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TospovirusiigiE ey LHEEZ » /iR EEEEEL
FEEVIINEYIF 3 2 — © IRIBZEEE (nucleocapsid protein,
NP) By 54 B4 > tospoviruses B #E— 25 53 5 Ky B ]
M E#E (serogroups) » A &S5 BV 35 57 Ja 1 DA 7S TSR BT 975 35
(Watermelon silver mottle virus, WSMoV) J¢ & i 5 BLZ &5
# (Tomato spotted wilt virus, TSWV) @542 W KMLEEE ©
WSMoV Iy B 75 5 5 AE A i > il TSW VIS B 3 R £
FAEEEME - TSWVIIE R E & A KNS & 8E R
Ji 5 (Alstroemeria necrotic streak virus, ANSV) ~ 4545 &€ # 1
JEY% B (Chrysanthemum stem necrosis virus, CSNV) ~ 54 i
BE% 3 (Groundnut ringspot virus, GRSV) ~ BUL{E BIH BT BE
Ji 5 (Impatiens necrotic spot virus, INSV) ~ & JIUgz B2 iR U
# (Melon severe mosaic virus, MeSMV) ~ Rk JH B 855 5
(Pepper necrotic spot virus, PNSV) ~ Fhii# (LB BE S (Tomato
chlorotic spot virus, TCSV) & INESE e {bREE (Zucchini
lethal chlorosis virus, ZLCV) 2§ o AREFZEF 5 TSWV LS EE
5 Z NEEA P HIlEeat 2040 kg5 [ F (forward primers © FT1 »
FT2 ~ FT3 ~ FT4 ~ FT5) K N5+ (reverse primers : RT1 »
RT2 ~ RT3 ~ RT4 ~ RT5) » (L B ARAC A 25405 73 - DA
ANSV ~ CSNV ~ GRSV ~ INSV ~ MeSMV ~ TCSV K TSWV &+
TP 7 (N PR3 T G ME T T2 S TG LB FE (polymerase chain
reaction, PCR) I3 - B T 4%5%05: FT1/RTS ~ 10: FT2/RTS ~ 15:
FT3/RTS ~ 20: FT4/RTSF225: FTS/RTSE 5|1 BIETA R ENEL
[RIBETE 'S 38 58 20 BT EAN » HoAth |- B FE iy 7
ERE#IZ M (polymorphism) v $ 7€ H A B 0997 S5 i o {6
RS [F#4HE 439502 © FTI/RT2 ~ 03: FTI/RT3 ~ 04: FT1/
RT4 ~ 06: FT2/RT15207: FT2/RT3 55 T-%f » alplehith 5 R
FYHFEAYFAEL (Nicotiana benthamiana) B 40544 ERNAH »
DURT i34 5 & il 5 K7 E. (reverse transcription-polymerase chain
reaction, RT-PCR) & & HTSWV KZINSV ° HFFR45 SRR - Frek
S5l FHHEAE ETSWVIUEERHFEEE BT -

Bt © AHPLEZ S - (UER © WEEE

& 5

Tospovirusii 55 8 £y i 25 5V B B LR EVIAE )% 55
Z— o FEFLAEY L X EIERRBERL (spots) ~ # 1L (chlorosis)
BEES (mottle) ~ %&b (stunt) ~ Z2/8 (wilt) FIBE (necrosis) Z97
B FEFERZ o AEREEE82RF1000%E LA A & HAEEY)
o (Bl R B HBE R E R E SRR > 19154 K
Brittlebank /AT » 19274F Pittman 38 B 3% 5 EH W H
(Thysanoptera) HYRTESE (thrips) R/ ERED > H 19304
7 FSmauel %A FE B 2% E9E FE R TS 27 » 195041
KSR EEIOHE R - AR E R E RSO IR A — E I HK
FURENAG > WAZRRFRINER > HEEI990EHIE > H
TG HTEETE (Frankliniella occidentalis Pergande) A4 %
A 66T T PREr B E o B LR ~ JEE R ILEFIL R R
NEZOREEYZEZRENKEEL 25 IRECEZS
,ﬁﬁ%i}.{ﬁ_ﬁ(ﬁk 63,67,68,73)

Tospoviruses YR8 Fy Bk B BT (A BR BUAY FERY - 28 3
SERL Y B/ NGY80-120 nm > YNE E A EEZER (envelope)
B B A IR/ NGRS Hoh  BEL ~ MRS = IR RE Y
RNAKEKES (ssRNA) @50« L RNA B & (negative polarity)
HA—{EREEAHS (open reading frame, ORF) » A ¥ EAE A
—{HRNA#E 2! (RNA-dependent RNA polymerase, RdRp)**
o M RNA R ® 5 (ambisense) - B Wi {HHER4LHE - %%
& (viral sense) I —IEEEREMEAVIZENE H (movement protein,
NSm)"" 459 s H R (viral complementary sense) HIIZRHERE =
HZEREIGnHIGe & (elycoprotein) » B2 H B/ 2 &2 &
BEFERHEAR - S RNATR B > Hik 350 5 B ik
SRR —JEEERE NS B H M SR ML & (nucleocapsid
protein, NP)?" 559 o NSs#E (9 1F 27 4l it PO 7 I 4tk B s
W R IR EE YIRS UR/EF (gene silencing) 1]
R (suppresson)™ ™ ™ o NPHI iS4 EH - HifEE
K 334 B8 (5 Ry Tospovirus % 35 57 48 2 BB ARiE ™ *)
NPHEE:E P HIRHIEE (identity) Z290% 2L B3 5 [El—fi 5
T8 (species) » DAL P BRIE » B AT A Z Tospovirus & o 4k
H20ME - AR R B o AR AR (ICTV) FUERY1E IE
TR - fLAETHSEBYERN S (Groundnut bud necrosis virus,
GBNV)® ~ L4684 BE5 3 (Groundnut ringspot virus, GRSV)
O LR EEBFE S (Groundnut yellow spot virus, GYSV)"™ ~
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BVIIEBEBE B3 (Impatiens necrotic spot virus, INSV)® 2"
U ERIEEBRE (ris vellow spot virus » IYSV)® ~ 328
BB HE (Polygonum ringspot virus, POIRSV)®Y ~ i LBE
BLy%8E (Tomato chlorotic spot virus, TCSV)* ~ FHBHiBT B E
i3 (Tomato spotted wilt virus, TSWV)® ~ 78 LB IIH
#F (Watermelon bud necrosis virus, WBNV)™* ~ 75 SR BT 5
(Watermelon silver mottle virus, WSMOV)L‘%' S SRR e L ESE =
{93588 (Zucchini lethal chlorosis virus, ZLCV)® 805 DRy 184
JEEXAVREHERE © AKAIE SEERBEFEE (Alstroemeria necrotic
streak virus, ANSV)®” ~ IR 407 3 (Bean necrosis mosaic
virus » BeNMV)®*” « g4 a5 LB Bip 3 (Calla lily chlorotic
spot virus, CCSV)""* ~ s (155 (Capsicum chlorosis virus,
CaCV)"Y ~ H{L X ERIBE 35 (Chrysanthemum stem necrosis
virus, CSNV)®* ~ FE4E 5L EBE%# (Groundnut chlorotic fan-
spot virus, GCFSV)* %'« JIH#EAE 5= it 55 (Hippeastrum
chlorotic ringspot virus, HCRV)®? ~ 2 ik 8 132 i ity BE 975 55
(Lisianthus necrotic ringspot virus, LNRV)™ ~ & /8% 5 iR 40K 55
(Melon severe mosaic virus, MeSMV)®” ~ & /K& 5873 (Melon
yellow spot virus, MYSV)"'> 149« S=#EREBEFE (Mulberry vein
banding virus, MuVBV)®” ~ BitUsIHBE L% 3 (Pepper necrotic
spot virus, PNSV)® ~ Efthies (L BF B35 (Pepper chlorotic spot
virus, PCSV)"' ~ KR FBEHRIBYEHK# (Soybean vein necrosis-
associated virus, SVNaV)®" ~ & #ii 3 (Tomato yellow ring
virus, TYRV)“ ~ FFiHHBEH 5 (Tomato necrotic ringspot
virus, TNRW)"® « Z34i s yE BT BEAHRE 35 (Tomato necrotic spot
associated virus, TNSaV)*” K FHlifin B # (Tomato zonate spot
virus, TZSV)®VE » {5314 m LB B LR (% 51 » Tospovirus
& T B Ry FL(E E Y IEEE (serogroups) > 4T HIPATSWV ~
WSMoV ~ TYSV ~ GYSV kK SVNaV k(i a2 b — (#1721
I AY (serotype) LNRV » ZIMUEEFAAHT > HILEA MUK
JE > AR - BRI A U R ey g > 1 1B o
TR BEN G ERLE K&K E > TSWVIILERF K WSMoV
BB B Ry B > 47 Il & BN 35 I B M B8 S 1 2 7 T 0,
36400 S R BV ~ SRRV > RIZEE - JEW
i Ertospoviruses N ATENTAE R - BETSWVERN - HAT
BB 3 T TEtospoviruses Z G 10 11 141619506080, Sy
WSMoVAIMY SV &2 IVEE Yk it BB "0 > CaCVEE
RS> 72 s [IGCFSV ~ CCSV R PCSV Iy B
By a1 12 o TSWVAE G WEt BEHER A 19954 - 1F
BT B RS R A (O L8RS 2 RIR AR EE
W —EE] 7 2009FE R B & ATER U EY) EREE L
R E MRS -

Tospoviruses  FH[#E2 BT 1 %2 LANPHY 2 7T K BERR GRS HETT
IEEE AR 51027559 B DR ERN A B A B 47 A B 0
B 70 o s AR MBS R > R SRS R
W 53452 (indirect enzyme-linked immunosorbent assay, indirect
ELISA) » HHPMERIEREEE ~ BAMERR » JFH B HE R EEAR
ZARMICS S (B A B[R] — 1 B R B 1 bt > RINPRY A1 [E R
s BESWHEEE > EREX LA —-ENEE  E2H
RSB HIRY - HtEEIEmHEEN2E L - FH
TRHENERNFIIRGETH—ENS T G K- Al
[ZJE (reverse transcription-polymerase chain reaction, RT-PCR) ©*
* PHireal time RT-PCREEITREMMC ™ » EEE SIS LRT-
PCRE; {9 Immunocapture-RT-PCR#ETT I SR FEAT2 B - FI]

R A EREL RNA LAY RS 1751 (conserved region) #éat S
BES 1T BRI R FTA Tospovirus s 45 2 2 '™ -

HIX Tospovirusf@m BENEE S - & T AR ST
R E TAE - AFFZEE R A TSW VIS BN %% 5
FENEE A 75 E0Y S R [ 5 st 22 40 RS fF 5[ 1 (degenerate
primers) » % #A XECHAY T > EA L E 5T H4H (primer
pairs) > FEH 55T ¥IELR & >~ IAURT-PCRZ FESS SR - FReTA
R P TSWV I FE B SRR > 85 5 K FH R e P A T 17 -

MR T A

AENAREAEER Mt

BN AR B A MR B2 A ORI FR 4 > TSWVIILE
BEIFE RS AFEANSY ~ CSNV ~ GRSV ~ INSV * MeSMV -
TSWVETCSV NERZ#EEEHE > 7 ilar % kpTOPO-
ANSV-N » pTOPO-CSNV-N » pTOPO-GRSV-N ~ pTOPO-
INSV-N ~ pTOPO-MeSMV-N ~ pTOPO-TSWV-N K pTOPO-
TCSV-N » DU 'S #4340 (Plasmid Miniprep Purification
Kit) (GeneMark, GMbiolab Co., Ltd., Taichung, Taiwan) #{7E f&
DNAZ &L » BRI BSHF ERnE AR Babrrnans
DNAE 20" CLRFH

RS R IFERE A A ERNA Z 22 HY

TSWVZ R EEF R (TSWV-2) 7EEE BB CE
#EE® o INSVARE EBIHIBALAE INSV-M) » FDr. J. Moyerfit
FRAECE o s DA 7 TUERE Y BEBE T £ 2522 (Chenopodium
quinoa Willd.) Bl 45145 FFAEL (Nicotiana benthamiana
Domin) | > BN ERIFEERZE 5 (26-28°C) £ » Ll Total
RNA Miniprep Purification Kit (GeneMark) #E{THE744 ERNAY
4l Bl B2 ELERHR > MR ERNACRTE
#A-80°CHEH -

Bl FZi%E

2 ENCBIEAEE S # .2 ANSV ~ CSNV » GRSV ~ INSV -
MeSMV ~ TCSV ~ TSWVZZLCVS RNAFF (F—) » 47l
HEENER S » AIDNASTAR Lasergene 2 #% 53 HiMegAligt
Jotun Hein Method (DNASTAR, Inc.) #E{TTSWVIILEBER i 51l
N Y W B B Y 537 > ARG OF 1 e BB — 15 | T

2L
axal °©

PCRfZ

LApTOPO-ANSV-N » pTOPO-CSNV-N » pTOPO-GRSV-N ~
pTOPO-INSV-N » pTOPO-MeSMV-N ~ pTOPO-TSWV-N &
pTOPO-TCSV-NE#SDNA Ry B HEST5 | T HHATSWV MILE B
FHEMH M o F—PCREJEMNEL T 274H2.5 ul 10x Taq
buffer [50 mM Tris-HCI (pH 8.0) ~ I mM EDTA ~ 1 mM DTT
50%(v/v) glycerol] (Protech, Taipei, Taiwan) ~ 1 ul 10 mM dNTPs
(Protech) ~ 0.1 ul 100 uM_EJi#5 [ ~ 0.1 pl 100 uM N5 [+ ~ 0.1
ul Pro Plus Tag DNA polymerase (5 U/ul) (Protech) ~ 1 uljiEsENEE
REHEDNA (100 ng/ul) ~ MI7K R 4R EASTE f525 ul » PAApplied
Biosystems GeneAMP PCR System 9700 (Thermo Fisher Scientific
Inc., MA, USA) #E17 2L FPCREEFRZS © 95 CHETTE M IES 7y
8  FFLL9SCRE3OR) ~ S0°CHE40%) K 72°C K IE3ORD - HEAT
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TABLE 1. Accession codes of the nucleocapsid (N) genes of tospoviruses
used for analysis in this study

Species Abbreviation Chinese name Accession code

ANSV AU A GQ4T8668
BRI

AL EEEIH AF067068

Alstroemeria necrotic streak virus

Chrysanthemum stem necrosis virus CSNV

i
Groundnut ringspot virus GRSV TE4RBEHE  AF251271
Impatiens necrotic spot virus INSV BALAEEESE AB109100
Melon severe mosaic virus MeSMV B 2 40 EU275149
k=3
Tomato chlorotic spot virus TCSV FHhiELPEEE AFS21102
i
Tomato spotted wilt virus TSWV FEHIBEEEZEE  AB010997
Zucchini lethal chlorosis virus ZLCV R NESE S AF067069
1L

“ Italic typing represents official species and standard typing represents
tentative species.

SS(ECRIETEER » S FLLT2°C S FE6 S §E » DA C (7 S e i
Yy - Y10 ul PCRIEY) » DL2%5EiEEE s (Agarose I, Amresco) * ji»
0.5 TAESE % H (GeneMark) #ETTPCREMIE 7k 431 > IBEASEL
EAEZEE (ethidium bromide) (Protech) Fefitg » BN LIMNEFa R
i WANRACER T ITEE R -

RT-PCR

PIZEEL B RATSWV K INSVIYFAEL (N. benthamiana) %88
RNA B TRT-PCRIE, - F—EEH1 uldERNA (200
ng/ul) ~ 0.2 ul M-MuLVZ#E%ES (5 U/ul) (Protech) ~ 2.5 ul 10x
Taq buffer [50 mM Tris-HCI (pH 8.0) ~ 1 mM EDTA ~ 1 mM DTT
F250%(v/v) glycerol] (Protech) ~ 1 ul 10 mM dNTPs (Protech) ~
0.1 ul 100 pM_E3#5 1+~ ~ 0.1 ul 100 uM 35 [ ~ 0.1 ul Pro Plus
Taq DNA polymerase (50 U/ul) (Protech) ~ 7K %5 48 57 FERSHE By
25 ul > LLApplied Biosystems GeneAMP PCR System 9700/345°C
LT SCEEBR(E 304788 > 95°C I FES Sy 4 IR K JE - FELA9STC
SZIE30F) 5 50°C S EA40FD K 72°C S E30FY » #ETT 35 i fE 1
B iR DUT2°C R IE6ST 8% - HUI0 ul PCREEY) » LA2% SEfE
A FA0.5fE TAESE R (GeneMark) » #ETTERIR AT ©

RS

Bl Fa%ET K5l F AR

SIATTSWV I B2 75 35 Al TR N AR (R 2 O B [ B B SR [
GERBURIE — (B (B BRIV RS - NER R AES SR
(] O A e ] e B3 T 2 BB Y B B » 4K LR 3% DARDR
PR PR B & N 1- 300 (B % H B i B st LR ff 5 7
FT1 ~ FT2 ~ FT3 ~ FT4}FTS ; {E55450-755(E % £ ik 0 ek [ 5%
SRS [ FRTL ~ RT2 ~ RT3 » RT4K&RTS » &5 FHIF5
FCHTEM BANFR TR « fF_EIFE TS 1005 S BCE Y
JiFEFTEA > W LUEASH T[T H - B5IT 2R

Vol. 58 No. 1, 2016 19

F =~ FIRITSWVILE B N R R @ MRt Z 5 1 701 R H e
firs -

TABLE 2. The nucleotide sequences and corresponding positions of primers
designed from the N gene conserved regions of the TSWV-serogroup
tospoviruses.

Primer name Position in N gene of TSWV Sequence (5'—3")

FT1 1-20 ATGTCTAAGGTHAAGCTYAC

FT2 13-35 AAGCTTACNAAGGARAACATTGT

FT3 172-197 AAGAATCGCCAGDGYATAATGAARGT
FT4 211-233 GATTTTACTTTTGGNAMARTCAC

FTS 270-290 AGCTAATGAYATGACTTTCAG

RT1 451-476 GAAGCAATVAGAGGDADACTACCTCC
RT2 607-627 ATCCATDBCAAATCCTTTGCT

RT3 703-722 TCARTGTAATGYTCCATWGC

RT4 731-755 ACTCCRAACATBTCATAGAAYTTGAT
RTS 731-755 ACTCCAAACATGCTGTAAATVGATM

F= - 5IFRNIECHEAHE RIRM I EYIHI RN -
TABLE 3. Cross matching of primer pairs and the expected molecular sizes
of correspondingamplicons.

Primer RT1 RT2 RT3 RT4 RTS
FT1  OL: FTURT1 02: FTI/RT2 03: FTI/RT3 04: FTI/RT4 05: FT1/RTS
415 bp 626 bp 121 bp 754 bp 754 bp
FT2  06: FT2/RT1 07: FT2/RT2 08: FT2/RT3 09: FT2/RT4 10: FT2/RTS
463 bp 614 bp 709 bp 742 bp 742 bp
FT3  11: FT3/RT1 12: FT3/RT2 13: FT3/RT3 14: FT3/RT4 15: FT3/RTS
304 bp 455 bp 550 bp 583 bp 583 bp
FT4  16: FT4/RT1 17:FT4/RT2 18: FT4/RT3 19: FT4/RT4 20: FT4/RTS
265 bp 416 bp 511 bp 544 bp 544 bp
FTS  21:FTS/RT1 22: FTS/RT2 23: FTS/RT3  24: FTS/RT4  25: FTS/RTS
206 bp 357 bp 452 bp 485 bp 485 bp

WEVR/NORZFR -

5| FEIAIFE R EIXEFE ST

W B 2S5 [T % 4H 53 BILLANSV ~ CSNV ~ GRSV ~
INSV ~ MeSMV ~ TCSV R TSW V% -t il 5 o5 N Bk [R]85 A /25 fe
DNA#EFTPCRE—MEMIER » 45 5REUR - 455 05~ 10~ 15~ 20
T 25 %P 975 93 N AL DR R T B B DN ASE 274 A {1 PCREZFE >
a5 | F B RN F s S E g A iR E Y R A R
JERER S - BB 2 PCREEYIM 73 T B R/INGEE 49 1E200~800
bp2 [ ([El—)  BE A ENAR - £S5 REEN AL
PR R BV K R o B MR R RV S B ES T > 545
T-HH4AHFT 2R E M E > o] DU ehHE © HTSWVILERE A
B EETE » AFEETSWYV ~ GRSV ~ TCSV ~ CSNV ~ INSV + ANSV
FMeSMVEE (RI) » &5 FHHIMIENEY) 7 T2 K/ NGFUER
=P e



20 J. Plant Med.

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

INSV MeSMV ANSV CSNV TCSV GRSV TSWV

Bl — ~ 5l E AR S EEKE (PCR) BOATSW VISR 5E 2 5
—MEHIEL o DUFBTSWY » GRSV » TCSV » CSNV + ANSV -
MeSMV K INSV NEEK 2 BT g fif Ry ikt 175088 - PCRZEW)LA2%
BRI IIHT « I TFHZGRRERE= -

Fig. 1. The specificity test of primer pairs for detecting TSWV-serogroup
tospoviruses in polymerase chain reaction (PCR). The plasmids
carrying the N gene sequences of TSWV, GRSV, TCSV, CSNV,
ANSV, MeSMV and INSV were used as the templates for assay. PCR
products were analyzed by 2% agarose gel electrophoresis. Lanes

represent the codes of primer pairs as shown in Table 3.

F0U ~ 5IFE AR TSWVIDERE R Etospoviruses 2 B —MHIE -
TABLE 4. The specificity test of individual primer pairs for detecting
different tospoviruses of TSWV serogroup.

Primer pair

Virus
01020304050607080910 11121314 151617 18192021 22232425

TSWY +++ ——4+++——+++——+++——F —— — —
GRSV ++———4++———+++——+++——++———
TCSV ++++—+—4+——F++——F+++——++++—

CSNV + +++—++++—++++—++++—++++—

ANSV + + + 4+ — —— — — — At ———++—+ -
MeSMV + + = — = —— — = — = — = — — — — — — — R
INSV — — — — — e e it

* The codes of individual primer pairs are shown in Table 3.

5l FHIBERISRSEE 2

HeB4RFR02 © FTU/RT2 ~ 03: FTI/RT3 ~ 04: FT1/RT4 - 06:
FT2/RT1}07: FT2/RT3 55405 F#f » BN EHHHLE
RNAZEFTRT-PCRAIG > &ERBUR > B TSWVHYFFERARR T
PR045 [ TR RS > HALS [T EIEESR02 03 ~ 06/
07 FT 43 Fil##1 1626 bp ~ 721 bp ~ 463 bpkz614 bpZEH) (B — -
a) & T ECRINS VAR S A I o] f 5[ 7 B H 4R 5706 - MR H
463 bpfED) (B ~ b4t > HER5 [T B EMEES02 ~ 03~ 04k

[~ 5T EARRE AT SO T S B S S E (RT-PCR) AT A AL BEES
ZEFE (TSWV) (a) RBULTESEBEEDR 3 (INSV) (b) Z#67E -

Fig. 2. Identification of Tomato spotted wilt virus (TSWV) (a) and Impatiens
necrotic spot virus (INSV) (b) using the primer pair sets in reverse
transcription-polymerase chain reaction (RT-PCR). Lanes represent
the codes of selected primer pairs as shown in Table 3.

EREHNIE - Jﬁtii%f,iiJ:LNﬁEliéﬁﬁ e AT 2B AR
%ﬁ FLMEEE KB — 2 0 SRPIE T A T e & o3 It Ff&"

ENI

TENFEL R AL 751 B e BE % Py 51 bl 43 #r b 0T DASSFR
TSWVII[L/EE?E’JF » EINP identity & 755 %A L - BAHS
G R P51 (conserved sequence) & - At E L FE
BIRSHVRG G - S AS R B Pl 805w S € T
B iR EEE A E R o AR ENIER
HIFF S0 R B S 8 BRI - — B 2 Tospovirus @R &
M EEENKE > AR AR E MU R A TR BN
AFFFI R Y& o SEt 2 4EEAIE [ BRI X
Bo it 4= 25 | F 540 > DURENEREEDNAKTHIE » 1]

DAR Tl 5 2R ENE R R AT S R E B Bk E RS
FILAEBITSWV ~ GRSV ~ TCSV ~ ANSV ~ CSNV ~ MeSMV K
INSVEER# o B [ FHER HAMAIETSWVIDE R E - &
FEWSMoV ~ IYSV ~ GYSV K SVNaVEIMFEE » &R B(EA &7
JE (GERARHR) » BURAP TG 2 5| T A EERTSWY

MERREEA S ENE—EKIE -

FHE— &5 SR > 25| F % BN ERE 3 2 R
KERE AR  EEERIARE » 479702 © FTI/RT2 ~ 03:
FT1/RT3 ~ 04: FT1/RT4 ~ 06: FT2/RT107: FT2/RT3 55| T
¥ > TR AT RN E R N AL R AV E BB DNAE 57 HH 3 -
N S35 [ 743 B ARG TSWV B INSVAYHE #7748 RN A 7T
HEE T > 45BN 0] B BV DN A IG5 21y

& SR B (1 — Re [ =) > BEURILS | T3 4E A K o] B R E A 7
F'E.Elﬁﬁltt@*@‘r FEE TIE  imEeRARER 25 FE4E
EURHE#E 2 V&S] - BN 68 M A T HAMTS WV ITLUE B A
&> ﬁt*ﬁzﬂm/&éﬁ%mﬂﬁﬁﬁﬁér FIIEA TAE © ARBFFEAT



Reat IV A | T A PR e A I SR B - R g o 7 =0
A5 | FEAEBAYEE » DERE AR A2 R -

S| FHEEET T > BES | TFHURET B BN R Y 8 F s
FHE s [T B R ERE I SRR RS E
B o BN EAE BRI ERESCRES > BEEERE
WL TE Tospovirus [BFHHREEF AT /EZ— < 2410 > ¥
FETE s — Baatavs [ TR B0 e 7 B g 13
SEEG  FhE R R B AP ETEE © B4 IEREES
MG > AR HIRE SR > Z T ANER EREEM R
NS0 o B E VR 2T - At FIFE S S
5[+ (multiplex specific primers) 7 BE—MOHIEIERLET - [FIHF
AT SRR IS E R RN AR - AT E AT > HIEER
SERAFEiRERE A D > Bl s [ T EENIRE - &5 FEAE
[Fl— R ERNR S A B - T8 - SERINTPSHYURE ~ B R
R ERRCE - ST ORESE > SR ERUE TN
JEUB - AT R AL o R IRl R B S
W ARG S R AR R A LB EACR[E > ESEA]
FINELAN Y AN (R E & > et dmals | » M4
i 5 [T R U EPR A e - — ARAEME R AT
DARcThavEhs » A &5 [ T H KR R 2R 0VR RS K
EFE - TR EENET > UEMSE s T R e
B [ ORI T RE R R e 36 0 5 AR 88 S R A e T BB
Ptk R A g - (E [FIEF R EER T b ST
HIVER > HiE - RESWES | THME - ElEmZs
175 3 g e 2 SR AR S B K B R 0 R T R LR BB AT T
DR Bl B BEIA s s MR fs - — HE8ARN
TR E K B AR A B RIES - v UEEEFA TR
SR D g T Ak -

RN E T E > IR HEERSES RNA ENARL
RNAFFFIfREAER (conserved region) Prakat iy i@y ff5 ]
F¥#} (degenerate primer pairs) » AJ4EE R EFRHIEEZL (restriction
enzyme) HYBSUIME » K5 |35 P iy 2 P U A 6 A /)N
By 2R RAVDNAE KBRS - FaEtEE A Iy = 8 E > 2k
TR RIS E 000 o H IR AHZE SRS AL - B
aHlE b > ARBFE Rl & LR GIESAIER - Hi 2 N &
{68 > JE A O 2o 4R (R 22 SR R T 5 s TE YA 5 -

BRUS T - RAERIEIT L - AN E S EE 5
Fia Pl Ay S [ eV NN P 2 Nt vl e N 2= W Gl Ay S (S P
BUE F o HIGRRWE R0 eSS NeEatts | T EEE
B KRS aEEEE 5[ T EE R E T2
ERTROUAEIE TAE > BoRES HOVEEA - TR RS il 1T P R b
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ABSTRACT

Liu, L.-Y., Chen, T.-C. and Chen, T.-H. 2016. Development of
primer sets for identification of the member species of Tomato
spotted wilt virus (TSWV) serogroup. J. Plant Med. 58(1): 17-24.

Tospovirus is one of important plant virus genera that has a
wide host rang infecting more than 1090 species of 82 plant families
and causes symptoms of spots, chlorosis, mottle, stunt, wilt and
necrosis. According to the serological relationship of nucleocapsid
protein (NP), tospoviruses are divided into serogroups. Most of
tospoviruses are classified in two major serogroups named from
Watermelon silver mottle virus (WSMoV) and Tomato spotted
wilt virus (TSWV). The WSMoV-serogroup tospoviruses are
prevailing in Asia while the TSWV-serogroup tospoviruses are
mainly distributed in Europe and America. The members of TSWV
serogroup, such as Alstroemeria necrotic streak virus (ANSV),
Chrysanthemum stem necrosis virus (CSNV), Groundnut ringspot
virus (GRSV), Impatiens necrotic spot virus (INSV), Melon
severe mosaic virus (MeSMV), Pepper necrotic spot virus (PNSV),
Tomato chlorotic spot virus (TCSV), Tomato spotted wilt virus
(TSWV) and Zucchini lethal chlorosis virus (ZLCV), are important
quarantine viruses in Taiwan. In this study, the nucleotide sequences
of N genes of TSWV-serogroup tospoviruses were analyzed to
design forward primers FT1, FT2, FT3, FT4 and FT5 and reverse
primers RT1, RT2, RT3, RT4 and RT5. The forward and reverse
primers were cross-mated to form 25 primer pairs that were used to
test the accessibility for amplifying signals from the cloned plasmids
carrying the N genes of ANSV, CSNV, GRSV, INSV, MeSMV,
TCSV and TSWYV in polymerase chain reaction (PCR). Except the
primer pairs 05: FT1/RTS, 10: FT2/RTS, 15: FT3/RTS, 20: FT4/RTS
and 25: FT5/RTS, most primer pairs could be used to amplify certain
DNA fragments, ranging from 200 bp to 800 bp, from different N
gene clones. Moreover, tospovirus species could be identified from
the polymorphisms of amplicons. The primer sets 02: FT1/RT2,
03: FT1/RT3, 04: FT1/RT4, 06: FT2/RT1 and 07: FT2/RT3 were
successfully used to identify TSWV and INSV from total RNAs
of virus-infected Nicotiana benthamiana leaf tissues by reverse
transcription-PCR. Our results showed that the primer sets have a
great potential for identification of TSWV-serogroup tospoviruses.

Keywords: Tomato spotted wilt virus (TSWV), serogroup, virus
identification



