Supplementary File 5: Model of mtDNA mutation clonal expansion by random genetic

drift

The model was developed in MATLAB and describes the accumulation of mutated mtDNA
molecules contributing to overall COX deficiency within a rapidly dividing stem cell lineage. It
was used to investigate how the rate at which new mtDNA mutations are introduced into the
mtDNA pool (mutRate) affects the frequency of observed mtDNA mutations. 1000 cells were

simulated for each mtDNA mutation rate.

The model simulates the replication and segregation of mtDNA molecules according to the
relaxed replication and random segregation of mtDNA molecules hypothesis that has been
suggested within the literature (1-3). The model tracks the number of mutated mtDNA

molecules of a dividing stem cell for every division that occurs.

Replication

When a stem cell undergoes division, the number of mtDNA molecules has to be doubled in
order for there to be a constant number of mtDNA molecules within each daughter cell.
Therefore, within the model there is a replication stage in order to attain mtDNATot*2 number
of mtDNA molecules before division. As mtDNA molecules are either in the mutated or non-
mutated state, a replication probability for each replication has to be determined to attain what
the probability is of replicating a mutated mtDNA molecule. This is done sequentially for each
mtDNA replication (RepNo) until mtDNATot*2 molecules have been generated. The equation for

this is as follows:-

mtDNAMut

RepProb =
ePETOD = MtDNATot + RepNo — 1)

Equation 1: mtDNAMut is the number of mtDNA molecules within the stem cell that have a
mutation contributing to COX deficiency, mtDNATot is the total number of mtDNA molecules
within a cell before division, RepNo refers to how many new mtDNA molecule have been
generated. For example, when there is 1 mutated mitochondrial molecule present in the cell of a
total of 50, the probability that this mtDNA molecule is replicated at the first replication event is
1/50, the second replication event, 1/51, the last replication event, 1/99. A mutated mtDNA



molecule is only replicated when the random number that is generated is less than the value of

RepProb at that time.

As new mtDNA molecules need to be generated, the replication probability changes with each
consecutive replication. A random number between 0 and 1 is generated for each mtDNA that is
replicated. If the probability of replication (RepProb) is less than the random number
generated, the number of mutated mtDNA molecules is increased by one. If normal mtDNA
molecules are chosen for replication, they may become mutated through replication errors and
are subjected to a mutation rate. Another random number is generated and if that number is
less than the mutRate, the number of mutated mtDNA molecules increases by one. Once
mtDNATot*2 have been generated they then need to randomly segregate into a single daughter

cell.

Segregation

The chance of one of the daughter cells receiving a mutated mtDNA molecule is dependent on a
division probability (DivProb). This is done sequentially for each mtDNA molecule segregating
into a daughter cell until ‘mtDNATot’ number of mtDNA molecules have been segregated. The
number of mutated mtDNA molecules segregated into the daughter cell is tracked via the
NewCell variable in order to have a correction for the number of mutated mtDNA molecules that

have already been segregated into the daughter cell

(mtDNAMut — NewCell)

DivProb =
! (2 « mtDNATot) — (DivNo — 1)

Equation 2: mtDNAMut is the number of mtDNA molecules within the stem cell that have a
mutation contributing to COX deficiency, NewCell is the number of mutated mtDNA molecules
that have already been segregated into the daughter cell, mtDNATot is the total number of
mtDNA molecules within a cell before division, DivNo refers to how many mtDNA molecules
have been segregated into one of the daughter cells. For example, when there is 1 mutated
mitochondrial molecule present in the dividing stem cell of a total of 50 mtDNA molecules

before division, the probability that this mtDNA molecule is segregated into a daughter cell is



1/100, the second segregation event, 1/99, the last segregation event, 1/51. A mutated mtDNA
molecule is only segregated when the random number that is generated is less than the value of

DivProb at that time.

Once all the mtDNA molecules have been segregated, the NewCell variable replaces the
mtDNAMut variable in the next replication and division cycle and the number of mutated

mtDNA molecules is tracked throughout the lifetime of the stem cell’s stem cell progeny.
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