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Occurrence Status of Five Apple Virus and Viroid in Korea
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The investigation of the infection rate of domestic apple orchards by four types of apple viruses (Apple chlo-
rotic leaf spot virus [ACLSV], Apple stem pitting virus [ASPV], Apple stem grooving virus [ASGV], Apple mosaic
virus [ApMV]) and one type of viroid (Apple scar skin viroid, ASSVd) found that most apple trees were infected
with viruses and viroid at the rate of 97.3%. By region, the infection rate in Jeongseon stood at 98.8%, Dan-
yang at 100%, Yesan at 100%, Jangsu at 89.1%, and Muju at 98.1%. By each virus and viroid, the infection rate
of ASGV was the highest at 93.4%, followed by ASPV at 85.7%, ACLSV at 59.0%, ASSVd at 6.7%, and ApMV at
the lowest 3.6%. In addition, 84.8% of the cases were infected with two or more types of viruses and viroid,
nearly seven times the single type infection rate of 12.4%, and the cases infected with three viruses, ASPV,

Received June 23, 2020 ACLSV, and ASGV accounted for 56.2%, more than the half the total number of trees investigated.
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M 2 A7) Q135 (pome)ol] WAIEHE Hho]2 & ELE Hhol2 A

S} AR 2 OF 340% olAolm, AR ROl Kol 12%

Za| ) AR Lo)] £3) = Al (Malus domestica) 2] =Uj
i A A2 32,954 haolH, AYAFEF-L 535,324 © 2 (Korean
Statistical Information Service, 2019) I+~ = 7}AF ke v|=
& AL Glo] AR O 2 St ozt A AAH R
- Fa3t dharolt). SRA|TE Abntof| A Y = HiolH A e
At AAEE AEA1717] g At el B AlokS &
(Hadidi2} Barba, 2011).
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o] upolei Eis uholj e} GAKE ol 2ol Azt 2
A& £4-8 2RIAIZITHNEmeth, 1986; Nisar, 2013; Saade
2000). Apple mosaic virus (ApMV)o]l ZF94E Al UF= %
ol ol] S whet B wRhe] EFAT vhgo] 42
F9lom, 9o 7| YHt A Ar e BY 7]eo] o}p
3k A7]o] 6% A5te] R B Al S Al B EA 2
o}nf] WA A= Z2obc} ohofFsttH(Dursunoglugl Ertunc,
2008; Posnette?} Cropley, 1956). Apple stem pitting virus
(ASPV), Apple stem grooving virus (ASGV), Apple chlorotic
leaf spot virus (ACLSV)Q] A& dutd o 2 ZAto] 2+ Lpeht
A gpow, YR8 B3 grge] Fefs WA E3 714
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Y=g AHEE AThRo TS U s Ao
2 d4#A Qth(Hirata 5, 2003; Pasquini 5, 1998; Yanase =,
1989).

Hholej2 el nzllx = o] 20| o] AlZhLERo] Ta)S
Z11 Q)= 13 Apple scar skin viroid (ASSVd)= 714 #3)
o] AZTSH FAL Uehe 22 2o E50| A7} 714

o] A wo] 4AB-L- 31t} (Yamaguchi®} Yanase, 1976).

Hio|2{A H HIO|Z0|= AHH. ARhFo] A=E st
GeneAll9] ribospin total RNA isolation kit (Seongnam, Korea)
= A8t RNAS FE5130H, I GeneAllofA] A[A|
3l protocolo]| 5} ZI83}H Tt Z35F RNA= Intron2] ONE-
STEP RT-PCR Premix kit (Seoul, Korea)S AF-8-5Fod cDNA g 9l
PCRZZ 2 319 00 AFE-= Zofo|H=Table 22} Zth

o|&@A| t}ek3l ua|S F = vlojg A 9l vlo|Ro|t= R Table 1. Location surveyed for apple viruses and viroids in Korea
7] Bl 2zl AElel 4] erow, ofe] B At Aves orchard Variety
ol AL glont, et HAE H v H=ol A=
w - Gangwon, A Jahon
Ajahg A o R20) FUIE A X Fak Agelck I ) J
o3 = = B Jahon
A o]l ZAIE At ] HalA F8 Ao A AuE 9
e A RS Ao 2 vholals Yl ol o= 55| 7] ¢ Ul Fongro
&8 =AM D Fuji, Hongro
Chungbuk, E Fuji
IHE E‘:I I:‘lal-hé'-l Danyang F Fuji, Hongro
G Fuiji
ZE S AL Alhdo] violgA W Hlo|2o|E A A Chungnam, H Fuji
32 2R Y8l 201849 7€ 12 37H¢] Ho 2 Uk 74y Yesan | Fuji, Hongro
Al 4s7h S5 DF 357E S At 387 AE A 387k J Fuji
T 37N 2 S7PER 135S S W R 59 305 Jeonbuk, K Jahong
204 780%9) A 78 A3fo] vlojel s sfolzols  angn ] Fui, Hongro
o] 719 AFE S35} 9{THTable 1). AFRFEo A o]u] Hpo] " Fuil Fubrax, Hongro
Ay H}°l§°lE7} o] AT QIATE & AFolA= 1 .
. Jeonbuk, N Fuji Fubrax, Jahong
%= tj3£2]Q1 Hlo]2| 2 ACLSVY, ASPV, ASGV, ApMV 423} vjo] 2 Muju
(0] Fuji Fubrax, Hongro
oS ASSVd 155HS O 2 AlBE STk
P Fuji Fubrax, Fuji, Jahong
Table 2. List of PCR primers used in this study
Primer Sequence :;:c::;l; Reference
ACLSV-F 5'-TTCATGGAAAGACAGGGGCAA-3’ 677 Menzel et al. (2002)
ACLSV-R 5'-AAGTCTACAGGCTATTTATTATAAGTCTAA-3’
ApMV-F 5'-CGTAGAGGAGGACAGCTTGG-3' 450 Hassan et al. (2006)
ApMV-R 5'-CCGGTGGTAACTCACTCGTT-3’
ASPV-F 5-ATGTGTGGAACCTCATGCTGCAA-3’ 370 Menzel et al. (2002)
ASPV-R 5-TTGGGATCAACTTTACTAAAAAGCATAA-3’
ASGV-F 5-GCCACTTCTAGGCAGAACTCTTTGAA-3' 273 Menzel et al. (2002)
ASGV-R 5'-AACCCCTTTTTGTCCTTCAGTACGAA-3’
ASSVd-F 5'-CCCGGTAAACACCGTGCGGT-3’ 331 Lee et al. (2001)
ASSVd-R 5'-ACCGCGAAACACCTATTGTG-3'

ACLSV, Apple chlorotic leaf spot virus; ApMV, Apple mosaic virus; ASPV, Apple stem pitting virus; ASGV, Apple stem grooving virus; ASS-

Vd, Apple scar skin viroid.
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g oE

A, 5 . A5 167 AleS Ao & Hloly A
% o] 20| = 539] 749 2} ATH(Tables 3, 4), A4 u}o]2]
2 gl Hlo|2o|E HHES 973%E HF-E 9| AR 2
Felo] gonl, FAEA ghe AhtRo) )& 2.7%3]
Ao 2 Ueytth vholgis 9l vlo] 2ot FRE HHELS
ASGV 93.4%, ASPV 85.7%, ACLSV 59.0%, ASSVd 6.7%, ApMV
3.6% <O 2 ASGVZE 71 =9k ApMV7E 71 e Ao 72
Z A=) o2& 9 o] 2o =0 ThE mi B3L 7k £
Al AH(Table 5), Hjo]2| 2 Bl Hio]2o|= o 157 ZFHE H]
E2 124%% 2™, 2% o] B A AE H]e-2 84.8%= Ht
HHe| o] T ol vlsf oF 78] 7h7to] He Al E =
Ap=|gick

Apple chlorotic leaf spot virus (ACLSV). ACLSVS] A=
HHEZ 59.0%00H, AqE e B S5 TheFr|Ho] 78.3%
2 7P 5t A BRA 0] 44.5%2 71w A8 S
BT E5 A UEE B 24} 3471 100% ZEE AL
Yol 23k0]3l o, 6.7%2] HHES H Altelo] 7H W&
A0 = ZAEo] ALMUEE FASY B AT RO
AP S Y AL Woll A SX]9F T2 HHES
57t % 4%719] £2 78] ¥ Uehiteh

ACLSVE 19594 w]Zo] AfmhbRol A HLo 2 1 1E
2m(Burnt 5, 1996), A}, Eof, vl A7, A2, A 5=
AA|ZIthLister, 1970; Németh, 1986). ACLSVe| ZHE =™ o
T2 A FFS 30-40% Ao WAYstH 4 HE-2 80—
100%7F<] H 117} o] 9J=d|(Cembali =, 2003; Nemchinov
5 1995 Wu 5, 1998), & Aol A ACLSVE] A= A HES
50.0% 80-100%e] HIX%] E5HAGE L% Abrede] 74
o] 80% oAk 2 ZAElo] B A Eol o Satg 4= 9
Ao 2wt

N

O]

32

F

N

=

=

e
=

Apple stem pitting virus (ASPV). ASPVS] Z+4 &3t A}
Af, A GGE S 85T, 5 BFAGY B S 997%
2 AAEC] 7P EokoH, AE FFAHL 69.9%= 7HF
S HEES HYrh E3F AE R B A 1671 Al 5 7
7N AFH-2 ASPVO] 100% ZF o] Hof Sl A &l
9o, Lhwix] IHUEE 50% o|4fo] &AElo] AsPve] 7t
GEo| AFHOR WS £ HOR AT 53] ASPY
+ ACLSVe} ASGVe} 3HA| Bt A== B-97F 22Hli 5,
2013; Leone 5, 1998; Wang 5, 2010), & 1o A= 3%9] v}

olYA7} Bl 4 AE AL 56202 RAF240] Ayl o)AF
o] ASPV, ACLSV, ASGV 3% B3} 7Hg=of 13ich

Apple stem grooving virus (ASGV). ASGVE 2 A+
FAF Q] vol2] & gl who| 20| = 5% Fof| A THE 2 4
HES B HPolR| A2 A FHELS 934%% 53] A
S 167 AL 3 770 AR 100% FEES Bom,
100%7} obd AFHUE 22 7hg 8] 50%7F WolA] A
o ofn] g Alh}Rsl FEEO DR B A7 24}
Ape] upoleizs 3 71y Felsk Al vholel 22 Bekgc

Lo

Apple mosaic virus (ApMV). ApMVE] A T IE
3.6%= 2 A7 thi Hiol2| A& d Hio]2o|E F 7HE B
AHES B 167] At = 107] o] A HE2 0%
Ao eton, 30 P 57tel A% BFL ASHA A
G A E 0] 10%2 JX| Lth Pertzike} Lenz (2011)9))
W2 ApMV= F ACLSVE} ASPVeL 3| WAskA| Rt ¢
Hles E4 Aok sl em, Cho (2015)0] wh=w =
W] AR 9] ACLSVY, ASGY, ASPVE] ZFHE-S 47.6%21 HHH
ApMV= 8= 2] OF k2 B a1skgick

2 AFolA = o] AT v 2 ApMVZE ACLSV
o ASPVe} B3t Zr 4 A7 gsken, ZHES ApMV7LE
ACLSV, ASPVHET} 5] e Ao 2 ZALEQITh

lo rlo

o r

Apple scar skin viroid (ASSVd). ASSVde] A= ZFHES
6.7%-2 THH-E2] ARkof| A ZHEE 0] 0% e, 412 D &
7+0] 79 2] 66.7%, S-= 40.0% = vi-¢ =& HHES Ho
ASSVdolA 2|3t 270] Zho|R A AAlE = =
7HE o & Ao & wekgof whet ASsvd el Ao gt 5
7t A7 3 E oo & Aotk

AR =W Abkde] BRo2] s Y vlo] 2ol B w9 -2 7
HES BT Qlo] Al tiFo] Zast dAolct 5t
A4k Hpol2] 2 Bl Hio]Zo|=0] -9 FA) A= Wiio] 7=
of QIA] ol MiZE WA, S &5 5 oAlolwt 21 =2lo]
ALA Qloy, & At Aol A= & 4= Jl%el ofn| BiolZ
2 gupo| 2ol B g F7hof] AR 0] §lof of#] HH o
2 1 a3t A& A0 2 wtEch whaka AAHQI igto]
gty 2T A 71ES o8-8l Al R B4t 7s
7o) A= E 2 §) o ™(Kwon 5, 2019; Lee 5, 2013; Wang 5,
2006), =3t Y BE4FoA FHEE Bgsial ok ot o
Gl U] /34 3H AR ohH 954 allof] ofsf

R7h AV 9Fe o)A ThE ] Tl A LS 4

flo
R
of
1%
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Table 3. Apple virus and viroid infection in Gangwon, Chungbuk, Chungnam, Jeonbuk

Area Ochard Variety ACLSV ASPV ASGV ApMV ASSVd No.
Gangwon, A Jahong (0] 0] 0 - - 23
Jeongseon (0] (0] - - - 1
0] 0] (0] ) - 1

- ) - - - 1

- (0] (0] - - 4

B Jahong (0] 0 (0] - - 29

(0] (0] (0] - (0] 1

C Fuiji 0 (0] 0 - - 9

0 (0] 0] 0] - 1

- (0] o) - - 19

- (0] 0] - 0 1

Hongro (0] (0] ¢} - - 29

- (0] 0] - - 1

D Fuji (0] (0] o) - (0] 1

(0] 0] - - - 1

(0] 0] (0] - - 2

- 0] 0] - - 7

- 0] 0 - (0] 9

Hongro - - (0] (0] (6] 1

(0] - 0] - - 1

0] 0] - - - 1

0 0] 0 - - 7

0] 0] (0] - 0] 8

- - (0] - - 7

- - (0] - ) 1

- (0] (0] - - 2

- - - - 2

Chungbuk, E Fuji - (0} o - - 2
Danyang (0] (0} (6] - - 26
(0] (0] (0] ) - 2

F Fuji (0] (0] (0] - - 25

- (0] 0] - - 5

Hongro 0} (6] ) - - 11

(0] (0] 0] - 0 6

- (0] 0] - - 10

- (0] 0] - 0 2

(0] - 0] - - 1

G Fuji (0] 0] 0] - - 23

- 0] 0] - - 7

Chungnam, H Fuji - ) (0] - - 6
Yesan Fuji (0] 0] - - - 1
(0] 0] 0] - - 23

I Fuji 0] 0] (0] - - 9

- 0] () - - 21

Hongro 0O O (0] - - 26

- o - - - 1

- 0] (0] - - 3

J Fuji - (0] 0 - - 17

0] (0] (0] - - 3

0 0 (0] 0] - 4

- - (0] - - 4

- - (0] 0] - 1

- () (0] 0] - 1
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Table 3. Continued
Area Ochard Variety ACLSV SPV ASG ApMV ASSvVd No.
Jeonbuk, K Jahong 0] (0] 0 - - 11
Jangsu - - o - - 5
- 0 - - - 1
- (0] (0] - - 5
- - - - - 8
L Fuji (0] (0] (0] - - 27
- (0] (0] - - 3
Hongro O (0] (0] - - 30
M Fuji Fubrax - - ) - - 7
0] - - - 2
(0] (0] 0] - - 2
(0] (0] - - - 1
- (0] - - - 4
- (0] - - 7
- - - - - 6
Hongro (0] 0} - - - 1
(0] o) 0] - - 7
- 0] - - - 1
- o) 0] - - 20
- - - - - 1
Jeonbuk, N Fuji Fubrax ) 0] 0 - - 6
Muju - - 0 - - 10
- 0] - - - 3
- 0 0] - - 1
- - - - - 0
Jahong 0] (0] (0] - - 1
0] - - - - 3
0] O (0] - - 3
0] - (0] - - 1
o - (0] ) - 1
0] (0] - - - 1
0] (0] (0] 0] - 1
- - - o) - 1
- - 0] - - 8
- (0] - - - 4
- (0] 0] - - 2
- - - - - 4
) Fuji Fubrax - ) (0] - - 1
(0] - 0] - - 2
- - 0] - - 16
- 0] - - - 1
- 0] o - - 10
Hongro (0] o o] - - 24
0] 0] o (0] - 1
- 0] o - - 5
P Fuji - 0] (0] - - 1
0] 0] ) - - 15
0] 0] (0] (0] - 1
- 0] (0] - - 13
Fuji Fubrax - (0] (0] - - 1
0] - (0] - - 1
o 0 (0] - - 4
- - (0] - - 17
- (0] (0] - - 7
Jahong 0] 0 (0] - - 8
0] (0] (0] 0] - 20
- (0] O] - - 1

ACLSV, Apple chlorotic leaf spot virus; ASPV, Apple stem pitting virus; ASGV, Apple stem grooving virus; ApMV, Apple mosaic virus;

ASSVd, Apple scar skin viroid.
*The number of infected tree.
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Table 4. Infection rate of viruses and viroid infecting apple tree

Infection rate (%)

Area Orchard Variety
ACLSV ASPV ASGV ApMV ASsvd ND
Gangwon, A Jahong 833 100 933 0 33 0
Jeongseon Jahong 100 100 96.7 0 33 0
C Fuji 333 100 100 33 33 0
Hongro 96.7 100 100 0 0 0
D Fuji 46.7 100 96.7 0 66.7 0
Hongro 60.0 60.0 90.0 33 40.0 6.7
Average 70.0 933 96.1 1.1 194 1.1
Chungbuk, E Fuji 933 100 100 6.7 0 0
Danyang F Fuji 833 100 100 0 0 0
Hongro 60.0 96.7 100 0 26.7 0
G Fuji 76.7 100 100 0 0 0
Average 783 99.7 100 1.7 6.7 0
Chungnam, H Fuji 80.0 100 96.7 0 0 0
Yesan | Fuji 30.0 100 100 0 0 0
Hongro 86.7 100 96.7 0 0 0
J Fuji 233 833 100 0 20.0 0
Average 55.0 95.8 98.3 0 50 0
Jeonbuk, K Jahong 36.7 56.7 70.0 0 0 233
Jangsu Fuji 90.0 100 100 0 0 0
Hongro 100 100 100 0 0 0
M Fuji Fubrax 16.7 46.7 56.7 0 0 20.0
Hongro 26.7 96.7 90.0 0 0 33
Average 53.7 79.9 83.2 0 0 10.1
Jeonbuk, N Fubrax 20.0 66.7 90.0 0 0 0
Muju Jahong 367 367 533 10.0 33 133
(0] Fuji Fubrax 6.7 40.0 96.7 0 0 0
Hongro 833 100 100 33 33 0
P Fuji 533 100 100 33 33 0
Fuji Fubrax 16.7 433 100 0 0 0
Jahong 96.6 100 100 69.0 0 0
Average 44.5 69.9 91.9 120 14 1.9
Total average 59.0 85.7 934 36 6.7 2.7

ACLSV, Apple chlorotic leaf spot virus; ASPV, Apple stem pitting virus; ASGV, Apple stem grooving virus; ApMV, Apple mosaic virus;

ASSVd, Apple scar skin viroid; ND, not detected.

N oN o
rﬂ ofr

[

He 2971 =8tk weby Al 24 B9E AFo R 4
A tolel s BHRE ARSHES S, A5 79} 7]
Qo2 gafo r A&H 4EE 245 B § o4

N
)
i

p=)

Shabels 212 Aok 3 Zlolck
T 1ol b 5] Hholel 9 who|Zo| =g
2 5g0m], Eat vlolel W vlo]o|= A& A 5Y

d
> (g
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)
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Table 5. Single and mixed infections in apple trees

Mixed

Single Not detected

Infection rate (%) 124 84.8 2.7

T AR Lo 4 of 2] 2918 ALg 31 91 A1RHHS AHS
sho] 2432 Amokich BE ChFR 29I HEL At
£ Aol SUAHE B L Y 5 glou T Al
F o ChFE A9, TRt AHUoI A B At RS
g = 2AHE Sasto] FRA Al vholel s I vhol2
o= 9| AYAE 1A STk A # A7 78079 A}

RS oo R 2AE YR

2 o

AL} vlo]2 2 4% (Apple chlorotic leaf spot virus [ACLSV],
Apple stem pitting virus [ASPV], Apple stem grooving virus
[ASGV], Apple mosaic virus [ApMV]), B}o]| 20| = 1Z(Apple
scar skin viroid [ASSVd])S TjAlC. 2 ] THES ZABHA
I, AAES 97.3%= thF-29] A7) Blol2| A B Hlo]
zo|=of ZEEC] = A2 2AEIT A9z A
98.8%, T3F 100%, <JlAF 100%, A4~ 89.1%, F-5= 98.1%% 2.,
vlo]y A W Hio]|Ro|= ZFzZFo] ZFEE-2 ASGV 93.4%, ASPV
85.7%, ACLSV 59.0%, ASSVd 6.7%, ApMV 3.6% =S 2 ASGV
o] AdECl 7 AL ApMVE] R E 0l 7HE W2 e =
ZAFE T TS, Blol2| A Bl Hio] 20| 23F o)At Bo 4y
H[&-2 84.8% = T 15T ZHHE HE< 12.4%8} v s}o] oF
79 77ko] Hl= Ao 2 AT

Conflicts of Interest

No potentail conflict of interest relevant to this article was
reported.

Acknowledgments

This work was carried out with the support of Korea In-
stitute of Planning and Evaluation for Technology in Food,
Agriculture, Forestry and Fisheries (IPET) through (Agri-
Bioindustry Technology Development Program), funded by
Ministry of Agriculture, Food and Rural Affairs (MAFRA) (grant
No. 315003-05-5-HD060).

References

Burnt, A. A., Crabtree, K., Dallwitz, M. J.,, Gibbs, A. J. and Watson, L.
1996. Viruses of Plants: Descriptions and Lists from the VIDE Da-
tabase. CAB International, Wallingford, UK. 1484 pp.

Cembuali, T., Folwell, R. J., Wandschneider, P, Eastwell, K. C. and
Howell, W. E. 2003. Economic implications of a virus prevention
program in deciduous tree fruits in the US. Crop Prot. 22: 1149-
1156.

Cho, I. S. 2015. New approaches of the molecular assays and the
surveys of fruit tree viruses in commercial orchards. Ph.D. thesis.
Chungnam National University, Daejeon, Korea. 150 pp.

Dursunoglu, S. and Ertunc, F. 2008. Distribution of Apple mosaic
ilarvirus (ApMV) in Turkey. Acta Hortic. 781: 131-134.

Hadidi, A. and Barba, M. 2011. Economic impact of pome and stone
fruit viruses and viroids. In: Virus and Virus-Like Diseases of
Pome and Stone Fruits, eds. by A. Hadidi, M. Barba, T. Candresse
and W. Jelkman, pp. 1-7. American Phytopathological Society,
St. Paul, MN, USA.

Hassan, M., Myrta, A. and Polak, J. 2006. Simultaneous detection
and identification of four pome fruit viruses by one-tube penta-
plex RT-PCR. J. Virol. Methods 133: 124-129.

Hirata, H., Lu, X., Yamaji, Y., Kagiwada, S., Ugaki, M. and Namba, S.
2003. A single silent substitution in the genome of Apple stem
grooving virus causes symptom attenuation. J. Gen. Virol. 84:
2579-2583.

Ji, Z, Zhao, X,, Duan, H., Hu, T, Wang, S., Wang, Y. et al. 2013. Multi-
plex RT-PCR detection and distribution of four apple viruses in
China. Acta Virol. 57: 435-441.

Korean Statistical Information Service. 2019. URL http://www.kosis.
kr./index/index.do [25 June 2020].

Kwon, Y. H., Lee, J. K, Kim, H. K,, Kim, K. O,, Park, J. S., Huh, Y. S. et al.
2019. Efficient virus elimination for apple dwarfing rootstock
M.9 and M.26 via thermotherapy, ribavirin and apical meristem
culture. J. Plant Biotechnol. 46: 228-235. (In Korean)

Leone, G., Lindner, J. L., van der Meer, F. A., Schoen, C. D. and
Jongedijk, G. 1998. Symptoms on apple and pear indicators
after back-transmission from Nicotiana occidentalis confirm the
identity of Apple stem pitting virus with Pear vein yellows virus.
Acta Hortic. 472: 61-66.

Lee, G, Kim, J. H., Kim, H. R,, Shin, I. S., Cho, K. H., Kim, S. H. et al.
2013. Production system of virus-free apple plants using heat
treatment and shoot tip culture. Res. Plant Dis. 19: 288-293. (In
Korean)

Lee, J. H,, Park, J. K., Lee, D. H., Uhm, J. Y,, Ghim, S. Y. and Lee, J.Y.
2001. Occurrence of Apple scar viroid-Korean strain (ASSVd-K)
in apples cultivated in Korea. Plant Pathol. J. 17: 300-304.

Lister, R. M. 1970. Apple chlorotic leaf spot virus. Descriptions of
Plant Viruses. No. 30. URL https://www.dpvweb.net/dpv/show-
dpv.php?dpvno=30[25 June 2020].

Menzel, W., Jelkmann, W. and Maiss, E. 2002. Detection of four



102 Research in Plant Disease Vol. 26 No.2

apple viruses by multiplex RT-PCR assays with coamplification
of plant mRNA as internal control. J. Virol. Methods 99: 81-92.

Nemchinov, L., Hadidi, A. and Verderevskaya, T. 1995. Detection
and partial characterization of a plum pox virus isolate from
infected sour cherry. Acta Hortic. 386: 226-236.

Németh, M. V. 1986. Virus, Mycoplasma and Rickettsia Diseases of
Fruit Trees. Kluwer Academic Publishers, Dordrecht, Nether-
lands. 840 pp.

Nisar, A. D. 2013. Apple stem grooving virus: a review article. Int. J.
Modern Plant Anim. Sci. 1: 28-42.

Pasquini, G., Faggioli, F,, Pilotti, M., Lumia, V. and Barba, M. 1998.
Characterization of Apple chlorotic leaf spot virus isolates from
Italy. Acta Hortic. 472: 195-202.

Petrzik, K. and Lenz, O. 2011. Apple mosaic virus in pome fruits. In:
Virus and Virus-Like Diseases of Pome and Stone Fruits, eds.
by A. Hadidi, M. Barba, T. Candresse and W. Jelkman, pp. 25-28.
American Phytopathological Society, St. Paul, MN, USA.

Posnette, A. F. and Cropley, R. 1956. Apple mosaic virus host reac-
tions and strain interference. J. Hortic. Sci. 31: 119-133.

Saade, M., Aparicio, F, Sdnchez-Navarro, J. A, Herranz, M. C,, Myrta,
A., DiTerlizzi, B. et al. 2000. Simultaneous detection of the three
ilarviruses affecting stone fruit trees by nonisotopic molecular

hybridization and multiplex reverse-transcription polymerase
chain reaction. Phytopathology 90: 1330-1336.

Wang, L. P, Hong, N., Wang, G. P, Xu, W. X,, Michelutti, R. and Wang, A.
M. 2010. Distribution of Apple stem grooving virus and Apple
chlorotic leaf spot virus in infected in vitro pear shoots. Crop
Prot. 29: 1447-1451.

Wang, L, Wang, G., Hong, N., Tang, R, Deng, X. and Zhang, H. 2006.
Effect of thermotherapy on elimination of Apple stem groov-
ing virus and Apple chlorotic leaf spot virus for in vitro-cultured
pear shoot tips. HortScience 41: 729-732.

Wu, Y. Q, Zhang, D. M., Chen, S.Y., Wang, X. F. and Wang, W. H. 1998.
Comparison of three ELISA methods for the detection of Apple
chlorotic leaf spot virus and Apple stem grooving virus. Acta
Hortic. 472: 55-60.

Yamaguchi, A. and Yanase, H. 1976. Possible relationship between
the causal agent of dapple apple and scar skin. Acta Hortic. 67:
249-254.

Yanase, H., Koganezawa, H. and Fridlund, P. R. 1989. Correlation of
pear necrotic spot with pear vein yellows and apple stem pit-
ting, and a flexuous filamentous virus associated with them.
Acta Hortic. 235:157-158.



