan #HlHET

1E2 91 3 Ui nt 4,539- 4,817 bp & Al#4EEH! RpsL
N il FOREES o4 » A Bl HCAth Tl 2 RpsL 2 ke
fiere S\ Let % - 2B HC LIRS 5371 B Staphylococcus
sp. (70%) , Bacillus sp. (69-70%) , Mycoplasma pulmonis
(67%), Streptococcus sp. (65-70%), Ureaplasma
urealyticum (68%), Mycoplasma genitalium (66%),
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Fig. 5. Southern blot analysis of total DNA (5 g per lane) prepared from healthy periwinkle plants (lanes 1, 3, 5, 7) and
periwinkle plants infected with PnWB phytoplasma (lanes 2, 4, 6, 8) digested with restriction enzyme EcoRI (lanes 1, 2),
Hindlll (lanes 3, 4), BamHI (lanes 5, 6), Xhol (lanes 7, 8). Sizes (in kb) of the hybridization signals are shown on the

margins.

Mycoplasma pneumoniae (66%), Mycoplasma
gallisepticum R (65%), Mycoplasma penetrans (64%) ,
Mycoplasma mycoides subsp. Mycoides (62%) - [k %5
1 A+T {EE 69.57% » G+C {HE 30.43% » {FEHEYIE
BHE G +C {HAYRHE » TAE RpsL 2 N s oy M B ik
FRallrh » JREERE R L) UGA £ tryptophan B HE
& -

K53 E. coli RpoC £ yeast #l1 Drosophila .2 RNA
polymerase || ZNEHEER PO HA E MU » TEMEELER
HIEm] Bl BLR T PRy - KA, B, C, D,
E, F G, H®*® o FIHASORFLATH#ENT.Z RpoC Z ML
Fr %1 (1- 1,379 a.a) E E. coli K12 Z RpoC,
Saccharomyces cerevisiae .2 RPO21, Drosophila
melanogaster .2 RNA polymerase |l 215 KD subunit
RPII215 29I bt » (fcigiarmis E B4R T Bl
rp s fHE RS EEEC, D, G -

LA /5 ICHERC R FERE€ PnWB phytoplasma v
rpoC RKZ £ (copy number)

FEAE RIS B S e 2 W H BH& RBEHRE B
H 2% DNA » DIt N FR &% 3% BamHI, EcoRlI,
Hindlll 5 Xhol XE{THZA# » W LL5 [ T-#4 Frpocl/ Rrpocl
P IR HE 2 1.8 kb Fr ERVE P HREH 17 R T IR FHAC
JE o HEIR RET IWLER ST IS 10 AR T8 A RS R 2
HH%& % DNA EAFERCGEAGR » DL EcoRI Fff » AI1E
#7113 kb fz 15 kb 2 DNA FEREESFGE ; LLHindlll
MEfEE » OJ7ERY 8 kb .2 DNA F EREE g 435k 5 LA
BamHI fi#fifi# » Al{E AR 15 kb 2 DNA F ERig s A3
9% 5 LL Xhol W#fi#4 » WITE#Y 14 kb .2 DNA JyBesare
AR - RS EHEER H H& 2% DNA Qg AR
FEBCASE ([E ) o B bOARsER - FRFTATLAHEA rpoC
FERIAE {EAE RS R E S 2 5L KIS ERE single copy 2K
low copy number °
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Fig. 6. Electrophoresis (A) and Northern blot analysis (B)
of total RNA (30 w«g per lane) prepared from diseased
periwinkle plants infected with Pn\WB phytoplasma (lane
1) and from healthy periwinkle plants (lane 2). 28S, 28S
ribosomal RNA; 18S, 18S ribosomal RNA; arrow,
hybridization signal.

LML S5 YRERC R FERE € rpoC Z FH

FHER A EAE FREE R S R Z iR H BB Rl 3
HH&Z 2 RNA &k W% » #BIEE nylon JEHE
£ LI re2-1 re2-2 ([E—) FrEiE 2 rpoC %
R BRVE SRS » MEITHEAC R FE - #8558 88 81T
TEAEFRBEM E 8 2 HH &2 RNA ZE AR HEACA
9% WUREAE R EIRE 1S 2 rpoC B[R A ik Ak
MRNA - MR H H& 22 RNA HIE TR AR
L ([E7X) °

FOsiER 5 & W 5 H3H I FE (RT-PCR)

LIAE AR B ISR <« H H &2 RNA FIAS]
T¥}rc2-1/ re2-2  ([El—) {7 RT-PCR S FEM AT IEF]
g FE AT .2 952 bp A ER (B ) » FREE &Ikt

FEAFR BRI B 3% rpoC B 135

M 1

P
Ll
I

RETH

[B-C ~ DU i Sl 3 Bt S fE )t rpoC FE[K] 2
FRAEY) o

Fig. 7. Transcription of the rpoC gene was verified by RT-
PCR. For each amplification, a primer pair rc2-1/ rc2-2
was used. RT-PCR products were amplified using RNA
templates prepared from healthy periwinkle (lane 1) and
from periwinkle infected with PnWB phytoplasma (lane
2). PCR products were amplified with Tag DNA
polymerase instead of reverse transcriptase using RNA
templates prepared from healthy periwinkle plants (lane 3)
and periwinkle plants infected with PnWB phytoplasma
(lane 4). M, 1 kb DNA ladder as molecular weight
standards. Size (in bp) of RT-PCR product is shown on the
| eft.

rpoC RN i mRNA -

ol

AT 7 i 552 R TR ) SR T Se M 56 EL A RS T
rpoC JE[K Z 1 Je N5 FEfgFe 1] - SiofI AL [RIRE DR
BB Py EREBA SE R T 2R - Se IR TE
WEES » FFHH ELrh R TR Lk P AH 0 1 20 R
S LUEAT LU 00T o FRRS S G 1 1E N BRI 2 FE 1Y)
b o AHIE] i R S — S A [R]A AR S 0 HL
wobble IS #AEAEMIREIE IS =07 b - SOAE SR
FRFIA A Mollicutes AT LUK AN B R L& Sk 2h
Z AL R Bk - 5 AV 8 B IR B G i
15 EAYIRAFTE - R HAERE (S DNA iy A ~T 1Y
& » %P (degenerate) 5| FFIAA R RGNS T8
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AIMETT © 51 F# Frpocl/ Rrpocl ([&—) Fr¥Ems iy
FZEMERE18kb ([E—) #8 NCBI RER S M ASH
T7 KR I FE RS E 34 ERIFERS (64 PR 5 T o T B Pl
HAZ rpoC AIREREE K ZH85) FPdl|  Ti{EE% PCR K&
o 78 1.8 kb R HE A 2 kb 19 ERASE iR i
W2 TY/BIAAEY) DNA Fnfe (B ) © teRPTERE
ZAl FEEEPIEMAY) rpoC B E A RNA
polymerase Il fH{LIE 2 C [%Ed G & » ATRERILTTE
ZUHEYI DNA FEEH PCR 5| T-#HHEME sl @22 o

FIIFH rpoBC operon HYHES » 0 F2EEH K14 F B.
subtilis BEAFEREMEREER E. coli 7F rpoBC T iifta4 rpsL
X (ribosomal protein S12) 1£7E » K A E5R=FII
chromosomal walking 77 =0 SE#ERT 2 BLRT Fy ER @ » K
TEAIHSE F > AR 51 7% Frpobt/ rpocl-3 &
trpocf1-1/ rpsirl-1 (E—) » I PCR 43 HIEUS rpoB
3 Wit rpoC 5' I FEdl K rpoC 3' BBl rpsL 5' By
Rl ER (Bl= 1) -

TEETH G 5¢ B Fr 2 B4 1 4,817 bp FRallH » #5
NCBI EFLEHEHIH —{FA5¢% 2 ORFs (rpoB 2 3' ¥ :
nt 2- 103 s rpsL .2 5' ¥ : nt 4,539 4,817) s—{E5CEEAY
ORF1 (nt 201 - 4,340) - &4t ORF =i} ORF Z ikt
M Fe 41 B3 g Y A 55 BE IS B 1R B 40 B. subtilis BX
Mycoplasma sp. ZHLEEEFPH RIS R 40-70% AN% -
Eil D) HoAth B R B R L IR Z RSB ) -

[KE. coli z rpoC i yeast fll Drosophila 2z RNA
polymerase || B = FEAHUA: » fReliss i 51 A T B
HEUEELAR PRI A- H® 9 o JERSE dh 2 /i
FEIEREEREZ rpoC AIRERLR Z Mg F91|E2 E. coli
K12 .2 RpoC, Saccharomyces cerevisiae .2 RPO21,
Drosophila melanogaster =2 RNA polymerase |1 215 KD
subunit RPII215 i ELE} » (R PRERAMAY ) 8 SR TR
fEH - HFRTE C, D, G IR E A IS Z L « 7fEA
s b H - R DhREAE EAL AV HEHIRS Zine-binding
region » AIHEFHE RNA G ERIREE M e B nn
BENIRIAVRS & - B R HERAINER P 9 E A CX,CX,
LCXGHXGX,, .,CX,C » A387E E. coli HA[MHE ki€ 5 i)
HEERH LI - [BIER AUTETE AR AR ZEmH E RS 2 RpoC
i EHE UL — = FRo - SR G225 P 2 80075 %
1£ E. coli FggHi/rht F 8l G [ Z i EL % Cystein
Fla. 0. 5058 (C) @B Zine WURS &R S) 0 HESF YT
ERL AN FERTTE NS AR IS @Y o (B SR
TEA FREE TR B RS B HA A BB AR Eo 2 A
1£ F 81 G [Sg Z[BEd E. coli ¥{ERYNE b AIIfEEE
Cystein » [KIHLFEAZELE %A 12 Zinc-binding site 7]
REe A& NRIRIGLE ST i+ W FEE LR S REME:

SEH -

SRIMTE S /(ER T e - C [&iEE — two-
helix motif » 82 DNA BUf5&HRR™ » T7E D s
H— SR T AR 5] NADFDGD - B fR281 £
T 2GS o BENNEEES A =E
Asparagine (D) ® » 3/ S { £ 4 SEIRET E RS K HoAth)R
MR T2 P8 358 DU TR BT 232 & 0 RIHE R
TEAE AR S5 T E 18 thiR G balizhae » W MR L
{EARTSR -

TEHE I RS B. subtilis, Mycobacterium leprae
ST IR E. coli 2 rpoC RIREEIF2IH » IR
CPREERIE G S EE H SR o SR R TR EE L
T ERRETEEE 7D T#Y 189 {REIfL Bl @ - HE MBIy 5
EATREE Y ' ARERIAVDNREELE AR IR AR R o AE
A A 5 ZEI R B 08 DLt 455 KPR MR S E. coli FL#t
% FTS BIRUFESR DL B 2 URE R - R YR E
WA 7 KA AL b B8 oo B IR TR R - ERTIEL =T DAKE I
FEhE R E A PR ISR B RS < rpoC 117 & Sl Kk
rpoC AR o

TEPTAE R BUIRSE L - B FE rifampicin, sorangicin A
FiI streptolydigin & {11 HH & i B8 £k S > 10 > i
rifampicin €2 streptolydigin #EFIF 2e88 RT3 » 76
E. coli 7 rifampicin € streptolydigin F %7181 RNA 3
HlgFth B BHEAFES 5 WTE B. subtilis o rifampicin
gl streptolydigin Bl HIERRS £ K1 ' BiBEfT © 55
gt BEABZESEE L - /F E. coli & B 4 ST93F
2885 (region F) » QijgrE2: 41 streptolydigin (St7) #ER
SO o FEMERBAHIE B0 M > (B4 PSR B R
rpoC RER7FF I HEL E. coli Serine™ (S) WUfHEHM B
bt B Serine » 2 AR G 2 28 BN RTRE EE AL
streptolydigin fJfg 77 » QA Fri%iE & 3800 - 53914 B.
subtilis .2 ' BH B ARG U P A F s IS A
D796G ##5% » Al FEAE 1 streptolydigin #yRES) » {BAE
{EA FREZENN E 88 AL FERAIB AR E - SUrEHER]
756 streptolydigin S HRA -

Sigma factor (¢ ) B HR &)1 #2 3% (promotor
recognition) W IhRE » H VAR R IR 2 TS Bl 1 Ik
15 A HASSTE -10 & -35 (@i T EE core enzyme 4
B W SR A GERH AR ETT 70 o AE o (URIT 5T
s o™ 7F E. coli €81 RpoC Z & 1454 260- 309 %
£l 5l - #8288 347 - R275Q » E295K » IA302D
LR P Elo KLU ZBEFENGE 1Y B ER
TEAEFREE R E RS RpoC 2 412- 461 JLREre 41 » 1
W E A S LM - 7F E. coli Byzess Bk FEifig:
FEIE IR B RS A S ST — R MR 7 1 > bkl S5



INERTRES o SEFERINIE o

PR RE B R RN TS > RIIEE B D)
RENF 5275 T AR Y PRRgE - /E S YRR RIS 1Y
FER i O e e T b e BE Ry mT RS © 55—
JITHT - FE WL R R LU B o 0 FEHIT) R
Z AR ST R A B o HE B PT % T Y PnwB
phytoplasma rpoC HEEAELhRE bl 2 A8 LR L BT
&> 7] ETh el ARk 1 RS R A H

-
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ABSTRACT

Lin, C. Y.%, Chen, W. Y.%, and Lin, C. P. ** 2006. Cloning and analysis of rpoC gene of phytoplasma
associated with peanut witches' broom. Plant Pathol. Bull. 15:129-138. (* Department of Plant
Pathology and Microbiology, National Taiwan University, Taipei, Taiwan 106, R.O.C.;?
Corresponding author, E-mail: cplin@ntu.edu.tw; Fax: +886-2-23661980).

To clone the rpoC gene that encodes the /' subunit of the RNA polymerase in phytoplasma
associated with peanut witches broom (PnWB), a pair of degenerate PCR primers Frpocl/ Rrpocl
was designed based on the conserved regions of the rpoC genes of various prokaryotes. A 1.8-kb
PCR fragment was amplified specifically from the PnWB phytoplasma-infected periwinkle plants
using primer pair Frpocl/ Rrpocl. Sequence analysis revealed that the PCR product has high
sequence homology to other reported rpoC genes. To obtain the full length of the rpoC gene, a
chromosomal walking strategy was conducted. Based on the conserved sequences flanking the rpoC
gene, four PCR primers were designed. A total of 4,817-bp DNA fragment containing the full length
of rpoC gene, partial rpoB gene (3' end), and partia rpsL (5' end) gene was amplified and sequenced.
An open reading frame between nt 201 and nt 4,340 was identified as ORF1. Alignment of amino
acid sequence of ORF1 with those of E. coli K12 RpoC, Saccharomyces cerevisiae RPO21, and
Drosophila melanogaster RNA polymerase |1 215 KD subunit RPI1215 revealed that regions C, D,
and G shared great similarities. Southern hybridization analysis indicated that rpoC is a one-copy or
low-copy number gene in the PnNWB phytoplasma genome. Northern hybridization and RT-PCR
analyses both showed that mMRNA of rpoC was transcribed in PnWB phytoplasma.

Key words: peanut witches' broom, phytoplasma, rpoC gene.



