
Genomic architecture of 
eukaryotes



Early days

• Eukaryotes are chimeras
• The exact details of the original symbiotic event are still being 

investigated (mainly using genomics)
• Hypothesis 1 – relies on biochemistry (Martin et al.)

• “hydrogen hypothesis”
• Symbiotic
• Mito-early

• Hypothesis 2 – you are what you eat (Calvalier-Smith et al.)
• Phagocytosis
• Engulfing
• Mito-late



Where did eukaryotes come from?

McInerney et al. 2014



Eukaryotes genomes are chimeric

Brueckner and Martin 2020 



Shopping bag model

• Most euk bacterial genes are not
from alphaproteobacteria

Ku et al. 2015

Larkum et al. 2007
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Close up of mammalian ETS

• Coenzyme Q
• Cyt c
• Other complexes in other taxa

Mitochondrial

Contact



Genomic changes after endosymbiosis

• Loss
• Gain
• Transfer
• Adaptive reasons
• Non-adaptive reasons (transfer ratchet)

• Ongoing transfer in plants as a model

Stegemann et al. 2003



Latter days

Dyall et al., 2004



Retention of an mt genome

• CORR hypothesis
• Hydrophobicity 

hypothesis

Allen 2015Bjorkholm 2015



Mt genomes: anything goes

Burger et al. 2012



Hydrogenosomes

Dyall et al., 2004



Mitosomes

Van Der Giezen, 2009



Archeozoa hypothesis debunked

Boxma et al. 2005



MLOs

“So there may well be 
organisms where the 
whole of this role has 
been delegated by the 
mitochondrion, and 
where after over a 

billion years of trying to make themselves 
indispensable, the mitochondrion and its 
descendants have finally disappeared, like the 
grin of Alice in Wonderland’s Cheshire Cat.”

–Howe, 2009



An amitochondrial eukaryote?

Karnkowska et al. 2016



Hill’s deductions
• The train of deductions proceeds as 

follows:
• complexity requires a large genome; 
• a large genome requires a lot of 

energy (Martin and Lane 2015; Lynch 
and Marinov 2015);
• massive energy production is only 

possible via the combined output of 
many mitochondria;
• and control of such a power system 

necessitates independent genomes in 
each mitochondrion.



N-mt genes



Mt mutation rates are variable


