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Chrysanthemum plants are one of the most economically important plants in South Korea. Both virus and
viroid can cause diseases and economic damage to the plants. In this study, we investigated the detection of
seven viruses and two viroids in 350 chrysanthemum plants cultivated in Yesan-gun, Chungcheongnam-do.
Two viruses, chrysanthemum virus B (CVB) and tomato aspermy virus (TAV), and two viroids, chrysanthemum
chlorotic mottle viroid (CChMVd) and chrysanthemum stunt viroid (CSVd), were detected in this study. The
two viruses were detected in six samples and one sample, respectively. The two viroids were detected in 97
samples and 21 samples, respectively. The nucleotide sequences of the CVB-CN-Y, TAV-CN-Y, CChMVd-CN-Y,
and CSVd-CN-Y obtained in this study showed 83.7-86.9%, 99.2-100.0%, 94.4-99.5%, and 95.7-99.7% iden-
tity, respectively, compared to their other strains/isolates. The CVB-CN-Y and TAV-CN-Y showed the greatest
nucleotide sequence homology to CVB-GS1 and three TAV isolates (TAV-V, TAV-P, and TAV-ChJ), respectively.
The CChMVd-CN-Y and CSVd-CN-Y showed the greatest nucleotide sequence homology to CChMVd-Horst
and four CSVd isolates (Au1.1, K4pop, Sagae, and Tochigi), respectively. This study is the report on the infec-

tion rate of viruses and viroids in chrysanthemum plants cultivated in Yesan-gun in 2021.
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(299 hajo] H1z, v th52. & & 58 Z-Eo|tHMinistry

=3HChrysanthemum morifolium)+ =8+ Asteraceae)®l| of Agriculture, Food and Rural Affairs, 2021).
&5t thdA 22 41E= AlAle| 9 #3281, F 2000 & T3t= A AAZ L= 1259] vio|H A& (Chrysanthemum
Zo] B3uE3 glom, A 3t AstFo] EghHhKim 5,  virus B, CVB; Chrysanthemum stem necrosis virus, CSNV; Cu-
cumber mosaic virus, CMV; Impatiens necrotic spot orthotospo-
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virus, TSWV; Potato virus X, PVX; Potato virus Y, PVY; Zucchini
yellow mosaic virus, ZYMV)3} 2%-9] Hjo] 2o]=.
mum chlorotic mottle viroid, CChMVd; Chrysanthemum stunt
viroid, CSVd)o] B 11 %] ¢jcHAshwathappa 5, 2020; Kondo 5,
2011; Liu %5, 2014; Nassar 5, 2012; Niu -5, 2015; Song -5, 2012;
Supakitthanakorn -5, 2022¢; Trolinger 5, 2017; Verma 5,
2004; Zhao 5, 2015).

oA 1997d0] BT nhitoll Al 9lo) Batel 719
= Uehll= =8tollA CSVdE A BE AlZS. =, 200630
L 28k W B Ao] gl 8 Qo4 CChMvdr} 2
EI90T, B2 A7} el ZslolH TW 7S 8
Q15 TtHChung 5, 2001, 2006b, 2006¢). 2013 of|= =3} &)
oA A W Y 9 27]9] 77 2EoH CNVE R 2
=2 TH(Yoon 5, 2017). 2L Bt =3}a}of| &5t Z=(Den-
dranthema indicum)3t 7~ 2 (Chrysanthemum zawadskii var.
latilobum)o| A 2}z CVBL} TAV E3F 4+ 3t TAV @& Hd-S
B 1319 tHChung 5, 1999; Kwak &, 2021). =3+ AF=(Chry-
santhemum boreale)o| A= CMV G7|A 8L 2 115} THNCBI
accession no. AF316362).
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EH
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ABIZIE. 20219 YL oA 23} AJA AR A
AR = AR zo] 3507 ZA Y HE-S T2 2 A5k T
ol7]14 43 3507) ZAEIFHE-L 5320] A Au R o A
71704 3Tk £ UE T3] Q5 S-S §Ao] ekt
A A, B3t B B EA )2} WAo] BT,

o)

siibxE. I FES H8 1.5 ml FEo 100 mg =3}
217+ 300 pl RNA extraction buffer (50 mM Tris-Cl, pH 8.0; 10
mM ethylenediaminetetraacetic acid, pH 8.0; 0.1% sodium
dodecyl sulfate; 0.1% betamercaptoethanol)g H4y, 50

ArtolE AHg3tel itk 1 3

, phenol/chloroform ¥H-&

A3l total RNAS 32315ITHLiu 5, 1998). &3 total
RNAQ] == B33 A(NanoDrop One, Thermo Fisher
Scientific, Waltham, MA, USA)S A}-8-5}4] 260 nm/280 nm

S35 gho] 2,000 7HEA A =

Zalo|H ME. 7F9 =3t Fd BiolHAE(CMY, CVB,
CSNV, INSV, PVX, TAV, TSWV)1} 229] ulo| 20| =E&(CChMVd,
CSvd)E A7gst7] S8l CMVeL TSWVE A3 U A] et
o5& el ZatolriE Agtal] gla) vl 2
=354 B A (National Center for Biotechnology Informa-
tion, NCBI)o]] 18] 2 715 A7|AASS susloc). SeE 5
2] ol A5T} 25:9] Hpo|Ro| =S| WSS 27}
DNAMAN software (Lynnon Biosoft, Vaudreuil, Canada)S- A}
£3}o] multiple alignmentS B431 &, 71 A5 A =2 &
71419 5918 gatsfof Sofolot & A sk e Table 1. CUY
o} TSWV Zetolu5-& 418 Aolq A= Zefolni5 e
AH&-5}%tHSong 5, 2016).

Reverse transcription polymerase chain reaction &
M, DNA &AS Y3t reverse transcription 132 1 yg to-
tal RNA, 1x buffer (Thermo Fisher Scientific), 0.5 ul random
hexamer primers (Qiagen, Hilden, Germany), 1 ul dNTPs (2.5
mM), 100 U RevertAid reverse transcriptase (Thermo Fisher
Scientific)E polymerase chain reaction (PCR) FXHof %=
50 pl 93 E3131 35, 42°Col| A} 605, 70°Col| A 105 $=3)3}9]
t}. S DNAE AFE351e] oF23 ZH2 2 AS 2 PCRE 4
Y5 TE PCR FHof 5 ul cDNA, 1x buffer (TaKaRa, Tokyo,
Japan), 5 U Taq DNA polymerase (TaKaRa), 1 ul of dNTPs (2.5
MM} AR Zetolu] S 9T 2% 50 l W EAT
95°Col|A] 387+ 7] WAS 5131 95°C 30%, 54-58°Co)lA] 1
B 72°Col| A 18-S 303] uhES}E oh-S mjx]ukoe 2 72°Co||A] 10

B SO HFSAIFLE PCRAFEE 2 1% o2 2 = A2 0]-83}
o] 0.5% TAE -§HYof| 4| 135 VE 188 53 X795 T34 3,
UV transilluminator (Bio-Rad, Hercules, CA, USA)E A-&51o] 4
72 Bhlain.

UIIMH AL HV|GES B A Y NRES

Ao 2 pGem T-easy vector system (Promega, Madison, WI,
USAIE ol 83o] Z2d& Sk AHE PCR AHE
EcoRI A|gt& A (Takara, Kyoto, Japan)& AF-&3lo] A2|3t 3,
optR2 A A7|FFO R 2715 ARSIk ALE FEE
< A7IM S FH3aL, NCBIOj|A Blaststo] 2HIsHiet. 244
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Table 1. Primers used for PCR detection of viruses and viroids in this study

Virus Primer name Sequences (5’ — 3') Amplicon size (bp)
CChmMmvd CChmMvd full UP GGCACCTGACGTCGGTG 399
CChMvd full DN GACCTCTTGGGGGTTTCAAA
csvd Csvd full UP CGGGACTTACTTGTGGTT 354
CSvd full DN AGGGAACAAAACTAAGGTTC
[@v\% CMV 650 UP ATGGACAAATCTGAATCAACC 650
CMV 650 UP TCAGACTGGGAGCACTCCAGA
CVB CVB 6952 UP CTGATGCCTCTTACACCT 547
CVB 7498 DN TAACGATCTAACCACTCAC
CSNV CSNVCP39F GAACTCCAAACATCTCATAGA 632
CSNV CP 680 R CAATGATAACCTGGATCAGATC
INSV INSVCP25F ATCAATAGTAGCATTAAACATGCT 768
INSV CP 789 R ATGAACAAAGCAAAGATTACCAAG
PVX PVX CP UP ACCAGCTAGCACAACACA 626
PVX CP DN TGGCAAAGTCGTTGGATT
TAV TAV CP UP ATGGCCCAAAACGGTACG 657
TAVCPDN TCACACCGGGAGCGTTG
TSWV TSWV CP UP TTAAGCAAGTTCTGTGAGTTTTGC 777
TSWV CP DN ATGTCTAAGGTTAAGCTCACTAA

PCR, polymerase chain reaction; CChMVd, chrysanthemum chlorotic mottle viroid; CSVd, chrysanthemum stunt viroid; CMV, cucumber
mosaic virus; CVB, chrysanthemum virus B; CSNV, chrysanthemum stem necrosis virus; INSV, impatiens necrotic spot orthotospovirus; PVX,
potato virus X; TAV, tomato aspermy virus; TSWV, tomato spotted wilt orthotospovirus.

H F71<€ =2 DNAMAN software (Lynnon Biosoft)2} La-
sergene software (DNASTAR, Madison, W, USA) & A}-8-5}4]
A3 R3E A7 HE ST AF BAE stk

2 1

=3F A|ZXHHi X0l M HEE Hiol2{AL| ZHHEE EAL
= =3} 35071 9] AMEE0)| A reverse transcription poly-
merase chain reaction (RT-PCR)I} ¥7|AE B A& E3) 2
Z9| vpo|2 A F(CVB, TAV) I} 2%-9] Hfo]| 20| EE(CChMVd,
Csvd)o] AR UL, Y A] violg| A5 = A3
= 3{t}(Table 2). CVB+= 35071 A& F-ollA] 670 Aol A A8 =3
o, TAVE= 35071 AZ o)A 17§A)17F AA =T CChmvd
= 3507 E FollA 9771AI7F A= em, CSVd+= 35070
AE SollA 217000 A A= ATk CVvBZL HAE 6774 S
A 37AlE &= el a, U A| 37141 CChmvdel B2t 2t
o= FAEE TAVZE FAE 3 7iA|= CChMVd: §HA|

AA=IAck CChMmvd7E AR E 97704 F 807HA1 = &5 A
ol L, U] 177441 = & 7 Helgich Csvd7t HAH 21
7HA 5 1070A1 &2 5 T EolaL, UHA 117HA= B3 7
o2 mE CChMvde} 3 T H =SS ERlsksith o2
AN HHE CVB, CChMVd, CSVAE] d7IN A5 242t
99.99-100.00% AFEA-S BT, 7|4 AARE vlo]zA ST}
Hio] 20| =E5-& ‘CN-Y' E&|Fe} 819tk

AEE 232 Hio[2{ASC| HIVIME AE BM. "
=3} MEE oA AAE CVB-CN-Y (GenBank accession no.
0L827561)2} TAV (GenBank accession no. OP820435)2] 7]
AEES Ao =2 A3) 2 1% CVB isolates/strains} TAV
isolates/strains ] 971N 2S Afole] AHEA T AT F4
2 =345}tk CVB-CN-Y2Q] 6,952-7,498 nucleotides (nt) 3%
A7) GEL BAlofol A E=]E CVB-GS1 (GenBank acces-
sion no. MZ514908)2} 86.9% = 713 =2 AA=AS B9,
71 52 Q%o A Ea]= CVB-Tamil Nadu (GenBank accession
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Fig. 1. Phylogenetic tree analysis of two viruses and their other isolates/strains based on nucleotide sequences. (A) Phylogenetic relation-
ship of CVB-CN-Y and other CVB isolates/strains based on the comparison of the partial nucleotide (nt) sequences (6,952-7,498 nt) of CVB
genome. (B) Phylogenetic relationship of TAV-CN-Y and other TAV isolates/strains based on the comparison of coat protein (CP). Phyloge-
netic trees were generated using the DNAMAN package as described by Kwon et al. (2020). CVB, chrysanthemum virus B; TAV, tomato

aspermy virus.

Table 2. The infection rate of viruses and viroids in 350 chrysanthemum plants

No. Virus name Infection rate (%) Rate of single infection (%) Rate of mixed infection (%)

1 Chrysanthemum chlorotic mottle viriod 97/350 (27.71) 80/97 (82.47) 17/97 (17.52)

2 Chrysanthemum stunt viriod 21/350 (6.00) 10/21 (47.61) 11/21 (52.38)

3 Cucumber mosaic virus 0/350 (0.00) 0 0

4 Chrysanthemum virus B 6/350 (1.71) 3/6 (50.00) 3/6 (50.00)

5  Chrysanthemum necrosis virus 0/350 (0.00) 0 0

6 Impatiens necrotic spot virus 0/350 (0.00) 0 0

7  Potatovirus X 0/350 (0.00) 0 0

8 Tomato aspermy virus 1/350 (0.29) 0 1/1(100.00)

9 Tomato spotted wilt virus 0/350 (0.00) 0 0

no. AM765839)¢} 85.0%2] A-5A-S R tHSupplementary
Table 1). CVB isolates/strainsE2] A E&+2] BEAoA = 24
A Y] Alg TFe 2 E7E 4 9o, of7]A] HiE CVB-
CN-Yi= 3 ¥ A5 g o) EFHETFig. 1A).
TAV-CN-Ye] ojjehuld A =9l A 2 TAV
isolates/strains 9] £|¥] Tz A HA| R 9] G7|AEE2
99.2-100.0% A543 B tHSupplementary Table 2). £3]
TAV-CN-Y¢] sigiala AR5 919 @7)1ge E50) S8

of| A E&]% TAV-V (GenBank accession no. NC_003836), 37}
9] 130 A E&]= TAV-P (GenBank accession no. L15335),
A H o] Z3lof| A EE]=H TAV-ChJ (GenBank accession no.
LC634033)0| 4] = 100% AH5A-S HYth TAV isolates/
strains®] A §8H4] B4 oAM= AT IFol 2A WHEAA &
2¥chFig. 1B).

HYE 252| HIO|20|=S2| FI7IME AIS EM. 3

—

HI
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Fig. 2. Phylogenetic tree analysis of two viroids and their other isolates/strains based on nucleotide sequences. (A) Phylogenetic relation-
ship of CChMVd-CN-Y and other CChMVd-CN-Y isolates/strains based on the comparison of full-genome nucleotide sequences. (B) Phylo-
genetic relationship of CSVd-CN-Y and other CSVd isolate/strains based on the comparison of full-genome nucleotide sequences. Phyloge-
netic trees were generated using the DNAMAN package as described by Kwon et al. (2020). CChMVd, chrysanthemum chlorotic mottle

viroid; CSVd, chrysanthemum stunt viroid.

H =3t &4 7R CChMVd-CN-Y (GenBank acces-
sion no. OL827561)2} CSVd-CN-Y (GenBank accession no.
0L827563)2] AAA7IMES< ez A% HiH CCh-
MVd isolates/strains} CChMVd isolates/strains2] G7|AEE
Apo) ] A At AF LA H4E 41T CChMVA-CN-Y
L A3 B 3% CChMVd isolates/strains 7| A B &3} 94.4-
99.5% AHEAS UEon, Auelo]q g CChMVd-
Horst (GenBank accession no. NC_003540)2} 99.5% Az-A]

S 2 713 A A=A tHSupplementary Table 3). CChMvd
isolate/strains - A58t EAox= ZA AI7HS] AlE1
Fog BeE £ 9lon, of7|4 B i1% CChMVdA-CN-Y:= A
A AlFLEoll ZE AL AuRloflA] BarE CChMVd-Horst
o ZATAZF 7HE =A VrebThHFig. 2A).

CSVd-CN-Y= A3 B 115 CSVd isolates/strains2] G714 <
=3} 95.7-99.7% A EAE HOFth CSVA-CN-Y&= £ 9
A B2]= CSVd-Tochigi (GenBank accession no. AB006737)2}
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CSVd-Sagae (GenBank accession no. D88895), gt=tof| A £g]
=] CSVd-K4pop (GenBank accession no. LC088323), 50| A
Ba]5 CSVd-AU1.1 (GenBank accession no. JQ809252)]| A4
RE997% 4540 2 7 A B A =T Supplementary
Table 4). CSVd isolate/strainsE-2 A8t B Ao A =2A| Al
Mol Ale IFe 2 E7E 5 o, o7]4 HiE Csvd-
CN-Y&= A ¥ AlE g0l =L d2oA &2 CSvd-
Tochigi®} A7} 71 =4 Wbt thFig. 2B).
o

ol A A= I Q= =3 19979 CSVd 4 RAs
Azte 2 23k AujAlo] A4 H o2 Hholala 9 wolzo|=
HEo] H 11 QIcHChungi} Pak, 2008; Chung 5, 2001,
2005, 2006a, 2006b, 2006¢). ©|2|3t =3} Hjola]A @ Ho]2
ol HEZ WA el = 3kl QH(chemotherapy),
dx2] 28 (thermotherapy), A% £& ZZH[%(meristem
tip culture) W & &= Ee Tt} AHEZHTHKumar 5,
2009; Ram 5, 2005, 2009). T3} BFO|HAE w75t HFE
9] HlA|of| &= 3122 11 QItHGupta 5, 2021; Khan 5, 2021).

JEy & A5 AE FEl =3t FHE A R A
i z|of| A whol2] 2 Bl who] 2ol = W Sof et o % A7}
HHEHA] OhE5 BT ) 9714 AEEH 259 vl
2AE(CVB, TAV) I} 229 ulo| 20| =E(CChMVd, CSVd)& =
FAEE Y99 A4S0 2 H9E o 9lon, 53] CChmvdet
CSVd+= FA}e] oJaf CVBLF TAVE ZGlE<f o8 A= 4= 3l
tHCho 5, 2013; Chungd} Pak, 2008; Ebata 5, 2019; Ohkawa
57 2007; Verma 5, 2009). wehA] of 714 HAE Blo]2 A5
Hpo| 2o =52 =3} WA1S 913 A= Aul x| 4 2 wi7h
T A A= oS4 o vk 53] o JMAeIA AEH
o] 2| A(CVB) ¢} HEo] 20| =E(CChMVd, CSVd) 9] F71AE ¥
oj&o] ¥ Ao w At uf, ZrHH HUF E= HFol 9
AR Atz Helrk

2 Aol HAE CChMVd-CN-Ye} CSVd-CN-Y2] Al5-314
A0 252 A% HuE sy o 2elaEd @A 24
TAE UYehliA] gL, o E 59 E25¢ ZATAE e
= A2z ZAESIE AF A5 CChMvd £2]55-2 opA|of
Ao E2E A5 v|op|of X ol EejE AlFo= F
HEH AL, Tl A E2E ASEE okrloF A FolA EelE A
T3 29IAE 2k Supakittahanakorn 5, 2022b). 18
L o714 22 CSVd-CN-Yi= 2H|Rlof|l A Eeje fe9F &
HAHAE Bk webA 2 dtollA E2]E CChMvd-CN-Ye}

CSVA-CN-Y= A3 B s £ 2 Alee = 24
), 2 Zpol= TR Ao 2 e AL E YT H YT E
+ 715 thEoll 3= Ao = oS Hrk

=3 FRHE P GHE B3RS0 27 A8 ST T
B A A =o &5 9 of7lS el thet ot
A7F v Fasich 2 5 FHE AdoAs 27 ARE -
e AEAD7 = Aol FashH, AA) =3 4 vl
4 Hpo|Ro|E W F YR = AU AHs7| 13 real-time
PCR E+ loop-mediated isothermal amplification 5©] 7}
YE] @l cHGuan 5, 2017; Kim 5, 2015; Supakitthanakorn 3,
2022a). & Aol A= RT-PCR &41S Faf vhol2| A5t Hio]
20|59 WA FS AP oY, TR AL SRt
e E AT A 22uoF bl Ao TR S f1aAl
= H8Y =Tt w2 AUE7] & A8o] a7-Hr

2 AT = 78 AdEE F3vholg A W Hlo|Ro|E HE
of thet JH o} I5S A= ol AHEE o e ZEtolH
BEES AlFshaL, S 53 Hholg]A 9 Hio| 2o = 59
H7MEES AlTTLEHN B2 LU Ad7]& 7t =

¥ oL of

O O = A
=S E5 Ytk

2 o

= 3HDendranthema morifolium)+ 3H=rof| A FA| A2 5
a3t 3|2 Eof| 23|I, Hio|2]e} Hio]2o|E BE 9
3 BAIA g & WL QUok 2 AFolAM= FHEE AlAt
oA e =3t 3507041 S Gz 7E2] vholH A5t 2
Z-9] vfo| 2o]=E(Chrysanthemum chlorotic mottle viroid,
CChMVd; Chrysanthemum stunt viroid, CSVd; Cucumber mo-
saic virus, CMV; Chrysanthemum virus B, CVB; Chrysanthemum
stem necrosis orthotospovirus, CSNV; Impatiens necrotic spot
orthotospovirus, INSV; Potato virus X, PVX; Tomato aspermy vi-
rus, TAV; Tomato spotted wilt orthotospovirus, TSWV)Z 43}
gt} 1 A1} 239] ulo|Z A E(CVB-CN-Y, TAV-CN-Y) 1} 2£9]
Hlo] Z0]=E(CChMVA-CN-Y, CSVd-CN-Y)o| AA=| 1tk CVB-
CN-Yi= 67119] =3t AlEZAIS oA AR =RAL, TAV-CN-Y+= &
W7t =8 AEAl ARt HE = ATk CChMVd-CN-Y+= 977119
=3} AEA S04 HAEERNCH, CSVA-CN-Y= 217]9] =3}
A EA SN A HAEATE CVB-CN-Y= CVB-GS11} 86.9% &
718 AEde BReH, TAV-CN-Y+= 3719] Z2]5=(TAV-
Chj, TAV-P, TAV-V)1} 100% 7|4 Eo] AA]5FH T CChMvd-
CN-Yi= CChMVd-Horst2} 99.5% F71AE A5A4S BFom,
CSVd-CN-Y+= 4711¢] Ea]3E(Aul.1, K4pop, Sagae, Tochigi) -
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99.7% H7|1X <2 *%*3% BTk B A7L 20219 ofAko]
A Al ohE S AL = HholgL Yl upol=o|E5S 4
st 159 AEEl ?_%JE Aolct.
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