DNA barcoding and mini-barcoding as molecular tools for
identification of fruit flies (Diptera: Tephritidae)
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| ABSTRACT |

The objectives of this study were to assess the proportions of correct identifications (ID) in
tested genera and to elucidate the efficacy of three fragments (min-barcode) of COI barcode region
in providing comparable information. The DNA barcoding in three tephritid genera was tested by
considering 493 DNA barcodes involving 86 species belonging to the genera Bactrocera (33
species), Ceratitis (21 species) and Dacus (32 species). Barcoding simulations were performed by
using a reference dataset of 15,948 insect DNA barcodes. It was performed under a “best case
scenario’ viz. by providing one or more potential con-specific matches in the reference dataset for
each query. Results showed that the Best Match (BM) criterion (i.e. the criterion currently adopted
by BOLD) yielded different proportions of correctly identified taxa in Bactrocera (BM=0.839),
Ceratitis (BM=0.868) and Dacus (BM=0.962). The proportions of correctly identified queries by
using three mini-barcode fragments (MB1, MB2, MB3) of 220bp (corresponding to the first, second
and last third of the COI barcode region) ranged from 0.71 £ 0.17 in MB1 to 0.83 + 0.10 in MB2.
Currently, however, the application of DNA barcoding in tephritid species is limited by the low
number of barcoded taxa in the reference databases. This situation increases the probability of
making Type Il errors (i.e. incorrect ID for queries without conspecifics in the reference database).
On the other hand, the probability of making Type | errors (incorrect ID for queries with
conspecifics in the database) is relatively limited (4-16% in our simulations). These considerations
suggest that DNA barcoding may not be a fool proof method for the molecular ID of tephritid fruit
flies. Still, DNA barcoding could be effective under well-defined conditions, where only a limited
number of well-known tephritid taxa, with well characterized intraspecific variation, are to be
distinguished.
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INTRODUCTION

pecies identification based on

morphological characters has significant

limitations, which sometimes leads to
incorrect identification. Thus, there is a need
for a new approach for taxon recognition based
on DNA construction. In this regards, DNA
barcoding is defined as a technique for
identifying organisms based on a short
standardized fragment of genomic DNA
(Utsugi, 2011). Herbert et al. (2003 a)
proposed the 650 bp long mitochondrial
cytochrome  oxidase (CO1) for the
identification of all living organisms. In their
study for identifying Sargassum species,
Lydiane and Claude (2010) found the CO1 to
have the best results of barcoding compared to
other markers (COX3, Mitochondrial spacer
mtsp and nuclear sequences). In general, the
mitochondrial genome of animals is a better
target for analysis than the nuclear genome
(Herbert et al., 2003a). Analysis based on
cytochrome oxidase 1 genome (CO1) has
merits of being very efficient for species
identification since it has universal primers,
which are very robust, and of a great range of
phylogenetic signal (Folmer et al., 1994).
Moreover, it has a highly constrained amino
acid sequence that allows a broad application
of primers and limits its information content at
deeper phylogenetic levels. It reliably
discriminates a diverse range of taxa at the
species level) and that the universal primer
originally designed for marine invertebrates
can be applied to all animal phyla (Hebert et
al., 2003b). In contrast, limitations of using
mitochondrial DNA (mt DNA) to infer species
boundaries include retention of ancestral
polymorphism, male -biased gene flow and
selection following hybridization and paralogy
i.e. homology that arises via gene duplication
(Herbert et al., 2004).

In general, the extreme diversity of
insects and their economical epidemiological
and agricultural importance have made this
group a major target of DNA barcoding
(Utsugi  2011). The reliability of DNA
barcoding in Diptera was evaluated by
considering an alignment of 4,272 DNA
barcodes involving 345 species from 75 genera
and 24 families (Herbert et al., 2003 a,b).

The objectives of this study were to:

Evaluate the performance of different
identification criteria, quantify the
identification success provided by different
fragments of the COI barcode region and
investigate relationships between barcode
length and identification success in Diptera.

[ MATERIALS AND METHODS |

This study was conducted at the Royal
Belgian Institute of Natural Sciences, Brussels,
Belgium. The NucleoSpin® tissue method
(Alex et al., 2005) was used in this study to
extract DNA from specimens. Specimens
tissue were added to the micro centrifuge tubes
(1.5 ml), 180 pl buffer T1 and 25 pl proteinase
K solution were added to the samples and
vortex to mix. Then samples were incubated in
Thermomixture at 56C° until complete lysis
was obtained at 48 hours. DNA was extracted
following the standard protocol (Macherey-
Nagel, 2007) for animal tissues .Three
fragments with sizes of 220, 280 and 340 bp
were recognized and amplified from the 5’
region of the coxl gene from the
mitochondrial DNA to give a full barcode of
660 bp, using different combinations of six
newly designed primers. Table (1) shows
primers, their sequence and the length of the
fragments. Primers were developed by the
Joint Experimental Units (JEMU) of Royal
Belgium Institute for Natural Sciences
(RBINS) and Royal Museum for Central
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Africa (RMCA). The process of amplification
was conducted in a thermocycler (4 Biometra
Tpersonal thermocycler from Biometra GmbH,
Germany), the parameters of amplification
were given in Table 2. The amplification
products were separated electrophoretically in

a 1.2 % agarose gel. The running procedure
was conducted according to the manufacturer’s
instructions for 15 min. The gel was visualized
and photographed on a UV trans-illuminator
equipped with a digital camera.

Table (1): Primers and their sequence, and length of the fragments.

Fragment Length Primers Sequence of the primers
1 340bp Fa CO1L1440_1464dt TGTAAAACGACGGCCAGTTYTCAACAATCA
TAARGATATTGG
Re Teph_H343_362t (Rc) ATAGTAGAAAACGGAGCTGGGTCATAGCTGT
TTCCTG-
2 220 bp Fa Teph_L280_306t ATGTAAAACGACGGCCAGTCGAATAAATAAT
ATAAGATTTTGATTA
Re Teph_H526_548t (Rc) TTTGACCGAATACCTTTATTTGTGTCATAGCT
GTTTCCTG
3 280bp Fa Teph_L499 521t TGTAAAACGACGGCCAGTATTAATATACGAT
CAACAGGAAT
Re CO1H2123 2148dt(Rc) CAGGAAACAGCTATGACTAWACTTCGGRTG
WCCAAARAATCA
Table (2): Parameters of PCR.
a. Mixture
Product pl/sample
dNTP (2mM) 2.5
10 x Taq buffer 2.5
Primer 1 (2um) 0.5
Primer 2 (2um) 0.5
MgCI2 (25 mM) 0.5
dd H,O 15.40
Taq enzyme (5Ux ul) 0.10
DNA 3
Total 25
b. Conditions
Stage Step Temperature(’C) Time (min.) Cycles
1 1 94 3.00
2 1 94 0.5
2 50 0.5 45
3 72 0.5
3 1 72 7.00

The positive PCR products were purified
using a vacuum pressure device. A sample of
20 pl of each PCR product were added to 30pul
Nano water (Nano pure +++/Deionized+) and
then the plate was put in the vacuum (400-600

pressure) for 15min.Purified PCR products
were subjected to sequencing reactions. The
process of sequencing was conducted in
Biometra TP professional thermocycler using
the Big Dye Cycle Sequencing Kit. A forward
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and reverse reaction was performed for each
sample using M13 Forward and M13 reverse
primers. The sequenced products were purified
following the clean-up protocol and sequenced
in both directions with an ABI prism 3130XL

35
30
25 4

20

% of pairwise comparisons

Genetic Analyzer (16-caplilary sequencer) —
from Applied Biosystem, Germany, following
manufacturer’s  instructions.  Sequencing
mixture and conditions were given in Table 3.

—o— interspecific
—e— intraspecific

K2P pairwise distance

Fig. (1): Distributions of inter-specific (white squares) and intra-specific (black circles) pairwise
K2P distances. In grey: overlap between the 95% percentiles of intra-and inter-specific

distributions (3.14 %< K2P<9.62%).

proportion of correct ID

0.490

0.945 0.944

T

=
o
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Fig. (2): Proportion of correctly identified queries through Neighbor-Joining Tree (NJT), Best
Match (BM), and Best Close Match (BCM).
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DNA barcodes available in June 2009 in
BOLD (http://www.barcodinglife.org) was
used in this study. All the publicly available
sequences belonging to the order Diptera were
downloaded and aligned. DNA barcodes were
trimmed in order to include only the barcode
region, viz. the 658 bp COI fragment amplified
by the “universal primers” of Folmer et al.
(1994). Sequences shorter than 550 bp and

DNA barcodes with incomplete species
information (e.g. sequence names including
sp., cf., nr... etc.) were discarded. Pairwise
Kimura’s two parameter (K2P) distances were
calculated and their frequency distributions for
intra-specific and congeneric inter-specific
distances were plotted as described by Kimura
(1980).

Table (3): Parameters of sequencing reactions.

a. Mixture
Product ul/sample
Ready reaction mix 2.0
5x seq buffer 1.0
Primer M 13(2uM) 2.0
dd H,0 2.0
DNA 3
Total 10
b. Conditions
Stage Step Temperature (°C) Time (min.) Cycles
1 1 96 1.00
2 1 96 0.10
2 50 0.05 25
3 60 4.00

The proportion of correct matches were
estimated by three identification criteria (viz.
Best Match: BM; Best Close Match: BCM;
tree-identification: NJT) as described by Meier
et al. (2006). Relationships between barcode
length and identification success were
analyzed through non-linear regression. The
DNA barcodes were divided in three non-
overlapping “mini-barcodes” of 220, 219 and
219 bp corresponding to the first, second and
last third of the barcode region (hereafter
MB1, MB2, MB3). The number of base pairs
of each mini-barcode was further reduced at
both 5° and 3’ ends in order to obtain
fragments of approximately 75%, 50%, 25%
and 10% of the initial mini-barcode length
(164, 110, 55 and 22bp, respectively). Non-

linear regression fitting was implemented for
each combination of identification criterion
and barcode fragment following the first order
exponential decay model y = y0 + ae(-x/t),
where y0 = Y offset, a = amplitude, t =
exponential time constant following Sokal and
Rohlf (1995).

| RESULTS AND DISCUSSION |

Intra- and inter-specific genetic distances
(Fig. 1) were largely overlapping with 26.43%
of pair-wise comparisons shared between the
95% percentiles of distributions. Moritz and
Cicerozoon (2014) stated that when intra- and
inter-specific distances are widely overlapped
the DNA barcoding-based identification is not
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effective. Moreover, a mean intra-specific
divergence of 10 times was proposed as the

standard threshold for differentiating species
(Herbert et al., 2004 a, b).
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Fig. (3): Relationships between barcode length and identification success of Diptera.

Although there was no clear “barcoding
gap” (Hebert et al., 2004), the Best Match BM
and Best Close Match BCM criteria yielded
relatively  high  proportions of correct
identification of BM=0.945, BCM=0.944,
respectively. Results were in a line with
Lydiane and Cluade (2010) who found results
obtained by BM and BCM appeared un-related
to the overlap results. They performed better
than Neighbor-Joining Tree NJT of a
proportion of correctly identified queries
(ID)=0.490 (Fig. 2). Different regions of the
barcode fragment provided comparable
information (Fig. 3) and mini-barcodes of
220bp still yielded substantial proportions of
correct IDs (BM = 0.906 + 0.016; BCM =
0.905 * 0.016). These results support the BM
and BCM methods per se. Lydiane and Cluade
(2010) found that identification success using
BM and BCM was the highest (91.3%) and
ambiguous compared to other criteria, mis-
identification and no match scores were among

the least in identifying Sargassum species.
Nevertheless, the application of DNA
barcoding in Diptera is currently limited by
the low number of barcoded taxa. It was
demonstrated that identification success of a
barcode marker my vary in regard to the size,
geographical span and relatedness of species
of/in the dataset considered (Cao et al., 2001;
Meyer and Paulay, 2005; Ledford, 2008; Liu et
al., 2010). For instance, lack of DNA barcodes
for ~96% of the described Diptera species
implies a high probability of making Type II
errors (i.e. incorrect identification for queries
without  conspecifics in the reference
database). Conversely, the probability of Type
| error (misidentification of queries with
conspecifics in the database) is relatively low
(approximately 5% in our simulations). In
conclusion these considerations suggest that
DNA barcoding may not be a foolproof
method for the molecular ID of Diptera though
it could be effective under well-defined
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conditions, where only a limited number of
well characterized taxa are to be distinguished.
Effort should be directed toward exploring the
utility of the DNA based diagnostic tools at the
level of immature stages (the available stage
inside the fruits during inspection, to facilitate
identification of these pests at ports of entry.
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