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ABSTRACT. We reviewed the use and relevance of barcodes for
insect studies and investigated the barcode sequence of Diatraea
saccharalis. This sequence has a high level of homology (99%)
with the barcode sequence of the Crambidae (Lepidoptera). The se-
quence data can be used to construct relationships between species,
allowing a multidisciplinary approach for taxonomy, which includes
morphological, molecular and distribution data, all of which are es-
sential for the understanding of biodiversity. The D. saccharalis
barcode is a previously undescribed sequence that could be used to
analyze Lepidoptera biology.
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ANALYSIS OF DNA BARCODES

A typical metazoan mitochondrial DNA (mtDNA) genome is composed of a 14-39-kb
double-stranded circular molecule. It encodes 13 protein-coding genes, two genes that encode
ribosomal RNAs, and 22 genes that encode transfer RNAs (Wolstenholme, 1992). It also con-
tains non-coding DNA rich in A-T sequences necessary for the initiation and regulation of
transcription and replication (Boore and Brow, 1998).

Variations in the mtDNA sequence are among the most widely used genetic markers
in animals, because it is a haploid genome, it is easily amplified from a variety of taxa, and
sequencing can easily be performed without cloning. The high rate of evolution that occurs
within the mitochondrial genome allows the pattern and timing of recent historical events to
be deduced without extensive sequencing efforts (Hurst and Jiggins, 2005). mtDNA has been
extensively used in studies of phylogenetics, phylogeography, the dynamics and structure of
populations, and molecular evolution (Zhang and Hewitt, 1997).

Hebert et al. (2003) proposed that a universally accessible database of COI bar-
codes should be constructed. This approach utilizes a fragment of approximately 658
bp of the first half of the mitochondrial Cytochrome C Oxidase Subunit I gene, named
COXI or COI. The use of a common DNA sequence, or a set of DNA sequences across
a wide range of taxa with a uniform format for the submission, accession, and storage
of tissues and information would greatly benefit our understanding of biodiversity (De-
Salle, 2006).

The Consortium for the Barcodes of Life (CBOL) is formed by major natural his-
tory museums, universities, herbaria, and other organizations. The aim of this consortium
is to establish the ambitious “The Barcodes of Life Initiative”, with the intent of using
DNA barcodes to identify each of the estimated 10 million species on earth (Savolainen
et al., 2005). The DNA segment used for the barcode is approximately 658 bp of the
mitochondrial gene Cytochrome C Oxidase I, COI. This sequence is suitable as a central
part of a global identification system because it can easily be amplified from variety of
taxa, it is a haploid genome, it displays a maternal pattern of inheritance, and it has a
high rate of evolution. The CBOL was launched in May 2004 and includes more than
150 organizations from 45 nations, including universities, departments of biology and
molecular biology, natural history museums, and herbaria.

Currently, the efficacy of DNA barcoding is being assessed using tools estab-
lished by the CBOL, as outlined in the Barcode of Life Data Systems (BOLD, 2008),
website www.barcodinglife.org. It provides an integrated bioinformatics platform that
supports all phases of the analytical pathway, from specimen collection to a highly vali-
dated barcode library (Figure 1; Ratnasingham and Hebert, 2007). BOLD was initially
developed as an informatics workbench for a single, high volume DNA barcodes facility,
and was used for the first major barcode project, which included birds, fish and Lepi-
doptera. The CBOL (2008) formally described 35,289 species with barcodes; it contained
335,714 barcode records.

BOLD employs several tools to identify data anomalies or low-quality records. All
submitted sequences are first translated into amino acids and are compared against a Hidden
Markov Model of the COI protein in order to check whether the sequences are actually derived
from COI. Sequences that pass this test are then examined for stop codons and are compared
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against a small suite of possible contaminants. If any potential errors are detected, the submit-
ter is informed and the sequence is flagged (Ratnasingham and Hebert, 2007).

totgattggtgagegatggtggtaggtaaaac

agitcatttagcagegaatigggaaatagtett

gegatggagticatitageacgatatiggaaa

cgaatigggaaatggtcttagagticatttage

tggtgageagticatiiageaatggtetiagicg

agttcatttagcatctgatiggtgagegatagte

gegatggagttcatttagtctagtagtagtatga

tggtgagetggtgagetigggaaatggtictag

agttcatttagcatctgatiggtgagegtatggt
tggtgageagticatitageacgaatigatatgt

T, atggtgtagticatttagcatggtggtaggtattg
agttcatttagcatctgatiggtggtagatiogta

tggtgagcagticatitagcatcigatiggigtag

\‘& gogatggagticatttagctacgaattgggtagt
E?‘ atggtgtgegatggagtcgtaattgagtatacat

Figure 1. Barcoding invertebrates. Schematic representation of barcode sequence methodology.

Barcoding is emerging as a cost-effective standard for rapid species identification and
has the potential to accelerate the discovery of new species and improve the quality of taxo-
nomic information. It also makes this novel information readily available to non-taxonomists
and research projects that are being conducted outside major collection centers (Miller, 2007).

The three main taxonomic applications that DNA barcoding has been previously used
in are: 1) the identification of species previously defined by other criteria, including rapid iden-
tification, as well as linking specimens to established species that are unidentifiable by other
means; 2) the description of new species by interpreting DNA diversity as an indicator of species
diversity; 3) the definition of operational units for ecological studies (Rubinoff et al., 2006).

The applicability of COI barcodes to identified species has been demonstrated for
a wide variety of organisms, including gastropods (Remigio and Hebert, 2003), tropical
Lepidoptera (Hajibabaei et al., 2006a), blowflies (Nelson et al., 2007), tropical parasitoid
flies (Smith et al., 2007), birds (Hebert et al., 2004) and fish (Ward et al., 2005). Traditional
morphology-based taxonomic procedures are time-consuming and may not always be suf-
ficient for identification to the species level; therefore, a multidisciplinary approach to
taxonomy that includes morphological, molecular and distribution data is essential (Krzy-
winski and Besansky, 2003).

DNA barcodes have emerged during a critical period for taxonomy. Economic devel-
opment and increased international commerce are leading to higher extinction rates and to the
introduction of invasive and pest species (Miller, 2007). Long-term research strategies are also
required to address the deficiencies in existing taxonomic keys to deal with morphologically
indistinct immature life stages, cryptic species and damaged specimens. An approach utilizing
DNA barcodes would provide a very realistic, practical and flexible framework for species
identification in the context of biosecurity (Armstrong and Ball, 2005). In Japan, four exotic
insect species have become established each year on average over the last 50 years; 74% be-
came economic pests (Kiritani, 1998).

Smaller fragments (100 bp) of the standard COI barcodes, “mini-barcodes”, have
been found to be effective for species identification in samples where the DNA is degraded or
in other situations where it is not possible to obtain a full-length barcode. The mini-barcodes
generally can provide measures of sequence variability and divergence at similar levels to full
barcodes, at both the intra-specific and intra-generic levels (Hajibabaei et al., 2006b).
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Min and Hickey (2007) suggested that important components of the whole mitochon-
drial genome can be predicted with a high degree of accuracy from the short barcode sequence
alone. These components include average nucleotide composition, patterns of strand asym-
metry and a high frequency of codons that encode hydrophobic amino acids.

However, there are some issues to consider when using barcodes. There have been
technical issues arising from the finding of nuclear integrations of mtDNA. mtDNA integrated
into the nuclear genome may still amplify with conserved primers targeted at mtDNA, com-
plicating or confounding analysis (Bensasson et al., 2001). Many arthropods carry microor-
ganisms inside their cells, and females may transmit these microorganisms to their progeny.
Factors such as interspecific hybridization and infection by maternally transmitted endosym-
bionts, such as Wolbachia, are now known to cause mitochondrial gene flow between bio-
logical species (Hurst and Jiggins, 2005). The groups created using mtDNA can differ from
the true species cluster and may also confound interpretation and attempts to reconstruct
the phylogeography of a species (Hurst and Jiggins, 2005). Heteroplasmy is also a potential
problem for mtDNA analysis. Heteroplasmy is the existence of different mitochondrial hap-
lotypes within individuals; this mitochondrial variability includes both sequence variability
and length heteroplasmies due to insertions or deletions. The phenomenon of indels has not
previously been addressed by proponents of barcodes (Rubinoff et al., 2006).

Ideally, an appropriate marker for barcoding species should display a high level of
interspecific variability (to allow discrimination between closely related species); it should
also have low levels of intraspecific variability (to allow specimens to be accurately assigned
to species) (Rach et al., 2008).

Cywinska et al. (2006) analyzed sequence variation in the barcode region of the COI
gene in order to test its usefulness for the identification of 37 species of Canadian mosquitoes
(Diptera, Culicidae). Specimens of a single species formed barcode clusters with tight cohe-
sion that were usually clearly distinct from those of related species. Min and Hickey (2007)
studied the application of barcodes for the classification and phylogenetic reconstruction of
unknown fungal species. They used 31 fungal species; including 27 Ascomycota, three Basidi-
omycota and one Chytridiomycota (outgroup). They found that short DNA barcodes (600 bp)
can separate all 31 fungal species; these results were confirmed further with a phylogenetic
tree. The COI barcodes for 260 species of North American birds allowed the identification of
four potentially novel species, suggesting that a global survey using this method may lead to
the recognition of many additional bird species (Hebert et al., 2004).

ANALYSIS OF LEPIDOPTERA USING DNA BARCODES

The consortium established the “All-Leps Barcodes of Life” project because the Lepi-
doptera are the second most diverse order of insects. There are about 180,000 known species,
and it is likely that there are another 300,000 species awaiting description. The initiative in-
volves campaigns on three geographic scales: Global (Geometridae, Saturniidae and Sphingi-
dae), Continental (North America and Australia) and Regional [Great Smoky Mountains Na-
tional Park (USA) and Area de Conservacion Guanacaste]. All-Leps Barcodes of Life, 2008,
displayed 9698 barcoded Lepidoptera species.

Developing a DNA barcode system for individual species requires adequate initial taxo-
nomic identification and the ability to retain intact specimens for future morphological analysis.
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Once a division has been identified, returning to such material may yield reliable characteristics
that may have previously been regarded as morphological variation within a species.

Studies of community structure, food web dynamics, biodiversity, and biomonitoring
also depend upon the accuracy of species discrimination and identification (Ball et al., 2005).
These DNA sequence-based hypotheses are then open for testing and may provide the stimu-
lus and starting point for further taxonomic revision of a particular group (DeSalle, 20006).

Published studies that provide the basis for the barcode system may be biased by ex-
ceptional situations. The COI barcodes distinguish more than 95% of species; however, some
groups are in need of taxonomic revision, and further investigations on many vertebrate and
invertebrate groups are required (Ward et al., 2005; Hajibabaei et al., 2006b).

Hajibabaei et al. (2006a) obtained COI sequences from 4260 adults of morphologi-
cally defined species of tropical Lepidoptera (hesperiids, sphingids and saturniids) from Area
de Conservacion Guanacaste in northwest Costa Rica. Most of the species exhibited low lev-
els of COI sequence variation, whereas some presented sequence diversity that rivaled levels
found between very similar species. Of the 521 species that they examined, 97.9% were un-
ambiguously identified, suggesting that DNA barcoding can be an effective tool for species
recognition in tropical regions.

DIATRAEA SACCHARALIS BARCODE

The moth borers are a diverse group of Lepidoptera, constituted primarily of noctuids
and pyraloids; they are important since they are major pests of sugarcane throughout the world
(Lange et al., 2004). Separation of the pyralids from the crambines is one of the more conten-
tious issues in Lepidopteran phylogenetics. The more conservative view places all pyraloid
subfamilies in one family, the Pyralidae (Fletcher and Nye, 1984; Shaffer et al., 1996; Hol-
loway et al., 2001). In 1925, Borner first noted that there was a distinct division within this
group; he split them into the Pyraliformes and Crambidiformes. Minet (1985) refined this
concept, and placed the pyraloid subfamilies in either the Pyralidae or the Crambidae, depend-
ing on the presence or absence of a praecinctorium and whether the tympanal organs were
medially approximated or well separated.

Lange et al. (2004) reported on the phylogeny of 26 species of sugarcane moth borers
(Lepidoptera: Noctuidae and Pyraloidea) using mitochondrial partial gene sequences of COII
and 16S. The genus Diatraea is monophyletic; but in their study, Diatraea resolved into two
main groups, the first contains centrella, crambiodoides and grandiosella and the other group
includes busckella, rosa and saccharalis.

Barcodes may provide a useful tool to resolve this taxonomy problem. The family
Crambidae, subfamily Crambinae, has 1416 species with barcodes. The genus Diatraea has
13 barcode sequences, two Diatraea crambinoides sequences, and 11 Diatraea evanescens
sequences, but these sequences are not available in the public domain.

Our research group recently described the Diatraea saccharalis mitochondrial control
region, CR (Bravo et al., 2008). Sequence analysis demonstrated that this region of the D. sac-
charalis mitochondrial genome has high similarity with that of the Lepidopteran Cydia pomo-
nella; however, these results did not clarify the taxonomic problem posed by D. saccharalis.

The development of D. saccharalis mtDNA barcodes would be useful. The first prob-
lem that we encountered was difficulty in amplifying the COI sequence of this Lepidoptera.
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The primers, which enable amplification of the D. saccharalis COI, were originally developed
for use in the nematode Toxocara canis (Sato et al., 2005). The sequence of this amplified prod-
uct of 424 nucleotides displayed a higher homology (99%) with the Crambidae. The ClustalW

alignment with some of these sequences exhibited scores between 88 and 84% (Figure 2).

0. fimsalis CCAGGACGAGANCOTATT TTATATCARCATT TAT TT TEATTT TT TGETCATCCAGRAGTT 713
0. mbilalis CGAGGGEEAGATCCTATT TTATATCARCATT TAT TT TRATT TTT TG TCATC CAGRAGTE 720
0. fussidemtalis CGAGGAGGAGATCCRATC CTT TATCAACATT TAT TT TRATT TTT TGGACATCCAGRAGTT 720
F. naumarmiella COAGGAGGARATCCAATT TTATATCAACATT TAT TT TRATTT TT TG CCATC COGAAGTA 720
D. zaccharalis e TTTGGETCATCCTGAGGTT 13
*EE FE O FAXEEE FTE OAE
0. figacalis TATATTTTAATTT TAC CACGATT TG TATALTTT CCACATT TAT TTCACARGAGAGAGEE 773
0. mbilalis TATAT TTTAATTT TAC CAGGATT TEGTATAATTT CCATATTATTATCACAACARAGAGCA 780
0. fuscidemtalis TATTGTTTAATTT TAC CAGGATT TEGAATAATTT CT CATATTAT TTC TCAAGARAGAGCA 780
P. namarziiella TATATTTTAATTT TAC CAGGATT TEGAATALTCT CT CATATTAT TTC TCARGARRGAGGA 780
D. saccharalis TATATTTTALTTCTCC CAGGATT GEGTATAATTT CCCATATCAT TTCACARCARACACCA 79
b whkEkkkr * khkEhkkrth *h krkkdk k% * * kE kEkkkE EhkhEEE
0. freacalis ABARARGAANCAT TTGEATCT TTAGGART AR TTTAT GCTATART ARCAATTGGCTTATTA S35
0. mubilalis ABARARGAAACTT TTGEATCT TTAGGART AR TTTAT GLTATARTARCAATTGCT TTATTA 540
0. fusaidemtalis BBARARCAAACAT TTCEATCT TTACGART AR TTTAT GCCTATALT ASCAATTCGACTTCTT S40
F. naumarziialla ABARARGAAACTT TTCEATCT TTAGGART AR TTTAT GLTATART ARCAATTEGATTATTA 540
D. maccharalis ABARARGAAACTT TOGEATCATT AGGART AR TTTAT GLAATART ARCAATGECT TTACTT 139
AEEEXFTELETEL FTF TELTAL X FTEX XTI XLLELEE XL ETd4E043% &% * *
0. fimmcalis GGATT TETAGTAT GAGCT CAT CATATATT TACAGTAGELATAGACAT TGATACACGAGET 899
0. mubilalis GGATT TETAGTAT GAGCT CAT CATATATT TACAGTAGRAATAGACAT CEATACACGAGET S00
0. fuscidetalis CGATT TATTETTT GAGCT CAT CATATAT TTACTGE TAGET AT AGATAT TEATACACGAGET S00
F. namarmiiella GGATTTGTTETTT GAGCACAT CATATATT TACTG TAGETATAGATAT TGATACTCGAGCA S00
D. saccharalis GG~ TTTGTTETTT GAGCACAT CATATATT TACCG TAGET AT AGATAT TEATACACGAGET 195
TEOEELT E EE EEELEET EEXEETEEXRTEETLRETE EEEEE EEEEE % EXEEET REETEY
0. fiemcalis TACTT TACCTCASCAACAATAAT TATTGCTG TTC CAACAGRALT TRARATTT T-AGTTCA 955
0. mubilalis TACTT TACCTCAFCALCARTAAT TAT TEC TR TTC CAACAGEART TAARATTT TTAGTTGA 960
0. fussidemtalis TATTTTACATCASCAACTATAAT TAT TGCAG TAC CAACAGEART TRARATTT TTAGTTGA 960
F. naumarziiella TATTTTACTTCTECALCTATAAT TAT TEC TG TAC CAACAGEART TAARATTT TTAGATGA 960
D. saccharalis TATTTTACCTCAGCAACTATAAT TAT TGO TG TAC CCACAGEART TRARATTT TTAGCTGA 258
*E EThhkht *hk khkkkdt Ehhkhkrhkkhkhtr *hk kit wThhkhkbrrkkrkkhikdt *hk k%
0. fismsalis TTAGCARCCTTACATCCAACT CARAT TARTTATAGACCT TOART TCT TT GAAGATTAGEA 1018
0. mbilalis TTAGCAMCCT TACATGGARCT CARAT TAR TTATAGACCT TCART TCT TT GAAGATTAGGA 1020
0. fussidemtalis CTAGCTACTTTACACGGAACT CARATTARTTATAGACCT TCARC TTTAT GAAGATTAGEA 1020
F. naumamiella TTAGCAACCT TACATGGAACT CAAAT TAATTATAGACCT TOTAC TTTAT GAAGATTAGGA 1020
D. saccharalis CTAGCCACTCTTCACGGARCACARAT TAR TTATAGACCOTOCAT TTTAT GAAGATTAGGA 318
TEEE * FTE EEETEET FEETEETEEETTEEETELTE EE b ok T EEEETEEEET YL
0. figmcalis TTTGTATTTTTAT TCACT CTT GETEEAT TALCAGGAGTT GTATTAGC TAACTCATCTATT 10738
0. mubilalis TTTGTATTTTTAT TCACT GTT GETGRAT TAACAGGAGTTGTATTAGC TARTCCATCTATT 1080
0. fuscidemtaelis TTTGTTTTTTTAT TTACT CTAGEAGGAT TAACAGGT GTTET TTTAGC TAACT CATCAATT 1080
P. namarziiella TTTGTATTTTTAT TTACT CTAGECEEATTALCTEGAGTT GTT TTAGC TAATTCT TCARTT 1080
D. saccharalis TT-GTATTTTALT TTACT CTAGGAGGATT AACTGCT GTAAT TTTAGC TARTTCOTCARTT 377
TE XL EEEE EEE XETEETLT KR KEEELTEEY kT % T EEEETETETEY * EE EET
0. fiemcalis CATAT TGOCCTTCAT GACACT TATTATG T-GTAGCT CACTT TCATTATGTAT TATCTATA 1137
0. mubilalis GATAT TGCCCTTCATGACACT TATTATGTAGTGECC CACTT TCATTATCTAT TATCTATA 1140
0. fusaidemtalis GATGTTECACTTCATCATACT TATTATCTAGTAGCACAT TTTCAT-ATCTACTT TOTATA 1133
F. naumarziialla GATGTAGCTCTTCATGATACT TATTATG TAGTAGCACAT TTT CATTATCTTC TATCTATA 1140
D. zaccharalis GAT GTAGCACTOCATGATACT TATTATGTAGTTAGACAT TTT CATAR —— ——————————— 424

TEE K kE EE EEEEE TEELEEELEEET L X Tk EEEEEE ¥

Figure 2. ClustalW analysis from mtDNA COI sequences of Ostrinia funacalis (NC003368), Ostrinia nubilalis
(NC003367), Omphisa fuscidentalis (DQ523228), Paracymoriza naumanniella (AJ852523), and Diatraea saccharalis.
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