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Enriquez et al. reply:
We have read with interest the letter from 
Battersby and Shoubridge, but we are unable 
to find any fundamental contradiction 
between their previous results1–3 and ours4. 
We all agree on a basic principle: selective 
segregation of two mtDNA haplotypes is a 
consequence of sequence differences between 
them.

In their experiments, Battersby and 
Shoubridge tested whether the sequence 
differences between two selectively 
segregating mtDNA haplotypes (NZB and 
BALB/c) induce functional differences in 
oxidative phosphorylation (OXPHOS). 
They analyzed respiration and found no 
differences3. Consequently, to explain 
the selective segregation of these mtDNA 
haplotypes, they hypothesized that the 
mtDNA sequence differences between NZB 
and BALB/c are recognized by protein factors 
(encoded by genes in the nucleus) involved 
in replication and/or maintenance of the 
mtDNA.

The discrepancy between Battersby 
and Shoubridge’s view and ours is that 
we demonstrated that different mtDNA 
haplotypes, including NZB and BALB/c, 
promote functional differences in OXPHOS.

Battersby and Shoubridge claim that they 
have strong evidence to refute our conclusions 
and the mechanisms that we propose to 
explain why they failed to see these OXPHOS 
differences. Their arguments are based on 
(i) their demonstration that nuclear-encoded 
genes can alter the rate of mtDNA selection 
to the point where it can be abolished, (ii) the 
reversion of the mtDNA haplotype preference 
when the hepatocytes are established in 
culture and (iii) the absence of differences in 
the rate of replication among NZB and 
BALB/c mtDNAs.

Battersby and Shoubridge mapped three 
quantitative trait loci (Smdq-1, Smdq-2 and 
Smdq-3), but the nuclear genes influencing 
segregation and their function remain to 
be identified. We never concluded that 
nuclear genes would not be involved in 
the selective segregation of a particular 
mtDNA haplotype, and we do not see any 
contradiction between their findings and 

our results. Quite the opposite: our model 
allows speculation about the nature of some 
nuclear-encoded genes that would be able to 
modulate the phenotype: (i) these genes could 
interact with the function of the tRNAArg, 
(ii) they could participate in ROS handling 
and in the signaling cascade that ROS may 
trigger and (iii) they could participate in the 
quality control system of the mitochondrial 
translated products.

We are aware that the L929 mouse cell line 
used in our study is aneuploid, as is the case 
for almost every immortalized animal cell 
line. We are also aware that this is a relevant 
issue in any study performed with cybrid cells, 
an approach that the Shoubridge group and 
many others have employed repeatedly and 
successfully for more than 15 years. Because 
of this, in our report we have avoided the use 
of individual cybrid clones. To randomize 
for any particular nuclear contribution that 
could be accidentally selected, in our report 
we used several clones or a nonclonal culture 
representative of each haplotype. Moreover, 
we used five sources of mtDNA that ended up 
being only four different mtDNA haplotypes. 
As stated in our article, cells with identical 
mtDNA showed an identical phenotype, 
and the two types of OXPHOS phenotypes 
segregated with a particular mtDNA 
polymorphism, ten adenines in mt-Tr. 
Therefore, we have excluded the possibility 
that differences in nuclear genetic background 
underlie the phenomena that we report.

Battersby and Shoubridge comment how 
‘easy’ it is to isolate nuclear suppressors 
for mtDNA mutations. We disagree. Only 
two reports in 15 years of exhaustive use of 
cybrid models have documented putative, 
yet undetermined, nuclear suppressors for 
mtDNA mutations. A critical issue that 
is omitted in their argument is that such 
suppressor clones appear at frequencies in 
the range of 10−6. This is not trivial; it means 
that one would have to analyze 1 million 
individual clones to get one suppressor. Those 
clones could be obtained only by submitting 
several million cybrid cells to strong positive 
selection5,6.

We agree that future work should 
provide functional data that directly link 

the presence of the polymorphic A tract 
in mt-Tr with OXPHOS performance (the 
term ‘dysfunction’ used by Battersby and 
Shoubridge in their letter is not appropriate, 
since all the variants are present in healthy 
animals). Accordingly, in our report, we 
proposed a hypothetical scenario to address 
these future investigations. A similar situation 
also applies in the case of the three Smdq 
quantitative trait loci described by Battersby 
et al.1, for which functional data directly 
linking the genes to the phenotype are also 
missing.

Finally, we identified a polymorphic A tract 
in mt-Tr as the mtDNA sequence variation 
responsible for the phenotype because, 
among other genetic arguments, the NIH3T3 
and NZB mtDNA haplotypes induced the 
same specific OXPHOS phenotype, and the 
only shared difference between these two 
haplotypes and the CBA, BALB/c or C57BL6/J 
mtDNA haplotypes is that they harbor ten 
adenines in the polymorphic A tract in mt-Tr. 
There is no room to consider any of the 
other 100 differences in the NZB mtDNA 
haplotype, since they are not present in the 
NIH3T3 mtDNA and are not associated with 
the phenotype.
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