Building a controlled vocabulary for the international lipid biomarker database
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Achieving global-scale insights into past climate variations requires the careful assembly and
standardization of networks of proxies databases (Kaufman et al. 2020; Konecky et al. 2020; Walter
et al. 2023). Moreover, it is expected that scientific data are openly and readily shared online. These
expectations were formalized through the FAIR Guiding Principles (Wilkinson et al. 2015), which
created a standard framework that open scientific data should be findable, accessible, interoperable,
and reusable.

Controlled vocabularies are essential infrastructure to meet the FAIR principles, thereby enabling
global-scale data syntheses and subsequent scientific research. Controlled vocabularies are sets of
terms constrained by specific rules that allow for concise and unambiguous usage (Wojcik 2006).
Several community-led controlled vocabularies are emerging in paleoclimatology and paleoecology,
including the PaST Thesaurus employed by the NOAA World Data Service for Paleoclimatology
(Morrill et al. 2021) and the steward-curated taxonomies used by the Neotoma Paleoecology
Database (Williams et al. 2018). As the volume and variety of empirical data in paleoclimate
research expands, controlled vocabularies developed by experts and consistently shared
paleodatabases become ever more essential.

Lipid biomarkers are common in climate and environmental studies, especially in the near-recent
times, and represent readily analyzed lipids that have homologous series distributions, ratios, and
isotope abundances with high utility for the paleoclimate community. Despite this, these have no
comprehensive controlled vocabulary for paleoclimate and environmental use, although the
International Union of Pure and Applied Chemistry (IUPAC) dictionary exists for many compounds.
Here, we present a draft controlled vocabulary that encompasses several major classes of lipid
biomarkers commonly applied for paleoclimate research. To facilitate interoperability among data
resources, the NOAA World Data Service, LiPDverse, and Neotoma have all agreed to adopt this



vocabulary. This vocabulary is being developed as an open process, and we welcome community
input.

Because the task of cataloguing and establishing vocabulary rules for thousands of lipid biomarkers is
non-trivial, we have begun with some of the most commonly used lipid biomarkers in paleoclimate
research: branched and isoprenoidal glycerol dialkyl glycerol tetraethers, n-alkanoic acids, n-alkanes,
alkenones, and long-chain diols. We have developed a list of lipid biomarker names as they are
commonly used in the paleoclimate literature, and include the IUPAC term for each compound, to
avoid ambiguity. This list is published as v 0.1.0 on Google Sheets (tinyurl.com/ILBD010)1 and is
available for comment. We are seeking community input to check for completeness and accuracy
within these classes until 31 January 2024. We would also welcome participation by individuals or
teams interested in leading development of a list for other classes of lipid biomarkers.

When the community input period is complete, we will update and publish v 1.0.0 of the
International Lipid Biomarker Controlled Vocabulary on Zenodo (https://doi.org/
10.5281/zenodo.8284383), with updates and future versions possible afterwards. We will also
incorporate v 1.0.0 and subsequent versions into the controlled vocabularies maintained by NOAA,
LiPDverse, and Neotoma. If there are other databases interested in using this controlled vocabulary,
please contact us. With a controlled vocabulary in place, the next steps will be to harmonize the
vocabulary in lipid biomarker datasets currently on public paleoclimate databases, and gather and
add datasets not yet on these public databases. Anyone interested in contributing vocabulary or
datasets can contact Harleena Franklin at harleena@buffalo.edu. Documentation of the process
being developed here may be useful to experts seeking to develop controlled vocabularies for other
proxies.

Caption: Figure 1: (A) schematic representation of the process used to develop a controlled
vocabulary for use in the International Lipid Biomarker Database. This vocabulary is based on
previously established language frameworks (semantics) developed by global paleodata resources
such as Neotoma, NOAA, and LiPD. Each new biomarker name is assigned a long name (e.g.
branched diakyl glycerol tetraether l1a), short name (e.g. brGDGTIa), a higher-order name (brGDGT),
and equivalent names from the PaCTs, PaST, and IUPAC controlled vocabularies. Usually, the PaST
and PaCTs names are more generic than those proposed here. (B) Once the controlled vocabulary is
established, we will add those new terms back into other databases for increased interoperability
across paleodata resources. We view this as an iterative and on-going process, with new additions to
the controlled vocabulary list to be provided by participating experts and new publications describing
lipid biomarker compounds. We invite community input to these names and processes.
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