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Development of RT-PCR Assay Method for Detection of eight Pospiviroids. Hironobu Yanagisawa and
Yusuke Shiki. (Yokohama Plant Protection Station, 5-57, Kitanakadori Naka-ku, Yokohama, 231-
0003 Japan). Res. Bull. Pl. Prot. Japan. 51: 1-6 (2015).

Abstract: The genus Pospiviroid including Potato spindle tuber viroid (PSTVd) consists of some
important plant pathogens of Solanaceae plants. We developed the 2 step method that eight
pospiviroids were comprehensively screened and then the species of pospiviroid was identifiable by
conventional PCR. As the 1st step, the screening method which used 2 sets of specific primers and
one universal primer was able to detect eight pospiviroids efficiently. Furthermore, when the sample
tested positive to the universal primer sets at the 1st step, at the 2nd step it was possible to identify
each species of six pospiviroids by the specific primer set. In addition, the methods developed could
consistently detect PSTVd and Tomato apical stunt viroid (TASVd) which were known to transmit
through seed, even from a 400 tomato seed sample including one PSTVd or TASVd infected tomato

seed.
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Potato spindle tuber viroid (PSTVA) % ¥ 1 7 i & 3% K
AU FEIE, FAROEEL BIEMIC R EE
Gl&ikE 23 A% <& £ 41 (Singh et al., 2004) . PSTVd %
WM Tomato chlorotic dwarf viroid (TCDVd) Tl ¥t 4 F =
=7 (Petunia x hybrida) % %" ") 7 (Dahlia sp.) 55 O #E H
REW) T MR B AT 5 Z L ST\ 5 (Malandraki
et al., 2010; Shiraishi et al., 2013; Tsushima et al., 2011;
Verhoeven et al., 2007).

RAET A0 FEIIIRMEH oM, B amssbo
LHISNTEY., PSTVAIL M~ b (Solanum lycopersicum)
UW/N L A 3 (Solanum tuberosum) T (Diener et al., 1979;
Hadidi et al., 2003; Loebenstein et al., 2001) . TCDVd &
UMTomato apical stunt viroid (TASVd)iZ M~ FT(Antignus
et al., 2007; Singh et al., 2009) . Pepper chat fruit viroid
(PCFVA)iE b7 47 ¥ (Capsicum annuum) CTET (&35
Z DV E BTV % (Verhoeven et al., 2009)e LB D™
AT A PR EUR G U 7R 0 RGeS T R 13 AR

ERNIGHT20, MINBEORFENBREDOREL > T 5o

INFTuAO4 FOMMP:E LT RT-PCR (Behjatnia
et al., 1996; Bostan et al., 2004; Matsushita et al., 2010;
Nakahara et al., 1998; Verhoeven et al., 2004) . Real-
time RT-PCR (Boonham et al., 2004; Botermans et al.,
2013) 2 " RT-LAMP (Tsutsumi et al., 2010) %12 & % % 1
EPBEHEE SN TVS, Ll IO THRIET
EH0IE, —HOTA O FIZRESNZZLDTHLZ L, 7
A 04 P #%, ORI — 2 2 0 AN S LETH D,
SHICREHAE T2, ZD7d, L)EIOHEEIZRREY
AU FEOMMEZTREE L, S5IZRAEYfuS FgDTE
ZIERECFR S5 2 LS TE B A HOUPL MO S T
MRDHLNT 5,

ZTT, TANAR A OA & SO E O L
LT WOBEKER LTV EFETHLRT-PCREAVT, &
BMOMWARIZE A7) -2y FiRELR ERL . £ O RN
BT I~ —CIEMER#B N A TTREL T2 Fiha s L7z, F
7o RO E O H HPSTVA K N TASVAE XF 5 & L+
~ METF 5 ORI R OFR B ST BE AR ET L 720
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1. Y104 FRUEEED

i v 404 F&LC PSTVd4 #k TCDVd 1 ¥k,
Chrysanthemum stunt viroid (CSVd) 1 #k. Citrus
exocortis viroid (CEVA) IBRDAh, HAREMN THAHE O #
\» Tomato planta macho viroid (TPMVd) 1 #. TASVd 1
#. Columnea latent viroid (CLVd) 1 #. PCFVd 1 ¥k (2D
WTREMOKEE R DR 2 U5 L L 72(Table 1)o &4 ™
A0 FIZHEMEGL 72 M~ PEZ0.1M Y > k4% 1% (pH7.0) T
ERL . M A b~ METE - Rutgers) D T2 2HEAE L L 25-
B0CICHEE L IR ZEAN CE ATV, B 2 E R L7,
BRI, BESERRICRAE Y0 FED 1= /N—3
VT4 ~—Pospil-FW/RE . CLVdx #5774 ~—
Vid-FW/RE (Verhoeven et al.,2004) . it 0" |2 PCFVA % &
957514 ~<— AP-FW1/RE2 (Verhoeven et al., 2009) %
FHWTRT-PCREATV, JEG AR L 720 F72. PSTVAR DY
TASVAIZOWTIE, Bl L7z b~ MIFRLIZRED
DIRGAE T2 PR . 1T 2200 2 A K CTHRE, IR TR
1 4CCTIRE L7,

Table 1. List of pospiviroids, DDBJ accession numbers and
the origin in this study

Viroid  DDBJ" accession No. Origin
PSTVd-M Canada (from R. P. Singh)
PSTVd-S Canada (from R. P. Singh)
PSTVd-F EU862231 Fukushima Prefecture in Japan
PSTVd-D AB623143 Yamanashi Prefecture in Japan
TCDVd AB329668 Hiroshima Prefecture in Japan
CEVd AB054593 in Japan
CcSvd - in Japan
PCFVd HQ731652 Thailand (from Reanwarakorn)
CLVd AY372392 Netherlands (from Verhoeven J.T.d.)
TPMVd GQ131573 Netherlands (from Verhoeven J.T.d. )
TASVd AM777161 Netherlands (from Verhoeven J.T.d. )

a: DNA data bank of Japan (http://www.ddbj.nig.ac.jp/)

2. A9V IRERT 7MY —RUOEMREHEDI S b—
WRT 747 —DEERCEHHRTE
BEHRORAEIAOA FED L= N—HF VT FA~v—L

C. Pospiviroid-For/Rev % UF Pospil-FW/RE 23 & % 7%, #r

72 12 Pospi-F2(5 - TCCTGTGGTTCACACCTGACC -3")/

R2(5° - TTCAGTTGTTTCCACCGGGTAG -3 ) 7 7 A1

~— (BIEYA X PSTVAD 4. 261bp) & i3t L. 513410

TIAT—=IZOWT, EEESH DY A T A KA, M H T RE A

AR A ATo7z0 Fio, MWK SIS ML S /-2 &

RHERE T A 720 ORYNEET Y ba—V T T v —%, fill

R OB 5] @ 9 5. NADH dehydrogenase subunit

I%3— R4 285632 mRNA EIZ7EFHL 72 (had2

RT2-F(5 - CGCTGTAGGATCCCTATTCAAGA-3' ) Kk O°

R( - TGGGTGAACCCTCATAGATATCAG-3" )( H IF

A A 80bp)o 457 A HA FEY: b~ MEEHD S OFEEIE,

RNeasy Plant Mini Kit (QIAGEN#E) Z H\v, ffE~==

TIWZHEVWET 5720 RT-PCRIZ. & 711L% X %728 OneStep

RT-PCR Kit (QIAGEN#DH) % H\vy, fflg~=27 VIZHEW X

IS DT % 175720 RT-PCRIZIZ Verti —~< V427 5—

(Applied Biosystems) % F >, SG 5 413.50C 3043 95C

1047 D #.,95T 305, 60T 30#. 72T 155 T 401 7 VAT,

T2CT . 4C THEFE L 720 SIREEMZ. 2% TH =27 VK

PIXTAEZ W CESKEIfZ, 7VEIF VL7 avA N

TYta L7z,

3 ERENT A Y- DB RSB EECITHRERE

B

AL 72Ky A 0 FOMRRI T T~ — 2 &G L
(Table 2) . OneStep RT-PCR Kitx WSSO #5417 -
720 RT-PCROKI4F1%.50C 3045 95C 1047 D #£.95TC 30
F.60C30F0, 72TC45F T 40 A 7 VATV 72T 7455 #.,4C T
HMEFEL 7o /o0 AZV—= VI ER T I9/~—L & v 0
A FOTERFE T T4~ — ORI I L7z M

Table 2. Newly designed specific primer which detects each of eight pospiviroids in this study

The species Primer name

Primer sequence (5'- -3") Amplicon size (bp)

PSTVd-spe-5F

CGTGGTTCCTGTGGTTCACACC

PSTVd PSTVd-spe-5R TGCGGGCGCGAGGAA 207
TCDVA TCDVd-spe-NP3 CAGGGAGCTTGTGGAAGGC 161
TCDVd-spe-NP4 TCTCGGGAGCTTCAGTTG TT
CEVd Pospiviroid-For ATTAATCCCCGGGGAAACCTGGAG 139
CEVd-spe-R GCGACGATCGGATGTGGAG
CIVd CLVd-spe-F2 GAGAGCGCAAGAGCGGTCT 186
CLVd-spe-R GTCAGMACCTGCGCTGG
TASVA TASVd-spe-F1 TGACCCTGCAGGCATCAAGA 945
Pospiviroid-Rev AGCTTCAGTTGTTTCCACCGGGT
PCFVd PCFVd-spe-F2 CGGCCGGGAGTGAAGCTAC 3092
Pospiviroid-Rev AGCTTCAGTTGTTTCCACCGGGT
csvd CSVd-spe-F1 CGGCTGGGGCTTAGGACC 158
Pospiviroid-Rev AGCTTCAGTTGTTTCCACCGGGT
TPMVd TPMVd-spe-F GGAGCGAACTGGCGAAGGAG 195
TPMVd-spe-R CGGGCGAGGGTGTCGAC

Forward or revese primer of Pospiviroid-For/Rev (Bostan et al., 2004) was used in the specific primer of CEVd, TASVd, PCFVd and CSVd.
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DEZIE, KA aA FOBG N~ NED L O %
Tl b~ PEOR IS XD AL 10" 0510707 R A
FIZERL . &40, FOMET G 2R L7,

4. JEREFEHATIPSTVARY 773> ba—Jb

A8, MRS E L BHIHEMRG 5720, fif

IR B E A9, ST vy I k=2 ar BB E
120, BIEWH O A AhS, R T4 7ary ha—)VHED
HEMEWT A Rk TR Y 71 72 b — VORI AN EE L
V3, Hataya et al., (2009)12 &1 #ks S 7l ~ D& g 4
W, ARROPSTVAE G T 572007 A0 FHE TS
W36ntD Wi & AR AN TPSTVARY 74 72> b —
Vs, PSTVAFFER) 7T A~ — 2l T fe ik B a 17572

5. NN MEFALDIAOA K&
b MZBWTH a0 s 0 db 2PSTVA L N TASVd
D2HNZDWT, M MET (R FE - BEAKEB) 399%7 12 141D

PSTVAILIZTASVAEG: M~ METZIRA L7 7V & E
L 3D L= N=H VT T~ — Fr7zllixat L7zPSTVA
O TASVADFESF RN T T4 ~—% VT, BES (2012) D
RT-PCR%AT>720

ESNEUR AL ¢ e ek AN

b £

1. 7104 NEEM FOES
FoA0A FEFHFRE LM~ M I3 E G D2 T LA
WA BN, RS R, RT-PCRIC L0 &k deHE A%
ITo7 AR 8D A0 RRENZFIEG L T\WD Z LT
BLice TSI A FEGE MY MO O 32 TR %8R
i AT DU O BB 72,

2. 27— JRARUCHEYREMEI > NO-IVHT S A
~—DEME
3D L= N—H T T A~ — DR H T &2 TR L 7ok 3
3f & 4. PSTVd., TCDVd. TASVd. TPMVd. CSVd
T O CEVAIZ M & 7225, CLVAK U PCFVd! ﬂﬁ&éﬂ#

o7z (Fig. 1-a, b, ¢)0 TD728, A7) ==V THEI

CLVAKLU'PCFVAZE M $257 T4 ~— %Lbuﬁ”éz%&ﬁ%
LT DRSNSz, Fio WA ER I Y O VH T A
BWTH,

—i3, P PEROETIC
Bo 7z (Fig. 2)o

T & OB IR W 7

(¥

Fig. 1. The detection range of three kinds of pospiviroid universal primer sets to

eight pospiviroids

a: Pospiviroid-For/Rev (Fragment size: 196-228bp), b: Pospil-FW/RE (Fragment

size: 196-227bp), c: Pospi-F2/R2 (Fragment size: 258-299bp)

Fig. 2. Detection in tomato live plant and
seed using the internal control primer

1: PSTVd-M, 2: TASVd, 3: TCDVd, 4: PCFVd, 5: CSVd, 6: CLVd, 7: TPMVd, 8:

CEVd, N: healthy tomato leaf, M: 100bp ladder marker

1, 2: tomato leaf; 3, 4:tomato seed ; B: D.W.;
M: 100bp ladder marker

a b

d

8 9 10 8 9 10

8 9 10 8 9 10

Fig. 3. The specificity of newly designed specific primer to eight pospiviroids

a: PSTVd specific primer, b: TASVd specific primer, ¢: TCDVd specific primer, d: PCFVd specific primer, e: CSVd specific primer, f:
CLVd specific primer, g: TPMVd specific primer, h: CEVd specific primer

1: PSTVd-M (207 bp), 2: TASVd (245 bp), 3: TCDVd (161 bp), 4: PCFVd (302 bp), 5: CSVd (158 bp), 6: CL.Vd (186 bp), 7: TPMVd (125
bp), 8: CEVd (139 bp), 9: healthy tomato leaf, 10: D.W., M: 100bp ladder marker
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3. R TEREREN T SMv—DEEMRUBRERE

AR LR 754 < — DR B2 TR L 724G
B FNENENIAOA FORIIBNT, FEREOIEIEH
FAafmsi/ze UL, PSTVA . TCDVAK U TPMVADFE
RN T I4<—Tld, 7404 FEROBIER A oM, Ik
R AGBIEWT T SR Sz, ZF D7z, R RIEE
BT 5R R DD 5 Q solution (OneStep RT-PCR Kit 1))
ZIIMLRT-PCREAT o724 R, A 0 A NH R OBEIRR
DAPFEREINI2(Fig. 3)o F7oo NPT T <=L
£ 0, FORBERN T T4~ — B OB HIEEIL, (2IFH
ETHo72(T— I A ).

4. JEREFEMHATIPSTVARY 71 73> bO—ILDOEM

BB ET L2 PSTVAM R R 7 T A ~—12 &), FERK
eV N LPSTVARY 74 73> bu—)L#RT-PCRL 7245 5.
PSTVAHER ORI L bR E VT R ORI A 23535
. FERGeME N TPSTVAEY 714 7 2> bua— )V 3RO HEIE
YT D EDTERSNIZ(Fig. 4)o

5. N\ MEFHLDTAOA NIRHE

PSTVA L IZTASVAE Y M~ MET 1R % & b~ MMET
400855 3D L= NN—F NV 754 <= L YRT-PCR%
oz, FNENTFEROMIBHH P EON/, T2,
PSTVAXIZTASVADTEFEER L 774~ =12 kY, #hEhF
EROMIRRT 253572,

6. 8RAET/O1MNREDRNDIELE
DEORERIY, A7) == FRERCHEDRMBEETO
MEDHMNERESEL 72(Fig. b)e T 4bb, A7) —=27 R
FEIZBWT NI T I~ =12 &0, AT IE R
WATONIHERRL . EDHOED L= N—H VT T~ —
OV, @QCLVAFFERN 7I4~—, @PCFVAFFEM 7

FA =%\, TAUA, FOBIEERIT) o TDFER, L =/N—
PN T FTAX = BWTH DR RS SN G121,
MBI BWCGIED Y A T A RO RN 751 ~v =12k
OB EIT)o 720 CLVAKL U PCFVATIL, A7) —=
CVTRREDRERE T Do 2B, MEREMEICBITAPSTV
OHFFHN 7 F 4 ~—"Tld, Hataya et al., (2009) D I J& 4=
N TLPSTVARY 74 7 a2y bu— Lz fvsd,
%z =

Bostan et al., (2004) }2 Uf Verhoeven et al., (2004) %5 i#% &
L7z = N=H VT T — OTH 725G LR AE Y
A0 FIEDOL=N=HNV T4 <—E, CLVAK IV PCFVd
D2 DOTEIZ DO WTHIT L Z LN EETH o720 5
e, BERO2FED 2= N—H T T4~ — L E 2 B AR
TR L= N—N T T2 =% iR L7225, FRRIZCLVA R D
PCFVAEWMHT5Z LIETERDP 572, ZOFEKIZ, CLVd
T O PCEVAD DR A Y £ 14 FBIZ I, A o3t
WA FRERBMOL VI ENLTHA), K
2¥ A0 Ngx —#oO 774~ =Tl LIZMEET
HHIENS, KNEREMO D EE LSRR L
T4~ =R, HERIRLTEIENEETHLEER
Lo 3D L= N—H ) 7T A < — R TII M KRR 2 o Mk
DENMEREIN 272270, WTNADIL=/N—H)L
TIAY—% AL, 2=NN—HV T I/ —THRHSNE N
CLVAK U PCFVADFESFE 774 ~— % [FIFIHEHT5 2
LIZEY, RAE YA O FESHEDOMILA T RETH 5 2 L 41
PBL7ce F7o0 W LN EE Ty ba—- VTS
A<—id. MPERDHETICBWTHEN TH -7 ZD7:
B, BEBSGICBNT RAEHWLEHESNDE A —
SUTBEICIE, MPNTEET Y M E -V ERRITDH T LI LD,
RYT4 72y a—VEMHL R TOREDOZ B HE
T&bLEEZD,

ﬂ st screenig

~

Internal control primer of plant

Once again, nucleic
acid extraction

Universal primer (6 pospiviroid other PCFVd specific CLVd specific
than CLVd and PCFVd) primer primer
\ . H . /
g T T
A » »
. H H
Py n n
2 nd screeni O o
y s W Result Ny &
PSTVd TCDVd TASVd . - :
Fig. 4. Detection of a non-infectious positive specific specific specific Positive .
. . primer primer primer . -
control RNA of PSTVd by PSTVd specific primer — v V
TPMVd csvd CEVd
1: PSTVd-F, 2: PSTVd-M, 3: PSTVd-S, 4: specific specific specific ]
. . i primer primer primer Negative
PSTVd-D, 5: a non-infectious positive control -

RNA of PSTVd, 6: healthy tomato leaf, 7: D.W.,
M: 100bp ladder marker

Fig. 5. The flow chart of the method for detection of eight pospiviroid
Solid line : Positive, Dotted line: Negative
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BT ARERRME Tk, LV IERERHIRI RO SN B 7
O, RITAT7 Ay Na—VOMERDPNELE 2 05, HEME
HRORY T4 7arha—VEHwcBicaryIisr—ary
DAL 6, EETLIRER LR — ORI EH 572
B, EBICHETH o2 XI5 2L IdHEETH L, L
ML, F7Z3% G L 72 PSTVAFEF R 77 1 < —Tld.
Hataya et al., (2009)DIEEGHEPSTVAR Y 74 73 bu—
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774~ —I12BWTH, FRROIFEGMEANT AR 74 73
b= Va5 % TEUENHLHDEEZ D,

AUI < PEI I METICEGELY 5, RAEY A0 A
FIEDSTEIZ X 32 BIEMELE O TH Y, KA YA
OA FEOET DM OWTHIERIEE 2D, T2,
RIFE Y AT L XNEZE D — % Real-time RT-PCROM H %
BT A2 LT IE TUL LW o fE1 L O i
MORFAMLFDRETHLLEER b

] =

Potato spindle tuber viroid %= &R A7 401 FIEIE,
FARORVEMCHER e E L 52 5 EE L RE T £ &,
RIFFEIZBNT, BHEOPCRE 7z, L0 DIEMEIC
RAEYA T L, SOICHEORNE T —Eofh
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MR ED2EMED S0, A7) —= 7 BETIZ, CLVd
T PCEVALIAL D6FE 7 A 1 4 K& BT fE 7 =N —+)L
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DT I =%\, KA S04 RS RECTH 5
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E i B

KGR EDLIZHT-D, 401 NRGAEY O 5% =T
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