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Editorial on the Research Topic

DNA Barcodes: Controversies, Mechanisms, and Future Applications

Biodiversity provides ecosystem services and direct and indirect benefits to society. Unfortunately,
human activities are now accelerating the extinction rate of biodiversity at an alarming rate, and
in many cases, species will disappear before their discovery. Except for vertebrates and plants,
knowledge about the number of species for many groups of organisms and the biogeographic
regions harboring high levels of biodiversity is lacking (Honeycutt et al., 2010). Traditional
taxonomy alone cannot achieve an all-species inventory, but the integration of conventional
taxonomy, DNA-based technology, and bioinformatics increases the feasibility of filling in the
knowledge gaps.

In 2003, Hebert et al. (2003a,b) proposed using an ∼650 bp sequence from the mitochondrial
cytochrome c oxidase subunit I gene (COI) as a valuable barcode for identifying species in the
kingdom Animalia. Given the rate of change and selection patterns, mitochondrial genes like COI
demonstrate patterns of change conducive to their use as DNA barcodes (Shtolz and Mishmar).
BOLD (Barcode of Life Data System) is a web-based reference system of COI sequences developed
to allow species-level identification (Ratnasingham and Hebert, 2007). BOLD is now international
and is cataloging sequences of species at a rapid rate.

What are some trends in the use of DNA barcodes? DeSalle and Goldstein present a summary
of DNA barcoding papers published over the last 15 years. Throughout this period, the primary
focus has been alpha taxonomy (the identification and delimitation of species) and the discovery
of cryptic species not easily diagnosed by morphology. A parallel survey by Yang et al. indicates
that in China, the primary use of species identification emphasized food safety, control of pests
and invasive species, and traditional medicine. More recently, researchers in China are also using
barcodes to discover cryptic species and create biodiversity inventories. Given continued global
threats to biodiversity, species discovery is likely to remain a primary use for barcodes.

The concept of DNA barcoding has revolutionized fields of science interested in inventorying
biodiversity (Jansen andHallwachs, 2016), ecological studies of species interactions and community
structure (Valentini et al., 2008; Joly et al., 2013), conservation biology (Shapcott et al., 2015),
assessment of biosecurity risks from invasive species (Molnar et al., 2008; Madden et al., 2019),
and forensics (Mwale et al., 2017).

Several papers in this series highlight the use of barcodes related to food safety and biosecurity
in marine ecosystems. Silva et al. examined the accuracy of mini-barcodes to identify mixed
species of fish included in processed fish balls and cakes. One finding was that not all species
are equally identifiable. As a result, these authors recommend cloning of PCR products and

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://doi.org/10.3389/fevo.2021.718865
http://crossmark.crossref.org/dialog/?doi=10.3389/fevo.2021.718865&domain=pdf&date_stamp=2021-07-02
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
https://www.frontiersin.org/journals/ecology-and-evolution#articles
https://creativecommons.org/licenses/by/4.0/
mailto:rodney.honeycutt@pepperdine.edu
https://doi.org/10.3389/fevo.2021.718865
https://www.frontiersin.org/articles/10.3389/fevo.2021.718865/full
https://www.frontiersin.org/research-topics/8789/dna-barcodes-controversies-mechanisms-and-future-applications
https://doi.org/10.3389/fevo.2019.00342
https://doi.org/10.3389/fevo.2019.00302
https://doi.org/10.3389/fevo.2020.00057
https://doi.org/10.3389/fevo.2020.00028


Honeycutt Editorial: DNA Barcodes: Current Topics

next-generation sequencing. Suarez-Menendez et al. describe the
use of eDNA (environmental DNA), extracted from 6 L of water,
Illumina sequencing, and metabarcoding to identify invasive
species and indicators of loss of environmental quality in coastal
lagoons of the Mediterranean. This approach proved helpful in
identifying habitats threatened by loss of environmental quality.
Finally, Garcia-Vazquez et al. used a barcode approach for
establishing biotic surveys of ports vulnerable to the importation
of invasive or alien species. These ports showed differences in
their susceptibility to infiltration of non-native species, and the
authors offer several explanations for these differences.

Technological advances allow for faster acquisition of
sequences at less cost (Hebert et al., 2018; Knot et al., 2020).
Multiplex sequencing with Illumina MiSeq platform is a good
example of such advancements. Using dried museum specimens
of saproxylic beetles and DNA barcodes, Sire et al. compare
the effectiveness of both Illumina sequencing and traditional
Sanger sequencing. Recovery of barcode sequences was similar
for the two methods, with the cost per sequence considerably
less for the Illumina method. The paper by Porter and Hajibabaei
published in this series provides an overview of current methods
and implications for species identification in challenging groups.
They present a review of the application of metabarcoding for
sampling whole communities. Additionally, they discuss the
bioinformatic approach needed to process metabarcode data.

COI is not the only useful barcode marker. Chloroplast
and nuclear genes represent barcode markers for plant species
identification (Kress, 2017), ribosomal ITS for fungi (Lücking
et al., 2020), 18S rDNA, 28S rDNA, and ITS for protists
(Pawlowski et al., 2012), and 16S rDNA for bacteria and
archaebacteria (Lebonah et al., 2014). In each of these cases,
databases exist, which is a requisite for any barcode marker. In
this series, Pierce discusses the limitations of using only COI and
argues for the inclusion of ultraconserved elements (UCEs) from
the nuclear genome, which he suggests would strengthen species
identification across divergent groups of taxa. Unfortunately, one
constraint of UCEs is the lack of an adequate database.

Is DNA barcoding a challenge to systematic biology?
Taxonomy is a component of systematics that emphasizes
identification, delimitation, and description of species. The
importance of taxonomy is evident from the specimens collected
over the centuries and housed in natural history museums.
These specimens serve as a valuable resource for those
employing DNA barcode technology for species identification
and the establishment of databases. Therefore, natural history
museums and expert taxonomists are essential for cataloging
biodiversity (Pinheiro et al., 2019). Cognato et al.’s research

on ambrosia beetles demonstrates that DNA barcodes cannot
replace taxonomic expertise. For some species of beetles, the
authors did not observe a barcode gap, and confidence in species
identification decreased with an increase in percent divergence.
Phylogenetics represents another component of systematics used
to determine relationships among organisms. The resultant
phylogeny is useful for comparative studies and the derivation
of classifications. As noted by DeSalle and Goldstein, single DNA
barcode markers and the distance-based approach for identifying
species are insufficient for diagnosing phylogenetic relationships.
Researchers now use sequences frommultiple genes and genomes
to examine evolutionary divergence within and between species.
An excellent example in this series is the study by Mankga et al.,
who used both plant barcode and nuclear gene sequences to study
diversification and phylogenetic relationships of cycads.

As Thaler notes, our current knowledge of microbial
biodiversity is unknown and difficult to discern with approaches
used for multicellular organisms. As a result, early efforts
at understanding microbial diversity emphasized the use of
molecular markers (Pace, 1997). Today, more advanced methods
are beginning to estimate the number of eubacteria and
archaebacteria species (Louca et al., 2019). Other problems
with microbial diversity noted by Thaler are the generation
time or rate at which microbes (single-celled organisms and
viruses) evolve, the difficulty in identifying OTUs (operational
taxonomic units), and the exchange of genes between microbes
via horizontal gene transfer. All these factors complicate our
ability to evaluate microbial diversity in space and time.

The breadth of papers presented in this series and the
plethora of DNA barcode papers published each year indicate
that barcoding will continue to be an important tool for
realizing an all species inventory. Advancements in genomics
and bioinformatics continue to be developed, and these
advancements offer accessibility of these tools to a broad range
of researchers interested in the application of barcodes.
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