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Mixture detection applying mitochondrial DNA SNPs Vs 
traditional mitochondrial DNA sequencing

Abstract: Mitochondrial DNA (mtDNA) analysis found an important role in forensic genetics, 
especially when nuclear DNA analysis does not give a conclusive response. In this study, 
mitochondrial DNA Single Nucleotide Polymorphisms (mtSNP) analysis was compared 
to traditional mtDNA sequencing in order to determine the most useful method for 
mix detection, a reality in forensic genetics routine. MtSNP analysis allowed to detect 
mixtures in samples sharing the same haplotype for HV1/HV2 regions.

Introduction

Mitochondrial DNA (mtDNA) analysis found an important role in forensic 
genetics, especially when nuclear DNA analysis does not give a conclusive response. 
One major advantage of mtDNA in forensic casework is the high copy number of 
mtDNA molecules within the cell contrary to nuclear DNA, and its resistance in highly 
degraded samples, allowing analysis of low level DNA evidence. A major problem in 
mixture detection through mtDNA sequencing is to distinguish between basal noise 
and minor components of a mix. By the other hand, mtDNA hypervariable regions 
typing shows a low power of discrimination, specially when common haplotypes are 
present. In such cases, mtDNA coding region SNP analysis can be useful in combination 
with HV1/HV2 analysis, to increase discrimination among individuals (1). In this 
study, mitochondrial DNA Single Nucleotide Polymorphisms (mtSNP) analysis was 
compared to traditional mtDNA sequencing in order to determine the most useful 
method for mix detection, a reality in forensic genetics routine.

Material and Methods

DNA extraction and quantification

DNA was extracted from blood samples using Chelex 100 protocol (2). DNA 
quantification was achieved with Quantifiler Human DNA Quantification Kit at an 
ABI Prism7000 Sequence Detection System (AB).
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Mitochondrial sequencing

Two blood mixtures were prepared and analysed for mtDNA HV1 and HV2 
regions. PCR amplification was made according to Wilson et al, 1995 (3) and 
segments sequenced using BigDye Terminator v1.1 Cycle Sequence Kit (AB) with 
BetterBuffer (MicroZone Limited), followed by a simple bead purification method 
(XTerminator) to remove unincorporated terminators. Electrophoresis was achieved 
in an ABI PRISM 3130 Genetic Analyser (AB) and analysis was done with ABI DNA 
Sequencing Analysis v5.2 and SeqScape v2.5. 

MtSNPs

To test the ability to detect mixtures using mtSNPs, a set of five different mixtures 
in different ratios (9:1 to 1:1) were prepared using DNA control 9947A and 9948 
(both Promega) as well as the blood mixtures previously described.

 Sixteen mtSNP were amplified in two multiplex reactions using primers proposed by 
Brandstätter et al, 2003 (4) and amplification protocol published by Parson et al, 2008 
(5). Previous to minisequencing reaction, PCR products were treated with ExoSAP-IT 
(USB) in order to remove unincorporated dNTPs and excess of primers. 5 µl of PCR 
product were incubated with 2µl of ExoSAP-IT for 90 minutes at 37ºC followed by 
20 minutes at 80ºC for enzyme inactivation. Minisequencing reaction was achieved 
using SNaPshot kit (AB) according to Brandstätter et al, 2003 (4). Unincorporated 
ddNTPs were removed with a treatment with SAP (Roche Diagnostics Corporation). 
The minisequencing product was diluted 1:10 and the electrophoresis was undertaken 
on an ABI PRISM 3130 Genetic Analyzer using Liz-120 as size standard. Analysis 
was completed using GeneMapper ID v.3.2 software. 

Results

In one blood mixture, HV1/HV2 analysis showed two bases at a large number 
of positions, indicating the presence of mixed samples and mtDNA SNP analysis 
confirmed the result (Figures 1 and 2).

For the other mixture, HV1 was CRS and HV2 analysis presented the 263G; 
315.1C haplotype and no mixture was detected. Using mtSNP for the same samples, 
the mixture was detected, proofing the utility of this technology in forensic genetics 
since the observed HV1/HV2 haplotype is one of the most frequent in European 
populations. Although the samples shared the same haplotype, they belonged to 
different branches of haplogroup H, namely H1 and H3, since the mixture was only 
detected in positions 3010 (Mx 1) and 6776 (Mx 2) (Figure 3).

MtSNP analysis of the five mixture sets (9:1 to 1:1) using DNA controls 9947A 
and 9948, allowed full mixture detection in all ratios, as seen in Figure 4. In a 6:4 
mixture, the mix positions are well detected and quite balanced, whereas in a 9:1 mix 
peaks appeared, as expected, extremely unbalanced but evident.
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Discussion and Conclusion

In degraded samples without nuclear DNA, mtSNP analysis may allow mix 
detection even when HV1/HV2 haplotypes are identical. Comparing with traditional 
mtDNA sequencing, mtSNP analysis with SNaPshot technique presents a major 
advantage: each allele of a determined marker presents a slight deviation from one 
another. This deviation is due to mobility differences that occur depending on the 
incorporated terminator, which allows to better distinguish between basal noise and 
a minor component of a mixture.

Even in very unbalanced mixtures (9:1) it was possible to detect all SNPs in the 
studied mix ratios, showing the potentialities of this technique in forensics genetics.
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Figure 1 – Electropherogram of mitochondrial DNA sequencing using BigDye v1.1 from a blood 
mixture. The mixture is detected in several positions, signed with arrows.

Figure 2 – Electropherograms of mtSNPs for multiplex 1 and 2 from a blood mixture. The 
mixture is detected in several markers. In the positions marked with * the true allele is the reverse 

of the detected one.
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Figure 4 – Electropherograms of mtSNPs for multiplex 1 and 2 from mixture using DNA controls 
9947A and 9948. A: multiplex 1 for a 6:4 mix; B: multiplex 2 for a 6:4 mix; C: multiplex 1 for a 
9:1 mix; D: multiplex 2 for a 9:1 mix. The mixture is detected in several markers, as indicated by 

the positions. In the positions marked with * the true allele is the reverse of the detected one.

Figure 3 – Electropherograms of mtSNPs for multiplex 1 and 2 from a blood mixture. The 
mixture is detected in only two markers as both samples belong to haplogroup H (H1 and H3). 

In the positions marked with * the true allele is the reverse of the detected one.




