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Pathogenicity of Potato of Potato spindle tuber viroid Isolated from Dahlia and Its Transmissibility in
Dahlia. Yuji Fujiwara, Yukihiro Nomura®, Shoichi Hiwatashi®, Yusuke Shiki®, Touko Itto?, Daiki Hamanaka and
Norihiko Saito® (Research Division, Yokohama Plant Protection Station 1-16-10, Shinyamashita, Naka-ku, Yoko-
hama 231-0801, Japan. "Moji Plant protection Station, *Imari Branch, Moji Plant Protection Station, *Yokohama
Plant Protection Station and ® Tokyo Sub-Station, Yokohama Plant Protection Station). Res. Bull. Pl. Prot.
Japan 49: 41 —46 (2013).

Abstract: Potato spindle tuber viroid (PSTVA) was first found in Japan in greenhouse tomato plants cultivated in
Fukushima prefecture in 2008. As a result of intensive investigation, it ended as a temporary outbreak. But
genetically unrelated PSTVd was newly detected in dahlia plants grown in Yamanashi prefecture in 2009 and
2010. A dahlia isolate of PSTVd was mechanically inoculated on potato plants and all inoculated plants were
infected with PSTVd, but no symptoms appeared in the first season. However, growth of infected plants was
reduced and tubers of infected plants were small, spindle-shaped, or elongated in the following season. The trans-
missibility of PSTVd in dahlia plants was then investigated and transmission from plant to plant via contaminated
hands and pruning shears was confirmed. PSTVd-infected dahlia plant residues mixed with soil for more than

three days did not become a source of infection.
Key words: Potato spindle tuber viroid
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Ty HAERE D T A 0L F (Potato spindle tuber
viroid. BL F [PSTVAD) X, ¥ ¥ & A4 £ (Solanum
tuberosum) 2 b= b (S. lycopersicum) WG UK E e
EEZF|IERI T L2 5 1 (Diener and Raymer, 1971;
Puchta et al, 1990). VBEA~OBAZ B L T 7225,
20084F-8 H. MEBRVH ITHORRERE + <~ P CHOTRE
HHERR & 7z (Matsushita et al, 2010) o MHERAEORER,
FEA~ORBGHERIT 2 < L — RIS 4 CRE L7245, 20004F,
BB N OLE X BRI CREE SN2 5 7 (Dahlia x
hybrida) T % SPSTVAAS # i & 1L 72 (Tsushima et al,
2011) o 20104F2 A1 IR EERE M BE T 12 B\ C b FERR T
BEROMNERE: 7)) 7THIIPSTVAIZEEL TWwE Z &
THER L 72 MBRO M~ T4 L2 PSTVA DIRHALS]
i&. Verhoeven et al. (2009) #S#t45 L 72 # (Accession no.
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EU862231) OEEF| & —3 ¥ %A% (Matsushita et al, 2010) .
)7 TEHHE L 72PSTVd (accession no. AB623143;
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RTMOTTHDZEh b, ENOREYREZDOEMIREIC
L B EARE S0 HEE S . UEPSTVAO Y ¥ A EILH
THEMEEERATTALENSH B EOBERIHEN, 20
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e NTWBES (Verhoeven et al, 2004). ¥V 7i2BIT 5
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WTRAHTHLZ b, AEEERL . E512,
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Ak

F) 7 (5 A LML 2 PSTVAd % b~ b (RfE :
Rutgers) CTHIEL. WS N-ELEEF L L TR,

Q@R v H1E

20104F, MVATBIEARBEER LY -6, Thwl
FROSE ) EUHEREARARBES FoREIED
E.UANVZATY -0V HA4AEI0NE (BEE, A,
baya, kydAaFi, aFT7TF, Rh, IR,
A=Ay, ZvAYH, TIR) ORE (I =Fa2—3-)
OEA % Z, ZABEHEL 105 R 125 08k 2
{F720 20114F1d, 20104F (2 YA L 7= BU3E % 4 2 A 1) RACAE
WiZoWTHAELfTTo 720

()T REBEB RV PSTVd B OHHEOTEE

THEEAE L, PSTVA RS b~ P EEICHRETE (0.1% NazS0s
A 005M PB pH7.1) Z#MMA THEML, A¥E 4 ~5FEHO
BA—KRT VT AEHCIZEEC L VT o7z, BEIZEM
THARRIZAT Y, 2RI IR (LT [f@aek) & L7, #fE
L7z B ORI 5 AIRERNTEHR L 72,

PSTVAd &0 HEDHF L. reverse transcription-
polymerase chain reaction (RT-PCR) #T47 - 720 PIRUT
P45 4 <— (Behjatnia ef al, 1996) % v, QIAGEN #t
@ OneStep RT-PCRKit #fEH L7z, K25 OBEROFHL
B, Uy A E0RBICBRS 6F) 2R L. MLAE
PCR BB R # 5 #F B S4UE T17 o 720 RT-PCR B -
50T 304, BLT154r. (94T 30%, 62 T30H., 72C1H) %=
40% 4 2 v, T2C1055-DEETITo 720

(A REHORE
RT-PCRIEIZ L Y PSTVA D BEGDSHZEIN/ TV v A E
(LT TSR] B OESRIZOWT, BEXoOHEEF v,
— ik, EROWE bFTo 720 LB HOM FHOREE I
L2 MEORMERET S LIS, HEOBROMWERTT

‘97,—:0

2. HYUTICHETBPSTVAdOERMOHEE

(1) &) PEEH

TR YY) 7HEF (R Ry Iv 2 A 75V AE)
R L. AT L2E 0K 4ENT oV TR O RT-PCREIC
XY PSTVADKREZITY (L, FIT7OE LR
REF 2 BEW (0.1M Tris-HCD) S0uld AN/~ A 70 a
— T OPTHSHEEIBEHR. COBELS Ll Y,
RT-PCROBEE L7ze DT, M Uo). BMEHEALFEIC
L 720

2)F %ML LEH

FN)TEEWSKEMR L. mWICPSTVARES ) 7TH
(G SRV TV AT rY) DERUVERLFFTEL
BY, RICEAHOERUVEFBECBLIBEZ 12O
VT I0[EAT o 7o BR Y T RBENTERE L, RT-PCRE
12X Y PSTVARGEDEHARAE L7

(3)B5ESkE M U f=15

FUTEEESHRLER L. BRMICPSTVARES ) 7H
(BB GNRUF—V AT rY) OEFRIZEOLRRE
BESTEY . WIS & LN OB S CRET OER
Y LEBERER2 ~ 6 HITo 720 HIIT T ARENTEH
L. RT-PCRIEIZL ) PSTVAEE DB EEZRAE L 720

(4) LIBPDIRED 5 DIGRH

PSTVAREH Y ) 7 O# LR U T % Fem ~ 10cm @
RESITY, 10780 TIBITBAL, BAER, 3HE,
10, 2LHBRUILHRIZY ) TEREHZ 2K M2
F7zo BIZA 7 ARETEH L, RT-PCRIEIZ & Y PSTVA
BEOHMZAEL 126

] R

1. Pyl EICHT 3REMORE

(1BEUREHOREE (20104F)

HiEEE» 517 AU EEBHICRTPCREEIC LD
PSTVARSDO B MEFHEL 720 FORKR, 10REL AT
NTCORBRGEER L 7o %K, #1 EFICOWVTRBOBE
%470 72705 PSTVADHE L £ 2 SN A RMITd 5%
Bolze Flz, BN OWTHEEKE OZIZED LT,
B, WELZHEORROTKRE 12D ERED, 72,

) RREHOREE (20115F)

PSTVAREGARAn & UM U7 B3k £ S ~ 43, %
e LTHRSHRPOIEL - REL K NEL ~ 28ERZMS
F, BB LRAREYIZOWTHRERIT o 72, BRE., AL,
bayu, kypfabd, ar77F, SRPO6MMEIC
DWTiE, FAMT 26 2HBRICROEL (EHOFS)
BRUEDRS KIS OEZ ME L7, PSTVARS RO
et (KoY, fratko¥y) k. EXTE., B
B H745%., KLF631%. P T T833%. kv kAL aAHR
233%. 2 F 7 T ¥ 958%. SH766% (Table 1), EDK
ETIE. HEES05%. ALH617%. b I 11738%, Ky h
4 aHX359%. IF 77 F861%. &%821% (Table 3)
LY, BRI X o TESD LH, BEREIML b HE
RD LNz (Fig 1o £, A= A4V, =2 %%,
FUTOAREICOWTIE, BEPL0BRICET GRED
LOES) B E L7 PSTVABREAROXHESIRIL (8] 1) i,
L RBT4% A= A4 V04%, =28 NT%, TV
< 8l9% THh o7z (Table 2o ZNSI0MMEIZDOWT, 4tk
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Table 1: Influence of PSTVd on the height of potato plants.
Height of PSTVd

Height of control

Cultivar infected plants (cm) (a) plants (cm) (b) @ /() (%)

Irish Cobbler

{Dapsrsbring 97.0 130.3 74.5
Benimaru 88.7 140.5 63.1
Toyoshiro 106.7 128.0 83.3
Hokkaikogane 3.5 135.0 23.3
Konafubuki 125.0 130.5 95.8
Sayaka 100.3 131.0 76.6

The height of plant is the height of the above ground part of 62 days after planting.
(a): average of three plants, (b): average of two plants

Table 2: Influence of PSTVd on the height of potato plants.
Height of PSTVd

Height of control

Enlir infected plants (cm) (a) plants (cm) (b) (@) / (o) (%)
Touya 59.4 103.5 57.4
May Queen 66.9 74.0 90.4
Nishiyutaka 116.5 137.5 84.7
Dejima 136.0 166.0 81.9

The height of plants is the height from the bottom of the pot 60 days after germination.
(a): average of three or four plants, (b): average of one or two plants

Table 3: Influence of PSTVd on the width of stem of potato plants.
Width of stem of PSTVd Width of stem of control

Culliar infected plants (cm) (a) plants (cm) (b) (@ / (o) (%)

Irish Cobbler

Matayalaimo] 1.2 1.5 80.5
Benimaru 0.8 1.4 61.7
Toyoshiro 1.0 1.4 73.8
Hokkaikogane 0.5 1.3 35.9
Konafubuki 1.0 1.2 86.1
Sayaka 1.1 1.3 82.1

Width of the stem is the widest measurement in plants 62 days after planting.
(a): average of three plants, (b): average of two plants

Fig. 1: Growth of potato plants 78 days after planting.
Left: PSTVd infected plants, right: control plants
(: Irish Cobbler (Dansyakuimo), @: Benimaru, @) Toyoshiro, @: Hokkaikogane, ®: Konafubuki, and (6): Sayaka

BHIMICE > TRBOBIR 21T o 7205, EHEO/NEDONS
SREVFEOERIIBIGE SN h o7z,

WUHE U 7= DB L A LR, BRE. . b3
va, kv hAahF, IFTTH, SRPRT=TVS A

TIIEDHL 25 [V D | ERPHER S 72 (Fig 2)o
/2, BEE AL, bIVORO=TS A TR, BARK
D _EAh AR L2ER iR & e (Fig 20@0®@) . — A
Ry HA Akt (Fig 2@), FYRUPL )R TREEDE



44 T Wy B o AT R A& WF gE i

#5495

Table 4: Influence of PSTVd on the yield of tubers.

Fig. 2: Symptoms of harvested potato tubers.
Left: tubers harvested from PSTVd infected plants,
Right: tubers harvested from control plants
(: Irish Cobbler (Dansyakuimo), @): Benimaru, @ Toyoshiro,
@: Hokkaikogane, ®): Konafubuki, ®: Sayaka,
(D: Nishiyutaka (all tubers are harvested from PSTVd infected plants)

Weight of tubers of PSTVd

Weight of tubers of

Cnltisar infected plants (cm) (a) control plants (cm) (b) &) 7 (b (%)

Irish Cobbler

IDanavaknito) 290.0 5250 55.2
Benimaru 120.0 500.0 24.0
Toyoshiro 356.7 500.0 71.3
Hokkaikogane 16.7 510.0 3.8
Konafubuki 306.7 410.0 74.8
Sayaka 310.0 475.0 65.3
Touya 46.8 302.0 15.5
May Queen 71.5 98.0 3.0
Nishiyutaka 253.3 322.5 78.5
Dejima 78.3 547.0 14.3

(a): average of three or four plants, (b): average of one or two plants

WRICEFE I 07285 ML LTz. 1HR%E7) OBEDE
A E LR, PSTVARGSEZE o x4l i, B
B33 55.2%, FLAL240%. b I 0713%, Ky H A IH %
33%. IF T TXT748%. SRN653%. &) R155%. A —
74 730% =25 H785% TYUVI3I% L o
(Table 4)

2. FUTICHT B PSTVA DIEEMOHAZE
()FENL 5%

PSTVAIEH &) 7w fill ) . WIZ ) 7 HA W % fik % 3
Ex £tk 77 ARMBNTEELZWIZOWT, 112 HEA,
154 A # K& 07313 B I RT-PCRIEIC & 1) B A I % fi 4
L7zo ZOfEHR. WINOMEHIZBWT S L7z 58kH
2R CPSTVA DS R S 7z (Table 5),

(2)BIESkE N U 154
PSTVAREG: 7 ) 7 H 2 FWESHKTY D, RIZF ) 7TEAE
Y DR R SR, T ARENTERL 2HIZOWT,
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Table 5: Transmission from PSTVd-infected dahlias to dahlia
seedlings via contaminated hands and pruning shears.

Results of RT-PCR

Examination

112 days?"

154days 313days

2 places cutting?

3 places cutting

4 places cutting

5 places cutting

+ -
+ +

6 places cutting

Hands (1)®

Hands (2)

Hands (3)

+ +
+ o+

Hands (4)

Hands (5)

Udays after examination, ?number of cuts with pruning shears,
Iseedling number nt : not tested, +: PSTVd positive, —: PSTVd negative

Fig. 3: Soil mixture of PSTVd-infected dahlia plants.
@: before mixture, @ after mixture

Fig. 4: Planting of dahlia seedling in soil.
(D: before planting, @): after planting

Table 6: Transmission from PSTVd-infected dahlia plant residues mixed in soil

to dahlia seedlings.

Time to planting No. of Results of RT-PCR
of dahlia seedlings seedlings 76 days? 118 days 277 days
Immediate 2 0/22 072 1/2
3 days 2 0/2 0/2 0/2
10 days 2 0/2 072 0/2
21 days 2 0/2 0/2 0/2
31 days 2 0/2 072 0/2

Ydays after soil mixture of PSTVd infected dahlia plant residues
Ino. of PSTVd positive / no. of testing

FEMNLIREOMAELF UHICRT-PCREIC L W &g
2R L 720 ZORE, 112 HERORE TIZEORAT
KA IR GEWSHHT & 8] - 72#k) . 154 H % & 0313
HBOMBE Tl el L7z 5k 24 (SEIR 4 201 K U5 25T &
E)o728k) TPSTVd DGR S 7z (Table 5)0

(3) LEEHDOFEE D S5 DI

PSTVAI&H: ) 7 O Hh 15K OV T84 812 A L
(Fig. 3). WAooz ) 74 (Fig 40) %R
ABE % 3H#H, 10H %, 21 H % & O31 H %I £ 285110
BARZ AT (Fig 4@) . RAOMEZAHF 205 76 Hi%. 118 H
BB U277 H1%12, RT-PCREEIC L Y B F 4 A L 72,
ZORER, RO 2B OFE Tk, PSTVAIE AR ILAERR S
Nhh o725, 3EHOREIZB VT, TERAERICHZ

72 28k P 18k C PSTVA O e pSiERR S 7z (Table 6)o
Z =®

)T BB ENPSTVd % BN THEE SN TV AR
7 D ¥ H A 10 A HEEAE L7z PR S (1997) 13
FAYPOHEANLZPSTVAIZbilETHEINTVWEY
YA TR L, MR o R e B LAz L%
MEL TS, — K, WES (1980) &, 7+ 5HEAL
72 PSTVA-S K O°PSTVA-M % 5 B335\ H A0 L 72 A%l 4 R o
JERIZFED N olzE LTWh, KAETL ) 7Hh5
B E N2 PSTVAIREG Y ¥ H A B L7z As, Bedd
BRTIHERIIBEO SN, WESOHKRLFE L TH - 72,
Lo L. kAH TId, I L > TEPH BB DOD, 10
ST T CBILEIR AR S L, 6 CIEZEDHILC 2 5
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LR E N, Tz, BETH [0 ] ERPNE
LD FERATFRD BN INEOWA bR S Nz I B RE,
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HEFBLZENFREEINS,

BAE. FUTIBIAPSTVAREOBEBIIHAL P o
TWhnwZ es, ¥ 7TAEERCRT A PSTVAD B KE
BB TRAHEPELWRIICH B, L L. KRAEOK
B Uy A BANBRESIAL7ZBAICKEREENEL 2
EWRFHEINDLZ LD, RFEEOKRIZS ) TEEEITH
TLNRIGELHET 2 VNEFHL L ORBL LD L
E2 Do

Wz, ¥ 7I2BIT BPSTVADEEMEIZDW T, FR
PN LTERMEI S Z LRSI, 2OZ iR ¥
)7 AEDEESICB W CEIEETICPSTVA OB
KABZDBBLIEFRELTVWEIDOTHY ., FOH®ER
PEOMB L BEYICHEET I UNENH L EE2 D, TERIC
BRAL72PSTVA R D> & DIRZRIZ DWW T, Seigner et
al. (2008) &, PSTVAE Z v N /N F F R (Solanum
Jasminoides) DED— 1 g% M~ MEFT T HEKRICEERIC
AR, 4B %K O 8E M # O RT-PCRIE TS 37
HaENeholzl L 2HE L. RBEHIGRA L HEDRED
FERBYEEE VI EEZRLTWEYR, BIMEOWE
SILEI LD LN WVE LTWh, SHORETIE, FOI
FHEPICPSTVAES ) THEEZRAL. 20458
TEHEL. B HSEBE LYY TEAT 2SI LIKE,
REZAATE, MEDOKR, PSTVARES ) 7B BAL
REBICH A2 7ok LRDS, 11I8BHE TOR
ETIEETH o720, 2TTEBOBRETCHEL o720 &
i, WEEH SRS B BE B O 2 A A TR
Boxk, EHIRAFEROPSTVA: & A ZHHICEML,
BRBEECRY L 20T ZwWhreEZONSE, LPL.
3 H B UEEICHE 2 ) 22 AR S I PSTVA Ik 2 hud',
BAAORBERAPOHH LB L, PSTVd 2 & A ZZTHE
BT A WA E VIR 2, DB ORE, S
PSTVd #5542 MEIT KV & 2 S5,
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