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PR P o EW S - % F (Internal transcribed spacer 2, ITS2) DNA 7 £ > 27 & a4 5

(Thrips tabaci Lindeman, 1889) ~ =

% &) 5 (Thrips palmi Karny, 1925) -

IR R

(Frankliniella schultzei (Trybom, 1910)) % . 3 &8 (Frankliniella williamsi Hood, 1915)

EREIF LGS k- B33 AT FT
£8P F 5 40.6-44.4% ;
18% 1+ cnfih BB 5 o -
faa) B R
Fooka o gt EgmE s ITS AR

oS L2 BakAT LG 2EWINE - P53 LR
S HEE A R TS

AR e, SR

M A5 ~ A FET PNy -
Al B
i FE (EREAH/ )N - A2 » [EELTEKBIEY)

FHRATCIEYI CRs - EEMEYIEE ~ 2F ~ /N iR
¥ BN REEREEFIE G - EREREIE
8 (Tommasini and Maini, 1995) - [FE4h -
Hir 20 FEAVETS S EE R FEENE AN E
(Tospovirus) (Mound, 2005; Inoue and Sakurai,
2007; Persley et al., 2010) ; & {LE & ES [EM
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A ITS2 £ 2 59 2 500 bp - w%ééﬁ% mITS2 * 35
W R LR RHE A SR
W& dte fB RS R
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R TEIRE  TEE 1“&1’] R B
’:sgITS2 m%— BEl3 4 £Er 15 5 21

B U A5 fE L plE o Bl A 4F B DNA i
SHcink - 313 BB R OL MR R |-

6 Bk Flpt o FHETHRAK
CERAEME RS

F B M55

BAERAFFETE 10 E3#7T (Goldbach and
Peters, 1994) » BRE&HRE AT AEHEE 1 (E2TTHYRE
¥ (Gent et al., 2006; Prins and Goldbach,
1998) - fERAFAEMEIRILAVE Z#E T » &IEAE
REFEZ AP A I A R R B B ARTE 5 AEAEY)
M e HEAYBESR R » 1 ERZE 8 o iy A 2R
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&) o it > BT RBFFSAVERER > CESE
HMICHZAEZERE - FE E o &S EREED
BIEEmR SRz e B h ey
Wz sE B ul 41 (http/www.baphiq.gov.tw/view.
php?catid=2962) » RFZHECIIEY) - (GUFR -~ A
BE - BT R SRUIE Sl E R E A
MEF 2 REEIEREAR S B el - SRR E &
A&l -

B4 b EISAVEEE % B AL BRI R YR
sfrEOET TR E BB MR ER R £
FyBE ~ W~ B8R S BRI EEE - KNRILE
B — Sl ER VR S RE B B B S Rl E b
HIPRIE: » T4 e P E A A RIS 8 e R 5 (At -
EAE AL RAFE m D IRANS R - GRS REDN
HIE - R ERFERmE - HRD T RN
HE - CAVFZHEIRARMIy FiftRaER » #ir
TR T - R TR/ BRI R EE
41 Buckman et al. (2013) JEA 5 {EEFEEST 7 R
99 &I - 2 F O ANRIGRGRIARAVEEE
BRI BRI T R E R E AN - 0rE T fCE
== (Frankliniella  occidentalis (Pergande,
1895)) ~ /N &l B (Scirtothrips dosalis Hood,
1919) - FEe&IE (Thrips palmi Karny, 1925) K
& E (Thrips tabaci Lindeman, 1889) %5 > HA
BEHEARERVEE Y % - BAESTEEE (species
complex) AR > fiEH ILRERHBIEYE » A1/ Ne i
FENE 9 (ElZE#fE (cryptic species) (Dickey et al.,
2015) E& A 3 {Ef&EffE (Brunner et al., 2004;
Asokan et al., 2007; Toda and Murai, 2007) > 7§
FHACEIEAIA 2 {EiE#f# (Brunner and Frey,
2010; Rugman-Jones et al., 2010) - 3= LLEZTH IR
HEE AT T E Lt R E & RN BT A R EEER
M~ AR TERFIE ~ ERT R Y 5% (Mound, 2005) -

Moy FREEL T B BRI AR AR R T
(cytochrome oxidase I, COI) K #% [ 42 & &
(internal transcribed spacer, ITS) & EirbiyEL
PREETTIAST -t &8 e i — S i PR i e Y 5
% B ERE AT A PCR Bigmfir A
REYIHFE » 40 real-time PCR (Walsh et al., 2005;
Huang et al., 2010) - PCR-RFLP (Lin et al., 2003;
Rugman-Jones et al., 2006; De Grazia et al.,
2016) » E— 5|+ (Liu, 2004; Asokan et al.,
2007; Farris et al., 2010; Kobayashi and
Hasegawa, 2012) - Loop-mediated isothermal
amplification (LAMP) (Przybylska et al., 2015)
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% Hph B M5 r454 PCR AIZ HAT#HGE R A
2~ fEEE ~ J5(E ~ KB ITE o 1A 0 ITS 5+ 1F
SCINERTA S LB ERIFE - BNt HEY)
HEVE MG [T W5 AN R R 0 5l E
(Yeh et al., 2014a, b, 2015) -

feERMENEIELIEIRRE (Thrips) FALES
& (Frankliniella) WiE I Y fEEE 2% (Mound,
2005; Persley et al., 2010) » EFEEE EHE/NE
& RS HYER > VI AZ EERG 5 &R (ITS2) 73+
R WTLEIE (Thrips hawaiiensis (Morgan,
1913)) ~ BMEEEIEE (Thrips imaginis Bagnall,
1926) ~ FE 5 {E&IFE ~ ZEC&]E (Frankliniella
intonsa (Trybom, 1895)) Z1J ITS2 DNA F%5157
Mo WHETH M5 FAI%ET & RER (Liu,
2004; Glover et al., 2010; Yeh et al., 2014a, b,
2015; De Grazia et al., 2016) - 772 B[ FfEFRS
& PR EHERY ITS2 DNA 5 B - #E—20 e F 261
ZERF LE RNEEEFAGETHE A
A& - B&lE - MGCATE (Frankliniella
schultzei (Trybom, 1910)) =7F#&] 2 ETE(E
EHERN &S - MEE KRR —ERARMEYIHY
£ >k & B (Frankliniella williamsi Hood,
1915) » RIJEE(R &I B LAl S H M5 [Tt
HIS Y - %5 USRS #1T ITS2 DNA #YE
Feorht > SBAEE%4H ITS WmEE — M5 [ T-AY NI E
F > 35 16 & 21 fEATSEUR R Begs [0y
B R ERME bRt U iEAT R B - PR -
FIE kg E IR TT05 -

MHERIT A
— ~ BRI ER

AR B 28 & @S - TR O
EROAIEIVETS » &3RE - BN - FWERENE  f
PAFEEA » fih5e DNA (&R ERIEE R AFeiE A
Mgl ke 2 e ¢ HeraieiREAE 85%EEA
TONEREE H A ROt R - ER-20°C 2 SRR ORTE - R
FRE I E K 2 NCBI (National
Center for Biotechnology Information) GenBank
Fr& sk E&IE - MEATE - MEEETE ~ ToRa&]
R VUTERTSAERA ITS2 FryiR LA AL - R
T 20 TS MU E S [TVl m R—) -

A NEW Y 4wt EE R R AB
063340 ~ AB775443-52 ~ AM932144 - AM932152-
54 ~ AM932158 ~ AM932160-1 - AM932165-6 -
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Table 1. Thrips species used to analyze the specificity and stability of specific primers of Thrips tabaci,
Thrips palmi, Frankliniella schultzei, and Frankliniella williamsi

L* Scientific name L H3¢# Scientific name

1  HEMHEEE  Bathrips melanicornis 13 FRHFEIE Selenothrips rubrocinctus

2 tGEHEEIE  Bolacothrips graminis 14 BE(CEE Frankliniella intonsa

3 FRAEAS Dichromothrips corbetti 15 /NEEE Scirtothrips dorsalis

4  CINEEETE  Taeniothrips eucharii 16 (L&A1 Thrips hawaiiensis

5 JEREEEATE  Fulmekiola serrata 17 FEARENE Anaphothrips sudanensis

6 EOR&EIE Frankliniella williamsi 18 L& Microcephalothrips abdominalis

7 EHEAERE Thrips alliorum 19 (L& Thrips hawaiiensis

8 H=AE Thrips palmi 20 EAIE Thrips hawaiiensis

9 THAE Stenchaetothrips biformis 21 EMEATE Thrips imagines

10 FE#TEITE Rhipiphorothrips cruentatus 22 VH5{CAIE Frankliniella occidentalis

11 SAEAE Megalurothrips usitatus 23 4ONiKHZEETEE  Astrothrips aucubae

12 E&EE Thrips tabaci

*The relative lane number (L) referring in electrophoresis in Fig. 5 to Fig. 8;

**Lane 20 in Fig. 8 is Frankliniella schultzei.

AM932189 - JF429875-93 - JF968492-505 -
KM877037-8 - KP216395-407 - g = & & &
AB063341 - AB775433-39 -~ AB775441-2
AM932139-41 -~ AM932145-50 - AM932156-7 -
AM932159 - AM932176-9 - AM932181-3
AM932187-8 AM932192 FM956422-9
KF680274-5 - KM877305-6 ~ KU884556-8 - #itfit
{E&I S B GQ343259 ~ KR105630-3 - GenBank [N
RAIORAIE ITS2 DNA & -

ZRIBZRERE_ER (TS2) DNA FFHEIL

S Zapi

JE FH QuickExtract DNA™ 2% Hy &t %
(Epicentre Biotechnologies, Madison, WI)4ii{t
DNA - £ Tseng et al. (2010) $t¥f#i 5 ITS2 H
R B TS [ 7% P1-2 (’GTGGATCCCTYGG
CTTGTG3) K 28Sj2 (5°'GTTAGTTTCTTTTCCT
C3) » MR EERFHNE (PCR) &R HERG
ITS2 FE% » IEEREERALR 5.85 rDNA K 28S
rDNA 2~ fif - PCR EY)E#E Fr 8 BRI 4 b
1% Ly DNA ; Al & iz g 5 8 e Fr
(Automatic sequencer) 75> 53R ITS2 2 R
WSl FETER  WIEMZEBME EkES
HAD-GT12 (eGene inc., Irvine, CA) 73HTE—M4:
5|F PCR ny# #8445 R -
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Jf& A Bioedit 7.0 (Hall, 1999) f2=fkASE &5
FHETT ITS2 PHIHE Frés R E e bt i SHIE AR
B EMBL % p5HEF#ks MUSCLE - #TRTH
ITS2 FHHIE G EEHEF (https/www.ebi.ac.
uk/Tools/msa/muscle/) » 8 H N =T 2 8 {H 17
progressive alignment - ;[ F] refine 55 1g#EHE
FEHIHEREME: - FEfEEE MEGA6 (Tamura et al.,
2013) ERFPHIERE GRS BETH
HIFEHIE 7 EE = 2 (p-distance) Y Pairwise-
Deletion >K#5 5 & i@ AN ERE ST
(UPGMA analysis) iIfi 8417 1000 i #E{E
(bootstrap replication) #HE[M{E - BEHAET (Tv)
FHEHEUR (Ts) HES Tajima-Nei 93 S52HI{
R ##E DAMBE #HM{G (Xia and Xie,
2001) -

= BEIBSE B (ITS2) DNA FF5l2 3|

Tt

| GenBank I #¢{t#AY Primer-BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) If&E °
HETREENS - M=EES - MEEETS R EORENS
ITS2 DNA fFHlIEE 1T » #ETZ4H BN IFE—M
glFzaEt - EHE—MS [ THEY DNA B3 REY)
HEANER T -
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Table 2.
fragment sizes for target thrips species

RAEIS E TS5 757 SR RESRAKN

Sequences and abbreviated names of species-specific primers and approximate amplified

Fordward primers & sequences (5’ to 3') Backward primers & sequences (5’ to 3') Size (bp)
Ttab971U* AGAAACGATTACCAGACTGCCCAAG TtablD AGTGATGCAGCACAACACATTCCAC 366
Ttab971U AGAAACGATTACCAGACTGCCCAAG Ttab973D TGCAGCACAACACATTCCACTCAGG 359
Ttabh972U AGCGACAGCACACACCTCGTGTGTGTTG Ttabh973D TGCAGCACAACACATTCCACTCAGG 338
Ttabh972U AGCGACAGCACACACCTCGTGTGTGTITG Ttabh974D CAGTGATGCAGCACAACACATTCCAC 344
Tpal973U ACGGGCGAGTCCTCCCAGT Tpal971D CCGCTGAGGGCAGGTGAATC 321
Tpal975U ACTTGCTCTCACGGGCGAGT Tpal971D CCGCTGAGGGCAGGTGAATC 333
Tpal972U TGGACTTGCTCTCACGGG Tpal972D GGGCAGGTGAATCGGAGCGA 327
Tpal973U ACGGGCGAGTCCTCCCAGT Tpal973D CGGAGCGAGGAGGCATTTA 307
Fwil973U TCAAAGAGAAAATGCATTCTGTCGTCGG Fwil971D AAGGCGAGATGTTGCAATAATTTC 219
Fwil973U TCAAAGAGAAAATGCATTCTGTCGTCGG Fwil972D ACGCGACGTCGAGTTTGGAAAAAAAC 145
Fwil974U ACCCGTCAAAGAGAAAATGCATTCTGTC Fwil971D AAGGCGAGATGTTGCAATAATTTC 224
Fwil975U AACCCCGACCCGTCAAAGAGAAAATG Fwil971D AAGGCGAGATGTTGCAATAATTTC 231
Fsch981U TTCCGGGGCAAGATGGGCCTCC Fsch981D ATATCCCACGTCCTGGCACACAAA 300
Fsch982U GAGGGTCGGTAGACCATATCTTACG Fsch982D AAGCTGATGGGATGTGCCAGGAC 360
Fsch983U AGATGGGCCTCCCCCGATTAGTT Fsch983D ACACCGACGGGTGTTTCTGATGC 244
Fsch984U GTTTTTCCGGGGCAAGATG Fsch984D GACGAACTGATCAAACGGCGA 162

*Ttab: Thrips tabaci; Tpal: Thrips palmi; Fwil: Frankliniella williamsi; Fsch: Frankliniella schultzei.

GEREIETEm

— ~ I 2 ITS2 Py E T

FIHS [+ P1-2 J 28S;2 i & f ITS2 K&
&% 500 bp A% SATHYFFYIIEAE 154 {5 - HpR
&5~ B AL - MG CATE R TOoRET 53 HIA 80 -
58~ 13 ¥ 3 {6, » H GenBank & 123 & » L #tai
3 THANE 7RI Ry 70 ~ 48 Jo 5 i s FoR&IEEZFHEN
B EE {5 B AT AR NEEBEETE TTS2 /P51 E1E
PRIEE o AHIHSTHTIY AN ~ B s Al R fE AN
AR 5% 53 A1 By LC416206-36 -

PufEE] Y ITS2 FrylE iR - ITS2 /Y
4 HANIEHAE AL (Transition substitution, Ts) B¢
FEHR EU A, (Transversion, Tv) [ o 2 6 fl1 54 &
(saturation effect) - BJFE7I|[EIAYEE R EFECHT /K
SREVE ([E—) » BE ITS2 HYFpHI8E B A i B R
e RHERS N - AW 5T A &l TR ITS2 FFoIHY~F
Yoy SR B Ky 40.6~44.4% > H TERETE SR KB
B EARAEN 5 (SRS SR 2 2 [F] JE HY &
EHHSCaTE RN 52.2%  f/NERAZEE

~33~

JEHIRER S CRTES K TR A S (A 35.4% L8 Liu
(2004) FrEsSFURLL > LATEBERCR BRI (A IRER

R o

BEIEFYIEAIE 80 > &RREER  H
REZE - HA ~ 56~ B~ BN ~ FE -
RIFH] ~ R ~ dHPERE ~ 2B (Przybylska et al.,
2015) ; & ITEURHA 2 KBEBFVEZ R (E
=) g (D SHRORE iR it
%N 3% (EFRERIAREIR) - S8R D R:
R RCTEERHY 22 fRPA IR ERER K
7S 29.7% » (IR RN 10%LL I - RIfHEE
Py 7R R 11.2% ©

B ASEAILA 68 R AAREER » 2KH
E[IRE ~ 208~ HA ~ thE ~ BN ~ 23 232 (Toda
and Komazaki, 2002; Glover et al., 2010) - A5F5%
AT IL Y =20 #G B e — B (T) Bt SRR
K (W) ZEK (8= PSR E 18.8% ;
FRE BRI 725y 3.9% » H A i
RIA BB R 8 5 2R > W95 (AM932145 -
AM932159 - AM932182 - AM932188) ~ EI[E
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B— FiFITS2 EIIRIERRERY (Tv) REIREME (Ts) FBEHHL Tajima-Nei 93 BERERINAY I ThIE -
Fig. 1. Scatter plots for tranversion (Tv) or transition (Ts) of ITS2 sequences versus total substitution of the Tajima-Nei 93
(TN93) substitution model for all pairwise thrips comparisons.
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China-Poland-Taiwan
-Thailand (2)

UK (7) I
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Hungary (14)

USA (17)

Thrips tabaci

P

Ttab JF429889 Ta3 USA |
Ttab AM932144 CSL UK
Ttab JF429886 A3 USA
Ttab JF429882 P8 Peru
Ttab JF429881 P7 Peru
Ttab JF429892 Ny1 USA
Ttab JF429880 P6 Peru
Ttab JF429876 P2 Peru
Ttab JF429875 P1 Peru
Ttab JF429884 A1 USA
Ttab JF429885 A2 USA
Ttab JF429877 P3 Peru
Ttab JF429879 P5 Peru
Ttab JF429883 P9 Peru
Ttab JF429891 Ky2 USA
Ttab JF429887 Ta1 USA
Ttab JF429893 Ny2 USA
Ttab JF429878 P4 Peru
Ttab AM932189 CSL UK
Ttab JF429890 Ky1 USA
Ttab JF429888 Ta2 USA
Ttab AM932161 CSL UK _|

il

0.08 0.06 0.04 0.02 0.00

B— HRAXMWERSITS2 5 Ll p-distance EHE » BAE UPGMA BFETAMHE 2 HERIMHF - HARMWRRFZ
X% () B2/ UERE=ZARERT EIRNARBERISEREE @R (1) ZRENE X (USA) &
RE (UK) o DRFRIIRELETINEXSE  LHAIRABER LX) - BEE FTHHFIIEEERENRS - RRKERK -
Fig. 2. Phylogenetic tree inferred from ITS2 sequences of Thrips tabaci using the UPGMA clustering method with
proportional distance. Sequences from various countries labeled next to the dark triangle form one lineage (l). The
numerals in parentheses represent thrips individuals for each country. Divergent members (llI) are mostly from
Peru, the United States, and the United Kingdom. The bootstrap value of each divergent lineage is shown
beneath the branch. The scale is proportional divergence. Sequences downloaded from GenBank are labeled

with accession number, isolate name, and country.
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Thrips palmi

{

=

100[[

Australia (1)
China
Japan
Thailand (4)
Taiwan
India

UK

Tpal AM932188 CSL T214 UK
Tpal AM932145 CSL T58 UK
Tpal AM932182 CSL T205 UK
Tpal KF680274 TGT0011 India
- Tpal AM932159 CSL T122 UKJ
Tpal Tai408 Taiwan
Tpal Tai369 Taiwan
Tpal Tai269-2 Taiwan
Tpal Tai401 Taiwan
Tpal Tai407 Taiwan
Tpal Tai357 Taiwan
Tpal Tai463-1 Taiwan
Tpal Tai358 Taiwan
Tpal Tai300 Taiwan
Tpal Tai463-2 Taiwan

0.08 0.06 0.04 0.02 0.00
B= RS HEEES TS2 551 0 L p-distance BEEX - BiE UPGMA BESAMIEEZ RERR - BB —HEH

(1)
(2)

(6)
(12)
(17)

HEREEEEE (7)) HRASMRERA—F (W); RE=ALEBERE/W—F » iIBIAAZEFFERHNE -
DERIHAETIARIESS 5 IR ABREALEA/) - ERE THMWFIIEEERERSE « RRBEXK -

Fig. 3. Phylogenetic tree inferred from ITS2 sequences of Thrips palmi using the UPGMA clustering method with
proportional distance. One divergent lineage (T) is particularly distributed in Taiwan, and sequences from other
countries form the other lineage (W). Sequences in close affinity are labeled next to the dark triangle. The
numerals in parentheses represent thrips individuals for each country. The bootstrap value of each divergent
lineage is shown next to the branch. The scale is proportional divergence. Sequences downloaded from
GenBank are labeled with accession number, isolate name, and country information.

(KF680274) » i (e A Bt 5 & B 5 — B H AR
AeEE T E 11.2% - Glover et al. (2010) ®ig5H »
PR e e A R 2B E AR 4R COL ARy AR Y
Zoo MR IL 72 HLAE 8.4%  (HiE o AN 14 18 (RS 4 ITS
HIMHE A4S SR - AlRBUR AR SR RS A Y W AR
FE R o A T B S MR L P RE R A AR -

IRERACET B IR 18 EREA 2k BN ~ EE]
ZE - ZERLET (Liu, 2004) > 45 = KB (H
V) > Hp @A RBLR B AN 0 JENE K —
B EE-REMATS R —8E > 8 3 B ERR
14.6~20.7% 2 [ - FoR&1E H R EERERE A
P 2% » @R EREAR IS EZSR -

bt ITS2 ol X S &S YE Ak —
BIFEE > FREREISERZEHEAI » HAtr =1E4]
BRI AI A IR E SR B 5
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HUrRE B A AR - EthEIRAE S
EZ R B A AR E - Glover et al.
(2010) 2 K HBHAT R s &l A W S % - HORI RS
COI 7527 8.43% » [HEAZEA ITS AR 77
{EIRG - ZRBIATTH G5 HEATISAVIRES DNA
B =KEHIr{E (Brunner et al., 2004; Asokan et
al., 2007; Toda and Murai, 2007) > Bruner et al.
(2004) FIBHHETS HIRU 74 5 Rl &l B Rl 4 R R
AEEWIRE - fugRds COI 2R S 11% ; [HARMSE 57
MreR - BRI R ERYERTSZEA ITS FpaiEd
B SEEEEYREARR AR RIH AR TR
TRHEAERATEE  Li et al. (2015) ByBFCHE
o _RHR SRAS R AR SRR RV &R - 155K
FAETETT RO BRI A R AR - R 5
Bt S ELE LAV RIS ~ mE & g
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Frankliniella schultzei _I: Fsch KR105630 D52 Kenya
100 Fsch KR105633 D55 Kenya
_|: Fsch KR105631 D53 Kenya
Fsch KR105632 D54 Kenya
Fsch Am90 USA
Fsch GQ343259 Australia
— Fsch Am89-9 USA
Fsch Tai 229-1 Taiwan
0 Fsch Tai 229-2 Taiwan
Fsch Qua3-1 Thailand
Fsch Tai 270-2 Taiwan
Fsch Qua3-2 Thailand
Fsch Qua4-1 Thailand

100

10

0.08 0.06 0.04 0.02 0.00

R Z HARRIERE 1TS2 571 » LU p-distance BHARI » BT UPGMA B¥RTTERTHEB ZRGRAR - LB I FHER
RWZ R » SEEFEAEEE AL  IENE K —8F - DBFRIEET MRS @ LAIRABER LR/ - BE
ETHENFEIIEEERENRE - RRKERK -

Fig. 4. Phylogenetic tree inferred from ITS2 sequences of Frankliniella schulzei using the UPGMA clustering method with
proportional distance. Two of the three divergent lineages are distributed in Taiwan and Thailand or in Kenya. The
bootstrap value of each divergent lineage is shown beneath the branch. The scale is proportional divergence.
Sequences downloaded from GenBank are labeled with accession number, isolate name, and country

information.
Thrips tabaci
A123456789101112 B123456789101112
1198
>~ 23,3%
T 350 ——
=
15 |
13 14 15 16 17 18 19 20 21 22 23 13 14 15 16 17 18 19 20 21 22 23
1198.
= | == —
i —
+ i Qli:;: - —
Ttab971U ~ Ttap1 D Ttab971U ~ Ttab973D
C,1 2 3 4 5 6 7 8 9 10 1112 D1 2 34 5 6 7 8 910 1112
1198
| 1~ 616 | —_—
‘ = —
| — 222
EEEEEEEECERLE EEEE
1
13 14 15 16 17 18 19 20 21 22 23 13 14 15 16 17 18 19 20 21 22 23
I o 1198 |
| NS
— 350
Ttab972U ~ Ttabf73D Ttab972U Tab974|D

Bf HEaERIFE—45FHAR 21 BREEMEEXER RREHERNRBEEREIFNKE 12, KRR EERE HBAYKE

FrRE—15| FEIERMNE L AlNEIERE— M5 FERDRIFINTR—KERZ - DNA K/ (bp) FERMHES -

Fig. 5. Validation of ITS2 species-specific primer sets of Thrips tabaci for 21 thrips species. Amplified fragments are

visible in lane 12 of the target onion thrips, with no cross-amplification. Specific primer sets are shown in each

panel. The thrips examined in each lane are listed in Table 1, and species-specific primer information is
presented in Table 2. DNA marker (bp) is shown.
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Thrips palmi

A123456789101112
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Tpal973U ~ Tpal971D

38: 30-41 (2018)
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MEASE 5 FHAM 21 BESEMEEARR - BRIFFERNBEREEEKE 8 ' RERNEEEIEN
FTAE—M15| FHIIETRE L - #WANEIERE 145 FERDRIFINTR—KZERZ - DNA X/ (bp) &R

Validation of ITS2 species-specific primer sets of Thrips palmi for 21 thrips species. Amplified fragments are

visible in lane 8 of the target melon thrips, with no cross-amplification. Specific primer sets are shown in each
panel The thrips examined in each lane are listed in Table 1, and species-specific primer information is presented
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Frankliniella williamsi
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Fig. 7. Validation of ITS2 species-specific primer sets of Frankliniella williamsi for 21 thrips species. Amplified fragments
are visible in lane 6 of the target corn thrips, with no cross-amplification. Specific primer sets are shown in each
panel. The thrips examined in each lane are listed in Table 1, and species-specific primer information is
presented in Table 2. DNA marker (bp) is shown.
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are visible in lane 20 of the target common blossom thrips, with no cross-amplification. Specific primer sets are
shown in each panel. The thrips examined in each lane are listed in Table 1, and species-specific primer
information is presented in Table 2. DNA ladder marker (M; 100 bp) is shown.
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ABSTRACT

Thrips (Thysanoptera: Thripidae) are major pests of agricultural crops worldwide.
However, their minute size, highly diverse morphologies, and lack of easily recognizable
characteristics often make their identification difficult. According to molecular analyses,
which can provide reliable identification of species complex, numerous thrips species exhibit
largely differ in their genetic composition; however, their morphological characters remain
indistinguishable. In this study, sequences of the nuclear internal transcribed spacer 2
(ITS2) of agronomically damaged thrips—namely Thrips tabaci, Thrips palmi, Frankliniella
schultzei, and Frankliniella williamsi—were analyzed to design species-specific primers for
their molecular identification. The ITS2 fragments obtained using universal primers were
approximately 500 bp in length, and the average sequence variation among the four species
ranged from 40.6% to 44.4%. With sequences for T. tabaci, T. palmi, and F. schultzei from
GenBank included in the analysis, more than 18% intraspecific sequence variation was
found. ITS2 sequences were employed to design multiple sets of species-specific primers of
the four thrips species. Examination of primer specificity and stability in 21 thrips species of
15 genera revealed the expected amplified products in the four target species, with no
cross-amplifications. Sequence alignment of the specific primers with other conspecific
GenBank sequences showed that these primers had conserved sequences with a mismatch of
less than two nucleotides. However, more than six nucleotide mismatches to distinct
lineages of conspecific target DNA were found in two specific primers. Therefore,
amplification failure may occur if the target thrips have high intraspecific genetic variation.

Key words: thrips, molecular identification, internal transcribed spacer, specific primers
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