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Abstract It is a serious situation that the farmers' income
has gradually decreased due to the decline of productivity of
fruit trees infected with viroids. It has been known that
Persimmon viroid (PVd) and Citrus viroid (CVd) are economically
important viroids that can infected persimmon. In this study,
the incidence of CVd and PVd in ‘Fuyu’ persimmon were
identified as 41% and 34% in JeollaNam-do, respectively.
The collected persimmon samples infected by both PVd and
CVd were used for testing efficiency of the viroid inactivation
methods. The samples were subjected to single treatment of
the heat treatment (37°C), cold treatment (4°C), or antiviral
agent treatment (Ribavirin), and double treatment of combinations
of the three methods. Viroid inactivation efficiency was
confirmed through RT-PCR. In the case of the samples
subjected to cold treatment for 4 weeks, the viroid inactivation
efficiency was most significantly high as 67% against the
survival rate of 100%. In addition, in the case of the samples
treated for 2 weeks with the antiviral agents and cold
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treatment, the viroid inactivation rate was similar to that of
the cold treatment. In conclusion, the cold treatment showed
the highest viroid inactivation efficiency, and this result will
provide valuable information for production of viroid-free
persimmon.
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Fig. 1 Sampling locations in Jeollanam-do and representative symptoms appeared in persimmon infected by citrus viroid and
persimmon viroid. A. Locations (D: Naju, @: Yeongam, @ Damyang, @: Suncheon, & Gurye B. Viroid symptom in fruit. C. Viroid

symptom in leaf
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Table 1 Primer pairs used for detection of persimmon-infecting viroids® and expected sizes of RT-PCR products

Target Primer Sequence (5' — 3") PCR product (bp) Originated accession No.
b Upstream CGACAGGTGAGTCTCCTTGC
Ccvd 336 AB019508
Downstream TCGTCGACGAAGGCATGTGA
Upstream CGGCAGGGAGCCTTGCGAAC
PVd° 396 NC 010308
Downstream AGCTCGGGGCTGGAGCTTGG -
d Upstream CGCATCATTCAAATTTCTGC
18S 843 DQ341382
Downstream TTCAGCCTTGCGACCATACT

“The primers for each viroid were designed as species-specific.
°CVd: Citrus viroid.

°PVd: Persimmon viroid.

18S: 18s ribosomal RNA.
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CTAB & E3 total RNAS £ 2]5}% th(Gambino et o] Adslgich dxglet sty A e 27k 38°Ce} 4°C7}
al. 2008). -1 = total RNA= M-MLV reverse transcriptase 225 e g4 AR oA AT st on ulo]y A

(Invitrogen, Carlsbad, CA, USA)E ©]-&3] cDNAE A3} A A2 2L ribaviring H{Z] o] 20 ppmT} 40 ppm 2] H &=
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AT CVd ] 49 PCR S22 5 20 pLo ¥ 215 5oz Aedt 253 A ot utol
ool ¢cDNA 50 ng, 1xPCR buffer, 250 uM dNTPs, 1.5 units ~ 2A|S E3A2|dt 1502 Yo Ao, Az
Ex Tag DNA polymerase(TaKaRa, Tokyo, Japan)E &¢}5}0] = 7\7ve 27k 0= 43 QT ZF A7) W A 125
P AL H-S- 272 94°Cof| A 40%, 60°Cof|A] 40z 18|31 AR wfjokul W= AlL B =451 oF 8= T
TUCOA] 4024 217} 358] WESGch PVAS] A9 919 RNA 3E7} RT-PCRS o] §3o] uholel s Ag shoick
ZAo| extension A|7HE 20% wE3sle] Aksiich mot
total RNA 2! cDNA7} 2H43] gHAdo] gelslr] 98] 18s -4
A5 o|-83}o] 65°C2] annealing &&= = PCRE 435}tk Z} o pE

At 7= HIO| 20| = ZIgAE
Hpo| 2ol gt & FRst a8 2elst] s 2}—E Hehd e Aol A 8 @3t 19870419 Hpo]2o]=
of ufo| Zo|Evt B ZHAE 7 A|RE o] gdte] Ay AT RT-PCRS o &3tk CVde YA Aol
ke Baf 7Y =YL s3etgch A2 AEH A 1070A & 8AA7F Aol uheh 80%2] w2 A
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ar 7IW=d e 242 ‘SHH A 1 Lel| BA 2 mg, Table 2 Incidence of Persimmon viroid (PVd) and Citrus viroid

sucrose 30 g, plant agar 8g= 7}s}o] pH 582 243 & (CVd) on persimmon in Jeollanam-do

ARESEATE oF 45 Fot 71U = Ef Aol A g ui o

Q3 A2 AAE T vho| Zo|E RS FAMAS  Region

S AT 228 2= MS ¥ 1 Lo BA 1 mg, IBA 0.3 mg,

GA3 0.5 mg, sucrose 30 g, plant agar 8 g2 Z7}s}$ .2, pH
P EQul9} o] 582 2 T AL E

f& RNA & 3 RT-PCRE F38f o7& Felstir

Viroid infection rate (%)
cvd* Pvd’ CVd+PVd
Naju 8/10 (80%) 1/10 (10%) 1/10 (10%)
Yeongam  26/38 (68%) 7/38 (18%) 5/38 (13%)
Damyang  20/50 (40%) 10/50 (20%) 7/50 (14%)
Suncheon  22/50 (44%) 30/50 (60%) 17/50 (34%)
Gurye 5/50 (10%) 19/50 (38%) 3/50 (6%)
In Total  81/198 (41%) 67/198 (34%) 33/198 (17%)

*CVd: Citrus viroid.
°PVd: Persimmon viroid.
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Fig. 2 Detection of citrus viroid and persimmon viroid in
persimmon PVd and CVd were detected by RT-PCR method in
persimmon plants. N: negative, PVd: Persimmon viroid, CVd:
Citrus viroid

37°C+ % 4Cc+

Fig. 3 In vitro propagation of viroid-infected persimmon and treatments of thermotherapy, cold therapy and chemotherapy. A: In vitro
culture, B: 2 weeks treated group shoot tip culture, C: 4 weeks treated group shoot tip culture, D: 8 weeks treated group shoot tip

culture, E: Subculture of treated persimmon
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Table 3 The percentage of survival rate and viroid inactivation efficiency upon thermotherapy, cold-therapy and chemotherapy

AL el glrk. Wby B o
AP 2 A FbolA Sl 7k vl 2ol
e ARe glstdn dAe,

e, Futole s

Shoot survival rate”

. . . . b
Viroid inactivation efficiency

8 weeks

2 weeks

4 weeks

8 weeks

44% (4/9)

44% (4/9)

1% (5/7)

50% (2/4)

33% (3/9)

33% (3/9)

67% (6/9)

67% (2/3)

100% (9/9)
89% (8/9)

33% (3/9)
44% (4/9)

33% (3/9)
55% (5/9)

33% (3/9)
50% (4/8)

33% (3/9)
11% (1/9)

38% (3/8)
63% (5/8)

1% (5/7)
25% (1/4)

0% (0/3)
100% (1/1)

Group
2 weeks 4 weeks
37C 100% (9/9) 78% (7/9)
4C 100% (9/9) 100% (9/9)
o 20 ppm  100% (9/9) 100% (9/9)

Ribavirin

40 ppm  100% (9/9) 100% (9/9)
37C + 20 ppm 89% (8/9) 78% (7/9)
Ribavirin 40 ppm 89% (8/9) 44% (4/9)
4C + 20 ppm 89% (8/9) 100% (9/9)
Ribavirin = 40 ppm  100% (9/9) 33% (3/9)

33% (3/9)
33% (3/9)

38% (3/8)
67% (6/9)

44% (4/9)
67% (2/3)

33% (1/3)
100% (3/3)

Virus infection was evaluated by RT-PCR.

“The number in parentheses refers to numbers of survival plant /numbers of total plants

"The number in parentheses refers to numbers of viroid free plant /numbers of survival plants
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