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A cautionary note on switching mitochondrial DNA reference
sequences in forensic genetics

Dear Editor,

The first human mitochondrial DNA (mtDNA) sequence was
produced in 1981 from an individual of European descent [1]. Since
then, this sequence has been known as the Cambridge Reference
Sequence (CRS) with a total length of 16,569 base pairs. As is
common practice in other fields of genome research, this first
mitochondrial genome (mtGenome) served as reference for the
scientific community, relative to which other mtDNA haplotypes
were reported. Eighteen years later the CRS was re-sequenced and
corrected at 10 positions (3423T, 4985A, 9559C, 11335C, 13702C,
14199T, 14272C, 14365C, 14368C, and 14766C) to form the revised
Cambridge Reference Sequence (rCRS) [2]. The new analysis also
revealed that this mtGenome consists of only 16,568 nucleotides,
as a base at position 3107 was mistakenly reported in the CRS.
Instead of redefining all nucleotide positions downstream of 3107,
this position is indicated in the rCRS as a deletion (unfortunately
often indicated as “N”, which is reserved for any base in the IUP-
code [3]). Thus, the numbering system employed for the CRS and
the body of established data can continuously be used with the
rCRS. More than 15,500 mtGenomes and well over 150,000
(partial) control region sequences (including databases) have been
published to date (http://www.phylotree.org/, Phylotree Build 14
[4]), in which the CRS and the rCRS have been cited 5603 and 968
times, respectively (http://apps.isiknowledge.com/; queried on
May 2012).

In a recent study, the switch to a new reference sequence, the
so-called Reconstructed Sapiens Reference Sequence (RSRS), has
been proposed [5]. This ancestral reconstructed sequence repre-
sents the deepest root in the known human mtDNA phylogeny at
the base of the split of haplogroups LO and L1'2'3'4'5'6 after
combining sequence information from all available mtGenomes
from Homo neanderthalensis and novel human mtGenomes. The
authors believe that the switch would solve misunderstandings
and problems associated with the existing nomenclature relative
to the rCRS, which belongs to the recently coalescing European
haplogroup H2a2a1. In the following we briefly review develop-
ments in forensic mitochondrial genetics and discuss possible
implications of the proposed switch.

Mitochondrial DNA is highly abundant in cells compared to
nuclear DNA (nDNA) with increased typing success rates for
analysis of highly degraded samples and also hair shafts that often
do not harbor detectable amounts of nDNA. To assess the
significance of a match between two mtDNA haplotypes (e.g.
from the crime scene and from a suspect), mtDNA databases have
been developed. Earlier, the difference-coded haplotypes (with
respect to the rCRS) were directly compared to the haplotypes in
the mtDNA databases with the risk that multiple different
alignments of the same sequence led to biased results [6]. The
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field addressed this potential drawback by developing alignment-
free query engines [7] to guarantee that all haplotypes can be
detected in a search regardless of the alignment employed. This
way, the established notation scheme relative to the rCRS could be
maintained.

Considerations on the working practices, nomenclature and
interpretation of mtDNA profiles were established already more
than ten years ago by the European DNA profiling (EDNAP) group
[8]. In the past decade the forensic community has moved towards
a phylogenetic approach to analyzing mtDNA for several reasons
(see [9] for a review). Due to its maternal mode of inheritance,
mtDNA passes through the matrilineage as a single haplotypic
block, where new germ-line mutations accumulate over existing
haplotypes. Reconstructing evolutionary patterns of variation is
straightforward in mtDNA sequences compared to autosomal
markers where phylogenies are much more complex due to
recombination. Thus, the mtDNA phylogeny is very useful for
differentiating between patterns of variation that are natural from
those that may be artificially generated in the laboratory (due to
artificial recombination through unintentional sample mix-up,
contamination, phantom mutations, etc. ..). Screening for patterns
of variation in mtDNA datasets that are inconsistent or unexpected
with respect to the established phylogeny has been very useful for
the reduction of sequencing and interpretation errors (e.g. [10-
15]). The forensic community is particularly attuned to the
detrimental impact of technical errors, given that mtDNA testing
has become an essential tool for serving the public in criminal,
missing persons and disaster victim identifications. The phyloge-
netic concept of high-quality mtDNA analysis has been driven by
the establishment of EMPOP (www.empop.org; [16]), a freely
accessible collection of mtDNA haplotypes for forensic evaluation
and an important resource of phylogenetically based tools to aid
quality control efforts (e.g. [7,17-19]).

In contrast to other fields of research, the forensic community
strives for a high degree of consistency between laboratories and
countries when it comes to technical and interpretation methods,
as the derived results provide evidence for legal proceedings in
criminal and civil cases. Therefore, forensic researchers are active
in discussing best practice protocols and guidelines that aid the
international harmonization process. This includes recommenda-
tion letters and collaborative multi-centric exercises [20-26] in
order to provide more powerful solutions to typical problems
affecting forensic casework as well as detect sources of errors in
forensic laboratories. Also, it is essential for the forensic field that
novel scientific achievements can be used by practitioners to
conduct their legal services.

The above-mentioned characteristics demonstrate that a
sudden switch from an established reference (the rCRS) to a
newly proposed standard would require a well-concerted process
accompanied by rigorous validation of the new approach. As an
immediate response to the new proposal, the following issues
would need to be addressed in closer detail.


http://www.phylotree.org/
http://apps.isiknowledge.com/
http://www.empop.org/
http://dx.doi.org/10.1016/j.fsigen.2012.06.015
http://www.sciencedirect.com/science/journal/18724973
http://dx.doi.org/10.1016/j.fsigen.2012.06.015

Letter to the Editor/Forensic Science International: Genetics 6 (2012) e182-e184 e183

The generation, manipulation, and analysis of mtDNA sequence
data is inherently complex, particularly with challenging forensic
samples that often need to be amplified in separate overlapping
amplicons. A consequence of this is the requirement for a high
degree of user knowledge of mtDNA variation in order to be aware
of patterns of variation and site-specific mutation rates. Simply
put, the current nomenclature system relative to the rCRS is the
language with which expert users understand and communicate
mtDNA sequence variation, and modifications would be extremely
disruptive to expert familiarity and discourse.

In addition, reporting haplotypes in an unfamiliar format will
most likely lead to an increased risk of error at various stages. It has
been repeatedly demonstrated that transcription and clerical
errors are the main sources of error in proficiency tests ([21-28],
GEDNAP blind trial C. Hohoff, personal communication) and occur
frequently in population and clinical studies ([12,13,29-31], and as
experience from EMPOP QC tests as outlined in [18,32]). It is
important to learn from past experience where the simple
transition between the incorrect CRS to the corrected rCRS led
to a number of errors in the literature [13,27,33] and the fact that
both nomenclatures were living together for a large period of time.

There are vast resources of mtDNA population databases and
analytical tools that have been established according to the rCRS.
Forensic casework requires comparison of mtDNA haplotypes to
population databases, and a switch in reference system would
require transformation of all mtDNA databases currently in use.
Informatic tools and strategies for haplogroup assessment and
quality control, based on sequence motifs, would likewise all need
to be revised.

Forensic reports would need to be adapted to the new
nomenclature. Previously issued casework reports would require
clarification, as different reported results would be produced at
different times for the identical haplotype. Forensic geneticists are
well aware of the difficulties that such actions have in court.

Forensic geneticists are also active in reporting mtDNA
population data in forensic and non-forensic journals. This data
is frequently used in forensic casework for database searches. The
fact that two different nomenclatures would live together in the
literature and that databases would both complicate knowledge
exchange, could lead to misunderstandings when (manual)
database queries are executed.

Conversion of mtDNA nomenclature based on an inferred
ancestral haplotype, although containing some attractive concep-
tual features [5], could lead to some dramatic practical con-
sequences for forensic applications. It is important for the forensic
community to avoid or at least minimize negative consequences
that the use of a double nomenclature would have in the field [5].
One of the key benefits of any nomenclature system is to ensure
that the scientific community speaks a common language that
permits easy comparison of results across laboratories, disciplines,
and time periods. At this stage of development the benefit of
switching to the RSRS does not seem to justify the cost and effort
nor the risk of misunderstanding, confusion and error.

Therefore, while waiting for an international consensus
regarding all the spheres of mtDNA research, for the time being
we believe that the forensic field should keep the rCRS as the
standard for nomenclature in forensic DNA studies and casework.
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