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Seyond tentacles: improving cephalopod species identification and traceability through DNA based methods

4bstract ' . .
“zphalopods are short-lived organisms, characterised by rapid growth rates. In the last decades, due to the envuonx.nerftal cha:nges, their
t?:rldwide biomass is dramatically increased. Their high nutritional quality, comparable to that of fish, has led to a significant increase of
=ternational market demand. Squids represent the great majority of the yearly global catches followed by octo'pus and cuttlefish. Spain, IFaly,
“zman and US are the largest consumers and importers. Major market suppliers include Asian, North African, US and Sou.th American
:;';:nuies. Cephalopods are generally commercialized as fresh or frozen whole or sliced products (rings and arms, tubes and wings) or used
“or the production of multispecies seafood products such as minced burgers or surimi. In order to ensure s.eafood traceabllxty-, the Europc?an
“=ion (EU) has established some mandatory label declaration (commercial and scientific nan:ne, production method, catching or f:arm.mg
==z, category of fishing gear (Reg. (EU) N. 1379/2013). In particular, each EU member state is in charge to 'produce and }1pdate official lists
= commercial designations applying the principle one species one name. Moreover, due to the high content in troPomyosm, cc?phz%lopods are
=cluded in the list of allergens and must be declared on the product label (Reg. (EU) N. 1169/2011). The ascertained worldwide increase of
s=zfood falsification attests the importance of verifying seafood identity to prevent both economic loss and heal.th concerns dw.: to fraudulent
mecies substitutions. In this perspective DNA-based methodologies represent a valuable tool for food traceability and are parhcu!arly useful
- seafood identification especially in processed product where the external key morphological features have been removed. In this study a

preliminary revision of the literature regarding the application of DNA based methods for cephalopods identification has been conducted to
assess the state of the art. Moreover, the results of three different studies conducted in our lab are presented. The conducted revision shows
how DNA based studies have been developed, initially for taxonomic purposes, since early 1990s by the application of FINS (Forensically
Informative Nucleotide Sequencing) technique targeting several mitochondrial and nuclear genes. Lately, analytical tools were also applied
to inspection and traceability purposes. RFLP based techniques were set for the rapid detection of a limited number of species. Given the
rapid growth of global cephalopod market and the increased number of commercialized species, RFLP has been abandoned in favor of
universal techniques (FINS and DNA barcoding) mainly addressed to 16S IRNA, Cyt b, COI genes analysis. These methods are currently
used for species identification and labelling check of both fresh and processed seafood but present major limits when applied to complex
multispecies products. Next Generation Sequencing technology (NGS), only recently introduced for the species detection in processed meat
and fish, may represent a valid alternative tool since it produces distinct molecular information for all the DNA populations contained in the
original food mixture. The first work aimed at evaluating the approach of several EU countries with respect to the draw up and the update of
the official lists of commercial seafood designation. A comparative analysis of the official lists published by the four major consumers and
producers of cephalopod among EU countries was set in order to verify the accuracy of the data reported. The second study,conducted with
the collaboration of a local Ministerial Board Inspection Post, aimed at verifying the applicability of the DNA barcoding technique as a
Physical Check tool within the ordinary inspective procedures and at evaluating the mislabeling rate of seafood imported from Third
countries. The third study aimed at assessing the efficiency of universal primer pairs currently applied for amplification of the major DNA
fragments targeted in seafood identification. The study was conducted as a preliminary step to the development of a Next Generation
Sequencing (NGS) based method for species discrimination in multispecies products such as surimi or fish balls made of a combination of
fish and cephalopods. Overall, results highlight a general lack of harmonization among the analyzed lists and several shortcomings in the
denominations. Cephalopods were the most mislabeled products: a mislabeling rate of 40,8% highlights major limits in the traceability
system of supplier countries. 16STRNA primer pairs showed the highest coverage capacity on the annealing region and a standard efficiency
even between phylogenetically distant orders, confirming the gene universality and its suitability for the NGS analysis finalized to seafood
species detection. In conclusion, given the lack of harmonization in cephalopods denominations and the high mislabeling rates for this kind
of seafood, applying DNA based methods for the physical check procedures by both exporting operators and official inspectors would
significantly improve seafood traceability and reduce falsification phenomena. Besides, the upgrading of analytical tools designed for the
analysis of complex processed food matrices is needed. In this perspective NGS techniques could effectively become a turning point in the
food inspection field, overcoming the limits of the standard DNA barcoding in the detection of multispecies matrices.
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