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Oxypetalum coeruleum, commonly known as Tweedia, is a perennial herbaceous plant of the Apocynaceae
family native to southern Brazil and Uruguay. Tweedia plants are grown as one of the most popular orna-
mental flowers for floral arrangement in Korea. In May 2021, several tweedia plants in a single greenhouse in
Gimje, Jeollabuk-do were found to show virus-like symptoms including necrotic rings, vein-clearing, chlorotic
mottle, and mosaic on the leaves, and necrosis on the stems. Here, we have identified tomato spotted wilt
virus (TSWV) in symptomatic tweedia leaves by applying high-throughput RNA sequencing. In the result,
a single infection by TSWV was verified without mixed infections of different virus species. To confirm the
presence of TSWV, a reverse transcription polymerase chain reaction was performed with a specific primer
set to the N gene of TSWV. The complete genomic sequence of L, M, and S segments of TSWV 'Oxy’ isolate
were determined and deposited in GenBank under accession numbers LC671525, LC671638, and LC671639,
respectively. In the phylogenetic tree analysis by maximum likelihood method, 'Oxy’ isolate showed a high
relationship with TSWV ‘Gumi’ isolate from Gerbera jamesonii in Gyeongsangbuk-do, Korea; for all three RNA
segments. To our knowledge, this is the first report of TSWV infection of O. coeruleum in Korea.
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9] npolg AR E -2 Ha|(Frankliniella accidentalis) S H]
310959 w750 o3 AEst= Aoz dA Ut
(Morse2} Hoddle, 2006). TSWV= &R 71A] & 1,00061%2] 7]
FAE ZAA7= Ao E dEA glon Sl 2004
Y gzZazloA 2 B o]F v EnfE, A 59 4
& 9 3, oF A== Haf7t G4 Yitk(Cho 5, 2020;
Choi 5, 2010, 2014; Chung 5, 2006, 2021; Kim 5, 2004, 2018;
Kwak 5, 2020, 2021; Parrella 5, 2003; Yoon 5, 2016, 2019). &
Aol A= 20219 A E HAA| SH| AR F7Foll Al Aul
A SAHEEY A 27]0M BE, SR L He &5
Y TA} 59 Hiolg| A o4 FAto] WHE o] JHALE AL
A2 -8 H(reverse transcription polymerase chain reaction,
RT-PCR) 2 Z}A|tf 7)A€ E A (next generation sequencing,
NGS) &3l TWSVel o3t & =l A2 = 2Rl
EQ SA|HEF ol A 22 TSWV £ F=(TSWV-Oxy) 2] 24|
@7INDE BAste] ThE Tswv Belete] 47 454
0 A R4 o BT E0e Aue Bt

Mz 3

Hio[2{A R 2t & ™E. 20214 5¢ A5 A 37 Al
At 2ol A A=l Qe SAHEEA vhol2| A o4
Ao AU o= 2 FHE SR YA H §
5, "ato]|3 4o UehdaL, 710l H2 25749 134
Ql EAzubolg A ZhdFAde] I UTHFig. 1). <l Blo]
H 20 A4S 9ot BAS UBll= SAHEE o 48
Adsto] FAIA R Z AHE-SHEAT

Hpolg| A S-S Hol= SAHEE A8 1 9= AP
o €17 0.01 M potassium phosphate buffer (pH 7.2) 10 ml
2 dof np st 2FHE th2 carborundum (Thermo Fisher
Scientific, Waltham, MA, USA)S- B8] 6-8%F 2] 3 313(Cap-
sicum annuum L.) B lo]] =Esho] viol2AE A ZATE 4]
2 2A00A 237 FAAIA Gl vhol2 2 HA o] et
£ A& stk

Total RNA £= U XIMICH S7[ME 2N, SAHEE &
7 vholeize] G2 TS 3}7] Ja) AL 2k
A1E9] 0.1 g2 1.5 ml Eppendorf tubeo]] g7 HA|| & A 2 ulay
3}32 ™ RNeasy Plant mini kit (Qiagen, Hilden, Germany)&
ol-gsto] A=A A vl el whet total RNAS 23131
o} &9 4t =0 F == NanoDrop £33 = #|(Thermo
Fisher Scientific)S |83} AAsIP o &5 RNAL A8k

Fig. 1. Symptoms of on the leaves, flowers, and stems of oxypeta-
lum plants infected with tomato spotted wilt virus. Symptomatic
leaves showing necrotic ring spot, chlorosis, and mosaic (A-C),
flower showing color breaking (D), and stems showing necrosis (E).
Arrows indicate the viral symptoms.

%) 5.55k0] -80'Coll mpksto] o] F Algo] AHg3tsick
225 RNAE 0]-83} TruSeq RNA library Preparation Kit
V2 (Illumina, San Diego, CA, USA)-2- £} cDNA libraryE& +=
319 21, Macrogen (Daejeon, Korea)2] lllumina HiSeq4000
sequencerE ©]-83}4] high-throughput sequencing &4
2 433} 0|3, Trinity program (ver. 2.10.0)2 =3} de novo
transcriptome assemblyS 7&3t9th 295 XA E &
BLASTXe] 28510 vlo]g A -7A e} A H contigeES A
sl on AdbE - A RS9 4 open reading frame (ORF)
of| =2 ORFfinder = & 13 (https://www.ncbi.nIm.nih.gov/
orffinder/)& F3to] STk F-HA; A5 2412 DNAStar
A EYo](DNAStar, Madison, WI, USA)2] MegAlign T2 71
e ol-&sto] FYH]on, FHAATEAS MEGA 11 =
2 9] maximum likelihood B o 2 3= Qich A5 4
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o] 7kA] o]l gt BAA §-9]/d-2 bootstrap 1,0008H=-& 5}
Y| chKumar 5, 2018).

RT-PCR. NGS E4Z1E vlgo 2 TSWV A& &<ls}
7] Sfef vhole 2 SAFAE B SAHSET 132 Qo]
A &3t RNAE 0|-83}9] RT-PCRS 433514 th One step
RT-PCR-& SuPrimeScript RT-PCR Premix (Genet-bio, Nonsan,
Korea)E o] &3l on &% RNA 10 nga} TSWV E0]7
ol Atk Zato|| A E(TSWV-NCP-For, 5-ATGTCTAAGGTTA-
AGCTCACTAAGGAA-3'; TSWV-NCP-Rev, 5-TTAAGCAAGTTCT-
GCAAGTATTGCCTG-3")E Z1Z} 10 pmol&] @11 A 2 3]A}e] Al
Aol whet 3= ]ick RT-PCR 271 50°CollA] 302, 95°
Col ] 25 F9F JRAFG-& 5345} o]o] 95°C 15 Z, 55°C
30%, 72°C, 502 E 353] WHE3t tf3, 72°CollA| 5& XI3gs}o
32 SRS 2171952 0.5 TBE &5} 1.0% ©F7}
Z A Aof| A AAI5HE AL, DNA Alo] = a2 HiQ 100 bp plus
DNA ladder (BioD, Gwangmyeong, Korea)E ©]-8-5}3ith PCR
ZZ AHE-2 130 VOl 4] 408 53t 27195 5 Gel Doc XR+
gel documentation system (Bio-Rad, Hercules, CA, USA)E- ©]

g3to] A5 stk

Zoty oF

HiO|2{A HE Y m[EH. AlEst-2o)A ERAEEL Y=
SAlHEF oA Blolg| A S-S Btk 27 E ¢
ARl B ES54 o] Uehsten 2 QoA Qole v FHE
FHEE ZASAYo] E1EIThFig. 1A). A o] Xl ot
Aol Aot Hgs BYlon 7|9 el A= T4
o] YR Zof %= color breakingo] 2= %IthFig. 1B-E). |
U501 SAHRE2] 2F 30% A= AR Bjsl5/do] EelE
ok SAlEEE o SHoA o] Sof7F A ov HEE
A om Z Y RofA FAEH (A 1-2v)E EHsHTh

TSWV 22|SH Y HAM 2M. NGS 248 F8 254
FAAA|F vl 2of| 3gdt= contig= & 57H% o BEF
TSWVE] {-7}o]| s gst3ilth o] &2 SAHE R AA] 2|29
27% HlF= A2 Z+ 500 bp o]5}+e] Aol& 7} cotig 2
NE A3t 3% contig= ZH2 TSWVE 14d51= A7) A
A S, M, Lof| g3t AlE-F2] HARAE= NCBI BLAST &
A5t A3 BT TSWV -3 27k0k0] 953-99.9%9] AHEA-2 1]
stgom 1 9 ohE AlEHto|g A {HAb = ERIEA] gt
ol2igt AuE FA|HDF oA Ut vhol A 9] F4to]

A Oxypetalum samples

Pc Ne 1 2 3 4

<— 777 bp

B Pepper inoculated
with TSWV-Oxy

Upper
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Pc Nc 1 2 1 2

L N B Bl <— 777 bp
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Fig. 2. Detection of tomato spotted wilt virus (TSWV) by reverse tran-
scription polymerase chain reaction with a TSWV-specific primer set
from the symptomatic leaves of four oxypetalum plants cultivated in
the plastic tunnel (A) and from the inoculated and upper leaves of
two pepper (Capsicum annuum cv. Cheongyang) plants infected
with TSWV-Oxy (B). Arrows mark 777 bp in DNA-size standard. Pc
and Nc indicate positive and negative controls, respectively.

TSWV @57t go] Qg A0 & fhatgl om TSWV Eo] et
o|MF o|-§3tof RT-PCRS 4=3Y3t A} ol Ato] =81 777 bp
] DNA HHE7} 2R1=]}{tHFig. 2A). Y& 2A41517| 2l &
AlHEEol A 223 TSWVE Oxy’ #2F(TSWV-Oxy)= H
Skl HAo] Q= WS TSWVE] 7|5241E<] 115=(Capsicum an-
nuum cv. ‘Cheongyang)ol| J&sto] T o F5 Selstih
A 3108 = HFH D AE= AFIske] RT-PCR 23t 4
I B QoA TSWVZF HEE $UTtFig. 2).

TSWV-Oxy HH| H7|ME 2E H FHEAH 24, TSWV-
OxyE *+45t= AI7ie] AT S (2,971 nt), M (4,774 nt) E
L (8,920 nt)2] AA| 7| EL AA3}o] National Center for
Biotechnology Information (NCBI)2] GenBankoj| t}2-1} 722
accession no. (L segment, LC671525; M segment, LC671638;
S segment, LC671639)2 53}tk TSWV-Oxyof ofgt 4
A 245 918l NCBloj| 552 TSWV £2]5 13353 tid2
Z5M, L AR G748 3E S vlaet 23}, 2424 95.5-
99.7%, 95.9-99.7%, 95.3-99.8%2] FAMIS EthFig. 3). &
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A 1 2 3 4 5 6 7 8 9 10 11 12 13 14
99.7 99.5 99.5 99.4 99.2 99.1 99 989 98.5 984 98 97.7 95.5 1 LC671639(Oxy)
99.6 99.6 99.6 99.3 993 929.1 99 98.6 98.6 98.2 97.8 95.7 2 MWO048590(Gumi)
99.5 99.5 99.6 99.5 994 98.8 98.8 98.8 98.3 98 95.7 3 MF159066(GC)
4 MF159067(GS)
5 MT921846(Blackberry lily)
6 MW293979(WJ)
7 KY021439()J)
TSWV-S 8 MF159068(HS)
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11 MN064724(CY-LC)
12 HM581936(NJ-JN)
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B 14 MG989674(PepCal_12)
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MF159055(GS)
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MF159054(GC)
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MF159056(HS)
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11 MF590699(YN5573)
12 MK348941(PepCal_12)
13 HM581934(NJ-JN)
14 MT899477(Blackberry
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Fig. 3. The comparison of nucleotide sequence identity of tomato spotted wilt virus (TSWV) Oxy isolate with other TSWV isolates retrieved
from GenBank database, based on a CLUSTAL W alignment prepared using MegAlign program of DNAStar software. Alignments were ge-
merated using the complete nucleotide sequences of S (2,971 bp), M (4,774 bp), and L (8,920 bp) genome segments of TSWV-Oxy. The
range of nucleotide sequence identify of S, M, and L segment to those of other TSWV isolates were 95.5-99.7%, 95.7-99.7%, and 99.3-99.8%,
respectively. TSWV-Oxy was most closely related to ‘Gumi’ isolate for all three RNA segments (MW048590, MW048591, and MW048592)
(A-C).‘GS’ isolate (MF159043) was also showed a high homology with TSWV-Oxy for the L segment (C).

8] TSWV-Oxy §-3A41= BAE= A2t AujAloA 228
‘Gumi’ 2|3 (MW048590, MW048591, MW048592) 2} 713
&E7d0l =3ken, TSWV-Oxy2] L 3419 3¢ = a5
of Al E2]H ‘GS’ E2]5(MF159043)2F= 99.8% = 5 U5HA 4
FA0] =9tthFig. 3C). MEGA 11 Z 2 738 9] maximum like-
hood HP& o]-85}o] ‘Oxy’ Balel b2 Tswv Bej5s
ko] AFsHA A vl B4 A} S, M, L 34 25
‘Gumi’ (MWO045590), ‘GS’ (MF159067), ‘GC’ (MF159066) £-2]
o} 22 TFol &= A2 = SIEITHFig. 4). 714 E
A4 A5 v 2 SAEEES AEAX] TSWVE =W
of| A AuletE 232t 3K E= 31 AufR|of] 2 WAYst=
TSWV v g0 2 SRlsiglch SRS F4 9 A
O 2 Ao Az A&Ho2 A= AEolal A
Lo = RS AL 15°Co)| A AjufEItHOrtiz 5, 2014). TSWVE=
FAAGo] B 917] TR AsH2olA) AAshE )
Helof] sl TSWV7H A= S AL 2 FHE B2 AJdshe

2O TSWV 4hS Bh7] Q)8 A= A 2554 2 744
T F7HE AT & =S vt dAs] 84t Domin-
guez 5, 2019). 7R SAIHEES TSWV 7|45 5 6}
U=z 7|55 Qo) TSWVE iRy, el JH 9 F
Aro]| A= LA v} gith(Parrella 5, 2003; Verhoeven}
Roenhorst, 1998). & A= U] 2AJHEE(O. coeruleum)©]|
A AR TSWVe 3 X% B arolct

(o]

o
|

2021 54 A5 AAA] 97 AVEA ] 57 oA A2l
S A HEE(Oxypetalum coeruleum)ol| Al YBTAL BEE 5] A
FHQ) uloldA 7 A4S ol U WA o 3
e Hol= SAHEEA €2l Blolg A8 S5 S8l
high-throughput sequencing2 43§t 21} tomato spotted
wilt virus (TSWV)e]| ]38t T 7hdo] 2RI It TSWVE] 7+
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Fig. 4 . Phylogenetic analysis using the complete nucleotide sequences of the S (A), M (B), and L (C) RNA segments of tomato spotted wilt
virus (TSWV)-Oxy and other 13 TSWV isolates was conducted by maximum likelihood method of MEGA 11.The percentage of trees in which
the associated taxa clustered together is shown next to the branches. The tree is drawn to scale, with branch lengths measured in the num-
ber of substitutions per site. The red arrows indicate position of S, M, and L segment of TSWV-oxy, respectively. Phylogeny test was con-
ducted by bootstrap method and number of bootstrap replications were 1,000.

= Is}7] fl8l TSWV E0]ZQl Zefo|HE ]85} reverse
transcription polymerase chain reaction (RT-PCR) 2t 43
st A3} 777 bpe] oA} Alo] = 2] polymerase chain reaction
Aol HEESom, TSWVE] 7]32Q1 A aL5=(Capsicum an-
nuum cv. ‘Cheongyang)ol] A3t A1} TSWVO] A& A0l &7
FH7F =gl em RT-PCR Jehi o = T150of Z4FHE TSWV
£ A = USItE SAHEF oA £23 TSWV (TSWV-
Oxy)2] A7) 71D L AsIE.om, 7] B e 135 TSWV &
FEY S M, L G327 7148335/ vl stk Oxy’
Bejt ) AuzolH E2E ‘Gumi BalF(MW048590,
MW048591, MW048592)2} 7} AHEAJo] Egkon, A1 E35}H2]
S Bl EAR A3 A} £e5 ‘Gumi’ " 115 22
Z91 ‘GS’ (MF159043)2} ‘GC’ (MF159066)2} 714+ S-A A 7| =
2 Ao RIEIE SAHEES NS S TAR F
AlE = AE2 A AR iR oA A4 0 2 AufE= AHEol
ok TSWV= S d|of ofsf &= 5 TSWV =56 Ald
A 2 FA=o] HAAES Ao 2 IaEth SAIHEES
TSWVE] 7|5 & shuz B Egloy A Az WAy 2
Sl Bt A= Bag vl Qiok & A5tE fEubEtollA
SAHEF oA TSWV EAgo] 33t 2|2 9] Btk
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