
Abstract A population database was generated from 118
unrelated Caucasoid individuals living in Spain. Sequence
polymorphisms of the mitochondrial DNA (mtDNA) con-
trol region, hypervariable regions I and II (HVRI and
HVRII) were determined using the polymerase chain reac-
tion (PCR) and direct sequencing. A total of 102 different
sequences were found as defined by 105 variable positions.
The most common sequence occurred six times, and this
sequence is also the most frequent in other European popu-
lations such as Austria, Germany and Britain. The mean
pair-wise difference for the two HVR regions taken to-
gether was 7.74. The study revealed that transitions made
up the majority of the variations (88%), whereas we ob-
served a significantly lower frequency of transversions
(8%). Also one individual in this study was observed with
two positions of heteroplasmy at nucleotides 150 (C/T) and
153 (G/A). A statistical estimate of the results for this pop-
ulation showed a genetic diversity of 0.99. The probabil-
ity of two random individuals showing identical mtDNA
haplotypes is 1.3%. In order to use the mtDNA analysis in
forensic casework, we consider that it is of crucial impor-
tance to know the frequency of the different sequences of
mtDNA, and this data base study could be a useful tool to
statistically evaluate the results.
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Introduction

The important development of the polymerase chain reac-
tion (PCR) [1], which enables samples with small amounts
or even degraded DNA to be typed, and the high number
of mtDNA copies per cell [2] that allows an increase in the
probability of obtaining a DNA typing result, make the
analysis and sequencing of mtDNA a powerful and vali-
dated method and provide forensic science with a method to
type samples which contain minimal amounts of genomic
DNA, such as bones, hair shafts and faeces [3, 4, 5, 6].

During the last 3 years, we have used mtDNA analysis
in our laboratory in routine forensic casework where con-
ventional DNA typing has not worked. These cases mainly
involved typing naturally shed hairs or hairs without roots
and to confirm the identification of highly decomposed
bodies and skeletal remains.

The present study presents a mtDNA database for the
regions HVRI and HVRII, from unrelated Caucasoid indi-
viduals living in Spain. This database is being used to eval-
uate the results of mtDNA analysis in our laboratory.

Materials and methods

DNA was obtained from casework reference samples (blood, saliva,
hair) of 118 unrelated Caucasoid individuals living in the northeast
of Spain, and was extracted by a standard phenol-chloroform method
[7]. The mtDNA regions subjected to analysis were 16024–16365
(HVRI) and 73–340 (HVRII). Amplification reactions were per-
formed as described previously [8] employing a GeneAmp System
2400 thermal cycler (Perkin-Elmer, Norwalk, Conn.).

The amplified products were purified by filtration in Centricon-
100 tubes (Amicon ,Beverly, Mass.) following the manufacture’s
recommendations. Sequencing fragments were generated using the
Taq DyeDeoxy Terminator Cycle Sequencing Ready Reaction kit
(Perkin-Elmer, Foster City, Calif.) and primers identical to those
employed for amplification, according to the protocol provided with
the kit. DNA products were purified by ethanol precipitation and the
fragments were analysed using an automated DNA sequencer ABI
PRISM 310 (PE/ABD). Each template was sequenced in both direc-
tions and the consensus sequence was aligned and compared with
the reference sequence [9] using the software SeqEd V. 1.0.3 (PE/
ABD).
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The analysis of data was performed using Microsoft access 2.0.
The pair-wise comparison was calculated with an access basic rou-
tine developed in our laboratory.

We calculated the probability of genetic identity using the
formula p = ∑χ2 where χ is the frequency of each mtDNA haplo-
type and the genetic diversity employing the algorithm h = n
(1 – ∑χ2)/(n – 1), where n is the sample size and χ is the frequency
of each mtDNA haplotype [10].

Results and discussion

Table S1 shows the distribution of sequence polymorphisms
compared to the Anderson sequence.

For the HVRI region, 61 variable sites were detected
and 84 different haplotypes were observed in 118 individ-
uals, of which 73 were unique and the rest were found in
at least 2 individuals. In this region 17% of the haplotypes
presented were identical with the Anderson sequence which
is similar to other European Caucasian databases e.g. 20%
for Austria [11] and 14% for Britain [12]. For the HVRII
region, 44 variable sites were detected and 66 different hap-
lotypes were observed in 118 individuals of which 51 were
unique. A total of 102 different haplotypes were deter-
mined from both regions I and II as defined by 105 vari-
able positions (Table S1).

The mean pair-wise differences for our data were 4.34
for the region HVRI, 3.39 for the region HVRII, and 7.74
for the two regions taken together (Table 1). This data is
similar to other Caucasian populations e.g. 8.45 for British
[12] or 8.38 for French [13].

Table 2 shows the distribution of nucleotide substitu-
tions. The majority of mutations in both regions were tran-
sitions (88%) which is in agreement with previously pub-
lished data [14, 15], and a lower number of transversions
were obtained (8%), whereas the insertions and deletions
were rather rare. We detected three positions presenting
length heteroplasmy. All deletions observed (three differ-
ent positions) were detected in the same individual (indi-
vidual 43) at positions 249, 290 and 291 in the region
HVRII. Our analysis revealed that the majority of ob-
served transitions were pyrimidines, with a pyrimidine to
purine ratio of 2.3:1.

The majority of polymorphic sites presented only 1 mu-
tation type, however 2 different mutation events were ob-
served at 3 out of 105 positions (16075, 16126, and 185).

Homopolymeric tracts of poly-C bases occurred in
both HVRI and HVRII regions, and a length heteroplasmy

was often observed due to the presence of several popula-
tions of mtDNA molecules differing in the number of cy-
tosines. When a transition from thymine to cytosine at po-
sition 16189 was present, a polycytosine stretch occurred
in the region HVRI [16]. However if an additional transi-
tion from cytosine to thymine takes place between the po-
sitions 16184–16193 no length heteroplasmy sequences
were observed, except for one individual (individual 116)
who presented a double transition at positions 16189 and
16193, from cytosine to thymine and from thymine to cyto-
sine, respectively. In this particular case we found a length
heteroplasmy sequence between positions 16183–16191.
Our data showed that approximately 16% of the individu-
als presented a mixture of different length variants for a
heteroplasmic situation in region HVRI. Likewise, in the
HVRII region an insertion of at least one cytosine (com-
pared with the reference Anderson sequence) sometimes
occurred between positions 303–310. We found a large
number of sequences (41%) in which the number of cy-
tosines present was impossible to clearly define, and this
sequence alteration resulted in a length heteroplasmy.
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Table 1 The mean pair-wise differences, number of different haplo-
types, variable sites and sequences that were found once for HVRI,
HVRII and both region taken together

HVRI HVRII HVRI +
HVRII

Number of different haplotypes 84 66 102
Number of variable sites 61 44 105
Number of unique haplotypes 73 51 94
Mean pair-wise differences 4.34 3.39 7.74

Table 2 Observed nucleotide substitutions, deletions, insertions
and heteroplasmic events found in the HVRI and II on the L-strand
of the control region of mitochondrial DNA for 118 Spanish Cau-
casian from northeastern Spain. (Pu purine base, Py pyrimidine,
A adenine, C cytosine, G guanine, T thymine)

Mutation type Number of position Total number 
of mutations

Transitions
Py-Py
C-T 34 158
T-C 31 189
Pu-Pu
A-G 17 217
G-A 11 44

Total 93 608

Transversions
A-C 2 14
C-G 1 1
G-C 1 1
T-G 2 2
G-T 1 3
A-T 1 1

Total 8 22

Insertions
+C 3 50
+2C 1 12
+3C 1 1

Total 5 63

Deletions
–A 3 3

Total 3 3

Heteroplasmy
Position 2 2
Length 3 68
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In this study we found one individual (individual 73)
who presented two heteroplasmic positions in region
HVRII. A position was considered as heteroplasmic if we
observed a secondary peak of more than about 40% peak
height below the primary peak, and could be confirmed in
the reverse sequencing reaction [17]. A mixture of cyto-
sine and thymine was detected at position 150 while at po-
sition 153 we observed adenine and guanine residues. A
second extraction, amplification and cycle sequencing of
the sample confirmed this heteroplasmy, although it could
not be determined in our study whether this double muta-
tion was inherited from the maternal lineage.

Table 3 shows the haplotypes observed in at least two
individuals in our population. The most frequent haplotype,
in concordance with other Caucasian populations, was the
sequence defined by the transition of an adenine at position
263 to guanine and the insertion of a cytosine between po-
sition 311 and 315. In our study this sequence was found
in approximately 5% and is also the main haplotype in Aus-
trians (3%) [11] and British Caucasians (4%) [12].

We calculated a probability of genetic identity of 0.013
and a genetic diversity of 0.99 using the formulae previ-
ously described. These results suggest that sequence poly-
morphism of the mtDNA control region would be very use-
ful in forensic practice to confirm individual identifica-
tion.
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Table 3 Haplotypes observed in the Spanish Caucasian popula-
tion that were found at least in two individuals

Haplotypes n

263(G), 315.1(C) 6
263(G), 309.1(C), 315.1(C) 5
16189(C), 263(G), 315.1(C) 3
16069(T), 16126(C), 16278(T), 73(G), 185(A), 188(G), 2

228(A), 263(G), 295(T), 309.1(C), 315.1(C)
16145(A), 16222(T), 263(G), 315.1(C) 2
263(G), 309.1(C), 309.2(C), 315.1(C) 2
16069(T), 16126(C), 16193(T), 73(G), 150(T), 152(C), 2

263(G), 295(T), 315.1(C)
16093(C), 16224(C), 16311(C), 73(G), 195(C), 2

263(G), 315.1(C)


