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The 4 viruses, the Apple chlorotic leaf spot virus (ACLSV), Apple stem pitting virus (ASPV), Apple stem grooving
virus (ASGV), and Apple mosaic virus (ApMV) and 1 viroid, Apple scar skin viroid (ASSVd) are known major viral
pathogens of apple trees in Korea. Infection degree of the 5 viral pathogens in the commercial nursery trees
of major apple cultivars, ‘Hongro’, ‘Fuji’ and bud mutation of ‘Fuji was investigated. Infection ratio of the
ACLSV, ASPV and ASGYV for scion of an apple cultivar ‘Hongro’ were 100%, 81.3% and 100%, respectively. On
the other hand, no infection for either ApMV and ASSVd detected. For the root stock of the cultivar, infection
ratio of ACLSV, ASPV and ASGV showed 87.5%, 81.3% and 100% as well as ApMV and ASSVd were 12.5% and
6.3%, respectively. From the scion of apple cultivars ‘Fuji’ and bud mutation of ‘Fuji’, infection ratio of ACLSV,

ASPV and ASGV showed 86.7%, 86.7% and 100%, respectively. Whereas, no infection for either ApMV or
ASSVd detected. From the root stock of the cultivars, infection ratio of ACLSV, ASPV and ASGV showed 86.7%,

93.3% and 93.3% as well as ApMV and ASSVd were 12.5% and 6.3%, respectively. Result of our study indicates
that most of commercial nursery apple trees were supplied with multiple infections by apple viruses causing
potential losses for apple growers and, henceforth, agricultural policy for supply of the virus-free trees should
be employed as soon as possible.
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Challen, 1972; Wood, 1979). $-g]u}etof| A Abatof] A7} &
= 34 vlolg| Ao = E|EHEY Hlo|HA(ACLSV, Apple chlorotic
leaf spot virus), Ao v}FO]H A (ApMV, Apple mosaic virus),
Z7)5E ulo|2 A (ASPV, Apple stem pitting virus), Q7427 v}
O] A (ASGV, Apple stem grooving virus) 5-©] 3L H}o|Z0]
Tofl= $J= ulo] 20| =(ASSVd, Apple scar skin viroid) 1Z9]
H 3153 QItk(The Korean Society of Plant Pathology, 2009).
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53], B9 vio|Z A(ACLSV) = vl = B g0 7]
I U2 vpo|HA(ASGV) & BgoftFol = mjFlE #ot
(The Korean Society of Plant Pathology, 2009). ©|& Hfo|8| A
of vpo|ZolE= T E E3} FrHsto] +AIE HHS| Hoj=
231, B 2| 8t T TARI Hei & S, = AR
ol 4 20-40%2] AWAHE S 7PA L a1, B 2 AFEAd Ast
£ 2dot= Ao 2 B EQtHKim 5 2011; Kinard =, 1996;
Liu %, 2013; Menzel %, 2002).

ACLSVO] AL T2 FF oA =77} ZolAHA &
o] ALYl GHA|H, %7]7} ZojAl= 5 &SR
LB (Kim 5, 2004), ‘38 FFolAe= 49 A& At
HEHA| Zolo] GO 2o Aghgo] Wol Ao FrA|stE
ZHSFRTHKIM -5, 2009). LU, v 413 FFol|A= o5

&= HolFA] 23ttHCho 5, 2010).

ApMVol| ZHHE Attt A% =gt o] vhlS f/dstaL, ¢
F7F AEw, A% w8 @ o AAE of7|dttHLee 5
2013). 3L o] vpoajof ZHAE At ‘T FFoA = L
OF F7H2173 Aol 5] A BAE HIATHKIm 5, 2009).

ASPVol| ZrH=H £717} Zlo] uto]HA I |(necrosis) =]
U k2 HA IAHpitting) S/ HolARE M.267 ZHE o4
=2 o] vRojgj2o AgHdo] FFsto] W& o] WrHOoh 5,
1973). 3HH g o 2 = d2j7l ASPV -2 FEHF9 o]}
4 &2 E71° pitting S0 UERAITE M 0] 27] = &
ORAHHA HIT7} &A= o] flute fruit'd} 22 7P HE st
7% 3HcHKim 5, 2004).

ASGVi= Hl Ala F-Foll A Aol gt ol FA3e 3
< & +5=31L(Cho 5, 2010), ©] BFo|2] 28] o] o] 80%
ool =7Fo] 50% F = 2 E{tHHong 5, 1985 Nam}
Kim, 1994). Ak} ‘513 F-Foll A= A= Aol A= F3F
o] 7H &8kl WA Aol Wi 2 FOf S B
(Kim =, 2009).

ASSVdi= 1935 F= REFoA A4 22 A=
(Ohtsuka, 1938), Y&, vl=, F4, Q1% SollA % o] WAt
tHCambellz} Sparks, 1976; MillikanZ} Martin, 1956). $-2Jut
Sholl Al 10081 Aol AR £9 B w7zl x B
FoA HzE H1H o], 20009 = &9, B &= ¢
£73 119 7} 57114 109859 & gol AT, 571 8
ZHAE-2 8-100%0]2THKim 5, 2011; Kwon 5, 2002). 2009—
2010 9] At} vlo] 20|t g A8 £AMAE H7|% &
oA 3.6%7} ZFE ASZ YeERGTHKIM 5, 2010). ASSVdo]|
AR A AL Yoyt E7ol|l A YEhA] g 2 1}
Hof| Yephun, 1=t dhy S o] A7 & AA|F o= 19

i}

ko] B UsHA "rhHKim 5, 2010). E3L, fruit dappling,
scarring, cracking ©F7|3}+=d|, dapple apple HA-& s
(chlorosis)o} B33k 3ol =79k 470 whe} 27]9} 24
o] t}2 7 YehdthKwon 5, 2002). 12|82 AA H4:
=& ZFe vo|2o|= Rm Fgo] FRskrHkwon 5,
2002). A} Hpole 2 0] M WHE-L F2 HEof ofsiAL B
Y7k HFof oM = ZrHe] E o §lem, ASSvdel -2
slo| 2o =0] A= Aoleh e B Ml 2o o)
A= ZrEEtHArai 5, 1990; Kim 5, 2004, 2005, 2010).

B A7E YA 45ET Qe AeE 5 T2 L F
A5} o}5 ofzilo] B35Sl tia) Mok th=-S 25}
1 2] v}o| 2o =(ASSVd)e} 4 F9] Hiol2|2(ApMV, ApMV,
ASPV, ASGV) 7+ o X2 2 A}3Lar Alabufolg Aol 7+ Ale)
£ sjotato] E YA % Bgel ot 712 AR 2 T4t
27} Sk,

Mz 3 e

Aot 2=, 20169 A=59) AR BHE YA w9 16714
(S5 4, 591, AR 1, B5 10014 At (Fig. 1) B

A0S 55 9 EEDE B 26t £, 2
S Ul TR AT F2 U FA) 5 ofzle] B X3
Sho] 1A HE-S 42t 574 TSR, o] F 3740 ofgl
S Bl FEUEH FYAASZTe Lo 7))
A we Afautolels AEWE EYE ol e o2 g
A5tk

Total RNA £&5. A} BHEO| 4o tj5S FE5tq &
7] 100 mgS £} 2 ml tube (Safe-Lock Tubes, Eppen-
dorf, Hamburg, Germany)o] ¥-& t}+2 @ 6.3 mm stainless
steel bead (BioSpec Products, Inc., Oklahoma, USA)E €11
TissueLyserll (QIAGEN, Hilden, Germany)& AF-8-3}¢ 30 hz2
30% Z<¢F 4515tk Total RNA 22 GeneAll Ribospin™
Plant Kit (GeneAll Biotechnology Co., Ltd., Seoul, Korea)& ¢]
251437, =731 total RNA= Nanodrop 2000 (Thermo Fish-
er Scientific Inc.,, Massachusetts, USA)-& o]-8-5}o] AFFs14ttk
E3E Z=Z35t total RNAE= 1% agarose gelof| A4 150V, 17571 Z17]
% 3, UV transilluminator (Major science, lllinois, USA) = &+
Qlal e,

cDNA &4 2 PCR SZ. =73t total RNAE GeneAll

HyperScript™ One-step RT-PCR Master mix (GeneAll Bio-
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Fig. 1. Locations of the nursery apple trees collected. A-D, pur-
chased from the 4 production farms in Okcheon, Chungbuk. A,
‘Hongro’ and ‘Fuji’/M.26 double grafting; B, ‘Hongro’ and ‘Fuji’/M.9
own root; C, 'Hongro’ and ‘Mishima Fuji’/M.9 own root; D, "Hongro’
and ‘Fuji’/M.26 double grafting. E, in Cheonan, Chungnam and
‘Hongro’ and ‘Fuji’/M.9 own root. F, in Namwon, Jeonbuk and ‘Hon-
gro’ and ‘Fuji’/M.9 own root. G-J, in Yeongju, Gyeongbuk. G, ‘Hon-
gro’ and ‘Myanmar Fuji’/M.9 own root; H, ‘Hongro’ and ‘Myanmar
Fuji’/M.26 own root; I, ‘'Hongro’/M.9 own root; J, ‘Hongro’ and
‘Fuji’/M.26 own root. K& L, in Mungyeong, Gyeongbuk. K, "Hongro’
and ‘Miyabi Fuji’/M.9 own root; L, 'Hongro’ and ‘Fuji’/M.9 own root.
M &N, in Gyeongsan, Gyeongbuk and ‘Hongro’ and ‘Fuji’/M.9 own
root, both. O, in Uiseong, Gyeongbuk and ‘Hongro’ and ‘Fuji’/M.9
own root. P, in Cheongsong, Gyeongbuk and ‘Hongro” and ‘Myan-
mar Fuji’/M.9 own root.

Table 1. List of PCR primers used in this study

technology Co.)& A}F&-3}4] PCR thermal cycler (Multigene
Optimax, Labnet International, Inc., New Jersey, USA)Z
cDNA 2+ 5l PCR 532 I3ITh o|& 13t primer 7142
2 Table 13} Z-0H, PCR BF-2-& ¢DNA 3HA(55°C, 302, initial
denaturation (95°C, 10&), denaturation (95°C, 40%), anneal-
ing (ACLSV, ASPV, ASGV, nad5+= 60°CoJ| 4] 40%; ApMV+= 66°C
o]| A 40%; ASSVd= 63°Co| A] 40=), extension (72°C, 40%) 0. &2
353] HFE5}91 21, final extension& 72°Col| A 587F 4=
YA B2 PCR AFE-2 12°Cof At 27952 1X
TBE buffer@} 2% agarose gelof|x] AA|5}4H 3L, EA} nfA =2
100 bp DNA ladder (GENESTA™, Stockholm, Sweden)Z o]-&
SFRTE Z12Fe] PCR $5& AH& 5 plof| 6X loading dye (GeneAll
BB solution; GeneAll Biotechnology Co.) 1 pl& 4] loading
3L, 150 VoA 2587 A7|%% & UV transilluminatorS
og3to] AutS SISk Ov, LiEhd DNAMIES] §7.8 &
QLo FERE gk AL, FEE AWOE TR} vl
B2 7 o128 2AFBIL
Zn o ot

ZH S 20N TUS AIILLE BE A, 7} 50| SIX/3
2|23} 7 AR B2 AL Table 2
HE 55 S X8I E 5 ¥ T A Fede A
55 G-P 53U AE XS, G- FE 97
KoL 592 77, MIN 592 4L 0 592 9 5
& ASol YAISHAT: A% D &L M.26 o] F =2 AH-g-5t
AL, HEH) €& M.26 A Hi &3, YA 5B, C E-G

o oX

Primers Sequence Product size References
ACLSV-F 5'-TTCATGGAAAGACAGGGGCAA-3’

677 bp Menzel et al., 2002
ACLSV-R 5-AAGTCTACAGGCTATTTATTATAAGTCTAA-3’
ApMV-F 5'-CGTAGAGGAGGACAGCTTGG-3’

450 bp Hassan et al., 2006
ApMV-R 5'-CCGGTGGTAACTCACTCGTT-3'
ASPV-F 5'-ATGTGTGGAACCTCATGCTGCAA-3’

370 bp Menzel et al., 2002
ASPV-R 5'-TTGGGATCAACTTTACTAAAAAGCATAA-3’
ASGV-F 5-GCCACTTCTAGGCAGAACTCTTTGAA-3’

273 bp Menzel et al., 2002
ASGV-R 5-AACCCCTTTTTGTCCTTCAGTACGAA-3'
ASSVd-F 5'-CCCGGTAAACACCGTGCGGT-3’

331 bp Lee etal., 2001
ASSVd-R 5'-ACCGCGAAACACCTATTGTG-3'
nad5-F* 5'-GATGCTTCTTGGGGCTTCTTGTT-3'

181 bp Menzel et al., 2002
nad5-R 5'-CTCCAGTCACCAACATTGGCATAA-3'

*NADH dehydrogenase subunit 5.
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Table 2. Characteristics for the nursery trees of apple cultivars used

I\:I:::tfi:;t(l:;;r Location Root stocks Apple cultivars for scion Pu;:l;:se P::::La:e
A Chungbuk Okcheon Dongi M.26 double grafting ‘Hongro’ & ‘Fuji’ 2000 Italia
B Chungbuk Okcheon Iwon-1 M.9 own root ‘Hongro’ & ‘Fuji’ 1995 Italia
C Chungbuk Okcheon lwon-2 M.9 own root ‘Hongro’ & ‘Mishima Fuji’ 1995 Italia
D Chungbuk Okcheon Iwon-3 M.26 double grafting ‘Hongro’ & ‘Fuji’ 2000 Italia
E Chungnam Cheonan Seonghwan M.9 own root ‘Hongro’ & ‘Fuji’ 2000 ltalia
F Jeonbuk Namwon Josan M.9 own root ‘Hongro’ & ‘Fuji’ 2000 ltalia
G Gyeongbuk Yeongju Bonghyeon-1 M.9 own root ‘Hongro’ & ‘Myanmar Fuji’ 2000 Italia
H Gyeongbuk Yeongju Bonghyeon -2 M.26 own root ‘Hongro’ & ‘Myanmar Fuji’ 1995 Italia
| Gyeongbuk Yeongju Bonghyeon -3 M.9 own root ‘Hongro’ 1995 Italia
J Gyeongbuk Yeongju Buseok M.26 own root ‘Hongro’ & ‘Fuji’ 2000 Italia
K Gyeongbuk Mungyeong Mungyeong M.9 own root ‘Hongro’ & ‘Miyabi Fuji’ 1999 [talia
L Gyeongbuk Mungyeong Yeongsun M.9 own root ‘Hongro’ & ‘Fuji’ 1995 [talia
M Gyeongbuk Gyeongsan Hayang M.9 own root ‘Hongro’ & ‘Fuji’ 1995 Japan
N Gyeongbuk Gyeongsan Jillyang M.9 own root ‘Hongro’ & ‘Fuji’ 2000 Japan
(0] Gyeongbuk Uiseong Bian M.9 own root ‘Hongro’ & ‘Fuji’ 1999 Italia
P Gyeongbuk Cheongsong Hyeondong M.9 own root ‘Hongro’ & ‘Myanmar Fuji’ 1995 Italia

L K-PI2 MO A2 thE-& ARSIk BE 5 AA-P)oIA] A}
3} EF GRS TUSET, A B,D-F ), L-0 5 ol Al
FF FAZ 7Y C 5 UelAE MmN FA'Z, GoHH
9 P 5 AoAE TGk} FAIZ, K5 ol A= mloku] T2
FUSATE T, 15 AoIAE FA B F A ofie] E3
2 A QFSkeh o) 5 912 1995-20008le] -2 o] ]
ool A] Hhole 2 FHTiE-E FUSET WY ARNE &
st

Afat 23 'S2'Q Ho[HA HAEE. = 167 YA
UG AT} FF T2t vhold 2 B4 FoHe Table 3
o} Zokeh o B2l tigh vholi A& e A= 2ol 7t 8l
9l o1}, A, D-F, H—P 137} = ¢J0] A}t HEoji= ACLSV, ASPV
2 ASGV7}, B, C 2 G 37)] %-99] HEo]= ACLSVE} ASGV7}
3 A HEIATE ACLSVEF ASGV+= BE 5H 9] HE0] 100%
Aa=o] 31%lar, ApMVel ASSVd= A& ZHE=e] QIR eFsk
om, ASPVE] T HEL 81.3%E Eth th&ol disiA= A,
D-F H, J,K, M, O, P 107} 3 1] = o] ACLSV, ASPV = ASGV
o o] E ZE=e] 2L, B CH G 371 5¥e o
L ACLSVE} ASGVO], | 59 2] thEofi= ApMV, ASPV 2! ASGV
of, L %910] tiE o= ACLSV, ApMV, ASPV 2 ASGVo], N ¢
9] T Eofli= ASPV, ASGV € ASSVdol| E3} ZFA =] o] 913tk o
Bof A ACLSVE} ApMV= Z}zF 87.5%2} 12.5%7}F ZHa =9l a

ASPVE} ASGVE Z+2} 81.3%2} 100%7F A=}l em, vlo]=2
O|=91 ASSVAI= N 5 oflA oFsHA| A= o] 6.3%2 HAE
= B0k | LR N 592 A% umA] 137] 5LA-H, ) K,
M, O, P2 5L <o} TS0l A 2 vho2| o) B3t A Ad
Hhao], 19k L 5 d2 Haoll Za=o] A A ti=oll e
ApMV= 5o S8 Al B-& Fh] Hez olFd Aotk
N5 E3 Haoll A TAEA| ol ti=ollA HE2 Assvd
7F AR ol F ko] Hdof G2 v Aotk Kim 5(2004)
S AR SR FFNA 23 T4 B 12% HEo|T F8
11 ACLSVZ100% HEH UL F ZAA™ 7} 5ol A A4t
T Hol A ACLSV rEE©] 100%8] A3} LA|3HAT o]=
ACLSVE] e A=7F -2 FUT B4 okl A2t
Rigey

AT} ES SX| Y ofxtH0| ES0IMe HIolHA 29!
£ A5 SLolA FUF AT TR L R opx
o] E5of T3k uolals 71 ojHi Table 49} 29k} 4
HEo] et volala 7L 7 AEE ol YA, A
U2 ASPVEL ASGVY B3 A=A B 5 €2 ACLSVEH
ASGV9||, C=H, J-M, O, P 127}] =¢¥-& ACLSV, ASPV 2 ASGV
25 Z2AE9om, N 5 2L ASGVe] THE ZHaslelth H4o]
Al ACLSV, ASPV 2 ASGVo]| 23t Z+EE-L ZF7} 86.7%, 86.7%
9 100%E BAT ApMVE} ASSVde] 2t7H ZHelEl 5L gl
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Table 3. Infection degree of viruses on the nursery trees of an apple cultivar ‘Hongro’ by RT-PCR
Manufacturer ID  Classification ACLSV ApMV ASPV ASGV ASSVd

Scion + - + + -

A
Root + - + + -
B Scion + - - + -
Root + - + -
Scion + - — + -

C
Root + - + -
Scion + - + + -

D
Root + - + + -
E Scion + - + + -
Root + - + + -
. Scion + - + + -
Root + - + + -
Scion + - - + -

G
Root + - - + _
H Scion + - + + -
Root + - + + _
| Scion + - + + -
Root - + + + -
] Scion + - + + -
Root + - + + -
K Scion + - + + -
Root + - + + -
L Scion + - + + -
Root + + + + -
Scion + - + + -

M
Root + - + + -
N Scion + - + + -
Root - - + + +
Scion + - + + -

0
Root + - + + -
p Scion + - + + -
Root + - + + -
Ratio of virus infection in scion (%) 100 0 813 100 0
Ratio of virus infection in root (%) 87.5 12.5 81.3 100 6.3

*— no detected, +; detected.

ek & tisA= A, C-F H, K-P 127] 5Yoj|A] ACLSY,
ASPV & ASGVe] B3t ZFE=]9)al B} ) €2 ZH2F ASGV
9} ASPVo]| G5 ZFo] ERIE|SloH, G 5HollA= ACLSY,
ApMV, ASPV & ASGV]| B3t 7HE-S Bt &l 4] ACLSV
9} ApMVvo] 23t ZHAE-& 72} 86.7%%} 6.7%0] T ASPVR}
ASGV] 93t ZFHES BT 93.3%0]3] .2, ASSvde] ZHHE
YL QA GE N 52 Aot o2 A g &gt 7

H Hhol 271 SIE I A 592 thEollA ACLSVOl
HUA G 5= ApMVo]|, N 5> ACLSVE} ASPVell 5]
o} 3 AR Afufof] Qo] -3 o] FIF wH A
o]tk Cho 5(2010) Hlof 4 ASPVE} ASGV T ACLSV, SAPV,
ASGVol| &J3t B3} ZHgEol 22.7%0]SiTkaL gt AXE
ACLSV, SAPV, ASGVe]| 9]t 3% B3} 74 80| 81.3-93.3% =

FE& ARSI Han 520152 S5, 349, 5l AR
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Table 4. Infection degree of viruses on the nursery trees of both apple cultivars ‘Fuji’ and the bud mutation of ‘Fuji’ by RT-PCR

ManufacturerID  Classification ACLSV ApMV ASPV ASGV ASSVd
Scion - - + + -
A
Root + - + -
B Scion + - - + -
Root - - + -
c Scion + - + + -
Root + - + + -
Scion + - + + -
D
Root + - + + -
E Scion + - + + -
Root + - + + -
F Scion + - + + -
Root + - + + -
c Scion + - + + -
Root + + + + -
H Scion + - + + -
Root + - + + _
Scion nt’
Root nt
] Scion + - + + -
Root - + -
K Scion + - + + -
Root + - + + -
L Scion + - + + -
Root + - + + -
Scion + - + + -
M
Root + - + + -
Scion - - - + -
N
Root + - + + -
Scion + - + + -
(0]
Root + - + + -
P Scion + - + + -
Root + - + + -
Ratio of virus infection by scion (%) 86.7 0 86.7 100 0
Ratio of virus infection by root (%) 86.7 6.7 933 933 0

*— no detected, +; detected, "not tested.

Yol A ACLSVE} ASGVo o3t 25 B35 7o) 3.1%%} 5t
Park 5-(2006)2 19.6%z}1 3}, A3 HE AL o] 5
B3 FAES 100%0]014, 7ol o B2 A d 9 &4
23t Aotk Kwon 5(2002)0] w2, Alako| A 7FAF Azt
gt WSS of7|st= ASSVA7E BRI AE oA AL F
Ao 2 ghibd Zol2kal 81T, N oA o] gt
ASSVd & A=A o = gl =)7] wiZof A 4171 2 7}

=
7

2= tisf], AHEE di= 71 A EE Hheld
ApolE BT B 9L T2 EF HEO B4
ACLSVo| oF&HA| RT-PCR AbE0] F-5H HHHo| SA' 5 &
o] gl Eoj| A ACLSVZF ZZ 57| ¢etth C YoM 3
2 ZZo|| A ASPV7} g b ‘bl Ao} 20| A Zho] Bl
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HOT G S U T2 EFoNA ApMVe} ASPVe] 7]
2] gFgrort mleknt SR AT ) 5 e T
A ACLSVEF ASGVe] ZHeIElgl oLt SAol A ZHalsix] 3ok
ok L5 9L F oA ApMv7} raElgont SRl 7
A QFSITE N S UL T2 FF) h=ol 4 ACLSV7} 7
G QL uho], FA FE2) thB AL ACLSV7} A2
oIk o] thol M ZHaE vholel s B 5 Aol i A
B, 5T 8| The o)Al T, FET vl x
o o] Uslofet Ayt

2 o

SOl S EHT Gl ATHER B2 volax 74 A
S stotsi7] Sisto] Abh Bt ) 9 FA) ofzol
258 7] 5579 vrolajzo] dF 7Y GI%E 7
Btk 1 A F2 EF0] A H9ls ACLSY, ASPY 9
ASGVel| ZFzZ} 100%, 81.3% 2 100%2] ZF9E-S BHI ApMV
oF ASSVdol= A3 ZrdElx] ottt B2 EE0) ijE
Qo] tisted, ACLSV, ASPV W ASGVE] 79 EL ZHz} 87.5%,
81.3% 2 100%9°]%1 12 ApMVE} ASSVd e ZHE &2 212 12.5%
9 63%0]lth T BF D FA okzulo] EEO| 4 2
2= ACLSV, ASPV 2 ASGVo]| ZFZ} 86.7%, 86.7% 2 100%2]
B BAT ADMVE} AsSVdol= A3 ZHAEA] ok
& Hel= ACLSV, ASPV L ASGVo]| ZFZF 86.7%, 93.3% 9l
93.3%9] M 8- BAT ApMVeF ASSVde]| Thet 7 &L 7}
7+ 12.5%2} 6.3%0] 3]t
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