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Phylogenetic Analysis of Apple scar skin viroid Isolates in Korea
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To identify genome sequences of Apple scar skin viroid (ASSVd) isolates in Korea, the field survey was per-
formed from ‘Hongro’ apple orchards located in eight sites in South Korea (Bongwha, Cheongsong, Dangjin,
Gimchoen, Muju, Mungyeong, Suwon, and Yeongwol). ASSVd was detected by RT-PCR and PCR fragments
were cloned into cloning vector. Full-length viral genomes of eight ASSVd isolates were sequenced and com-
pared with 21 isolates reported previously from Korea, India, China, Japan and Greece. Eight isolates in this
study showed 92.2-99.7% nucleotide sequence identities with those reported previously. Phylogenetic analy-
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AHMalus domestica)= 7872} AR of] &6 T4
AE 2 U] & AujH A 30,000 hao|™ 17} 475,000% 0]
AAE] T Q)= T A 9] AEZHEo|tH(Ministry of Agriculture,
Food and Rural Affairs, 2015). =-U] Alabol| A 28l =@ v}
o] A H Hlo|2o| = O 72 = Apple mosaic virus, Apple chlo-
rotic leaf spot virus, Apple stem pitting virus, Apple stem grooving
virus, Apple dimple fruit viroid, Apple scar skin viroid(ASSVd) &
o] gloni, o] am ol AP A9 53 7ot F2 A5}
A7} U A0 2 oFal A o)t} (Lee, 2013).

Hlo]|2o|E= Q? 250-400 nucleotides(nt)2] &4 w+d 7}
RNAR H4d & o] glow, Anba| Q] Hiole] e} ghef a4k
31 9l o7 ghu o] gl oWt ghul A ;1 a}a 91 o
o 227|715 1) of 8] QA5 £ ol BA7} o] 2
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sis showed that seven isolates reported in this study belong to the same group distinct from other groups.
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ZItH(Diener, 1987; Di Serio 5, 1996; Hashimoto2} Koganezawa,
1987). ASSVd= S| Au) Aol 718 A7kt Tl 7%
£ oA Q) Al Hho] Ro] ER A, 7] HE 5o B 7
@ B9 23k ahdo) ol 719 5 3 Qe ey, 2
S RALEFO| 7 ASHA| Ao g deA QlrHHashimoto2}t
Koganezawa, 1987; Zhu =, 1995). ASSVd= ==toj| A 19351
A5 o] =9 0 w(Ohtsuka, 1938), Y, vl=f, A&, F-¢
SR A= B a1E v} Qlti(Cambella} Sparks, 1976; Diener,
1987; Millikan} Martin, 1956; Yamaguchi®} Yanase, 1976). =
Yol A= 20014 A1} Aull ol 4 QB el ‘u]7]eto]
32T EF oA ASSVd o] g o] 2| & K arE|o] ASSVA O] YR A
Zof thgt At(Lee 5, 2001)7} o] o H AL, 79, A,
5 AR Ao 4 2] ASSVd EA ol Tk 17 S
91EHKwon 5, 2002). SHAIL, Sl #eFES AFoR A9
W2 AR A AL B, 2| Hof ih2 Bl AgET7E

A AFEAE AAsAY slfe]ol A Hird ZelF St
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Table 1. Sampling regions and detail information of Apple scar skin H| & 2335t L= 33)4 v} g9l 2 A= 20149 F

viroidin Korea B 20159741) S Al 244K 8] Aot Sl om 3l
Region  No.of samples Length (nt) O°"ParKaccession  psqyqol wojz50) gt inﬂ A HELS B8}, o]

Mungyeong 80 331 KP765433 gt Als A4S S8l Ul Eea 2 s LlollA] 7] Bae &

Gimcheon 100 331 KP765431 g FE9 IE 7o) 2Jo|E &elsto] ASSVd HQ] 7] A}k

Dangjin 80 331 KP765430 22 o gsluat odoLs Saahdl

Muju 100 331 KP765432 28 DTS A

Cheongsong 80 331 KP765429

Bonghwa 80 331 KP765428 ASSVd X, 2014 44 2015 3Y7HA] Al FARCH

Suwon 4 3 765434 2191 491, B3}, 5, T, 2, w, B, 49 870 1o 32

Yeongwol 80 331 KP765435

Fo] Auls7tel A B2 EEO) ATHIR 2055 52192 A

¢

Fig. 1. Apple scar skin viroid associated scarring and dapple symptoms in the infected ‘Hongro’ apple fruit skin.
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Fig. 2. RT-PCR analysis of Apple scar skin viroid-infected apple leaves collected in different regions. M, 100 bp plus DNA ladder ; N: negative control,
P: positive control; 1, Gimcheon; 2, Dangjin; 3, Muju; 4, Mungyeong; 5, Bonghwa; 6, Yeongwol; 7, Cheongsong; 8, Suwon.

Pathogenicity domain

India F
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Fig. 3. Multiple alignment of the present isolates of Apple scar skin viroid showing variability in first 90 nucleotide part and the central conserved
region. Blue box is a pathogenicity domain.
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Z2 FrolAl AFsto] 2H2-o] Uhtofl thgt Hio 2o & A9
AH2-3}S] THTable 1). Total RNAX CTAB WS- o] 835}0] &
31912 1 (Gambino %, 2008), RT-PCRE 7] o] X.11% ASSVd
o] Eo|2 Zalo]m 3] AS3(5-CCCGGTAAACACCGTGCGGT-3')
9} AS4(5'-ACCGCGAAACACCTATTG TG-3')& o]g-alo] =85}
%ATHLee 5, 2001). ASSVd7} HEH o= I ol 4] 8-9€7
of dEHHY T4l BEE A (Fig. 1), A o] A7]¢F =2
717 2o A= S SIS = YA THA R A ).

Lo

ASSVd R} 2M I ASEM, ASSVd7F AEH A
of Al 29| = Akt o] A & o] et FH flsto] A1
o 5712 RT-PCR AH=2 pGEM-T easy vector (Promega, USA)
Zrgsto] A7|AdS EA% 23} 331 nt o] ] ASSvd A
A 471 M 2& BelstcHFig. 2. AR FEE AGE W
Q1 HelR g sty Austeom, o3 SHlE 850 2o
ol Tiek 4] &2 NCBI GenBanke] 555191tk o] 5 o] 5 &
5 0] 344 27} NCBI GenBankol 5-2% 7]2 Halx A%
S} A A D 9] GAMSS MultAlin 3 2 7738 (http:/multalin.
toulouse.inra.fr/multalin/) 2} MEGA6(Tamura =, 2013)2- 0|8
sho] wma) 2 AT}, 922-997%9] A A SAS 13
o, 7 Aol Aolet Y Eel B HE 7 el
©}96.9%(71 %)l 4] 97.5%(&-3}, =73) Abol o] A& BTt
(Fig. 3, 4). 3 s ol A H L= 205-9] 2|59} 7|& =
WollA] HarE QId 15-2] £-2]52(ASSVd-K, AF421195)2} 31|
T 29% o5 Ak A AV S A e 2 A, 7] B
V=G 2159 Fe|5ef AEA SR1EH 8% Helg= 1t
o= 922-99.7%2] FAMI& Hol= Ao =m gRlEglon, &
3| Q1% (AM993159), Z=H(EU031496) Ea|F=7 ¥ Ba|F
= 92.2%9] 7P & FAMI S HATHFig. 4). T 29F2] ¢
i s7he] 1O R BREE A Y 5 Uglov], o2
HIEF O 2 ASSVdo tgt | 2.8 275 Agekaict & A&
5ol A Bl 852 S ASSVd Bl R E F 759 4
9 7129 HelFot o C TFel £319, JYolA SHle
= 2]5(KP765435)= S} Q= of| A B aLE Ao} Ala}o]
ASSVd E2| e} 22 E T1F0) &3k 2 0 2 YERGTHFg. 5).
A4 Ao 2= AgA] fio) nhE 5E3E 2pol= HolX]
AT E3, 7]Eo] oA HarE A E} v wstelS o
H YA 9 9d(pathogenic domain)} 541 & ¥ (central domain)
= Al 2Jgk ol A 2] A A 2ol & ERIsH] o, o] = 2}
A Q1 FHAF ol 7F s A AU A 2E e aEe] 14
e 7Hs/dol AL ofof| s A= F=7HA )] EAlo] Ha
ok Aotk gho = Sl Akt o] ol A HEH Hio| Ro| = H

F=0| Ab FA R ol of | FaFE vlX =R thslAl
= SRl A7 E 8.8 Aot

= A= 2014 0 A 2015 71A] ©] s uff AL HEo] o] =

Fig. 4. Estimates of evolutionary divergence between sequences. The
number of base substitutions per site from between sequences is
shown.
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Fig. 5. Phylogenetic tree showing evolutionary relationship of the present isolates with other Apple scar skin viroid isolates taken for study. To
evaluate the statistical support for tree topology, bootstrap values were calculated using out of 1000 replicates. Ap: apple; Ar: apricot; Wc: wild

cherry.

ASSVd 2] 5-9] A EA o] gt B A vto] o] = 7
H7163} o5 Hlo| Zo|E B R50] $AA BANRE
A} 5 Tgol A wrAlelE vlo] Ro| 2 &Ko w w
e Estn 1 gas st 24 4 oS A0 B
chele,

O OF
4 9

sl A el = At 32 ol 'BAYSk= Apple scar skin
viroidtg 0] G- A2} Al B BAL 517] ¥5to] vlo|Ro|E ZAfo|
Uetu= 870 A 983}, AE F, A4Ad, 7 24, e
G )] F7toll A =33t Al =5 RT-PCR WM& ©]-§-5}of H}o]
;o]\: AL AA] ].Oﬂ];]- b= H]—o]§o]1:g] 293 &
AA Q7148 24S S8l 859 welFeS skl g
=, Ak, T, At B 2P oA HalE 2150 EEet o
7]’\1°j£ H] WS 871 9] 5] WA DS 7] =0
2] B2] 25T} 92.2-99.7%9] AHEAS UrEWiE}. A&+
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