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Abstract

Thrips are major pests of many agricultural crops all over the world. However, their minute size and high degree of
morphological similarity often makes their identification difficult. Molecular methods, such as single-step and multiplex PCR,
deserve more consideration for their identification. In this study, ITS2 sequences of 14 agronomically important thrips were
analyzed. Low intraspecific distances (i.e., < 3%) in contrast with high interspecific distances (i.e., > 14%) makes ITS2 sequences an
ideal marker for designing species-specific primers for thrips identification. The specificity and stability of these species-specific
primers, mixed with universal paired primers as an internal positive control, were tested and verified using multiplex PCR on 23
thrips species. In conclusion, the highly variable features of ITS2 sequences among thrips species are useful in the development of
species-specific primers for multiplex PCR. It provides a detection tool that allows for rapid, reliable and convenient species
discrimination of the important insect pest.
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ABSTRACT

Thrips are major pests of many agricultural crops all over the world.
However, their minute size and high degree of morphological similarity often
makes their identification difficult. Molecular methods, such as single-step and
multiplex PCR, deserve more consideration for their identification. In this
study, ITS2 sequences of 14 agronomically important thrips were analyzed.
Low intraspecific distances (i.e., < 3%) in contrast with high interspecific
distances (i.e., > 14%) makes ITS2 sequences an ideal marker for designing
species-specific primers for thrips identification. The specificity and stability of
these species-specific primers, mixed with universal paired primers as an
internal positive control, were tested and verified using multiplex PCR on 23
thrips species. In conclusion, the highly variable features of ITS2 sequences
among thrips species are useful in the development of species-specific primers
for multiplex PCR. It provides a detection tool that allows for rapid, reliable
and convenient species discrimination of the important insect pest.

Key words: thrips, ITS2, specific primer, internal positive control

Introduction

Thrips are major pests of many
agricultural plants all over the world.
They damage the host plant by attacking
its twigs, leaves, buds, flowers and fruit,
resulting in stunted growth, feeding scars,

*Corresponding email: wbyeh@nchu.edu.tw

distortions, and color mosaic. In addition,
they are the sole vectors transmitting the
plant Tospovirus which causes great
economic loss. For example, Thrips tabaci
Lindeman, i.e., onion thrips, can also
transmit the Iris yellow spot virus
resulting in a yearly loss of more than 100
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million USD (Prins and Goldbach, 1998;
Gent et al., 2006). In order to include them
in pest management programs, these tiny
organisms must first be detected and
correctly identified. Traditionally, the
identification of thrips has been based on
the morphological characters of adult
specimens using slide mounting and
microscopic examination. However, their
minute size and high degree of
morphological similarity usually makes
identification difficult, and it is even more
difficult to identify immature thrips to the
species level. For example, a cryptic species
complex such as Scirtothrips dorsalis Hood,
T tabaci and Frankliniella occidentalis
(Pergande), can only be properly identified
by their molecular characteristics, since
their = morphological characters are
indistinguishable (Brunner et al., 2004;
Toda and Murai 2007; Hoddle et al., 2008;
Brunner and Frey, 2010; Rugman-Jones et
al., 2010).

Among the molecular markers applicable
for insect identification (Hoy, 2003),
mitochondrial COI has been commonly
used since the development of the barcode
of life (Glover et al., 2010; Rugman-Jones
et al., 2010; Kadirvel et al., 2013). For
example, it has been demonstrated, with
the use of this marker, that T. tabaci
includes three distinct groups (Bruner et
al., 2004; Asokan et al., 2007; Toda and
Murai, 2007; Tseng et al., 2010; Kobayashi
and Hasegawa, 2012; Jacobson et al.,
2013). The analysis of another amplicon,
internal transcribed spacer 2 (ITS2), a
nuclear non-coding ribosomal fragment,
has shown that cryptic species of S.
dorsalis Hood involve different lineages
(Rugman-dJones et al., 2006). Glover et al.
(2010) pointed out that the hypervariability
of ITS may be considered an advantage for
insect identification, while low interspecific
distances in the COI gene will not
distinguish closely related species (Chen et
al., 2014; Lee et al., 2013).

In view of the experimental time and
cost, PCR-based methods such as real-
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time PCR (RT-PCR), restriction fragment
length polymorphism (RFLP), and species-
specific primers (SSP) have been applied
widely in thrips identification (Liu 2004;
Rugman-Jones et al., 2006; Asokan et al.,
2007; Farris et al., 2010; Huang et al.,
2010). In addition, studies have demonstrated
that the single-step PCR with SSP is a
simple, quick, and reliable means for
thrips identification (Lin et al., 2003;
Asokan et al., 2007; Farris et al., 2010;
Kobayashi and Hasegawa, 2012). However,
the use of universal primers pairs as the
internal positive control (a practice
routinely carried out in research on
pathogens, such as viruses and bacteria, to
ensure the quality of DNA templates as
well as the optimum of experimental
procedures) has been rarely adopted in
insect studies (Li et al., 2010; Daane et al.,
2011; Thet-Em et al., 2012; Yao et al., 2012;
Yeh et al., 2012; Drali et al., 2013;
Nakamura et al., 2013).

Therefore, the aim of this study was
to apply the multiplex PCR method and
combine the species-specific primers with
universal paired primers for thrips
identification. The specific primers were
designed based on the established ITS2
sequences of 14 agricultural thrips species
including Echinothrips americanus Morgan
and Thrips vulgatissimus Haliday. The
specificity and stability of the developed
species-specific primers of 23 thrips
species were then examined using the
previously developed universal primers as
a positive control. Based on the results, we
then addressed the superiority of our
proposed identification method compared
with other PCR-based identification methods.

Materials and Methods

Sample Collection and Identification
The thrips used in this study (Table 1)
were collected from England, Italy, mainland
China, The Netherlands, Taiwan, Thailand,
and the USA, preserved in 95% ethanol,
and stored at -20°C. Individual specimens,



Table 1.
(L) on electrophoretogram in figures

Thrips species used to evaluate the specificity and stability of specific primers and the corresponding lanes

L®* Abb  Thrips species L  Abb  Thrips species

1 Aobs Anaphothrips obscurus (Miiller) 7  Thaw Thrips hawaiiensis (Morgan)

1 Aruf Aptinothrips rufus (Haliday) 8 Bgra Bolacothrips graminis (Priesner)

1 Asud Anaphothrips sudanensis Trybom 9 Tfus  Thrips fuspennis (Haliday)

1 Cpha Caliothrips phaseoli (Hood) 10 Teuc Taeniothrips eucharii (Whetzel)

1 Eame Echinothrips americanus Morgan 11 Tfla  Thrips flavus Schrank

1 Ffus Frankliniella fusca (Hinds) 12 Fser Fulmekiola serrata (Kobus)

1 Ftri  Frankliniella tritici (Fitch) 13 Fcep Frankliniella cephalica (Crawford)
1 Nbur Neohydatothrips burungae (Hood) 14  Reru Rhipiphorothrips cruentatus Hood
1 Skar Stenchaetothrips karnyrianus (Priesner) 15 Fint  Frankliniella intonsa (Trybom)

1 Sund Stenchaetothrips undatus Wang 16  Dcor Dichromothrips corbetti (Zimmermann)
1 Tfor Thrips formosanus Priesner 17 Acha Ayyaria chaetophora Karny

1 Tmaj Thrips major Uzel 18 Aauc Astrothrips aucubae Kurosawa

1 Tphy Thrips physapus Linneaeus 19 Asud Anaphothrips sudanensis Trybom

1 Tvul Thrips vulgatissimus Haliday 20 SCI  Scirtothrips sp

2 Focc Frankliniella occidentalis (Pergande) 21 Shif  Stenchaetothrips biformis (Bagnall)
3 Ttab Thrips tabaci Lindeman 22 Srub  Selenothrips rubrocinctus (Giard)

4 Mabd Microcephalothrips abdominalis (Crawford) 23  Hcom Helionothrips communis Wang

5 Tpal Thrips palmi Karny 24 - Negative control

6 Musi Megalurothrips usitatus (Bagnall)

¢ Target species used for specific-primer design, i.e. Lane 1, and the thrips used to examine specific-primer
stability, i.e. Lanes 2 to 23, are shown in representing panels of Figure 2 and Figure 3.

listed in Appendix I, were used for DNA
extraction and then mounted on slides
using Hoyer’s medium for light microscopy
identification. These voucher thrips were

then stored in the Department of
Entomology, National Chung Hsing
University.

DNA Extraction

Genomic DNA was extracted using
the BuccalAmp™ DNA Extraction Kit
(EPICENTRE Biotechnologies, Madison,
USA) with the instructions modified for
thrips (Tseng et al., 2010). The DNA pellet
was dissolved in 30 pL distilled water and
stored at -20°C.

PCR and DNA Sequencing
Primers P1-2 and 28Sj2 were used to

amplify and sequence the ITS2 fragment
(Tseng et al., 2010). A PCR assay was then
carried out in a volume of 25 pL
containing 5 pmoles of each primer, 0.2
mM of each dNTP, 10 mM Tris-Cl (pH 9.0),
50 mM KCl, 1.5 mM MgCl,, 0.01% gelatin,
0.1% Triton-X100, 1 unit of SuperTaq
polymerase (Protech Technology, Taipei,
Taiwan), and 1 puL. of DNA template. PCR
programming conditions were: 95°C for 2
min for denaturation, followed by 35 cycles
of 94°C for 40 sec, 60°C for 20 sec and 72°C
for 20 sec, with a final extension at 72°C
for 10 min. The amplified products were
stored at 4°C. The PCR product was
purified directly using a Qiaquick PCR
purification kit (QIAGEN, Hilden, German),
or extract it using the Qiaquick gel
extraction kit after having been resolved
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Table 2. Species-specific paired primers, sequences (5’ to 3'), and amplified approximately fragments size of fourteen
thrips species. PCR amplifications of the bold paired primers are shown in Figure 2, while the others are
shown in Figure 3. Abbreviations of each thrips are the same in Table 1

Upstream primer name and sequences

Downstream primer name and sequences

size

Aobs_1U  TGCTAAGGGCTCCTCGGAG
Aobs_4U TCTCTGAGTGGTACTCGG
Aruf 1U TCACGCTTGTAAAATACTCGG

Asud101_2U TCCCAAATGCCTTACATATACG
Asud101_3U ATCGGATAGAGGCCCTCTC

Cpha 38U  GGAGCTTTCGAGTTTCCAGG
Cpha 2U  TCTGTGATAGGAGCGGTGG
EamelU TTGTGTGCCGGGCGATGTTG
Eame3U  TCGTCTCAACCGCCCAAG

Ffus 1U  TCTTTTGCCAAAATACAGCGG
Ftril 2U  GTTCTGAAATATTTTCAGAGCG
Nbur 1U  TCGCCTGAATTAGCGCGAC
Nbur 50  CCTTCGGGTGCCAATCGA

Skar 1U  ATCTTACGCGTTTTGCACCC
Skar 3U  TCAAACCCGTTAGTAAAGGG
Sund_1U  TCACTAAGAGTTAGCTTCGGC
Sund 2U  GCTGTGTGTCTTACACGCAG
Tfor 1U  GTAGACGGCAAAAATTTACGG
Tfor 3U  GCAAAAATTTACGGACCAGTCG
Tmaj 2U TCAAGGAGAACATCCATACC
Tmaj 3U  AAATCGTCAAGGAGAACATCC
Tphy 3U  AAAGGCGGTCCTAACACTCT
Tphy 4U  CCTCTGCGATTGCGATAAC

Tvul 1U  ATGACAAGTCATGTTGCATCG
Tvul 5U  TGCGATGACAAGTCATGTTG

Aobs 1D CGCGAGGTGATCGCTTTCC 399
Aobs 4D ACAAGCTTCGGACTCTCC 208
Aruf 4D  CGACCACGGATCCCAAAAC 169
Asud101_2D AGTGTTTGCGGGCGATAAGG 310
Asud101_3D AAGCCATCCGTGACTTGACC 243
Cpha 3D  ACTTCTGGCCTTCACGTTGG 185
Cpha 2D  ATGGCAGAATGGCGTGAAGC 159
Eame3D  ACTAGCTCGGGCAAAACTGG 324
Eame4D  AGCACTCTTGCCGTCAGAAC 183
Ffus 1D  AATCGCACCGAGGCGAGAC 232
Ftri 4D  TCTGCTGACATCCTTTATAAGA 162
Nbur 3D TGCCCTTGTTCCCTAGGGG 180
Nbur_4D  CGGACGTTCTGTTTCTCTC 169
Skar 2D  AGGTAGTCTTTAAGGTTTITCCC 189
Skar 3D  TTTCCCTCTCGTACCTCAACG 146
Sund 3D CGTTGCACCGAAATGCAAGC 185
Sund 2D GTCGACGGCTAGTTAGGAGG 210
Tfor 1D  CGTGTGGATGCAAAAGTCCC 295
Tfor 2D CGGCTGCATACATCTCCCTA 451
Tmaj_ 1D  GATCGTTGGATCGTATGAGG 209
Tmaj_ 3D  AACGGGGTTGCATCGGACC 125
Tphy 3D  ACAAACCCTTATTGTCGTCCC 338
Tphy 4D  GTCAACCAGAAGCGAAGAGG 272
Tvul 1D  CCTTATAGCTAAAGAGCCGG 170
Tvul 2D GGACAGCGCCCTTTACCGA 148

on the agarose gel. The purified DNA
product was sequenced by primers P1-2
and 28Sj2 using a BigDye Terminator V3.1
Cycle Sequencing Kit and an ABI 3730XL
sequencer (Applied Biosystems, California,
USA). PCR conditions for specific primer
pairs used in the specificity and stability
tests were the same as those in the ITS2
amplification. In addition, the universal
paired primers of 28Sg and 28Sh (Lin et
al., 2003), based on the conserved 3’ region
of 28S rDNA (Kjer et al., 1994), were
processed in each PCR reaction. Five uL of
amplification product with DNA dye and 5
uL of Bio-100™ mass DNA ladder (Protech
Technology, Taipei, Taiwan) were visualized
on agarose gel.
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Sequence Analysis and Species-
specific Primers Design

Sequences were piled up and aligned
using the program BioEdit (Hall, 1999)
and MUSCLE (Edgar, 2004), and were
checked manually. The proportional variations
within and among the thrips species were
estimated with MEGA6 (Tamura et al.,
2013). A phylogenetic tree based on the
Neighbor-joining method wusing the
Kimura-2-parameter substitution was
established in MEGAG6 with 1,000 bootstrap
replications.

The species-specific primers were
developed based on the variable regions of
the aligned sequences acquired in the
present study and from the GenBank. Two



Table 3. Average sequence divergences between/within thrips species in percentage (%). Abbreviations of each

thrips are the same in Table 1

Aobs Asud Aruf Cpha Emae Nbur Sund Skar Tfor Tphy Tvul Tmaj Ffus Foce Ftri
Aobs 0.2
Asud 190 0
Aruf 421 454 0.7
Cpha 37.1 40.5 43.0 05
Eame 41.8 442 388 443 21
Nbur 37.0 38.6 416 402 336 24
Sund 453 47.0 481 458 493 453 0
Skar 41.1 447 440 401 454 432 506 24
Tfor 48.0 469 466 459 495 481 552 391 O
Tphy 40.8 422 414 419 477 449 495 404 437 0.1
Tvul 36.0 384 406 39.0 44.1 417 461 386 416 378 0.1
Tmaj 334 373 418 342 394 355 448 400 43.7 384 327 0.1
Ffus 417 442 395 440 36.6 359 475 440 478 424 406 404 32
Focc 40.3 44.0 37.7 437 332 336 456 414 452 405 392 378 143 0.9
Ftri 395 432 353 426 369 323 480 408 471 392 372 372 176 171 15

species-specific primer sets were designed
for each species (Table 2). The specificity
and stability of these primer sets were
examined for 23 thrips species of different
genera (Table 1).

Results and Discussion

ITS2 sequence variation within and
among thrips species

ITS2 sequences, obtained by the
universal primer sets of 119 individuals of
14 thrips species having a length ranging
from 560 bp to 770 bp were deposited to
the GenBank (AB972959-AB973077). The
average sequence variations within species
ranged from 0 to 3.2% while the sequence
variations among species ranged from 14.3
to 55.2% (Table 3). The phylogenetic tree
showed that the interspecific sequence
divergences were much higher than the
intraspecies divergences, indicating that
the ITS2 amplicon would have a significant
advantage in developing species specific
primers for thrips identification (Fig. 1).
Although there are deep phylogenetic
divergences among thrips species, there is
a close relationship among the Frankliniella

species (with 14.3 to 17.6% sequence
divergence) and between Anaphothrips
obscurus and A. sudanensis (with 19.0%)
(Fig. 1). In addition, no distinct lineages
corresponding to geographical areas or
ecological niches within thrips were observed
in this study, although differentiated
clades in ITS amplicon in S. dorsalis have
been reported (Rugman-jones et al., 2006).

Specificity and stability of specific
primers

A test of 23 thrips species for primer
specificity and stability showed the
expected PCR products in the target
species with no cross amplifications (Fig. 2,
3). A PCR product of 520 bp generated
from the universal primers of 28S rDNA,
as an internal positive control, proved that
the entire experimental procedures were
performed under optimal conditions. It is
worthwhile noting that an examination of
23 thrips confirmed the specificity and
stability of the primers for the three
closely related species of Frankliniella (Fig.
1.

Specific primers developed by Farris
et al. (2010) for S. dorsalis have been
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Fig. 1. Phylogenetic inference based on ITS2 sequences by the neighbor-joining clustering method using Kimura
2-parameter substitution processes with 1,000 bootstrap replications. High bootstrap values for each thrips
species are shown beneath the branches. Sequences retrieved from the GenBank are labeled with their
accession numbers. Scale is the relative proportion divergence.

proven satisfactory, with only rare
amplification failure for this species and
occasional cross amplification to other
thrips species. Yeh et al. (2014) pointed out
that a specific primer with four or fewer
nucleotide mismatches to its target DNA
would have little impact on the robustness
of that specific primer. In the present study,
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the efficacy of intraspecific variation was
illustrated for thrips A. obscurus and E.
americanus. All these individuals generated
products of the expected size (Fig. 4).

In multiplex PCR, it has been pointed
out that the amplification efficiency might
be associated with the competition or
interference between primer pairs (Yeh et



Aobs 1U1D

12345678 91011121314151617181920212223 24

Aruf 1U4D

34567 8 9101112131415 161718 192021222324

Asluzd 2U2D

34567 8 91011121314 1516 1718 19 20 212223 24

Cplha 3U3D

234567 8 91011121314 151617 181920212223 24

Ffus 1U1D Tflor1U1D

12345678 9101112131415161718 192021222324

Etri 2U4D

1234567 8 91011121314 1516 1718 192021222324

N?l!rj u3D

456 7 8 91011121314 15 16 1718 19 20 21 2223 24

Skar 1U2D

1234567 8 910111213141516171819 2021222324

Sund 1U3D

12345678 9101112131415161718192021222324

2345678 9101112131415161718192021222324

Fig. 2. Application of the multiplex PCR by one ITS2 species-specific primer set of each target thrips species with one
28S rDNA universal paired primers. The specific amplification fragment of the target thrips is visible in lane 1
with no cross amplification in the other lanes. The target and examined thrips species in the lanes are listed in
Table 1 and the specific primer sequences for the target thrips are shown in Table 2. The marker is a 100 bp

DNA ladder.

al., 2014). In this study, the universal
primers were designed based on the
conserved region of 28S rDNA in insects
(Lin et al., 2003). Therefore, the weak
signals of 28S rDNA products found in
some reactions, especially in lanes 6, 12,
and 18 of Fig. 2, were probably due to the
interaction between primer pairs or the
inconsistent quality of the thrips’ crude
DNA, since their DNA was not extracted
at the same time. An examination of the
amplification efficiency for 11 thrips species,
whose DNA was extracted simultaneously,
shows the average amplified intensity
among them (Fig. 5).

Compared to the other PCR-based
identification methods such as sequencing,
PCR-RFLP, AFLP, and RT-PCR, this
simple, convenient, and cost-effective SSP
method using only a single PCR step, with
a proper internal positive control, is
worthy of being promoted. The highly
variable features of ITS2 sequences among
thrips species are useful in the development
of species-specific primers for a multiplex
PCR, providing a reliable, convenient and

cost-effective detection tool to discriminate
species of this important insect pest.
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Appendix |. Sampling location, species name, abbreviation, and the sequence accession

Taxon Abbreviation Collecting Locality Accession No.
Anaphothrips obscurus Amb57 USA AB973067
Anaphothrips obscurus Am63-2 USA AB973068
Anaphothrips obscurus Am63-3 USA AB973069
Anaphothrips obscurus Am65 USA AB973070
Anaphothrips obscurus Am69-1 USA AB973071
Anaphothrips obscurus Am69-4 USA AB973072
Anaphothrips obscurus Am69-6 USA AB973073
Anaphothrips obscurus Am69-8 USA AB973074
Anaphothrips obscurus Am121 USA AB973075
Anaphothrips obscurus Am123-1 USA AB973076
Anaphothrips obscurus Am123-2 USA AB973077
Anaphothrips obscurus Am123-5 USA AB972959
Anaphothrips obscurus Am123-8 USA AB972960
Anaphothrips obscurus Am123-9 USA AB972961
Anaphothrips obscurus Am123-14 USA AB972962
Anaphothrips obscurus Am124 USA AB972963
Anaphothrips obscurus Am141 USA AB972964
Anaphothrips obscurus Am142 USA AB972965
Anaphothrips obscurus Am145 USA AB972966
Aptinothrips rufus Am61-1 USA AB972967
Aptinothrips rufus Am61-2 USA AB972968
Aptinothrips rufus Am62-2 USA AB972969
Aptinothrips rufus Am64-1 USA AB972970
Aptinothrips rufus Am64-2 USA AB972971
Aptinothrips rufus Am70 USA AB972972
Anaphothirps_sudanensis Asud2-4 Taiwan AB973065
Anaphothirps_sudanensis Tail00 Taiwan AB973066
Caliothrips phaseoli Tai480-1 Taiwan AB972973
Caliothrips phaseoli Tai480-2 Taiwan AB972974
Caliothrips phaseoli Thai04-3 Thailand AB972975
Caliothrips phaseoli Thai33-1 Thailand AB972976
Caliothrips phaseoli Thai33-2 Thailand AB972977
Caliothrips phaseoli Thai91-1 Thailand AB972978
Caliothrips phaseoli Thai91-3 Thailand AB972979
Caliothrips phaseoli Thai93-1 Thailand AB972980
Caliothrips phaseoli Thai93-2 Thailand AB972981
Caliothrips phaseoli Thai96-2 Thailand AB972982
Caliothrips phaseoli Thai96-3 Thailand AB972983
Caliothrips phaseoli Thai96-4 Thailand AB972984
Caliothrips phaseoli Yun41-2 China: Yunnan Province AB972985
Echinothrips americanus PHS1 Taiwan AB972986
Echinothrips americanus PHS3 Taiwan AB972987
Echinothrips americanus Tai743-1 Taiwan AB972988
Echinothrips americanus Tai743-2 Taiwan AB972989
Echinothrips americanus Tai749-1 Taiwan AB972990
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Appendix |. (continued)

Taxon Abbreviation Collecting Locality Accession No.
Echinothrips americanus Tai750-1 Taiwan AB972991
Echinothrips americanus Tai750-2 Taiwan AB972992
Echinothrips americanus Tai752-1 Taiwan AB972993
Echinothrips americanus Tai757-1 Taiwan AB972994
Frankliniella fusca Am50 USA AB972995
Frankliniella_fusca Am63-1 USA AB972996
Frankliniella_fusca Am113 USA AB972997
Frankliniella_fusca Am114 USA AB972998
Frankliniella occidentalis Am01-1 USA AB972999
Frankliniella occidentalis Tai459-1 Taiwan AB973000
Frankliniella occidentalis Tai459-2 Taiwan AB973001
Frankliniella occidentalis Tai459-4 Taiwan AB973002
Frankliniella occidentalis Tai459-5 Taiwan AB973003
Frankliniella occidentalis Tai459-6 Taiwan AB973004
Frankliniella occidentalis Tai459-7 Taiwan AB973005
Frankliniella occidentalis Tai459-8 Taiwan AB973006
Frankliniella occidentalis Yun02 China: Yunnan Province AB973007
Frankliniella occidentalis Yun04-2 China: Yunnan Province AB973008
Frankliniella occidentalis Yun07 China: Yunnan Province AB973009
Frankliniella tritici Am45 USA AB973010
Frankliniella_tritict Am47-2 USA AB973011
Frankliniella_tritict Am48-1 USA AB973012
Frankliniella_tritict Am48-2 USA AB973013
Frankliniella_tritict Am49-1 USA AB973014
Frankliniella_tritict Am111 USA AB973015
Frankliniella_tritict Am134 USA AB973016
Frankliniella_tritict Am140 USA AB973017
Neohydatothrips burungae Amb54 USA AB973018
Neohydatothrips burungae Am136-1 USA AB973019
Neohydatothrips burungae Am137 USA AB973020
Neohydatothrips burungae Am138-1 USA AB973021
Neohydatothrips burungae Am138-2 USA AB973022
Neohydatothrips burungae Am147 USA AB973023
Stenchaetothrips karnyrianus Tail66-2 Taiwan AB973024
Stenchaetothrips karnyrianus Yun27-1 China: Yunnan Province AB973025
Stenchaetothrips karnyrianus Yun27-2 China: Yunnan Province AB973026
Stenchaetothrips karnyrianus Yun30-1 China: Yunnan Province AB973027
Stenchaetothrips karnyrianus Yun30-2 China: Yunnan Province AB973028
Stenchaetothrips karnyrianus Yun32-2 China: Yunnan Province AB973029
Stenchaetothrips karnyrianus Yun36-3 China: Yunnan Province AB973030
Stenchaetothrips undatus Tail66-1 Taiwan AB973031
Stenchaetothrips undatus Tail67-1 Taiwan AB973032
Stenchaetothrips undatus Tail67-2 Taiwan AB973033
Stenchaetothrips undatus Tail68-2 Taiwan AB973034
Thrips formosanus Taid46 Taiwan AB973035
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Appendix |.  (continued)

Taxon Abbreviation Collecting Locality Accession No.
Thrips formosanus Tai478-2 Taiwan AB973036
Thrips formosanus Tai487-1 Taiwan AB973037
Thrips formosanus Tai491-1 Taiwan AB973038
Thrips major Bri2 United Kingdom: Warwickshire AB973039
Thrips major Bri7 United Kingdom: Warwickshire AB973040
Thrips major Brill United Kingdom: Alnwick Castle AB973041
Thrips major Bril2 United Kingdom: Alnwick Castle AB973042
Thrips major Brils United Kingdom: Alnwick Castle AB973043
Thrips major Bril6 United Kingdom: Alnwick Castle AB973044
Thrips major Quab67-1 Netherlands AB973045
Thrips physapus Fra7 Italy: Milan AB973046
Thrips physapus Fra8 Italy: Milan AB973047
Thrips physapus Fral3 Italy: Florence AB973048
Thrips physapus Fral4 Italy: Florence AB973049
Thrips physapus Fral6 Italy: Florence AB973050
Thrips physapus NMG14 China: Inner Mongolia AB973051
Thrips physapus NMG17 China: Inner Mongolia AB973052
Thrips physapus NMG18 China: Inner Mongolia AB973053
Thrips physapus NMG19 China: Inner Mongolia AB973054
Thrips physapus NMG20 China: Inner Mongolia AB973055
Thrips vulgatissimus Bri3 United Kingdom: Warwickshire AB973056
Thrips vulgatissimus Bri4 United Kingdom: Warwickshire AB973057
Thrips vulgatissimus Bri5 United Kingdom: Warwickshire AB973058
Thrips vulgatissimus Bri8-1 United Kingdom: Warwickshire AB973059
Thrips vulgatissimus Bri8-2 United Kingdom: Warwickshire AB973060
Thrips vulgatissimus Bri9 United Kingdom: Alnwick Castle AB973061
Thrips vulgatissimus Bril9 United Kingdom AB973062
Thrips vulgatissimus Bri2l United Kingdom AB973063
Thrips vulgatissimus Bri22 United Kingdom AB973064
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