
 

Study shows mitochondrial DNA can be
passed through fathers – what does this mean
for genetics?
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Some things you learn in school turn out not to be true, for example that
there are just five senses or three states of matter. Now cutting-edge
research has added to the list by proving the mitochondria (the power
sources in our cells) comes from both our parents and not – as biology
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students are taught – just from our mothers.

The research, published in PNAS, showed conclusively that, in three
unrelated families, mitochondria from the father's sperm had been
passed to the children over several generations. Overturning scientific
understanding about this fundamental "truth", opens the possibility for
better treatment of mitochondrial disorders, which blight many families
with devastating disease.

Mitochondria convert the sugars, fats and proteins that we eat into the
molecules our cells use to power themselves. So when they go wrong, the
result is often catastrophic, resulting in lifelong problems or even the
death of an affected baby in the womb.

MELAS syndrome, for example, begins in early childhood and results in
seizures and dementia. Kearns-Sayre syndrome causes problems with
sight and hearing, potentially leaving the sufferer blind and deaf.

Most of a cell's DNA is contained in its nucleus but mitochondria sit
separately inside the cell and have their own DNA. This is because
mitochondria are thought to have started as separate organisms, which
entered early cells about 1.45 billion years ago and never left. They
reproduce themselves and move from one generation to another by
"hitching a lift" in the egg.

During fertilisation, the father's sperm transfers his DNA into an egg,
but few or none of the sperm's mitochondria get in. If any do, then there
are mechanisms designed to destroy them. The new research found that,
in a small number of families, the mitochondria from the father that
found its way into the egg were not destroyed, though we don't yet know
enough to say why. There was also some evidence this mitochondrial
DNA from the father may have then been copied as the fertilised egg
grew into an embryo even more than that from the mother.

2/4

http://www.pnas.org/cgi/doi/10.1073/pnas.1810946115
http://www.pnas.org/cgi/doi/10.1073/pnas.1810946115
https://phys.org/tags/mitochondria/
https://phys.org/tags/scientific+understanding/
https://phys.org/tags/scientific+understanding/
https://phys.org/tags/mitochondrial/
http://mitochondrialdisease.nhs.uk/patient-area/what-mitochondrial-disease/
http://www.newcastle-mitochondria.com/patient-and-public-home-page/melas/
https://ghr.nlm.nih.gov/condition/kearns-sayre-syndrome
https://www.nature.com/scitable/topicpage/the-origin-of-mitochondria-14232356
https://www.sciencedirect.com/science/article/pii/S1534580714002044


 

There's a chance that previous research may have also found examples
of mitochondria being passed on from fathers but that these results were
discounted and assumed to be the result of sample contamination. But
with ever-increasing technological advances, cheaper and more in-depth
DNA analysis is possible. So it's likely that more and more cases will
now be reported.

This work could affect scientists studying the movement of humans
around the planet. Human mitochondrial DNA tends to alter very little
over time because even tiny changes are often fatal so aren't passed on to
future generations. This means a person's mitochondrial DNA is likely to
be very similar to that of their distant ancestors and other people from
their ethnic group.

So by studying mitochondrial DNA in different populations, scientists
have also been able to follow how these groups have moved around the
world and even to identify a potential common female ancestor for all
humans, known as "mitochondrial Eve". All of this work has, however,
been based on the "fact" that mitochondria pass down the female line
only, something we now know to be wrong.

Better treatments

The most significant implications of these findings are staggering,
because a better understanding of how mitochondria are passed on gives
us a much better chance of developing treatments for mitochondrial
disorders. It may even be possible to encourage properly functioning
mitochondria to multiply inside a fertilised egg at the expense of the
broken ones.

Any treatment would likely be controversial, because it would involve
influencing someone's DNA in a way that would be inherited by
subsequent generations. But the only other current treatment is equally
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controversial and involves inserting the nucleus from a fertilised egg into
a donor egg containing normal mitochondria. This is often described as
producing "three-parent babies" and is not permitted in most countries,
although the first such baby was born in April 2016. So manipulating the
parent's mitochondria instead may be seen as more preferable.

When it comes to our use of mitochondrial DNA to study human
evolution and migration, the rarity of the cases identified by the new
study means it won't significantly impact our understanding in this area.
But if further research suggests that the inheritance of fathers'
mitochondrial DNA is more common, our whole understanding of
human migration may need to be adjusted.

This article is republished from The Conversation under a Creative
Commons license. Read the original article.
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