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In August 2020, necrotic ringspots on leaves were observed on 20 from 143 Plantago asiatica plants in open
fields in Eumseong, Chungcheongbuk-do. Eight symptomatic Plantago asiatica plants were subjected to
investigation on viral infection by reverse transcription and polymerase chain reaction. Impatiens necrotic
spot virus, tomato spotted wilt virus and cucumber mosaic virus were detected from the symptomatic plants.
Two impatiens necrotic spot virus (INSV) isolates (INSV-plantain kr1’ and “-plantain kr5") were sequenced and
analyzed by comparing L genomic segment, nucleoprotein (N) gene and non-structural protein S (NSs) gene
sequences. The nucleotide sequence of ‘INSV-plantain kr1’ isolate (MW114834) was most closely related to
that of a ‘Phalaenopsis’ isolate (GQ336991) from China in the L genomic segment. ‘INSV-plantain kr1’ and
“-plantain kr5’ isolates shared the highest identities with those from ‘Pepe’ isolate (LC384872) and ‘)’ isolate
(AB109100) in the NSs gene, respectively, and with that from ‘YSMi-SH' isolate (FN400773) in the N gene. Phy-
logenetic analysis based on L genomic segment grouped the INSV-plantain kr1 isolate together with isolates
from Korea (LC384870), China (GU112505, GQ336991), and Italy (DQ425094). This is the first report on INSV in P.
asiatica from Korea.
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= %, ello]Alo} 8l Ao} 50| m(Kobayashi 5, 2001),
OFEAER A o] §EIE H9) A=A WAL FAoltHYin 5,
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9} EnlEHEE Q] ZE}o]# A (tomato spotted wilt virus, TSWV)
= A Rl o AFE 53] ZiS A (Frankli-
niella occidentalis)] |3} AG = tH(Sakurai 5, 2004). INSVe}
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TSWVE= Orthotospovirusol] £31= o] AR INSVZL 2|
Z WA= TSWV £ 32 E7313oL, 1980 Ui
B TSWVEHH &3 cHLawe} Moyer, 1990). ol A= Ul
oA F7lYog Stz e 22 INSV S By
3132 (De Avila 5, 1992), o] F o|ge|o} 5 2| F3 57}
A INSV BPY-S 2 13}gth(Vaira 5, 1993). INSV 7]Z=H 9)7}
)5} freezia, impatiens, primula, ranunculus, begonia,
gerbera, gardenia®} hibiscusit -2 3} 2HE 2 o2&
of gaiE F= A2 2 defA UrkEliott 5, 2009). UEHE
ol A= 19980 wtzef7} AlgA] 9 EnfE|A] INSV IAY
S 5 315}tk (Verhoeveni} Roenhorst, 1998). o|&&]o}of| 4
5ol IAF S/ Beris, 2020), 200 A= THUof 4ZHgt
&L gulsl= Ao 2 W13} tHVicchi 5, 1999). 11320
Ax9) 717, 9519 344 F4E oslE Ao 1y
tHRoggero -5, 1999). INSV= & -gjutatof = WAjo] =
o= Hiolg|Aa = HoAwe o 2 2 ste] skl ik
JZA9E 20098 Y= AH 5 13 ZHlA] 150%7H20 ha)
oA INSV7} ¥HAlste] ZHdd 3= 25 H7]8tg o m(u] 2
1), 2017 0] = 31204 Auets BEAI =] FoKHoya
carnosa)ol| A WAy ste] 7] v} QItHKim 5, 2017).
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Reverse transcription polymerase chain reaction ZITh v}
ofe Y FHL 9Isko] INSV £ele] L 24 §4A), nu-
ZA} 9 non-structural protein S (NSs) -5-%},
cucumber mosaic virus (CMV)2} plantago asiatica mosaic virus
(PIAMV)9] coat protein G-z}, TSWVS] N S§-AA} Eo] Zgh-g-
zzlo|HE 0|83} reverse transcription polymerase chain
reaction (RT-PCR)2- 4383} th HAF &2 RNeasy plant mini
kit (Qiagen, Hilden, Germany)E- 0|23} 97]19] AEZZ R E A|
2] A TN AL A RNAS Z3Hck RT-PCR
H}-8-2 one-step RT-PCR A|&(Genetbio, Nonsan, Korea)< ©]
oto] AlzAR] E Rt = 353tk RT-PCR|| AHE-3H
Hho]2|A Fo] Zeto]w o] §7|AF-E Table 13} Zt.

cleoprotein (N) 5

Fig. 1. Detection of viruses in symptomatic Plantago asiatica plants cultivated in open fields by reverse transcription and polymerase chain
reaction with specific primer pairs. Lanes 1-8, eight samples from eight symptomatic plants, each sample for each lane. Lanes 1-3, INSV
infection; lanes 4, 7, and 8, TSWV infection; lane 5, CMV infection; lane 6, mixed infection by TSWV and CMV. PC, positive control; NC, non-
symptomatic plant for negative control; INSV, impatiens necrotic spot virus; TSWV, tomato spotted wilt virus; CMV, cucumber mosaic virus;

PIAMV, plantago asiatica mosaic virus.
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Table 1. List of primers used to detect viruses from Plantago asicatica plants

Virus Name Nucleotide sequences (5’-3’) Product size (bp)

TSWV TSWV865F GATAAAGAAAGCTTTATATATTTA 865
TSWV865R TCAAAGCATATAACAACTTCTACG

INSV INSV789F ATGAACAAAGGAAAGATTACCAAG 789
INSV789R TTAAATAGAGTCATTTTTCCCAAA

cmv CMV909F GCTTCTCCGCGAGATTGCGT 909
CMV909R ATTTCTCCACGACTGACCAT

PIAMV PIAMV508F TTCGTCACCCTCAGCGG 508
PIAMV508R AAACGGTAAAATACACACCGGG

TSWV, tomato spotted wilt virus; INSV, impatiens necrotic spot virus; CMV, cucumber mosaic virus; PIAMV, plantago asiatica mosaic virus.

INSV

" Tt

INSV INSV TSWV+CMV  TSWV cMv Healthy

Fig. 2. Plantago asiatica plants infected with INSV, TSWV, or CMV exhibit necrotic or chlorotic ringspots, chlorosis and crumpled leaves. Necrotic
ringspots (A, E), chlorosis and vein necrosis (B, E) were observed from plants infected with INSV. Small necrotic ringspots and chlorotic spots were
developed from plants by double infection with CMV and TSWV (C, E). Crumpled and stunted growth of leaves were observed from plants infected
with CMV (D, E). INSV, impatiens necrotic spot virus; TSWV, tomato spotted wilt virus; CMV, cucumber mosaic virus.

HIO[HA RFK H7IMY W SHBA BN, RTPRF  HelFo LEA §HR|2) A4 47144 5 INSV-plantain k1
PCR AHE-& pGEM-T easy BiE]o]] 22133} Sanger-sequenc- 2} ‘INSV-plantain kr5" £8]32] NI} NSs §-AA}9] &7 g
ing Yo 2 97| de A5tk INSVE INSV-plantain kr1’ < Z2ASHA ) TSWVRF CMVE ‘TSWV-plantain kr8 2} ‘CMV-



4 Research in Plant Disease Vol.27 No. 1

plantain kr2" Ba]3o] "41?&

AApol| it H714E 5} ‘:}-
A4S0 th5}ted GenBank EﬂolElHﬂO] (http://www.ncbi.nlm.

nih.gov/genbank)o]] 525 2 a3 510 g714F A

AL 127 Y5P7] $J8he, DNAStar i 2 7134 9] Clustralw 2

SRR} coat protein
A7) o] AAE oA

Ho 2 FEsto] vlustelet o ety Assd o
WS F4517] HlelA MEGA X = 2 TTHE AF-8-5F0] maxi-
mum likelihood method 2 B4}t Kumar 5, 2018). A%
%9] 700l Efe SAA $-914-S bootstrap 1,000515- 4
sk o2 Bkt

A L genomic segment
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Fig. 3. Phylogenetic analysis by Maximum Likelihood method showing the evolutionary relationship of genes of ‘INSV-plantain kr1’ and ‘INSV-
plantain kr5’ isolates with other INSV isolates available in GenBank databases. (A) Complete nucleotide sequences of L genomic segment of INSV-
plantain kr1’isolate. (B) N and NSs genes of INSV-plantain kr1” and ‘INSV-plantain kr5' isolates. 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 number of substitutions per site.
Evolutionary analysis was conducted in MEGA X (Kumar et al., 2018). Phylogeny test was conducted by bootstrap method and number of boot-
strap replications are 1,000. INSV, impatiens necrotic spot virus; N, nucleoprotein; NS, non-structural protein S.
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Zap ol pat ol A= TSWVe CMV7} 5L &3k Fig. 2C, ).
RT-PCR ZITH WS4 7o 345 8 /10 S4tol ¢l HIOIMA QK &7 X KAA 2A. INSV-plan-

=3 7Alof] sk 3 190 AAJE TSWV, INSV, CMV 2 PIAMV
Eo] Zeto|i g o]-gato] RT-PCRe A3}, S4-S Ul =8
A 7+ 37AN ZEE = INSV, 37iA| 2HEl = TSWV, 2744
FREE CMY, o]F 7hd] g 7iA| o A= TSWVEF CMV7E =2
T HEEUTHFig. 1). 374 UEh A d= /AR5 E =45
Hpo|E A o] Ak HEE R $F9kThFig. 1).

27 F 8 mm =79 e RFe] AL FA e AU}
£ x3heh 239 FASARE UEbd= ZiAolA = INSVZE
AE=3tHFig. 2A, B, E). 9 IAF E SHAGEH-S Hol= ¢l
A= TSWV7ZE AEE|ITHFig. 2C, E). 153 34 o] #2F
A TS HEHE Ao A E CMV7ZE AEE oM
(Fig. 2D, E), 217 2F 4 mm =7]¢] 112] BeF9| IAZ/d<} T

0] Y, H5 9 REF WA T4 HE= A

tain kr1’ 2259 L 24 5-44(MW114834) 9] A F714<E
< A2 & GenBankell 554 thE INSV 283529 Al
HA FATAE Hlwgh A3, Sh=olA Halgt ‘Pepe’ w25
(LC384870), ZF-of|A] K 113k ‘HDL 5-8]3:(GU112505)2} ‘Pha-
laenopsis’ F-2]55(GQ336991) W o|&ejofol| A B i1gt Hej
(DQ425094) =3 22 IFo 2 EREIeH, ul=ojlA H1
gk 'UPOT £2]5:(MH171172) 2 UEd=t=of| A B gt B2
(NC003625)2}= A& o 2 W duAE EHThFig. 3A).
‘INSV-plantain kr1’ (MT951395)%} ‘INSV-plantain kr5" (MW051707)
a9 N &A=} tjale] GenBanke] 525 t}2 Hajx
S| AT FABAE vt 23, vt B
3 ‘Pepe’ E2]F(LC384872) = ‘Hy-2" EE|F(MG257892)
o]l H|8} ‘L7075Gr -2 F(MN553562), I £2]3(AB109100),
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Fig. 4 . Comparisons of the sequence identity of INSV-plantain kr1 and -kr5 isolates with other INSV isolates available in GenBank, based on a
CLUSTAL alignment prepared using DNAstar software. Alignments were conducted with complete nucleotide sequences of L genomic segment
of INSV isolates (A), N and NSs genes of INSV isolates (B, C). INSV, impatiens necrotic spot virus; N, nucleoprotein; NS, non-structural protein S.
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‘YSMi-SH® 58] 3(FN400773) 53} d3Ao] 772 Ao 2 U
EFTHFig. 3B). NSs -2} F-9lof] thgt o} INSV 22|52
9] A=A AB/AL INSV-plantain kr1” E&]F(MW051708)
9] 7% SEutetol|l A E 13t ‘Pepe’ w2|5+(LC384872) € &
Lol A X 11§t ‘Phalaenopsis’ H2]52(GQ336989)2} A+4] o]
=901, ‘INSV-plantain kr5" £2]5F(MW051709)= UE oA B
23 E2]52(AB109100) 2} 5443847+ =THFig. 3B).

‘INSV-plantain-kr1’ £8]F9] L £4 §-AA|2] GenBanko]
£29 o2 Relzsae) @r)Hd FEAL) Wl 979
98.9% = Z=+oj|4 B3It ‘Phalaenopsis’ £2]5(GQ336991)
2} 98.9%2] 7} =2 AHEAl-S HYTHFig. 4A). INSV-plantain
kr’z} INSV-plantain kr5” 2|39 GenBanko]] 5 &4 t}
2 INSV Bel3ETte] N $707 29]0] 97149 A5AL
98.1-99.6% H¢]o|n], Zoj A K13 ‘YSMi-SH' Ha]F
(FN400773)1}99.6% 2 A5Ao] 714 =th(Fig. 4B). -4
ghol| Al 113} ‘Pepe’ H2|5(LC384872) X ‘Hy-2' HeF
(MG257892) ST+ = Zk7} 99,20 1= 98.4% 2 AlT) & o 2 A}
&730] RT}Fig. 4B). NSs -2} £-2of] gt GenBankell -5
H ohE INSV 22752 97148 5442 97.8-99.5%
oo, ‘INSV-plantain kr1” (MW051708)2] 7-¢- 9-|Ltetol| A B3
3l Pepe’ E-8]F(LC384872)2} 99.5%, INSV-plantain kr5 E-&]3
(MWO051709)= X of| A B 1735} ) Ba]3(AB109100)2} 99.3%
2 7V w2 458E B3lthFig. 4Q).

‘TSWV-plantain kr8 E&]39] N 5-AA} 9 ‘CMV-plantain kr2’
2259 coat protein #7332} H7]4 G2 GenBank H|o|E{#|o]
A ZE2WF MT9513969F MT951394 of| 4] 2z} 8Hel3F 2= gJth,

2 ATFllA] INSV s A7olol| A Bkt 12| Heke] ¥
AL FEIALS TR 2 A MAF FAS INSVO e ohE
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= Ao 2 Hel,

Z| F(Glycine max)S FBA7]+= Tospovirusssol| £53H=
soybean vein necrosis virus7} £x}o]| 25t AFE 0] 6%zt
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Pat Qo2 Fafo] AL AGRA e Ao o
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o= flolA] ool Al E2J3h INSVE] f-efofl Tafrl= 7
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2 o

20209 89 FAHHEE S/JA G A =R A Aufs<el 27
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A=HA Fdth FFo|=HE Zgt INSV-plantain kr1’ &
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3l ‘Phalaenopsis’ £8]5(GQ336991)2} 714 =2 AAsAS
Btk ‘INSV-plantain kr1” (MT051395)1} 'INSV-plantain kr5
(MT051707)" =709 #2159 N F8A = S=ollA] Hirgt
YSMi-SH’ #2]52(FN400773)1} 71 =2 AsAde H3loH,
‘INSV-plantain kr1’3} ‘INSV-plantain kr5” £2]52] NSs G4
A= ZVZ) ‘Pepe’ E8]F(LC384872)¢) 1 E2]3(AB109100)2}
P =2 A AdS Bath INSV-plantain krl” 22]50] L &
d XA |of) tiske] MEGA X = IHE AHE-5ho] ThE INSV
22|50to] AlEeH dvAdS Aud 23, vt B
113} ‘Pepe’ HE2]5+(LC384870), =0l A X 113t ‘HDL &5
(GU112505), ‘Phalaenopsis’ £&]5(GQ336991) L o]et&]o}o|
A B 1gE 22]55(DQ425094) 2 shite] 1Fe 2 B RE<th
A7ol= FAoll SJsiA WA wizoll INSVel ZHee 27
o7} s &joll A FUAHA7 | Heh= SfollA A EEUS 7}
5730 =t IZ A%t GenBankell 55H INSV 22|50 o
e F7IME BE7F A 7] dlmoll E7olol A Z 7t INSV
o] fHE 2 = Uk o] A= SEyEtell A AZEol(P.
asiatica)ol] EAY3F INSVel| 3t |z o] B yo|th
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