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Relative fitness of carriers of the mitochondrial DNA
mutation 3243A > G
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Deleterious point mutations in mitochondrial DNA (mtDNA) have been found in many human populations
and always at a low frequency suggesting that they are under strong negative selection. It is assumed that
this selection is caused by reduced genetic fitness of mutation carriers, but the fitness of carriers of any
mtDNA mutation has not been determined. We estimated the reproductive disadvantage caused by the
mitochondrial DNA mutation 3243A > G in a population-based group of female carriers (n = 32). The
person-years method, Kaplan-Meier survival analysis and population statistics were used to estimate net
reproduction rates of the mutation carriers and the general population. We found that women with
3243A > G reproduced at the same rate as women in the general population, suggesting that on average
host-level selection against women harbouring the 3243A > G mutation is not strong. European Journal of
Human Genetics (2001) 9, 59–62.
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Introduction
Deleterious point mutations in mitochondrial DNA (mtDNA)
have been found in many human populations and always at
a low frequency suggesting that they are under strong
negative selection. It has been suggested that this selection is
caused by reduced genetic fitness of mutation carriers.1 One
of these mutations is the heteroplasmic A-to-G transition at
nucleotide 3243 in the tRNALeu(UUR) gene (3243A > G), which
is maternally inherited and causes the syndrome of mito-
chondrial encephalomyopathy with lactic acidosis and
stroke-like episodes (MELAS).1 This syndrome is quite severe
in phenotype and consequently it may be anticipated that
the fertility of the mutation carriers should be reduced. We
have previously screened for this mutation in a defined
population,2 and here we compare the net reproduction rate
of identified female carriers of the mutation with that in the
general population to derive an estimate of host-level
selection against the mutation.

Materials and methods
Net reproduction rate (NRR) is a measure of the extent to
which one female generation is reproducing itself. It can be
interpreted as the average number of daughters a woman
would have during her reproductive years, assuming fertility
and mortality at given rates.3 The relative reproductive
capacity, or genetic fitness, of mutation carriers is given by
the ratio of the net reproduction rate of mutation carriers
(NRRm) over that of the general population (NRRp).4 We
estimated retrospectively NRRm and NRRp in the population
of the province of Oulu, Finland, (population 452 367 in
1996) during the period 1 January 1973 to 31 December 1996.
Annual net reproduction rates of the general population were
obtained from official population statistics.5–8

Net reproduction rate of 3243A > G carriers (NRRm) was
estimated for women in 16 families which were not mater-
nally related, based on the sequence variation in the D loop
of mtDNA. Eleven of these families had been found in a
cross-sectional population-based screening for the muta-
tion.2 The 92 women in the two generations defined by the
proband and proband’s mother were considered eligible for
the analysis. Thirty-two women had been examined with
respect to the mutation either because of symptoms of
mitochondrial disease or voluntary participation following
the identification of the mutation in other family members.
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Sixty women were not examined. The severity of disease was
clinically estimated in each woman on a three-category
scale,9 and that in unexamined women by using family
history information as provided by the proband, and chart
review whenever possible. All women harbouring the muta-
tion were included in the estimation of NRRm. We recorded
the number of reproductive years defined as the age between
15 and 49 and coinciding with the years 1973–1996, and the
number and date of live births during that period. From these
data, age-specific birth rates at five-year intervals were
estimated by using the person-years method.10 A 1:1 sex ratio
in births was assumed, and therefore the number of daugh-
ters born per woman during each 5-year interval (bx in
Table 1) was calculated as 5/2 = 2.5 times the total birth rate
per person-year for the interval in question. The probability
of survival to the midpoint of each 5-year interval (lx in
Table 1) was estimated by Kaplan-Meier survival analysis of
female mutation carriers in the 16 families (SAS statistical
software 6.12, LIFETEST procedure). NRRm was then calcu-
lated by multiplying, for each 5-year interval, the age-specific
birth rate by the probability of survival to the midpoint of
the interval and summing the products over all intervals
(Table 1). Since lx and bx are subject to sampling error and
NRR is a sum of lxbx’s, the standard error (SE) of NRRm was
calculated by using variance formulae for products and sums
of independent random variables,11 and 95% confidence
interval for NRRm was calculated as NRRm ± 1.96 SE(NRRm).

The ratio of NRRm and NRRp represents the relative fitness
accurately only if the generation time is not markedly
different between the mutation carriers and the general
population.4 Therefore, the mean of age-specific fertility
distribution (m),3 a commonly used measure of the timing of
fertility, was calculated for both groups. For mutation
carriers, m was calculated by using the person-years
method,10 and for the general population by using official
population statistics.5–8 These two means were then com-

pared by one-way analysis of variance (SAS statistical soft-
ware 6.12, GLM procedure).

Results
The annual net reproduction rate of the general population
varied between 0.87 and 1.06 during the years 1973–1996,
the median (NRRp) being 1.01. Thirty-two women were
shown to be carriers of 3243A > G and, except for one, their
reproductive period coincided with the years 1973–1996, the
total of reproductive years being 519. Six of the 31 women
had the MELAS syndrome, 13 had diabetes mellitus or
hearing impairment but no MELAS syndrome, and the
remaining women had milder symptoms or were unaffected.
The carrier status was unknown for 60 women, and in this
group a total of 464 reproductive years in 31 women coin-
cided with the period 1973–1996. Two of these 31 women
had the MELAS syndrome, six had diabetes mellitus or
hearing impairment but no MELAS syndrome, and the rest
were mildly affected or unaffected. The net reproduction rate
calculated for the 31 mutation carriers (NRRm) was similar to
NRRp (Table 1). The 95% confidence interval for NRRm was
0.75–1.29. The mean of the age-specific fertility distribution
(m) was 28.4 years for the general population and 28.0 years
for the mutation carriers (P = 0.83 for difference).

Discussion
It has been suggested that the apparent negative selection
against deleterious point mutations of mtDNA is caused by
reduced genetic fitness of mutation carriers.1 We found,
however, that the average fertility of carriers of the
3243A > G mutation was not reduced. The confidence inter-
val for the estimated NRRm was wide, but severe reduction
was nevertheless excluded. This suggests that women with
3243A > G are generally affected only mildly or late in life,
and thus they have as many children as women in the
general population.

Our sample of families with 3243A > G was population-
based, but it was not possible to determine the carrier status
of all women in these families. Selection bias due to
presenting symptoms of mtDNA disease was possible and
consequently women who were examined may have had
more severe phenotypes than those who were not. The
family history method does not detect all affected relatives,12

and therefore, it is possible that their number was, in fact,
higher than we observed. It is unlikely, however, that the
unexamined women had been more severely affected than
the examined women. Thus accounting for these factors
would most likely increase the estimate of NRRm. The
number of person-years in unexamined women was lower
than that in examined women because many unexamined
women belonged to the sibship of the proband’s mother and
consequently their reproductive years did not coincide with
the observational period.

Table 1 Net reproduction rate of women with the
3243A > G mutation

Probability Number of
of survival Age-specific births to

Age Representative to age birth rate survivors of
group age (x) x (lx) (bx) age x (lxbx)

15–19 17.5 1.0 0.066 0.066
20–24 22.5 1.0 0.307 0.307
25–29 27.5 1.0 0.250 0.250
30–34 32.5 0.967 0.295 0.285
35–39 37.5 0.967 0.119 0.115
40–44 42.5 0.967 0 0
45–49 47.5 0.906 0 0

Total 1.02

x, the midpoint of the respective age group; lx, the Kaplan-Meier
survival estimate to age x; bx, age-specific birth rate calculated by
using the person-years method; lxbx, the product of lx and bx. The
net reproduction rate is obtained as the sum of lxbx’s.
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Since the late 1960s fertility and mortality have been low
in the Finnish population in contrast to historical natural
fertility populations, where both fertility and mortality were
high. This implies that the fitness of mutation carriers in
historical populations may have been different from that in
the present population, especially if morbidity and mortality
from the mutation are age-dependent and the average age at
childbearing has changed. Interestingly, we found that the
generation time was not different between the mutation
carriers and the general population and it was also similar to
that estimated from a historical population.13 It is also
possible that morbidity and mortality from the mutation
have changed. Diabetes mellitus, a common phenotype
associated with the 3243A > G mutation, may have proved
fatal in earlier times but is now treatable. On the other hand,
no effective treatment is available for other severe pheno-
types caused by 3243A > G, and therefore marked differences
between present and historical populations in the survival of
mutation carriers are unlikely.

Relative fitness near unity suggests that host-level selection
against the 3243A > G mutation is weak. If selection against
the mutation at host level is assumed to be identical against
all mutation carriers, the mutation survives on the average
for 1/(1-(NRRm/NRRp)) generations before it is eliminated
from a maternal line.4 The lower end of the confidence
interval for NRRm suggests a minimum survival time of
3243A > G to be four generations, whereas the point estimate
of NRRm would correspond to an infinite survival and non-
existent selection against the mutation.

However, it is possible that the intensity of selection is not
similar against all mutation carriers. The mtDNA is present in
several copies in each mitochondrion, and there are between
hundreds and thousands of mitochondria per cell. For
disease-causing mutations it is common that only a portion
of the mtDNA molecules harbours the mutation, leading to
heteroplasmy. Experiments with transmitochondrial cells
have shown that the proportion of 3243A > G mutant
genomes must exceed approximately 90% before normal
respiratory chain function is impaired,14 indicating that cells
harbouring 3243A > G are faced with negative selection at
the cellular level if the heteroplasmy is higher than this
threshold. At the host level, factors that would lead to
negative selection include female infertility, miscarriages,
female mortality before or during reproductive years, and
psychosocial constraints imposed by the disease. Each factor
is probably directly related to the overall severity of the
phenotype, and thus the degree of the mutant heteroplasmy
in tissues may partly determine the reproductive disadvan-
tage. Then, the average fitness of mutation carriers, as
estimated in this study, would be related to the proportion of
carriers with high mutant heteroplasmy. Furthermore, the
fate of the mutation in each maternal line would not
necessarily be determined primarily by selection itself but by
events that change the degree of heteroplasmy from one
generation to the next. The mitochondria are transferred

randomly to daughter cells at cell divisions resulting in a drift
in the degree of heteroplasmy in successive cell generations.
In the female germline, this phenomenon is thought to be
accelerated by a bottleneck, in which only a small, random
sample of the mtDNA molecules in the parent cell passes
through and contributes to the entire population of mtDNA
molecules in daughter cells, thus increasing the variance of
heteroplasmy in the successive generations of individ-
uals.15,16 These phenomena can expose the mutation to
selection by increasing the degree of heteroplasmy, or
remove the mutation by decreasing the heteroplasmy.

In conclusion, we found that the genetic fitness of
3243A > G carriers was not reduced, as indicated by compar-
ison of net reproduction rates of the mutation carriers and
the general population. The observed low frequency of this
mutation in population could still be explained by a mild
uniform selection or selection that depends on the degree of
the mutant mtDNA heteroplasmy. On the other hand, our
results are even compatible with the hypothesis that there is
no host-level selection at all. This would imply that some
other factors were responsible for the low population fre-
quency of the mutation.
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