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Gifting future scientists the past through well-
preserved specimens of modern microbial

ecosystems
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Historical specimens have enabled transforma-
tive insights across kingdoms and ecosystems
with new technologies, yet microbes remain
largely overlooked in preservation efforts. As we
recognize microbial communities as funda-
mental drivers of planetary health, comprehen-
sive microbial archiving becomes an urgent
intergenerational responsibility.
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Trying to piece together life’s history on our planet has been one of the
most fundamental endeavors in life sciences. From Aristotle’s Scala
Naturae to Ernst Haeckel’s intricate illustrations, from Charles Darwin’s
theory of evolution to Carl Woese’s molecular reconstructions,
countless efforts spanning millennia have sought to elucidate life by
characterizing its distinct entities, describing processes that maintain
its diversity, and understanding mechanisms by which life initiates and
responds to planetary change.

The search for answers to fundamental scientific questions has
always been catalyzed by advances in technology. As tools and algo-
rithms improve, so does our desire to revisit historical samples, com-
pare them to their modern analogs, and identify the factors that
ultimately determine whether the entities of life persist or disappear in
their ever-changing environments. Since time travel will likely remain
forever off the table in our universe', our best chance to analyze high-
quality and well-characterized samples from the past with future
technologies is to archive the present.

A powerful demonstration of the importance of archival efforts
comes from modern museums and herbaria. By providing researchers
with access to well-preserved specimens of now-vanished individuals
and ecosystems, these archives have enabled insights that would
otherwise remain out of reach. For instance, using herbarium speci-
mens that spanned over 200 years, Woodward showed that rising
atmospheric CO; led to significant physiological changes in plants’;
Lang et al. later uncovered the genetic basis of this response, revealing
that plants not only respond with short-term physiological adjust-
ments, but also evolve through adaptive genetic processes to cope
with human-driven environmental change®. Using historical specimens
from 1350, Bos et al. reconstructed a Yersinia pestis genome from
victims of the Black Death*, and demonstrated that medieval and
modern populations of Y. pestis do not dramatically differ from one
another, indicating that the nature of the disease today is determined

by social, medical, and ecological practices rather than the genetics of
the causative agent itself. Using museum samples dating back to 1871,
Murray et al. showed that extinction of the passenger pigeon, once the
most abundant bird in North America, was likely a function of evolu-
tionary processes reshaping the population genome to keep up with
environmental perturbations’®, revealing that even species with large
and stable population sizes are not immune to extinction following
rapid changes in their environment. These examples and many others
demonstrate the power of biological archives in reconstructing life
histories and applying their lessons to the present. Yet despite these
successes, a critical gap remains as archival efforts have largely
focused on plant and animal specimens, overlooking the microbial
residents of our host-associated and other natural habitats.

Given how recent our recognition of the existence of microbes
and their incomprehensible diversity is, it is not surprising that they
have not historically attracted the same attention as plants and animals
in archival efforts. But as a result, modern surveys of microbial systems
are unable to take advantage of samples collected centuries ago with
their microbial contents in mind, and applications of advanced tech-
nologies to study complex microbial systems largely remain limited to
contemporary samples that cover relatively short time frames. As we
begin to recognize microbial life as a fundamental driver and indicator
of planetary health®, and learn how to unlock the vast potential of
microbes to address key challenges in health, environmental sustain-
ability, and basic science’, the need to address this archival gap
becomes increasingly urgent.

Multiple researchers have advocated for the need to prioritize
long-term preservation of microbiomes associated with humans
and plants®’, and recent initiatives seek to address the omission
of microbes in archival samples. Two examples of such initiatives
include the Global Microbiome Conservancy (GMbC, https://
microbiomeconservancy.org/), which aims to establish a biobank of
human gut microbial isolates from diverse populations around the
globe, and the UK Crop Microbiome CryoBank (UK-CMCB, https://
www.cabi.org/projects/the-uk-crop-microbiome-cryobank/),  which
aims to secure microbial communities from crops that are critical for
agriculture. Most recently, the Microbiota Vault Initiative (MVI, https://
www.microbiotavault.org/) joined these global biobanking efforts,
with the goal of preserving microbial samples for future study, and
‘safeguarding microbial diversity’, particularly of the human-
associated microbiota’®. MVI's approach involves standardized col-
lection, cryopreservation, and storage of microbial samples to enable
future resuscitation and analysis, and the initiative strives to combine
its technical infrastructure with a global governance model considers
benefit-sharing, inclusivity, and ethical stewardship™.

Our planet is facing formidable challenges that are exacerbated by
climate change, including a rapid loss of biodiversity". Whether the
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great depletion that has afflicted plants and animals has also occurred
among microbes is not yet clear, but numerous observations have
revealed a reduction in microbial diversity that is linked to indus-
trialized lifestyle at least for the human gut environment®, which is also
associated with a dramatic increase in human autoimmune disorders”.
Given these interlinked crises, it is understandable that all prominent
microbial archiving efforts target microbes that are directly associated
with human wellbeing, through isolates or fecal samples from the
human gut, or microbial isolates from plants or fermented foods that
are key to human food security. Similar to other efforts, the MVI pilot
phase starts with a focus on human-associated microbes. But the MVI
differs from previous efforts as a standalone, non-profit entity sub-
stantiated by a comprehensive feasibility study that considers techni-
cal, organizational, legal, ethical, and economical aspects of
implementing a long-term strategy from sample collection to storage
to access (https://www.microbiotavault.org/), and its promise to
broaden archival efforts to environmental samples.

It remains uncertain whether we can counteract the ongoing loss
of biodiversity by resuscitating extinct organisms, and whether such
organisms could survive without continuous human intervention.
Nevertheless, such attempts will always attract attention. Not only
because ‘bringing something back’ offers a nostalgic allure, but also
because it represents a profound exercise of power: the ability to
decide what is to be summoned into existence and on what terms. In
parallel, it is critical to recognize that our basic science, archival
attempts, or efforts to resuscitate what is lost are unlikely to have
lasting impact without transformative societal change that addresses
the human drivers of biodiversity loss'.

Luckily, we can pass such practical concerns to future genera-
tions, along with well-preserved samples that represent our time. In
that quest, incorporating microbes in our historical archives is a fun-
damental responsibility as it is the only way to enable future scientists
who will study ecological, environmental, and health priorities of their
time with the latest technological advances to peer into the past. Sci-
entists, policymakers, and funding agencies must support innovative,
practical archival efforts to ensure future generations a robust, viable
record of Earth’s microbial heritage. Ideally, one that captures not only
human-associated microbes but also those associated with other ani-
mals and plants, aquatic systems, soils, and sediments.
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