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DNA extraction

Amplification (PCR)

Detection

DNA quantification 

Human Identification

< 150 pg DNA ≈ DNA in 15 cells

(Conventional) Forensic Genetic Workflow

Sequence

Size (Short Tandem Repeats, Indels)



PCR

E-gram

(Conventional) Short Tandem Repeat Analysis
STR
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Globalfiler, LT

STR-Multiplexes
PI = 7 x 10-26ca. 15 cells

accredited



Crime casework
reference sample

Paternity casework
related person(s)

Human identification
ante mortem sample

or
related person(s)

Applications



> 400 bp
‘standard’ protocol

200-400 bp
‘midi’ protocol

150-200 bp
‘mini’ protocol

UV



Parson et al (2006) IJLM

degraded DNA



Reinhold Hubert Günther

Mother Father

?



Parson et al IJLM 2006

LR=81,900

Confirmed and extended by phalanx (LR=18x109)



The Identification of the Romanov Family 

Tsar family (1913) 300th Anniversary of the Romanov Dynasty 

wikipedia.org



Mitochondrial lineages of the Romanov Family
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Gill et al 1994 Nat Genet; Ivanov et al 1996 Nat Genet; Rogaev et al 2009 PNAS; Coble et al 2009 PLoS ONE
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2007
2 sets of remains

Alexei and 
Maria
???

1991
9 bodies
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The Identification of the Romanov Family - part 2 

Coble et al PLoS ONE (2008)

autosomal 
STRs

Y-STRs

mtDNA



The Identification of the Romanov Family - part 2 

Coble et al PLoS ONE (2008)

146.1147

Tsar 
Nicholas II

Tsarina 
Alexandra

Olga Tatiana Anastasia

Scenario: Samples 146 and 147 are members of the Romanov Family

Cumulative LR = 4.36 Trillion to 80 Trillion



The Mitogenome

Russell, P. J. (2005)

circular double-stranded molecule
16.5 kbp in size
compact and reduced
coding region (15 kb) 37 genes

13 OSPHOX proteins
22 tRNAs

2 rRNAs
control region (1.1 kb) d-loop

non-coding, regulatory
evolutionary rate ~10x of nDNA



Illumina Ion Torrent

Massively Parallel Sequencing in Forensics



21 cycles PCR

Workflow

pooling

amplicons

adapter (barcodes)

DNA poolsS5 Ion Chef rtPCR quantitation
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Strobl et al 2018 FSIG

Ion Torrent (TFS) protocol for low-quality mtDNA
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Strobl et al 2018 FSIG

Solving Cold Cases with mitogenomes



Validation of IonChef/S5 mitogenome MPS

• Population Studies

• Contamination Assessment

• Concordance Studies

• Sensitivity and Stochastic Effects

• Mock Casework Samples

• Mixtures

In collaboration with 



Validation of IonChef/S5 mitogenome MPS



Validation of IonChef/S5 mitogenome MPS



https://empop.online





Precision-ID (TFS)
CR/mtG ca. 175 bp

Parson et al 2015
CR/mtG ca. 300 bp

Eduardoff et al 2017
PEC CR/mtG < 70 bp

mtDNA enrichment strategies for MPS

“midi” “mini” “micro”“maxi”
Fendt et al 2009
mtG ca. 8.5 kbp

GMI modified
mtG ca.2 kbp

Ion Chef/Ion S5 MiSeq FGx®PGM



Hybridization Capture - MPS

Gorden et al 2021 FSIG



Application of different library methods for 
MPS of mtDNA

Beispiel Tina



Hybridization Capture of nuclear SNPs
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