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Abstract

The Genomes OnLine Database (GOLD; https://gold.jgi.doe.gov/) at the Department of Energy Joint Genome Institute is a comprehensive online
metadata repository designed to catalog and manage information related to (meta)genomic sequence projects. GOLD provides a centralized
platform where researchers can access a wide array of metadata from its four organization levels namely Study, Organism/Biosample, Se-
quencing Project and Analysis Project. GOLD continues to serve as a valuable resource and has seen significant growth and expansion since its
inception in 1997 With its expanded role as a collaborative platform, it not only actively imports data from other primary repositories like National
Center for Biotechnology Information but also supports contributions from researchers worldwide. This collaborative approach has enriched the
database with diverse datasets, creating a more integrated resource to enhance scientific insights. As genomic research becomes increasingly
integral to various scientific disciplines, more researchers and institutions are turning to GOLD for their metadata needs. To meet this growing
demand, GOLD has expanded by adding diverse metadata fields, intuitive features, advanced search capabilities and enhanced data visualization
tools, making it easier for users to find and interpret relevant information. This manuscript provides an update and highlights the new features

introduced over the last 2 years.
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Introduction

Genomes OnLine Database (GOLD) is a comprehensive meta-
data management resource designed to facilitate the study and
analysis of genomic and metagenomic information across the
domains of life. Initially launched to record genome sequences
in a tabular format (1), GOLD has matured into a relational
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database that provides free access to an expansive list of meta-
data for researchers in genomics, microbiology and related
fields (2). As genomes and metagenomes have increased in vol-
ume and complexity, the importance of available and accurate
metadata attributes has also grown; without these, genomic
data have limited value (3). By offering detailed descriptions
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of sequencing projects, organisms, samples and experimen-
tal conditions, GOLD’s structured metadata provides essen-
tial contextual information that enhances the use, reuse and
comparative analyses of meta(genomic) data.

One of the primary applications of GOLD is supporting
comparative genomics by providing a comprehensive repos-
itory of genomic and metagenomic projects, along with ad-
vanced search and retrieval tools, standardized metadata and
integration with other bioinformatics resources. These fea-
tures enable researchers to perform detailed comparative anal-
yses across a wide range of organisms and genomic datasets.
For example, Hackmann et al. (4) used organism-specific
metadata from GOLD in conjunction with the Integrated
Microbial Genomes and Microbiomes system (IMG/M) (5),
BacDive (6), HydDB (7) and other resources to perform a
comprehensive analysis of fermentative prokaryotes, identi-
fying knowledge gaps in our understanding of this complex
metabolic process. In another example, Torrence et al. (8) used
35 metadata fields from 163 GOLD organisms to study the re-
lationship between bacterial homologous recombination rates
and specific genomic or phenotypic traits.

Over the past two years, the GOLD database has signif-
icantly expanded its project and metadata coverage and ca-
pabilities. Since the last release in November 2022, 86 930
Sequencing Projects (SPs) and 63 311 Analysis Projects (APs)
were added representing an increase of 15% and 14.6%, re-
spectively, compared with the previous release. This expansion
includes the integration of new parameters related to environ-
mental conditions, experimental methodologies and genomic
annotations. GOLD has also substantially enhanced its meta-
data fields, providing a richer and more detailed context for
the (meta)genomic data it houses. Throughout this growth
phase, GOLD has continued to adhere to the community-
driven standards developed by the Genomic Standards Con-
sortium (GSC) (9). The expansion involved the integration of
new MIxS [Minimum Information about any (x) Sequence]
(10) extensions that enhance the ability to capture and de-
scribe the environmental and contextual information associ-
ated with genomic sequences. In addition to the MIxS exten-
sions, GOLD integrated the Registry of Research Organiza-
tions (ROR) to standardize the curation of sequencing cen-
ters and funding agencies. This new feature not only helps in
tracking contributions and collaborations across the global
research community but also facilitates better data record-
ing and sharing. These advancements reflect GOLD’s com-
mitment to evolving in response to the needs of the scien-
tific community, ensuring that it remains at the forefront of
metadata management for genomic and metagenomic projects
and analysis. The continuous enhancement of the database
underscores its pivotal role in advancing our understanding
of (meta)genomes and supporting ongoing research efforts
worldwide. The current status of the database along with all
of its recent updates and improvements are described in detail
in the following sections.

GOLD by the numbers

While the actual number of GOLD entities along with their as-
sociated metadata fields continue to increase at a steady rate,
the overall organization and structure of the database remain
unchanged. As described in more detail in earlier publications
(2,11), GOLD is broadly organized into a four-level system
namely Study, Biosample/Organism, SP and AP. These four
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Table 1.  Summary of GOLD entities and their metadata field counts.
Biosamples and Organisms share ~500 terms from 11 MIXS extensions

GOLD entity Counts No. of metadata fields
Studies 61296 26
Biosamples 208 629 720
Organisms 515833 770
SPs 572093 60
APs 432 186 53

levels contain a growing list of hundreds of metadata fields
including >180 controlled vocabularies (CV) with >5600
terms.

A Study represents the broader goals of a research pro-
posal. It describes the overall objectives of the SPs that it con-
tains and is placed at the top of GOLD’s four-level classi-
fication system. As of August 2024, there are 61 300 Stud-
ies in GOLD, ~4200 of which contain metagenome projects.
Biosample refers to the physical material collected from the
environment (i.e. environmental samples) while living biolog-
ical material such as bacteria, archaea, fungi, plants or animals
is termed as an Organism. GOLD currently has >200 000
Biosamples and 515 000 Organisms containing >700 meta-
data fields each (Table 1). The sequencing output of a Biosam-
ple (for metagenome or metatranscriptome) or Organism (iso-
late whole genome sequencing or similar) makes up an SP, and
the subsequent analysis and data processing methods are de-
tailed in an AP. As of August 2024, there are >570 000 SPs
and 430 000 APs in GOLD (Table 1).

This organization structure establishes a logical flow of
information from the initial proposal concept to the gener-
ated data, ensuring that all aspects of SPs and their related
metadata are connected in a logical, coherent and systematic
manner.

Updates since the last release

New prokaryotic phyla names

The rank phylum has been widely used and accepted in sci-
entific literature for several decades. However, it was not for-
mally recognized in the International Code of Nomenclature
for Prokaryotes (ICNP). In a recent update, the rank ‘phylum’
was officially included in ICNP (12) and the suffix “-ota’ was
added to the stem of all formal rank names. To conform with
these changes, the names of 42 prokaryotic phyla were up-
dated in the current version of GOLD. This affected >485 000
bacterial and archaeal records in the database, and commonly
used terms like Actinobacteria, Firmicutes and Proteobacteria
were changed to newly formalized names such as Actinomyce-
tota, Bacillota and Pseudomonadota, respectively. While this
update created some confusion to users who were not aware
of the new phylum names, it was necessary to make GOLD
data FAIR (13) and to follow the established taxonomic stan-
dards for organisms.

Short ‘how-to?’ video tutorials

To educate new users and enhance the experience of existing
users, we recently produced a series of concise video tutori-
als that guide users through several of the database’s features
and functionalities (Figure 1). These short ‘how-to’ videos
offer clear instructions on how to navigate different parts
of the website, from basic search techniques to registering
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Overview of the Genomes OnLine Database (GOLD)
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Short videos, including tutorials, on using the JGI's Genomes
OnLine Database (GOLD)

Exploring GOLD Ecosystem Classification

Using Sequence Read Archive (SRA) Explorer in GOLD

Joint Genome Institute + 137 views * 1 year ago

Searching For Biosamples Using Biogeographical Metadata

Figure 1. Overview of the landing page of GOLD's YouTube channel containing 8 short video tutorials on how to use its different features.

isolate and metagenome projects. By providing visual demon-
strations and easy-to-follow explanations, the tutorials aim
to empower users of all skill levels to efficiently access and to
utilize the wealth of information available in GOLD. These
videos can be accessed in our YouTube channel available
at the following URL: https://www.youtube.com/playlist?list=
PLkxZMDuKlaKsMt2m2vYWN7AuqgXDjwlts. This initia-
tive reflects GOLD’s commitment to educate and support its
growing user base and to ensure that researchers can fully
leverage the database’s capabilities to advance their work.

Streamlined organism creation process

The recent overhaul of our Organism entry form marks a sig-
nificant improvement in the ease and efficiency of entering in-
dividual organisms and their corresponding projects. The first
new feature that users will notice in GOLD v.10 is a screen-
ing for genomes and metagenomes that are publicly available
in National Center for Biotechnology Information (NCBI).
Since we have a standard process to import public data from
NCBI that is subsequently annotated in IMG, users are dis-
couraged from manually entering such projects into GOLD.

Detailed guidance on how to search for existing NCBI projects
in GOLD is now easily accessible from within the new Organ-
ism entry form.

We have also streamlined the process of adding new or-
ganisms by incorporating probing questions that determine
which metadata fields will be presented and which of these
fields will be mandatory. For example, if an Organism is iso-
lated by a user (or their colleagues) who is populating the entry
form, they are expected to have specific knowledge about iso-
lation metadata such as collection date, geographic location,
latitude, longitude, etc. Consequently, these fields are made
mandatory (Figure 2A).

Conversely, if the organism is obtained from a culture col-
lection such as the American Type Culture Collection (14)
or Leibniz Institute DSMZ (https://www.dsmz.de/), this in-
formation may not be readily available to a user, and there-
fore these fields are not required in the organism entry form
(Figure 2B). By simplifying the submission process, the New
Organism Creation Wizard not only enhances the accuracy
and consistency of data entry but also speeds up the inclusion
of newly sequenced genomes into the database. This develop-
ment reflects GOLD’s ongoing commitment to improving user
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Figure 2. Different versions of the Organism entry form are used based on the organism's origin. Specific metadata fields (marked with an asterisk) are
mandatory if the organism was isolated by an individual (A) rather than obtained from a culture collection (B).

experience and supporting the expanding needs of the global
research community.

New MIxS extensions

The GOLD has recently expanded its MIxS extensions (pack-
ages) to a total of 11 with the addition of three new MIxS
environmental packages: Human Associated, Wastewater and
Built Environment. This expansion introduced 246 new fields
and 72 new CVs to GOLD’ metadata repertoire. As their
names suggest, the Human Associated package provides de-
tailed metadata fields for capturing sample information spe-
cific to human-related environments, such as host diet, medical
history, specific disease status and more facilitating research
into human health and disease. The Wastewater package al-
lows for the documenting metadata specific to microbial com-
munities present in wastewater environments, thereby sup-
porting studies on public health and environmental monitor-
ing. Finally, the Built Environment package includes several
new metadata fields and CV terms specific to constructed envi-
ronments, including buildings and infrastructure, that may not
be applicable for regular Biosamples or Organisms. These new
MIxS packages enhance GOLD’s ability to support a wide
range of environmental and applied genomic research, provid-
ing more precise and contextually relevant data for scientists
interested in these specific environments.

Organism grouping with emphasis on type strains

Type strains are specific strains of microorganisms that serve
as reference points for the identification and classification of
a species. They are the ‘standard’ or ‘typical’ representatives
of a species, and their characteristics are used as the basis for
defining and naming new isolates. Having a type strain or a
point of reference is crucial for accurately identifying a novel
species. Hundreds of thousands of new prokaryotic species are

described every year (15). When new type strains are identi-
fied, the International Committee on Systematics of Prokary-
otes (16) mandates that they be deposited in two or more cul-
ture collections in different countries. As a result, although
they are an individual strain of an organism, they end up re-
ceiving multiple culture collection specific identifiers. These
are commonly known as equivalent strains, which are often
shared and published as independent organisms over time.
As the number of distinct organisms continues to grow, so
does the number of their corresponding equivalent organisms,
highlighting the need to document these equivalent strains be-
longing to a single organism/type strain. In this current ver-
sion of the database, we are in the process of grouping all
organisms that are part of a synonymous group. While our
initial focus is specifically on type strain species, we plan to ex-
pand the scope of grouping equivalent strains to all prokary-
otic GOLD organisms. In the first phase of this grouping pro-
cess, 51 440 equivalent type strains have been grouped into
18 217 distinct groups.

Integration of institutes from ROR

In the earlier versions of the GOLD, if a particular sequenc-
ing center was not available, a user had to manually send a
request to our support team or select an incorrect institute.
This was a time-consuming process and often resulted in SPs
with incorrect metadata. To avoid this, GOLD v.10 has in-
tegrated >110 000 institutes from the ROR (17) into its list
of institutions. This represents a significant advancement in
expanding the network of sequencing centers, funding agen-
cies and collaborating institutes. ROR provides a standard-
ized and comprehensive ROR, enabling GOLD users to seam-
lessly incorporate and update information about institutions
while adding or updating Sequencing Centers within GOLD’s
SPs. This integration has increased the number of available
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institutions in GOLD by several orders of magnitude and en-
hanced our ability to catalog and track contributions from a
diverse array of global research facilities. By linking genomic
data with detailed organizational information, this assimila-
tion of ROR institutes within GOLD facilitates more effective
data sharing, ultimately advancing the collective efforts of the
scientific community while enriching the resources available
within GOLD.

Integrating Genome Taxonomy Database for
enhanced prokaryotic classification

With the exponential increase in the number of available
genome sequences, there is a growing interest in the prokary-
otic community to supplement standard taxonomic nomen-
clature with genome-level taxonomy (18,19). This is partic-
ularly relevant now, since many high-quality novel genome
sequences come from uncultured microorganisms, such as
metagenome-assembled genomes (MAGs) and single cells.
The Genome Taxonomy Database (GTDB) (20,21) is an ini-
tiative that infers microbial taxonomy from phylogeny based
on conserved single copy marker proteins and rank normal-
ization. GTDB-Tk is an open-source software toolkit (22)
that assigns taxonomic classifications to prokaryotic genomes
based on the GTDB. We added GTDB taxonomy lineages to
APs by matching with the NCBI assembly accessions (when
available) from GOLD to GTDB import. For genomes with-
out assembly accessions, we obtain GTDB taxonomy from the
IMG system. IMG generates GTDB lineages by using GTDB-
Tk. Both NCBI taxonomy (23) lineage and GTDB lineages are
displayed on the AP page. Panel (A) in Figure 3 shows an ex-
ample where both NCBI and GTDB taxonomic lineages are
identical, demonstrating consistent classification across both
systems. Panel (B) shows an instance where GTDB taxonomy
provides more specific classification down to the genus level,
whereas the NCBI lineage is limited to the phylum level, high-
lighting the enhanced granularity of GTDB. In panel (C), we
see a case where the NCBI and GTDB taxonomies conflict,
showcasing discrepancies between the two systems, allowing
users to review and potentially update genome classifications.

Stable isotope probing and low-complexity
metagenomes

Limitations of conventional microbiological practices have
led to the development of several innovative metagenome
techniques that provide a deeper understanding of diversity,
functions and interactions of microbial communities. Sta-
ble isotope probing (SIP) and low-complexity are two such
types of metagenome projects that were recently included in
GOLD v.10. SIP metagenome projects are designed to iden-
tify substrate-active microorganisms within complex environ-
mental communities by tracking the incorporation of stable
isotope-labeled substrates (e.g. carbon-13 or nitrogen-15) into
their DNA or RNA (24). GOLD organizes SIP projects into
a hierarchical structure consisting of SIP-Parent projects and
their associated fractions. The SIP-Parent project represents
the overall experimental setup and includes metadata about
the environment, the type of stable isotope used, the labeled
substrate and general project goals. This Parent project pro-
vides a broad overview of the study’s objectives and the en-
vironmental context from which the samples/fractions were
derived. Associated with each SIP-Parent project are multi-
ple SIP-Fraction projects as shown in Figure 4. These frac-

tions correspond to specific density gradients obtained after
the DNA or RNA has been separated based on its incorpora-
tion of the isotope. Each fraction represents a different level of
isotope incorporation, reflecting the different microbial popu-
lations or genes that were metabolically active during the ex-
periment. Metadata for SIP-Fractions includes details about
the specific density of the fraction, the sequencing methods
used and the level of isotopic enrichment. By querying SIP-
Parent and fraction data in GOLD, researchers can link spe-
cific metabolic activities to specific microbial taxa, facilitating
the study of active microbial functions in natural and engi-
neered environments.

This setup in GOLD allows for detailed analysis of micro-
bial roles in biogeochemical cycles, degradation processes and
other ecosystem functions, significantly advancing our under-
standing of microbial ecology. Detailed instructions on how to
search for individual SIP metagenome projects and their asso-
ciated SIP-Fractions can be found in our updated Help sec-
tion at the following URL: https://gold.jgi.doe.gov/resources/
Metagenome_SIP_Help.pdf.

Low-complexity metagenomes represent microbial com-
munities with a limited number of species, typically originat-
ing from environments where microbial diversity is naturally
low, or from samples that have undergone adaptive selection
or efforts to culture axenic strains, resulting in less complex
communities. The simplicity of these communities makes
them ideal for studying microbial interactions, metabolic
pathways and the impact of environmental changes on mi-
crobial populations. By focusing on a smaller number of
species, researchers can more easily link specific genes and
functions to organisms leading to clearer insights into mi-
crobial ecology and evolution. Low-complexity metagenome
projects in GOLD provide a valuable resource for scien-
tists seeking to explore fundamental biological processes
in controlled or extreme environments. Publicly available
low-complexity metagenomes can be accessed at https:
/lgold.jgi.doe.gov/projects?page=1&Project.Sequencing+
Strategy=Metagenome+-+Low+Complexity&count=25.

Multiple umbrella BioProjects under one study

An umbrella BioProject at the NCBI is a type of BioProject
that serves as a top-level, organizational entity for a group of
related data-level projects. It acts as a container to aggregate
various studies or datasets under a common theme or objec-
tive. For instance, the Human Microbiome Project is an um-
brella BioProject that groups various sub-projects focused on
studying different microbial communities in the human body,
such as in the gut, skin or mouth (25). This organizational
structure simplifies data sharing and improves collaboration
among research groups working on interconnected themes.
Similarly, a study in GOLD often contains several different
types of projects that share a common goal or research ques-
tion, functioning much like an NCBI umbrella BioProject. A
single GOLD study may consist of several large-scale research
initiatives or projects that span multiple organisms, environ-
mental samples and conditions.

When Joint Genome Institute (JGI) users start publishing
results for a subset of projects from large GOLD studies, we
organize those subsets of data-level BioProjects under um-
brella BioProjects at NCBI. Since more than one umbrella Bio-
Project can be set up at NCBI for a given GOLD study to better
organize related data and publications, we have implemented

¥20z Jlequeoe( g uo 1s8nb Aq 6,65/282/000L88XB/IBU/SE0L 0 | /I0p/aloIe-aouBApE/Ieu/wod dno olwapeoe//:sdy Woll papeojumMo(


https://gold.jgi.doe.gov/resources/Metagenome_SIP_Help.pdf
https://gold.jgi.doe.gov/projects?page=1&Project.Sequencing+Strategy=Metagenome+-+Low+Complexity&count=25

Nucleic Acids Research, 2024

A (Ga0668190)

NCBI Taxonomy Lineage

d__Archaea;p__Euryarchaeota;c__| ales;f__Methanosarcinaceae;g__Methanococcoides;s__Methanococcoides vulcani

icrobia;o__Mett

GTDB Taxenomy Lineage
GTDB Version ID 220

d__Archaea;p__Halobacteriota;c__Methanosarcinia;o__N inales;f__N inaceae;g__Methanococcoides;s__Methanococcoides vulcani

B (GaB42446)

NCBI Taxonomy Lineage
GTDB Taxonomy Lineage
GTDB Version ID 220

d__Bacteria;p__Pseudomonadota;c_ ;o ;f ;g ;s uncultured Pseudomonadota bacterium

d__Bacteria;p__Pseudomonadota;c__Alphaproteobacteria;o__Rs-D84;f _Rs-D84;g__ Enterousia;s__Enterousia sp900313105

C (Gab64464)

NCBI Taxonomy Lineage

d__Bacteria;p__Bacillota;c__Bacilli;o__Bacillales;f__Planococcaceae;g__Planococcus;s__Planococcus sp. APC 4015

GTDB Taxonomy Lineage d__Bacteria;p__Actinomycetota;c__Actinomycetes;o__Actinomycetales;f__Microbacteriaceae;g__Microbacterium;s__Microbacterium
sp030407505
GTDB Version ID 220

Figure 3. lllustration of three scenarios comparing NCBI and GTDB taxonomies for prokaryotic genomes. Panel (A) shows an example where both
taxonomic lineages are identical. Panel (B) highlights a case where GTDB taxonomy provides more detailed classification down to the genus level. Panel
(C) presents a case where NCBI and GTDB taxonomies conflict, offering users an opportunity to review.
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Dakota, USA - 87_897_SD_DR_0cm_c3_T1_160_SIP_2

Figure 4. Overview of a SIP-Parent metagenome project (Gp0592553) composition containing 19 individual SIP-Fractions, 7 of which are shown here.

the capability to associate more than one umbrella BioPro-
ject with an individual GOLD study. Figure 5 shows an ex-
ample of a study with four umbrella BioProjects. The overall
goal of the study is to develop a pan-genus genomic platform
for wildflower genus Mimulus and determine the genomic ba-
sis for ecological adaptations under different environmental
conditions. Each of the four umbrella BioProjects includes
a combination of genome and transcriptome data from dif-
ferent Mimulus genotypes, tissues and habitats. For example,
Mimulus guttatus IM62 is adapted to grow in mine tailings,
thermal springs, serpentine soils and high salt environments.

Umbrella BioProject PRJNA1112459 contains a single Bio-
Project with Mimulus guttatus IM62 genome data and 12
different transcriptome BioProjects with gene expression data
from different parts of the plant such as leaf, stem, flowers and
more.

Help page updates

GOLD’s help page (https://gold.jgi.doe.gov/help) provides
new and existing users with a wide range of resources and
tools to effectively utilize the database’s features and max-
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STUDY INFORMATION

GOLD Study ID Gs0154496

Study Name !
Adaptations

Other Names

NCBI Umbrella BioProject

SRA Studies

Genomic Resources for Mimulus, a Powerful Plant System for Analyses of Environmental

PRJNA1112459 - Mimulus guttatus cultivar: IM62 genome assembly and annotation
PRJNA1112462 - Mimulus nasutus cultivar:SF genome assembly and annotation
PRJNA1112461 - Mimulus guttatus cultivar: IM767 genome assembly and annotation
PRJNA1112463 - Mimulus tilingii cultivar: LVR genome assembly and annotation

SRA Study Id SRP509593 (Link to NCBI )

Study Title

Study
Abstract

Mimulus nasutus SF Transcriptome - SF_R2

SRA Study Ild SRP509594 (Link to NCBI )

Study Title

Study
Abstract

Mimulus nasutus SF Transcriptome - SF_B2

SRA Study Id SRP509591 (Link to NCBI )

Study Title

Study
Abstract

Show more...

Mimulus nasutus SF Transcriptome - SF_ST1

Figure 5. GOLD study with four separate NCBI umbrella BioProjects, each containing genome and transcriptome data for different cultivars of Mimulus.

imize its utility. We regularly update the help page to keep
users informed about the latest developments. For example,
we added new guidance on submitting public NCBI genomes
and metagenomes into GOLD and detailed instructions on
how to access Metagenome — SIP projects and their associ-
ated metadata in the ‘GOLD Documentation’ subsection. De-
scription of new terms were added to the ‘GOLD Terminol-
ogy’ subsection, including Metagenome — SIP specific terms
like ‘SIP-Parent’, ‘SIP-Fraction’ and ‘qSIP’; while new videos
and webinars made their way into the ‘How-to Short Videos
and Workshops’.

JGI-USCCN

A new partnership was recently launched at the JGI in collab-
oration with the United States Culture Collection Network
(USCCN) (26) allowing users to submit their isolate bacte-
rial or archaeal strains for sequencing at the JGI. Individual
users can nominate their organisms by completing a short
form accessible from the URL (https://gold.jgi.doe.gov/usccn).
Participation is open to anyone as long as the organism and
the scientific questions are relevant to the Department of
Energy mission (https:/jgi.doe.gov/user-programs/program-
info/doe-mission-relevance/).

Future plans

To meet the needs of the scientific community, proper planning
is essential for GOLD to remain at the forefront of genomic

research and data management. As genomic science rapidly
evolves, GOLD must keep pace and continuously update its
infrastructure and features. Below are some of the future de-
velopment initiatives that we have planned.

Homepage update

GOLD plays a crucial role in organizing and providing access
to metadata on genome and metagenome projects. However,
as scientific research evolves and the volume of data increases,
the need to revamp or refresh GOLD’s homepage becomes
essential.

By undertaking home page design, we aim to achieve im-
proved usability, enhanced data accessibility, responsive de-
sign and integration with new technologies. Planned updates
include an enhanced user interface of our landing page with a
new design, cleaner layout and improved navigation elements.
Additionally, the new home page will have redesigned menus
and navigation bars to simplify access to GOLD’s core fea-
tures such as search functions, metadata and project listings.
Currently, we are gathering feedback from users and develop-
ing requirements for homepage redesign. This will be followed
by the development and deployment of the redesigned home
page.

Revamping the GOLD homepage will not only improve
functionality but also improve the overall user experience,
making the platform more user-friendly, efficient and capable
of meeting the growing needs of the scientific community.
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Using ROR IDs as sequencing centers

Currently, GOLD users start entering a sequencing center
name to search and find a match in GOLD for the sequenc-
ing center of their choice. However, a search and selection by
name can often be tedious or lead to mistakes by selecting
similar names. Typos in search terms can result in no hits. We
currently allow GOLD users to search ROR institutions by
name, and we plan to further extend this to let users enter
ROR id instead, eliminating the need to enter and search by
text. A ROR ID consists of a unique nine-character string that
is appended to the ROR domain. For example, the ROR ID for
the JGI is ‘https://ror.org/04xm1d337’. The unique strings in
ROR identifiers are assigned randomly and do not contain any
specific organizational information. This approach will reduce
errors that occur when a user selects a sequencing center by
name.

Enhanced metadata standardization and curation

Enhanced metadata standardization and curation refers to
improving the processes of organizing, maintaining and en-
suring the accuracy and consistency of metadata associ-
ated with datasets, particularly in large-scale databases like
GOLD. The key aspects of enhanced metadata standardiza-
tion and curation are standardized metadata formats such as
canonical metagenome sample names, CVs and ontologies,
semi-automated data import processes, interoperability across
databases through data exchange like NCBI submissions and
APIs for providing programmatic access to power users. We
continue to add more curated CV lists, improve Standard Op-
erating Procedures (SOP) for data acquisition and curation,
and expand public APIs to include more metadata fields for
data exchange and sharing.

Training and outreach programs

We continue to regularly update and add new help documents
in GOLD, developing new ‘How-to’ short videos to help cur-
rent and new users. We also plan to present about GOLD at
various meetings to broaden our outreach.

Importing isolate and MAGs based on the GTDB
type material label

After integrating GTDB-Tk taxonomy to isolate and MAG
projects in GOLD, we plan to continue the import of iso-
lates and MAGs based on the GTDB type material label. This
allows us to efficiently integrate genome projects according
to their taxonomic classifications (missing representation in
GOLD), using the GTDB which provides standardized taxon-
omy for bacteria and archaea.

Revamp of statistics and distribution graph pages

Revamping the statistics and distribution graphs in the GOLD
is crucial for enhancing the user experience, data accessibil-
ity and the overall utility of the platform. As the volume and
complexity of genome and metagenome projects grow, mod-
ernizing the way GOLD presents statistical insights becomes
essential for researchers to effectively interpret and utilize the
data. We aim to achieve improved data interpretation through
revamped statics and distribution graphs and offer customiz-
able visualizations.

Nucleic Acids Research, 2024

SIP MIxS extensions

The need for MIXS extensions to SIP data in GOLD is
driven by the growing importance of high-quality, standard-
ized metadata for SIP experiments. SIP is a key method used
to trace the metabolic pathways of microorganisms in com-
plex environments, and ensuring that metadata from SIP ex-
periments is standardized and easily shareable is crucial for
advancing microbial ecology and biogeochemistry research.
GSC is currently working on the MIxS extensions for the SIP
samples, and we plan to implement them once finalized (27).

National Microbiome Data Collaborative
collaborations and metadata exchange

The collaboration between the National Microbiome Data
Collaborative and the GOLD aims to streamline and enhance
the way microbiome data are collected, curated and shared
within the scientific community. Both platforms play pivotal
roles in cataloging and organizing metadata related to micro-
bial genomics. In particular, we would like to develop pro-
cesses to capture metadata from NMDC’s metadata submis-
sion for JGI projects (28).

Data availability
Data are freely available at https://gold.jgi.doe.gov.
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