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1 Earth: from the Proto-Germanic ”*erþō” (dirt, soil, or ground; after Proto-Indo-European “*h₁er-”).
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2 “Living organisms on the planet interact with their surrounding inorganic environment to form a synergetic and self-

regulating system that created, and now maintains, the climate and biochemical conditions that make life on the planet 

possible” (Gaia Hypothesis; James Lovelock, 1972). 
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3 Herein “bacteria” does not refer to the present Bacteria domain but altogether to the currently recognized two domains 

Archaea (formerly Archaebacteria) and Bacteria (formerly Eubacteria); these were included within a single Bacteria domain at 

the times of Margulis’ statement. 
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Hitherto, we have seen that organisms comprised of multiple genomes seem to be a 

common, maybe general, rule. The question is, therefore: “What do we identify as an 

individual living organism? “ 

 

How an individual organism is perceived depends on how the observation is carried out, as 

well as on the knowledge and perspective of the observer. For instance, the model in the 

painting Meisje bij een Spiegel4 is differently perceived close-up or reflected on the mirror, 

and both viewpoints are differently perceived by herself, the artist, a museum visitor and 

ourselves watching the painting on a screen. However, based on our knowledge, all of us 

will agree that the model of the painting was a human organism; and the idea we have of a 

human organism is that of a rational animal, whatever rational means.  

 

Let’s obviate what a human being was in the minds of the model and the artist in the 17th 

century. For us, according to our knowledge, like any other animal, human beings are 

multicellular organisms made of eukaryotic cells with, at least, two genomes, the nuclear one 

and the mitochondrial one. This viewpoint is supported because we know that, certainly, 

each human individual organism is made of around 30 trillion eukaryotic cells. However, 

human individual organisms would not survive and would not occupy their ecological niche 

and evolutionary hub, without the 40 trillion symbiotic prokaryotic cells that comprise the 

human microbiome5. This perspective brings us the concept of holobiont: “a symbiotic 

association of partners, which we call bionts, throughout a significant portion of the bionts’ 

life histories, which together form a discrete ecological and evolutionary unit”.  

 

Under this novel viewpoint, which is emerging in the era of genomics, a human being would 

be an organism made of hundreds of genomes. Thus, the human holobiont genome, called 

hologenome, would include both the eukaryotic host genome and the microbiome genome. 

In numbers, against the 33 million genes that comprise the microbiome genome the 

eukaryotic host genome is made of only 20 thousand genes. These numbers clearly reveal the 

environmental and evolutionary relevance of the hologenome as the backbone of a unit 

organism interacting with the environmental metagenome and the physical environment, 

which constitutes an emerging challenge for the understanding of life in the biosphere.  

 

The degree of integration of the components of the human holobiont can be readily seen in 

many organ specific microbiomes in symbiosis with the human eukaryotic host. Let’s see the 

example of the skin microbiome in more detail. The skin microbiome is fully integrated as a 

part of the immune defence system of the human holobiont. For instance, many bacteria of 

the skin microbiome contribute to avoid infections by the pathogen Staphylococcus aureus. 

The skin microbiome bacteria produce antibiotics, disaggregate biofilms of the pathogen and 

stimulate keratinocytes and immune cells of the eukaryotic host to produce antimicrobial 

peptides. Actions in concert, by both the eukaryotic host and the prokaryotic microbiome, 

are mandatory in order to achieve success in protecting the human holobiont against the 

pathogen.  

 

                                                           
4 Meisje bij een Spiegel (Paulus Moreelse, 1632; Rijksmuseum, Amsterdam) 
5 Microbiome: “A community of microorganisms in a particular environment (including the body or a part of the body)”. 
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The human holobiont is not an exceptional case, of course. Holobionts are being perceived 

and identified everywhere in the Biosphere.  

 

The seaweed holobiont is one of the best-studied ones. When we observe prairies of marine 

macro algae, most of us perceive a field of organisms of “algae” nature; and we know that 

algae are comprised of photosynthetic eukaryotic cells and may be considered organisms of 

three genomes. However, as we have seen for humans, the microbiome component is also 

essential for seaweed ecology and evolution. It includes a surface community of symbionts, 

which is organ-specific and varies along the body of the eukaryotic host. The abundance and 

diversity of bacteria is different in the microbiome associated to the various organs of the 

eukaryotic host. The seaweed holobiont is an organism made of hundreds of genomes.  

 

Corals constitute the most outstanding case of the holobiont paradigm. They include 

extensive and diverse surface and skeleton microbiomes comprised of archaea, bacteria, 

protists and viruses that provide the coral holobiont with hundreds of genomes. In addition, 

dinoflagellate algae called zooxanthellae are mandatory endosymbionts of the host 

eukaryotic cells. Through them, corals obtain their energy from photosynthesis. Without 

them corals bleach and die. The complex symbiotic associations in corals are species-

specific, and integration is regulated at molecular level. Consequently, regarding the 

environmental and evolutionary relevance, the unit organism is not the eukaryotic host but, 

as a whole, the coral holobiont made of hundreds of genomes.  

                                                           
6 Emerging working hypothesis: Providing conditions supportive of life, the biosphere arrives at being a self-regulating life 

entity. The biosphere is a dynamic system, stabilized via feedback coupling mechanisms so that our entire planet may be 

considered to be one single living being, a supra-organism. The biosphere would be the ultimate case of a holobiont, a planetary 

holobiont. 

 

  

 


