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Abstract We report a case in which STR typing failed to
identify the minor component of a mixed saliva stain, but a
mitochondrial restriction analysis succeeded in discriminat-
ing between the two components. To identify the nt16093
and nt16265 transitions, the template was amplified with
the mismatch primers L16092-mm16085 and H16266-
mm16269. In the presence of the transitions the mismatch
primers created a BsaB 1 and a Cac81 restriction site, re-
spectively. Subsequently, aliquots were restricted separately
using the enzymes Cac81 and BsaB I which clearly iden-
tified the minor stain component.

Keywords Mitochondrial DNA - Restriction sites -
Mixed stain - Forensic testing - Mismatch primer

Introduction

In most instances STR analyses appear to be superior to
mitochondrial DNA (mtDNA) typing as they yield an
enormously high level of individualisation and exact com-
putational results even in mixed stain cases [5]. However,
there are situations in which an STR analysis of stains
fails and usable results can only be obtained by employing
mtDNA analysis. We report a case in which STR typing
of a mixed stain failed, but a mitochondrial restriction
analysis following the mismatch primer technique suc-
ceeded in detecting the characteristic features of the minor
component of the stain.
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Case history

While breaking and entering, a burglar drank a bottle of cola
empty at the scene. This was discovered as the owner could re-
member that he had already drunk only about three-quarters of it.
Hence, it could be assumed that there was a mixed saliva stain on
the neck of the bottle caused by two contributors. The police found
a suspect and asked us to identify both DNA profiles of the mixed
stain but by performing an STR analysis and D-loop sequencing
we were only able to establish the profile of the owner. Additional
STR peaks did not clearly exceed the background noise level.
Therefore, we performed a restriction analysis to identify the as-
sumed mt DNA pattern of the suspect.

Materials and methods

Wipe-off specimens on Q-tips from the cola bottleneck and buccal
swabs from the persons involved were used to extract DNA using
a phenol-chloroform extraction protocol [9]. First we performed an
STR analysis following the established routine methods on samples
of the potentially involved contributors and partially also on the
stain DNA. Our investigations included singleplex PCR reactions
for the THO1, D21S11, FGA, ACTBP2 and D12S391 systems. As
we did not succeed in detecting the minor component of the mixed
saliva stain with these methods, we stopped the STR analysis and
followed the mtDNA analysis strategy.

We started sequencing of the regions HVI and HVII by ampli-
fying the entire D-loop with the primers L15926 and HO0580 in
compliance with the appropriate cycling protocol as suggested by
Orrego and King [10]. DNA isolated from the buccal swab was
added in quantities of approximately 10ng. The saliva stain was
amplified by employing different DNA quantities from 10 down to
about 0.05 ng in order to find the optimum ratio for the analysis of
mixed stains. The DNA quantity was established by means of the
QuantiBlot kit (Applied Biosystems, Foster City, CA) as a more
specific method of quantifying the mtDNA was not commercially
available. In the course of further sequencing we used the RR Dye
Terminator Sequencing kit (Applied Biosystems) and followed the
protocol of Parson et al. [11] with minor modifications.

Having established that conventional sequencing methods re-
vealed the stain component of the victim only to a certain extent,
we checked whether the profile of the suspect could be identified
with the help of a restriction analysis. To create restriction sites in-
cluding the nt16093 and nt16265 transitions, we amplified the
samples of both contributors as well as the mixed stain with the
mismatch primers L16092- mm16085 (CCATCAACAACCGAT-
ATGTAT) and H16266-_mm16269 (TTTGTTGGTATCCTAG-


Verwendete Mac Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.
Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.

ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.2
     Für schnelle Web-Anzeige optimieren: Ja
     Piktogramme einbetten: Ja
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 2400 2400 ] dpi
     Papierformat: [ 595 785 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 600 dpi
     Downsampling für Bilder über: 900 dpi
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: 4
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Warnen und weiter
Einbetten:
     Immer einbetten: [ ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Alle Farben zu sRGB konvertieren
     Methode: Standard
Arbeitsbereiche:
     Graustufen ICC-Profil: 
     RGB ICC-Profil: sRGB IEC61966-2.1
     CMYK ICC-Profil: U.S. Web Coated (SWOP) v2
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Ja

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Nein
     PostScript-Datei darf Einstellungen überschreiben: Ja
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Nein
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Nein

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends false
     /DoThumbnails true
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Bicubic
     /GrayImageDownsampleType /Bicubic
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /ColorImageDownsampleThreshold 1.5
     /GrayImageFilter /DCTEncode
     /ColorConversionStrategy /sRGB
     /CalGrayProfile ()
     /ColorImageResolution 150
     /UsePrologue false
     /MonoImageResolution 600
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings true
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Preserve
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /K -1 >>
     /ColorImageDownsampleType /Bicubic
     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /ParseDSCComments false
     /PreserveEPSInfo false
     /MonoImageDepth -1
     /AutoFilterGrayImages true
     /SubsetFonts false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /None
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ASCII85EncodePages false
     /PreserveOPIComments false
     /NeverEmbed [ ]
     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Apply
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles false
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 595.276 841.890 ]
     /HWResolution [ 2400 2400 ]
>> setpagedevice


CGGG) resulting in 213bp fragments. In the presence of the
nt16093 transition, the primer L16092- mm16085 created a BsaB I
restriction site during amplification and 17 bp could be cut off
from the PCR product. In the presence of the nt16225 transition,
the primer H16266-_mm16269 induced a Cac 81 site which re-
duced the amplification product by 18 bp, whereas the product am-
plified from the control DNA remained uncleaved at this site. The
PCR set-up (except the primers) was comparable to that used for
amplification of the entire D-loop region: 94°C for 180s (initial
soak), 94°C for 40's, 52 C for 40 s, 72°C for 40 s over 30 cycles and
72°C for 180 s (elongation).

By treating the amplification products with restriction enzymes,
we checked whether the stain contained a DNA component with
the nt16265 and nt16093 transitions, respectively. To this end 8 pl
of the PCR product was mixed with 10 U of each of the restriction
enzymes and 1 pl of the appropriate buffer. Digestions with Cac81
and BsaB I (New England BioLabs, Beverly, MA) were performed
in separate set-ups.

To examine amplification products and restriction results, 6 pl
crude PCR product and 6 pl enzyme-treated PCR product were sep-
arated by horizontal electrophoresis and silver stained as described
previously [13].

Quality assurance

At our institute all stains and samples from suspects and victims
are analysed by different members of staff in different laboratory
areas. The laboratories are located in separate buildings and never
exchange any reagents or equipment. Data are exchanged by elec-
tronic media without any paper transfer therefore cross-contamina-
tion is excluded. Hence, it was not critical in this case to deviate
from the recommended sequence of operations in preparing the
samples [14].

Results

The STR technique failed to identify components of the
mixed saliva stain from the neck of the bottle. As shown
in Table 1 for this particular case of a mixed stain analy-
sis, the systems THO1, D21S11 and FGA were informa-
tive only to a limited extent or were not informative at all.
An STR analysis of the stain in the systems ACTBP2 and
D12S391 only revealed the alleles of the victim. The inten-
sity of additional peaks under consideration did not signif-
icantly rise above the level of background noise. Table 2
depicts the results obtained by mtDNA sequencing of the
same samples. Deviations from the Cambridge Reference
Sequence (CRS) in the sequences of the victim and the
suspect were concordant in positions nt00073, nt00263,
nt00309.1, and nt00315.1 and differences between both
persons were established in 5 positions. The sequence of
the suspect was characterised by the transitions nt16093
and nt16265, but these features could not be detected when
sequencing the saliva stain from the bottleneck. This se-
quence however, was directly indicative of a mixed stain
at position nt16224. The other sites revealing a difference
between the victim and the suspect did not yield conclu-
sive proof of the existence of a minor component. Figure 1
depicts three sections of the mtDNA sequences in the stain,
including the positions nt16093, nt16224, and nt16265.
To identify the minor component in question, the stain
was checked for the presence of templates containing the
nt16093 and nt16265 transitions by using the mismatch
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Table 1 STR typing results of the stain and two alleged stain con-
tributors

STR Victim Suspect Saliva stain

THO1 7/9.3 9.3/9.3 1]

D21S11 29/30 28/29 1]

FGA 21/24 20/24 (%]

ACTBP2 16/23.2 26.2/27.2 16/23.2/(26.27)/(-)
D12S391 17/20 18/22 17/20/(-)/(22?)
VWA 14/18 14/20 14/18/(-)

(9) Stain STRs were not investigated when the alleles of the suspect
were expected to superimpose the alleles and/or the stutter peak ar-
eas of the victim’s pattern.

Table 2 Mitochondrial DNA profiles analysed in suspects and
victims oral swabs and the saliva stain

HV2 Victim Suspect Stain
L00073 G G G
L00152 T c T
L00263 G G G
L309.1 C C C
L315.1 C C C
L16093 t C t
L16224 C t C(t)
L16265 a G a
L16311 C t C (1)

Nucleotides in capital letters indicate deviations from the CRS, nu-
cleotides in parentheses indicate low intensity signals.

primer technique. As a result the saliva stain PCR product
yielded 196 bp and 159 bp bands after BsaB I and Cac81
digestion, respectively. (Figs.2 and 3).These patterns are
compatible with the assumption of a mixed stain compris-
ing a major component from the victim and a minor com-
ponent corresponding with the pattern of the suspect.

As could be established by using the database http:
//www.d-loop-base.de [15], the pattern of the nt16093 and
nt16265 transitions is unique among 1,182 data sets from
Germany (frequency 0.0008). A pairwise comparison of-
fered only one sequence with only one additional different
base pair. In comparison with other databases on an inter-
national scale [7], which offered at least three or more dif-
ferences, this showed the closest similarity and led to the
assumption that the German database was the relevant
population sample as proposed by Forster et al. [3].

A pairwise analysis of complete profiles was carried out
in the database and resulted in a mean sequence divergence
(suspect versus database) of 4.37. The overall haplotype
diversity of this dataset was 0.975 with a variance of 0.003.
We calculated the match probability according to Balding
and Nichols [1, 14] as 0.0017.

Discussion

In some cases it is not possible to differentiate between
the minor component alleles and the major component stut-
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Fig.1 Sequence sections of
interest in the case under in-
vestigation. Victim: la, 2a and
3a; suspect: 1b, 2b and 3b;
stain: 1c, 2¢ and 3c. The ar-
rows indicate the positions
L16093 (la—), L16265 (2a—)
and L16224 (3a—)
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ter peaks using the STR typing method [2, 12]. The litera-
ture on experimental studies in quantified mixed stains sug-
gests that the detection limit of the minor component may
vary to a major extent in STR analysis, depending on the
locus under investigation, the mixing ratio and the absolute
DNA quantities of the stain components [4, 12]. Possibly,
minor components cannot be detected due to a competi-

tion between DNA components during PCR. Such com-
petition does not occur when mixed mtDNA stains are am-
plified as there is only a minimum difference between the
lengths and sequences of major and minor components.
However, the detectibility in sequencing is limited be-
cause minor component signals could possibly be masked
by the background of the major component, although this
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Fig.2 PCR with the primers L16092-mm16085 and H16266-
mm16269 yields fragments of 213 bp in length. First in lanes 2-5
the amplification product was cleaved by the enzyme Cac81,
yielding 177 bp and 36 bp fragments as a result of a constant site.
The 36 bp fragments do not appear in the electrophoretic picture.
In the presence of a L16265 transition, the PCR with the primer
H16266-mm16269 creates a Cac8 I site cutting the 177 bp fragment
into 159 bp and 18 bp. Due to partial digestion, residual 213 bp bands
(lanes 2-5) and a 195 bp fragment (lane 5) survive. Lane 1 Un-
treated PCR product, lane 2 Cac81 restricted PCR product of tem-
plate with allele 116265 A, lane 5 Cac81 restricted PCR product
of template with allele L16265 G, lanes 3 and 4 Cac81 restricted
PCR product of template from the mixed stain. In addition to the
main bands of the major component, the 159 bp band of the minor
component can be identified

[ 5 ]

av e e

€213 bp

€195 bp

™
200bp

Fig.3 PCR with the primers L16092-mm16085 and H16266-
mm16269 creates a polymorphic BsaB I site through mismatch with
the primer L16092-mm16085. BsaB I cleaves 17 bp from the PCR
product in the presence of the L16093 transition (Lanes / 100 bp
ladder, 2 BsaB I-treated PCR product with allele L16093T not re-
strictable by the enzyme, 3 BsaB I-treated PCR product with allele
L16093C restrictable by the enzyme, 3 and 4 BsaB I-treated PCR
product from the mixed stain with 116093 transition in the minor
component showing the 195 bp band of the minor component

phenomenon is also dependent on the sequence location.
Morley et al. [8] reported a systematic study on mixed
stains using the minisequencing technique and observed a
similar phenomenon when DNA/DNA mixtures were pre-
pared in a ratio of 1:10. Unfortunately, dot-blot DNA
quantification kits that are commercially available at pre-
sent are not appropriate for mtDNA quantification. Hence,
the sensitivity of methods for detection of a minor compo-
nent in a mixed stain cannot be estimated exactly but new
quantification methods using real-time amplification [16]

may help to overcome this dilemma in mtDNA typing in
the future. Nevertheless, for investigating mixed stains with
unknown component ratios, several typing techniques can
be considered. When SNPs form polymorphic restriction
sites, they can be easily identified using restriction enzymes.
This approach allows us to recognise the minor component
on a gel without any background. It is known that natural
and mismatch primer-induced restriction sites can be used
for examining heteroplasmic mtDNA populations [6, 13].
The present case report demonstrates that the application
of this method under suitable circumstances may contribute
to solving a case of mixed stains.
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