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Coble et al. [3] and Vallone et al. [5] have proposed that
forensic analyses of the coding region in the mitochondrial
DNA (mtDNA) should be restricted to synonymous sub-
stitutions only to avoid detection of changes with pheno-
typic expression. They suggest that sequencing strategies
for forensic analyses of the coding region of the mtDNA
genome should be avoided due to potential risk of obtaining
personal disease state information and that only SNP-based
systems should be employed. We disagree with this propo-
sition as applying such a strict criterion is not well thought-
out and also would severely hamper the use of mtDNA in
forensic testing. There are a number of reasons not to limit
the analyses in the way suggested by these authors.

First, most of the disorders associated with mtDNA mu-
tations are uncommon or rare and have variable penetrance.
At the mitomap website (http://www.mitomap.org/), over
80 mtDNA substitutions have been reported as associated
with disease. Of these, 17 are confirmed by different groups
as associated with LHON, NARP, and MELAS, among
other diseases. The frequency of these substitutions among
a collection of 746 coding region sequences (control sam-
ples) from the mtDB website (http://www.genpat.uu.se/
mtDB/) is for 3460A (0/746), 4216C (93/746), 4917G (52/
746), 11778A (1/746), 14482G (0/746), 14484C (3/746),
8993C/G (0/746), 9176C (0/746), 10158C (0/746), 10191C
(0/746), 11777C (0/746), 12706C (0/746), 14459A (1/746),

14487C (0/746), 13513A (0/746), and 13514G (0/746).
There are also over 100 rRNA or tRNA mutations associ-
ated with MELAS, deafness, and MERRF, among other
diseases, of which 21 are confirmed. The frequency of these
positions in the mtDB database is for 1555G (2/746), 1606A
(0/746), 3243G (0/746), 3256T (0/746), 3260G (0/746),
3271C (0/746), 3291C (0/746), 3302G (0/746), 3303T (0/
746), 4298A (0/746), 4332A (0/746), 5537insT (0/746),
5814C (4/746), 7445G (0/746), 7471insC (0/746), 7511C
(0/746), 8356C (0/746), 10010C (0/746), 12147A (0/746),
12315A (0/746), and 14709C (1/746). Thus, most of these
substitutions are not found in the mtDB database. Although
the two substitutions, 4216C (93/746) and 4917G (52/746),
are quite frequent in the mtDB website database, these are
more frequent among LHONpatients than in controls. These
variants are at best predisposing factors for development of
LHON but not primary LHON mutations. Also, some dis-
eases are likely to require a contribution from nuclear genes
or environmental factors to develop. Consequently, it is
difficult to limit the number of mtDNA substitutions that are
truly associated with disease, of which there are very few.

Second, by limiting the analysis only to synonymous poly-
morphisms that cannot have any phenotypic effect, a large
part of the polymorphic positions (and thus forensically
informative) would be excluded. In the mitomap database,
927 mtDNA coding region polymorphisms are reported. Of
these, 517 are synonymous changes, resulting in that 44%
of the reported variation would be excluded in forensic
analysis. This may be an underestimate of the proportion of
sites that would be excluded, given that the polymorphisms
reported in the mitomap database do not represent infor-
mation obtained from complete mtDNA genomes, but
rather specific regions of interest compiled from different
studies. As a further example of information loss, if one
were to type only the most frequent SNPs in the non-coding
hypervariable regions (such as those described by Gabriel
et al. [4]) in lieu of sequencing, only 15% of the variation
would be obtained.

Third, even if only synonymous changes are being used,
since the mtDNA effectively is one locus, such polymor-
phismswould still be linked to functional polymorphisms in
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other regions of the molecule and therefore indirectly yield
information relevant to disease associations. To use only
synonymous variants that are in complete equilibrium with
every known or presumed polymorphism associated to dis-
ease is not only practically impossible, but would also
severely limit the number of sites available for forensic
analysis. In addition, certain diseases have been associated
to entire mtDNA haplogroups rather than specific sites [1,
6]. The intention of selecting only positions not associated
to disease would also need to reject sequencing of the d-
loop, as there are some d-loop positions that are known to be
associated with disease. For example, the 16189C substi-
tution is associated to type 2 diabetes and cardiomyopathy
(see http://www.mitomap.org). The relative risk is low for
carriers of 16189C to develop these diseases, but the exam-
ple points to the fact that there are many sites that are asso-
ciated with some disease. Indeed, if Coble et al. and Vallone
et al. were to follow their proposition, they would have
to forego sequencing of the non-coding region of human
mtDNA for identity testing. To the best of our knowledge,
the Armed Forces DNA Identification Laboratory still em-
ploys sequencing of the non-coding region of the mtDNA
for identification of human remains.

Fourth, the use of markers associated with disease is not
new in the area of forensic genetics. Before the use of DNA
technology, hemoglobin variants, such as the protein en-
coded by the sickle cell allele, were typed for identity pur-
poses. Alpha-1 antitrypsin, used in paternity testing, has
variants that are associated with a number of diseases, such
as emphysema. Further, one of the first kits developed for
forensic DNA analysis used the polymorphic locus HLA
DQA1, with alleles that are in strong disequilibrium with
other HLA loci and associated to a number of diseases. For
example, the DR3/DR4 genotype is strongly associated
with type 1 diabetes. This represents one of the first de-
scribed and strongest associations between a genetic marker
and a disease. Nevertheless, DQA1 typing was performed
for many years in forensic cases without causing any ethical
concerns. However, despite the fact that this association has
been known for a number of years, this information has not
been disclosed to the individuals in question. The data, to
date, clearly demonstrate that any predictive value (and thus
the concern for any possible privacy concerns) is small at
best. A similar situation occurs in clinical tissue typing for
transplantation where family members are tested and non-
paternity is revealed. This information is not disclosed to
the family as paternity testing is not the aim of the analysis.
Even markers used in routine analysis today have been
associated with disease.

Finally, associations of mtDNAvariants with disease are
very heterogeneous and, in many cases, not adequately
predictive of disease co-morbidity. In our opinion, the per-
ceived benefit of excluding these positions is questionable.

The result would be to severely compromise the informa-
tion that can be obtained in forensic DNA analysis. How-
ever, we all need to be sensitive to potential bias that may
arise and consider reasonable approaches. If restrictions are
to be made, other strategies can be chosen that will not limit
the use of mtDNA analysis in forensics so severely. One
approach could be to redact and not disclose the positions
that have been confirmed as associated with disease (i.e.,
the 38 positions mentioned above for the moment—al-
though this may be overly reactive). If the data at a redacted
site would exclude a suspect, the exclusion could be stated,
but the site(s) would remain redacted. This approach would
not impact population databases since sample source is
anonymous. An alternative, less restricting strategy would
be to exclude and not disclose heteroplasmic positions ob-
tained in a specific analysis. This would prevent revealing a
majority of the disease-associated variants, as homoplasmy
often is incompatible with life. Among the few diseases that
are associated with homoplasmic mutations, environmental
risk factors or nuclear gene mutations are likely to be re-
quired for disease development as the penetrance is quite
variable [2].

Addressing the best approach or deciding which sites
should be redacted could be left to individual practicing
laboratories. However, to ensure a thorough review of the
issue and to have some consistency of practices (taking into
account country-specific legal/privacy restrictions), it would
be better to develop recommendations under the auspices
of a forensic working group, such as the ISFG and/or
SWGDAM.
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