
Two domains of life, not three?

A picture of visual interpretation of the 
Wagner’s opera Das Rheingold, a part 
of Richard Wagner’s Der Ring des 
Nibelungen



The top three feet (1 m) of a vent chimney almost 40 feet 
(12 m) tall at Loki's Castle in mid-July 2008. Visible at left is 
the arm of a remotely operated vehicle, reaching in to take 
fluid samples.

Loki's Castle is a field of five active hydrothermal vents in the mid-Atlantic Ocean, located 
at 73 degrees north on the Mid-Atlantic Ridge between Greenland and Norway at a depth 
of 2,352 metres The vents were discovered in 2008 by a multinational scientific 
expedition of the university of Bergen, and are the most northerly black smokers to date. 
The five active chimneys of Loki's Castle are venting water as hot as 300 °C and sit on a 
vast mound of sulfide minerals. The vent field was given the name Loki's Castle as its 
shape reminded its discoverers of a fantasy castle. The reference is to the ancient Norse 
god of trickery, Loki.



Loki’s Castle Wents

Loki's Castle - a field of five active hydrothermal vents in the mid-Atlantic Ocean
- at 73 degrees north on the Mid-Atlantic Ridge 
- at a depth of 2,352 meters



In Norse mythology, Loki is a cunning trickster who has 
the ability to change his shape and sex. Loki is 
represented as the companion of the great gods Odin
and Thor.

Loki’s castle

Phylum: Lokiarchaeota

Preliminary observations have shown the warm area 
around the Loki's Castle vents to be alive with diverse 
and apparently unique microorganisms, unlike vent 
communities observed elsewhere. One of these is the 
archaeal phylum Lokiarchaeota, which is named after 
Loki's Castle.

Deep sea black smoker



Loki’s Castle Wents

Phylum: Lokiarchaeota

Phyla: Thorarchaeota

Odinarchaeota

Heimdallarchaeota

Some other phyla related to Lokiarchaeota,
sampled from similar environments all 
over the world, and named after Norse 
mythology gods



Loki’s Castle Wents

Domain: Archaea

Kingdom: Proteoarchaeota

Superphylum: Asgard (archaea)

Phyla: Lokiarchaeota

Thorarchaeota

Odinarchaeota

Heimdallarchaeota

Asgard or Asgardarchaeota
(Eukaryomorpha)

Researchers named the 
superphylum “Asgard”, 
after the realm of the 
deities in Norse mythology.



Asgard archaea illuminate the origin of eukaryotic cellular complexity

Nature volume 541, pages353–358(2017)

Abstract

The origin and cellular complexity of eukaryotes represent a major enigma in biology. 
Current data support scenarios in which an archaeal host cell and an alphaproteobacterial 
(mitochondrial) endosymbiont merged together, resulting in the first eukaryotic cell. The 
host cell is related to Lokiarchaeota, an archaeal phylum with many eukaryotic features. 
The emergence of the structural complexity that characterizes eukaryotic cells remains 
unclear. Here we describe the ‘Asgard’ superphylum, a group of uncultivated archaea that, 
as well as Lokiarchaeota, includes Thor-, Odin- and Heimdallarchaeota. Asgard archaea 
affiliate with eukaryotes in phylogenomic analyses, and their genomes are enriched for 
proteins formerly considered specific to eukaryotes. Notably, thorarchaeal genomes 
encode several homologues of eukaryotic membrane-trafficking machinery components, 
including Sec23/24 and TRAPP domains. Furthermore, we identify thorarchaeal proteins 
with similar features to eukaryotic coat proteins involved in vesicle biogenesis. Our results 
expand the known repertoire of ‘eukaryote-specific’ proteins in Archaea, indicating that 
the archaeal host cell already contained many key components that govern eukaryotic 
cellular complexity.



 The emergence of the structural complexity 
that characterizes eukaryotic cells remains 
unclear.

 There is an obvious question: how did that 
apparently giant leap in complexity come 
about?

 The unique features of eukaryotes and the 
genes that enabled them appeared to have 
no real antecedents.

 There was nothing clearly eukaryotic before an 
archaeon swallowed a proteobacterium.

Dilemmas – unanswered questions
before Asgard archaea
has been discovered



Asgard archaea genomes:

a number of proteins, 
formerly considered specific to eukaryotes
(homologues of eukaryotic membrane-trafficking machinery 
components, membrane-proteins involved in vesicle biogenesis…)

Repertoire of 
‘eukaryote-specific’ proteins in Asgard archaea

indicates that 
the archaeal host cell already contained many key 

components that govern eukaryotic cellular 
complexity



PART OF THE SORIA MORIA HYDROTHERMAL VENT FIELD ALONG THE ARCTIC MID-OCEAN 
RIDGE. THE PICTURE WAS TAKEN CLOSE TO THE LOKI'S CASTLE SAMPLING SITE FROM WHICH 
THE DNA SAMPLES USED TO RECOVER THE GENOME OF LOKIARCHAEOTA WERE ISOLATED. 
THE DETAILED METHODS USED TO RECONSTRUCT THE LOKIARCHAEOTA GENOME ARE 
DESCRIBED BY SPANG ET AL. (2015) NATURE 521, 173–179.



Over the past few years, a number of new models have been developed by statisticians to 
try and better accommodate aspects of real molecular sequence evolution. For example, 
models are now available that recognise that the same sequences in different species can 
evolve differently in terms of their amino acid or nucleotide compositions, and other 
models have been developed that allow individual sites in molecular sequences to evolve in 
different ways to each other. Although it is widely recognised that even the best currently 
available models have important limitations, they fit real sequence data much better than 
the simpler models used in the past. Interestingly, when the new models were first used to 
analyse the molecular sequence data commonly taken to support the three-domains tree, 
an alternative hypothesis for the relationship between Archaea and eukaryotes called the 
‘eocyte tree’ was better supported. In the long-neglected eocyte tree, which was first 
proposed by James Lake and colleagues in 1984 based upon ribosome structure, the 
Bacteria and Archaea can still be considered distinct primary domains but the eukaryotes 
originate from within the domain Archaea. In other words, in the ‘two-domains/eocyte
tree’, the eukaryotic lineage has an archaeal parent.

ONLY TWO DOMAINS, NOT THREE: 
CHANGING VIEWS ON THE TREE OF LIFE

Two domains concept is better supported than 
three when new methods are used



LU
CA Asgard aechaea
affiliate with Eukaryotes
in phylogenomic analyses



Researchers have used 
Lokiarchaea's genome to find a 
large group of related species that 
they are naming the Asgard
superphylum. 

Genetically, these organisms are the 
closest relatives of complex cells.

The relationship is so close that all 
organisms with complex cells may 
simply be one branch of this group.



A representative of the group was cultivated:

Hiroyuki et al. (2020) 
Isolation of an archaeon at the prokaryote–eukaryote 
interface
Nature. 577 (7791): 519–525.

Candidatus
Prometheoarchaeum

syntrophicum

Scanning electron microscopy of aggregated
cells (b), 
and SEM images of cells producing long
branching (g,h)



An elusive marine microbe, once known only by its DNA, has finally 
been cultured in the lab and could grant hints as to how eukaryotic life 
originated, researchers reported August 8 in a preprint posted 
to bioRxiv. The single-cell organism grows branching appendages and 
contains eukaryote-like genes, though it belongs to the domain Archaea.

“This is a monumental paper that reflects a tremendous amount of 
work and perseverance,” says Thijs Ettema, an evolutionary 
microbiologist at Wageningen University in the Netherlands who was 
not involved in this study, in an interview with Nature. “We’ve 
learnt a lot from the genome, but without a lab 
culture, we can only learn so much.” 

“Opinion: Archaea Is Our Evolutionary Sister, Not Mother”

The Scientist Magazine – Life Science

In January 2020, scientists reported that Candidatus Prometheoarchaeum syntrophicum, a 
member of Lokiarcheota, may be a possible link between the simple prokaryotic 
microorganisms and the complex eukaryotic microorganisms occurring approximately two 
billion years ago.
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The trickster microbes that 
are shaking up the tree of life

Mysterious groups of archaea — named after Loki and other Norse myths —
are stirring debate about the origin of complex creatures, including humans



Every mythology needs a good trickster, and there are few better than the Norse god Loki. He 
stirs trouble and insults other gods. He is elusive, anarchic and ambiguous. He is, in other 
words, the perfect namesake for a group of microbes — the Lokiarchaeota — that is 
rewriting a fundamental story about life’s early roots.

Some authors start thinking we should get rid of the three domains idea entirely. 
Instead, in their view, there are just two: bacteria and archaea. All organisms with 
complex cells, from a Paramecium to us, are just a branch of archaea.


