
Int J Leg Med (1993) 106 : 85-90 International Journal of 

Legal Medicine 
© Springer-Verlag 1993 

The application of mitochondrial DNA typing to the study 
of white Caucasian genetic identification 

Romclle Piercy, K.M. Sullivan, Nicola Benson, and P. Gill 

Central Research and Support Establishment, Forensic Science Service, Aldermaston, Reading, Berkshire, RG7 4PN, UK 

Received April 29, 1993 / Received in revised form June 2, 1993 

Summary. Mitochondrial DNA (mtDNA) from 100 un- 
related British White Caucasians was extracted, ampli- 
fied and directly sequenced. Sequences of approximately 
800 nucleotides were obtained from 2 hypervariable seg- 
ments within the non-coding region of the mitochondrial 
genome. A total of 91 different sequences were observed 
with an average nucleotide diversity of 1.1%. The most 
diverse pair of sequences differed at 3.6% of their nu- 
cleotide (nt) sites. Comparison to a consensus reference 
sequence showed that each region was polymorphic to a 
similar extent. Different methods of genetic analysis 
were used to examine the variation in each region, in- 
cluding pairwise comparisons, which demonstrated that 
although the data did not fit a Poisson distribution, the 
fit was closer to a Negative Binomial distribution. 
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Zusammenfassung. Die mitochondriale DNA (mtDNA) 
yon 100 unverwandten britischen Kaukasiern wurde ex- 
trahiert, amplifiziert und direkt sequenziert. Die Sequen- 
zen von ungef~ihr 800 Nucleotiden wurden yon 2 hyper- 
variablen Segmenten innerhalb der nicht-kodierenden 
Region des mitochondrialen Genoms erhalten. Insge- 
samt wurden 91 unterschiedliche Sequenzen beobachtet 
mit einer durchschnittlichen Nukleotid-Diversifit~it von 
1,1%. Die meisten unterschiedlichen Sequenz-Paare dif- 
ferierten an 3,6% ihrer Nukleotid-(nt)-Positionen. Ein 
Vergleich mit einer Konsensus-Sequenz zeigte, dab jede 
Region bis zu einem fihnlichen Ausmag polymorph war. 
Unterschiedliche Methoden der genetischen Analyse 
wurden angewandt, um die Variation in jeder Region zu 
untersuchen, unter Einschluf3 paarweiser Vergleiche. 
Diese Untersuchung zeigte, dab die Daten nicht einer 
Poisson-Verteilung entsprachen, sie pagten eher zu el- 
net negativen Binomial-Verteilung. 
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Introduction 

For some years many different methods have been de- 
veloped in order to characterize mtDNA [1-7]. Primar- 
ily this has been attempted to try to link diseases to spe- 
cific mitochondrial defects [8-11] and also, because of 
the maternal inheritance exhibited, to trace the phylo- 
genetic history of the human population and examine 
population structuring [5, 7, 12-31]. The genetic iden- 
tification involved, however/may also have applications 
in other fields especially, for example, in forensic biol- 
ogy where positive identification of human remains and/ 
or suspect traces are required to establish guilt or inno- 
cence of individuals thought to be responsible for a 
crime [3, 6]. However, in some circumstances identifica- 
tion has been difficult because of decomposition or de- 
gradation of soft tissues or presence of limited amounts 
of material. Often the only samples available may be 
bone, teeth or hair which contain reduced quantities of 
genomic DNA, but significant amounts of mtDNA. 

Although restriction analysis has previously been uti- 
lised, PCR and direct sequencing of mtDNA enables a 
more rapid and reliable analysis of the polymorphic seg- 
ments [2, 4]. Differences between individuals in these 
polymorphic sequences may, in principle, permit iden- 
tification from samples containing only a few copies of the 
DNA of interest. The control region of mtDNA, which 
includes the origin of H strand replication, the displace- 
ment (D) loop and both origins of transcription, is the 
most variable region of the human mtDNA genome [32]. 
The majority of the polymorphisms were concentrated in 
2 hypervariable segments, one of which lies around the 
origin of replication, the other lies within the D loop itself 
[12, 13, 33]. Both hypervariable segments have been ana- 
lysed in this study in order to investigate genetic identifi- 
cation within the British White Caucasian population. 
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Materials and methods Results and discussion 

The entire mitochondrial non-coding region was amplified using 
primers L15926 and H580 [1,2] in equal concentrations. Further 
amplifications of the 2 variable segments of this non-coding region 
were then carried out using an aliquot of the first amplification 
products as template and primer pairs L15997 with H16401, and 
L29 with H408 [1]. Amplification products were sequenced using 
solid phase separation of strands and Sequenase sequencing [2]. 
The regions were sequenced in both orientations in order to verify 
the accuracy of base-calling. In general, 403 nucleotides in region 
1 and 380 nucleotides in region 2 were determined. 

DNA extraction. Blood samples were obtained from 100 unrelated 
white Caucasians from 6 different regions in England and Wales. 
Total DNA was extracted from these samples as follows: in a 
1.5 ml Eppendorf tube 200 gl liquid blood was added to an equal 
volume of extraction buffer (Tris base 1.21g/1, EDTA 3.72g/1, 
NaC1 5.84g/1) containing 2% sodium dodecyl sulphate (SDS), 
dithiothreitol (DTT, 6 mM final concentration) and proteinase K 
(1.5 mg/ml). This mixture was incubated overnight at 37°C, extracted 
twice with phenol and precipitated using absolute ethanol at 
-20°C for 30 rains. The DNA was pelleted by spinning in a micro- 
centrifuge for 10rains, washed in 70% ethanol, vacuum-dried 
briefly and resuspended in 50 gl distilled wate r  (dt-IzO). The amount 
of DNA present was quantitated fluorimetrically with a Hoefer 
TKO 100 Mini fluorimeter. 

PCR amplification of mtDNA sequences. PCR amplification was 
conducted in 2 stages: in the first PCR reaction the DNA template 
was amplified using a 25 ~tl reaction containing 10 ng of extracted 
DNA, primers (L15926 and H580 [1, 2] at 1 laM, 200 ~tM of each 
dNTP, 1.25U Taq polymerase (Perkin-Elmer Cetus) and 1 × am- 
plificati0n (PARR) buffer (Cambio) to produce a 1.3 kb PCR pro- 
duct encompassing the entire mtDNA control region. An aliquot 
of 0.5 ~tl of the DNA product was used without purification for 
subsequent nested PCR reactions in a 50 gl volume containing the 
following primers: biotinylated L15997 with M13(-21)-H16401 
for L strand of variable region, 1, M13 (-21)-L15997 with biotiny- 
lated H16401 for H strand of region 1, biotinylated L29 with 
M13(-21)-H408 for L strand of variable region 2 or M13(-21)- 
L29 with biotinylated H408 for H strand of region 2 at 0.5 gM final 
concentration, 20~tM final concentration each dNTP, 2.5U Taq 
polymerase, 1 x PARR buffer. This reaction generated biotiny- 
lated PCR products in which the M13(-21) universal sequencing 
primer sequence was incorporated at one end. 

PCR was conducted in a thermal cycler (480 model, Perkin- 
Elmer Cetus) using 25 cycles, denaturation at 94°C for 45 secs, an- 
nealing at 50°C for 30 secs and elongation at 72°C for 5.5 rains for 
the first round amplification. Second round nested amplifications 
comprised 25 cycles of denaturation at 94°C for 45 secs, annealing 
at 50°C for 30secs and elongation at 72°C for 3 rains. The quality 
of the PCR reaction was determined by electrophoresis of 5 gl of 
the final reaction mixture on gels containing 3% NuSieve GTG 
(FMC BioProducts) in TBE buffer (Tris base 15.75 g/l, Boric acid 
4.64 g/1 and EDTA 0.93 g/l). 

Sequencing mtDNA. The biotinylated PCR product was attached 
to 30 gl streptavidin coated Dynabeads (Dynal A.S., Oslo, Nor- 
way) by incubating in LiC1 buffer at 48°C for 15 rains. The non-bio- 
tinylated strand was removed by denaturing the complex in 0.15 M 
NaOH for 4 rains at room temperature. The resulting Dynabead/ 
single-stranded PCR product complex was stabilised with the use 
of a magnet and the supernatant containing the eluted strand was 
removed. The Dynabead complex was resuspended in 16 gl dH20 
and used directly in sequencing reactions using the Sequenase Dye 
Primer Sequencing kit (Applied Biosystems) and employing the 
M13 universal sequencing primer. Electrophoresis and sequence 
analysis were performed with an Applied Biosystems Model 373A 
Automated DNA Sequencer. Comparisons of DNA sequences 
were carried out using a SeqEd package (Applied Biosystems). 

Comparison with the reference Anderson sequence 

Alignments were made with the original Anderson se- 
quence [32] and all differences were noted (Fig. 1). The 
Anderson sequence was atypical at 3 positions: nt 263, 
guanine was normally present  instead of adenine; at nt 
302-308 the majority of sequences contained 8 cytosine 
nucleotides instead of the 7 reported by Anderson;  and 
at nt 310-314 6 cytosine nucleotides, not five, were usu- 
ally present.  Thus a modified reference sequence incor- 
porating these changes was used in all further analyses. 
This consensus sequence may be representative of the 
ancestral state of white Caucasian m t D N A .  

Comparisons showed that there were more  sites of se- 
quence polymorphism in the first region than in the sec- 
ond (76 : 48). However ,  the frequencies of polymorphism 
of individual sites were lower in the first region, with the 
result that each segment had equivalent levels of poly- 
morphism (Figs. 1 and 2), This contrasts with previously 
published data [1, 12, 13, 33], where only a limited sam- 
ple size (7-14) was used, in which the second region ap- 
peared to be less variable than the first. 

However ,  in agreement  with previously published 
data [12-17, 32, 33] the distribution showed a large bias 
towards transitional changes with a t ransi t ion:transver-  
sion ratio of 42.5 : 1. This excess level of transitions may 
be indicative that mispairing during replication is the 
major  source of spontaneous mutations within the mito- 
chondria [18]. Although these previous publications sug- 
gested that the majority of observed transitions were 
pyrimidine, our data showed that the bias (80% observed) 
was only present  in the first variable segment,  with the 
second segment showing approximately equal levels of 
pyrimidine and purine transitions. 

Genetic analysis of white Caucasian mtDNA data 

Genetic  identity testing using p = ] ~ x  2 (where x was the 
frequency of mitochondrial  genotype) for the two re- 
gions together,  gave values of 0.026 (sequence specific 
oligonucleotide typing, using a database of 525 individu- 
als f rom 5 ethnic groups) and 0.053 (sequencing, using 
samples obtained f rom 9 Caucasian individuals) [5]. This 
compares  with a probabili ty of identity of 0.034 for the 
first variable region, 0.047 for the second variable region 
and 0.014 for the 2 regions taken together for the data- 
base described in this paper.  

Although the majority of sequences were only re- 
presented once in the database,  one common genotype 
was observed in the 4 samples, 4, 58, 78 and 92 (Fig. 1), 
which was very similar to the consensus sequence with 
the exception of a gap at base 302.3 (found in 41% of the 
sequences). 

Stoneking et al. [5] and Orrego and King [1] deter- 
mined the average number  of pairwise differences be- 
tween sequences where the total number  of comparisons 
was [n × (n-1)] /2 ,  in which n was the number  of samples. 
Stoneking et al. assumed selective neutrality and ab- 
sence of population substructuring. Orrego and King as- 
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Fig. 1. List of 124 polymorphic nucleotide positions observed in se- 
quences obtained from 100 unrelated white Caucasian samples, 
shown as differences from the Anderson  reference sequence [32]. 
Nomenclature is in accordance with Anderson et al, and numbers  
followed by a decimal point indicate addition of nucleotides not 
found in this sequence. A dot ( e )  indicates sequence unchanged 
from the reference sequence, N indicates no nucleotide assignment 
and a triangle (~ )  indicates undetermined sequence. The relative 
frequencies of the most polymorphic sites identified in the paper  of 
Stoneking et al. [5] were compared with our British White Cauca- 

sian data to determine whether  their frequencies for Caucasians 
were indicative of the population as a whole. Many differences 
were observed between the two data sets including: the polymor- 
phism at p16362 is at least 50% more frequent in Stoneking et al; 
the polymorphisms at p73 is 30% more frequent in Stoneking et al; 
a single addition at p302.3 is 25% more frequent in our data and 
the number  of blanks (assuming these are due to double transitions 
or transversions) are much more frequent in Stoneking et al. (87 in 
142 samples) than would be expected from our data (11 in 100 sam- 
ples including positions of undetermined sequence) 
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Fig. 2A B Graph showing Athe 
number of variable sites and B the 
frequency of polymorphisms in 
blocks of 50 bases throughout the 
sequenced area of the non-coding 
region. Sequences obtained from 
100 unrelated white Caucasians 
were compared to a consensus 
reference sequence (see text). The 
types of variation observed indi- 
cate that each type of mutation is 
not randomly distributed through- 
out the area sequenced e.g. addi- 
tions and gaps (the formation of 
which are consistent with the slip- 
page model of frame shift muta- 
genesis) are confined to a block of 
50 bases in both the first and sec- 
ond variable regions 

SEQUENCE POSITION 

sumed that the distribution of pairwise differences ap- 
proximated a Poisson distribution (also suggested by 
DiRienzo and Wilson [25]). An estimate of genetic iden- 
tity, fitting data f rom the first variable segment to this 
distribution (14 samples, average number  of pairwise 
differences between any pair of sequences = 5.9), was 
calculated as 0.003 [1]. Pairwise comparisons for our 
data gave values for the average number  of pairwise dif- 
ferences of 4.59 for the first variable region, 3.89 for the 
second region and 8.48 for the 2 regions taken together.  
However ,  our data does not approximate  Poisson (P < <  
0.001) (Fig. 3A),  probably because of the excess number  

of transitions present  and the unequal substitution rate 
at each nucleotide position (Fig. 2). 

It  has been suggested [26, 33] that pairwise compari-  
sons of m t D N A  data may approximate  a negative bino- 
mial distribution, which does not assume that each posi- 
tion within the region sequenced has an equal apportun- 
ity of change. However ,  when our data was compared  to 
the negative binomial distribution (Fig. 3B), the fit was 
greatly improved but still significantly different (0.01 < 
P < 0 . 0 2 5 )  possibly because of the excess number  of 
transitions present.  Other  statistical models are current- 
ly under investigation. 
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Fig. 3A, B. Graph showing that  the distribution of pairwise differences for the sequenced data differs significantly from both A a Poisson 
distribution (P < <  0.001) and B a negative binomial distribution (0.01 < P < 0.025) 

Previous inter- and intra-population studies using 
mtDNA data have used phylogenetic analysis to estab- 
lish either the maternal lineage of sequences and/or the 
origin of the human species [5, 7, 12-31]. These studies 
used information obtained from either the first of the 
variable regions or from the 2 regions taken together. In- 

itial intrapopulation analysis of our data was carried out 
on the 2 variable regions separately using the PAUP 
(Phylogenetic Analysis using Parsimony) computer pro- 
gramme [34]. This analysis showed that the few sequences 
that grouped together in the first of the variable regions 
did not usually cluster in the second (unpublished data). 
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F u r t h e r  phy logene t i c  analysis  m a y  be  r equ i r ed ,  bu t  these  
p r e l i m i n a r y  resul ts  sugges ted  tha t  conclus ions  a b o u t  in- 
d iv idua l  s u b p o p u l a t i o n  g roups  b a s e d  on  analysis  of  one  
reg ion  only  or  b o t h  reg ions  t oge the r  a re  p rob l ema t i ca l .  
I n t e r p o p u l a t i o n  s tudies  using sys tems such as P A U P  
m a y  be  m o r e  in fo rmat ive .  

F r o m  our  analysis  of  whi te  Caucas i an  m t D N A  se- 
quences  we have  shown tha t  to ob t a in  m a x i m u m  infor-  
m a t i o n  bo th  of  the  va r i ab le  regions  p r e sen t  wi th in  the  
non-cod ing  reg ion  mus t  be  sequenced .  F u r t h e r  analysis  
is n e e d e d  to  d e t e r m i n e  the  bes t  fit to a s ta t is t ical  distr i-  
bu t ion ,  which could  be  useful  when  ca lcula t ing  p robab i l -  
i ty of  ident i ty .  W e  have  also sugges ted  tha t  i n t r apopu l a -  
t ion inves t iga t ions  b a s e d  on  the  p h y l o g e n y  of  sequences  
using a sys tem such as P A U P  m a y  be  p rob l ema t i ca l .  

This inves t iga t ion  shows tha t  a l though  the re  is cur-  
ren t ly  no  su i tab le  s ta t is t ical  m o d e l  to ana lyse  the  da t a  to  
its full po ten t i a l ,  the  t echn ique  can still be  used  as a 
highly in fo rma t ive  forens ic  tes t  espec ia l ly  for  the  invest i -  
ga t ion  of  difficult  s amp le  types.  
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