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In May 2016, 24 peach samples showing abnormal and virus like symptoms were collected in one
of major peach producing area, Yeongcheon-si, Gyeongsangbuk-do, Korea. We performed RT-
PCR diagnosis for confirmation of viral infection. The diagnostic targets are 17 species of viruses
and viroids that quarantine and high risk pathogens when it occur. As a results, seven species of
viruses and viroids, including an unreported (Apricot pseudo-chlorotic leaf spot virus, APCLSV) and
a quarantine (Peach latent mosaic viroid, PLMVd) species in Korea, were detected. For the sequence
analysis of unreported virus, APCLSV, the sequence of coat protein gene were amplified and cloned.
The sequence showed 97% nucleotide identity with other APCLSV isolates and compared with other
seven species of reported Trichoviruses. This virus was classified as APCLSV based on the sequence
and phylogenetic analysis. This isolate was named Yeongcheon. As patterns of APCLSV occurrence,
all samples that APCLSV detected were co-infected with Apple chlorotic leaf spot virus (ACLSV). As
properties of ACLSV, APCLSV has high possibility of wide spread disease in fruit tree farms in Korea.
Therefore, it is necessary to do related researches, such as infection route and influence of disease in
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& 5 OF(Punus persica)= %1 2+ (Rosaceae) HUF-4  rus [ACLSV], Apple stem grooving virus [ASGV], Cucumber mosa-
(Prunus)l] &3t0, -2lutato] F AJui ™ A2 19,303 haZ icvirus [CMV], Hop stunt viroid [HSVd], Little cherry virus 1 [LChV-
(= 7Hs A g, 2016), Ak, v, 73t SHA| =8 A A dh4=o| 11, Peach latent mosaic viroid [PLMVd], Prunus necrotic ringspot
o} 7% 9] upo] g A Q) vlo| 2 0] = (Apple chlorotic leaf spotvi-  virus [PNRSV])7} = U] E-%ofo] B 1% o] QIthCho &, 2012;

Jo 5, 20164, 2016b; Lee 5, 2004; Lim 5, 2015; Park, 2015).
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ot ofl 5510, o] 2] ofo] A A& 1. E AArHLiverti 5, 2005)
www.online-rpd.org ' ’

©The Korean Society of Plant Pathology
@This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licens-
es/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

75



76 Research in Plant Disease Vol. 23 No. 1

APCLSVE E3§}3}9], & 75 9] vlo] & A7} Trichovirus 2 &
5101 9lcHFauquet %, 2005). o] vFol el Ak 71414 4%,
A= 5ol Yl A=, M7 A= 414 22 8§ A A
ok th(Liverti =, 2005). APCLSV= o] Erg|olof| A & H il
H o] F Fol A BILE G S U(Niu 5, 2012), oA =
oFR7hA] W E A okh. whaba] o) ¥ Aol A ehele
Hho| 2 A0 U Y o R E B v g},

A2 2. 2016\ 5, -zt F8 Fgof Auj 4k
A%l A& 3 A H 9 Hof Al 57t A E]Z(chloro-
sis), ¥ A HFA (necrotic spot), & ™ E| = (vein clearing), 33}
(vellowing) & ©|/¢5/} vho] 2| & WA (Fig. 1)=& Hol=
5ol ¥ 243 A AT AP E A me B ESOL8E
FTHFE, A0, Jv|, v, v, Ak, 1], 19)
o A 198, A =& 50 ¥ E(P. persica var. nucipersica) 2%
(HE, 3ol A 55 ol th(Table 1). =3 A E= 52 4
Z8to] 242 YFL(-70°C)0f| Hkstm] 712 Ql Ao
AR&SF ST

M| RNAZES % RT-PCR ZIEH Y E E5ol A&
of ZHHH o] HAE Fl5l7] 93| easy-spin™ Total RNA
Extraction Kit (iNtRON Biotechnology, Seongnam, Korea)& ©|
£35to] AT AL Lol 2 A A RNA (total RNAE &
shith e a2 A9 HAA 2 A H Hol2l & Be

Blo] 20|28 FH 02, TS AT Fuske] ) %
A7hsdol =AU A Al AR =7 &2 F 175 (Ameri-
can plum line pattern virus [APLPV], ACLSV, Apple stem pitting
virus [ASPV], ASGV, Apple skin scar viroid [ASSVd], Apple mosaic
virus [ApMV1, APCLSV, Cherry green ring mottle virus [CGRMV],
Cherry necrotic rusty mottle virus [CNRMV], CMV, HSVd, LChV-1,
Little cherry virus 2 [LChV-2], PLMVd, Plum bark necrosis stem pit-
ting-associated virus [PBNSPaV], Plum pox virus [PPV], PNRSV)©]
ok A 2 7| 2of I3 A (Bae, 2015; BajetT} Un-
ruh, 2008; Cheong 5, 2015; Cui2} Hong, 2011; Kim 5, 2009;
Kofalvi ‘5, 1997; Lee &, 2014; Menzel 5, 2002; Niu -, 2012;
Park, 2015)| A AH&-E| A, M= o] F Fol2 oz A H
Zglo|H(Table 1) ©]-23t one-step RT-PCR 2 thH o] T}, 9F
/J BF-§-Z H ¢l RT-PCR 4H&& vl =2 2 %l (Macrogen, Seoul,
Korea)Alol €] &3} direct sequencingdt o] 53 Alz0] 3
o vpol 2 o upo] o] =9 @7 AYS skt
(data not shown). &t 23}, 535 2] Hpo] 2 £} 25 9 Hfo]
Zolert AEH Ut AEH vho| Y A= ACLSV, APCLSY,
CGRMV, PBNSPaV, PNRSVo| ], H}-0] 2 0] == HSVd, PLMVd ]
o} 28], BE A 2 A PLWVA7} A2 H AT U B4of
of R11¥ # o] gl APCLSV, CGRMV, PBNSPaV7} 2| &2 &
A== e m, APCLSVE - B5of o] ] & th& A=A
A= Hig vt gl S Bt A EAst= Aoz
&2 A ACLSV, HSVd, PLMVd, PNRSV= o] ¥ A1 & of A &=

Fig. 1. Collected samples showing virus like symptoms on peach (Prunus persica) leaves in Yeongcheon-si area. These samples were col-
lected in formative period of shoots. (A) Chlorosis. (B) Yellowing. (C, D) Vein clearing. (E, F) Chlorosis.
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RS AT = AR ASGY, AWMV, LChv-1= HEH A &

QrtH Table 2).

Q|m| Tl HI|ME FE. RT-PCR 2o Al APCLSV
Eo]7& Zalo|mof 9FA-S K2l AX RNAE SuperiorScript
Il cDNA Synthesis Kit (Enzynomics, Daejeon, Korea) 2} 1871
2] thymine 2.2 4 ® Oligo dT(18) Z2to| 2 o] &3},
DNAE @/ sHth &, ud®d |74 E& 533517
2] 3l National Center for Biotechnology Information (NCBI)<2]
GenBank®]| 7] 2315 APCLSV 7] A €S o] 8314 249
Zato]HE A A S} nested PCRO|| |83} thHouter pair:
APCLSV-F6505, 5-GTA AAA GAG AGA AGG AGG AG-3’; AP-
CLSV-R7448, 5'-CAC TCC AAT ATT GGT TAG GAC-3’; inner pair:
APCLSV-F6596, 5-CAG CGA GTG AGG ATG AAT C-3'; APCLSV-
R7421, 5-CTC CTT TGA TAA ACT GGG AC-3'). &4 = <DNA
£ BioFACT™ Lamp Tag DNA Polymerase (BioFact, Daejeon,
Korea)E ©]-§-5t Al FALS] w7 A ) 2 53} T

M
=.

olN

3z
=

HI

ou|thE HIIME ZE H FAA

GINV CP

GPGV CP

ACLSV CP

100

100 APCLSV CP Plum
100

APCLSV CP Peach

HAPCLSV CP Yeongcheon

CMLV CP

PcMV CP

PhMV CP

Fig. 2. Phylogenetic analysis of Trichoviruses, including Apricot
pseudo-chlorotic leaf spot virus (APCLSV) isolate Yeongcheon
based on coat protein (CP) genes. The phylogenetic trees were
generated by maximum likelyhood method with 100,000
bootstrap replicates by DNAMAN 7.0 software (Lynnon Biosoft,
Canada). Viruses and National Center for Biotechnology Informa-
tion GenBank accession numbers were used in these analysis:
Apple chlorotic leaf spot virus (ACLSV, AB326224), APCLSV (Plum,
AY713379; Peach, NC_00694 6), Cherry mottle leaf virus (CMLV,
AF170028), Grapevine berry inner necrosis virus (GINV, KU234316),
Grapevine Pinot gris virus (GPGV, KF686810), Peach mosaic virus
(PcMV, DQ117579), Phlomis mottle virus (PhMV, AM920542).

PCR AH=-& EZ-Pure™ PCR/Gel Duo Kit (Enzynomics)E ©]
o AASE H Park 520112 Wt o7 Z2Y 53 th
alo] Z3HE HiA] Aol FAAE WA F2Y F HE o 4
‘J% 71X 8 dol7t dAet= F2YE WSt vl
FH A=A ETL0ES FE5HY] st 2 A o o] F s}
o 71 ES AT 714 E Z4 o= DNAMAN
7.0 Z 2 I3 (Lynnon Biosoft, Quebec, QC, Canada)= AH-&
sttt 2F 289 9714 €& GenBankof 4] Blastgt 2
T} F=ro)| A B 3% APCLSV £ 2] 3= (accession no. JN873309)
9} 98%, o] &rg|ofof| Al B ¥ APCLSV H 2] 3= (accession
no. AY713380)%} 97% 45 4= E % th(data not shown). IE,
Trichovirus 79| Hio] 2|2 9] Qjujdti 2 J7| A d F-H 3
AE AT A3, olg ot A Egotet AHFoll A A&
HF 2 HE w2 FEBAE A= AS A
% 9L 9thFig. 2). &, o] @7] 4 Qo 7]ukstel, o v cha
9] otu| At M E S 7| B E APCLSV F+ &
nos. AY713380, NC_006946)2} H| 3}t 7| R H &= &
2l 44 Beotet ARoA RuEglod, & £ F
Atol o] oujthiE o] F7] A E | ofn|l At AE S A=
100% Y| gtet. o] 7 & 2| 5=} o] H Aol A Br&fZl &7
£ 271 95.34%9] o kAt A A& B A thFig. 3). et

A ol AFo A WA AL ES HIF 2 E Ho| g A E
APCLSVZE 573} 1 Yeongcheon 22|52 Y3ttt 2

Z+(accession

APCLSV Plum
APCLSV Peach
APCL5SV Yeongcheon
Consensus

APCLSV Plum
APCLSV Peach
APCLSV Yeongcheon
Conszensus

APCLSV Flum
APCL5V Peach
APCLSV Yeongcheon
Consensus

VHLIEHM STOGNINGMIFRQLCEAFAFEARDG i LE] 1z0
[VHLIEMFRTSSTOGHINGMIFRQLCEAFAPERRDG 7| 120

APCLSV Plum
APCLSV Peach
APCL5SV Yeongcheon
Consensus

YMGVETHLY¥GTMEEWV 2GLHMLIMDOERE 180
(MGVETHLYGTMEEV F 2GLNMLIMODQERE 160
YMGVETHNLYGTMPEVGGKHEELMFOFHE MLIMDQE 160
yngvEftnlygtnpevggkhpelmfdfn c-"n__nqu::

TLITHMERRLMOTEHARSENEAKISAVSTOLC 192
TLITHMHRRLMQTEHARSENEARISAVSTDLC 1g2
TLITHMHRRLMOQTEHRKSEREAKISAVSIDLC 13z
tlitnmhrrlmgtehakseneakisavstdlc

APCLSV Plum
LPCLSV Peach
APCLSV Yeongcheon
Conszensus

Fig. 3. Amino acid sequence alignment of two reported isolates
and Yeongcheon isolate of Apricot pseudo-chlorotic leaf spot virus
(APCLSV). Two reported isolate sequences from National Center
for Biotechnology Information (NCBI) GenBank (APCLSV Plum, ac-
cession no. AY713379; APCLSV Peach, accession no. NC_006946)
and Yeongcheon isolate sequence determined in this study. The
homology of the two reported isolates and Yeongcheon isolate
was 95.34%.
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B o |7 X
(accession no. KX768275).

APCLSV= 20059 o A& RIALE 1oy T 5Fe] 43}
o E A= vnet Ao s, olH AFoA AL
2y £EZE FUst o] HiolBl A s HEE E7]0]
Ar(stem grooving) 54+ 8] AU (Prunus salicina) 2} & X
(butterarura) S} 2] AL U5 (Prunus armeniaca) | X A&
H B 37} Qe Y (Liverti 5, 2005), B3 oo A 9] FLA|
Q) WA R E A gttt oW AT 4 APCLSVZE
28 AR A HE, T AN, AU E ) WAS B
S Ao, AF el AT R BIE HER £
7] o|A}Z AT} T H 2 Ao 323} 4= ¢ 9l T T3 APCLSV
7} HEH BE A EE APCLSV 2]9f] ACLSV, CGRMV, HSVd,
PLMVd, PBNSPaV, PNRSV % & o] A}¢] ulo] ] A Fi= w}o)
Zol=ol Bt o nE WAL S5} oL A
© 2 goEh $HH, APCLSVA= Trichovirus 2] E4] F(type
species)?l ACLSVE} A & EAJo] §AISH Ao 2 dHA
S H(Liverti 5, 2005), o] H Ao 4 APCLSVZ A& H A&
o A B ACLSVZ A= H it o] H et A S vl S
APCLSVE=ACLSVEF B =8 ZHH JFAS HY Ao 2 AJ7ZhE
ok uhbA, APCLSVEY] A g i it &S EA 2A 5=
Tl HootE ZHT A bl tiEt A E oAUE g
27}tk

g2 NCBI GenBankol =3+ th

FO

OF
=

2016\ 59, S uet B5obd] Fa4kx| ¢l A& G A
Aol A B E, AN, G B 5, otet e Hiolg A~
A7t o] AL Bolk Bpol A A S NG o]
ARE vho] g2 4 o 2.5 Be15H7] 913} RT-PCR 21
SHE ol gotel Attt AT AL Ao FAA
A Hhol 3 & B v 2o =8 F4 02, 29
5 gashel Fu PATFSA o] £AL A A AFE
7h e 5 175 0|k A A, o) 4 RE Ho] g
H}o] & A 15 (Apricot pseudo-chlorotic leaf spot virus, APCLSV)
1} A o vlo] 2 0] = 1Z(Peach latent mosaic viroid, PLMVd)

& Egstol, 3759 vhol el 2} vo] 2ol =7t A2 E Y
t} vlol 2| A5 54 3}17] 93, RT-PCR AHE-S sequencing
ato] gelatgleh &, W u] 2 1 E Q1 APCLSVZF A& H Al
®E o|-&3to] APCLSVY] Q| uj el d 5 A5 o5kl Qle
H7IMEe SE5to] 253t 24 E H7IAE2 7]
HIE APCLSV &8 79 97% 2] 454 Eh o] 99

[e3

el 2] o 7] A G-& Trichovirus<s Ho] 2| A3} Bl B4
3o, FF A 02 APCLSVY S g3l sttt 57 | APCLSV
£ Yeongcheon £8|F 2 WHsly 24 ujcha &
7] 4 €& NCBI GenBankol| 555} Stk APCLSVE] &HAY <
&= EH, APCLSVZL HEH Al &5 25 Apple chlorotic
leaf spot virus (ACLSV)7} B3 F = o] 2™, APCLSV=
ACLSVe} 184 A B/A 7 7H7hE Ao 2 oA Utk
ACLSVE] E4 ol Hl-r°1 B mf, APCLSVE 2 TH4= k7)o
ge) M ps ol B8 AL R A7tk 25 2
W57kl ] d 3 ol ¢ E A7 e st
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