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Occurrence and eradication of Plum pox virus on Ornamentals in
Korea, 2016-2017
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Plum pox virus (PPV) is a significant viral disease in Prunus spp. worldwide. A nationwide survey was started in

Prunus spp. orchards, since PPV was first detected from peach in Korea, 2015. During 2016-2017, samples were

collected from 30,333 trees in 1,985 orchards of stone fruits in 8 provinces and 4 cities, Korea and tested by RT-

PCR using specific PPV primer set. As a result, 21 trees including peach (9 trees), Japanese apricot (4 trees), plum

(1 tree), apricot (7 trees) in 10 orchards were infected and controlled by eradication program. Amplicons of the

: expected size (547 bp) were obtained from total RNA of seven peach trees in 2016, and directly sequenced.

Received November 17,2018 . BLAST analysis revealed the highest nucleotide (NT) identity (99%) with a PPV D isolates (LC331298, LT600782)
Revised February 9,2019 © in Genbank. The seven isolates from shared nt sequence identities of 98 to 100% with one another. Phyloge-
Accepted March 11,2019 © netic analysis showed the isolates in peach clustered closely with the PPV-D isolates from Korea, Japan, USA, and
Canada. This is, to our knowledge, the first report of the presence of PPV in Prunus spp. orchards in Korea, 2016-

. . 2017, we hope that our results and efforts will contribute to effective measures for eradication of PPV.
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P $4E 4o71= Be® A FFHEuto]g A (Plum pox
virus, PPV)o]| oJaf| AT A =HE 2 A& vl A
O 2 Y §Y HY SXF ol (Shini} Lee, 2013), 7|% &
Z, Hholg|& B AlE 5ol whet 75-100% =8HFo] sttt
11 B E¢tHCambra 5, 2006; Dunez®} Sutic, 1998; Garcia
5, 2014; Németh, 1994). A} F=ZHH-8 1915 E7}&o}9] A}
FollA A gelo] =% o (Atanasoff, 1932), TAE}-S K
™ 1950-1970d ] 54 A A Y(Llacere} Cambra, 1998; Roy2}
Smith =, 1994) 7 2|23 Aot ofzal7}2 AJ&o 2 1990
o ule] 2, Hulo] ul=3} AjLbrke BAHGottwald, 2006;
Levy 5 2000; Reyes 5, 2003; Rosales 5, 1998) =|%111, 2004
ol F-=H(Navratil 5, 2005), 2009'd9]] YL ofA] XS HI1E]
2tk (Maejima 5, 2010). 2014 AT 2= H|AZ 0.2 oF 507)
= ol A TSk Qi

A E=FEuLo]Z A (PPV)+= 660-770 nm A& 9] single
stranded RNA H}o]Z AR Potyvirus T}Ho]] 431 (Adams 5,
2011; Lopez-Moya 5, 1999), F2 XFUTARE, E50S
ARE 5 2059 A=) &3t H|F<4 A R Hpolg 2o 2
HE tE B= H4E ol Ao] kel B E ik (Fereres
2} Moreno, 2009; Goytia 5, 2006; Lopez-Moya 5, 1995). &}
Fguntolg At B30t 9 BAta 02 AFHH 97
ZE(D, M, Rec, EA, C, T, W, CR, An)o] ¥ 11E|9] 0 r(Glasa 5,
2013), 71 % D (Dideron) A1%5-2 AAH0.2 744} go] Wb}
L AgO R ANE, WE Aeo] Hul, B4t & 7l Aoz
B 1= 9lcH(Dallot 5, 1998; Damsteegt 5, 2007; Labonne 5,
1994). M (Marcus) A5 53, iyttt 181 20161 Y& o
Aol TAsH= Ao 2 H 1 ES] om(Oishi 5, 2018), I E,
A Y, SAAEe] HaL, A e wE Ao s HiE
%AtHCandresse 5, 1993). 71 9]o] D Alg3 M Al 5-4] A=
Rec #--(Glasa 5, 2002), C (Cherry), CR A|2] o] B = = AlF
5°] R EStHGlasa 5, 2013).

FrHolAE A 309 FF AHFFEY A RS ke
oF 19] 9] U7} AAE AL, 109 212 20002]¢) T sf
7h 8= oA 7P W BAIA ezt et Ao s
B 315 ¢icHCambra &, 2006; Mumford, 2006; Myrta %, 2006;
Ramel &, 2006; Speich, 2006). t]= HAlH| oo} 9] 72
2000-2006'd D A|F9] A FarEuo]H A dhAgo] ofsf) U
2,59557}F A A= AL, 299t D2(3309] ) 2] H|-§- &Aoo
Bl Ao 2 X 75 QtHRedding, 2010). ¥£-9] ¢ 20094

LAl BjA(D AlS)olA Ae dEiRon, AR A4E He
2 Sk AL FIsHglaL, 20109 1| w35 ¢ 0 2 SHAtE
0] 1005 o}/ A|A, 2009-2012714] °F 2,6005=F A A
A|gk v )] ookt 2013 Y& FEFAMI vholgA &
A el A F89ofgt = YR/ = AlAS 2 2
Astelet. A FaEuto|y A WA 2AL & AR AR F7}
S Hholg A HA7} 218 F-ofl Jlth(Tsuda 2} Sano, 2014).

20159 A& 59719 =g A (@ F=55of
A9 Egotoll A U 2|2 AHRgEEke | 2D AlS) 7
Fol ElH o]F(0h 5 2017), = A-FFH vhd-S gt
A7 TS PO = A FE WA A A AR
Ak 2 A= =W ol A T [ B A FEE
Hho|2jA 7Y o F 5 2AbslaL, o] vl = A 3= A|A
S AU 2AF AFTEHY A 9 A diF =g %t
7| 2At7 2 &85} 2} 51ich

Mz 3 e

HFO[2{A EAL 20169 6 A& Hedt Haof HolA
O] FAHYUA A WA et A=t X H9 5ot 4
T A 23+, 3HFS 23 ) 9] A= Lo sl AHF&
Hiy WY o 15 2 AbSkIh E3 et SR vl o
Ao = U AHRFEE WY A Y A RIS A8l =
HederdS L 5E2XTH, L4 AT AlE & 23T =
7Y @Y R 20164 74 871 9] ¥ 8691+ U(H 7=
1017+, 7= 1001+, =5 10074, =4 1013 ¢, A&
10079, A 943+, A 1727+, A 1017+-9d), 2017 6
o 87| ot /) EEAA|A] E FHAI9] F 1,146 LA (F 7] =
10024, 73 1004, =& 1891+, = 901}+¢, AE- 105
4, A 1802+, F5 1802+, e 102149, T4 253}
A, AlE 30+, 335 2039, th 253f)of ofjsf FE A}
3l cHTable 1-2).

NE HE. 722 J=F Bgot 43k10] 555 R4
U5 5 39) o]Ab, 123 BhAlo] gl A9 TS mEsl]
11574, 24674, 1634, 314, & 5554 2] A| 22 $=H5}Ac)
Aze) a2 7hel 2Aje] A9 87) =, 1) SHAH A, 37
ol o] dlake o] Al AL 7He g A EER o)l
Abe Bol AN FE o, 57 A & 3%0] 2AETE
ol 24 5-& Test] o W 570 YRS e, 7yt
o] Hz the 274e] 7ol 2H 1904 e ARk 20161
o= oA 10265 S & BEo] Po 2t o P 1o 7

£

olN ol

-d
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Table 1. Sample surveys conducted in Prunus spp. orchard in Korea for Plum pox virus, 2016

No of sites / samples® (trees)

Peach Japanese apricot Plum Cherry Total
Gyeonggi-do 68/203 (1,015) 25/75 (375) 8/22 (110) 101/300 (1,500)
Gangwon-do 93/257 (1,285) 2/6 (30) 5/15 (75) 100/278  (1,390)
Chungcheong- oo hes (1275 618 (90) 9/27 (135) 100/300  (1,500)
buk-do
Chungcheong-
54/162 (810) 44/132 (660) 3/9 (45) 101/303 (1,515)
nam-do
Jeollabuk-do 55/165 (825) 26/78 (390) 15/45 (225) 4/12 (60) 100/300 (1,500)
Jellanam-do 32/101 (505) 57/183 (915) 5/15 (75) 94/299 (1,495)
Gyeongsangbuk-do  134/402 (2,010) 38/114 (570) 172/516 (2,580)
Gyeongsannam-do  36/107 (535) 59/177 (885) 6/16 (80) 101/300 (1,500)
Total 7 (8260) 219/669 (3345 89263  (1315)  4/12 (60) 869 " (12080)
/1,652 ! ! ' /2,596 ’

* Number of samples collected from five trees of each species.

A 3 31S AL, Bsof 5573-419] 8,260 LFoflA]
1,6527, viA 2197+9] 3,345 Lol A 6697, AL+ 897
A2 1,3155 W) A 2637, A|2] 43+42] 605 LRl A] 12
ol ==o] ¥ 869 1}9] 12,9805 LR A 554 Fg
© 2 3}o] % 2,596 2] A|BE 45T} (Table 1). 2017d9]
£ FollA 109 & 3gof|A] 309(155) & F-Fof Fol 2+
T RS AR5t 874 &, 478 EEAR|A| © FAA ] B
o} 7113+919] 10,6655 LF5Lol|A] 7117, w4l 2597+419] 3,885
3 Lol A 259, AHF 150419 2,250 Lol 4] 1507,
Al 173H19) 2555 Lol A 177, A|2] 82H<] 1205 L&
oA 83, EHZE 13+9) 155 LFolA 130] =3 E]o] 5
1,1463+919] 17,1905 L of| A 153 280 2 31,1467 9] A]

£ 3stsich(Table 2).
12} F3 Al R2ol| gt A FFRutolg A {4 H7 At
¥R A U AE AAE st AFEEE oA YR
O AR 7ERJof| A 291 o)A T 8% o)Ak ARSI 221 U
5ol gt A-Fg2 A4 A P A AHEat
ol Zhd UM = AR 8520 LHRLolA] 22} 7 AR A
A FLe e 2 ST AR E st

Tx|| RNA =& U RT-PCR ZIEh A FxEnpo|ziA §-4
A AS skl 2-E HAF 109 E= 30004 1.5 mi-
crotube F=7(F 15 mg) 0. &2 4] St Hol= RES &

3 o) 9 3R910) A ET T, A ALE o 85te] B}

o} uhApAP R ul45Hic). Biocube S o] 4:3t Al 25 7|E
(BCS FP Kit, Biocubesystem Co.)& ©]-&35}o] Total RNAS 3
Z35t9 o, 24 Total RNAZ 2 Aol A AJ2HE A FFkE
Hho]2i coat protein 9ol TEHE LE AT L AT 4
Ql= Eo] zZzto|n PPV-Det-Fw2 (5° CAAGTGGAGTATCCAAT
AAAGCCATTG 3’), PPV-R (5" CAAGGGCCTGTGTTCGACAATAA
3)E 0]&35}o] Genetbio SuPrimeScript RT-PCR 2X Premix
2 one step RT-PCRE 4=3)5}9c}. RT-PCR 24L& 50°C 30
1, 95°C 58, <95°C 30%, 50°C 30%, 72°C 1£>2. 2 40 cycle,
72°C 555 AA|sto] Hiolg|AF Jdstqinh A7|952 1X
TBE buffer@} 1% agarose gelof| A AX|e}H 11, BR[eF ufA 2
100 bp DNA ladderE o] &35}tk Z2te] PCR 2 Z ALE LS
100 VoA 60E-7F A7)9% & UV transilluminatorS ©]-&3}
o] 232 SRelshgirk Sloh e PO 2 7] BN S
H 1A R A 2 & sd7IedodA sl 45 3
Edt Eool 4 AR, FYA R NS EEAA AR, U
NE2 PHE A2 52T H 850 2R

oA Rekssick

AE 24, RT-PCR 23} A} FFiatol| A /el Al =ollAl
ok 547 bp PCR AHE-2 AA| & direct sequencing E3to] &
71-8-e AAsIY T, u]ZEYRYEA H A E (National Center
for Biotechnology Information, NCBI)2] BLAST £4] 9 8-
g Bttt
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Table 2. Sample surveys conducted in Prunus spp. orchard in Korea for Plum pox virus, 2017

No of sites / samples® (trees)

Peach Japa'n ese Plum Apricot Cherry Plumcot Total
apricot

Gyeonggi-do  71/71  (1,065)  20/20 (300) 9/9 (135) 100/100  (1,500)
Gangwon-do  92/92  (1,380) 4/4 (60) 4/4 (60) 100/100  (1,500)
Chung
cheongbuk- 174/174 (2,610) 7/7 (105) 8/8 (120) 189/189  (2,835)

do

Chung

cheong- 52/52 (780) 33/33 (495) 5/5 (75) 90/90 (1,350)
nam-do
Jeollabuk-do  82/82  (1,230) 3/3 (45) 11/11 (165) 11 (15) 8/8 (120) 105/105  (1,575)
Jellanam-do  37/37 (555) 130/130 (1,950) 12/12 (180) /1 (15) 180/180  (2,700)
Gyeong-
sangbuk-do 91/91 (1,365 1/ (15)  84/84 (1,260) 4/4  (60) 180/180  (2,700)
Gyeongsan- 353 ago) s9/59  (885) 11/11  (165) 102/102  (1,530)
nam-do
Daejeon-si  25/25  (375) 25/25 (375)
Sejong-si  30/30  (450) 30/30 (450)
Gwangju-si  16/16 (240) 2/2 (30) 2/2 (30) 20/20 (300)
Daegu-si 9/9 (135) 4/4 (60) 12/12 (180) 25/25 (375)

Total 711/711 (10,665) 259/259 3,885

150/150 (2,250)

17/17 (255) 8/8 (120) 1/1  (15) 1,146/1,146 (17,190)

®Number of samples collected from fifteen trees of each species.

2o nF

2016 XIS 2EE XAL 20164 6Y Y ZAPFHE RO
AFEgEy Y o4 w7F ol mhE St 2 43R A%
< 53 AE A= Epof 43+ 5555 LhEof oigh A4
AHE SITE A EFREEbo| A 7 B3-S AR $i5te]
% 5550 Astel §A% kL AT A3, Bgof 23
S RA R e R e [ R ekl e Ead s e e P
(Table 3).

A At FYE diate 2 I A EgEEo]g A 7+
32 A3 98] 2016 87 & 869112) 12,980 L}
oA 259689 A=E s 3 Fa A=l o
S ApFEEEbol# A GAR; HAS AR Ay 133419] 14
HE&Esok i 22 77) A=A AHFgEutol2f A ot
= Bk U T AAS flsto] ot 73H(37] 2
I, S 20, A5 23, A 13H) 9] 595, vl 63+
(371 13+, S 130+, A5 33, e 13- 595774

O_L..\_,

BN

% 137Hoq 1185 LFRo] o]} SAME Bol 9 RS
Aol $2% AHL NStk 1 A Bpol 39 AE
2914, % 13490)0] 4%, Ul 23H (A% 1 THY, A1 3
9] 35, F A5 57 75004 A BRbtole A A
SIshic A8 AL Be Wk 759 A BRmfole A
7 Aol meh 1 7 9 85, & S0R(GH 20 - B g
o} 24%, 2% 29he - Epol 77, A 85, i 13He - v
4%, B0t 6%, A 13004 that 27HAQ A2E ARt
Stk 34 Hgo} BHeo] A Ut HAlo] Qi A Frhz
B2 At ARH AT HE Bgot 7h1o] A9 o
80] U7k EAI5HA) got 752] LRt AR |9, Al
9] 3% glo] o} 91 skot 2712 Aste] ARk
7 v T o) o] 850) LEEAL AR ghot wi,
B0} A5 5 1572 AUste] AAsHgck 1 A% B 4o}
FE 139, ThA 1A 174 B 2304 71 A
S gunbolas 4aS SIskth 1 F 34 Baot Bele
A8 9 27 HAL Bl 147t 2AbEle] Z7hAel 2ALE 5

.

w
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Table 3. Incidence of Plum pox virus in Prunus spp. in Korea, 2016 - 2017

Complete enumeration Sample survey
2016 2016 2017
Host plant
Sample collected / RT-PCR positive
sites trees sites trees sites trees
Peach 4/2 555/2 557/3 8,297/5 7111 10,681/2
Japanese apricot 219/2 3,365/4 231/0 3,465/0
Plum 89/0 1,316/0 1441 2,168/1
Apricot 4/0 60/0 1711 286/7
Cherry 8/0 120/0
Plumcot 1/0 15/0
Chines wild peach 5/0
Total 4/2 555/2 869/5 13,038/9 1,112/3 16,740/10

A gt AE wj A ] A9 7k o] ElE vid
U =9 oA 8500l gt £7] AlRE AR S| AHFnt
ofel A ATHE T A, 271A) e BelE st
o} 87) =ollA] % 8697Hlo] cigk 13} 28, 7 AH(12.980
), 291 9] = U HA(58F) F 13,0385 Lhtof| Tk A+
Frufolel s 7H9 2A} Az}, Bl 334 919) 57, o4l 2219
o] 4%, % T 5719 9704 AE ROl A A S 8
QI3kih 20164 2 o] B o} 4zkele] Mozt % A
= 7 869+ Y-S o= HERA I AR F 7Y N
F(Eob 75, A 4F)o| A AHFFEE|H A FES 2
I\ (Table 3).

2017 RIEBES XA A W75 LS o
20179 F AEBRAtolHA 71 AFE 2A] A9
20161 Z A9} Hl st} Saks AAo] Y S5 (1893}
<), Ay (1807H9)), A5 (1803}9) x|2je] 24} THglo] o
w1, 47) B A] 9 oixe] Bjzks 7o) 7hEgict
(Table 2). & 1,1463}+99] 17,1903 oA 1,146 9] A2
22519tk o] % A7 B3 Fo BA|Z vl 2871914205,
287), A5 6744l (00, 67) % 3471912] 510504 5415
A& 34340] F|7]=]o] 1,1123}-9] 16,6805F Lol A 11127
o 58 F-g A=l et AEBRuolgs 47 S
AXjalgck 1 A 6744le) R ol 48, X, AT 2
1) A2 A Ruola) 0] QpAhe-& Belr) U
M AR $lote] Bgot 4nH(AE 43H9D)9] 607, A5 1
TGS 13h) 0] 155, AT 13hed (43 13he)0] 155, %6

1o 4] 907 L}50] o)A} ZA4ME Hol 9l ARE 4315}
of §707 AAS HAISIATE T A} Bgo} 17 A 13}
2)9] 2%, A5 1T 13H)0] 15, AL 13 A S 13}
2] 3%, % 9715 33-9 6504 A FBRHold A e
shelstlet 8 AR S B8 HThs 650 A Earnolal s
790 shgol ne} 7hd 7 29 8%, £ 487(AR 3 - B
o} 165, AL 85, AT 2470 T3t 27140l N 2g 54
Shoiek 1 A3t AT 47(EE 13 o)A 7R A E Rk}
olgls 7 A ST 2712 AHEFRutolel A 4]
shelsl A7 3h9lo] A9 A 9 271 FHEF) F ge g
QAT 73 9 JjE o} 53, & 12504 AR F72 A
sho] AR, 2714 2L BHelEX] gholh. A= 9}
2 798 oAk 2 20174 64 87) &, 47 SEAAA) L B
Ax|9] % 1,123 ¢lo] g 13} 52, /2 A7 (16,6805, 24
o] F U 74(60) % 16,7407 L}50] tiat A1 Zn}
olels 74 AL At ot 13hUe] 2%, A 12499] 15,
AR 13hl0) 77, & kR 33H9 10504 AHE-Butol2]
2 7 Bl girH(Table 3).

$73 TeI0| AIEZEY AL 1) 9 7o X v}
ol2|2mel A 5-EwHo] 20151 9% Fuj) Bpobolx] 1
o]l waHoh £, 2017), 20154 104 87} & 16|92 Sjz}5 3}
ol 7934, R WA 12 Whe ol 4 5004] A=
£ Aol AEFRutolel A A Eo] Zetolnjg 0|43
of §HA 1% T Aak AEERuolEA Zee TeluA] oF

AR ). S A2H G A3 T w5y Sk

ol
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o] 7k el AT BHBY 27] vt S A
FaEatolg A Y A RAME AT 2AF A, A7 A
AR, A 2 ERRE SR A8t 319, g
ol /HH= %k 201620174 6-797%, w @5 dLtdS £
AR F2XEAH L 7 AT FH7ISAEE TR & F7)
=9 Yoz i AR 2,0197- o] it SobxARE A
ARt Ay}, o] B, iAto]3 5o o S HEE 4 %
ot dF vhy T A FFEEY g S A o
Srek AHEgubole| 2] ZHGE A4 HRE o, B},
A FHO AF Wby, B 5 W, A B, 3} 1A, 2o
25 FApo] Uehe, oleidt SARS U A, 715, &
Z Hholg| & A Aol wheh g 2ol & Eelrkal Hu g
tHDunez9} Sutic, 1988; James 5, 2013). A|A| A LS. &2 220] &
o] vpo|gjA7} Bootof WA= 2o = H Qo m(Fau-
quet 5, 2005), 1 3 Apple chlorotic leaf spot virus (ACLSV),
Prunus necrotic ringspot virus (PNRSV) 5 70| 9&, 32
BP0 2 waste] k4 S S oFSARITIRL B E )
(Cho -5, 2012; Lim 5, 2015). whebx] et AHF=F12 24y
EAHE 913 20164 B3R HET B0} B HpzAL 2
2016-20174 87} =, 47} EWAX|A] 9 FAR| O] FEZAS
=) =) 317 198571910] 30,3335 Lol AlRE S48

CG, Peach (4)

JG, Plum (1)

JB, Peach (3]
JB, Japanese apricot (2!
JB, Apricot (7)

Fig. 1. Map of Plum pox virus (PPV) incidence in South Korea, 2016-
2017. Dots (area, host, no of tree) indicates occurrence of the PPV
characterized in this study. CG, Chungcheongnam-do geumsan-
gun; JG, Jeollabuk-do gunsan-si; JB, Jeollabuk-do buan-gun; GC,
Gyeongsangbuk-do cheongdo-gun; GJ, Gyeongsangnam-do Jin-
ju-si.

of AT Fuvtole|2 7Y ZAE T A3 44 = 574 A2
10T+ 2153 20+ - B5oh 45, A& 514 - B0} 3
5 WA 25 A5 AL 7 AR 230 - Baoh 23, A
1349) - oA 2F)ell A AL Fanole A 2L FATHYO
o, BrE 220 utet Y Fofl et #7] 5 AT AAIEA
thFig. 1).
AE BM. AFFEHEtolE A o] E4lH A& F 2016
W ot 770l et PCR AFE-2 A 3 PR direct
sequencing (Genotech, Daejeon, Korea)& £35}o] H 500
bp Jx= 9] F7|1MFS A5 Pl HAAEH ZAE (Na-
tional Center for Biotechnology Information, NCBI)2] BLAST
74 23, Genbanke] 558 AR Zuuo]H 2 D AF £
FE199% H71ME A58 Bk AT FAUAE
B A3517] 95}4] Geneious 8.1.9. = 2 7139] ClustalW, PHYML
(K80, Bootstrap 100)2 AF-&319 1L, 7|&of 1% AFHH
Hholg A =8 #AF21 D, M, RecE 33t 6415 1371 &8 5
S lm 2435k 20169 Fj WA AF Fuetolsls 2
2] 3= Zto]l 98-100% == A7IAE 45 4= HL, 7]E9
B g D AE E4ol Ba]3(LC159485, 3H2015), E4o}),
Oul £a]3 (AB109100, Y%, tjAl), PENN1 £2]32(AF401295,

AY912055 (W, Canada)

100 AY184478 (C, Germany)

— AM157175 (EA, Canada)

|- DQ431465 (EA, Slovakia)
AJ243957 (M, Spain)
100
10 M92280 (M, Hungary)
FM955843 (M, Greece)

o3[ AY028309 (Re, France)

HG964686 (Rec, Canada)

 AY912057 (D, Canada)
Peach (CG, 278-5)
B9~ Peach (B, C-2)

100 4 Peach (CG, 293-1)
5 Peach (GC, 8-5)

I Peach (GO)

3 Peach (CG, 1-7)

i AB545926 (D, Japan)

Peach (CG, 293-8)

3[ AF401295 (D, USA)

LC159485 (D, South Korea)
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Fig. 2. Phylogenetic analysis by Maximum likelihood (ML) method
showing the relationship of Plum pox virus (PPV) isolates from
countries based on an alignment of nucleotide sequences. ML phy-
logeny reconstructed using simultaneous NNI moves. The log-like-
lihood of the corresponding phylogenetic model is -40594.32868.
Numbers in the tree correspond to non-parametric bootstrap sup-
ports (100) replicates.
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