
The approach utilizes artificial reference 

sequences based on the available biological 

information to determine the biological context of 

the reads, which is then applied to determine the 

correct weighting based on the phylogenetic 

context. The reads may then be aligned to the 

reference genome. 

ABSTRACT  
 

Mitochondrial DNA (mtDNA) sequencing is a 

valuable forensics tool in determining the 

source of DNA obtained from degraded, 

damaged or small biological samples. However, 

despite the recent advances in Massively 

Parallel Sequencing (MPS), the analysis of 

mtDNA has remained challenging: alignments 

can be misleading and may result in incorrect 

variant calls, and contamination from nuclear 

DNA from small samples may obscure true 

variants. In this poster, we discuss an 

integrated approach to solving these issues in a 

new mito variant caller that integrates various 

sources of knowledge about mtDNA, including 

phylotree, EMPOP and NUMTs statistics, that 

avoids many of the pitfalls of standard 

algorithms. The knowledge is integrated into the 

alignment algorithm itself to distinguish true 

variant calls from NUMT contamination and 

sequencing artefacts. 

 

INTRODUCTION 
 

The traditional Sanger-type sequencing (STS) 

method for establishing mtDNA haplotypes 

tends to be laborious and expensive. The 

emergence of Massively Parallel Sequencing 

(MPS) technologies allows for a quicker and 

more cost effective analysis. However, 

traditional algorithms and tools that have been 

used in the past for MPS sequence analysis 

have not been optimized for mtDNA and show 

several deficiencies for mtDNA  variant calling, 

in particular in the forensics context: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• The alignments are often incorrect and do not 

reflect the evolutionary phylogeny of mtDNA.  

Example: Instead of an insertion of two bases 

at 309, there should be an insertion at 309 and 

one insertion at 315 (Figure 1, 2/3) 

• Variant calls do not adhere to the forensics 

nomenclature and standards. 

For instance 315.1C should be used instead of 

315 INS 

• Insertions and deletions should be right shifted 

as much as possible (Figure 1, 1). 

For instance instead of 311.1C, the insertion  

should be 315.1C 

• Existing tools are not able to detect NUMT  

and other  types of contamination. 

Example: Figure 2 shows an example of a  

region  with NUMT contamination (IGV) 
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MATERIALS AND METHODS 
 

To understand the problem, we need to take a 

closer look at how traditional alignment 

algorithms work. For MPS in particular, in many 

cases the focus is on speed due to the amount 

of data involved and so heuristics are used that 

do not necessarily compute the optimum 

solution. For mtDNA however, this is a minor 

concern as the mtDNA genome is much smaller 

(approx. 16kB), which allows us to focus on 

quality and not on throughput, and so it is 

feasible to compute the optimum alignment. 

The Smith-Waterman algorithm (Figure 4) is 

commonly used for this purpose. Yet even in 

this case, the solution is often not correct for 

mtDNA. Normally, a fixed cost is defined for a 

match, mismatch, insertion and deletion (indel). 

In most cases, an affine gap cost is used, which 

means that a new indel normally costs more 

than the extension of an indel (3). 

Instead of employing a fixed cost for matches, 

mismatches and indels, our algorithm adjusts for 

context relevant biological information, including 

EMPOP and phylotree data, based on the 

matching haplo group. This way, we are able to 

compute the correct solution at the bottom of figure 

3. 

 

Figure 3 shows an example of an alignment 

around position 310 (T) of the mtDNA, using a 

mismatch cost of -3, an indel start cost of -8 and 

a gap extension cost of -4. If we compute the 

optimal alignment using dynamic programming, 

the alignment on top has the lowest cost. This 

solution however is wrong, even though it is 

clearly the optimal solution, and instead the 

alignment at the bottom  would be  the correct  

solution.  

The mito variant caller has been integrated into 

ConvergeTM enterprise application and allows a 

user to analyze mtDNA samples with the 

Precision ID mtDNA Whole Genome and Control 

Region Panels. The algorithm can be launched 

and scheduled directly on the torrent server 

through a plugin. 

 

The integration into ConvergeTM allows all 

relevant associated data to be centrally 

managed, where it can be linked to a Case. 

Figure 10 shows an example of a table with 

called variants. Both the table and also the plot 

in Figure 11 is linked to mito IGV, which allows 

the inspection of the underlying data such as the 

recomputed alignments. 

Figure 8. Detection of Contamination (such as NUMT) 

1 

2 

3 

Figure 1.  Examples of challenges with current methods 

Figure 1.  Examples of challenges with current methods 

Figure 4. An illustrative example of how an optimal alignment can be 

computed using a standard dynamic programming approach 

Figure 3.  Examples of alignments using traditional scoring schemes 

that lead to wrong results 
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Figure 10. The results page of one sample in ConvergeTM that shows the 

interactive coverage plot 

Figure 11.  The software allows the comparison of multiple samples with 

each other, for instance in the form of a heat map 

Figure 9. Example of the variant grid in ConvergeTM  that shows relevant 

information for each called variant 

Figure 7. Example of how contamination was identified (colored in light blue), 

and how the variant 750G was still identified. 

RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The algorithm has been implemented in JavaTM 

1.8 and can run on any operating system that 

supports the JavaTM VM. IGV has been extended 

to support the visualization and editing of mito 

variant calls. Figure 8 shows examples of 

variants in the mito track. It can be seen that the 

issues that were observed with other tools are 

no longer present, for instance the insertions are 

correctly placed at position 309.1C and 315.1C. 

Also, the deletion hat 290 is shifted to the right 

most  position as expected. Figure 7 shows how 

only the correct variant at 750G was called, 

whereas the other positions marked in purple 

have been identified as NUMT contamination. 

 

Figure 6. Screen shot of mito IGV that shows information relevant to a 

particular variant call. The variants 309.1C and 315.1C have been 

correctly identified, and the deletion at 290 has been shifted to the right 

side as expected. 

Contamination detection may also be applied to 

avoid calling variants that are due to NUMTs or 

other types of contamination. One element of this 

detection is the database of known NUMT 

positions and statistical calculations to infer 

NUMTs even if a position is not a known NUMT 

artefact. 

 

To call the variants and determine the quality of 

the variants, multiple pieces of evidence are 

analyzed, such as strand bias, the phylogenetic 

context of the variant, coverage statistics, 

sequencing quality, nearby correlated variants and 

other biologically relevant information. 

Figure 5. The algorithm takes an input bam file and recomputes the 

alignments based on biologically relevant information 

Figure 8. Interactive circular plot implemented both in IGV and ConvergeTM. 

Clicking on a variant shows the details in IGV. 
Figure 2. Examples of NUMT contamination: the reddish reads on top are 

from the sample, whereas the reads at the bottom are nuclear 

contamination 

 


