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First Report of Tomato Spotted Wilt Virus on Iris domestica in South
Korea
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In May 2020, necrosis and necrotic ring patterns were observed on leaves of three of 140 Iris domestica plants
in a demonstration garden in Wanju, Jeollabuk-do. Three symptomatic plants were found to be infected by to-
mato spotted wilt virus (TSWV). To analyze the whole genomic sequence of one TSWV isolate, ‘Blackberry lily-
kr1’, L, M, and S genome segments were sequenced and analyzed by comparison of nucleotide sequences of
the three segments with corresponding sequences of other TSWV isolates. ‘Blackberry lily-kr1” isolate was most
closely related to 'JJ isolate (MF159046) or ‘HJ' isolate (LC273305) in the L segment, and to ‘JJ' isolate (MF159058
and KY021439) in the M and S segments, respectively. Phylogenetic analysis by Maximum likelihood method
using MEGA X program with ‘Blackberry lily-kr1’ isolate showed high relationship with ‘JJ' pepper isolate or ‘HJ'
Humulus japonicas isolate in the all three segment. Necrosis and double ring patterns on leaves were formed
in the glasshouse after inoculation of healthy I. domestica plants with sap of ‘Blackberry lily-kr1'-infected Nicoti-
ana rustica plants. This result suggests that I. domestica plants showing necrotic ring patterns in the open field

Received February 6, 2021 are caused by TSWV infection. This is the first report of TSWV infection of . domestica in Korea.
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M B2 A B-S 7HANF|= Ao 2 &EA QltHParrella 5, 2003).
Seuetol A= 2004d0] TfZztoA Hx IS B
Tomato spotted wilt virus (TSWV)7} 427 = 88912 & (Kim 5, 2004)3 o] FA= 113 Auj=|of vrdstar gloh
e 19199 BFolH EntEaiBol X H22 BUEgIom  (Choi 5, 2010\ Sl A TSWY 2alo] 318l 2 2 41§}
(Brittlebank, 1919), 0] Z4fo] vfole Aol o3t Ao 2 Samu- B2 1, Bk, A, HXA, §AR, S, HAL, 2A,
el 5(1930)0] I3 PaHCE TSWVA 153ke] AN E, 693 ), Edlula, PLENKE, S A1), deelR, B WE S
O] BAAAE & 170] AL E o] &3 F 1,09059 o] 3itHCho-5, 2005, 2010, 2020; Yoon -5, 2018). 3}AHE=
+= =8}, Brugmansia suaveolens, Eustoma grandiflorum, Hoya
carnosa 2 Peperomia obtusifolia 5-©] 1tH(Choi 5, 2014;
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lamcanda chinensis)<= 20052 DNA &7|4 ¥ £4 Ax}of
wapA] BE L (Jris) 0 2 AR §50] Iris domesticaZ BF
thHGoldblatte} Mabberley, 2005). HEA = FLAE2 318
thvel Sosolehan 28 7o) Folgto] WA s
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0127] B Golmel thirof ZAlske] A7) Tl
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W) gl o8 A B S 22 S, 53, Qi Aol
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7F Atk Sfjoll 4] Auist= oF-&-AHEol WA= Biol2| A
of) T3t B 1= 20159 A-gof| 4] cnidium vein yellowing virus
7} A& R E2H(Yoo 5, 2015), FLof cycas necrotic
stunt virusoll T3 2 117} QI th(gori 5, 2020). 1 9] X3} vk
o|g| AHo] st H 11 (Kwak 5, 2018; Kwon =, 2018b, 2019)7}
U 2 A= oF&2HE HEA S TSWV 2ol #het =
|z X Ilo|th

= H A

Hio[2{AH 20204 4Y X%E}—E',—E Q=
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(Iris domestica) 1400] 1.5 7}2-6] 37139] oA AgF <l
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HIMX| 2 S AL
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AEZE, reverse transcription polymerase chain reac-
tion, @7|ME ZHE. RNA %2 RNeasy plant mini kit
(Qiagen, Hilden, Germany)& ©]-83}o A|ZAe] A7 7
= Saysteich vholel s AW AL $Iske] TSWVE] nu-
cleoprotein (N) F-HA} 777 bpE FE3I=E AZgE Eo] =
2o H(TSWV777-F: ATGTCTAAGGTTAAGCTCAG; TSWV777-R:
TTAAGCAAGTTCTGCGAGTT)E o|-&35}4 reverse transcription
polymerase chain reaction (RT-PCR)-2 4=333}%ic}. RT-PCR 7
8= 3T 379 PCR AHE(777 bp)9] H714Ee 2ARE
A7 33F8 1% 5010}04 AH G7IAE AL g a2z
| "lo]HAE Baldlo] 2333}tk ‘Blackberry lily-kr1” &
2] AA| ‘371*1%‘ A2 S8l LM, S F-3A] Sol =t
o] (Supplementary Table 1)& o|-&38}o] ZZ3t PCRAIES
PGEM-T easy®E{(Promega, Madison, WI, USA)o]| Z=1J3}]
Sanger A| /4 W 2 = A G714 B8-S 2 sHtHMacrogen

Inc., Seoul, Korea). RT-PCR H}1-3--& one-step RT-PCR A||&(Genet-

bio, Nonsan, Korea)& ©|-8-5}o] A|2ALe] HA W= 4~3)
skl
HO[2{A RTX H7|IME X FAZA M. TSWV-black-
berry lily-kr1” 22]5=2] GenBank ©|o]EJH|o] A (http:/www.
ncbi.nlm.nih.gov/genbank)e]] 5E% t}2 Ea|FE53110] §7]
A A=AL DNAStar = 2 13 9] Clustral W ¥H o 2 Y
stel ulmalglon, T2 RelFEae 4B ABe F
Adl7] Y8 A MEGA X 2 2 73S A5} maximum likeli-

hood methodZ B4} tHKumar 5, 2018). AlE49] 714]
o] gt FAIA 72)/d-2 bootstrap 1,0008H5-2 4=3Y5}= "
Ho g BAs

2o nF

Hio[2{AH ZICH 3 22| HBof oJsh 2 &l 1At
4= Yetl= "R Y(Fig. 1A) violH 2 Y o515 Im-
munostrip (Agdia, Elkhart, IN, USA)-& ©]8-3} TSWV, impa-
tiens necrotic spot virus 2 cucumber mosaic virus 7+ o

£ At A3t TSWV= oF/duh-g-o] uhgkom, x| vlo]
Hé“ T 2/dRkgo] Uttt (Akz ulAlE). 712 ARE
") Z(LEO 906, Zeiss, Oberkochen, Germany)-& o]-&3}o]
BA 2] FH-L dip HH(Chung 5, 2006)2.2 2% potassium
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A9 violg A YRt WREA] FUTHAR vIAlE). Im-
munostrip (Agdia) 2.2 AU Bl YHEA 312 E(Fig.
1A) TSWV E-0| Zg}o|HE 0|25} RT-PCR AASH 23} 7|d)
St =719 PCR 4HE0] SEZH AT RE B]AlS).

YASAE Uetll= 57 & 259 Yo 2R Fa|et

Z9-S- Nicotiana rustica®l] Q-EAZ3F A3} 7 Sof] AFof| A
335} 9 FALSAYo] e O™, TSWVe| FAIZFEE A& RT-
PCRE B}olst ATt g Afo| = 0] ZEALE] 2L Bols}

A= A F). o] E2]FE ‘Blackberry lily-krT’2 HHSF
t} 13 B23())) (Kwon 5, 2018a)9} v ns}ho] HEA TSWV
22T 25X WAL FAFSEA S, N. rustica©l| 419 2
AL F/dol i AReH, HE 159 Foll= AEA AA7E L
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Fig. 1. Iris domestica plants infected with TSWV. (A) Symptoms of chlorosis, mottle, double ring and necrosis are shown from I. domestica
plants infected with TSWV naturally in the open field. (B) Systemic chlorosis on leaves (left picture, arrow) and necrosis or double ring pat-
terns (right picture) were shown in the glasshouse 12 days and 50 days after inoculation of healthy I. domestica plants with sap of ‘Black-

berry lily-kr1'-infected Nustica rustica plants, respectively.

o= HYchFig. 1B).

TSWVE] L, M2 § 28 3% So| Zetolulg o] g5to] 2
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2Jah I R e|3(LC273305)8F AHE Aol 71 gkom, M2 S
GAA = I B8R (ZZEMF1590589}F KY021439)9f 7H3 AH S
o] &=9kth(Fig. 2). MEGA X = 2 T1282] maximum likelihood
HPH-S o] 8-5}o] ‘Blackberry lily-kr1” E2]32] T} 2 TSWV &

T AFeH AR £ AT LMY S 2 &
AA BE 50 Ealgh 1) 22]F(MF159046, MF159058,

KY021439) & 3t Z oA Balst ‘H) Ea]5(LC273305,
LC273306, LC273307)%} -2 A3/dS BATHFig. 3).
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1 2 3 4 5 6 7 8 9 10 11 12
983 953 935 972 972 954 954 996 996 972 95.4 1 Blackberry lily(Kr-1)-L
949 933 99 99 951 951 982 982 969 95.1 2 MNO064722(CY-LC)
935 955 955 977 963 953 953 955 97.7 3 HMS581934(NJ-IN)
4 HM581940(CY-CN)
5 JF960237(YN)
6 KM657120(YNrp)
7 KT717691(QLD1)
8 KY250488(LK-1)
9 LC273305(H))
10 MF159046()J))
11 MF590699(YN5573)
12 MK348941(PepCal-12)

TSWV-L

1 2 3 4 5 6 7 8 9 10 11 12
98.1 955 95.8 983 98.0 929 932 99.3 994 992 95.9 1 Blackberry lily(Kr-1)-M
95.5 95.7 98.4. 98.2 93.1 933 98.3 983 985 95.9 2 MNO064723(CY-LC)
96.4 95.9 95.6 93.0 931 95.7 95.7 95.8 96.6 3 HM581935(NJ-JN)
4 HM581941(CY-CN)
5 JF960236(YN)
6 KM657117(YNrp)
7 KT717692(QLD1)
8 KY250489(LK-1)
9 LC273306(HJ)
10 MF159058()J)
11 MF590698(YN5573)
12 MH756625(PepCal-12)

TSWV-M

1 2 3 4 5 6 7 8 9 10 11 12
985 981 967 980 980 954 991 960 977 985 956 | 1 Blackberry lily(Kr-1)-S
981 966 979 979 953 987 960 976 982 957 | 2 MNO064724(CY-LC)
9.8 979 979 955 982 960 977 988 955 | 3 HMS581936(NJ-JN)
97 967 947 968 956 964 966 952 | 4 HMS581942(CY-CN)
993 954 984 962 993 978 958 | 5 JF960235(YN)
952 982 959 991 978 955 | 6 KM657114(YNrp)
954 968 952 953 967 | 7 KT717693(QLDI)
TSWV-S 963 981 990 958 | 8 KY021439(0J)
958 958 969 | 9 KY250490(LK-1)
975 954 | 10 MF159046(YN5573)
954 | 11 LC273307(H))
12 MG989674(PepCal-12)

Fig. 2. The comparison of nucleotide sequence identity of TSWV ‘Blackberry lily-kr1” isolates with other TSWV isolates available in GenBank
database, based on a CLUSTAL alignment prepared using DNAstar software. Alignments were conducted with complete nucleotide se-
quences of L (MT899477) (A), M (MT921847) (B), and S (MT921846) (C) genome segments of ‘Blackberry lily-kr1’. The range of nucleotide
sequence identity for the complete nucleotide sequence of the L, M and S genome segments with other TSWV isolates was 93.5-99.6%,
92.9-99.4%, and 95.4-99.1%, respectively. ‘Blackberry lily-kr1” was most closely related to ‘JJ’ isolate (MF159046) or ‘HJ’ isolate (LC273305)
in the L genome segment, and to ‘JJ’ isolate (MF159058 and KY021439) from South Korea in the M and S genome segments, respectively.

ZAro] HFAE|ITh Reverse transcription polymerase chain =~ A3}gon, $AX} 23)0) 9= o2 BeFE9 LM, S B3
reaction A4 1} FAMS Ve = 3707} tomato spotted SRR 249 A71A4E AEA-S ¥ st Blackberry lily-
wilt virus (TSWV)ol] ZHg | Ao 2 eRIEQItt SAT=HE kT’ 225 A A= fEvEtllA Bargt U £
Ha3 TSWV E2]5 ‘Blackberry lily-kr1'9] ZA] G718 2 ZF+(MF159046) == ‘HJ’ (LC273305) E&|F2 A5 Alo] =3t

fr
)i
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Fig. 3. Phylogenetic analysis by maximum likelihood method showing the evolutionary relationship of ‘Blackberry lily-kr1’ TSWV isolate
with other TSWV isolates from various hosts and countries with aligned nucleotide sequences of L, M, and S genome segments. The per-
centage 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 number of substitutions per site. Evolutionary analysis was conducted in MEGA X. Phylogeny test was conducted
by bootstrap method and number of bootstrap replications were 1,000.

=Qrth MEGA X Z 2 1389] maximum likeli-

o ‘Blackberry lily-kr1’2] T2 TSWV £
FE0] Al Ao A £AS T A LM, S 2
FAA B oA Bl 1 25 9 g = (Humu-
lus japonicas)| A 2]t ‘H) E2]5¢ 52 ABAdS B
t}. A3t . domestica A& ‘Blackberry lily-kr1& 7 A]71
Nicoatiana rustica A= 58-S J53t 23} 504 o o 1
AL E= o5 L FE Y] YAF FAFo] FAHRU: ol Ao
A Aefist= HEA A IEE IASAFo] TSWV 4 Ee] 9
e AYS AlAsHE ATtolt) o] At SEuEtoll A HEX)
of| A TSWV 2Aiof] 23t 2| 2 0] K yio]rt,
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