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Table 1. Sequences of oligonucleotide primers used in this study

Primer Sequence (5'to 3')" (i::f) Annealing site’ Source Purpose
wsf2 GTC GAC GGT ATA AAT TGA AGA ACA 24 nts 615-638 this study probe WS2-5
wsrl 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 CCCTAATCCTT 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
wsrll TTT GGC GAG AAA ACT GAT T 19 nts 508-526 this study RT-PCR
wsfl7 TAC AGG AAT ATT TGG GAA CAG 21 nts 1595-1615 this study RT-PCR
wsrl2 CCT TTA GGA ATA CGA GCG CC 20 nts 2539-2378 this study RT-PCR

'"W=AorT;R=AorG.

* 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).
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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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Table 2. The PCR thermocycling parameters used in this study for different PCR primer pairs

Primer pairs

PCR parameter wsf10/ wsr7 wsf10/ wsrll wsfl17/ wsrl2
Preheat' 94°C, 5 min 94°C, 5 min 94°C, 5 min
Denaturation 94°C, 30 sec 94°C, 30 sec 94°C, 30 sec
Annealing 54°C, 30 sec 51.5°C, 30 sec 60°C, 20 sec
Extension 72°C, 30 sec 72°C, 25 sec 72°C, 45 sec
Cycle No. 35 35 35
Final incubation 72°C, 7 min 72°C, 7 min 72°C, 7 min
Amplified length 660 bp 330 bp 784 bp
Source’ wsr7 wsrll wsrl2

' PCR reaction tube was preheated before first cycle of PCR

* The reverse primers used in the synthesis of the first strand cDNAs
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Fig. 2. Southern blot analysis. A, Total DNA (5 xg per lane) prepared from healthy periwinkle digested with restriction
enzyme Clal (lane 9) and from PnWB phytoplasma-infected periwinkle digested with restriction enzymes Spel (lane 1),
Sacll (lane 2), Sacl (lane 3), Smal (lane 4), EcoRV (lane 5), EcoRI (lane 6), Xbal (lane 7), and Clal (lane 8), respectively.
B, Total DNA (5 1g per lane) prepared from healthy periwinkle digested with restriction enzyme Spel (lane 7) and from
PnWB phytoplasma-infected periwinkle digested with restriction enzymes EcoRV (lane 1), Hincll (lane 2), Hindlll (lane
3), kpnl (lane 4), Xbal (lane 5), and Spel (lane 6), respectively. Hybridization was conducted at 68 °C 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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ESH] 2 A T e L — o 75 A i L & —{E AT fE
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AW FEh T S 152 serS BRI H 2 K 1290
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1R b — L [R] B EAAEY ) R L #8 S2 Acholeplasma laidlawii
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PCR 5| &AM B EA(E =) » HAEY A/ MUELTH
BIFFE > Horp wsf10/ wsr7 B2 wsf10/ wsrll WafH 5| %
ZHF AL AR R &1 B 082 Yk B rpsT Bl
serS < FERFIFIE (intergenic region) » T wsf17/ wsrl2
ZH|F AR IR ER B e =) RIS serS Bl
hfIB 2 FE TR sk > #GE THELAE o) Mrik - BAAHESE
I 15 A6AE R SE TR o B RS BE RS B e 9 A &
B/ rpsT ~ serS B hflB PREHEIT RNA K » B AR
[ — gk A=Y b o R HAL S R — 2 BRIKT #R ¢ A0

(polycistronic operon) °
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ASHIF FERI FH L RETE Koy » AR LA PR S TR AE )
B K BEIRIJEE » A8 F R v A o B il B gE - JETS EE
FREERR R E RS Z serS FE[R ~ rpsT FE[REL hfIB LR » 3if7
R HAZ W21 ~ Wl gAY 2 2% B e G DL R B A
VI REAE 1T RS By B o A E B = e RS E AR TR
[ B Y 2 FEK 38 1T E BEE [ (random sequencing,
shotgun) 5347 » {5 2 XK clone 22 » &5 44t
TESAC TR TR E 1Y serS £IR.Z S4B FEY] » LL
%P O R B o T R By A 2 B B o ST
serS FERITEACAE FEEER M E S NBE —&=H - W0HS
HE R - $ERERT A 525 /E 16S rDNA F¢
YK o HEYE B HEEL Mycoplasma genitalium [z M.
pnuemoniae ZRRA{RICEL B. subtilis 8553230 SR
Miyata SFEEE [AVERE (LR E #% str operon ZifF5E
R I REY R B T LB [RTHR B G (R i E A b
Bil Mycoplasma spp. % B. subtilis Z|&5¥iFHEL » BIJS$EH
NV EHEEL B. subrilis SEFHAHLY > H—B{ R tEgaA
g2 EL 2 serS X:[K 82 Mycoplasma spp. J B.
subtilis Z P4 ELE AT Z RS RAHW) & - BB B2z
PSR - e AR B ERY RS 50% » SR TMAEFDLE |
HIFEE 2 70% » B sl b (RNA SRl 2 EEH
B RS BRI B S ER ST o I RETE R BEARE -
catalytic domain [t N-terminal domain 5 &HIER 5F
Mo G HAE H =8 motif F“® o {2 N-terminal
domain FZ EEFHEH (RNA™ ZEHINR > b —F8ER
HAE /M 2 & R0 R long

[ = ~ DU SR G SR U E ST rpsT EIA ~ serS B[]l
hflB BRI Z 15k -

Fig. 3. Transcript of rpsT, serS and hflB in PnWB phytoplasma was
verified using RT-PCR. Primer pairs that spanned the intergenic
region wsfl0/ wsr7 (A), wsf10/ wsrll (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, wsrll and wsrl2, respectively) and
healthy periwinkle (lane 2) (primers wsr7, wsrll and wsrl2 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,
GeneRuler™ 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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variable arm © £ /D ZRIRF IS b2 R38R — (S
tRNA Bl BEL AL t(RNA Sl 8 7 AL w2 R
% > WIMERT AN Ferh thgdr - /i & T 2 H kbl £
ZUEFEHEL (RNA BHIFERTZE (backbone) H§AI 2%
& o M A RREL 2 H—VEBCET - R HAE /& &
RERSFVER 91 - TS REE ki BE s R - (E5%Y)
T[] 2 Fp SIS A A > Bz i AL 7E3% ek s
BB (RNA™ ZEYF RS AU R 2 @ LU - DARER:
W B2 B — P o FHEIRY > 2 catalytic domain
RIS P L FRAE BR - HLHE e & F 22 bk e ik Bl
tRNA*" Z acceptor stem » [tLiH 7 B AE AR P)fd A »
A T AFE AR » R BEREZ RS o

FIRS rpsT FERICEPY (I C AL RIS Fe 91 Z A A
e EF LR ERE OY-M ~ 2245 9L ELEREE RS
Ca. Phytoplasma australiense Eil Ca. Phytoplasma mali 1
B serS FERZ B » A& BE —EHH o fELHG 5
132 rpsT H:IREL U HEITRZ I e 91 B e 5L B e 41 EL
B> I E B—ERY R o SR ER R A1 2 B
FESR o BEAEFHIEIEE ERURS 50% > SR TMAEAHDUE b HIJER
7R 60% > FRHALLER FI'E 2 PR 4 B AR e R
b oM E AEZ N Ik » S5 2R
FIASfEEL 16S rRNA 2 & > IR E E JoE bz il
16S rRNA 2 5' domain #i& » B> 16S rRNA fA[AIP)fE
HZ S PRSI o IR HER R 32068 £ 2B F B 16S IRNA 2
5' domain Z HERELRS & o

Eest [N hflB 2 BN ERS b 5ol UEAE) 1 B #E
ZEHHB (copy number) BE)K - L EEEDEAF 5 |
EfHE > HBTE Ca. Phytoplasma australiense Hf7 R [
EAH B s A R 3R YR/ V& 5 B IR FER
{#EEREA AAA domain B protease domain ; H{Fi2Lk
Fralrh » 588457 5% pseudogene B E AIRERS hflB FE[X »
R EERS DL B =3k » {EIH {58 H NCBI 2 BLAST
SIS ERZ VUERE Y ] ‘B #E B Acholeplasma laidlawii
FLEE L2 hfIB BRI - sk ECRLI P 1 B BL
YIMETT L3 > T ANE A ez HAth =R Z hB BE
RIETTEC#T o R EER > HF A2 RSP AR —Th
HEPEEIE AAA domain E protease domain [d] » [K5&
ik i BL0 > 91 -2 AHIR] B (5 4825 40 % > T AHALLE HI 25
50% -

FHAAE RT-PCR 2 SR BRI =B/ 755 [R]—
RHEAH (operon) » FLIFHERH FH A K 2 BRI IS > 7
Al rpsT FE[KEL serS FEKHZ 90 bp LUK serS FL[A]Ed
hfiB F[X[6].2 54 bp » KTt w G H A H AR RH - P
AL REREIIE 2 011 SR —FERr R A 2 &
o EFTF M & TR ALK FF, ATPase Z atp

operon HESEA RER ML » HREHERAE 162
bp (B. subtilis .2 atpE B atpF [a)) » HIH.2 BEIKIfEIER H
HWE AW (palindrome) 2731 » #EH 79 mRNA
] LU BRF R — R ASREA0 hairpin BEE{L -RNA ZF5HE
o PEHENE LR R G IRFE L mRNA iS22 Hith
IEI% SR (nuclease) Z47fi# 5 bA: - 38 LLkERE AL
#&1EF (terminator) ZAEA » [ AHERRFE FHAZ [EUE
SEATHREIK R 2 nTREPE ' - TEFTEISZ 90 bp %t
CRIF] BE A eT 38 B = #H B SR8 - Bl pi GRS vhz F
FE o [RELHEMIE mRNA FFEH = ([ hairpin #5##% > I
(B A2 BAR o HEAY » AE 90 bp ZERIFIREHRHEI 7]
HEZSEE) T (promoter) 731 » LUKRTE 54 bp REAEIFEAH
s LB ATRE 2 A% BEHE SRS IR BUE )1 e d o ey
L E R PR 2 R R A ' o S b HL B 2
WL Z3YEE B > B0 A B (0 ke ik KIEIEE -
A B HERE 2 AH Rl K] - 3% S s (R — i 2 R )
REAH BB LS A M ALVER 2 2 R - e Ao
132 #RAEAH AP Pign 250 B9 = FE K > HOEEE YT
AE A IER M ARTMAEEE 22 e - &
ZH 2 OFBIE1E 1983 R E. coli I 2
macromolecular synthesis (MMS) operon » [tV —#E4H BT
rpsU-dnaG-rpoD —FERIFAHRY » 7% FE K 2 3 EY) oy
A2 AN [EZ pathway HH > TEREEHNE A = {#
B eyl 30 R H SR B IR 3P G - 3% R &
RMBEATE E. coli Wi FBIEMEZHRMERHE 20 » Tt—3
BN ARG A 2 ZE R RHRIE— E B DIREAHRR & -
AHFEZE IS A6 AR 5 TE 00 TR ' s o B — 2 R A
AH o A PR HERH 2 28 BURRI: Bl H T ) KM 35
HE— 2D SE o AT o BEAL EXHEAE AH B AT th 7 &3P % %¢
RIfE g > il - e HAth AR E 88 b e St RIS E A
Lb— PR AH 7 L5 ARERH 2 RH pic RS TR B B2 Ffn) 2 LUk H:
EEAETE B2 S RRE o BUPRHEAH 258 A — (B
U o HA RS 2B AL 25T LIEEET -
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ABSTRACT

Lu, P. Y./, and Lin, C. P."? 2009. Cloning and analysis of rpsT, serS and hfIB genes of peanut
witches'-broom phytoplasma. Plant Pathol. Bull. 18: 57-66. (' Department of Plant Pathology and
Microbiology, National Taiwan University, Taipei, Taiwan 106, R.O.C.; > Corresponding author, E-
mail: cplin@ntu.edu.tw; Fax: +886-2-2366-1980)

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 Spel-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 HindlII-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, hfIB gene and an incomplete ORF4 in order.
PCR fragments that spanned the rpsT-serS and serS-hfIB 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.



