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Food security and sustainability from a microbiology perspective A cross journal collection thatwill covervarious aspects of maintaining or enhancing food production, sustainability and security from a microbiology perspective.Engineering Microbiomes for Green Technologies A cross journal collection thatwill cover recent advancements in the
understandingof evolution of microbiome consortia, the latest signature microbiome-based development, and biotechnological solutions for sustainable environmental management and bioproduction systems in the wake of emerging challenges, including climate change.Retroviruses & the Microbiome A cross journal collectionto bring together new
original research and cutting-edge reviews of new insights into the mechanistic basis for interactions between microbial components of the microbiome across species, retroviruses and microbial niches. Life at the extremeAcross-journal serieslooking at the mechanistic adaptation of any species which thrive in extreme environments.The microbiota-
gut-brain axisThis cross-journal collection brings together both human and animal studies covering all aspects of the microbiota-gut-brain axis role in health and disease, as well as its therapeutic potential. Microbiomes of open water and coastal pelagic environmentsA cross journal collection gathering latest research on microbiomes in open water
and coastal pelagic environments.Integrative multi-omics approaches to elucidate microbiome dynamics and ecosystem processesShowcasing multi-omics techniques that are transforming microbial ecology and microbiome research across diverse domains. Antimicrobial resistance and the microbiomeA cross-journal series examining at the spread of
antimicrobial resistance genes in the environment.Microbiome and cancerA cross journal collection examining the microbiome in relation to cancer The prenatal in utero microbiome controversyAeronautics and space microbiomesin this special series inMicrobiomeand Environmental Microbiome, we highlight articles that explore the microbiome of
aeronautics and space.JPL's Biotechnology and Planetary Protection Group: Special CollectionEdited by: Lynn Schriml Host-microbiota interactions: from holobiont theory to analysisEdited by: Julian Marchesi, Christophe Mougel, Marc-Andr Selosse, Jean-Christophe Simon Microbiome of the Built Environment (MoBE) 2017: Research to
ApplicationEdited by: Lynn Schriml and Christopher Mason Microbiology of the Built EnvironmentEdited by: Jack A Gilbert and Brent Stephens Page 2Shanahan F, Hill C. Language, numeracy and logic in microbiome science. Nat Rev Gastroenterol Hepatol. 2019;16(7):3878.Article PubMed Google Scholar Marchesi JR, Ravel J. The vocabulary of
microbiome research: a proposal. Microbiome. 2015;3:31.Article PubMed PubMed Central Google Scholar Berg G, Rybakova D, Fischer D, Cernava T, Verges MC, Charles T, et al. Microbiome definition re-visited: old concepts and new challenges. Microbiome. 2020;8(1):103.Article PubMed PubMed Central Google Scholar Vandeputte D, Kathagen G,
DHoe K, Vieira-Silva S, Valles-Colomer M, Sabino ], et al. Quantitative microbiome profiling links gut community variation to microbial load. Nature. 2017;551(7681):50711.Article CAS PubMed Google Scholar Jian C, Luukkonen P, Yki-Jarvinen H, Salonen A, Korpela K. Quantitative PCR provides a simple and accessible method for quantitative
microbiota profiling. PLoS ONE. 2020;15(1):e0227285.Article CAS PubMed PubMed Central Google Scholar Tettamanti Boshier FA, Srinivasan S, Lopez A, Hoffman NG, Proll S, Fredricks DN, et al. Complementing 16S rRNA gene amplicon sequencing with total bacterial load to infer absolute species concentrations in the vaginal microbiome.
mSystems. 2020;5(2):e00777.Article PubMed PubMed Central Google Scholar Hill C, Guarner F, Reid G, Gibson GR, Merenstein D], Pot B, et al. Expert consensus document: the international scientific association for probiotics and prebiotics consensus statement on the scope and appropriate use of the term probiotic. Nat Rev Gastroenterol Hepatol.
2014;11(8):50614.Article PubMed Google Scholar Jochum L, Stecher B. Label or concept - what is a pathobiont? Trends Microbiol. 2020;28(10):78992.Article CAS PubMed Google Scholar Oren A, Arahal DR, Goker M, Moore ERB, Rossello-Mora R, Sutcliffe IC. International code of nomenclature of prokaryotes. Prokaryotic code (2022 revision). Int J
Syst Evol Microbiol. 2023;73(5a):005782.Article Google Scholar International Committee on Systematics of Prokaryotes (ICSP). . Accessed 22 Mar 2025.0ren A, Arahal DR, Rossello-Mora R, Sutcliffe IC, Moore ERB. Emendation of Rules 5b, 8, 15 and 22 of the International Code of Nomenclature of Prokaryotes to include the rank of phylum. Int J Syst
Evol Microbiol. 2021;71(6):004851.Article Google Scholar Parte AC, Sarda Carbasse J, Meier-Kolthoff JP, Reimer LC, Goker M. List of Prokaryotic names with Standing in Nomenclature (LPSN) moves to the DSMZ. Int J Syst Evol Microbiol. 2020;70(11):560712.Article PubMed PubMed Central Google Scholar List of Prokaryotic names with Standing in
Nomenclature (LPSN). . Accessed 22 Mar 2025.Parks DH, Chuvochina M, Rinke C, Mussig AJ, Chaumeil PA, Hugenholtz P. GTDB: an ongoing census of bacterial and archaeal diversity through a phylogenetically consistent, rank normalized and complete genome-based taxonomy. Nucleic Acids Res. 2022;50(D1):D78594.Article CAS PubMed Google
Scholar Hedlund BP, Chuvochina M, Hugenholtz P, Konstantinidis KT, Murray AE, Palmer M, et al. SeqCode: a nomenclatural code for prokaryotes described from sequence data. Nat Microbiol. 2022;7(10):17028.CAS PubMed PubMed Central Google Scholar American Society for Microbiology. . Accessed 22 Mar 2025.Thines M, Aoki T, Crous PW,
Hyde KD, Lucking R, Malosso E, et al. Setting scientific names at all taxonomic ranks in italics facilitates their quick recognition in scientific papers. IMA Fungus. 2020;11(1):25.Article PubMed PubMed Central Google Scholar International Code of Nomenclature of Prokaryotes. Int J Syst Evol Microbiol. 2019;69(1A):S1111.Article Google Scholar
Arahal D, Bisgaard M, Christensen H, Clermont D, Dijkshoorn L, Duim B, et al. The best of both worlds: a proposal for further integration of Candidatus names into the International Code of Nomenclature of Prokaryotes. Int J Syst Evol Microbiol. 2024;74(1):006188.Article CAS Google Scholar Lefkowitz EJ, Dempsey DM, Hendrickson RC, Orton R]J,
Siddell SG, Smith DB. Virus taxonomy: the database of the International Committee on Taxonomy of Viruses (ICTV). Nucleic Acids Res. 2018;46(D1):D70817.Article CAS PubMed Google Scholar Fricke WF, Ravel J. Microbiome or no microbiome: are we looking at the prenatal environment through the right lens? Microbiome. 2021;9(1):9.Article
PubMed PubMed Central Google Scholar Kennedy KM, de Goffau MC, Perez-Munoz ME, Arrieta MC, Backhed F, Bork P, et al. Questioning the fetal microbiome illustrates pitfalls of low-biomass microbial studies. Nature. 2023;613(7945):63949.Article CAS PubMed PubMed Central Google Scholar Nearing JT, Comeau AM, Langille MGI. Identifying
biases and their potential solutions in human microbiome studies. Microbiome. 2021;9(1):113.Article PubMed PubMed Central Google Scholar Eisenhofer R, Minich JJ, Marotz C, Cooper A, Knight R, Weyrich LS. Contamination in Low Microbial Biomass Microbiome Studies: Issues and Recommendations. Trends Microbiol. 2019;27(2):10517.Article
CAS PubMed Google Scholar Karstens L, Asquith M, Davin S, Fair D, Gregory WT, Wolfe A]J, et al. Controlling for contaminants in low-biomass 16S rRNA gene sequencing experiments. mSystems. 2019;4(4):10.Article Google Scholar Salter SJ, Cox M], Turek EM, Calus ST, Cookson WO, Moffatt MF, et al. Reagent and laboratory contamination can
critically impact sequence-based microbiome analyses. BMC Biol. 2014;12:87.Article PubMed PubMed Central Google Scholar Bedarf JR, Beraza N, Khazneh H, Ozkurt E, Baker D, Borger V, et al. Much ado about nothing? Off-target amplification can lead to false-positive bacterial brain microbiome detection in healthy and Parkinsons disease
individuals. Microbiome. 2021;9(1):75.Article CAS PubMed PubMed Central Google Scholar Reitmeier S, Hitch TCA, Treichel N, Fikas N, Hausmann B, Ramer-Tait AE, et al. Handling of spurious sequences affects the outcome of high-throughput 16S rRNA gene amplicon profiling. ISME Commun. 2021;1(1):31.Article PubMed PubMed Central Google
Scholar Kozich JJ, Westcott SL, Baxter NT, Highlander SK, Schloss PD. Development of a dual-index sequencing strategy and curation pipeline for analyzing amplicon sequence data on the MiSeq Illumina sequencing platform. Appl Environ Microbiol. 2013;79(17):511220.Article CAS PubMed PubMed Central Google Scholar Palmer JM, Jusino MA,
Banik MT, Lindner DL. Non-biological synthetic spike-in controls and the AMPtk software pipeline improve mycobiome data. Peer]. 2018;6:€4925.Article PubMed PubMed Central Google Scholar Costea PI, Zeller G, Sunagawa S, Pelletier E, Alberti A, Levenez F, et al. Towards standards for human fecal sample processing in metagenomic studies. Nat
Biotechnol. 2017;35(11):106976.Article CAS PubMed Google Scholar Miller DN, Bryant JE, Madsen EL, Ghiorse WC. Evaluation and optimization of DNA extraction and purification procedures for soil and sediment samples. Appl Environ Microbiol. 1999;65(11):471524.Article CAS PubMed PubMed Central Google Scholar Walker AW, Martin JC, Scott
P, Parkhill J, Flint HJ, Scott KP. 16S rRNA gene-based profiling of the human infant gut microbiota is strongly influenced by sample processing and PCR primer choice. Microbiome. 2015;3:26.Article PubMed PubMed Central Google Scholar Galla G, Praeg N, Rzehak T, Sprecher E, Colla F, Seeber ], et al. Comparison of DNA extraction methods on
different sample matrices within the same terrestrial ecosystem. Sci Rep. 2024;14(1):8715.Article CAS PubMed PubMed Central Google Scholar Walker AW, Hoyles L. Human microbiome myths and misconceptions. Nat Microbiol. 2023;8(8):13926.Article CAS PubMed Google Scholar Giangacomo C, Mohseni M, Kovar L, Wallace JG. Comparing DNA
Extraction and 16S rRNA Gene Amplification Methods for Plant-Associated Bacterial Communities. Phytobiomes Journal. 2021;5(2):190201.Article Google Scholar Fitzpatrick CR, Lu-Irving P, Copeland ], Guttman DS, Wang PW, Baltrus DA, et al. Chloroplast sequence variation and the efficacy of peptide nucleic acids for blocking host amplification in
plant microbiome studies. Microbiome. 2018;6(1):144.Article PubMed PubMed Central Google Scholar Wensel CR, Pluznick JL, Salzberg SL, Sears CL. Next-generation sequencing: insights to advance clinical investigations of the microbiome. J Clin Invest. 2022;132(7):e154944 Article CAS PubMed PubMed Central Google Scholar MacConaill LE,
Burns RT, Nag A, Coleman HA, Slevin MK, Giorda K, et al. Unique, dual-indexed sequencing adapters with UMIs effectively eliminate index cross-talk and significantly improve sensitivity of massively parallel sequencing. BMC Genomics. 2018;19(1):30.Article PubMed PubMed Central Google Scholar Johnson JS, Spakowicz D], Hong BY, Petersen LM,
Demkowicz P, Chen L, et al. Evaluation of 16S rRNA gene sequencing for species and strain-level microbiome analysis. Nat Commun. 2019;10(1):5029.Article PubMed PubMed Central Google Scholar Curry KD, Wang Q, Nute MG, Tyshaieva A, Reeves E, Soriano S, et al. Emu: species-level microbial community profiling of full-length 16S rRNA Oxford
Nanopore sequencing data. Nat Methods. 2022;19(7):84553.Article CAS PubMed PubMed Central Google Scholar Jamy M, Foster R, Barbera P, Czech L, Kozlov A, Stamatakis A, et al. Long-read metabarcoding of the eukaryotic rDNA operon to phylogenetically and taxonomically resolve environmental diversity. Mol Ecol Resour.
2020;20(2):42943.Article CAS PubMed Google Scholar Srinivas M, Walsh CJ, Crispie F, OSullivan O, Cotter PD, van Sinderen D, et al. Evaluating the efficiency of 16S-ITS-23S operon sequencing for species level resolution in microbial communities. Sci Rep. 2025;15(1):2822.Article CAS PubMed PubMed Central Google Scholar Pinto Y, Bhatt AS.
Sequencing-based analysis of microbiomes. Nat Rev Genet. 2024;25(12):82945.Article CAS PubMed Google Scholar Sun S, Jones RB, Fodor AA. Inference-based accuracy of metagenome prediction tools varies across sample types and functional categories. Microbiome. 2020;8(1):46.Matchado MS, Rhlemann M, Reitmeier S, Kacprowski T, Frost F,
Haller D, Baumbach J, List M. On the limits of 16S rRNA gene-based metagenome prediction and functional profiling. Microb Genom. 2024;10(2):001203.Li F, Li X, Cheng CC, Bujdos D, Tollenaar S, Simpson D], et al. A phylogenomic analysis of Limosilactobacillus reuteri reveals ancient and stable evolutionary relationships with rodents and birds and
zoonotic transmission to humans. BMC Biol. 2023;21(1):53.Article PubMed PubMed Central Google Scholar Maistrenko OM, Mende DR, Luetge M, Hildebrand F, Schmidt TSB, Li SS, et al. Disentangling the impact of environmental and phylogenetic constraints on prokaryotic within-species diversity. ISME J. 2020;14(5):124759.Article PubMed
PubMed Central Google Scholar Hitch TCA, Masson JM, Pauvert C, Bosch J, Nchtern S, Treichel N, et al. Broad diversity of human gut bacteria accessible via a traceable strain deposition system. bioRxiv. 2024:2024.06.20.599854. Y, Muller DB, Srinivas G, Garrido-Oter R, Potthoff E, Rott M, et al. Functional overlap of the Arabidopsis leaf and root
microbiota. Nature. 2015;528(7582):3649.Article CAS PubMed Google Scholar Northen TR, Kleiner M, Torres M, Kovacs AT, Nicolaisen MH, Krzyzanowska DM, et al. Community standards and future opportunities for synthetic communities in plant-microbiota research. Nat Microbiol. 2024;9(11):277484.Article CAS PubMed Google Scholar Stewart
RD, Auffret MD, Warr A, Walker AW, Roehe R, Watson M. Compendium of 4,941 rumen metagenome-assembled genomes for rumen microbiome biology and enzyme discovery. Nat Biotechnol. 2019;37(8):95361.Article CAS PubMed PubMed Central Google Scholar Nayfach S, Roux S, Seshadri R, Udwary D, Varghese N, Schulz F, et al. A genomic
catalog of Earths microbiomes. Nat Biotechnol. 2021;39(4):499509.Article CAS PubMed Google Scholar Royo-Llonch M, Sanchez P, Ruiz-Gonzalez C, Salazar G, Pedros-Alio C, Sebastian M, et al. Compendium of 530 metagenome-assembled bacterial and archaeal genomes from the polar Arctic Ocean. Nat Microbiol. 2021;6(12):156174.Article CAS
PubMed Google Scholar Borton MA, McGivern BB, Willi KR, Woodcroft B], Mosier AC, Singleton DM, et al. A functional microbiome catalogue crowdsourced from North American rivers. Nature. 2025;637(8044):10312.Article CAS PubMed Google Scholar Almeida A, Mitchell AL, Boland M, Forster SC, Gloor GB, Tarkowska A, et al. A new genomic
blueprint of the human gut microbiota. Nature. 2019;568(7753):499504.Article CAS PubMed PubMed Central Google Scholar Blanco-Miguez A, Beghini F, Cumbo F, Mclver L], Thompson KN, Zolfo M, et al. Extending and improving metagenomic taxonomic profiling with uncharacterized species using MetaPhlAn 4. Nat Biotechnol.
2023;41(11):163344.Article CAS PubMed PubMed Central Google Scholar Olson RD, Assaf R, Brettin T, Conrad N, Cucinell C, Davis J], et al. Introducing the Bacterial and Viral Bioinformatics Resource Center (BV-BRC): a resource combining PATRIC, IRD and ViPR. Nucleic Acids Res. 2023;51(D1):D67889.Article CAS PubMed Google Scholar
Richardson L, Allen B, Baldi G, Beracochea M, Bileschi ML, Burdett T, et al. MGnify: the microbiome sequence data analysis resource in 2023. Nucleic Acids Res. 2023;51(D1):D7539.Article CAS PubMed Google Scholar Chen IA, Chu K, Palaniappan K, Ratner A, Huang J, Huntemann M, et al. The IMG/M data management and analysis system vol 7:
content updates and new features. Nucleic Acids Res. 2023;51(D1):D72332.Article CAS PubMed Google Scholar Frioux C, Singh D, Korcsmaros T, Hildebrand F. From bag-of-genes to bag-of-genomes: metabolic modelling of communities in the era of metagenome-assembled genomes. Comput Struct Biotechnol J. 2020;18:172234.Article CAS PubMed
PubMed Central Google Scholar Meyer F, Lesker TR, Koslicki D, Fritz A, Gurevich A, Darling AE, et al. Tutorial: assessing metagenomics software with the CAMI benchmarking toolkit. Nat Protoc. 2021;16(4):1785801.Article CAS PubMed Google Scholar Meyer F, Fritz A, Deng ZL, Koslicki D, Lesker TR, Gurevich A, et al. Critical Assessment of
Metagenome Interpretation: the second round of challenges. Nat Methods. 2022;19(4):42940.Article CAS PubMed PubMed Central Google Scholar Nearing JT, Douglas GM, Hayes MG, MacDonald ], Desai DK, Allward N, et al. Microbiome differential abundance methods produce different results across 38 datasets. Nat Commun.
2022;13(1):342.Article CAS PubMed PubMed Central Google Scholar Gloor GB, Macklaim JM, Pawlowsky-Glahn V, Egozcue J]J. Microbiome Datasets Are Compositional: And This Is Not Optional. Front Microbiol. 2017;8:2224 .Article PubMed PubMed Central Google Scholar Boshuizen HC, Te Beest DE. Pitfalls in the statistical analysis of microbiome
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Microbiome. 2023;11(1):24.Article CAS PubMed PubMed Central Google Scholar Our bodies are bustling ecosystems, teeming with trillions of microscopic organisms. This vast, invisible world within and on us has countless inhabitants interacting with each other and their surroundings. Understanding this hidden dimension of life is reshaping how
we view human health, revealing that we are superorganisms composed of both human and microbial cells. Defining the MicrobiomeThe term microbiome refers to the entire habitat of microorganisms in a particular environment. It is a comprehensive concept that includes the community of microbes, their collective genetic material, and the
immediate environment they occupy. This ecosystem is populated by a diverse range of microorganisms, including bacteria, archaea, fungi, and viruses.The microbiome is not a static entity. Its composition and activity are in constant flux, influenced by both internal and external factors like diet and medication. This dynamic nature means the
microbiome is a key interface between our bodies and the world around us, constantly adapting and responding to new conditions. Microbiome vs. MicrobiotaThe terms microbiome and microbiota are often used interchangeably, but they have distinct meanings. Microbiota refers specifically to the population of living microorganisms themselvesthe
actual collection of bacteria, archaea, fungi, and viruses in a specific location.The microbiome encompasses the microbiota and their entire theater of activity. This includes the collective genomes of all the microbes, their structural components, and the metabolites they produce. It also covers the environmental conditions of the habitat itself, such as
nutrient availability, pH, and temperature.A useful analogy is to think of an aquarium. The microbiota would be the fish, snails, and shrimpthe living creatures within the tank. The microbiome, in contrast, is the entire aquarium system. It includes the fish (microbiota), but also the water, the gravel, the plants, and all the chemical interactions and
nutrient cycles happening within that contained world. The Human MicrobiomeHumans are colonized by a vast number of microorganisms, with non-human cells roughly equaling the number of human cells in the body. These communities are not uniformly distributed, forming distinct microbiomes in different locations, each with a unique
composition. Major sites for these communities include the gut, skin, mouth, and nasal passages.The gut microbiome is the most well-known, containing a dense population of microbes that aid in digestion. The skin hosts a complex microbiome that helps break down lipids to produce natural moisturizers, while the oral cavity and respiratory tract
have their own specialized communities. The diversity between these sites can be significant, as the microbial differences between the gut and mouth are comparable to those between soil and oceans.A persons core microbiome is established within the first few years of life, influenced by factors from birth and early environmental exposures. While
this foundational community remains relatively stable, its composition can change over time. Why the Microbiome MattersThese microbial communities are not passive residents; they actively participate in fundamental bodily processes. They help protect us from disease-causing pathogens by occupying space and resources, a process known as
colonization resistance.These communities play a part in the development and function of our immune system. Exposure to a diverse range of microbes early in life helps train the immune system to distinguish between friend and foe. In the digestive system, gut microbes are indispensable for breaking down complex carbohydrates and other
components of food that our own cells cannot, enabling us to extract more energy and nutrients from our diet. We live in an interconnected world. On the surface, it may seem that we, as human beings, are isolated from the many invisible creatures that inhabit our environment. But the truth is, we are never truly alone. At this very moment, trillions
of microorganismsbacteria, viruses, fungi, and other microbesare living in and on our bodies. These tiny life forms make up what is called our microbiome, and they play a vital role in nearly every aspect of our health.The concept of the microbiome has transformed our understanding of human biology. Once considered just a collection of germs to be
avoided, microbes are now recognized as essential partners that influence everything from digestion and immunity to mental health and disease resistance. These microorganisms outnumber human cells by about 10 to 1, and they can weigh up to a couple of pounds, making them not just present but significant players in the story of who we are.The
human microbiome is a vast ecosystem. It encompasses the collective genetic material of all the microbes that inhabit our body, with the largest concentrations found in the gut, skin, mouth, and other mucosal surfaces. Scientists have identified over 1,000 different species of bacteria alone, and each plays a specific role in keeping us healthy.To
understand why the microbiome is so important, its crucial to first understand its diversity. Different regions of our body host different types of microorganisms. For example, the microbiome in our gut is primarily composed of bacteria, which help digest food, synthesize essential vitamins, and support our immune system. On the skin, bacteria, fungi,
and viruses interact with the environment and contribute to our skins health, while the mouth harbors microbes that play key roles in dental health and the immune response.These microorganisms, though individually small, collectively perform complex functions that we rely on for survival. Their diversity and balance are critical. Just as a rainforest
thrives on its variety of species, our bodies flourish when the microbes within them interact harmoniously.One of the most well-known and significant roles the microbiome plays is in digestion. Our digestive system is home to trillions of bacteria that help break down food, absorb nutrients, and even influence how much energy we gain from the foods
we eat.These microbes digest food that we cannot. For instance, our bodies lack the enzymes needed to break down certain complex carbohydrates, but our gut bacteria can handle them with ease. As a result, they break down fiber into short-chain fatty acids, which are crucial for maintaining gut health and providing energy to our cells. Without this
microbial support, we would not be able to extract all the nutrients from the food we consume.Moreover, gut bacteria also play an important role in synthesizing essential vitamins, such as B vitamins and vitamin K, which our bodies cannot produce on their own. Some microbes also help to detoxify harmful substances, making the microbiome a
powerful ally in protecting us from disease.In addition to aiding digestion, the microbiome is intimately linked with our immune system. The gut alone contains about 70% of the bodys immune cells. In fact, our gut bacteria act as sentinels, training our immune system to distinguish between harmful invaders and harmless substances. This balance is
critical in preventing overreactions, such as autoimmune diseases, or underreactions, which could leave us vulnerable to infections.A healthy microbiome helps maintain this balance by promoting the production of anti-inflammatory molecules and keeping harmful bacteria in check. On the flip side, an imbalanced microbiome, a condition known as
dysbiosis, has been linked to a range of autoimmune disorders, allergies, and chronic inflammatory conditions like Crohns disease and rheumatoid arthritis.Scientists are even exploring how the microbiome can influence vaccines. The microbial environment can enhance or dampen immune responses, meaning that a diverse and well-balanced
microbiome may improve how well we respond to vaccines or other forms of immunotherapy.Perhaps one of the most fascinating aspects of the microbiome is its influence on the brain. You may have heard the phrase gut feeling when someone describes an instinctive response to a situation. This expression isnt just metaphoricalresearch has shown
that our gut and brain communicate in ways that influence our emotions, behavior, and cognitive function.This connection is known as the gut-brain axis, and its a rapidly growing area of research. The gut microbiome produces a range of neurotransmitters, including serotonin, which plays a significant role in mood regulation. In fact, about 90% of
the bodys serotonin is produced in the gut, not the brain. This discovery has led to the realization that the gut microbiome could influence conditions such as anxiety, depression, and even autism spectrum disorders.Studies have shown that an imbalance in gut bacteria may contribute to the development of these mental health issues. Furthermore,
research into probioticsthe live beneficial bacteria found in some foodshas shown promise in improving mood and cognitive function. This emerging field of study is helping us understand just how much our gut health affects our mental well-being, making it clear that the mind-body connection is stronger than we once thought.The role of the
microbiome extends far beyond digestion and mood. In recent years, scientists have uncovered its involvement in a range of chronic diseases, including obesity, diabetes, cardiovascular disease, and even cancer. The balance of gut bacteria can impact how our bodies store fat, regulate blood sugar, and manage inflammationall of which are crucial
factors in these conditions.In obesity, for instance, certain gut microbes may extract more energy from food, leading to weight gain. This discovery has sparked interest in microbiome-based therapies for weight management, with some researchers investigating whether altering the microbiome could help combat obesity.Similarly, the microbiomes
role in diabetes is becoming clearer. Studies have shown that people with type 2 diabetes often have different microbial compositions compared to healthy individuals. These differences could contribute to insulin resistance and other metabolic problems, suggesting that microbiome interventions might one day play a role in treating or preventing
diabetes.The link between the microbiome and cancer is also being explored. For example, some gut bacteria are known to produce carcinogenic compounds, while others may help prevent cancer by regulating inflammation and supporting immune function. Research into the microbiomes role in cancer treatment is still in its early stages, but its a
promising area for future therapeutic strategies.While the microbiome is a critical component of human health, modern life is having a profound impact on its composition. Factors like antibiotics, diet, and even stress are influencing the delicate balance of our microbial ecosystem.Antibiotics, for example, have revolutionized medicine and saved
countless lives. However, their overuse has disrupted the microbiome, Killing off not only harmful bacteria but also beneficial ones. This disruption can lead to conditions like antibiotic-resistant infections and gastrointestinal problems. In some cases, it has been linked to chronic diseases, as a disrupted microbiome may fail to provide adequate
protection against harmful invaders.Diet is another major factor that influences the microbiome. A diet high in processed foods, sugar, and unhealthy fats can promote the growth of harmful bacteria and fungi, while a diet rich in fiber, fruits, and vegetables supports beneficial bacteria. The modern Western diet, with its emphasis on convenience and
fast food, has been shown to create an imbalanced microbiome that may contribute to a host of chronic conditions, including obesity, heart disease, and diabetes.Stress, too, has a negative effect on the microbiome. Chronic stress can lead to an overproduction of cortisol, a hormone that alters the balance of gut bacteria. This can lead to digestive
issues, inflammation, and even a weakened immune response, showing just how interconnected our physical and mental states are.Despite the vast strides weve made in understanding the microbiome, we are only scratching the surface. The human microbiome is incredibly complex, and researchers are still working to understand its full range of
functions and how we can harness its potential to improve health.Future research may lead to new treatments and therapies that focus on restoring a healthy microbiome. Probiotics, prebiotics (compounds that feed good bacteria), and even fecal transplants (transferring microbiota from a healthy individual to a patient) are already showing promise
in treating conditions like irritable bowel syndrome, C. difficile infections, and inflammatory bowel disease.As we learn more about how the microbiome influences every aspect of our health, its likely that microbiome-based medicine will become an integral part of healthcare in the future. Tailored interventions, such as personalized microbiome
therapies, could one day become as commonplace as prescriptions for antibiotics.The human microbiome is far from just a collection of bacteria and other microbes; it is an essential, dynamic system that shapes our health, influences our behavior, and may even hold the key to curing diseases. From digesting our food to defending against pathogens,
regulating our immune system, and impacting our mental health, the microbiome is integral to our overall well-being.As we continue to explore this hidden world, the more we realize how much it matters. By nurturing and protecting the balance of our microbiomethrough a healthy diet, proper use of antibiotics, stress management, and morewe can
unlock a new frontier in personal health and longevity. The microbiome, once seen as an afterthought in the human body, is now recognized as an indispensable partner in the journey toward a healthier life. The microbiome is the collection of all microbes, such as bacteria, fungi, viruses, and their genes, that naturally live on our bodies and inside us.
Although microbes require a microscope to see them, they contribute to human health and wellness in many ways. Table of Contents What is NIEHS Doing? Further Reading The microbiome is the collection of all microbes, such as bacteria, fungi, viruses, and their genes, that naturally live on our bodies and inside us. Although microbes are so small
that they require a microscope to see them, they contribute in big ways to human health and wellness. They protect us against pathogens, help our immune system develop, and enable us to digest food to produce energy.Because the microbiome is a key interface between the body and the environment, these microbes can affect health in many ways
and can even affect how we respond to certain environmental substances. Some microbes alter environmental substances in ways that make them more toxic, while others act as a buffer and make environmental substances less harmful.How can the microbiome affect health?The critical role of the microbiome is not surprising when considering that
there are as many microbes as there are human cells in the body. The human microbiome is diverse, and each body site for example, the gut, skin, and oral and nasal cavities has a different community of microbes.A persons core microbiome is formed in the first years of life but can change over time in response to different factors including diet,
medications, and environmental exposures.Differences in the microbiome may lead to different health effects from environmental exposures and may also help determine individual susceptibility to certain illnesses. Environmental exposures can also disrupt a persons microbiome in ways that could increase the likelihood of developing conditions such
as diabetes, obesity, cardiovascular and neurological diseases, allergies, and inflammatory bowel disease. For example, specific changes in the gut microbiome have been linked to liver health. NIEHS-funded researchers and collaborators developed a rapid, low-cost tool that uses stool samples to detect microbial changes that can accurately diagnose
liver fibrosis and cirrhosis. What is NIEHS Doing? NIEHS studies the microbiome to gain a better understanding of its complex relationships with the environment, and how these interactions may contribute to human wellbeing or disease. This knowledge could help us revolutionize the way new chemicals are tested for toxicity, and design prevention
and treatment strategies for diseases that have environmental causes.As part of efforts to implement the NIEHS Strategic Plan, a cross-divisional faculty was created with the goal of fostering collaborative research on the microbiome across the NIEHS Division of Intramural Research, Division of Translational Toxicology, and Division of Extramural
Research and Training. NIEHS-supported research related to the microbiome includes a variety of environmental factors, including:Air pollution NIEHSfunded research found breathing ultrafine particles, a component of air pollution, altered the gut microbiome and changed lipid metabolism in mice with atherosclerosis. Another study showed that
exposure totraffic-related air pollution (TRAP) altered the respiratory microbiome in children.Antimicrobials A study found a profound effect from triclosan, a common ingredient in antimicrobial products, on the gut microbiome in mice. Mice that consumed triclosan through drinking water displayed an uptick in bacterial genes related to the stress
response, antibiotic resistance, and heavy metal resistance.Artificial sweetenersSucralose, an artificial sweetener, changes the gut microbiome in mice and may increase the risk of developing chronic inflammation.Another study found acesulfame potassium, also an artificial sweetener, induced weight gain in male, but not female, mice.Cancer -
Dietary restriction of methionine, a protein amino acid, has been effective in decreasing tumor growth and promoting antitumor immunity in people with certain cancers. NIEHS supported a 2023 study of intestinal cancer in a mouse model that showed an opposite effect in mice with healthy immune systems. This difference results from varying
effects of methionine on gut microbiota involved in systemic immunity. If similar results are seen in humans, this finding could have implications for the treatment of colon cancer patients with dietary interventions to influence their microbiomes.Chronic stress Chronic stress disturbs the gut microbiome in mice, triggering an immune response and
promoting the development of colitis, a chronic digestive disease characterized by inflammation of the inner lining of the colon.Diet NIEHS researchers showed ahighfat diet affected the gut microbiome of mice in a way that predisposed them to gain weight and develop obesity.Flame retardants Early life exposure to types of flame retardants
calledpolybrominated diphenyl ethers (PBDESs) and polychlorinated biphenyls(PCBs) can have a life-long impact on disease risk, which may be shaped by the gut microbiome.Heavy metalsArsenic exposure in mice changed the gut microbiome and altered molecular pathways in bacteria that are important to biological functions like DNA repair. A
separate study suggested that the microbiome could protect mice from arsenic or methylmercury toxicity. In addition, research in a mouse model of Alzheimers disease demonstrated thatexposure to cadmium altered an important communication pathway between the gut microbiome and the central nervous system called the gut-brain axis.Infant
Health Birth mode, by C-section or natural birth, and what is eaten, formula or breast milk, during the first six weeks of life may affect the type of microbes in the gut microbiome of infants. The composition of thevaginal microbiome at birth can have lasting effects on offspring metabolism, immunity, and the brain.Pathogens Certain microbes, or
pathogens, in the humanoral microbiome may play a role in either increased or decreased risk of pancreatic cancer.Pesticides Exposure to the widely used agricultural insecticidediazinon changed the gut microbiome of mice. These changes were more pronounced in male than female mice, providing insight into previously reported sexspecific effects
of this toxicant on the nervous system.What questions remain about the microbiome?Research has yielded tremendous insight into the links between the microbiome, environmental exposures, and human health. Yet big questions remain and are the focus of continuing research supported by NIEHS. These questions include:What are the associations
between biological responses to exposures and the microbiome?What information about the microbiome should be collected to understand how the microbiome responds to environmental exposures?In what ways does the microbiome affect exposure to toxic chemicals?Are current tools for manipulating the microbiome sufficient to develop
interventions to prevent disease? Further Reading Stories from the Environmental Factor (NIEHS Newsletter) Podcasts Parkinsons Disease, Pesticides, and the Gut Microbiome (2021) - This podcast explores how the environment, gut microbiome, and brain interact to influence the development and progression of Parkinsons disease. Well also hear
how better understanding these complex interactions can help scientists develop interventions to slow, or even stop, progression of the disease. Additional Resources Related Health Topics Exposure Science Nutrition, Health, and Your Environment Science Park 1061098 XG Amsterdaminfo@microbiome.nl Microbiome is trendsetter op het gebied van
innovatieve moleculaire microbiologische technieken. leesmeer> Voor vragen of opmerkingen over onze producten, diensten of deze website. Leesmeer> Microbiome heeft tal van samenwerkingsverbanden en licentie-overeenkomsten met bedrijven en onderzoeksinstellingen over de hele wereld. In de farmaceutische, biotechnologie en biomedische
onderzoek, is Microbiome een premium partner... leesmeer> Jump to: What is the microbiome? How microbiota benefit the body The role of probiotics Can diet affect ones microbiota? Future areas of research Picture a bustling city on a weekday morning, the sidewalks flooded with people rushing to get to work or to appointments. Now imagine this
at a microscopic level and you have an idea of what the microbiome looks like inside our bodies, consisting of trillions of microorganisms (also called microbiota or microbes) of thousands of different species. [1] These include not only bacteria but fungi, parasites, and viruses. In a healthy person, these bugs coexist peacefully, with the largest
numbers found in the small and large intestines but also throughout the body. The microbiome is even labeled a supporting organ because it plays so many key roles in promoting the smooth daily operations of the human body. Each person has an entirely unique network of microbiota that is originally determined by ones DNA. A person is first
exposed to microorganisms as an infant, during delivery in the birth canal and through the mothers breast milk. [1] Exactly which microorganisms the infant is exposed to depends solely on the species found in the mother. Later on, environmental exposures and diet can change ones microbiome to be either beneficial to health or place one at greater
risk for disease. The microbiome consists of microbes that are both helpful and potentially harmful. Most are symbiotic (where both the human body and microbiota benefit) and some, in smaller numbers, are pathogenic (promoting disease). In a healthy body, pathogenic and symbiotic microbiota coexist without problems. But if there is a disturbance
in that balancebrought on by infectious illnesses, certain diets, or the prolonged use of antibiotics or other bacteria-destroying medicationsdysbiosis occurs, stopping these normal interactions. As a result, the body may become more susceptible to disease. Microbiota stimulate the immune system, break down potentially toxic food compounds, and
synthesize certain vitamins and amino acids, [2] including the B vitamins and vitamin K. For example, the key enzymes needed to form vitamin B12 are only found in bacteria, not in plants and animals. [3] Sugars like table sugar and lactose (milk sugar) are quickly absorbed in the upper part of the small intestine, but more complex carbohydrates like
starches and fibers are not as easily digested and may travel lower to the large intestine. There, the microbiota help to break down these compounds with their digestive enzymes. The fermentation of indigestible fibers causes the production of short chain fatty acids (SCFA) that can be used by the body as a nutrient source but also play an important
role in muscle function and possibly the prevention of chronic diseases, including certain cancers and bowel disorders. Clinical studies have shown that SCFA may be useful in the treatment of ulcerative colitis, Crohns disease, and antibiotic-associated diarrhea. [2] The microbiota of a healthy person will also provide protection from pathogenic
organisms that enter the body such as through drinking or eating contaminated water or food. Large families of bacteria found in the human gut include Prevotella, Ruminococcus, Bacteroides, and Firmicutes. [4] In the colon, a low oxygen environment, you will find the anaerobic bacteria Peptostreptococcus, Bifidobacterium, Lactobacillus, and
Clostridium. [4] These microbes are believed to prevent the overgrowth of harmful bacteria by competing for nutrients and attachment sites to the mucus membranes of the gut, a major site of immune activity and production of antimicrobial proteins. [5,6] In addition to family genes, environment, and medication use, diet plays a large role in
determining what kinds of microbiota live in the colon. [2] All of these factors create a unique microbiome from person to person. A high-fiber diet in particular affects the type and amount of microbiota in the intestines. Dietary fiber can only be broken down and fermented by enzymes from microbiota living in the colon. Short chain fatty acids (SCFA)
are released as a result of fermentation. This lowers the pH of the colon, which in turn determines the type of microbiota present that would survive in this acidic environment. The lower pH limits the growth of some harmful bacteria like Clostridium difficile. Growing research on SCFA explores their wide-ranging effects on health, including
stimulating immune cell activity and maintaining normal blood levels of glucose and cholesterol. Foods that support increased levels of SCFA are indigestible carbohydrates and fibers such as inulin, resistant starches, gums, pectins, and fructooligosaccharides. These fibers are sometimes called prebiotics because they feed our beneficial microbiota.
Although there are supplements containing prebiotic fibers, there are many healthful foods naturally containing prebiotics. The highest amounts are found in raw versions of the following: garlic, onions, leeks, asparagus, Jerusalem artichokes, dandelion greens, bananas, and seaweed. In general, fruits, vegetables, beans, and whole grains like wheat,
oats, and barley are all good sources of prebiotic fibers. Be aware that a high intake of prebiotic foods, especially if introduced suddenly, can increase gas production (flatulence) and bloating. Individuals with gastrointestinal sensitivities such as irritable bowel syndrome should introduce these foods in small amounts to first assess tolerance. With
continued use, tolerance may improve with fewer side effects. If one does not have food sensitivities, it is important to gradually implement a high-fiber diet because a low-fiber diet may not only reduce the amount of beneficial microbiota, but increase the growth of pathogenic bacteria that thrive in a lower acidic environment. Probiotic foods may
contain beneficial live microbiota that may further alter ones microbiome. These include fermented foods like kefir, yogurt with live active cultures, pickled vegetables, tempeh, kombucha tea, kimchi, miso, and sauerkraut. Note that not all fermented foods contain live microorganisms, especially if they have been heated or pasteurized after
fermentation that destroys the bacteria (e.g., sourdough bread, heat-treated fermented vegetables). Probioticswhether from food or supplementsare a hot topic of consumer interest. However, would a relatively healthy person benefit from supplementation of probiotics, or is a fiber-rich diet sufficient for cultivating a robust gut microbiome? Learn
more about probiotics, and review available research on supplements and health. The microbiome is a living dynamic environment where the relative abundance of species may fluctuate daily, weekly, and monthly depending on diet, medication, exercise, and a host of other environmental exposures. However, scientists are still in the early stages of
understanding the microbiomes broad role in health and the extent of problems that can occur from an interruption in the normal interactions between the microbiome and its host. [7] Some current research topics: How the microbiome and their metabolites (substances produced by metabolism) influence human health and disease. What factors
influence the framework and balance of ones microbiome. The development of probiotics as a functional food and addressing regulatory issues. Specific areas of interest: Factors that affect the microbiome of pregnant women, infants, and the pediatric population. Manipulating microbes to resist disease and respond better to treatments. Differences
in the microbiome between healthy individuals and those with chronic disease such as diabetes, gastrointestinal diseases, obesity, cancers, and cardiovascular disease. Developing diagnostic biomarkers from the microbiome to identify diseases before they develop. Alteration of the microbiome through transplantation of microbes between individuals
(e.g., fecal transplantation). References Ursell, L.K., et al. Defining the Human Microbiome. Nutr Rev. 2012 Aug; 70(Suppl 1): S38S44.den Besten, Gijs., et al. The role of short-chain fatty acids in the interplay between diet, gut microbiota, and host energy metabolism. J Lipid Res. 2013 Sep; 54(9): 23252340.Morowitz, M.]., Carlisle, E., Alverdy, ].C.
Contributions of Intestinal Bacteria to Nutrition and Metabolism in the Critically Ill. Surg Clin North Am. 2011 Aug; 91(4): 771785.Arumugam, M., et al. Enterotypes of the human gut microbiome. Nature. 2011 May 12;473(7346):174-80.Canny, G.O., McCormick, B.A. Bacteria in the Intestine, Helpful Residents or Enemies from Within. Infect and
Immun. August 2008 vol. 76 no. 8, 3360-3373.Jandhyala, S.M. Role of the normal gut microbiota. World ] Gastroenterol. 2015 Aug 7; 21(29): 87878803.Proctor, L.M. The Human Microbiome Project in 2011 and Beyond. Cell Host & Microbe. Volume 10, Issue 4, 20 October 2011, pp 287-91. Microbial community assemblage and activityCompare biome
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Microbiome ProjectCategoryvteA microbiome (from Ancient Greek (mikrs)'small' and (bos)'life') is the community of microorganisms that can usually be found living together in any given habitat. It was defined more precisely in 1988 by Whipps et al. as "a characteristic microbial community occupying a reasonably well-defined habitat which has
distinct physio-chemical properties. The term thus not only refers to the microorganisms involved but also encompasses their theatre of activity". In 2020, an international panel of experts published the outcome of their discussions on the definition of the microbiome. They proposed a definition of the microbiome based on a revival of the "compact,
clear, and comprehensive description of the term" as originally provided by Whipps et al., but supplemented with two explanatory paragraphs, the first pronouncing the dynamic character of the microbiome, and the second clearly separating the term microbiota from the term microbiome.[1]The microbiota consists of all living members forming the
microbiome. Most microbiome researchers agree bacteria, archaea, fungi, algae, and small protists should be considered as members of the microbiome. The integration of phages, viruses, plasmids, and mobile genetic elements is more controversial. Whipps's "theatre of activity" includes the essential role secondary metabolites play in mediating
complex interspecies interactions and ensuring survival in competitive environments. Quorum sensing induced by small molecules allows bacteria to control cooperative activities and adapts their phenotypes to the biotic environment, resulting, e.g., in cellcell adhesion or biofilm formation.All animals and plants form associations with microorganisms,
including protists, bacteria, archaea, fungi, and viruses. In the ocean, animalmicrobial relationships were historically explored in single hostsymbiont systems. However, new explorations into the diversity of microorganisms associating with diverse marine animal hosts is moving the field into studies that address interactions between the animal host
and the multi-member microbiome. The potential for microbiomes to influence the health, physiology, behaviour, and ecology of marine animals could alter current understandings of how marine animals adapt to change. This applies to especially the growing climate-related and anthropogenic-induced changes already impacting the ocean and the
phytoplankton microbiome in it. The plant microbiome plays key roles in plant health and food production and has received significant attention in recent years. Plants live in association with diverse microbial consortia, referred to as the plant microbiota, living both inside (the endosphere) and outside (the episphere) plant tissues. They play
important roles in the ecology and physiology of plants. The core plant microbiome is thought to contain keystone microbial taxa essential for plant health and for the fitness of the plant holobiont. Likewise, the mammalian gut microbiome has emerged as a key regulator of host physiology, and coevolution between host and microbial lineages has
played a key role in the adaptation of mammals to their diverse lifestyles.Microbiome research originated in microbiology in the seventeenth century. The development of new techniques and equipment boosted microbiological research and caused paradigm shifts in understanding health and disease.[2] The development of the first microscopes
allowed the discovery of a new, unknown world and led to the identification of microorganisms. Infectious diseases became the earliest focus of interest and research. However, only a small proportion of microorganisms are associated with disease or pathogenicity. The overwhelming majority of microbes are essential for healthy ecosystem
functioning and are known for beneficial interactions with other microbes and organisms. The concept that microorganisms exist as single cells began to change as it became increasingly obvious that microbes occur within complex assemblages in which species interactions and communication are critical. Discovery of DNA, the development of
sequencing technologies, PCR, and cloning techniques enabled the investigation of microbial communities using cultivation-independent approaches. Further paradigm shifts occurred at the beginning of this century and still continue, as new sequencing technologies and accumulated sequence data have highlighted both the ubiquity of microbial
communities in association within higher organisms and the critical roles of microbes in human, animal, and plant health. These have revolutionised microbial ecology. The analysis of genomes and metagenomes in a high-throughput manner now provides highly effective methods for researching the functioning of individual microorganisms as well as
whole microbial communities in natural habitats.Microbiome research originated in microbiology and started back in the seventeenth century. The development of new techniques and equipment has boosted microbiological research and caused paradigm shifts in understanding health and disease. Since infectious diseases have affected human
populations throughout most of history, medical microbiology was the earliest focus of research and public interest. Additionally, food microbiology is an old field of empirical applications. The development of the first microscopes allowed the discovery of a new, unknown world and led to the identification of microorganisms.[1]Paradigm shiftShift of
paradigm from microbes as unsocial organisms causing diseases to a holistic view of microorganisms as the centre of the One Health Concept interconnecting all areas of human lives.[1]Access to the previously invisible world opened the eyes and the minds of the researchers of the seventeenth century. Antonie van Leeuwenhoek investigated diverse
bacteria of various shapes, fungi, and protozoa, which he called animalcules, mainly from water, mud, and dental plaque samples, and discovered biofilms as a first indication of microorganisms interacting within complex communities. Robert Koch's explanation of the origin of human and animal diseases as a consequence of microbial infection and
development of the concept of pathogenicity was an important milestone in microbiology. These findings shifted the focus of the research community and the public on the role of microorganisms as disease-forming agents that needed to be eliminated.[1]However, comprehensive research over the past century has shown only a small proportion of
microorganisms are associated with disease or pathogenicity. The overwhelming majority of microbes are essential for ecosystem functioning and known for beneficial interactions with other microbes as well as macroorganisms. In fact, maintaining a healthy microbiome is essential for human health and may be a target for new therapeutics.[3] At the
end of the nineteenth century, microbial ecology started with the pioneering work by Martinus W. Beijerinck and Sergei Winogradsky. The newly established science of environmental microbiology resulted in another paradigm shift: microorganisms are everywhere in natural environments, often associated with hosts and, for the first time, beneficial
effects on their hosts were reported.[4][5][1]Subsequently, the concept that microorganisms exist as single cells began to change as it became increasingly obvious that microbes occur within complex assemblages in which species interactions and communication are critical to population dynamics and functional activities.[6] Discovery of DNA, the
development of sequencing technologies, PCR, and cloning techniques enabled the investigation of microbial communities using cultivation-independent, DNA and RNA-based approaches.[7][1]A further important step was the introduction of phylogenetic markers such as the 16S rRNA gene for microbial community analysis by Carl Woese and George
E. Fox in 1977.[8] Nowadays biologists can barcode bacteria, archaea, fungi, algae, and protists in their natural habitats, e.g., by targeting their 16S and 18S rRNA genes, internal transcribed spacer (ITS), or, alternatively, specific functional regions of genes coding for specific enzymes.[9][10][11][1]Another major paradigm shift was initiated at the
beginning of this century and continues through today, as new sequencing technologies and accumulated sequence data have highlighted both the ubiquity of microbial communities in association within higher organisms and the critical roles of microbes in human, animal, and plant health.[12] These new possibilities have revolutionized microbial
ecology, because the analysis of genomes and metagenomes in a high-throughput manner provides efficient methods for addressing the functional potential of individual microorganisms as well as of whole communities in their natural habitats.[13][14] Multiomics technologies including metatranscriptome, metaproteome and metabolome approaches
now provide detailed information on microbial activities in the environment. Based on the rich foundation of data, the cultivation of microbes, which was often ignored or underestimated over the last thirtyyears, has gained new importance, and high throughput culturomics is now an important part of the toolbox to study microbiomes. The high
potential and power of combining multiple "omics" techniques to analyze host-microbe interactions are highlighted in several reviews.[15][16][1]Timeline of microbiome research from the seventeenth century to the present[1]Technological advancesYearScientific discoveriesScientistsSourcesmicroscopy1670discovery of microorganismsAntonie van
Leeuwenhoekfather of microbiology[17]1729classification of plants and fungiPier Antonio Micheli[18]1796first vaccinationEdward Jenner[19]1837yeast in alcoholic fermentationCharles de la TourFriedrich KtzingTheodor Schwann[20]cultivation based approaches1855-1857pasteurisation, fermentation,vaccine against rabiesLouis
Pasteur[21]1875foundation for bacteriological taxonomyFerdinand Cohn1884Koch's postulatesRobert Koch[22]1888start of microbial ecologynitrification, nitrogen-fixation, soil microbiology, life cycleSergei Winogradsky[23]1892tobacco mosaic virus extraction from leavesDmitri IvanovskyMartinus Beijerinck1904concept of the rhizosphereLorenz
Hiltner[24]fluorescence microscopyl1911[25]mass spectrometryl1919Francis Aston[26]1922chemolithotrophySergei Winogradsky[27]1928transformation of genetic informationto offspringFrederick Griffith[28][29]1928discovery of antibioticsAlexander Fleming[30]scanning electron microscopy1931-1938[31]1944DNA as carrier of genetic
informationOswald AveryColin MacleodMaclyn McCarty[32]1946"sexual reproduction” of bacteriaJoshua LederbergEdward Tatum[33]19533D-double-helix structure[34]James WatsonFrancis Crickin situ hybridisation iSIS1969[35]HPLC1970scentral dogma of molecular biology[36]Francis Crick[37]DNA array/colony hybridisation1975[38]Sanger
sequencing1977Frederick Sanger[39][40]1977discovery of ArchaeaCarl WoeseGeorge E. Fox[8][41]1977first full genome sequence of a virus[42]1982discovery of prionsStanley B. Prusiner[43]PCR technique1983[44][45]fluorescence in situ hybridisation1988[46][47]1991theory of the holobiontEugene Rosenbergllana Zilber-
Rosenberg[48]quantitative real-time PCR1993[49]1993the complex structure of biofilmsHans-Curt Flemming[50][51]full cycle rRNA approach1995[52]1995first full genome sequencingof Haemophilus influenzaeCraig Venterand colleagues[53]next-generation sequencing2005[54]12005HMP: Human Microbiome Project[55]third-generation
sequencing2008[56]2008TerraGenome:Reference Soil Metagenome Project[57]2010Earth Microbiome Project[58]The word microbiome (from the Greek micro meaning "small" and bos meaning "life") was first used by J.L.. Mohr in 1952 in The Scientific Monthly to mean the microorganisms found in a specific environment.[59][60]Microbial
communities have commonly been defined as the collection of microorganisms living together. More specifically, microbial communities are defined as multi-species assemblages, in which (micro) organisms interact with each other in a contiguous environment.[61] In 1988, Whipps and colleagues working on the ecology of rhizosphere
microorganisms provided the first definition of the term microbiome.[62] They described the microbiome as a combination of the words micro and biome, naming a "characteristic microbial community" in a "reasonably well-defined habitat which has distinct physio-chemical properties" as their "theatre of activity". This definition represents a
substantial advancement of the definition of a microbial community, as it defines a microbial community with distinct properties and functions and its interactions with its environment, resulting in the formation of specific ecological niches.[1]JHowever, many other microbiome definitions have been published in recent decades. By 2020 the most cited
definition was by Lederberg,[63] and described microbiomes within an ecological context as a community of commensal, symbiotic, and pathogenic microorganisms within a body space or other environment. Marchesi and Ravel focused in their definition on the genomes and microbial (and viral) gene expression patterns and proteomes in a given
environment and its prevailing biotic and abiotic conditions.[64] All these definitions imply that general concepts of macro-ecology could be easily applied to microbe-microbe as well as to microbe-host interactions. However, the extent to which these concepts, developed for macro-eukaryotes, can be applied to prokaryotes with their different
lifestyles regarding dormancy, variation of phenotype, and horizontal gene transfer[65] as well as to micro-eukaryotes that is not quite clear. This raises the challenge of considering an entirely novel body of conceptual ecology models and theory for microbiome ecology, particularly in relation to the diverse hierarchies of interactions of microbes with
one another and with the host biotic and abiotic environments. Many current definitions fail to capture this complexity and describe the term microbiome as encompassing the genomes of microorganisms only.[1]Microbiome definitions[1]Definition typeExamplesEcologicalDefinitions based on ecology describe the microbiome following the concepts
derived from the ecology of multicellular organisms. The main issue here is that the theories from the macro-ecology do not always fit the rules in the microbial world."A convenient ecological framework in which to examine biocontrol systems is that of the microbiome. This may be defined as a characteristic microbial community occupying a
reasonably well-defined habitat which has distinct physio-chemical properties. The term thus not only refers to the microorganisms involved but also encompasses their theatre of activity".[62]"This term refers to the entire habitat, including the microorganisms (bacteria, archaea, lower and higher eurkaryotes, and viruses), their genomes (i.e., genes),
and the surrounding environmental conditions. This definition is based on that of biome, the biotic and abiotic factors of given environments. Others in the field limit the definition of microbiome to the collection of genes and genomes of members of a microbiota. It is argued that this is the definition of metagenome, which combined with the



environment constitutes the microbiome. The microbiome is characterized by the application of one or combinations of metagenomics, metabonomics, metatranscriptomics, and metaproteomics combined with clinical or environmental metadata".[64]"others use the term microbiome to mean all the microbes of a community, and in particular, for the
plant microbiome, those microbial communities associated with the plant which can live, thrive, and interact with different tissues such as roots, shoots, leaves, flowers, and seeds".[66]"Ecological community of commensal, symbiotic and pathogenic microorganisms within a body space or other environment".[63]Organisms/host-dependentThe host-
dependent definitions are based on the microbial interactions with the host. The main gaps here concern the question whether the microbial-host interaction data gained from one host can be transferred to another. The understanding of coevolution and selection in the host-dependent definitions is also underrepresented."A community of
microorganisms (such as bacteria, fungi, and viruses) that inhabit a particular environment and especially the collection of microorganisms living in or on the human body".[67]"Human Microbiome Project (HMP): [...] The Human Microbiome is the collection of all the microorganisms living in association with the human body. These communities
consist of a variety of microorganisms including eukaryotes, archaea, bacteria and viruses".[68]Genomic/ method-drivenThere is a variety of microbiome definitions available that are driven by the methods applied. Mostly, these definitions rely on DNA sequence-based analysis and describe microbiome as a collective genome of microorganisms in a
specific environment. The main bottleneck here is that every new available technology will result in a need for a new definition."The collective genomes of microorganisms inhabiting a particular environment and especially the human body".[67]"The microbiome comprises all of the genetic material within a microbiota (the entire collection of
microorganisms in a specific niche, such as the human gut). This can also be referred to as the metagenome of the microbiota".[69]"Microbiome is a term that describes the genome of all the microorganisms, symbiotic and pathogenic, living in and on all vertebrates. The gut microbiome consists of the collective genome of microbes inhabiting the gut
including bacteria, archaea, viruses, and fungi".[70]"Different approaches to define the population provide different information. a | Microbiota: 16S rRNA surveys are used to taxonomically identify the microorganisms in the environment. b | Metagenome: the genes and genomes of the microbiota, including plasmids, highlighting the genetic potential
of the population. ¢ | Microbiome: the genes and genomes of the microbiota, as well as the products of the microbiota and the host environment".[71]"Totality of genomes of a microbiota. Often used to describe the entity of microbial traits (=functions) encoded by a microbiota."[72]CombinedThere are some microbiome definitions available that fit
several categories with their advantages and disadvantages."A microbiome is the ecological community of commensal, symbiotic, and pathogenic microorganisms that literally share our body space."[73]"The microbiome is the sum of the microbes and their genomic elements in a particular environment".[74]"The genes and genomes of the microbiota,
as well as the products of the microbiota and the host environment".[75]In 2020, a panel of international experts, organised by the EU-funded MicrobiomeSupport project,[76] published the results of their deliberations on the definition of the microbiome.[1] The panel was composed of about 40 leaders from diverse microbiome areas, and about one
hundred further experts from around the world contributed through an online survey. They proposed a definition of the microbiome based on a revival of what they characterised as the "compact, clear, and comprehensive description of the term" as originally provided by Whipps et al. in 1988,[62] amended with a set of recommendations considering
subsequent technological developments and research findings. They clearly separate the terms microbiome and microbiota and provide a comprehensive discussion considering the composition of microbiota, the heterogeneity and dynamics of microbiomes in time and space, the stability and resilience of microbial networks, the definition of core
microbiomes, and functionally relevant keystone species as well as co-evolutionary principles of microbe-host and inter-species interactions within the microbiome.[1] The term microbiome encompasses both the microbiota (community of microorganisms) and their "theatre of activity" (structural elements, metabolites/signal molecules, and the
surrounding environmental conditions.[1]The panel extended the Whipps et al. definition, which contains all important points that are valid even 30years after its publication in 1988, by two explanatory paragraphs differentiating the terms microbiome and microbiota and pronouncing its dynamic character, as follows:The microbiome is defined as a
characteristic microbial community occupying a reasonable well-defined habitat which has distinct physio-chemical properties. The microbiome not only refers to the microorganisms involved but also encompass their theatre of activity, which results in the formation of specific ecological niches. The microbiome, which forms a dynamic and interactive
micro-ecosystem prone to change in time and scale, is integrated in macro-ecosystems including eukaryotic hosts, and here crucial for their functioning and health.[1]The microbiota consists of the assembly of microorganisms belonging to different kingdoms (prokaryotes (bacteria, archaea), eukaryotes (algae, protozoa, fungi etc), while "their theatre
of activity" includes microbial structures, metabolites, mobile genetic elements (such as transposons, phages, and viruses), and relic DNA embedded in the environmental conditions of the habitat.[1]Main article: microbiotaThe microbiota comprises all living members forming the microbiome. Most microbiome researchers agree bacteria, archaea,
fungi, algae, and small protists should be considered as members of the microbiome.[64][1] The integration of phages, viruses, plasmids, and mobile genetic elements is a more controversial issue in the definition of the microbiome. There is also no clear consensus as to whether extracellular DNA derived from dead cells, so-called "relic DNA", belongs
to the microbiome.[77][1] Relic DNA can be up to 40% of the sequenced DNA in soil,[78] and was up to 33% of the total bacterial DNA on average in a broader analysis of habitats with the highest proportion of 80% in some samples.[79] Despite its omnipresence and abundance, relic DNA had a minimal effect on estimates of taxonomic and
phylogenetic diversity.[79][1]When it comes to the use of specific terms, a clear differentiation between microbiome and microbiota helps to avoid the controversy concerning the members of a microbiome.[1] Microbiota is usually defined as the assemblage of living microorganisms present in a defined environment.[64] As phages, viruses, plasmids,
prions, viroids, and free DNA are usually not considered as living microorganisms,[80] they do not belong to the microbiota.[1]The term microbiome, as it was originally postulated by Whipps and coworkers,[62] includes not only the community of the microorganisms but also their "theatre of activity". The latter involves the whole spectrum of
molecules produced by the microorganisms, including their structural elements (nucleic acids, proteins, lipids, polysaccharides), metabolites (signalling molecules, toxins, organic, and inorganic molecules), and molecules produced by coexisting hosts and structured by the surrounding environmental conditions. Therefore, all mobile genetic elements,
such as phages, viruses, and "relic" and extracellular DNA, should be included in the term microbiome, but are not a part of microbiota. The term microbiome is also sometimes confused with the metagenome. Metagenome is, however, clearly defined as a collection of genomes and genes from the members of a microbiota.[64][1]Microbiome studies
sometimes focus on the behaviour of a specific group of microbiota, generally in relation to or justified by a clear hypothesis. More and more terms like bacteriome, archaeome, mycobiome, or virome have started appearing in the scientific literature, but these terms do not refer to biomes (a regional ecosystem with a distinct assemblage of (micro)
organisms, and physical environment often reflecting a certain climate and soil) as the microbiome itself.[1] Consequently, it would be better to use the original terms (bacterial, archaeal, or fungal community). In contrast to the microbiota, which can be studied separately, the microbiome is always composed by all members, which interact with each
other, live in the same habitat, and form their ecological niche together. The well-established term virome is derived from virus and genome and is used to describe viral shotgun metagenomes consisting of a collection of nucleic acids associated with a particular ecosystem or holobiont.[81] Viral metagenomes can be suggested as a semantically and
scientifically better term.[1]Co-occurrence networks help visualising microbial interactionsNodes usually represent taxa of microorganisms, and edges represent statistically significant associations between nodes.[1]Testing of the hypotheses resulted from the network analyses is required for a comprehensive study of microbial interactions.
[1]Microbes interact with one another, and these symbiotic interactions have diverse consequences for microbial fitness, population dynamics, and functional capacities within the microbiome.[82] The microbial interactions can either be between microorganisms of the same species or between different species, genera, families, and domains of life.
The interactions can be separated into positive, negative, and neutral types. Positive interactions include mutualism, synergism, and commensalism. Negative interactions include amensalism, predation, parasitism, antagonism, and competition. Neutral interactions are interactions where there is no observed effect on the functional capacities or
fitness of interacting species microbial life strategy concepts.[83] Co-occurrence networks show difference in gut microbiota between herbivorous and carnivorous cichlidsNodes coloured according to phylum. The herbivore network has higher complexity (156 nodes and 339 edges) compared to the carnivore network (21 nodes and 70 edges).
[84]Microbiomes exhibit different adaptive strategies.[1] Oligotrophs are organisms that can live in an environment offering very low levels of nutrients, particularly carbon. They are characterised by slow growth, low rates of metabolism, and generally low population density. Oligotrophic environments include deep oceanic sediments, caves, glacial
and polar ice, deep subsurface soil, aquifers, ocean waters, and leached soils. In contrast are the copiotrophs, which thrive in much higher carbon concentrations, and do well in high organic substrate conditions such as sewage lagoons.[85][86]In addition to oligotrophic and copiotrophic strategists, the competitorstress toleratorruderals framework
can influence the outcomes of interactions.[87] For example, microorganisms competing for the same source can also benefit from each other when competing for the same compound at different trophic levels. Stability of a complex microbial ecosystem depends on trophic interactions for the same substrate at different concentration levels. As of
2020 microbial social adaptations in nature have been understudied.[1] Here molecular markers can provide insight into social adaptations by supporting the theories, e.g., of altruists and cheaters in native microbiomes.[82][1]Shift in the understanding of the microbial-host coevolutionfrom "separation" theories to a holistic approach In a holistic
approach, the hosts and their associated microbiota are assumed to have coevolved with each other[1]See also: Holobiont and Hologenome theory of evolutionAccording to the "separation" approach, the microorganisms can be divided into pathogens, neutral, and symbionts, depending on their interaction with their host. The coevolution between host
and its associated microbiota may be accordingly described as antagonistic (based on negative interactions) or mutualistic (based on positive interactions).[1][88]As of 2020, the emergence in publications about opportunistic pathogens and pathobionts has produced a shift towards a holistic approach in the coevolutions theory. The holistic approach
sees the host and its associated microbiota as one unit (the so-called holobiont), that coevolves as one entity. According to the holistic approach, holobiont's disease state is linked to dysbiosis, low diversity of the associated microbiota, and their variability: a so-called pathobiome state. The healthy state, on the other hand, is accompanied with
eubiosis, high diversity, and uniformity of the respective microbiota.[1]Microbiomes in the plant ecosystem[89]Main article: Plant microbiomeThe plant microbiome plays roles in plant health and food production and has received significant attention in recent years.[90][91] Plants live in association with diverse microbial consortia. These microbes,
referred to as the plant's microbiota, live both inside (the endosphere) and outside (the episphere) of plant tissues, and play important roles in the ecology and physiology of plants.[92] "The core plant microbiome is thought to comprise keystone microbial taxa that are important for plant fitness and established through evolutionary mechanisms of
selection and enrichment of microbial taxa containing essential functions genes for the fitness of the plant holobiont".[93]Plant microbiomes are shaped by both factors related to the plant itself, such as genotype, organ, species and health status, as well as factors related to the plant's environment, such as management, land use and climate.[94] The
health status of a plant has been reported in some studies to be reflected by or linked to its microbiome.[95][90][96][91]Plant and plant-associated microbiota colonise different niches on and inside the plant tissue. All the above-ground plant parts together, called the phyllosphere, are a continuously evolving habitat due to ultraviolet (UV) radiation
and altering climatic conditions. It is primarily composed of leaves. Below-ground plant parts, mainly roots, are generally influenced by soil properties. Harmful interactions affect the plant growth through pathogenic activities of some microbiota members. On the other hand, beneficial microbial interactions promote plant growth.[89]The addition of
synthetic nitrogen fertiliser may have little impact on soil microbiome structure or composition, but drastically reduces the microbiome network connectivity.[97]Principal coordinate analysis of animal gut microbiome data[98]The mammalian gut microbiome has emerged as a key regulator of host physiology,[99] and coevolution between host and
microbial lineages has played a key role in the adaptation of mammals to their diverse lifestyles. Diet, especially herbivory, is an important correlate of microbial diversity in mammals.[100][101] Most mammalian microbiomes are also strongly correlated with host phylogeny, despite profound shifts in diet.[100][102][103][104] This suggests host
factors that themselves change across host phylogeny, such as gut physiology, play an important role in structuring the gut microbiomes across mammals. The vertebrate adaptive immune system is even speculated to have evolved as just such a factor for selective maintenance of symbiotic homeostasis.[105][98]The importance of phylogeny-
correlated factors to the diversity of vertebrate microbiomes more generally is still poorly understood. Phylosymbiosis, or the observation that more closely related host species have more similar microbiomes,[106][107] has been described in a number of nonmammalian taxa.[108][109] Other analyses have found substantial variation in
phylosymbiotic signals among mammalian taxa,[110] sometimes with conflicting results.[111][112] The presence of a robust phylosymbiotic correlation implies that host factors control microbial assembly. Even if the specific mechanisms are unknown, variation in the strength or presence of a measurable phylosymbiotic signal across host phylogeny
could prove useful for identifying such mechanisms through comparative studies. However, as of 2020 most studies have focused on just a few taxa at a time, and variable methods for both surveying the microbiome and measuring phylosymbiosis and host specificity (or the restriction of microbes to specific host lineages) have made generalisations
difficult.[98]Without broader evolutionary context, it is unclear how universally conserved patterns of host-microbe phylosymbiosis actually are. Growing evidence indicates that the strong patterns identified in mammals are the exception rather than the rule in vertebrates. Meta-analyses of fish[113] and birds[114] have failed to detect the strength of
correlations to diet and phylogeny reported in mammals. A recent analysis of samples from more than 100 vertebrate species also found the strength of phylogenetic correlation to be much higher in mammals than in birds, reptiles, amphibians, or fish.[115] It is increasingly appreciated in nonvertebrate animals that fundamental aspects of the host's
relationship to its symbiotic community can change drastically between taxa: many insects depend entirely on microbes for key metabolites, while others seem to be devoid of resident gut microbes.[116][98]Main article: Human microbiomeThe human microbiome is the aggregate of all microbiota that reside on or within human tissues and biofluids
along with the corresponding anatomical sites in which they reside,[117] including the skin, mammary glands, seminal fluid, uterus, ovarian follicles, lung, saliva, oral mucosa, conjunctiva, biliary tract, and gastrointestinal tract. Types of human microbiota include bacteria, archaea, fungi, protists and viruses. Though micro-animals can also live on the
human body, they are typically excluded from this definition. In the context of genomics, the term human microbiome is sometimes used to refer to the collective genomes of resident microorganisms;[118] the term human metagenome has the same meaning.[117]Humans are colonised by many microorganisms, with approximately the same order of
magnitude of non-human cells as human cells.[119] Some microorganisms that colonize humans are commensal, meaning they co-exist without harming or benefiting humans; others have a mutualistic relationship with their human hosts.[118]:700[120] Conversely, some non-pathogenic microorganisms can harm human hosts via the metabolites they
produce, like trimethylamine, which the human body converts to trimethylamine N-oxide via FMO3-mediated oxidation.[121][122] Certain microorganisms perform tasks that are known to be useful to the human host, but the role of most of them is not well understood. Those that are expected to be present, and that under normal circumstances do
not cause disease, are sometimes deemed normal flora or normal microbiota.[118]The Human Microbiome Project (HMP) took on the project of sequencing the genome of the human microbiota, focusing particularly on the microbiota that normally inhabit the skin, mouth, nose, digestive tract, and vagina.[118] It reached a milestone in 2012 when it
published its initial results.[123]Marine animal host-microbiome relationshipRelationships are generally thought to exist in a symbiotic state, and are normally exposed to environmental and animal-specific factors that may cause natural variations. Some events may change the relationship into a functioning but altered symbiotic state, whereas
extreme stress events may cause dysbiosis or a breakdown of the relationship and interactions.[124]Main article: Marine microbiomeAll animals on Earth form associations with microorganisms, including protists, bacteria, archaea, fungi, and viruses. In the ocean, animalmicrobial relationships were historically explored in single hostsymbiont
systems. However, new explorations into the diversity of microorganisms associating with diverse marine animal hosts is moving the field into studies that address interactions between the animal host and a more multi-member microbiome. The potential for microbiomes to influence the health, physiology, behavior, and ecology of marine animals
could alter current understandings of how marine animals adapt to change, and especially the growing climate-related and anthropogenic-induced changes already impacting the ocean environment.[124]The microbiomes of diverse marine animals are currently under study, from simplistic organisms including sponges[125] and ctenophores[126] to
more complex organisms such as sea squirts[127] and sharks.[128][124]The relationship between the Hawaiian bobtail squid and the bioluminescent bacterium Aliivibrio fischeri is one of the best studied symbiotic relationships in the sea and is a choice system for general symbiosis research. This relationship has provided insight into fundamental
processes in animal-microbial symbioses, and especially biochemical interactions and signaling between the host and bacterium.[129][130][124]The gutless marine oligochaete worm Olavius algarvensis is another relatively well-studied marine host to microbes. These three centimetre long worms reside within shallow marine sediments of the
Mediterranean Sea. The worms do not contain a mouth or a digestive or excretory system, but are instead nourished with the help of a suite of extracellular bacterial endosymbionts that reside upon coordinated use of sulfur present in the environment.[131] This system has benefited from some of the most sophisticated 'omics and visualization tools.
[132] For example, multi-labeled probing has improved visualization of the microbiome[133] and transcriptomics and proteomics have been applied to examine hostmicrobiome interactions, including energy transfer between the host and microbes[134] and recognition of the consortia by the worm's innate immune system.[135] The major strength of
this system is that it does offer the ability to study hostmicrobiome interactions with a low diversity microbial consortium, and it also offers a number of host and microbial genomic resources[132][136][124] Stylophora pistillata coral colony and the bacteria Endozoicomonas (Ez) probed cells (yellow) within the tentacles of S. pistillata residing in
aggregates (Ez agg) as well as just outside the aggregate (b).[137]Corals are one of the more common examples of an animal host whose symbiosis with microalgae can turn to dysbiosis, and is visibly detected as bleaching. Coral microbiomes have been examined in a variety of studies, which demonstrate how variations in the ocean environment,
most notably temperature, light, and inorganic nutrients, affect the abundance and performance of the microalgal symbionts, as well as calcification and physiology of the host.[138] Studies have also suggested that resident bacteria, archaea, and fungi additionally contribute to nutrient and organic matter cycling within the coral, with viruses also
possibly playing a role in structuring the composition of these members, thus providing one of the first glimpses at a multi-domain marine animal symbiosis.[139] The gammaproteobacterium Endozoicomonas is emerging as a central member of the coral's microbiome, with flexibility in its lifestyle.[137][140] Given the recent mass bleaching occurring
on reefs,[141] corals will likely continue to be a useful and popular system for symbiosis and dysbiosis research.[124]Sponges are common members of the ocean's diverse benthic habitats and their abundance and ability to filter large volumes of seawater have led to the awareness that these organisms play critical roles in influencing benthic and
pelagic processes in the ocean.[142] They are one of the oldest lineages of animals, and have a relatively simple body plan that commonly associates with bacteria, archaea, algal protists, fungi, and viruses.[143] Sponge microbiomes are composed of specialists and generalists, and complexity of their microbiome appears to be shaped by host
phylogeny.[144] Studies have shown that the sponge microbiome contributes to nitrogen cycling in the oceans, especially through the oxidation of ammonia by archaea and bacteria.[145][146] Most recently, microbial symbionts of tropical sponges were shown to produce and store polyphosphate granules,[147] perhaps enabling the host to survive
periods of phosphate depletion in oligotrophic marine environments.[148] The microbiomes of some sponge species do appear to change in community structure in response to changing environmental conditions, including temperature[149] and ocean acidification,[150][151] as well as synergistic impacts.[152] Collecting a sample of blow from a blue
whale using a helicopter drone[153] Relative abundance of bacterial classes from whale blow, air and seawater samples.[154]Cetacean microbiomes can be difficult to assess because of difficulties accessing microbial samples. For example, many whale species are rare and are deep divers. There are different techniques for sampling a cetacean's gut
microbiome. The most common is collecting fecal samples from the environment and taking a probe from the center that is non-contaminated.[155] The skin is a barrier protecting marine mammals from the outside world. The epidermal microbiome on the skin is an indicator of how healthy the animal is, and is also an ecological indicator of the state
of the surrounding environment. Knowing what the microbiome of the skin of marine mammals looks like under typical conditions allows understanding of how these communities different from free microbial communities found in the sea.[156] Cetaceans are in danger because they are affected by multiple stress factors which make them more
vulnerable to various diseases. They have been high susceptibility to airway infections, but little is known about their respiratory microbiome. Sampling the exhaled breath or "blow" of cetaceans can provide an assessment of their state of health. Blow is composed of a mixture of microorganisms and organic material, including lipids, proteins , and
cellular debris derived from the linings of the airways which, when released into the relatively cooler outdoor air, condense to form a visible mass of vapor, which can be collected. There are various methods for collecting exhaled breath samples, one of the most recent is through the use of aerial drones. This method provides a safer, quieter, and less
invasive alternative and often a cost-effective option for monitoring fauna and flora. Blow samples are taken to the laboratory where the respiratory tract microbiota are amplified and sequenced. The use of aerial drones has been more successful with large cetaceans due to slow swim speeds and larger blow sizes.[157][158][153][159]Currently
available methods for studying microbiomes, so-called multi-omics, range from high throughput isolation (culturomics) and visualization (microscopy), to targeting the taxonomic composition (metabarcoding), or addressing the metabolic potential (metabarcoding of functional genes, metagenomics) to analyze microbial activity (metatranscriptomics,
metaproteomics, metabolomics). Based on metagenome data, microbial genomes can be reconstructed. While first metagenome-assembled genomes were reconstructed from environmental samples,[160] in recent years, several thousands of bacterial genomes were binned without culturing the organisms behind. For example, 154,723 microbial
genomes of the global human microbiome were reconstructed in 2019 from 9,428 metagenomes.[161][1]Methods for assessing microbial functioning Methods for assessing microbial functioning Complex microbiome studies cover various areas, starting from the level of complete microbial cells (microscopy, culturomics), followed by the DNA (single
cell genomics, metabarcoding, metagenomics), RNA (metatranscriptomics), protein (metaproteomics), and metabolites (metabolomics). In that order, the focus of the studies shifts from the microbial potential (learning about available microbiota in the given habitat) over the metabolic potential (deciphering available genetic material) towards
microbial functioning (e.g., the discovery of the active metabolic pathways).[1]Computational modeling of microbiomes has been used to complement experimental methods for investigating microbial function by utilizing multi-omic data to predict complex inter-species and host-species dynamics.[162][163] A popular in silico method is to combine
metabolic network models of microbial taxa present in a community and use a mathematical modeling strategy such as flux balance analysis to predict the metabolic function of the microbial community at a taxon and community-level.[164][165]As of 2020, understanding remains limited due to missing links between the massive availability of
microbiome DNA sequence data on the one hand and limited availability of microbial isolates needed to confirm metagenomic predictions of gene function on the other hand.[1] Metagenome data provides a playground for new predictions, yet much more data is needed to strengthen the links between sequence and rigorous functional predictions.
This becomes obvious when considering that the replacement of one single amino acid residue by another may lead to a radical functional change, resulting in an incorrect functional assignment to a given gene sequence.[166] Additionally, cultivation of new strains is needed to help identify the large fraction of unknown sequences obtained from
metagenomics analyses, which for poorly studied ecosystems can be more than 70%. Depending on the applied method, even in well-studied microbiomes, 4070% of the annotated genes in fully sequenced microbial genomes have no known or predicted function.[167] As of 2019, 85 of the then established 118 phyla had not had a single species
described, presenting a challenge to understanding prokaryotic functional diversity.[168][1]The number of prokaryotic phyla may reach hundreds, and archaeal ones are among the least studied.[168] The growing gap between the diversity of Bacteria and Archaea held in pure culture and those detected by molecular methods has led to the proposal
to establish a formal nomenclature for not-yet cultured taxa, primarily based on sequence information.[169][170] According to this proposal, the concept of Candidatus species would be extended to the groups of closely related genome sequences, and their names would be published following established rules of bacterial nomenclature.[1]Each
microbiome system is suited to address different types of questions based on the culturability of microbes, genetic tractability of microbes and host (where relevant), ability to maintain system in laboratory setting, and ability to make host/environment germfree.[171]Underlying complexity Tradeoffs between experimental questions and complexity of
microbiome systems[171](A) Pairwise interactions between the soil bacteria Bacillus subtilis and Streptomyces spp. are well-suited for characterizing the functions of secondary metabolites in microbial interactions.(B) The symbiosis between bobtail squid and the marine bacterium Aliivibrio fischeri is fundamental to understanding host and microbial
factors that influence colonization.(C) The use of gnotobiotic mice is crucial for making links between host diet and the effects on specific microbial taxa in a community.[171]Earth Microbiome ProjectHuman microbiomelnitial acquisition of microbiotaMicrobial population biologyMicrobiomes of the built environmentMycobiome™ abcdefghijkl
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ongeveer 2 kilo die bestaat uit goede bacterin. Deze bacterin leven onder andere in je darmen. De gezondheid van je microbioom is super belangrijk voor je lichaam. Zo heeft je microbioom een hele grote invloed op jeimmuunsysteem, de ontwikkeling van je hersenen en het verteren van je eten. Het microbioom functioneert ook als een



waarschuwingssysteem, binnen in je lichaam, voor ziekten zoals kanker. Er is echter een groot probleem. Het evenwicht van je microbioom wordt namelijk drastisch verstoord door allerlei leefstijl- en leefomgevingsgerelateerde factoren. In dit artikel vertel ik je wat je microbioom is, wat het doet enwelke mensen een goed werkend microbioom
hebben. Niet veel mensen weten van het bestaan van deze 2 kilo zware massa van goede bacterin. Maar deze is ongelofelijk belangrijk voor je.Wat is het microbioom?Het microbioom is een massa goede bacterin die in je darmen, je mond, de vagina (bij de vrouw), in je neus en op je handen leven. Je zou het kunnen zien alseen virtueel orgaan. Het is
een virtueel orgaan, omdat het uit vele miljarden goede bacterin bestaat. Al die bacterin bij elkaar en hun onderlinge relaties vormen een soort samenwerkend organisme.Wat doet het microbioom?De bacterin van je microbioom vervullen tal van belangrijke functies en ze zijn onmisbaar voor je. Zo zijn bepaalde bacterin betrokken bij je spijsvertering.
Ook zetten ze bepaalde vitaminen om in andere stoffen die belangrijk zijn voor je gezondheid. De bacterin van het microbioom zorgen er ook voor dat je niet ziek wordt en ze helpen je metabolisme(je spijsvertering).Verstoringen in en de afname van het microbioom zou de oorzaak kunnen zijn van het ontstaan van vele akelige aandoeningen en ziekten
zoals astma, auto-immuunziekten, overgewicht, astma, autisme, kanker en degenererende hersenaandoeningen zoals dementie en Alzheimer. Dat is dus niet zo mooi.Waarom raakt het microbioom dan verstoord? Deze vraag wordt hieronder beantwoord.Waardoor raakt hetmicrobioom verstoord en waarom meent het af?Wat verstoort je microbioom
dan? Nou, best veel. Schrikbarend veel.In onze huidige maatschappij bestaan er ongelofelijk veel factoren die dit virtuele orgaan kunnen verstoren. En dat niet alleen. Deze factoren kunnen er ook voor zorgen dat de diversiteit van al die verschillende bacterin afneemt. Dat is ook niet zo mooi.Wat verstoort het microbioom?Denk hierbij aan de de rol
van antibiotica, een ongezonde levensstijl (roken, weinig beweging), voeding (suiker, junk food), zware metalen en chemicalin. En ook onze hyginische gewoonten spelen een rol.Al deze factoren zijn alom in onze maatschappij vertegenwoordigd. Het risico is dus best groot.Sinds wanneer weten we van het microbioom?Als ons microbioom zo belangrijk
is, waarom weten we er dan nog zo weinig vanaf? Waarom heb je hier al niet veel eerder over gehoord?Vanaf 2007 is er onderzoek naar het microbioom gedaan. De Amerikaanse gezondheidsorganisatie National Issues of Health gaf een aantal onderzoeker de opdracht om het menselijke microbioom in kaart te brengen.Onder de naam Human
Microbiome Project is dit gedurende 2 jaar gedaan. Sindsdien is er wat meer bekend over het microbioom. Er is natuurlijk nog veel meer onderzoek nodig.Maar goed, inmiddels is het duidelijker geworden wat het microbioom is en wat het doet voor je spijsvertering, je immuunsysteem en de invloed die het kan hebben op ziekten en chronische
aandoeningen zoals allergien, auto-immuunziekten, kanker, dementie, overgewicht en zelfs diabetes.Ons microbioom benvloedt onze gezondheid dus enorm.Wanneer je iets weet, dan kun je er iets mee doen. Je zou bijvoorbeeld onderzoek kunnen doen onder verschillende mensen, van verschillende culturen.En laat dit nou gedaan zijn. Bij
oermensen.Het microbioom van oermensenin de Venezolaanse jungle is in 2009 een Yanomami indianenstam ontdekt. Deze stam leeft al zon 11.000 jaar als jager-verzamelaar en deze indianen waren voordien nog nooit in contact is geweest met moderne mensen.Wat bleek? Het microbioom van deze oermensen bleekveel gevarieerder dan dat van de
gemiddelde westerling.Het bleek, na onderzoek, dathet microbioom van deze indianenstam veel meer diversiteit bevatte, dan die van de westerling. Deze indianen droegen zelfs bepaalde bacterin bij zich die nog nooit bij (andere) mensen waren aangetroffen.Deze stam bleken ook over antibiotica-resistente genen te beschikken. En dit is natuurlijk
vreemd, omdat deze indianen nog nooit met antibiotica in aanraking waren gekomen.Wat kun je hier eigenlijk mee?Het blijkt dat het aantal bacterin in en de diversiteit van je microbioom snel afnemen. Althans, dit is het geval bij ons, westerse mensen. Deze afname zou dus in verband staan met allerlei aandoeningen die je inmiddels bekend in de
oren klinken. Misschien heb je al een of meerdere van die aandoeningen.Dergelijke aandoeningen lijken ook steeds meer voor te komen.Voor de meeste van deze aandoeningen (allergien, astma etc.) ga je naar de dokter, die je medicatie voor kan schrijven. Wie kent er nou niet iemand die een pilletje voor een bepaalde aandoening moet slikken?Laatst
hoorde ik iemand zeggen dat zij bloeddrukverlagende medicatie slikt. Al jaren. Ik dacht bij mijzelf Hoe dan? Je bent zeker 5 jaar jonger dan ik. Ik ben inmiddels 43 jaar, kern gezond en heb nog nooit medicatie geslikt. Maar goed, dit even ter zijdeDraai het eens omAls je het eens omdraait; je probeert ervoor te zorgen dat je niet ziek wordt. Gezond
eten draagt hier enorm aan bij. Denk hierbij aan verse groenten, verse kruiden, fruit en vlees van gras-gevoerde runderen. Vooral groenten (planten) zullen je goed doen, omdat deze namelijk niet gemakkelijk verteren. (en dat is prima)Wat te eten?Dat planten niet makkelijk te verteren zijn komt doordat er in elke cel van een plant een celwand zit.
Deze celwand is een harde laag, waardoor andere cellen zich daar bovenop kunnen stapelen. Je kunt het zien als een soort legosteentjes. Hierdoor kan een plant blijven staan en omhoog groeien.Planten hebben immers geen skelet, dus zijn de celwanden sterk zodat een plant rechtop kan groeien.Je darmen hebben er dus moeite mee om die
celwanden kapot te maken, zodat ze verteerd kunnen worden. Om die wanden te slopen zijn een heleboel bacterin nodig. En dan kom je weer uit bij het microbioom!Eet dus zoveel mogelijk planten!!Er is nogveel onderzoek nodig naar het microbioom, zodat het bijvoorbeeld aangewend kan worden voor positieve en gezonde doeleinden.
Wetenschappers zijn bijvoorbeeld bezig om delen van het microbioom bij gezonde mensen over te brengen naar zieke mensen. Hoe mooi zou het zijn als daardoor zieke mensen beter kunnen worden?Uit andere onderzoeken is ook al gebleken dat het overplaatsen van bacterin uit de darmen van slanke, gezonde mensen (zonder overgewicht), naar de
darmen van mensen met overgewicht, leidt tot een gewichtsreductie bij de mensen met overgewicht.Gezond eten in de praktijk brengenVoeding bepaalt in belangrijke mate hoe je je voelt, hoeveel je weegt en hoeveel energie je hebt. Er bestaat een belangrijk verband tussen onzewesterse eetgewoontes en de trend in overgewicht, diabetes 2 en
allerleiandere vervelende ziektes.Wil je meer weten over een goede gezondheid en wil je niet chronisch ziek worden als je ouder wordt? Vind je het een beetje moeilijk om ergens te beginnen? Lees het e-boek Gezond in 10 stappeneens. In korte tijd kom je heel veel te weten.Hoe meer je weet, hoe beter je in staat bent om zelf gezonde keuzes te
maken. En dat is de bedoeling, toch?Gezond In 10 StappenDe keuzes die je nu maakt, bepalen je lichaamsgewicht en je gezondheid van later.Helaas heb je maar weinig tijd om alles zelf uit te zoeken. Er is dan ook zoveel informatie en wat is nou waar? Ik heb het zware uitzoekwerk voor je gedaan en gebundeld in het e-boek Gezond In 10 Stappen.In
dit e-boek ontdek je hoe je gezonder, fitter en slanker kan zijn zonder er al teveel moeite voor te hoeven doen. Wil je verantwoord afvallen en wil je dat het deze keer wel lukt? Wanneer je in het verleden steeds weer aankwam, na een afvalpoging, zal je waarschijnlijk iets hebben gedaan (wat bijna iedereen doet) wat niet werkt voor de langere termijn.
Lees daarom het populaire e-boek Eerste Hulp bij Verantwoord Afvallen eens.Je leert hoe afvallen werkt, je kraakt als het ware de code.NLbewustvoedingsadviesHet microbioom speelt dus een belangrijke rol in je gezondheid en voeding bepaalt in grote mate de kwaliteit en de diversiteit van je microbioom. Als voedingsadviseur kan ik je hier veel over
vertellen.Wil jij gezonder leven, wil je afvallen of ben je bang om op latere leeftijd chronisch ziek te worden? Plan dan ook eens een online gesprek in voor persoonlijk voedingsadvies.Het gesprek vindt online plaats (Skype of Facetime) en dit scheelt je een hoop tijd. Je hoeft immers niet helemaal naar mij toe te komen. Tijdens het gesprek gaan we in
op jouw persoonlijke situatie en ontvang je flink wat tips en inzichten op maat.Wanneer je de bestelling hebt afgerond, neem ik doorgaans binnen 24 uur contact met je op.Ontvang jij de maandelijkse update nog niet? Aanmelden doe je hieronder. Bronnen:1. Foodlog, Modern voedingspatroon roeit ons microbioom uit2. Scientias.nl, menselijk
microbioom wordt in rap tempo saaier3.
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