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Introduction

The Mediterranean Sea only covers 0.82% of Eastirace and contains a 0.32 % the total
water volume of marine waters. However, in thiseadghere is about 14% of the world's fish

fauna (Bianchi & Morri, 2000), so it is essential dtudy this geographical area where in a
same surface area and volume of water it is pass#gbture a larger number of species than

other seas.

The description of all the species present in maisira vast task to be fulfilled by using the
classical approach of morphological descriptiontleé organisms. In recent years, the
traditional taxonomy, based primarily on identifica keys of species, has shown a number
of limitations in the use of the distinctive feasarin many animal taxa and inconsistencies
with the genetic data. Furthermore, the increasiegd to get a true estimate of biodiversity
has led Zoological Taxonomy to seek new approaemes methodologies to support the
traditional methods. The classification proceduss tadded modern criteriasuch as the
evolutionary relationships and the genetic, biodlsairand morphological characteristics of
the organisms.Until now the Linnean binomial waes ¢imly abbreviated code associated with
the description of the morphology of a species. fié& technologies aim to achieve a short
nucleotide sequence of the DNA to be used as agquanand solely label for a particular
species, a specific genetic barcode. For both nmbogital and genetic approaches, skills and

experience are required.

Taxonomy is one of zoological disciplines that haen benefited from the achievements
reached by modern molecular biotechnology. Usingadecular approach it is possible to
identify cryptic species, to establish a family atednship between species and their

membership of taxonomic categories or to reconsth&evolutionary history of a taxon.

Genetic approaches for the diagnosis of taxa exph@ differences between the DNA
sequences to identify organisms (Wilson, 2005). $&tem proposed by P. Hebert et al.
(2003) locates inside the mitochondrial COI gengochrome oxidase subunit I) the bio-

identification system useful in taxonomic identfiion of species (Lo Brutto et al., 2007).

The COI region, used for genetic identification DNA barcode - is short enough to allow,
with the current technology, to decode sequence §eirs of nucleotide bases) in a single

step. Despite, this region only represents aftiagtion of the mitochondrial DNA content in



DNA Barcoding as a tool for Zoological Taxonomy: l@ntification of bony fish in the Mediterranean Sea

each cell, the COI region has sufficient variapilib distinguish the majority of species

among them

Several studies have been conducted to test tbetig#ness of the "COI code" in various
terrestrial and marine animal groups, spread froenttopics to the poles. It was found that
using only the "codes" it is possible to recogni&&83o of species previously identified by
classic taxonomy. In the other 2%, the "COI" naatve identification code to a pair of
closely related species, a small group that typjica@presents lineages whose divergence is
very recent, or species that hybridize with eadieotregularly (Stoeckle & Hebert, 2008).
Thanks to the DNA barcode, this concept can beneet# to the whole animal kingdom
(Hebert et al., 2003). Once it has been foundohadstitable barcode, it is possible to built a
reference library of these segments, starting fremecimens whose identity is already
established. The comparison of the DNA barcodenafirkknown sample with those of "type
specimens” allows to determine whether that organs a species already known. The
mechanism to create the library is simple: DNAeidracted from a tissue sample, the
sequence of base pairs on the COI region is datedrand the information is entered in a

database of genetic codes.

To support the library of codes, different researsthave foundand put together big banks of
tissue, under conditions that preserve the DNAd&itz & Hebert, 2008).

Currently, the reference library of DNA Barecode &l fish species is provided by the Fish
Barcode of Life (FISH-BOL) (Ward et al, 2009). {hifwww.fishbol.org/)
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Materials and Methods

Sampling
From May 2014 to December 2015, 144 specimensoé fishes were collected . Individuals
were captured in the Sicilian Channel (Fig. 1)a depth between 80 and 300 meters, through

scientific surveys.

Figure. 1. Map of FAO area 37.2 where is indicated in rezldhea of
sampling.
All samples were identified through morphologicd¢mtification keys (Tortona, 1956; 1970;

1975) and then it was given to them a reference ¢eolucher-code) that matches the code to
be inserted in the FISH -BOL (Fig.:2).
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Figure 2: Homepage of FISHBOL (it is a coordination between the resbhagroups
on a global scale, aimed at the identificationasoinomic fish, through the application
of traditional and molecular methods).
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Following the protocol of the Barcode of Life Da&ystem database (useful for the
identification of all the animal species, http://wMparcodinglife.org), for each code it was
also stored different characteristics related tohesample as photo, whether a piece of

tissue was preserved in absolute ethanol, locatiod/or date of collection

One to five specimens of each species (accordingofla protocol), were processed

following these steps:

v' Taxonomical identification through identificationeys species (Tortonese,1970,
1975);

v" Photographed and archived of digital photos;

v" Preservation of a piece of muscle tissue in ethgbrel 98% for total DNA

extraction to performe genetic analysis and constuissue library.

Genetic analysis
For the DNA amplification process there are thitees 1) the pre-PCRwhere it is carried out

sample preparation, DNA extraction and the starthaf amplification reaction; 2) PCR
(Polymerase Chain Reaction) with the amplificatcdrDNA template; and 3) the post-PCR,

in which the amplificated fragments are highligltin

Extraction of DNA total from tissue
The nucleic acid extraction was conducted by QUIBkjiDNeasy tissue and blood extraction kit

(Qiagen). This kit uses a membrane to the highigaffiof silica gel for DNA which allows a rapid
and efficient extraction of total DNA from the ties without organic extractions or ethanol
precipitates. The buffer system included in theakaws cell lysis and subsequent selective binding
of DNA to the membrane. The protocol followed foe textraction of total DNA from tissue, is that
suggested by the kit. A small portion of tissue (8§) is placed in a column with 20 of
Proteinase K. The mixture was positioned on a meiclal shaker and incubated in an oven at
37°C until complete digestion of the tissue. Theate is subjected to several steps, with different
buffers as indicated in kit protocol. Finally, teatracted DNA was suspended in a solution of

sterile distilled water.
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Amplification and sequencing of COI region

The technique of polymerase chain or PCR (Polynee€sain Reaction) was introduced by
Kary Mullis in the mid-80s and has revolutionizealatular genetics since it allows the
amplification of a specific region of DNA. The PCG&onstructs in vitro a specific passage of
cellular reproduction: the synthesis of a “complddNA region (double-stranded segment)
starting with one single-stranded DNA. The misditgment is reconstructed from a series
of nucleotides (the "building blocks" which consté the nucleic acids) that are arranged in

the correct sequence, complementary to that of @biAcerned.
The PCR procedure presents 3 operational stageatuttation, annealing, extension.

In the denaturation step, the double-stranded DiNAeated to a temperature between 95 °C
and 98 °C so it is separated into the two sindgerfents that compose it. In the annealing step
the, primers (a strand of short nucleic acid segeggenerally about 10 base pairs, that serves
as a starting point for DNA synthesis) bind to #iregle strands in the points in which their
sequence is complementary. In the extension plfalseut 70 ° C) the primers are extended
by DNA polymerase.The set of the three phases itotest one cycle. In order to guarantee
the complete denaturation of DNA at the beginnifgtlee PCR procedure an initial
denaturation is performed. In the same sense,eaeitld of the cycles a final extension was
carried out to let DNA fragments were completede Tiumber of target DNA copies is
doubled each cycle, so, even if the procedure teted with a single chain ofnucleic acid, a
number of copies equal td',2where n corresponds to the number of cycles pedd, is

obtained.

The reaction mixture for the PCR contains: a qigriso a minimum of template DNA, the
mixture of the four nucleotide precursors (dNTPs:d2oxynucleosides 5'triphosphate);
appropriate primers complementary to the segmeietamplified; other support elements
(eg. Md" ions) necessary to constitute the environmentallgtfor the reaction; DNA
polymerase.In the specific of bone fishsamples, @@ region was amplified using the
primer pair and FishF1 FishR1 (Ward et al., 2008)dine PCR reactions are set up using 1
of total DNA extract as template in a total voluofe25ul according to the following reaction

scheme reported (respecting the final concentrglion

Component Reaction of 25 pl Final concentration
dH>0 Fino a 25 pl

5x Reaction buffer

5 ul 1x
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10 mM dNTs Xl 200 uM
Primer mix (FishF1+FishR1) X ul 0,5 uM
DNA 1pl

Phyre Hot Start DNA 0,5 pl

Polymerase

The amplification was carried out using Perkin-El@&&CR thermocycler.

The PCR reaction profile used for the samples aealare described in the following table.

Reaction profile

Initial denaturation
15 seconds at 98° C

40 cycles of the following profile
10 seconds at 98° C
10 seconds at 55 ° C
15 seconds at 72 ° C

Final extension
1 minute at 72C°

The presence of amplified DNA fragments (PCR priégluwas verified by electrophoresis. A 2%
agarose gel was prepared by placing 1 g of agano§8& ml of a solution TAE 1x. This solution
was heated in a microwave oven until it assumeaersparent appearance. Finally, 1 ml of DNA
dye was added (GelRed ™ : a sensitive, stable a@edfer the environment dye which has replaced
the historical carcinogenic ethidium bromide) towelep DNA fluorescence when illuminated with
UV light.

The prepared solution was poured into aan electnasis bowl in which a suitable comb allows
the generation of wells for the loading of samples.
The gel solidified at room temperature, was tramste into the electrophoresis tank containing

running buffer, a 1x TAE solution.
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To facilitate the loading of samples into the welhgl to monitor the electrophoresis to each sample
was added a dye (made from glycerol and Tracklt y¥nQ Orange Loading Buffer). Moreover, an
appropriate reference ladder (ie a sample of DNWyrfrents of known molecular weight) was also
loaded to check the quality of the run and the sfabe amplified fragments.

The electrophoretic run was carried out with thenmad equipment available for this purpose
(Figure 3). at 50 volts for 1 hour and 30 minutes.

Figure 3. On the left: loading of PCR product samples itttie wells of the
agarose gel; on the right: electrophoretic scroll.

After the eleci Ladder > run the gel was obseraedhe UV transilluminator. The bands,

related to the COI region amplified by PCR aftexctiophoretic flow, revealed a dimension
of approximately 650 bp (Figure 4).

€Ol amplified
700 bp

region
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Figure 4: Photography of agarose gel (2%) observed at thér&hsilluminator
about the COl region. In all samples loaded, atectrophoretic run it has
highlighted a distinct band of about 700 bp.

The PCR products appear as discrete bands insdgeth This bands were cut from the gel with a
scalpel and subsequently purified through "illustr&FX PCR DNA and Gel Band Purification
Kits". (GE healthcare Life Sciences).

The purified DNA extracted from the band was usegrepare samples for automated sequencing
entrusted to MACROGERIin Holland.

The display of the sequences produced by automagesfiencers are shown as a graph,
chromatogram (Fig.5), containing a succession @kgenfour-colors. Each peak represents a
nucleotide,according to international conventiomerane corresponds to the green color, the
guanine to the blue , the thymine to the red, tfiesine to the yellow, and all together correspond
tog the nucelotid base succession of the sequdrmgaient The chromatograms were analyzed by
the Chromas program. Despite the program analysedhuences in an automatic way sometimes
there were some errors or poor quality of the pesdéi$ is necessary to revise these inaccurancies
made by the automated sequencer. The operatoesiexpein the chromatogram reading allows a
higher accuracy in the interpretation of the segasnso the chromatograms were always checked

and manually corrected when necessary.

3E0 360
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———
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Figure 5: Part of a chromatogram analyzed through Chrorofiware.

The sequences obtained represent the barcode ah#igzed species and together with the other
information collected for each sample (sequencet@iplace and date of sample collection) were
added to the information in the databases BOLDp:(Hivww.boldsystems. org /) and NCBI
(http://www.ncbi.nlm.nih.gov/) available on line.

10



DNA Barcoding as a tool for Zoological Taxonomy: l@ntification of bony fish in the Mediterranean Sea

Concluding Remarks

The molecular approach in taxonomy, independemndgnfidentification based on morphology, has
became crucial when there are no expert taxoncskils, or in the presence of rare or invasive
species (Bergsten et al., 2012), However, theghitidentify the species from tissue of unknown
origin, presupposes the existence of a DNA barcddéabase when the 'entire specimen

identification is not possible.

A reference library of barcode DNA is a robust supgtructure, for a wide variety of applications,
asauthentication of fish products (Barbuto et 2009; Hajibabaei M et al., 2006; Hanner et al.,
2011), biosafety (Armstrong & Ball, 2005), manigidaof protected species or those whose catch
is regulated (Rasmussen & Morrissey 2008), mompiiCosta & Carvalho, 2007) or fisheries
management (; Hanner et al., 2011) In fact, thenrimitation is the relative insufficiency COI
sequences of the species present in the refereaabdaste (Cerutti-Pereyra et al.,, 2012).The
desirable expansion of DNA-barcode reference hibrfar the marine fish fauna will probably
reveal common misidentifications and taxonomic ayuibies, thus it will provide opportunities to

review and clarification.

The continual growth of the reference dataset algb facilitate the comparisons between regions
and will contribute to the detection of unusualdievdivergence among populations. It will also
allows the discrimination between ecophenotypesgarbtypes, the detection of cryptic species,
the analysis of geographical patterns of distrinutof species, the investigation about invasive
species or the development of a mini-barcode sy$berthe unique identification of the species of

economic and commercial interests.

11
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