
Life eternal in the face of 
senescence



Mutations in mtDNA

• “All main theories of 
aging… focus on decline 
in mt function and 
accumulations of mt 
mutations”
• “…there is broad 

consensus among aging 
researchers that mt 
dysfunction is the root 
cause of aging.”

LARSSON 2010



Mitochondrial theory of aging

• Aging is caused by a 
decrease in mt function 
over time
• Free-radical theory of 

aging
• Mt dysfunction caused by

accumulation of mt 
mutations caused by ROS

• Replication error theory 
of aging
• Mt dysfunction caused by 

accumulation of mt 
mutations caused by 
replication errors



ROS and the mutational ”vortex” or vicious 
cycle
• Mitos are main sites of ROS production
• mtDNA is located right there
• “Keeping cookbook next to the fire”



Signatures in the sequences

• G -> T = 8-oxoG
• transversion
• INDICATIVE OF ROS



Signatures in the sequences

• C->T – deamination
• transition
• Characteristic of replication error



Evidence against ROS

• Support for 
replication 
causing majority 
of mtDNA
mutations in 
mammals and 
drosophila



Other lines of evidence

• polG mice (Kendra!)
• Increased mtDNA mutations do not 

cause increased ROS

• OGG1-null mice
• Increased 8oxoG mtDNA mutations

don’t caused decreased mt
function or aging

• MCLK1-/+ mice
• Increased ROS, but ages slower

Stuart et al. 2005



In general… this theory of aging is dead J



Long live the MFRTA



Replication error theory

• Supported by polG mice

Vortex



Do mitos really cause aging?

• Antagonistic pleiotropy in nuc genes too



Can we stop aging or live forever? 

• Gilgamesh and whatnot
• Hill says no: “Because aging is a fundamental property of humans, the 

only way humans could stop aging would be to stop being human”

Do they though?



polG mice

• They accumulate mt 
mutations and age rapidly
• They give birth to

“normal” young 



Immortal germline vs. disposable soma

Clancy 2008



Who has a germline?

• Animals
• Plants?

• Surprisingly, the number 
of cell divisions within the 
gamete lineage is nearly 
independent of both life 
span and vegetative 
growth. 

• These results suggest that 
stem-cell organization has 
independently evolved in 
plants and animals to 
minimize mutations by 
limiting DNA replication.

• Probably not unicellular 
eukaryotes



Animal-centric ideas



Selection on the germline – prior to 
proliferation
• Mitos are “turned off” during 

most of female gamete cell 
life
• Most female gametes do not 

get the chance for fertilization
• Not many cell divisions either
• “Quiescent”
• Nuc vs. mt selection



Continued selection after proliferation
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Selection on mt genomes vs. mitonuclear 
function vs. organismal fitness
• Hard to tease these apart
• Respiration rate/mt function is 

screened during oogenesis
• Apoptosis
• Selection on other nuc genes?



Selection on male germ line

• Lots of mt respiration 
• Selection on energetics during fertilization
• 200M sperm per ejaculate, 1 gets to fertilize = pretty intense selection
• Mt genes aren’t passed on, so selection on N-mt genes and other nuc

genes
• But… sperm don’t really rely on respiration, mainly glycolysis
• So… what?



Selection on mitonuclear function throughout 
development
• Continued selection during early development, juveniles, adults, 

gametes, etc…
• All these things (bottlenecks, glycolysis, mitos turned off) are all 

based on mice
• How do some of these things relate to plastid-nuclear ecology?


