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ABSTRACT

Biodiversity repositories underpin the future of research in the life sciences and biotechnology. However, they
represent an extremely heterogeneous assemblage of collections that are lacking a comprehensive index of avail-
able resources. A set of “best practices” for biospecimen characterization is proposed for repository biomaterials
involving standardized species-level molecular genotyping (DNA barcoding) and the quantification of nuclear
DNA content (genome size). This approach has implications for upstream sample collection and preservation meth-
ods, as well as downstream implications for highlighting biorepository specimens available for genetic and ge-
nomic research. The broad application of the approach here proposed will raise the profile of participating bio-
diversity repositories, facilitate the compilation of validated reference sequences for molecular species recognition,
and drive a deeper understanding of the evolution of the genome.

INTRODUCTION

THE EXTENSIVE COLLECTIONS of specimens
contained in natural history museums and
other repositories of preserved biological ma-
terial provide a critical resource for under-
standing the diversity of life on Earth. The
value of these collections is enormous, al-
though they have traditionally targeted the
preservation of organismal phenotypes be-
cause this is the primary basis for species
recognition in most groups of larger organ-
isms. Over the last several decades, however,
numerous technological advances have facili-
tated the direct examination of genes, chro-
mosomes, and increasingly entire genomes.
Thus, biodiversity science, like many other dis-
ciplines in the life sciences, has undergone
drastic changes following the molecular revo-
lution and the dawn of the postgenomic era.
Genetic information can aid resolution of

species boundaries and also help to elucidate
the patterns and rates of evolutionary diversi-
fication among species.

The highly productive merger of biodiversity
and genomic sciences highlights the need to
collect, preserve, and archive biomolecules in a
recoverable state from a broad range of species.
Here we outline two major areas of genomic
diversity research—DNA barcoding and
genome size diversity—in which biological
repositories can play a significant role in en-
hancing both genomics and biodiversity sci-
ence. This includes the use of materials already
present in collections as well as the develop-
ment of both preservation and analysis proto-
cols that could enhance the utility of repository
materials for this purpose in the future. In ad-
dition, we highlight how these approaches to
characterizing genomic diversity could, in turn,
be very beneficial for quality control applica-
tions in biorepositories.
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DNA barcoding

To date, nearly two million species have been
formally described out of an estimated 10-100
million species. For most people, information
about the biological diversity by which they are
surrounded remains inaccessible. What is
needed is a simple, cost-effective means of
identification that will serve as a portal to the
wealth of information that has accrued through
the efforts of professional taxonomists. This ev-
ident need, combined with the explosive
growth of molecular databases, has led to the
recognition that short DNA sequences taken
from a standardized region of the genome can
be used to discriminate related species.! In par-
ticular, DNA-based species identification at-
tempts to match an unknown specimen to a
known reference sample by comparing se-
quences of genes that are known to vary be-
tween species. Mitochondrial genes are obvi-
ous targets for this approach given their
accelerated rate of evolution relative to nuclear
genes and because they typically lack recom-
bination. They are also present in high copy
number compared to nuclear DNA, allowing a
greater yield of mitochondrial DNA (mtDNA)
from a given sample, which enhances the abil-
ity to extract sequences from small or degraded
specimens. These properties, combined with
the existence of highly conserved flanking sites
for which “universal” primers have been de-
veloped,? resulted in the suggestion that the
nucleotide sequence of 5" end of the mtDNA
gene cytochrome c¢ oxidase I (COI) could be
used as molecular “barcode” for most animal
life.3

The intent of DNA barcoding is to use one
or a few reference genes in order to assign
newly sampled individuals to species, or to
identify cases in which no name yet exists for
a given species.*® Despite some recognized
limitations,® COI has so far succeeded in pro-
viding species level resolution across diverse
groups of insects,” birds?® fishes,” and pri-
mates.!? COI sequences also demonstrate the
ability to differentiate species in other com-
partments of life, including protists'~!3 and
fungi.!4

At the time of this writing, more than 240,000
COI barcode records are deposited in the Bar-
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code of Life Database (BOLD)!® with represen-
tation from more than 27,000 species. DNA
barcoding is a rapidly expanding field of re-
search that is facilitated by an international
consortium of biological resource centers and
other organizations'® (see: http://barcoding.si.
edu/). Importantly, the COI gene was also val-
idated recently for use in forensic analysis.!”
The key challenge remains the acquisition of
vouchered specimens from tens of thousands
of species, to which existing biological reposi-
tories are able to make a major contribution.

Genome size

In 1948, Boivin et al.!® noted a “remarkable
constancy” in the amount of nuclear DNA
among tissues within individual organisms
and across individuals within species. At a time
before its function or structure were estab-
lished, this was taken as evidence in favor of
DNA as the hereditary molecule. A few years
later, surveys of the quantity of DNA per hap-
loid genome indicated that, contrary to expec-
tation, genome size (or “C-value”) is not related
to the complexity of the organism nor to the
presumed number of protein-coding genes.!?
By 1971, this counterintuitive observation had
become known as the “C-value paradox.”?”
The discovery of noncoding DNA soon re-
solved the “paradox,” but many questions re-
main to this day regarding genome size diver-
sity. Indeed, genome size and noncoding DNA
have become even more relevant in the postge-
nomic era for both theoretical and practical rea-
sons. In particular, there is increasing interest
in the causes and consequences of noncoding
DNA spread and loss, and genome size itself
is recognized as a key consideration in the
choice of future targets for both complete
genome sequencing?=?* and evolutionary de-
velopmental biology (“evo-devo”) research.?*

At present, genome size estimates are avail-
able for more than 10,000 species of animals,
plants, and fungi. These data are made freely
available through online databases,?® and have
revealed many important insights regarding
the large-scale diversity and evolution of eu-
karyotic genomes. This includes identifying
links between bulk DNA content and cell size,
cell division rate, body size, metabolic rate, de-
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FIG. 1.

An example of the strong link between DNA content and red blood cell size. These are photomicrographs

taken at the same magnification (40X) from (A) Siamese fighting fish (Betta splendens) (2C = 1.3 pg), (B) Rainbow trout
(Oncorhynchus mykiss) (2C = 5.2 pg), and (C) Australian lungfish (Neoceratodus forsteri) (2C = 105 pg). Nuclear DNA

is stained dark. Scale bar equals 20 um.

velopmental rate, and other important fea-
tures?®?” (Fig. 1). However, in order to gain a
reliable understanding of the causes and effects
of genome size diversity, and to maximize the
applied utility of this information, it is impor-
tant to obtain data from as wide a range of or-
ganisms as possible. Unfortunately, this has not
yet been achieved. Some groups—especially in-
vertebrates and microorganisms—remain very
poorly sampled, and a great deal of work re-
mains in cataloging and accounting for the di-
versity in genome size in such groups. Once
again, this is an area in which biorepositories
stand to improve the situation dramatically.

METHODS IN GENOMIC
DIVERSITY RESEARCH

The methods involved in genomic diversity
research are relatively straightforward to im-
plement once equipment and expertise are in
place, but both involve particular requirements
for tissue preservation to be implemented us-
ing existing (and future) collections. Here we
outline the basic methods underlying both ar-
eas of genomic diversity analysis.

Barcoding biodiversity

DNA barcoding is relatively inexpensive,
and can be carried out in most well-equipped
molecular biology labs with access to a DNA
sequencing facility. The analytical procedure
involves six routine steps: DNA extraction,
PCR amplification, PCR check (gel electro-

phoresis), labeling of the PCR product for se-
quencing, cleanup of the labeled PCR product,
and sequencing. Many of these steps can be
automated for high-throughput screening,?
which further reduces the cost per sample.
From an analytical perspective, it is impor-
tant to distinguish between barcoding an un-
known specimen to gain an identification ver-
sus barcoding to compile the reference
sequence library (the latter is depicted in Fig.
2). Although the analytical steps necessary to
produce a DNA sequence are the same for both
procedures, building the barcode reference se-
quence library involves adhering to a set of
community consensus-derived BARCODE
data standards.?” The standards involve cap-
turing structured metadata associated with ex-
pert-identified voucher specimens held in a
repository that are used for barcode analysis.
They also require following a set of analytical
procedures that includes bidirectional se-
quencing of the barcode region and retention
of the raw data in the form of electropherogram
“trace” files for archival with the National Cen-
ter for Biotechnology Information’s (NCBI)
Trace Archive. This is critical in order for the
companion DNA sequence accession in Gen-
Bank to be annotated with the reserved key-
word BARCODE, which serves to differentiate
records that are compliant with the data stan-
dards from other sequence entries in GenBank
that lack this level of validation.?”
Researchers can submit their BARCODE
compliant sequence accessions directly to Gen-
Bank using the NCBI's Barcode Submission
Tool (BarSTool). However, most large-scale
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FIG. 2. A graphical depiction of the analytical chain involved in the generation of a DNA barcode reference library.
DNA is extracted from the specimen and the COI gene is amplified through PCR and sequenced. The sequence data,
collection, voucher specimen details, and other information are included in the reference database, which can be ac-
cessed freely online via the Barcode of Life Data Systems web page (http://www.barcodinglife.org/) and used to pro-
vide identifications of representatives of the same species collected subsequently.

barcoding initiatives have adopted the BOLD
platform!® as a workbench for assembling their
projects, since BOLD supports the data struc-
ture necessary for gaining BARCODE annota-
tion and can submit data to the GenBank au-
tomatically.

Once a DNA barcode library has been as-
sembled, users need only input the COI se-
quence of an unidentified specimen to perform
a query of the database. This returns either a
species identification, or indicates that no bar-
code sequence currently exists for the species
in question. Although simple from a molecular
biology standpoint and much more accessible
than traditional means of identification (i.e.,
consultation with a physical reference collec-
tion or a taxonomic expert), this process re-
mains limited to those with access to DNA se-
quencing equipment (either their own or that

of a sequencing center). In the future, DNA
identifications are expected to be made widely
available to nonscientists through the contin-
ued reduction in size and cost of DNA se-
quencing hardware. In principle, it should even
be possible to develop a hand-held “DNA bar-
coder” capable of returning an accurate identi-
fication of any small amount of tissue within
minutes at a cost of a few cents per identifica-
tion.

Sizing up genomes

The quantification of nuclear DNA is gener-
ally accomplished via one of two well-estab-
lished methods: Feulgen densitometry or flow
cytometry. These methods differ in their phys-
ical and chemical underpinnings, but both are
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FIG. 3. Screenshot of the BIOQUANT Life Science software, one of several image analysis packages that can be used
for genome quantification by Feulgen image analysis densitometry.3! This figure shows an analysis being performed
on Feulgen-stained chicken erythrocytes. The method is applicable to a wide range of cell types, so long as intact nu-
clei of known ploidy can be prepared in a monolayer and stained for analysis. Photo is reproduced courtesy of BIO-

QUANT Image Analysis Corporation.

based on the same general approach of quan-
tifying the amount of bound stain or dye rela-
tive to a standard of known DNA content.
The Feulgen reaction has been used in the
analysis of DNA content for nearly 6 decades,
and involves depurinating DNA by hydrolysis
with strong acid (usually 5N HCl) followed by
staining with Schiff reagent, which binds to the
aldehyde groups freed during hydrolysis and
turns from colorless to pink. The density (ab-
sorbance) of the stain in the nucleus is then cal-
culated from comparisons of transmitted light
through the nucleus versus in an unobstructed
beam. Because nuclei differ in size and vary in
their compaction and distribution of DNA, it is
necessary to examine a series of individual
point densities, the sum of which is given by
the integrated optical density (IOD) of the nu-
cleus. Mean IODs for unknowns and standards
are then compared to provide an estimate of

the total DNA content per nucleus of the un-
known. Traditionally, IOD measurements have
been carried out with specialized densitometry
equipment, but more recently this has been
largely replaced by computerized image analy-
sis systems that use pixels in captured images
of microscopic fields as individual point den-
sities and can return results much more quickly
by analyzing multiple nuclei simultaneously
(Fig. 3).

Flow cytometry does not involve a measure
of light absorption, but rather the light emitted
by a fluorescent dye excited by an intense light
source. In this case, cells or (more commonly)
free nuclei are prepared in suspension and
treated with a fluorochrome prior to being
passed through a flow cytometer. Depending
on the fluorochrome, light of a specific wave-
length (e.g., a laser or UV mercury arc lamp) is
used to stimulate fluorescence of individual
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nuclei in flow, with a series of detectors pre-
sent to quantify the intensity of emitted light.
As with Feulgen image analysis densitometry
(FIA), this is compared against a known stan-
dard; however, in this case the standard and
unknown are analyzed together in the same
preparation (Fig. 4).

There are advantages and disadvantages to
both FIA and flow cytometry (FCM), such that
these methods should be considered comple-
mentary rather than in competition. FIA em-
ploys prepared samples on microscope slides
which require only air drying, which makes the
sampling of some tissues (e.g., vertebrate
blood) very straightforward in the lab as well
as in the field and facilitates shipping among
institutions. A relatively small number of nu-
clei (dozens to a few hundred) are required to
obtain accurate measurements, and tissue-spe-
cific analyses are easily accomplished because
the nuclei are visualized on screen while mea-
surements are being carried out. Feulgen-
stained slides can be kept for long periods of
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FIG. 4. Sample output of a flow cytometry estimate of
genome size in an insect. Hundreds or thousands of nu-
clei can be assessed in an automated fashion with a flow
cytometer, and the mean fluorescence of these is com-
pared against a standard of known genome size prepared,
stained, and analyzed along with the unknown sample.
2C indicates nuclei with two copies of the genome, and
4C represents nuclei with four copies.
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time and measured repeatedly without ill ef-
fects on accuracy. However, preparing slides
for some tissues can be difficult®® and differ-
ences in DNA compaction level among nuclei
can have a significant impact on the resulting
density estimate.3! FCM is more automated
than FIA, and in some cases can be more rapid
as a result. FCM uses large samples of nuclei
(thousands) and is amenable to a wider variety
of tissues as the only requirement is that indi-
vidual cells/nuclei be freed; this is usually ac-
complished by simple mechanical and chemi-
cal processing of whole tissues.3> On the other
hand, FCM requires fresh or frozen samples,
and these can only be analyzed once because
fluorescence fades relatively quickly. FCM is
also less conducive to tissue-specific analyses,
as intact tissues are not examined with this
method.

Advances in technology have contributed to
a reduction in both the size and cost of densit-
ometry and flow cytometry equipment,® and
the analysis of nuclear DNA contents is rela-
tively inexpensive once the requisite infra-
structure is in place. If implemented according
to best practice guidelines,3!-32 the resolution of
both Feulgen image analysis densitometry and
flow cytometry is excellent. Indeed, both meth-
ods have been rigorously tested for use in
medical applications, in which small differ-
ences in DNA content can be useful in cancer
diagnosis.?!

BIOREPOSITORIES AS GENOMIC
DIVERSITY RESOURCES

Biological resources derived from museum
tissue collections, seed banks, culture collec-
tions, and other living collections (including
aquaria, botanical gardens, and zoos) are cru-
cial for genomic diversity research. The combi-
nation of taxonomic expertise, worldwide sam-
pling strategies, and attention to vouchering
make them ideal sources of samples for ge-
nomic diversity research. Here we outline some
approaches to maximize the utility of these
source collections for both DNA barcoding and
genome quantification.
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DNA barcoding

While DNA barcoding is not technically dif-
ficult, major challenges do exist. Gaining access
to expert-identified reference material is a pri-
mary concern. For some groups of organisms
there are few if any taxonomists available to
identify specimens for constructing the refer-
ence sequence library. Although some success
has come from the analysis of recently collected
(e.g., <20 years old) museum specimens that
were either dried or preserved in ethanol, older
material and formalin-fixed tissues are poor
templates for PCR amplification of the entire
648-bp fragment of the COI barcode region.
Frozen tissue collections provide an excellent
resource; even specimens that have been com-
promised by extended thawing or freezer melt-
down can still prove useful for genetic charac-
terization.3*

As currently practiced, barcoding relies heav-
ily on new collections, which is, in turn, strongly
dependent upon the availability of funding and
the ability to acquire collecting permits. These
obstacles can be extremely difficult to overcome
for certain taxa or when attempting to work in
some nations that impose restrictions on sam-
pling native biodiversity. However, barcoding
provides a tool for nations to identify their sov-
ereign genetic resources wherever they occur,
and for this reason even countries with re-
stricted access policies are expected to partici-
pate in this initiative. In this regard, even small,
local repositories can be imoprtant participants
in the DNA barcoding initiative.

There are certain difficulties that barcoding
must address, both socially and scientifically.
Although COI has demonstrated an ability to
differentiate closely related species of fungi,*
there is a cultural inertia in the fungal com-
munity around the use of ribosomal genes and
intergenic spacer sequences for species identi-
fication.®® It may be difficult to overcome dis-
cipline-specific norms concerning marker
choice until a sufficient quantity of data exists
to demonstrate the validity of switching to a
new crossdisciplinary standard as proposed by
proponents of COI barcoding. Also, because
COI evolves too slowly to discriminate some
closely related species of plants, the optimal
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genic targets for plant barcoding are still being
explored and may ultimately involve more
than one marker.3®

Ways in which biological repositories can
participate most effectively in the DNA bar-
coding program include the following: (1)
maintaining tissue collections in a manner com-
patible with DNA extraction such as (at least)
ethanol preservation or (preferably) deep freez-
ing; (2) make small subsamples of existing col-
lections available for sequencing; (3) assist in
the development of standardized protocols for
DNA barcoding, including gene choice and
specimen processing; (4) facilitate collabora-
tions with field collectors, local repositories,
governmental and nongovernmental agencies,
and help to develop access to species that are
difficult to acquire or transport. Contributions
along any of these lines can greatly assist in the
effort to provide rapid, accurate, inexpensive,
and universally accessible information about
the world’s biodiversity.

Genome size

Genome quantification methods, as noted
above, are relatively straightforward to imple-
ment and can be conducted at high rates under
the right circumstances. However, two major
impediments to high throughput genome siz-
ing are (1) insufficient access to accurately iden-
tified specimens and (2) a lack of sample
preservation and preparation protocols for pre-
viously unstudied groups. Biorepositories have
the potential to assist greatly on both of these
fronts.

Collectively, the world’s frozen tissue collec-
tions, culture collections, and other biological
repositories contain samples from thousands of
species, the majority of which have not been as-
sayed with respect to genome size, and a sub-
stantial fraction of which will be very difficult
to collect again for this purpose. As a result,
simply making existing materials accessible for
genome quantification could have a major im-
pact on the global genome size dataset. More
broadly, it should be possible, with only minor
effort, to implement sampling protocols that
will allow routine genome sizing for newly ac-
cessioned material.
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For vertebrates, adding genome quantifica-
tion to the analytical chain could be as simple
as preparing a few blood smears at the time of
collection for subsequent analysis by FIA. With
protists, air-dried samples on microscope slides
could serve a similar function. This may be
more difficult with plants or invertebrates in
which preparations are more involved” and in
which fresh, fixed, or frozen tissues are re-
quired. But here, too, the expertise housed
within biorepositories may be extremely use-
ful, as knowledge of tissue preservation tech-
niques could be employed in the development
of efficient genome size-friendly sampling
methods. Unfortunately, little work has been
done to date on the development of specimen
preservation protocols that are conducive to
genome quantification, a fact that greatly lim-
its the collaborative capacity between those
with access to materials and those with genome
sizing capabilities. Biorepositories, which are
focused on both biodiversity and preserving
the utility of samples for future genomic re-
search, could play an important role in bridg-
ing this current gap.

GENOMIC DIVERSITY METHODS
AND QUALITY CONTROL
IN BIOREPOSITORIES

Biological resource collections of various
kinds underpin the future of life science and
biotechnology research, but the heterogeneous
assemblage of collections remains to be coordi-
nated on a global scale.®® This challenge can be
addressed by cataloging specimens in existing
collections under a common registry of genetic
sequence accessions (i.e., DNA barcodes).? Ge-
netic data can also be of use on the scale of in-
dividual biological repositories. The taxonomic
identity of specimens held in most biological re-
source collections is assumed to be correct, and
although some repositories are actively engaged
in taxonomic research, others simply record the
species identity as provided by the submitter of
the specimen. Even in repositories where taxo-
nomic research is a focus there are typically gaps
in the expertise of the staff, which results in
varying degrees of certainty in the identifica-
tions made across broad taxonomic divisions.
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Routine protocols like barcoding and genome
size quantification enhance the authentication of
available resources, while the existence of the
repository enhances the value of emerging high-
throughput methodologies that are taking hold
in the natural sciences.*

DNA identification

Biological resource centers have both a need
and an obligation to validate the taxonomic
identity of their holdings. In particular, they
have a need to validate the identity of submit-
ted materials or processed products that are
prepared for distribution, such as DNA har-
vested from cells in culture.!® DNA barcoding
is very appropriate for these quality assurance
and quality control applications. Moreover, by
making the sequence data from their specimens
public via genetic databases, repositories can
promote an increased awareness of their hold-
ings and reap the associated benefits that come
with increased utilization of their collections.

The application of DNA barcoding as a qual-
ity control tool would be relatively simple, re-
quiring only standard molecular equipment or,
if that is not feasible, a relatively small budget
to cover costs of sequencing by collaborating
labs or large-scale barcoding centers. At pres-
ent, the cost of DNA barcoding a single speci-
men is on the order of a few dollars, but this is
expected to decrease significantly as sequenc-
ing expenses continue to plummet. In the
future, bench-top DNA barcoding systems
should be available, but this is most likely to
occur sooner if there is a demonstrated interest
in such technology among potential users.

DNA quantification

To the extent that biological repositories are
intended to facilitate and enhance large-scale
genomic research in the future, the inclusion of
genome size data represents an easily acquired
“value added” parameter. These data will be
influential in shaping the future course of both
exploratory and applied genomics, and could
allow more efficient decision-making processes
regarding which biorepository samples should
be targeted for analyses along these lines.

More generally, the application of genome
quantification methods to biorepository mate-
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rials could provide important insights into the
effects of various field and laboratory preser-
vation methods on the structure of entire nu-
clei. As genomics continues to move from com-
parisons of individual gene sequences to
wholescale comparisons of genomes at large,
knowledge regarding procedures that preserve
intact nuclei will become increasingly valuable.

Finally, genome quantification approaches
could be used as quality control tools in cell
culture facilities as well. It is well known that
long-term culture of individual cell lines can in-
volve breakages and other chromosome-level
changes, potentially including duplications or
losses of genomic material. So long as individ-
ual genes are the focus of study, quantifying
shifts in DNA content may be of only minor
concern. However, determining the effects of
long-term culture on whole genomes may
prove to be important in the future. As noted,
flow cytometric analyses are capable of detect-
ing minor changes in DNA quantity, and could
be pressed into service in this capacity with
minimal difficulty, especially if genome sizing
becomes standard practice within bioreposito-
ries for the other reasons outlined above.

FUTURE DIRECTIONS

Modern research techniques are placing new
and increasing demands on biological reposi-
tories.#! Emerging case studies*? and “Best
Practices”#3 are beginning to address these
challenges for human biomaterial banking op-
erations. However, in spite of the fact that the
value of museum-based frozen tissue collec-
tions has long been recognized,** many biodi-
versity researchers have yet to embrace newer
recommendations for specimen collection,
preservation, and archival®® that can extend the
value of collected specimens. We advocate a
closer collaboration between genomic diversity
researchers and biorepositories, in an effort to
optimize both sample and data acquisition pro-
cedures for ongoing and future research. New
approaches toward biodiversity banking are
emerging?® although advanced preservation
techniques?” that support multiple analytical
paradigms are critical to their success and more
research in this area is needed. We seek to max-
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imize the information available from existing
collections and to promote research initiatives
that build and maintain biological resource
centers with a unified sense of purpose. We be-
lieve that DNA barcoding and genome size es-
timation are two important initiatives that can
help to achieve this goal.

The value of making species-level identifica-
tions broadly accessible via a fast, accurate, in-
expensive, and potentially automated proce-
dure is palpable. However, issues remain with
defining what constitutes a “match” to the ref-
erence database when a query sequence is not
identical to any of the reference sequences. For-
tunately, new posterior probability-based
methods are emerging to address this issue.*®
The recognition that a comprehensive DNA se-
quence library is essential for identification
with DNA barcodes?’ is ultimately driving this
international mega-science initiative toward
completion, offering exceptional opportunity
for biodiversity repositories in the process.

Likewise, the rapidly expanding field of
comparative genomics will undoubtedly re-
quire the assistance of biological repositories as
genomics becomes increasingly focused on
nonmodel organisms. Because genome size is
directly relevant to the choice of sequencing
targets, and as it represents a key subject of
comparative genomics in its own right, en-
abling genome quantification will represent yet
another important role for biorepositories in
the future.

Biological repositories have played a critical
role in efforts to understand biodiversity for
centuries. As we move further into the postge-
nomic era, their importance remains undimin-
ished. In fact, they stand poised to make a ma-
jor contribution to the future of both genomic
and biodiversity science. Recognizing the mu-
tual benefits to be gleaned by increased inter-
action between biological repositories and re-
searchers in genomic diversity represents a
crucial first step in what is certain to be an ex-
citing journey of discovery.
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