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Hop stunt viroid (HSVd) Sequence Variants from Dapple Fruits of Plum
(Prunus salicina L.) in Korea
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Dapple fruits of plum cv. Oiishiwase (Prunus salicina L.) were occurred at Gyeonggi-do and Gyeongsangbuk-
do. The symptoms resembled the dapple fruit disease caused by Hop stunt viroid (HSVd). To identify the
causal disease agents, RT-PCR was performed with the specific primers of HSVd. RT-PCR analysis showed
that HSVd variants (DP1, DP2) were detected from dapple fruits. HSVd detection was also confirmed by the
dot blot hybridization using a DIG-probe specific to HSVd. Nucleotide sequences of DP1 and DP2 had the
identities of 94-100% with those of other 7 variants of HSVd in Genbank database. DP1 and DP2 were
different in two nucleotides of CG and AA at position of 59 and 60, orderly. Based on nucleotide sequences at
position of 59 and 60, HSVd variants associated with plum dapple fruits could be divided mainly into three

groups as CG, AA and TG
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Sz sluto] Zo|=(Hope stunt viroidy= Hostuviroid 4,
Pospiviroidae3}ll 43131 294-30371 9712 A€ €9
)7}k RNA®|T}. Hope stunt viroid HSVdy= X5 H]E
7
o

g 2 FoA= WAL YeEhA e FHA 7Eol
AWE 532 kg, AHE, Seol, AiAe 915, 34
ISV, 7193 59 Agh WAS doA B2 IsE
FI A= Aoz BuFET rk(Polivka 5, 1996; Sano
%, 1989; Shikata, 1990). A-Fol|A] WHAsk= HSVdE 3
Aof] A& wbY WAL doy|=d), 19859 LEoA
& HIE I (Terai, 1985) L o] 5ol FH 3} F=oA
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S GEE ARFell AR SxeshalelZol=(HSVA)S] At o) 359

A4S Eglsl= Wl NucliSens Extractor(Biomerieux,
France)& ©]-8-3}]
)

239 tH(Cho &, 2010). A7 Ay
E A HEE AENE A Eo] Sz sluto]zo|=
(HSVd)ell A= A=AE ERlsh] e 718d0] B
3¥ HSVd §°]% Zglo]wE A3l RT-PCRE 53
39 tH(Yang %5, 2008). RT-PCRS %3 RNAS F3 o
2 ARg3le] HSVA RT-R1 Zato|w o} AR A (M-MLV
reverse transcriptase, Invitrogen, USA)E ©]&-35}o] T 3
el cDNAS §A43F ¥, HSVA-R29} HSVA-F3 Z&}o]
o Z22]3 Pfu DNA 538 2 (Solgent, Korea)Z ©]-&3}

S dot-bolt(96 wells, Bio-Rad, USA) &=]ol] ZAHAIZ] F A
BREHE FZ3 RNAZS 100-200ng® FZAA U
(302 nm)E IAAIZTE FE3 RNAE S2AT Y&
k2 DIG High Prime DNA Labeling & Detection Starter
Kit 1(Roche, USA)®] "W#ol we} HSVd DNA probe®}
WSS 65°Co A 124 7F A17]aL Al &S 5 NBT/BCIP
| oz A ZT
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of HSVd AA FAAE FESAT. AT F4 AF% WR 2B WHEY AT WAL 2 A9t
HS7de] T upelg i vpo|zo|=of oa] wAE 7 AGAdItel] Hla] 2ol Bdstal AFAFI who] A
SAE wAE 5 glold ABRlN F2 BAGRE Apple  AHOT VeI 53], 2 WES0] wo] Aswe
chlorotic leaf spot virus(ACLSV), Prune dwarf virus(PDV), ZA8 Holx= A ZE Wtz o] FddHA JER 2Ab
Prunus necrotic ringspot virus(PNRSV), Plum pox virus o]z BHoE o|FEE A F 71A] HHe] ZXto] HEE]
(PPV), Peach latent mosaic viroid PLMVd) 5 5%l ti3| ATHFig. 1). A71=} AdE oA wAE 2% 32
ME REPCRE 5a519ith. 7t vlo] ol =0} wlole)2s 1 %0l 4L % 5 Yol #adth 2 v 5
woll Abg-E Eefolr] Pu Table 134 Uk, o ARRY YL FIAGNA 3 ot BAEAT
Dot-blot hybridization. HSVd7} ZH9 ¥ 202 Zgkdl 22 by 59 BAold B T4 AAEE A9
Vel Wol% AlelA HSVAE ZEHAEAE Al A 2 R BAEA A% o] e 34 v
3taLA} Dot-blot hybridization(DBH)2 3 st th st ®O=Z 7|Ee] Hie} vl HES A3, o5 342
there] AlRolA HSVA 7Ioi%E ¥9) WO DBH  HSVdSl o3 A% 34 Qsurdws 6l Aes
o] 7VsAE HESIItH(Yang 5, 2008). DBHE 6X SSC  (Sano 5, 1989). o|W-& F2 AEA AFE5F, v, iy
fAoz AAAIZl U E 2 (Hybond-N'Amersham, USA) ZA, HE, AELRAL SolA] 3 dEubE S-S Ho|
Table 1. Primer sequences for RT-PCR in this study
Pathogen® Primer sequence (5'-3") Product size (bp) Reference
RT-R1 GCTGGATTCTGAGAAGAGIT
HSVd R2 AACCCGGGGCTCCTTTCTCA 297 Yang et al. (2008)
F3 AACCCGGGGCAACTCTTCTC
TTCATGGAAAGACAGGGGCAA
ACLSV 677 Menzel et al. (2002)
AS AAGTCTACAGGCTATTTATTATAAGTCTAA
cpF CTTCCAACTTTCGACTGITTG
PDV 650 Jarosova et al. (2010)
cpR TCATCCACTGACTATTTTATCC
P1 ATGGTTTGCCGAATTTGCAA .
PNRSV 675 Kim et al. (2009)
P2 CTAGATCTCAAGCAGGTICTT
P2 CAGACTACAGCCTCGCCAGA
PPV 243 Wetzel et al. (1991)
P1 ACCGAGACCACTACACTCCC
AACTGCAGTGCTCCGT
PLMVd 187 Boubourakas et al. (2006)

AS CCCGATAGAAAGGCTAAGCACCTCG

*HSVd: Hop stunt viroid, ACLSV: Apple chlorotic leaf spot virus, PDV: Prune dwarf virus, PNRSV: Prunus necrotic ringspot virus, PPV: Plum

pox virus, PLMVd: Peach latent mosaic viroid.
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Fig. 1. Dapple fruits symptoms on plum cv. Ooishiwase (Prunus
salicina L.) infected naturally with Hop stunt viroids (HSVd).
A: Dapple with chlorotic spots, B: Dapple forming mosaic
pattern, C: Healthy control.
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Fig. 2. Agarose gel electrophoretic analysis of DNA fragments amplified by RT-PCR. M: 100bp DNA marker, lanes 1-3: Chlorotic
spots fruit samples, lanes 4—5: mosaic fruit samples, lane 6: healthy control. A: Hop stunt viroid (HSVd), B: Apple chlorotic leaf spot virus
(ACLSV), C: Prune dwarfvirus (PDV), D: Prunus necrotic ringspot virus (PNRSV), E: Plum pox virus (PPV), F: Peach latent mosaic viroid

(PLMVd).
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Fig. 3. Dot-blot hybridization to detect Hop stunt viroid (HSVd)
from dapple fruits of plum. PC: Positive control of the pGEM-T
easy-HSVd cDNA, 1-2: RNA samples extracted from dapple
fruit with chlorotic spots, 3—4: RNA samples extracted from
dapple fruit forming mosaic pattern, NC: Negative control of the
RNA samples extracted of healthy fruit.
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Fig. 4. Multiple alignment of the Hop stunt viroid (HSVd) variants sequences of plum. The sequences of HSVd variants were obtained
from GenBank. The sequence of DP1 variant isolated from dapple fruit with chlorotic spots (Fig. 1A) and the sequence of DP2 variant
isolated from dapple fruit forming mosaic pattern (Fig. 1B) were compared with those of other HSVd variants. HSVd variants from
dapple fruits of plum grouped mainly as 3 types of TG, CG, AA at position of 59 and 60. The nucleotide positions are shown on the top of

sequences.
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Table 2. Listing and geographical location of HSVd variants characterized in this study or available at the GenBank

Access No. Variant Size (nt) Geographic origin Symptom Reference

- DP1 297 Korea Dapple fruit This work

DP2 297 Korea Dapple fruit This work

D13764 T 297 Japan Dapple fruit Sano et al., 1989
AB098500 FP1 297 Japan Dapple fruit None, 2002
AB098501 FP2 297 Japan Dapple fruit "
AB098502 FP3 297 Japan Dapple fruit "
AY460202 Roma 299 Dapple fruit Ragozzino et al., 2002
AY425170 Whang 297 Korea Unknown None, 2003
AY425171 Jabong 297 Korea Unknown "

*None, Published only in GenBank database.
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