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ABSTRACT

Increasingly, the link between published genomes and their source material (i.e., the
reference specimens, known as ‘vouchers’) is lost. To maintain this connection and to
establish that the original specimens were collected legally and ethically, we encourage
authors to obtain or deposit their genetic vouchers in established natural history
collections. Providing museum catalog numbers for these vouchers will demonstrate the
legal provenance of the genomic source material and increase the value of these museum
collections. Treating the original source materials from which genomes are sequenced
(what we call ‘genometypes’) like type specimens will add a new dimension to natural
collections by increasing their importance to the genetic and taxonomic communities.
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MAIN TEXT

Vouchers are reference specimens typically maintained and cataloged in natural history
collections (at museums, herbaria, fungaria, etc.), and many are the source material of
genetic data. Unfortunately, few authors link the genetic data to this source material,
including frequently not keeping, cataloging, or even photographing the specimens
(Peterson et al. 2007; Pleijel et al. 2008; Chakrabarty et al. 2010; Chakrabarty et al. 2013;
Ceriaco et al. 2016). This trend has continued in the genomic era, where the reference
specimens for published whole genomes are commonly unknown (Buckner et al. 2021).
Likewise, museum collections are undervalued and underappreciated (Suarez and Tsutsui
2004; Bradley et al. 2014). To remedy these issues, we propose that specimens that are the
source material for genomic sequences be housed, marked, and treated similarly to type
specimens. Type specimens are the most important specimens in museum collections
because they are the name-bearers of newly described species to science (i.e., they are
the reference specimens used in the description of new species).

Treating genome voucher specimens (henceforth “genometypes”) like taxonomic type
specimens can increase the relevance of museum collections by adding another layer of
importance to these specimens. These genometypes can be referenced in perpetuity for
taxonomic verifications, morphological examinations, and myriad other uses. Taxonomy is



a dynamic science, and many species are synonymized with other species or can be split
into two or more taxa. When a genome is sequenced from a species that subsequently
undergoes a taxonomic change, researchers may want to return to the source material of
the genome to see which of the subsequently split species the genetic data belongs to
(Figure 1).
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Fig. 1. Image depicting a taxonomic
split from one to two separate named
species, after a genome of the original
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species is sequenced (making it
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/\ if one retains the original name).
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The value in creating genometypes includes increasing awareness among geneticists
(especially those not associated with a museum) about the importance of having a
reference specimen that is permanently linked to the subsequent genomic data. The
extended specimen concept (Webster, 2017; Kapun et al. 2025) includes the idea of
permanently linking the metadata associated with a specimen to the actual collections
(Kapun et al. 2025). Creating hyperlinks (live dynamic web links) for genometypes that
connect a specimen’s data in a collection (e.g., catalog number and collections
information) to databases like NCBI GenBank can ensure that the specimen and its data
will be linked despite future taxonomic changes.

Authors of publications presenting new genomes should already be including the voucher’s
museum catalog number and related information (see Ludt et al. 2023; Valencia-Cardenas
et al. 2026 as fine examples). Unfortunately, although many journals require authors to
deposit their sequences on public databases such as NCBI GenBank, few have any
requirements that the authors provide information about the source material — so many
authors do not. Because of this oversight, many authors do not appreciate the importance
of obtaining legally and ethically sourced specimens for their original sequences.
Museums that deposit specimens follow strict legal protocols covering permits and
permissions from governing authorities (e.g., import/export/collecting permits, IACUC).
Researchers in the future may be unable to use data from specimens lacking evidence of
their provenance.



We also recommend that genometypes be tagged physically, similar to

taxonomic type specimens. For instance, in the case of fishes, amphibians, and reptiles,
instead of the conventional red or blue ribbon (designating holotype or paratype
specimens, respectively), we suggest a green ribbon (Figure 2). These will mark these
specimen lots within a collection and highlight their importance to visitors. Researchers
can reference these specimens in case of taxonomic uncertainty related to those
genomes.

Fig. 2. Image showing traditional taxonomic type
specimens labeled with red and blue
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Unfortunately, some genomic workflows require much of the body of a specimen
(especially for small specimens) to be used in the DNA extraction process. As genomic
sequencing has improved far less source material is required to obtain a large enough yield
of DNA for a genome. In cases where only a portion of the body remains after tissue has
been taken, we suggest the researchers save whatever portions can be helpfulin
diagnosing the species (what features were used in differentiating this species from
others). Tissue samples (a small flesh, fin, feather, etc. sample typically kept frozen) should
not be used as genometypes; rather, we suggest that only intact or near-intact samples be
used. In cases where this is not possible, detailed photographs of the original specimen, or
information about additional specimens caught at the same time and place, should be well
documented and publicly available.

Genometypes differ from true taxonomic type species and will not fall under the
International Code of Zoological Nomenclature or the equivalent codes for other
organisms. The genometypes will not replace traditional taxonomic types for
identifications and verification in taxonomy, and a species can have more than one
genometype, just as a reference genome can be from more than one individual (although
thatis notideal). Genometypes will be more like ‘topotypes’ (specimens collected in the
same locality as the original specimens used in a species description; Chakrabarty and
Soares, 2026), which are not ‘name-bearing’ and have no legally binding curatorial
obligations beyond what is typical for other museum specimens. We do, however, suggest
that curators and collections staff continue to follow the guidelines of maintaining these



specimens and the associated data (including keeping the taxonomy up-to-date). The data
associated with genometypes should also be publicly accessible, and the specimens
should be stored at permanently maintained institutions (established museum
collections) whenever possible. Like any other legally collected material, these specimens
should follow national and international regulatory frameworks governing biological
material under the Convention on Biological Diversity and the Nagoya Protocol. Although
we understand that there are costs and obligations related to maintaining specimens as
we suggest, and an additional layer of oversight is needed for these special designhations,
we think the consequences of having voucher-less genomes is far more problematic.
(Imagine if the chimpanzee genome being used in human HIV research studies was
sourced from a mislabeled gibbon DNA sample.) We also think that natural history
museums exist for the very purpose of maintaining and documenting the data and
reference material behind Earth’s biodiversity, which includes genetic data and their
vouchers. For their part, museums should ensure that their collections used in genomic
research are referenced in publications and on-line databases, and that the metadata
from the specimens include GenBank project numbers and other genetic references. For
instance, NCBI Nucleotide records can include voucher information that has hyperlinks
back to collection databases, and researchers can request that NCBI add voucher
information or updates to legacy accessions. We acknowledge that many, if not all,
museums are understaffed and have limited resources. We think the physical symbol of a
green ribbon (or equivalent) marking for genome vouchers (a.k.a. the ’'genometype’) is a
simple physical symbol recognizing the link between genomes and their source material.

We also suggest that the genometypes should not be designated for simple, low-coverage
genomes (<30X), but rather should reflect higher quality (closer to coverage that supports
chromosomal-level assembly), although we leave this up to the researchers and
collections. Notably, at the time of writing, only about 8.5% of vertebrates have a genome
assembly on NCBI at any level (see “The Genome Gap” https://demo-reviverestore-
genomegap.knowledgefutures.org/about). Again, as with topotypes, there can be more
than one ‘genometype’ and there will be no governing body overseeing these designations.

We are also aware that the National Library of Medicine (part of NCBI) has a program called
RefSeq (https://www.ncbi.nlm.nih.gov/refseq/about/) that establishes a designated
reference genome for each species and that for most taxa there is only a single RefSeq
genome. Unfortunately, there is no requirement that voucher information be included in
the genome database, noris it required for the genomes receiving the RefSeq designation
have a voucher. It is also a dynamic designation and can change from one genome
assembly to another (if a better one becomes available). Although that last pointisn’ta
major issue for our genometypes concept, the lack of a voucher specimen is.

As genomic data becomes more accessible and abundant, the loss of a connection to the
source material will become increasingly problematic. In incorporating a genometype
recognition policy, natural history collections will add a new dimension to the importance
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of these reference specimens, and geneticists will be secure in their knowledge of the
legality of their source material.
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