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About Mavs Open Press

Creation of this resource was supported by Mavs Open Press,

operated by the University of Texas at Arlington Libraries (UTA
Libraries). Mavs Open Press offers no-cost services for UTA faculty,
staff, and students who wish to openly publish their scholarship.
The Libraries’ program provides human and technological resources
that empower our communities to publish new open access
journals, to convert traditional print journals to open access
publications, and to create or adapt open educational resources
(OER). Our resources are openly licensed using Creative Commons

licenses and are offered in various e-book formats free of charge,
which can be downloaded from the Mavs Open Press OER catalog.
Optional print copies of this text may be available through the UTA
Bookstore or can be purchased directly from XanEdu, Mavs Open
Press’ exclusive print provider and distributor.

About OER

OER are free teaching and learning materials that are licensed to
allow for revision and reuse. They can be fully self-contained
textbooks, videos, quizzes, learning modules, and more. OER are
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copy, distribute, modify, or reuse the content. The legal permission
to modify and customize OER to meet the specific learning
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About This Project

Overview

Microbiomes: Health and the Environment was created to provide
accessible insight into the novel and complex world of polymicrobial
community interactions. As we push forward into the future of
medicine and environmental health, it is imperative that we learn
from each other, from history, and keep up to date with the latest
advances in research and technology. This book not only provides
content from the latest microbiome studies, but contains
interactive tools, videos, and thought-provoking questions to help
the reader hone and truly understand the respective topic. Though
there is much overlap between themes due to the ubiquitous nature
of microbes, the book is broken down into sections pertaining to
both human health (e.g., gut health and disease, as well as other
organ-specific niches) and aspects of the environment (e.g., nutrient
cycling and climate change, marine health, soil and plant health,
etc.) influenced by microbes. However, the content is designed to
bridge ideas and aspects between these themes to support the
One Health concept: that the health of people, animals, and the
environment are all interconnected. This project will continue to
grow with new findings, and adapt with the ever-changing world of
microorganisms.

Creation Process

This project was completed by thorough review of published
literature from reputable resources and written in a style accessible
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to both experienced scholars and newcomers to the subject.
Specific excerpts and articles are provided throughout the book
to give the reader first-hand insight into microbiome research.
Supporting content such as images and videos are also implemented
to give the audience a well-rounded and multifaceted view into
each topic. Interactive tools, quizzes, and critical thinking questions
make each section entertaining and informative. A section with case
studies and directions for original synthesis make information in the
book applicable to real world situations.

About the Author

Dr. Dylan Parks is an Assistant Professor of Instruction at the
University of Texas at Arlington in the Biology Department. As a
microbiologist, he has worked in both academia and industry,
serving as laboratory technician at a local brewery. His research
interests include microbiomics, biomedical sciences, fermentation
science, and microbial symbiotic interactions.
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1. An Introduction to
Microbiomes

An Introduction to Microbiomes

Microorganisms represent the fundamentals of life and interact
with almost every facet of it. Yet, for the majority of their existence
they have been largely ignored, or rather unseen by humans. The
unraveling of the complex interactions between all life forms is an
endless duty and seems to generate more questions than answers.
However, the cracks in knowledge produced by peering into the
unknown offers insight into our life and the world around us. These
minute creatures have shaped Earth’s evolution since their dawn
almost three-and-a-half billion years ago, and continuously affect
our environment and health. The importance of the planet’s
collection of microbes is realized more and more each day, and our
unceasing investigation of them will surely unlock secrets of life we
could never imagine.

The study of microbiomes is fairly novel in the context of
understanding and applying their communal existence to ourselves
and surroundings. Though scientists have recognized symbiotic
relationships and traditionally focused on individual microbes and
their interactions with human health, environmental impact,
industrial applications, etc., their respective communities and
influence as a whole in these areas have only just begun to be
elucidated. That is in no small part due to the daunting task of
cataloging the immense and complex interplay between the
multitude of different microorganisms in a given environment,
though rapid advances in technology have begun to ease analysis.
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What is a microbiome?

A microbiome can be best described as a collective polymicrobial
community, or ‘microbiota) and its associated activity with genetic
and physio-chemical constituents in a defined spaciotemporal
habitat (Figure 1). These members of the microbiota include
bacteria, archaea, algae, protozoa, fungi, and viruses (though the
latter is somewhat debated since viruses and their derivatives aren't
technically living). Within this symbiotic context with a particular
eukaryotic host, the entire entity is termed a ‘holobiont’ and the
aggregate of genetic material termed the ‘hologenome’. Interactions
between these partners may have long occurred, shaping the
evolution of each, whereas others may be novel or transient,
sometimes resulting in prompt change and infectious diseases. The
change in the normal microbiota, or dysbiosis, can result in a variety
of different diseases. As so, their study has been especially
important in the fields of life sciences, human health, and medicine.

Microbiome

Microbiota = <= “Theatre of activity”

Bacteria Archaea Microbial structural elements
) ) Proteins/ Lipid Poly-
— ACEED peptides ipids sacharides
Algae VAR Nucleic acids

structural DNA/RNA

mobile genetic elements

Internal/external structural elements . ) N
incl. viruses/phages relic DNA

Microbial metabolites

(An)organic

Environmental Signalling
diti e molecules

Toxins

Biome: a reasonably well defined habitat which has distinct bio-physio-chemical properties

Figure 1. A schematic highlighting the composition of the term microbiome
containing both the microbiota (community of microorganisms) and their
“theatre of activity” (structural elements, metabolites/signal molecules, and
the surrounding environmental conditions). (Berg et al., 2020 adapted by
Dylan Parks).
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Quick Quiz

a An interactive H5P element has been excluded
from this version of the text. You can view it
online here:

https: //uta.pressbooks.pub

microbiomeshealthandtheenvironment /?p=1529#h5p-1

Our fascination with microorganisms began before we even fully
understood them or were even able to see them. Their implications
concerning human health were primarily explored during the
‘golden age of microbiology’ with the work of Louis Pasteur and
Robert Koch. Their experiments and discoveries shed light on not
only the ubiquitous nature of microbes, but their importance in
our everyday lives. Other significant milestones and historical
microbiological development can be viewed in Figure 2. Human
health and infectious diseases were central to the field of
microbiology, though food microbiology, industrial applications,
and microbial ecology became increasingly explored. Over the last
couple centuries, a microbial catalog of knowledge has slowly
grown, but much of these findings were limited to those organisms
that could be cultured and measured. The advent of sequencing
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and ‘multi-omics’ technologies has since allowed researchers to
document microorganisms that were previously missed or ignored
with traditional techniques, and with further advances, larger
microbial communities and symbioses can be better understood.
The ‘microbiome’ was first defined in the late 1980s when a group of
microbial ecologists were studying the rhizosphere, which provided
context to better describe these polymicrobial communities
(Whipps et al.,, 1988). Many other similar definitions have been
published since then with varying specifics on genetic expression,
symbioses, and ecological interactions (Lederberg & McCray, 2001,
Marchesi & Ravel, 2015, Berg et al., 2020). The ‘holobiont’ concept
stems from Adolf Meyer-Abich’s ‘theory of holobiosis’ proposed in

1943 and was independently conceived and popularized in the early
1990s by Lynn Margulis, though it only described the host and a
single symbiont (Margulis, 1991, Baedke et al., 2020). Since then
has been expanded to include the entire microbiota in multiple

symbiotic contexts (Simon et al., 2019). In recent decades there has

been a steady increase in microbiome publications as the subject
has grown in popularity. Along with that, there has been more
analytical breakdown as certain microbiomes are being described
with emphasis on specific members, such as the ‘bacteriome]
‘archaeome’ ‘mycobiome), ‘protistome’, and ‘virome) and these terms
are best used to refer to the distinct contribution of those particular
microbes within the entire microbiome context. In general, though,
most microbiomes are delineated by their specific host or type of
environment, with the human microbiome being the most popular
example.
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Paradigm shifts Method Innovations Important Discoveries 17th century
3y )
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1911 fluor
101

1969 in situ Hy!

1975 DNA array/colony hyt
1977 Sangs

1977
1982 Prusiner)

1983 PCR technique
1991 theoryof the

R
1095 full-cyle rRNA approach

microbiota " 2010 EarthMicrobiomeProject

21th century

Figure 2. The history of microbiome research from seventieth century until
our days, highlighting the shift of the paradigm from microbes as unsocial
organisms causing diseases to the holistic view of microorganisms being the
center of the One Health Concept: positively interconnecting all areas of our

lives. (Berg et al., 2020).

The Human Microbiome

It was evident that the human microbiome and its involvement in
a micro and macro scale needed to be characterized. The Human
Microbiome Project (HMP) set out in 2007 with this as one of its
primary goals (Turnbaugh et al., 2007). The program also set out

with initiatives to develop a set of microbial genome sequences,
explain the relationship between disease and microbiome changes
and evaluate the data with multi-omics approaches, develop new
tools and technology for computational analysis, establish a data
analysis and coordinating center and research repositories, as well
as address ethical, social, and legal implications of HMP research
(Human Microbiome Project). The second phase of the HMP
launched in 2014, called the Integrative Human Microbiome Project
(iHMP), having the main mission to completely characterize the
human microbiota with a key focus on human health and disease
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using three projects: pregnancy and preterm birth, onset of
inflammatory bowel disease (IBD), and onset of type 2 diabetes (NIH
Human Microbiome Project, The Integrative HMP (iHMP) Research

Network Consortium, 2019). Aside from these, the human

microbiome and disruption of the microbiota has been linked to
several other important conditions and diseases including multiple
sclerosis, diabetes (types 1 and 2), allergies, asthma, autism, and
cancer (Backhed et al., 2012, Hsiao et al., 2013, Petersen and Round,
2014, Trompette et al., 2014, Garrett, 2015, Lloyd-Price et al., 2016).
It makes sense that the human microbiome can have such an

impact on human health and behavior if you consider that we are
essentially a collection of organisms forming a living entity. In a way,
our symbionts may even actually define more of who we are than
just our own unique biological makeup. For instance, the ratio of
microbial cells associated with a human body could equal, if not
exceed (traditional estimates were tenfold), the number of human
cells (Sender et al., 2016). Even more interesting is viewing our

genetic makeup; the human genome contains about 20,000 genes,
but its hologenome contains >33 million genes brought by its
microbiota (Huttenhower et al., 2012, Lloyd-Price et al., 2016, Simon

et al., 2019). Furthermore, the composition and rate of change of

each person’s microbiota is distinctive from one individual to
another since it is influenced by variables like age, lifestyle, diet,
antibiotics, occupation, environment, etc. (Gilbert et al., 2018). The

genetic wealth and member diversity contributed from the
microbiota has roles in adaptation, survival, development, growth,
and reproduction of the holobiont and can affect fitness in the short
term as well as have long lasting effects concerning the evolution of
both partners (Rosenberg, and Zilber-Rosenberg, 2011).

@ One or more interactive elements has been excluded

from this version of the text. You can view them online
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here: https: //uta.pressbooks.pub
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Co-evolution of the host-microbiota symbiosis can be considered
even more unique when viewing the microbial consortium at
different locations or organs in the host, as their makeup is
governed by and reflects specific physiological processes in those
areas. For example, the bacteria found in the human gut microbiota
are primarily from the phyla Bacteroides and Firmicutes, whereas
Actinobacteria and Proteobacteria command the skin microbiome,
though there is some overlap and it is important to note that there
are differences depending on exact location (e.g. dry vs. moist areas
of the skin) (Grice and Segre, 2011, Jandhyala et al. 2015). Though
there are differences between various microbiota within a

holobiont, they can still influence each other to some degree. In
the case of the gut and skin microbiotas in humans, deemed the
‘gut-skin axis, there are indications that both the health of the
gastrointestinal (GI) tract and skin, as well as their response to
stressors, are correlated (Levcovich et al., 2013, O'Neill et al., 2016,

Salem et al. 2018). Even more interesting is the effects certain

microbiota can have on germ-free organs like the brain. Studies on
the ‘gut-brain axis’ show that the microbiota in the GI tract, and
in some cases disruption of it, are associated with many mental
illnesses and neurodegenerative disorders including depression,
anxiety, autism, schizophrenia, Parkinson’s disease, and Alzheimer’s
disease (Clapp et al. 2017, Foster et al. 2017, Cryan et al. 2019).
A variety of different ‘axes’ which demonstrate interplay between

microbiota, organs, and locations have been identified in the human
body and much of what is known about their connections is novel
and early in its research.
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@ One or more interactive elements has been excluded
from this version of the text. You can view them online

here: https: //uta.pressbooks.pub

microbiomeshealthandtheenvironment/?p=1529#oembed-2

Environmental Microbiomes

Not only can our microbiome regulate who we are, but those
communities in the surrounding environment can affect us, our
microbiome, and others. Environmental microbiomes can directly
or indirectly affect our health through ecological interactions. For
example, soil microbiomes in the rhizosphere of plant roots and
plant microbiomes of economically important crops have
implications in agriculture, human health, and ecology (Saleem et
al., 2019, Hirt, 2020). Plant growth, health, soil nutrient cycling and
availability, and defense against potential pathogens are dictated

by their own symbionts as well as their microbial neighbors in the
ground, which include a variety of bacteria, protists, viruses, and
network of fungi known as mycorrhizae (Busby et al., 2017, Hannula
et al., 2017, Pratama and van Elsas, 2018, Zhong et al., 2019,). By
better understanding the functional interactions of all the players

in these environmental microbiomes, it may be possible to address
problems like agricultural soil fertility, plant disease, and pollution.
Thus, harnessing better microbiomes either by specifically
engineering a microbial consortia for a targeted area/specimen
or transplanting a natural community could improve sustainable
agricultural practices which are desperately needed to feed the
expanding population of humans while protecting the environment
(Elhady et al., 2018, Arif et al., 2020, Hernandez-Alvarez et al., 2022).

Studying animal-microbiome systems can also give us
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information about our environment. For instance, how
anthropogenic-induced changes have impacted things like climate-
change and approaches to maintain homeostasis with various
environmental factors. A promising reservoir of research is the
microbiota of marine animals since most of the planet is covered
in water. Corals, sponges, various fish, and marine mammals have
all been investigated to document the response of their microbial
symbionts to changing environmental factors (Apprill, 2017). Other
animal microbiome models are being used in an analogous means to
understand how the microbiota could potentially influence human
health and fitness. The microbiomes of classic biomedical models
such as the fruit fly, zebrafish, and nematode worm are being
investigated since these organisms are well known and readily
available to work with in many labs (Douglas, 2019). Though, it is
important to consider a variety of animal host-microbiome models
as each could contribute unique insights to beneficial microbial
interactions within the human holobiont. For example, the gut
microbiome of honeybees, the skin microbiome of freshwater
polyps, and the individual interaction of Vibro fischeri and the
Hawaiian bob-tailed squid have provided valuable information to
understanding host-microbiome relationships (Douglas, 2019).
Further research of these and other systems are needed for the
pursuit of technological and medical advances or cultural /societal
changes necessary for overall human and planetary benefit.

Microbiome Analysis

Traditionally, it has been difficult to characterize complete
microbial communities, as most projects require substantial time
and resources. Though, advancements in NGS and ‘omics’
technologies have begun to allow researchers to tackle microbiome
analytics using a variety of approaches including metagenomics,
metatranscriptomics, proteomics, metabolomics, culturomics,
etc.(Integrative HMP (iHMP) Research Network Consortium, 2014,
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https://www.frontiersin.org/articles/10.3389/fmars.2017.00222/full
https://www.nature.com/articles/s41579-019-0242-1
https://www.nature.com/articles/s41579-019-0242-1
https://www.sciencedirect.com/science/article/pii/S1931312814003060?via%3Dihub

Bashiardes et al., 2016, Daliri et al., 2017, Janson and Hofmockel,
2018, Lin et al., 2019, Diakite et al., 2020, ). Each technique is selected
and applied depending on the experimental setup and what

questions are being addressed. For instance, does the research care
about the identification of members of the microbiome, how they
are interacting with the host or each other, what macromolecules
are present, what genes are being expressed, what is the functional
potential, etc. These different types of investigations can then be
integrated together in network analyses to establish linkages and
correlations within the microbiome datasets, though statistical
models and analytical tools must be carefully selected to avoid false
outcomes and shortcomings (Jiang et al., 2019). Due to the particular
limitations of these approaches and the unavoidably large datasets
produced by microbiomic studies, it is paramount to continually
develop novel technologies to unearth the knowledge buried in
these microbiomes.

Considering the abundance of microbiomes that no doubt play role
in human health, the extent to which microorganisms sway our lives
is almost impossible to foresee, and the opportunities they present
for improvement to industry, agriculture, environmental and human
health is potentially unlimited.

Check Your Undersranding

o What is the difference between a microbiome and
microbiota?
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* Inwhat ways does a microbiome influence a
holobiont?

e How can an environmental microbiome indirectly
impact human health?

Media Attributions

e Video 1 - What is the human microbiome? by

The Conversation. Licensed under Creative

Commons: By Attribution 3.0 License

https: //creativecommons.org/licenses/by/3.0/
*  Video 2 - Human Science (Part [) - The Gut

Brain Axis, Microbiome & the power of Probiotics

by Infognostica. Licensed under Creative

Commons: By Attribution 3.0 License

https: //creativecommons.org /licenses/by/3.0/

e Figure 1 - Microbiome Schematic by Berg et al.,
2020 adapted by Dylan Parks. Licensed under
Creative Commons: By Attribution 4.0 License
http: //creativecommons.org/licenses/by/4.0/

»  Figure 2 - History of Microbiome Research by
Berg et al., 2020. Licensed under Creative
Commons: By Attribution 4.0 License

http: //creativecommons.org/licenses /by /4.0 /
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