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Abstract Apple (Malus pumila) is one of the most eco-
nomically important fruits in Korea. but virus infection has
decreased the sustainable production of apples and caused
serious problems such as yield loss and poor fruit quality.
Virus or viroid infection including apple chlorotic leaf spot
virus (ACLSV), apple stem pitting virus (ASPV), apple stem
grooving virus (ASGV), apple mosaic virus (ApMV) and
apple scar skin viroid (ASSVd) have been also reported in
Korea. In many cases, as apple gets infected with virus and
viroid with no specific symptoms, the damage and symptoms
caused by the viruses are not detected. In our research,
viruses in the rootstock were eliminated for a virus-free apple
dwarfing rootstock of M.9 and M.26. The virus elimination
methods were apical meristem culture, thermotherapy (37°C,
6 weeks) and chemotherapy(RibaVirin®). The detection of
apple viruses was accomplished by Enzyme-linked Immuno-
Sorbent Assay (ELISA) and reverse transcription-polymerase
chain reaction (RT-PCR). RT- PCR method was 10 ~ 30%
more sensitive than the ELISA method. The efficiency of
virus elimination was enhanced in apical meristem culture
method. The acquisition rate of virus-free apple dwarfing
rootstocks was 30 ~ 40% higher in apical meristem culture.
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After the meristem culturing of M.9, the infection ratio of
ACLSV, ASPV and ASGV was 45%, 60% and 50%,
respectively. In the apple dwarfing rootstock of M.26, the
infection ratio of ACLSV, ASPV and ASGV was 40%, 55%
and 55%, respectively. Based on this study, the best method
for the production of virus-free apple dwarfing rootstocks
was the apical meristem culture.
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/\]-J—]-(Maluspumlla)“ =2 I =AY AR 2= 23% H Q]

LIZYE AR A2 7P $Q3F 1b<=o]tH(KOSIS,
2018). Tpofl Qlof vhol 2l e = A Ee S A F4
Aot 8l wF A 5 A AsHE oF7] %k th(Smith and
Challen 1972; Wood 1979). Al = 32 A& o 4 OH Z A5}
© QUA WA AE =, vholg 2o A EH oLt
7ol thgt A3 o] ofate a1, wpAl o] Zpofx l% 5 T4
Z UA o] o220 ~40% A = AYAFEFo] ZhaE th(Kim et
al. 2011; Kim et al. 2017; Kinard et al. 1996; Liu et al. 2013;
Menzel et al. 2002).

Atbol| 2 WASH= vlol# A% Apple Chlorotic Leaf
Spot Virus (ACLSV), Apple Mosaic Virus (ApMV), Apple Stem
Pitting Virus (ASPV), Apple Stem Grooving Virus (ASGV) 5-9]
™, Viroid+= Apple Scar Skin Viroid (ASSVd) 5©] 2115 it}
(Hu et al. 2015; Paprstein et al. 2008). A}T} <8 5’22 9] H}o]
el A4 A3k A9 167 59 5 137 590 A mm
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ol 4| ACLSV, ASPV % ASGV7} 53t Hilof Q9,37 o] A7bE WA\ ol 4] 25°C 452k A1 22 vhaFstedeh. A%
59 2ol ACLSVEFASGV7F 5t Zhedwlo] Qlolrhar 3 wohe 4127} A4 vhe) 8 Aok B2k B of 308
MEEEE o 9l eh(Lee et al. 2017) 2E S A A AT 3 70% of g0l W\ 5o oF 3027
AFTHESLS] 49 vtole 2o grelo] Hlwl aztoluh iR ol Abgeh ok HE s 18] A M5kt o] 5, 2 o
olofli= k2 WA T 2o] g7 o] uholej A B A o4 2% Ahob¢l 2 AHEE S(sodium hypochlorite)o] 2057
A 255 0] Aol B gk Al g o|thLeeetal. 2013). Az ko] A X3fe] 23 EAALF T, Wik 38 A2 5w UA @
B A OB T EE QoA ARAE w7 Sel A 0102 mm 27] 2 A4 (Meristem) & 3 215
o

A et the Al e WS W (Lee et al. 2013;
Paprstein et al. 2008), 49°C2 LA 7|7+ A &sl= sHy Q¥
(El-Dougdoug et al. 2010; Paprstein et al. 2008; Wang et al. 2006),
Ribavirin?} 22 ahafo] 2| 24| & A 2f st 31eh4] W 5
o] X 1% ¢} th(Hansen and Lane 1985; Hu et al. 2015).

Tan 5(2010)-& ACLSV, ASGV, ASPV7} 7+ = Hj ‘Fengshui’
O Al EZA|E 7 42°C, oF7t 34°Cof A 55 o] 4F H A 25t
AL 73 Al oF shod Hiol Y AE A A Sl okar B arskgl e
Malus pumila Mill A} 3} o] Ribaviring: 10, 20, 40 2 80 uM
FEE AHgsto] 2A I F4 BE AR Al 2o A ACLSV
9] A A & 7E 2215} th(Hansen and Lane 1985).

2 A= =W AR =2 A= M9 E M.269] o] 2
2 T E AYAbE 9l8ke] A122] 2)(37°C), ribavirin, 4875
¥ A 2] 5 g & Hhol 2l Al A At HasklaL, A=
A BEES EA45H3 1, RT-PCR % ELISA ®R& o] &
stof vlol g A Zr g Aek &8 9 A & vl starat 423

shsict.

2 AN E FAEETA7IEY AP A E AL
T} AT SEAY MY E M26S A B & A5Gt L
A, sstA el @ A wfoko vpolg A A ARI}E F
W3l7] 9|5}ko] Hlo] 2] 2(ACLSV, ASPV, ASGV) 7+l &
AE A HES 27207 A B Ast et 2] F2 02 A
Abgl A E A4 o] tfslo] vlo] 2 A 3F(ACLSV, ASPV, ASGV)
9] A7 o}3-Z RT-PCR Y ELISAR Zttslo] By 1 A4k
a

HOl2A A A2

AR} o A o 5 M9 B ML269) Al E A & o] -8-5Fo] AL A g,
shsbA 2], AR wiokE Sote] vholH A AA Al S 5
Aot LA g 2 A 207 AEAE 37°C, 5=
65%2 FAEE 3}23<47](WGC-450, Daihan scientific,
Korea)ol| A] 65=7F A 2] 3}9 2, 3}8}4] 2] = Ribavirin (1-B-
D-ribofuransyl-1,2,4-triazole caboxamide, MBcell, USA) 40 mg/L

of 7] Wu R ol 2] /fsto] 657k vl F st (k. i A o] £/ 2
MS (Murashige & Skoog, 1962) H}| X] o] 30 g/C sucrose (Junsei,
Tokyo, Japan), agar (Junsei Chemical, Tokyo, Japan)E 8 g/t &
7hekehe, 250 ml WP o] S0 ml A 55t et 2]
(AC-60, Daihan scientific, Korea)E o]-&3f 121°C, 1.27]¢ 5}
o A 204 7F Bt sho] ARE-SEITE vl SF 272 23:1°C &
E7b §A 5 wjorAlo] A WEjoRcEEE] 16D : §H, cool
white §3-5- 30 mol-m™s™) SHA T vl ¥ T F A1z o] W
A HE S ik 67 Fo FAH Al E d e ol E

stof upol el 84S Sk
ol 247

ELISA AA

AL} S A T 0] Al 2912 0.5 g4 A F 3 5 Al = A2 10
vl 7} =) A] 5=l (Extraction buffer 5 ml)-< % 715} 11, Sample
bag meshof] whafj gk & 42 2|3 A5 NS A5Gt vt
o] A AL Standard Double Antibody Sandwich ELISA
(Enzyme Linked Immunosorbent Assay) B © 2 Agdia (DAS
ELISA, USA)= 5§ {13+ ACLSV (Apple chlorotic leaf spot
virus), ASPV (Apple stem pitting virus), ASGV (Apple stem
grooving virus) &3 A 1} Conjugate enzyme-2 Alkaline phosphatase
£ o] &35}9t) vlo]gl A =22 ELISA Microplate Reader
(VERSAmax, Molecular Devices, USA)E A5} 1L, o] B 3=
WS 179 Hat 0.D (optical density)Fh 2] 21 0] /42l
AA 2 shelet.

RNA $& 9 RT-PCR FA
B o AH8S A& Al & 50 mgS CTAB W H(Gambino et al.
2008)= H % 3lo] total RNAS =513 21, 5 H RNAE
M-MLYV reverse transcriptase (Invitrogen, USA)E ©]|-83}¢]
cDNA T o] A5t CDNAS 8 0.2 7} vhol |2
5-0] primer setsE PCR ¥F-g-of] AF-8-3} %1 th(Table 1). PCRO]|
ARESE = 20 uLo] WHE-2 0.2 uM primer 1 uL, 2.5 mM
dNTPs 1.6 pL, 5 U Takara Ex. Taq polymerase (Takara Bio Inc.,
Japan) 0.1 pL, 10X Taq Buffer 2 uL, cDNA 1 pL, RNAase-free
water 13.3 L& £3}5} 0] AF-8-3} i th

PCR %72 27| 84S 9]a] 94°Col 4 257+ WS A 7]
T, DNA 532 913 §E-3-(95°Ce]| 4 4027 DNA ¥4, 60°C
of| A 3027} primer g}, 72°Cof| 4] 302 7F DNA A1 %)< 35
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Table 1 Primer pairs and expected size of RT- PCR products for the detection of primers for apple dwarfing rootstock viruses

List of PCR primers

- Product size References

Primers* Sequence
ACLSV-F 5’-TTCATGGAAAGACAGGGGCAA-3’

677 bp Menzel et al. 2002
ACLSV-R 5’-AAGTCTACAGGCTATTTATTATAAGTCTAA-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’
ApMV-F* 5’-CGTAGAGGAGGACAGCTTGG 450 bp Menzel et al. 2002
ApMV-R 5’-CCGGTGGTAACTCACTCGTT
nad5-F" 5’-GATGCTTCTTGGGGCTTCTTGTT-3’

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

*The primers for each virus were designed as species-specific
PACLSV: Apple chlorotic leaf spot virus

°ASPV: Apple stem pitting virus

dASGV: Apple stem grooving virus

‘ApMV: Apple mosaic virus

'NADH: Dehydrogenase subunit 5

ot

3] BHES QT 2 AS Q1 el 72°Coll A 58 7F vh-Al X
S 2735999, NADHE Y& tf & (internal control)=
AH-8-5to] §H4d H cDNAZ} RT-PCR §H-g-of At = AH§-5] ¢
=] &15} 3t BE-g-0] 525 DNAE 2% agarose gel A o]
A 100 V2 30571 A 7] =3t &, Ethidium bromide 2 &4
slo] UVAtol| A ksl gt

Zm W oy

B

At oy =2f Hiof2 A T

A AT & = AP ARS: 95lo] nlo] g A7 A H AL
o BES FHSIAT S S = U7 e gl A4 E AR
N A =S RT-PCR 2tk WS B3] vpol A HAL A
A%+ A3}, ACLSV, ASPV, ASGV 9] 7 tfj -5 5.5} 71 ¢ ]
of et whebA 24 2, shehA 2] Bl A vk F

W 5l7} 755 K| B S A F 7] 9)ste] B H Af
A= Adste] M9 9 M269] 22 31 5} ¢thFig. 1

~

AR

| AT PHE NS 9B
9 YT ey

St 12X2|, ribavirin {2

A B E AASHE W (Fig. 2)2 37°CE2 ¢
A 7|17¢ € A 2] 5F= " H(Thermotherapy) 1}, 4°C2 44 717+
A2 2 2] 5= 3hy @ ¥(Coldtherapy) 2 Ffufo] 2] A oF &S
©]-8-2F 284 2] ¥ (Chemotherapy) 0] X231 %] 3] tH(Feng et
al. 2013; Hollings 1965; Paduch-Cichal and Kryczynski 1987;

ASPV* virus detection

Fig. 1 Detection of apple viruses were detected by RT-PCR
method in apple dwarfing rootstock

M: marker, P: Positive control, N: Negative control, 1; Infected
samples, 2; Infected samples, 3; Uninfected samples
*ASPV : Apple stem pitting virus

Savitri 2013). Abakoll A &= A 3] 2] >3 A| o] &
50| 447 E AT A o) g ool
74319 cth(Hollings 1965).

Campbell (1962)2 #| 3 4] = (Indicator plant) 2] Virginia Crab,
Spy227, Malus platycarpa -5-©] & 2] &} A7 vl ol <] 3
At ROl A7} S B X] b= Aol T shof B arsql
ok A ok ]2 A% Fol A Holel A A & 19
Apgahe v 2 0] 512, JE A 0 2 02~ 04 mm 7] 9]
AR BE2AE e s A ulof e uf vhol 2 2 A A o &
1} A 0] ¢ th(Faccioli and Marani 1998).

Plopa®} Preda (2013)+= Apple mosaic virusol] 7+ % = A 7} A
F5014 03mme} 10 mm o] o] 447 & Belstol ek
T A3}, 0.3 mm A ol A 23] = A=A 9] EE 0] 50~
58%%1 3L, 1.0 mm- 77 ~ 85%9] AP ES Kt 51t
et g gutol g 2A] A2 E o] &3k uhol 22 A A
7122 g 2he] A A QL A] 9F A4k, 34k} RNA polymerase
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Fig. 2 Production process of virus-free apple dwarfing rootstock plants using thermotherapy, chemotherapy, and apical meristem
culturing. A: Thermotherapy (37°C, 6 weeks), B: Chemotherapy (Ribavirin, 40 mg/L), C: Apical meristem culturing

Table 2 Comparisons of survival rate and ratio of virus free plant as affected by virus elimination method of M. 9 dwarfing rootstock

measured by RT-PCR

Number Survival Rate Rate of virus free plant (%)
Treatment o
of tested (%) ACLSV* ApMV ASPV ASGV Mean
Thermotherapy 20 65 20 nt® 35 25 26.7
Chemotherapy 20 50 10 nt 15 10 11.7
Apical meristem 20 60 45 nt 60 50 51.7

*ACLSV : Apple chlorotic leaf spot virus, ApMV : Apple mosaic virus, ASPV : Apple stem pitting virus, ASGV : Apple stem

grooving virus
*Not tested

o 4 Asfstol hol el 2 ¥ A A AIsH: Ao B
%] ¢ thHansen 1989; Verma et al. 2005). Cho - (2016)-2 Ribavirin
=20 mg/Le} 40 mg/LO &2 2527t A 2] 6} 3l f vlo] A& A
A& 717 80% 9 100% 93, 45 L 8F7F A g of Al i
= 100%¢] uo] 2 A A &S Lk it

spuol Al vhol 2l Al Ao E3kHol At 1
oAM= A=A AE =S4T ol E & o Tk A=
o] Fako i ARA 0] s B, AT 34 W A 4ol
A= Aoz G A Qo vk = 157 =1 9
ko] §loj X = Ao & K 115 ¢ tHEl-Dougdoug et al. 2010).

=
=4

Azt AdoiE M9 2 M26 AM2E HOZA HMAZRS
(RT-PCR)

RT-PCR 4] o] ©]3F MO th.0] nho] & 2+ B2 3} 4 2]
B AES D P AL 0] 8L Table 29} 2tk AR
©50~63%2) 9] 2, 127 2] of A 63% 714 gk vt
ol ] A|A HPRE R v %S 3.8 A )= 26.7%, 3Fat
Hele 117% AR L SLI%, vholel s PR g
A7) 1A A e S ol 3H Aol 7Py
RHA 0] 9Ieh. 7} Hho] €] 28 PR H]&-& ACLSVE: 10~
45%, ASPV+= 15 ~ 60%, ASGV+ 10 ~ 50%% 11, ApMVE 4
A5 ghek o], ASPVO| T3t Al A o] 1A L A
2 bt

MAR 84%7} A AE I, ASGVE 3I7HA| % 20743 2
68%, ASSVd= 247 7| 3= 20711 4] 2 83% A & v}o] & 27} A
A ks A5t 2 TH(Lee etal. 2013)2} H] 523 7 7Fo] ATt

Cho 5 (2016) oA 7 Ao = E7] Jtd ol
A o] upol g Ao Bxinl ol g} A 0 2 Hio] AT}
A= Aol Y-S FoH, vho| B A F St = E X
2] & thst 71 & o] o] S E ANt S A 2] 2= 2 upo]
B A5 48] ELATAA 4= 7] Wi oll A g e oF a3

Hlo] 2] A T 2 Al Atsl7] 94 dHato) 2l Aol Ribavirin
E AMg3te= S, ALY Apple chlorotic leaf spot virus
(ACLSV) A| A of| == & 1} 4 o] 9} th(Hansen and Lane 1985). 5}
A9t Ribavirin ] 2] 7] 7Fol] whe} Ribavirin 20 mg/LE 25 4 4
F7H A T3 2F A= 100%2] AL B AT 857t
A 23t Z1F ol A= 30.0%= 2 3] Hrob 4tk E 3 Ribavirin
2 40 mg/L A2 A] Az BEEE A7 7| 7to] what 100%,
96.7% % 20.0%= 2} Wol A, ghao] el A4 A 7] 7)1k 4
F7HA 7 A et 2 o 2 ek E| QI TH(Cho et al. 2016).

Hpolg| & S843} A 2] HhHE M26 ti 59 s Y
T | 8] &2 Table 33t Ao} vpol A& A A A 2 E Y28
= 60~70%=2 M9tk ot 25 ko m, AE wjeFol
7H 29kt Lee 5(2013)2 G 2] a1} A witS &
7 = B S A Y AE2ES ©E 41.7%,
32t 28%, AU 25% & AEEO] Wk, AE A o Al
T Yo o] 2 E ATkl sHGITE AA Y & AESH
WA A= vholH A A A &0l =RAN H=, GA
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Table 3 Comparisons of survival rate and ratio of virus free plant as affected by virus elimination method of M.26 dwarfing rootstock

measured by RT-PCR

Number Survival Rate of virus free plant (%)
Treatment o
of tested Rate (%) ACLSV* ApMV ASPV ASGV Mean
Thermotherapy 20 65 30 nt® 35 30 31.7
Chemotherapy 20 60 20 nt 20 15 21.7
Apical meristem 20 70 40 nt 55 55 50.0

*ACLSV : Apple chlorotic leaf spot virus, ApMV : Apple mosaic virus, ASPV : Apple stem pitting virus, ASGV : Apple stem

grooving virus
"Not tested

Table 4 Comparisons of virus detected plant as affected by the virus elimination methods of M.9 and M.26 dwarfing rootstock

Tested Number of Virus detected”
Rootstock Treatment 5 3
method tested ACLSV ApMV* ASPV ASGV*
RT-PCR 20 16 nt" 13 15
Thermotherapy
ELISA 20 14 nt 9 9
RT-PCR 20 18 nt 17 18
M.9 Chemotherapy
ELISA 20 15 nt 12 14
. . RT-PCR 20 11 nt 8 10
Apical meristem
ELISA 20 8 nt 6 6
RT-PCR 20 14 nt’ 13 14
Thermotherapy
ELISA 20 13 nt 8 10
RT-PCR 20 16 nt 16 17
M.26 Chemotherapy
ELISA 20 12 nt 11 14
RT-PCR 20 12 nt 9 9
Apical meristem
ELISA 20 10 nt 7

*The numbers in parentheses refers to numbers of virus detected plants

PACLSV : Apple chlorotic leaf spot virus
‘ApMV : Apple mosaic virus

dASPV : Apple stem pitting virus
°ASGV : Apple stem grooving virus
Not tested

S AR HfoF ol A A EEo] wol Yol L, 2F4
©2:12~28%9] B RE 5T 5 LT BT,
Hholg A A A HHYE Byyg JE v &L 187
31.7%, 38FA 2] 21.7%, A7 vl oF 50.0%2, M.26 T &2
vlo] A BEH HE AHASEY] ¢ ajA= AAA vfofE o] &
st= Zlo] 7Hg &3bA o] itk Kim & (2017)2 *M T
ﬂEﬂﬂﬂnﬁmﬂ@mbﬂﬂ 2% AEARRE 04
~12mm9] t}oFst A Y AE vl 3l & wl, ACLSV Hf
O]i'i/\L 100% A A =) 2 thal s o). E3F ASSVdE= A3 AF
H e zquﬂﬁg¢aJ%ﬁ;%£oaumww
319 W A|2lSh, o 1 93.5% A& Hho|2| 27} A

= A

lo

r

lo

ASPVE AT 55 AR 0] EE@Bracs)S £8
AL W AAL] ASHYE, o FSE A
ASPVE WE 17)9] REH A o] uo] e 27}

93.5% A A= Akl skt ol HHE N 459 BHE
o] A7 A AE AYA, F31 AS AHA FTASS
AJARSE B 2 2] AH A o] it A & 2olst A, FHot
o Aut AHE Ao 2 YelgEd, o] ASGV7| o] THA o
MuE 2 A A = Q7] i ol itk We FF o Hio|HAE
a0z A A YA = gt A 7L oY B2 Z

2 gt Aol fe AR B H Yt

A} M= M9 2 M.26 X2|E HIo|[A
(RT-PCR, ELISA)

AYYY Hl

uhol ] B2
Hol | 44
whol el 2 7]
ERERE RV

33t A 2] o A AFF M9 9 M.26 off A ofj 552
2 7H7F v gk A 7= Table 49 2},
g2 Ang;H HH okoﬂfﬂ 3,:]_51_;(1?4 _T’_—QHE]
9 T E-2 207 F 8~ 117§ 2 M.26 o =53} 7 9]
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s [1] [a]

[3] s [6] [F] [&] o

P; Positive control, N; Negative control, B; Buffer
1, 2, 4, 6, 7, 8; Infected samples, 3, 5, 9; Uninfected samples

ASPV* detection

P N

:

(] [2] [E] s

7_[g] [

P; Positive control, N; Negative control, B; Buffer
1, 3, 4, 5, 8, 9; Infected samples, 2, 6, 7; Uninfected samples

ACLSV® detection

Fig. 3 Comparisons of the ASPV and ACLSV virus test of M. 9 dwarfing rootstock measured by ELISA

*ASPV : Apple stem pitting virus
PACLSV : Apple chlorotic leaf spot virus

H] 2ok A kol Atk AR o A T o] A A Fof o5 A

22| o A who] 2] 27} A| A B = 7] 2, Aol A Hiol &
of BA| = 0] 50| Ao T 4B o A4 ES} W}
Ash g 9125 Hhold 27t AAEE A0 4
#} Q) thH(Cooper and Walkey 1978).

FeA g o] o3t nlo]# A A AL Ribaviring A 2]
AR E=, ol = AE A 7} Hpol 2] 2o o3 54
S ) 3123 2]o] 2|3 RNA silencing©] 57}= %137 A4
Z 2] o A] BFo] ) A RNAZF 23] =] 7] wfj 0| th(Chellappan et
al. 2005; Wang et al. 2008). u}o] 2 A A7 8- Hfo|H A8}

715 AEA Y S5 4 5 A A uko] B 29 23 ol whet
eabA] = 7 3o ¢l thKnapp et al. 1995). & 2] & o] &]3} v}o]
22 A7 542 7heE 424 o vo] 2] 2 w9} THelo]
AL, Hpol 2|2 A AZE of B L FF = e, T 2
o w T} of 2] 25.9] o] | 27} 3k 791 H -2 of whol
2 AAZE Y o] Aoz ZAE I THKnapp et al. 1995;
Paprstein et al. 2008).

Aol A uhof 2 A R WAL, ELISA R R of vl
o RT-PCR % & ol §-34] vo| 8l 28 A4 el 4 9]
AE-80] 9F30% A = 2O 50| ¢ Th(Fig. 3). ELISA (Enzyme-
linked immunosorbent assay)+= " -9- 71735t AEH O 2 A A
A4 9 Sol4o] j$ Lor], FolrchE cheke] ARE
S Aol A2 e 4 Qleh= AL 7hA 2L 1E}(D1xon-Holland
and Katz 1991). 5} 2] 9l o] B} -2 npo] & A 0] 94 22 & 2]
4052 53471 82 REPCR L0} 282710
AR A 5 9% 8ol ofs) gEst Weld 4 qle.

o ok

Joung 5(1997)-& ZAFHlo] 2 2(PVY)oll 7+ F #of A] HEo]
A AA Y AT E v wslr] €8] RT-PCR 2 ELISA 4
A A3}, RT-PCR A A A= 1] A o)A dro}dt # 22<
1/100000 B] &2 A| 22 343} 2] 2] 7}4] 3]0|3} band =
o] HA O M7 E 7} u) & =ofth ELISA Bl 0. 2 = A
17100 B]& 2 3459 4 AAol7E BT 5 U
11, RT-PCRo| ELISA X T} 1000HH A& =9k} ulaba] Abak
Qg =] vhol 2 & &2 91t A4 WS RT-PCR
W& AHE-Sh= Zlo] A& Aol kil AehE gl

i hr

il

He

/\}E}(Malus pumila)= U o A 7} AA A o2 %B_
o) stufolck. &k x|k Abx} o] ) 4 7H
AT AT 1 EA AN 2
Al oF71%eh ol A A | AR Hfol 2| & B v =o)
Z55+= Apple chlorotic leaf spot virus (ACLSV), Apple stem

0::

S~

ol i)
[0 fo o &

pitting virus (ASPV), Apple stem grooving virus (ASGV), Apple
mosaic virus (ApMV) S} Apple scar skin viroid (ASSVd) 5-0] &
2 A k. Abab= Hhol g A Bl 2 o] =0 g H of gloj e
A = o] 43t A5 7F A | A] ghof whol A= Q13| ] 5
7 & A= AR A TS M9 H M269] FE
AAEE #fsho] L2 2|(37°C, 657), 23t 2] (Ribavirin) 3
A v Fsto] vrol e & Al A A2 E stk
Hpo| 2| ol YutA oz ARG E = S AUy
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22 W (ELISA)T} 387 4 o1 4 k-2 (RT—PCR)Q o859
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