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Introduction
DNA barcodes are a standardized short sequence of DNA from 400-800 base

pairs that should, in theory, be characterized for every species on our planet, even
humans. Barcodes have been compiled alongside consortiums containing reference
libraries of known species, such as the International Barcode of Life (iBOL) [5].

Molecular barcodes are crucial to track and discover the diversity of organisms
on Earth, such that around 9 million animals, plants, and other living organisms
have been barcoded in iBOL [5]. However, as these databases have grown,
taxonomic misidentification has caused the reliability of public DNA to diminish.
Likewise, with the pressing declines of biodiversity, DNA barcode sequences are
becoming ever more important in studying, tracking, and improving the precision of
species identification.

The Consortium for the Barcode of Life (CBOL) is an international initiative
devoted to developing DNA barcoding as a global standard for the identification of
biological species and uses the ideal barcoding gene, cytochrome c oxidase subunit
I [2]. Reasons why the COX1 gene is used is because amplifying the gene is easy
since cells can have hundreds of mitochondria, the gene is present in most
eukaryotic cells, and is highly conserved in species that use mitochondria for
energy, in accordance with the endosymbiotic hypothesis.

Misidentification of species can best be explained as a type of false-positive
error which signifies that the genetic evidence may have been altered at the site of
extraction or checked for the wrong organism in a lab. These alterations can be
caused by mislabeling evidence, contamination of samples during PCR, and PCR-
based errors such as chimeric sequences [8]. Typically, researchers revise each
other's barcodes by updating the taxonomy, thus creating a separate obsolete
taxonomy and increasing the QC of the database altogether.

There are many types of DNA sequencing methods, but in this study, we are
investigating three: Sanger sequencing, Radiolabelling, and Illumina. The oldest one
is Radiolabelling, which radioactively labels nucleotides for the detection of specific
nucleic acid sequences, but is very tedious [3]. Sanger sequencing is also an older
technology and can be performed manually or automated by the same three steps:
PCR with ddNTPs, separation by gel electrophoresis, reading the gel results to
determine the sequence of the DNA. Sanger sequencing can only sequence one
DNA fragment at a time while Illumina is able to sequence millions of fragments in
parallel [4]. Illumina also has the advantage of a higher mutation resolution and
higher sensitivity to detect lower-frequency variants [4]. With the rise of NGS
technologies such as Illumina, DNA barcoding faces the issue of becoming obsolete,
as such technologies are more efficient and are able to provide more complete
genomic data than DNA barcoding at a rapidly declining price

Being mentored by Dr. Santos (St. John’s University), who studies amphibians,
our team became particularly interested in researching amphibians and the
relevance of COX1 as a barcode in a well-known and biodiverse group, poison frogs
(Dendrobatidae). By analyzing the quality of the collected data we to create a
framework for quality control in online databases such as Genbank using COXI as an
example, so that we may help to improve the quality of sequences in these
databases for future researchers. Also, we plan to determine the improvements in
the quality of COX1 barcodes Dendrobatidae in large, thought to be reliable, gene
banks over the span of 23 years since the submitted first barcode in 1998.
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Results and Discussion
Our research provided us with a general overview of problematic sequences submitted to the GenBank as a result of

misidentification. Even though most sequences were of good quality, few were problematic. For the context of better
understanding our results, we referred to some general guidelines that suggest for barcode researchers to upload trace files
(electropherogram trace files) to BOLD (Barcode of Life Data) in association with the reference (submission) number in the
GenBank to better monitor QC of reference sequences used as barcodes. For instance, trace files are necessary for records to
qualify for barcode status and also to provide quality control for sequences. These standards (used on animal COX1 sequences)
include a minimum sequence length of 500bp, less than 1% ambiguous bases, the presence of two trace files, a minimum of low
trace quality status, and the presence of a country specification in the record as set out by the CBOL [6]. However, of the 1248
sequences that we collected, 12.7%, or 158 of them, had a length less than 500bp and 5 sequences had more than 1% ambiguous
bases. Another database, iBOL or International Barcode of Life, generates a phylogenetic tree and marks any outgroup for review
as part of their QC. We found that Sanger sequencing is more commonly used than Illumina due to the fact that it is much
cheaper. In research institutions where the cost of research is high (e.g., many developing countries) using Illumina might be
expensive for many samples as well as the costs of storage of collected DNA samples [1]. However, the more expensive and
detailed technology of Illumina is proved to be superior since it produces fewer ambiguities overall and most of its data fall within
the consensus sequence as seen on Figs. 1-5.

Our findings are key because they support that the large amount of data generated by many researchers contributes to the
variability of the quality of DNA barcodes. This affects the reliability of such reference sequences, its role to catalog and identify
biodiversity, and conservation efforts. We suggest that all researchers determine the level of QC before using any DNA barcode
for species identification. Likewise, it is important to assure what we have now about identified species is correct and reliable.

While our research focused on shortcomings of COX1 sequences used for DNA barcoding of poison frogs, it would be
interesting to sees studies beyond this group as well as how individual variability affects species delimitation –the process of
determining which groups of individual organisms constitute different populations of a single species and which constitute
different species–which has been used to be one of the crucial shortcomings of DNA barcoding [7]. Lastly, a future study might
suggest if Illumina or other NGS technology might finally overcome the more simple and less informative Sanger sequencing of
~500bp piece of mtDNA for cataloging diversity on the planet.

Abstract:Species identification by amplifying and sequencing segments of DNA can reveal the identity of unknown samples of individuals.  DNA barcoding has served immensely in cataloging biodiversity. One of the most common barcodes are fragments of the mitochondrial 

gene, COX1, readily available in large public databases, including NCBI. A crucial step for DNA barcoding is making sure that reference sequences are of high quality. However, as such databases continue to grow, the accuracy and reliability of the data can decline as a consequence of
variance in the quality of the sequences deposited by the researchers doing the actual barcoding. In order to address this problem, our team created a framework of quality control (QC) of the COX1 gene in the GenBank database, using poison frogs (Dendrobatidae) as an example. After 
collecting 1248 sequences and their metadata, we compared different levels of barcode quality using year of submission, sequencing technology, taxonomic placement, ambiguities, and completeness to determine misidentifications and contaminants. Our results proved that some 
sequences were misidentified as different genera of dendrobatid frogs if compared to the rest that were correctly assigned. Moreover, some sequences assigned as poison frogs were even worse contaminants of distant organisms (e.g., wasps or fish).
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