
 
 

 

 

   

 

 

   

Biota J. Wagner 2004 [J. Wiemann, K. de Queiroz, T. B. Rowe, N. J. Planavsky, 
R. P. Anderson, J. P. Gogarten, P. E. Turner, and J. A. Gauthier], 

converted clade name 

Registration Number: 298 

De!nition: !e largest crown clade containing 
Homo sapiens Linnaeus 1758. !is is a special 
case of the maximum-crown-clade de"nition 
in that it does not use an external speci"er (see 
Comments); it refers to the crown clade includ-
ing humans and all other bioentities sharing 
common ancestry with them (see Comments). 
Abbreviated de"nition: max crown ∇ (Homo 
sapiens Linnaeus 1758). 

Etymology: Latinized from Ancient Greek 
βίος (syncope of βίοτος) meaning “life”. 

Reference Phylogeny: Figure 1 in Hug et al. 
(2016), in which Homo sapiens is part of the 
clade named Opisthokonta (and Biota includes 
all taxa in that tree). See also Lake et al. (1984, 
“Eocytic Tree” in “Note Added in Proof” on p. 
3790), Woese et al. (1990: Fig. 1), Pace (2006), 
Williams et al. (2012: Fig. 1a), Gouy et al. 
(2015: Fig. 3), and Hinchli# et al. (2015: Fig. 1). 

Composition: Assuming a monophyletic ori-
gin of life on Earth (!eobald, 2010), this 
clade includes the last universal common ances-
tor (LUCA) of all “living” biological entities 
(Penny and Poole, 1999) on Earth, and all of 
its descendants, both extant and extinct, on 
this planet or anywhere else in the universe. 
Accumulating evidence for multiple derivations 
of the building blocks of Biota (see Pan-Biota, 
this volume) does not contradict a single origin 
of Biota. Moreover, even should multiple origins 
of life (on Earth or elsewhere) be demonstrated, 
if those life-forms do not share a genealogical 

connection to Homo sapiens, then they would 
not be members of Biota (see Pan-Biota, this 
volume). 

At our current state of knowledge, Biota is 
generally thought to be composed of three 
major groups: Bacteria, Archaea, and Eukarya 
(= BAE), the "rst two of which might be para-
phyla rather than clades (see Comments). In 
contrast, Eukarya (or its synonym Eukaryota) 
has always been associated with a major 
branch of the tree of life that is now universally 
regarded as a well-supported clade. Several new 
taxa of uncertain relations have recently been 
discovered; they are either deeply imbedded 
in Bacteria (Hug et al., 2016: Suppl. Fig. 2) or 
join the rest of Biota near the putative root of 
the biotan tree (i.e., some could be sister to all 
other biotans) (Hug et al., 2016: Suppl. Fig. 1). 
!ere are additional sets of (potential) biologi-
cal entities, or parts of entities, that, while not 
themselves organisms as traditionally conceived 
(see Comments), are composed of potentially 
clade-forming entities that are often discussed 
when considering the transition from chemis-
try to biology (i.e., the origin of life), and might 
thus be parts of Biota: viruses, transposons, and 
nanobacteria (e.g., Trifonov and Kejnovsky, 
2015; Kejnovsky and Trifonov, 2016; and see 
Comments). Extant viruses and transposons 
represent likely non-monophyletic groups of 
molecular parasites that seem to be parts of Pan-
Biota, but not necessarily, or only in part, mem-
bers of Biota (see Comments). Terrestrial and 
Martian nanobacteria have been suggested as 
members of Biota, posing a signi"cant challenge 
to understanding the biogeography of early life. 
Because the phylogeny and composition of most 
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of these candidate biological entities (bioenti-
ties) are not well understood, we shall review 
current insights on each one of them and dis-
cuss their signi"cance, composition, and phylo-
genetic placement in the Comments sections of 
the contributions on Biota and Pan-Biota. 

If all extant viruses and transposons repre-
sent degenerate derivatives of the last common 
ancestor of bacteria, archaeans, and eukaryotes 
(BAE), then they are parts of Biota as currently 
understood. If some or all of those bioentities 
are derivatives of cellular pan-biotans outside of 
the BAE crown, or even earlier-diverging pre-
cellular assemblies that share common ancestry 
with BAE, they would still be parts of Biota 
as de"ned here, but that name would apply to 
a more inclusive clade than the BAE crown. 
Moreover, if some or all viruses and transpo-
sons are found to derive from the other branch 
stemming from the very earliest divergence of 
replicators leading to the crown, the name Biota 
would become synonymous with Pan-Biota. In 
each case, the Composition and Diagnosis of 
Biota would change accordingly. 

Diagnostic Apomorphies: !e de"nition of 
the taxon name Biota is clear in theory—it 
refers to the maximum crown clade contain-
ing humans, that is, to all descendants of the 
last common ancestor of all life on Earth today. 
In practical terms, however, the exact com-
position of this clade remains elusive, and its 
diagnosis accordingly unclear. Given that there 
is still much to be learned about the microor-
ganisms of our planet, there is a possibility that 
the basal-most crown divergence in the tree of 
life on Earth has yet to be discovered (see, e.g., 
“pandoraviruses” sensu Philippe et al., 2013; but 
see contrary view by Koonin and Yutin, 2018). 
!e diagnosis of Biota is further complicated 
by uncertainty regarding potential phyloge-
netic relationships of some classes of bioentities, 
such as viruses and transposons, which may 

be secondarily simpli"ed molecular parasites 
derived from cellular (or even pre-cellular) life-
forms (see Comments). 

We accordingly focus on the diagnosis of 
the clade stemming from the last common 
ancestor that Homo sapiens (Eukarya) shared 
with Halobacterium salinarum (Archaea) and 
Escherichia coli (Bacteria), fully cognizant that 
at least some and probably all of these apomor-
phies could have arisen well before that ancestor 
(see Comments below and Pan-Biota, this vol-
ume). If some or all viruses (or mobile genetic 
elements) turn out to be members of the BAE 
clade (see Composition), then they must have 
lost (most of) these diagnostic features. 

!e ancestral biotan cell reproduced by 
binary "ssion (see Pan-Biota, this volume). It 
was enclosed in an envelope composed of lip-
ids and proteins, containing proteinaceous 
transmembrane units that facilitate chemosens-
ing of environmental stimuli and endergonic 
osmoregulation, and chemiosmotic coupling 
(Oró et al., 1990; Gogarten and Taiz, 1992; 
Orgel, 1994; Maynard Smith and Szathmáry, 
1995; Sára and Sleytr, 2000; Klug et al., 2017; 
Rodrigues-Oliveira et al., 2017). It stored all 
vital biomolecules, i.e., amino acid-based pro-
teins (organismic function and structure), fatty 
acid-based lipids (organismic structure), ribo-
nucleic acids (organismic function), deoxyribo-
nucleic acids (organismic function), and most, 
if not all, of their monomeric building blocks in 
a water-based medium (Oró et al., 1990; Orgel, 
1994). Unlike some molecular assemblies (e.g., 
some nanobacteria), the ancestral biotan was 
capable of growth and reproduction via internal 
biosynthesis including ribosomes translating 
genes into proteins, and higher-level compound 
modi"cation (= metabolism), that responded to 
chemo-sensed environmental stimuli through 
intragenerational metabolic adjustments (= 
physiological adaptation) and intergenerational 
modi"cations (= evolution) (Maynard Smith 
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and Szathmáry, 1995, 1997). !e ancestral bio-
tan cell stored its DNA wrapped around pro-
teins in chromosomes and contained a set of at 
least 355 genes (Martin et al., 2016). 

Synonyms: Approximate (and partial if descen-
dant viruses, mobile genetic elements, and 
nanobacteria are excluded) synonyms: Zotica 
Spinola 1850; Bionta Walton 1930; Cellulata 
Vorontsov 1965; Cytobiota Hu 1965; Cytota 
and Acytota Trifonov and Kejnovsky 2015. 
Numerous partial synonyms refer to a para-
phyletic taxon originating in approximately 
the same ancestor, including Monera Haeckel 
1866, Protista Haeckel 1866 (but not as used by 
Copeland, 1938, and others), Bacteria Haeckel 
1894, Prokaryota Swain 1969, and Procytota 
Je#rey 1971 (see https://species.wikimedia.org/ 
wiki/Prokaryota for a more complete list). 

Comments: Given the fundamental signi"-
cance of the most inclusive crown clade of 
life on Earth, it is surprising that the litera-
ture records so few instances in which it has 
been referred to explicitly by name, rather 
than being described in terms of the proper-
ties thought necessary to its existence—i.e., 
the often vague concept of “being alive” (see 
Pan-Biota, this volume)—or referred to by 
implication, for example, through reference 
to LUCA, the last universal common ances-
tor (Woese, 1999). By contrast, an inordinate 
amount of literature has been devoted to how 
many primary subtaxa should be recognized 
within this (seldom-named) taxon, and which 
traditional categorical ranks (e.g., Domain, 
Kingdom, Phylum) should be assigned to them 
(e.g., Blackwell, 2004, and references therein). 
!at said, there are a number of taxon names 
that could arguably be applied to the crown 
clade that contains all bioentities originating 
on Earth (related to humans). Most of these 
candidate names were proposed explicitly for 

the paraphylum composed of cells lacking a 
membrane-bound nucleus ("rst distinguished 
by Chatton, 1925; see also Chatton, 1937/1938; 
though not christened formally with the name 
“Prokaryota” until Swain, 1969). Also, there are 
a number of candidate names associated with 
paraphyla that explicitly exclude multicellular 
organisms (e.g., Protista Haeckel 1866; in the 
twentieth century, this name became associ-
ated with unicellular eukaryotic organisms). 

!ere is a much shorter list of taxon names, 
including Zotica Spinola 1850, Bionta Walton 
1930, Cytobiota Hu 1965, Cellulata Vorontsov 
1965, and Cytota Trifonov and Kejnovsky 2015 
proposed for a group of bioentities including all 
cells, whether or not they have a membrane-
bound nucleus, as well as both unicellular and 
multicellular organisms (although still poten-
tially paraphyletic as this group often excluded 
viruses). Most biologists are unlikely to be 
familiar with most of these names for they have 
seldom been used since they were coined. 

Biota is an exception, albeit best known as 
a common noun rather than as a taxon name. 
Stejneger (1901: 89) "rst proposed “biota” “as 
a comprehensive term to include both fauna 
and $ora that will not only designate all animal 
and plant life of a given region or period, but 
also any treatise upon the animals and plants 
of any geographical area or geological period.” 
Following Stejneger, its general use has been as 
a common noun and “biota” is usually quali-
"ed with an adjective (e.g., marine biota, extinct 
biota), with a pre"x (e.g., microbiota, symbiota), 
or in combination with a possessive (e.g., biota 
of Brazil). Originally focused on multicellular 
organisms (i.e., terrestrial $ora and fauna), it 
has since been expanded to include microbes in 
diverse settings (e.g., marine microbiota or gut 
biota). Nevertheless, when used as a common 
noun, “biota” generally refers to some subset of 
the maximum-crown-clade that is usually not 
itself a clade. 
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!e term appears only recently to have been 
employed as a proper noun referring to the 
taxon composed of all bioentities on Earth. 
Biota was apparently "rst used in its taxonomic 
sense in a website (Brands, 1989–2005), then in 
an abstract volume produced for the Paris meet-
ing of the International Society of Phylogenetic 
Nomenclature (Wagner, 2004), and later still in 
a self-published book (Pelletier, 2015). !e earli-
est peer-reviewed journal article using Biota as a 
formal taxon name appears to be that of Trifonov 
and Kejnovsky (2015; see also Kejnovsky and 
Trifonov, 2016) (although Hu [1965] also 
used the term “biota” for “an immense group 
of living beings” [p. 255; including all viruses 
regardless of their likely polyphyly]). Given that 
Wagner (2004) was the "rst to apply Biota as 
a formal taxon name to this clade in a printed 
work (which can be downloaded and printed at 
the phylocode.org website), thereby qualifying 
it as “in use” and therefore a preexisting name 
under Article 6.2(b) of the PhyloCode, Wagner 
(2004) is here regarded as the nominal author 
of Biota. 

Selecting Biota from among the seldom-used 
names available for this clade takes advantage 
of the implicit connection between this familiar 
term for “living beings” and the most inclusive 
crown clade originating on Earth. Whether used 
in its ecological or taxonomic sense, expressions 
such as the “biota” of South America or “biota” of 
the Burgess Shale would remain perfectly intel-
ligible as referring to all organisms from those 
times and places. Moreover, as Stejneger noted, 
“Biota” has an obvious (etymological) connec-
tion to “biology”, the name for the science of 
life. We accordingly take this opportunity to 
propose an explicit phylogenetic de"nition for 
the taxon name Biota using a modi"cation of 
the form of de"nition proposed by Wagner 
(2004), i.e., a maximum-crown-clade de"ni-
tion that does not employ an external speci-
"er. !is departure from the standard form of 

a maximum-crown-clade de"nition re$ects the 
exceptional circumstance that the name Biota is 
being applied to the most inclusive crown clade 
on this planet, rendering an external speci"er 
super$uous to limiting the inclusiveness (cir-
cumscription) of the clade. 

!e single internal speci"er, Homo sapiens, 
possesses all of the qualities most desirable in 
(if not required of) a nomenclatural speci"er: 
it is composed of abundant, large organisms 
that are easily dissected, thoroughly studied 
and exhaustively illustrated from histological 
to gross anatomical levels, well-known onto-
genetically, physiologically, and behaviorally, 
and it has a completely sequenced genome and 
an informative fossil record. It is also deeply 
imbedded within the named clade, thus bu#-
ering the name against unintended taxonomic 
consequences caused by potential changes in 
tree topology (e.g., Sereno, 1998). All extant 
organisms are no less distant in time than Homo 
sapiens is from the most recent common ances-
tor (= ur-ancestor) of Biota, were no less subject 
to the cumulative contingencies of evolution 
than we were, and are no less interesting and 
informative in their own rights (Gee, 2013). 
Nonetheless, biology is fundamentally and 
uniquely a human enterprise, as is the practice 
of coining taxon names to enhance cognitive 
e%ciency (Mervis and Rosch, 1981) as humans 
communicate about Biota and its members. 
!us, our speci"er choice is not anthropocen-
tric in a prejudicial or pejorative sense; rather, it 
employs the one and only species in all of Biota 
that is universally known to those creatures who 
study it, while underscoring that humanity’s 
place in nature derives from a phylogenetic con-
nection with all other life on Earth. 

By drawing a clear distinction between the 
largest crown clade containing Homo sapiens 
(Biota) and its corresponding total clade (Pan-
Biota, this volume), we hope to sharpen the 
focus of questions regarding the origin of the 

16 

https://phylocode.org


 

 

 

 

 
 
 

 
 

 
 
 
 
 
 

 
 
 

 
 

  
 

 
 

 
   

Biota 

last common ancestor of all extant replicators 
related to H. sapiens, the relationships of dispa-
rate “non-cellular” bioentities (e.g., viruses), and 
the origin of biological replication itself (sensu 
Pan-Biota). 

Tying the taxon name Biota to the maxi-
mum crown clade containing Homo sapiens 
ensures that all extant organisms and other (less 
complex) extant bioentities sharing common 
ancestry with them will be parts of that clade. 
Nevertheless, ideas about the circumscription 
of the clade Biota may expand stem-ward in 
the future as new bioentities are discovered, 
and if some or all debated members of Biota, 
such as viruses and mobile genetic elements, are 
inferred to have emerged from bioentities that 
diverged before the last ancestor shared by E. 
coli, H. salinarum, and H. sapiens, and persisted 
to the Recent by interacting symbiotically with 
the descendants of that ancestor (see below). 
!e basalmost possible phylogenetic position of 
the ancestor in which Biota originated would 
make this clade-name synonymous with Pan-
Biota (this volume). 

In the context of our de"nition for the name 
Biota and its proposed diagnosis, we now con-
sider more controversial members of Biota, such 
as viruses, transposons, and nanobacteria, which 
are frequently discussed in modern literature 
addressing the origin of life. !e PhyloCode gov-
erns clade nomenclature, and clades are typically 
thought to be composed of integrated bioentities 
(e.g., organisms) that are self-organizing, self-
replicating, and self-sustaining; we accept that 
none of the controversial candidate members of 
Biota are “organisms” in that sense (Moreira and 
López-García, 2009). Nevertheless, we see no 
compelling reason to exclude them a priori from 
Biota as a clade (i.e., a common ancestor and all 
of its descendants), especially as they could rep-
resent simpli"ed symbiotic o#shoots of cellular 
(or pre-cellular) organisms (e.g., viruses) or their 
genomes (e.g., transposons and other mobile 

genetic elements). !e following is a summary of 
key features of each of these potential members 
of Biota, a critical discussion of their signi"cance 
to the origin of life, and an overview of current 
hypotheses concerning their phylogenetic place-
ment, and how their inclusion in Biota might 
a#ect ideas about the composition of this clade 
now or in the future. 

“Virus” is a functional term for a disparate 
array of DNA- or RNA-based replicators that 
are, with few exceptions (see below), enclosed 
in a proteinaceous sheath called a capsid; the 
term does not refer to a taxon as such (Van 
Regenmortel, 2003). !ese cell-reliant bioenti-
ties are the most abundant denizens of Earth, 
with at least 10 individual virus particles for 
every cell (Brüssow, 2009) (note also that your 
body contains about as many bacterial as human 
cells [Sender et al., 2016]), and have been found 
everywhere their hosts can survive, even in the 
most hostile environments (e.g., Sahara Desert; 
Prestel et al., 2012). Viral genomes typically 
contain two functional modules: those genes 
governing genome replication and those regulat-
ing capsid self-assembly (Krupovic and Koonin, 
2017a,b). Indeed, bacteriophage genomes and 
capsids are often assembled separately in the 
cytoplasm of their hosts, where they must 
encounter one another in order for the former 
to insert into the latter. In that sense, viruses 
appear to be composite bioentities, analogous 
to eukaryotes (or, for that matter, all cells). As 
Krupovic and Koonin (2017a) argued, the cap-
sid is the key innovation distinguishing viruses 
from among other “sel"sh” genetic elements, 
protecting their replicators in extracellular envi-
ronments and enabling them to attach to and 
enter host cells. 

Viruses are often explicitly excluded from 
taxa composed of typical (cellular) organisms 
bearing the diagnostic features noted above 
(see Diagnosis), including Bionta Walton 
1930, Cellulata Vorontsov 1965, and Cytobiota 
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Hu 1965 (viruses had yet to be discovered when 
Zotica Spinola 1850 was proposed). In contrast, 
Trifonov and Kejnovsky (2015; see also Hu, 
1965) explicitly included viruses in their Biota 
(as “living beings” if not as “organisms”, the lat-
ter of which were included in their purportedly 
less-inclusive Cytota Trifonov and Kejnovsky 
2015; see also Kejnovsky and Trifonov, 2016). It 
is not clear whether some or all viruses represent 
incipient or vestigial organisms, or whether they 
are rogue bits of genomes that escaped from cel-
lular life-forms (see, e.g., Luria and Darnell, 
1967; Podolsky, 1996; Forterre, 2006; Nasir and 
Caetano-Anollés, 2015), or some combination 
of these scenarios (e.g., Krupovic and Koonin, 
2017a,b). 

Viruses are readily distinguished from all 
other bioentities; for example, their capsids are 
morphologically and compositionally distinct 
from cell membranes, and their genome-repli-
cating proteins lack any clear homologs among 
cellular life-forms (Krupovic and Koonin, 
2017b). !ey are unable to replicate without their 
hosts, and for that reason it has often been ques-
tioned whether viruses are “alive” (see Moreira 
and López-García, 2009 and López-García and 
Moreira, 2009, and references therein). Such 
reasoning seems $awed, however, as many cel-
lular parasites are unable to replicate without 
their hosts (e.g., Mycobacterium tuberculosis), 
yet they are nonetheless commonly considered 
to be “alive” (Hegde et al., 2009; Nasir and 
Caetano-Anollés, 2015). Granted that viruses 
di#er from cells in that they are “unable to 
transform energy and matter (that is, to actively 
generate order from disorder)” (López-García 
and Moreira, 2009:15). But cellular genomes 
are likewise unable to accomplish those activi-
ties on their own and do not di#er from viral 
genomes in that respect; both genomes require 
access to the elaborate metabolic machinery— 
including other genes, transcription products, 
proteins, and metabolites—found only inside 

membrane-bound cells, in order to reproduce 
themselves. Although questions about the ori-
gin of life remain subject to lively debate (e.g., 
Root-Bernstein and Root-Bernstein, 2015), our 
more modest goal is to consider whether one 
or more viral clades could be descended from 
uncontroversial “living” bioentities, and thus 
be part(s) of Biota. All viruses sharing ances-
try with Homo sapiens are by de"nition part of 
Pan-Biota because they ful"ll the requirement 
of “biological replication” (if that evolved only 
once), viz., the production of descendants that 
are themselves able to reproduce (see Pan-Biota, 
this volume). 

Inferring phylogenetic relationships among 
viruses and assessing their place(s) in the tree 
of life have proven challenging. !e viral life-
style could have originated more than 3.5 billion 
years ago (see below) and viral “generation 
times” (from entry to exit from host) can be 
measured in minutes. As a consequence, viruses 
can achieve extraordinary rates of evolution-
ary change that, combined with high mutation 
rates, can result in remarkably divergent gene 
sequences, problems for sequence alignment, 
and a propensity for long-branch attraction, all 
of which can confound phylogenetic inference. 
Patterns of viral descent can be obfuscated by 
additional phenomena, such as horizontal gene 
transfer from host to virus, and further com-
plicated by horizontal virus transfer among 
distantly related hosts (e.g., Dolja and Koonin, 
2018). Despite these di%culties, several well-
supported viral clades have been recognized 
in recent years, such as bacteriophage DNA 
viruses (Krupovic and Koonin, 2017a; Yang et 
al., 2018), eukaryote RNA viruses (Krupovic 
and Koonin, 2017b; Wolf et al., 2018), and the 
therian mammal Lentivirus clade (Nakano et 
al., 2017; which includes the subclade SIV and 
its subclade HIV [Sharp and Hahn, 2011]). No 
evidence has yet emerged indicating that all 
viruses comprise a single branch of the tree of 
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life (indeed, no single sequenceable biomolecule 
is shared by all viruses). Moreover, some viral 
capsid proteins appear to derive from proteins 
taken from di#erent major subclades of cellular 
life-forms. !is suggests that viruses—mobile 
genetic elements that can travel from cell to cell 
encased in protective sheaths derived from pro-
teins transferred horizontally from preexisting 
cells—emerged on at least 20 separate occasions 
in the history of the biotan total clade (Krupovic 
and Koonin, 2017a; see also Gladyshev and 
Arkhipova, 2011). 

It would be a mistake to regard any of these 
viruses as not being referable to Biota because 
they are thought, in some sense, not to be “alive”. 
Crown caecilians (vermiform amphibians), for 
example, are still part of Tetrapoda even though 
they lack any vestiges of this clade’s diagnostic 
four limbs (even as embryos). Similarly, even 
if viruses lack one, many, or all of the proper-
ties described in our Diagnosis, according to 
our de"nition, any given Recent virus stem-
ming ultimately from a bioentity that shares 
ancestry with human cells would still be part of 
Biota, even if it diverged before the origin of the 
ancestral cell, or before the last cell shared by 
crown BAE (e.g., Nasir and Caetano-Anollés, 
2015). Conversely, if a viral replicator originated 
independently (e.g., in an “RNA world” sensu 
Gilbert, 1986; Diener, 1989; Wolf et al., 2018), 
so that its genome did not share ancestry with 
Homo sapiens (e.g., Koonin and Dolja, 2014), 
then that virus would not be part of Biota (or 
Pan-Biota). !at being said, if that independent 
viral line shared genes acquired from cellular 
life-forms via horizontal transfer (e.g., Krupovic 
and Koonin, 2017a), then there are some senses 
in which it could be considered part of Biota 
(PhyloCode Note 2.1.3). If an ancient pan-biotan 
virus parasitized some non-BAE host, it would 
only be part of Biota if that host was a direct 
ancestor of BAE, or if the virus later trans-
ferred horizontally to a BAE cell (and the virus 

survived to the Recent). On that note, some so-
called “naked viruses” may well have evolved 
before the emergence of cellular life, and per-
sisted in solution until they launched an evolu-
tionary arms race with cellular bioentities (that 
likely predate the complex cell shared by the last 
common ancestor of BAE). If, as suggested by 
Koonin and Dolja (2014), viruses emerged from 
sel"sh genetic elements (and vice versa) on multi-
ple occasions during evolution, then their inclu-
sion in Biota would depend on the genealogical 
connections of those sel"sh genetic elements: 
do they ultimately share ancestry with uncon-
troversial biotan DNA-based genomes or not? 
Pinpointing the exact phylogenetic placement of 
the Biota node requires a clearer understanding 
of the origins and evolution of viral bioentities. 

Transposons (short for “transposable ele-
ments”; also known as “jumping genes”) do not 
comprise a taxon, but instead represent a func-
tional class of DNA- or RNA-based replicators 
that can change position within the genome 
(transposition) through excision and inser-
tion into a target DNA sequence (McClintock, 
1950). !ese clade-forming bioentities, like 
other mobile genetic elements (MGEs, includ-
ing self-splicing inteins and introns) spread—by 
both vertical and horizontal transfer—across 
the tree of life and can be grouped by various 
criteria, such as the distinctive catalytic mecha-
nisms they employ during transposition (e.g., 
McDowall, 2006). !eir propensity to prolifer-
ate within genomes—e.g., they comprise 42% 
of the human genome (Lander et al., 2001) 
and 85% of the maize genome (Schnable et al., 
2009)—often with deleterious consequences, 
led to transposons being viewed as “sel"sh” 
genome parasites (in contrast to cell-parasitiz-
ing viruses). !eir abundance within genomes 
doubtless creates more opportunities for hori-
zontal gene transfer, especially by superabun-
dant retrotransposons in eukaryotes (Kidwell, 
1992), that not only jump about within their 
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genomes, but also generate numerous copies of 
themselves within the genome. Nevertheless, 
there is growing evidence that transposons may 
play important roles in the evolution of gene reg-
ulation in biotans (e.g., Wagner, 2014; Lanciano 
and Mirouze, 2018), o#ering new insights into 
how the functional morphology of the genome 
itself evolved (e.g., Britten and Davidson, 1971; 
Biémont, 2010). 

Like viruses, mobile genetic elements are 
entirely dependent upon their hosts’ metabo-
lism and cannot replicate except inside cells 
(Kidwell, 1992; Villarreal, 2005). Questions 
about the evolutionary origin(s) of one class 
of MGEs, transposons, arose when some were 
found to share aspects of genome form and 
function with viruses (e.g., Villarreal, 2005). 
In particular, retroviral gene sequences have 
been identi"ed in MGEs in eukaryotes that 
lack capsids and for that reason they have 
been regarded by some as “retrotransposons” 
(Koonin and Dolja, 2014). !is suggested 
a possible evolutionary connection between 
these reverse-transcribing MGEs, with ret-
rotransposons acquiring protein-coding genes 
from eukaryotic hosts to construct the viral 
capsids enabling these mobile genetic elements 
to move not just within cells, but also between 
them. !is transition could have worked both 
ways, with retrotransposons potentially giving 
rise to retroviruses and vice versa on multiple 
occasions. However, Krupovic and Koonin 
(2017b) inferred that the capsidless “ret-
rotransposons” currently known in Eukarya, 
such as non-mobile genetic elements residing 
exclusively in mitochondria, are actually sec-
ondarily simpli"ed retroviruses, as they appear 
deeply imbedded within a very large eukary-
ote-wide clade of RNA-based viruses with 
fully developed viral capsids. An alternative 
hypothesis by Hickson (1989) suggests that 
some transposable genetic elements may have 
emerged from group-II-introns, short genetic 

elements capable of self-excision from their 
DNA strands. 

Ideas about the evolutionary origins of 
transposons became intertwined with those of 
viruses. Nevertheless, whether transposons, or 
any other mobile genetic element, arose on one 
or more occasions before, during, or after the 
ancestral BAE cell "rst appeared, no one has yet 
presented any evidence that they are composed 
of anything but standard genes, such as those 
encoding transcriptase, common to all biotan 
cells (however modi"ed these mobile elements 
might be compared to typical “immobile” 
genes). !us, all transposons found in uncon-
troversial biotan genomes, regardless of their 
evolutionary origins, must be regarded as parts 
of Biota (and Pan-Biota). 

Nanobacteria pose another challenge. As with 
“virus”, the term does not apply to a taxon; it 
refers instead to tiny, spherical assemblies of 
biomolecules that attract mineral precipitation 
onto their surfaces. Comparable structures are 
widely distributed, having been extracted from 
the lithosphere, human kidney stones and ath-
erosclerotic plaques, as well as from a Martian 
meteorite (as fossil remains). Whether nanobac-
teria (originally described as “ultramicrobacteria” 
by Torrella and Morita, 1981) can be considered 
“alive”, and therefore potentially part of Biota, 
is controversial. Terrestrial and putative Martian 
nanobacteria (McKay et al., 1996; Çiftçioۜlu et 
al., 2005; Martel and Young, 2008) share a min-
eral-encapsulated, multilayered organic sphere 
of very small size (~200 nm circumference), and 
are allegedly able to replicate this morphology 
(Sommer et al., 2003; Çiftçioۜlu et al., 2005; 
Martel and Young, 2008) (although this could 
result from initiation of mineral precipita-
tion, as binary "ssion has yet to be observed). 
!e idea that nanobacteria are “alive” has been 
challenged by a fundamental reinterpretation 
of these structures as organic, nanoparticulate 
agglomerates that facilitate secondary mineral 
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precipitation via Coulomb e#ects, or coordina-
tion chemistry with surrounding dissolved ions 
(Cisar et al., 2000; Martel and Young., 2008). 
Nanobacteria extracted from biotans stain posi-
tively for DNA (which might be the product of 
probe/instrument contamination) (Cisar et al., 
2000). However, putative Martian nanobacteria 
contain only polycyclic aromatic hydrocarbons 
that could still be fossilization products of origi-
nal biomolecules (McKay et al., 1996; Wiemann 
et al., 2018). !erefore, nanobacteria would only 
be part of Biota if they descended from a pre-cel-
lular ancestor of BAE cells, or are derived from 
secondarily simpli"ed BAE cells. Or they might 
not be taxa per se, but merely represent biotan cel-
lular debris acting as nuclei for mineral deposi-
tion, as might be the case for examples extracted 
from biotan host tissues. 

While nanobacteria within human hosts 
could be part of crown Biota (e.g., Çiftçioۜlu 
et al., 1999), putative Martian nanobacte-
ria pose a special problem: their fossil nature 
suggests that these potentially biological enti-
ties existed multiple millions of years before 
present, well before any possibility of anthro-
pogenic contamination of Earth’s adjacent 
satellite bodies and planets. In that case, 
Martian nanobacteria might represent either 
non-anthropogenic contaminants from Earth, 
transported through whatever means (e.g., by 
impact debris ejected into space from asteroid 
collisions). Or they could represent a separate 
origin of extraterrestrial life, in which case 
they would not be part of Biota as de"ned here 
(see Pan-Biota, this volume). Alternatively, 
they could share a common ancestral repli-
cator with Homo sapiens—transported either 
from Earth, from Mars, or to both planets 
from elsewhere—and thus be members of 
Biota or non-biotan Pan-Biota. Or they could 
just be non-living organic agglomerates aris-
ing through abiotic chemistry, and having 
nothing to do with Pan-Biota (although they 

could represent non-replicating mineralized 
biological detritus produced by members of 
that clade). 

One reason for the numerous controversies 
around these potential candidate members of 
Biota is the fact that the biotan tree is di%cult 
to root (e.g., Hug et al., 2016). It is generally 
thought that "rst Archaea (whether a clade 
or paraphylum), and then Bacteria (whether 
a clade or paraphylum), are successive sis-
ters to Eukarya (the monophyly of which has 
never seriously been questioned since Chatton 
[1925] recognized their foremost shared apo-
morphies: a membrane-bound nucleus and 
mitochondria)—in other words, the root of 
Biota is widely held to lie either within (para-
phyletic) “Bacteria” or between (monophyletic) 
Bacteria on the one hand, and an “Archaea” + 
Eukarya clade on the other (e.g., Gogarten et 
al., 1989; Iwabe et al., 1989; Ciccarelli et al., 
2006; Fournier and Gogarten, 2010). As was 
the case for discovering the clade Eukarya, the 
idea that some “archaeans” are closer to eukary-
otes than are others (the “Eocyte Hypothesis”) 
was based initially on (micro)morphology (Lake 
et al., 1984), and both hypotheses have been 
corroborated in several recent gene-sequence-
based studies (e.g., Williams et al., 2013; Gouy 
et al., 2015; Hug et al., 2016; Betts et al., 2018). 
Unfortunately, none of the potential candidate 
members of Biota considered here were included 
in any of these phylogenetic analyses due to bio-
molecular incompatibilities, or the current lack 
of phylogenetically informative molecular resi-
dues in their fossil representatives. 

Based on our current understanding of Biota, 
it is thought that the ancestral biotan was het-
erotrophic (Blankenship, 2010; see also Betts et 
al., 2018) and must have evolved in an aqueous 
solution containing essential sodium, potas-
sium, magnesium, chloride, phosphate, carbon-
ate, sulfate, nitrate, transition metal ions, and 
the dissolved organic molecules upon which it 
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fed (e.g., Hunding et al., 2006). !is ancestral 
habitat would not necessarily have to be located 
in the photic zone, as the primary environmental 
cue governing metabolic rhythmicity ancestral 
for Biota (e.g., convection—based on tempera-
ture change in the upper water layers, and/or 
UV-light-based chemical reactivity and redox 
gradients) could be sensed even in the apho-
tic zone. Biotans can be found today all over 
Earth’s surface and shallow subsurface, and in 
its hydrosphere and atmosphere. Multiple spe-
cies can now also be found in some of Earth’s 
adjacent satellite bodies through space-travel-
mediated transport of anthropogenic contami-
nants (Novikova et al., 2006). 

Microbial fossils from the 1.9 billion-year-
old Belcher Supergroup in Canada (Hofmann, 
1976; Golubic and Hofmann, 1976) can unam-
biguously be identi"ed as (Pan-) Cyanobacteria, 
and this clade must be older than the "rst per-
manent rise of atmospheric oxygen for which 
it was responsible—referred to as the Great 
Oxidation Event—at 2.45–2.32 billion years 
ago (e.g., Luo et al., 2016). !us, the basal bio-
tan divergence took place no less than 2.32–2.45 
billion years ago based on a literal reading of the 
body-fossil record. However, the evolution of 
biotic oxygen production is typically inferred, 
based on geochemical proxies for divalent oxy-
gen, to have occurred prior to 3.0 billion years 
ago (e.g., Wang et al., 2018). If isotopic or bio-
marker signatures correlated with methano-
genesis were produced either by methanogenic 
archaeans, or by the ancestor of archaeans and 
eukaryotes (e.g., Betts et al., 2018), then Biota 
would be at least 3.5 billion years old. !ere are 
multiple claims based on biomarkers and iso-
tope signatures suggesting that Biota, or at least 
Pan-Biota, predates 3.5 billion years, but these 
claims are debated. Divergence-time estimates 
based on molecular-clock analyses using ances-
tral biotan genes—those coding for proteins 
involved in binary "ssion, ATP metabolism, 

protein synthesis (cell division; housekeeping; 
metabolism), and protein digestion (heterotro-
phic lifestyle; primitive immune response)— 
suggest that the basal biotan divergence took 
place much earlier, more than 3.9 billion years 
ago (Betts et al., 2018). However, inferred diver-
gence times for organisms passing through mass 
extinctions—and Biota has survived several— 
can distort such estimates (e.g., Berv and Field, 
2018). Moreover, this estimate of divergence 
time would place the biotan origin before the 
end of the Hadean Heavy Bombardment, an 
interval in Earth history unlikely to have been 
favorable to the proliferation of delicate cellular 
life-forms. Nevertheless, modeling indicates that 
this catastrophic episode in Earth history was 
unlikely to have produced conditions exceed-
ing biotic tolerances planet-wide (Abramov and 
Mojzsis, 2009). !e origin of crown Biota is 
thus likely to have occurred sometime between 
these two estimates—between 3.9 Ba and 3.5 
Ba—and the origin of the biotan total clade is 
likely to be much older (see Pan-Biota, this vol-
ume), though doubtless after the moon-forming 
impact 4.51 billion years ago thought to have 
sterilized the Earth’s surface. 
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