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as DNA replication and transcription, are 
largely archaeal. So “it makes sense” that the 
nucleus developed from an archaeon, Leger 
says. “But it’s not very clear what other part-
ners might have been involved.”

The next big frontier
Even as the number of sequenced archaeal 
and bacterial genomes continues to 
increase, offering new clues about the rela-
tionship between these microbes and the 

rise of early eukaryotic cells, many research-
ers tell The Scientist it’s entirely possible 
that some questions will never be fully 
answered. Too much time has passed since 
eukaryotes first appeared on the evolution-
ary scene, and too much DNA has been 
scrambled between too many groups, for 
scientists to piece everything together. But 
that hasn’t stopped them from trying. 

Eme tells The Scientist that the “next big 
frontier” will be functional studies in mod-

ern eukaryotes to yield clues about how 
individual genes and proteins may have 
behaved in their early ancestors. While 
there was only a single Asgard genome a 
few years ago, today there are hundreds, 
and researchers are mining them for details. 
“Now we have a clear idea of which genes 
in eukaryotes have been inherited from 
Asgard archaea, and there’s a lot of novelty 
here,” Eme says. “But what we don’t know, 
and that’s really important, is what these 
genes did or are doing in Asgard currently.”

In 2020, researchers synthesized sus-
pected homologs of eukaryotic actin pro-
teins encoded in Asgard genomes. Injected 
into rabbit cells, these proteins bound to 
eukaryotic actins and performed similar 
functions, including aiding the flow of cal-
cium across cell membranes.7 The findings 
suggest that a calcium-controlled actin cyto-
skeleton likely existed in Asgards prior to the 
emergence of eukaryotes. In another study, 
researchers attempted to resolve the lipid 
debate by expressing archaeal phospholipids 
in E. coli, and found that the bacteria were 
able to successfully incorporate as much as 
30 percent of the archaeal lipids into their 
cell membranes.8 The study doesn’t fully rec-
oncile whether eukaryotes would have been 
able to transition their membranes from 
bacterial to archaeal lipids—López-García 
notes that bacteria with membranes com-
posed of more than 30 percent archaeal lip-
ids begin to die—“but it does lay the ground-
work for future research,” Eme says.

Additional clues could come from the 
study of microfossils, microscopic impres-
sions of early cells embedded in rock, says 
University of California, Santa Barbara, 
paleontologist Susannah Porter. When 
metagenomic sequencing came to the 
fore, it seemed as though fossils fell out of 
favor, she says, but many phylogenetic trees 
rely on a methodology called a molecular 
clock that uses fossils to anchor analyses 
in time. In addition, the fossils themselves 
can be useful, allowing scientists to deter-
mine when certain external features first 
appeared, adds Porter, who is currently 
interrogating such specimens to order cer-
tain events of early eukaryote evolution. “We 
do have a fossil record back 2 billion to 1 bil-
lion years, but I don’t think it’s been taken 

FROM THREE DOMAINS TO TWO
The question of where exactly eukaryotes branch on the tree of life has been 
debated by scientists for decades. But the discovery of the Asgard archaea—
the closest prokaryotic relatives to modern eukaryotes—has shifted most 
researchers away from a three-domain tree in which eukaryotes are a distinct 
lineage and toward a two-domain tree, in which eukaryotes emerged from 
within the archaea as a secondary domain.
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