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DNA-based identification of Lepidoptera larvae and
plant meals from their gut contents
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ABSTRACT. Identification systems based on DNA
(DNA barcodes) can potentially facilitate both the iden-
tification of known species and the discovery of new
ones. In this study, the use of molecular markers to
identify unknown immature lepidopteran stages was
useful and reliable. We identified here five Israeli
geometrid moth larvae as Chiasmia aestimaria (Hib-
ner, 1809) using both a fragment of, and the whole,
mitochondrial gene cytochrome oxidase subunit I (COI).
In addition, molecular analysis of a fragment of the
chloroplast rbcL gene in the gut contents revealed se-
quence homology with the suspected host-plant Tama-
rix nilotica (Ehrenb.). These data suggest that, in some
instances, even short DNA fragments are sufficient for
identifying closely related taxa to the species level.

PE3IOME. Cuctemsi onpenenenus Ha ocHoBe JJTHK
(6ap-konuposanue JJHK) moreHIMaNBEHO OTE3HBI KaK B
UACHTU(UKAIINY U3BECTHBIX, TAK U B OTKPBITHH HOBBIX
BUJI0B. B TaHHOM HCCe10BaHMU UCTIOIB30BAHUE MOJIE-
KYJISIPHBIX MapKepOB OKa3aJoCh MOJE3HBIM M HAIEX-
HBIM. 371eCh C TIOMOIIBI0 (hparMeHTa M IEITOTO MUTO-
XOHJPHUAIBHOTO reHa NoA0TAeNa [ IUTOXpOMHOM OKCH-
na3el (COI) mate rycenwi s aeHur u3 M3paws onpee-
JIeHBI Kak npuHaanexaiue Buny Chiasmia aestimaria
(Hiibner, 1809). Kpome TOr0, MONEKYIISPHBIA aHATH3
(parmenTa reHa rbcL xmoporiacta B COIEPKUMOM HX
KHIIEYHUKA BBISIBAJI TOMOJIOTHIO C TIPEATIONAraBIIAMCS
MpeXJie B KAYeCTBE KOPMOBOTO PACTEHUS TAMAPHUCKOM
Tamarix nilotica (Ehrenb.). OTu nanHble npeamnoara-
10T, YTO WHOTJA Jake HeOonbmux ¢pparmenToB JJHK
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JA0CTAaTO4YHO, YTOOBI OIpeaACINTb 6J'II/13KOpOﬂCTBeHHI>Ie
TAKCOHBI 10 BUAOBOI'O YPOBHH.

Introduction

A fundamental prerequisite for the study of insects
and their interactions with the environment is the cor-
rect determination of species according to the currently
accepted principals of taxonomy. Equally important is
the accurate identification of insect food sources and
feeding habits.

That being said, entomological studies can be prob-
lematic because insect larvae cannot be identified to the
species level without being reared to the adult stage. In
addition, the feeding behaviour of insects, particularly
larvae, has been a difficult ecological interaction to study.
In most insect species the identification of plant remains
is complex, requiring dissections and stains, dyes or
biochemical techniques [Schlein & Jacobson, 1994;
Schlein & Muller, 1995]. These techniques tend to re-
quire relatively large amounts of gut material, ruling out
detailed analysis of larval food, and are not too specific.

Taken together, collection of these data can provide
information critical to the control of agricultural pests
and insects of medical importance, as well as ensure a
broader understanding of insect taxonomy.

An initiative to generate DNA sequences for all
named species on the planet has led to the development
of DNA taxonomy [Tautz et al., 2002, 2003] or DNA
barcoding [Hebertetal., 2003, 2005]. These are diagnos-
tic techniques, in which short DNA sequences can be
used for species identification (for reviews see DeSalle et
al. [2005] and Savolainen et al. [2005]). Although still
controversial, the scientific benefits of DNA barcoding:
(1) enable species identification of any life stage or body
part, (2) facilitate species discoveries based on analyses
of gene sequences, (3) promote the development of biodi-
versity inventories and (4) provide insights into the di-
versity of life in a given ecosystem.

Here we ask whether DNA in this study, identified
by barcoding, is consistent with the morphological spe-

cies identification for both the insect larvae and the
plant meals from them. In this study, five Israeli geometrid
moth larvae were identified as Chiasmia aestimaria
(Hiibner, 1809) using the mitochondrial gene cytochrome
oxidase subunit I (COI). In addition, molecular analysis
of a fragment of the chloroplast »bcL gene in the gut
contents revealed sequence homology with the sus-
pected host-plant Tamarix nilotica (Ehrenb.).

Material and methods

Lepidopteran larvae found feeding on an unidenti-
fied species of Tamarix were collected in the Jordan
Valley, Israel in December 2002. The live specimens were
stored in sterile 2ml cryovials filled with pure ethanol and
kept at room temperature. For dissection, the larvae were
put on a piece of Parafilm and opened with sterilized
watchmaker forceps and micro scissors under a stereo
microscope ina DNA-free UV safety cabinet (KOJAIR).
The gut was separated and stored in ethanol, muscle
tissue was extracted and transferred to sterile 1.5 ml
Eppendorf tubes and allowed to air dry. Afterwards, the
tissue was ground with glass beads and sterile pestles.

Adult Lepidoptera were chosen from a collection of
geometrid voucher specimens (Zoologische Staatssa-
mmlung Miinchen). The selection was primarily focused
on two geometrid species known to feed on Tamarix
spp. [Kriiger, 2001; Mironov, 2003], secondly also on
their most closely related sister taxa known to occur in
the Jordan Valley [Hausmann, 1991; Halperin & Sauter,
1992]. Therefore, we reduced our set of identification
key reference samples to those of C. aestimaria, C.
syriacaria (Staudinger, 1871) (subfamily Ennominae),
Eupithecia ultimaria Boisduval, 1840, and E. opis-
tographata (Dietze, 1906) (subfamily Larentiinae). The
samples were dried specimens treated as described by
Knolke etal. [2005]. DNA lysis was performed on either
abdomina or single legs. For further details concerning
the specimens, see Table 1.

DNA was extracted with the QTAGEN DNA tissue kit,
following the manufacturer’s protocol. PCR was per-

Table 1. Species, label data, length of sequence, ID-numbers and reference sequence.
Tabanya 1. Buabl, AaHHbIE ITUKETOK, AAMHA HOCAEAOBATEABHOCTH, UACHTUPUKALJMOHHbIE HOMEPA M OIIOPHAs

ITOCA€AOBATEABHOCTD.
EMBL/
Species Locality bps | DNATAX-ID | Gen Bank
acc. No.
E. ultimaria Israel, Arava valley, En Zin, 100m , 5.111.2000,leg. C. Li & G. Miiller 205 |DNATAXO01855 |AM282974
E. ultimaria Israel, Judaean desert, Wadi Kelt, En Prat, 250m, 8.111.1999 leg. C.Li & G. Miiller | 205 |DNATAX01856 |AM282975
E. opistographata |Israel, Dead Sea, En Gedi, 22.1V.1989 leg. G. Miiller 205 |DNATAX02202 |AM282976
C. aestimaria Israel, Judaean desert, Wadi Kelt, En Prat, 250m, 8.111.1999 leg. C.Li & G. Miiller |1560| DNATAX01862 |AM282979
C. gestimaria Israel, Judaean desert, Wadi Kelt, En Prat, 250m, 8.111.1999 leg. C.Li & G. Miiller |1560{DNATAX01863 |AM282980
C. syriacaria Israel, mid Jordan valley Hazafon, Tirat, 4-7.VIIL. 1989 leg. G. Miiller 205 |DNATAX01865 |AM282977
unknown larva  |Israel, Jordan valley, X11.2002, leg. Kravchenko & Miiller 1560 DNATAX02166 |AM282981
unknown larva  |Israel, Jordan valley, X11.2002, leg. Kravchenko & Miiller 1560|DNATAX02167 |AM282982
unknown larva  |Israel, Jordan valley, X11.2002, leg. Kravchenko & Miiller 1560/ DNATAX02168 |AM?282983
unknown larva  |Israel, Jordan valley, X11.2002, leg. Kravchenko & Miiller 1560|DNATAX02169 |AM282984
unknown larva  |Israel, Jordan valley, X11.2002, leg. Kravchenko & Miiiller 1560|DNATAX02170 |AM282985
unknown larva  |Israel, Jordan valley, X11.2002, leg. Kravchenko & Miiiller 205 |DNATAX02171 |AM282978
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formed with a PTC 220 DYAD thermocycler (MJ Re-
search) ina 25 plreaction volume, using the Expand PCR
system (Roche Diagnostics) with 25 pmol of each primer
(forward: mtD4Geo: 5’-cycgttaataaatttacaat-3’; reverse:
mtD7rev: 5’-gggaawgctatatcwggtgctee-3°, mtD12Geo: 5°-
wcctttataratggrgttta-3), 20 pmol of dNTPs, 12.5 pmol
MgCl,and 0.88 units of Taq polymerase. PCR parameters
consisted of initial denaturation at 94 °C for 4 min, 45
cyclesat 94 °C for 1.5 min, 48°C for 1 min, 72 °C for 1.5 min,
followed by a final elongation at 72 °C for 3 min. PCR
results were examined using agarose electrophoresis and
visualized with ethidium bromide under ultra violet light.
PCR products were purified with a MinElute PCR purifi-
cation kit (QIAGEN), as suggested in the manual. PCR
products were used as templates for the cycle-sequenc-
ing reaction (Big Dye Ready Reaction DyeDeoxy Termi-
nator Cycle Sequencing Kit v1.1, Applied Biosystems)
with each of the PCR primers or internal primers (see
Simon etal. [1994]), respectively. Cycle parameters were
as follows: initial denaturation at 94 °C, 2 min; 25 cycles at
94°C,20sec; 52 °C, 10sec; 60 °C, 4 min; with final cooling
to 8 °C. The sequenced product was filtered through
Sephadex-G50 fine (Fluka) packed spin columns (Amer-
sham) to remove unincorporated dye terminators, prim-
ers, and salts, and desiccated in a speed-vac. The prod-
ucts were resuspended and electrophoresed on an ABI
377 XL automated sequencer. All fragments were se-
quenced in forward and reverse directions. The sequenc-
es were analysed manually with a Sequence Navigator v.
1.0.1 (Applied Biosystems).

The plant material from the guts of the larvae was
treated according to Matheson et al. [in press]. PCR
resulted in a 153 bp long fragment of the ribulose bis-
phosphate carboxylase gene’s large subunit (rbcL) [Poi-
naretal., 1998].
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Results

For DNA sequence comparisons among all speci-
mens, a 205bp sequence of the COI was used to evalu-
ate the chance of sequence congruence. Even in this
very short dataset, the species in a genus clustered
clearly, as did specimens of the same species. Tree
reconstructions (PAUP* v. 4.0b10) showed clear clus-
tering of all six caterpillar sequences within one haplo-
type of C. aestimaria (Fig. 1, Table 2).

This result was surprising as the larvae had been
grouped into two ‘morphospecies’. Morphological re-
examination of the larvae in question confirmed that the
larvae were merely different moulting stages and colour
variants of the same species.

Sequence variation of morphologically identified
lepidopteran larvae of C. aestimaria is 0.49%, while
species variation ranges from 16.50% between the gen-
era (Eupithecia vs. Chiasmia), 3.88% (Eupithecia,
n=2) or 5.83% (Chiasmia, n=2) between species of the
same genus, respectively, 0.97% (E. ultimaria, n=2),
and 0.49% (C. aestimaria, n=8) within the same spe-
cies.

In addition, we investigated the sequence variabil-
ity within the complete COI gene of five lepidopteran
larvae and two of the C. aestimaria specimens. Con-
sidering the 8-fold increase in sequence data, we ex-
pected to find between 8 and 15 variable positions
within the specimens of C. aestimaria. Table 3 shows
10 variable sites (0.64% sequence divergence) result-
ing in five different haplotypes. The proportion of
codon position mutations is slightly shifted from mu-
tations of the first and third codon positions in favour
of the second codon positions (10% in the first, 20%

Table 2. Variable positions. There were 25 polymorphic loci identified as follows: 4 of first (16%), 1 of second (4%)
and 20 of third (80%) codon positions within the first 205 bps of COI sequence.

Tabanyga 2. Vsmenunsble AOKychL Borsasaero 25 moanmopdubix aoxycos: 4 ns nepsbix (16%), 1 ux sropeix (4%) n 20
u3 Tpersux (80%) mosnymit KOAOHOB cpeAr HadaabHblix Gpparmentos rena COI pamuoit 205 bps.

12
15
18

bp

DNATAX-ID species

88

cp

DNATAXO01855 |E. ultimaria

DNATAXO01856 |E. ultimaria

DNATAXO02202 |E. opistographata

DNATAX01862

C. aestimaria

DNATAXO01863 |C. aestimaria

DNATAXO01865 |C. syriacaria

DNATAX02166

unknown larva

DNATAX02167

unknown larva

DNATAX02168

unknown larva

DNATAXO02169

lunknown larva

DNATAX02170

lunknown larva

DNATAXO02171

unknown larva
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Abbreviations: bp — base pair; cp — codon position. Bold text — sample that exhibit sequence homology. Italicised letters —

polymorphic genetic loci within a single species.

Coxpamjenms:: bp — OcHOBHasi mapa; cp — II03MUMsI KOAOHA. BbipeaeHMe SKUpHbIM mpudTom — I1poba, AeMOHCTpUpYyIOImast
TOMOAOTMIO TTOCA@AOBATEABHOCTH. KypcmB — ITOAMMOpQHBIE AOKYCH I€HOB B IIPEACAAX OAHOTO BUAA.
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Fig. 1. Distance (UPGMA) tree of the investigated taxa generated with PAUP*. All previously unknown caterpillars cluster

with one of the two haplotypes of C. aestimaria. Outgroup
marionae (Geometridae: Larentiinae).

references are Fuchloe bazae (Pieridae: Pierinae) and Hagnagora

Puc. 1. Aucranguonnoe (UPGMA) AepeBo Bcex MCCACAOBAHHBIX TaKCOHOB, IIOAVYEHHOE ¢ IOomolybro mporpammsr PAUP*. Bee
paHee He MACHTMOUUMPOBAHHBIE IyCEHUUBI IPYIIUPYIOTCS B OAMH M3 ABYX ramaotunos C. aestimaria. Bremnss rpymma — Euchloe
bazae (Pieridae: Pierinae) m Hagnagora marionae (Geometridae: Larentiinae).

in the second, and 70% in the third codon positions).
Except for pos. 1073 and 1541, the mutations have no

effect on the coding protein.

The larval gut contents of plant meals were also
characterised using molecular techniques. The plant

material dissected from the gut of the larvae of C. aesti-
maria was extracted and sequenced. Sequence homol-
ogy with a fragment of the chloroplast 7bcL gene (153
bp) was 100% for Tamarix nilotica (GenBank ass. no.
AY545896).
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Table. 3. Variable sites of 7 specimens (2 adults and 5 larvae) of C. aestimaria within the complete COI gene (1530
bp) and a 30 bp fragment of the adjacent tyrosine tRNA gene. Abbreviations see in Table 2.

Tabanya 3. Vismenumsble mecta y 7 sx3emuaspos (2 umaro n S rycerny) C. aestimaria B npeaesax noanoro rera COI
(1530 bp) n pparmenta B 30 bp coceprero rena tuposuna tRNA. Coxpamgerns cm. B Tabanye 2.

olg|lw|la|la|—=|2|Q| =
DNATAX-ID | species b |ZIZI8|R|C(R|R|S|Z|F Hap;ztype
cp | 13|13 (3[3[3]|3|2(3]2
DNATAXO01862 | C. aestimaria TIG|T|G|C|A|A|A|T|A 1
DNATAXO01863 | C. aestimaria C|G|T|G|C|A|A|A|C|A 2
DNATAXO02166 | C. aestimaria larva 1 CIA|T|G|C|G|C|A|C|A 3
DNATAXO02167 | C. aestimaria larva 2 C|G|T|IA|T|A|A|G|C|G 4
DNATAXO02168 | C. aestimaria larva 3 C|G|T|G|C|A|A|A|C|A 2
DNATAXO02169 | C. aestimaria larva 4 C|G|C|G|C|A|A|A|C|A 5
DNATAXO02170 | C. aestimaria larva 5 C|G|T|G|C|A|A|A|C|A 2
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Identification systems based on DNA can poten-
tially facilitate both the identification of known spe-
cies and the discovery of new ones [Janzen, 2004].
The technique of DNA barcoding is based on the
premise that diversity within a short, standardized
segment of the genome can provide a “biological
barcode” that enables identifications at the species
level.

In this study, the use of molecular markers to iden-
tify unknown immature lepidopteran stages was use-
ful and reliable. The results suggest that, in some
instances, even short DNA fragments are sufficient
for identifying closely related taxa to the species level.
Intra-populational sequence divergence of the COI
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tification systems (‘DNA barcodes‘) seem to provide
a valuable tool for ‘species’ identification, especially
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sequences are available.

The slowly evolving rbcL gene does not seem to
provide an unambiguous resolution of plant identity to
the species level in all instances. Despite this, it can be
appropriate in confirming or negating the observed iden-
tity of presumed or previously identified host-plant
families. Additional molecular markers could refine this
method even further in the future.

Collaboration between biological disciplines will
enable the development of a taxonomic system inte-
grating phenotypic and genotypic criteria. This will
increase our understanding of biodiversity despite
the limitations of time and funding [Wilson, 2004]. The
first scientific initiatives like the Consortium for the
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development of DNA barcoding”, while discussions
continue.
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