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Massively Parallel Sequencing (MPS)

● Also know as Massive Parallel Sequencing or 
High Throughput Sequencing (HTS) or Next-
Generation Sequencing (NGS)

● DNA sequencing using the concept of massively 
parallel processing

● Commercially available since 2005

● Second and third generation sequencing

● Sequencing of 1 million to 43 billion short DNA 
fragments (50-400 bases) per instrument run

● Various technologies, engineering configurations 
and sequencing chemistries

● Whole-genome or amplicon-based sequencing

● 0.5 Gb to 1.8 Tb per run
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Forensic DNA identification with MPS

Yang et al.. Application of Next-generation Sequencing Technology in Forensic 
Science. Genomics, Proteomics & Bioinformatics., 12 (2014), pp. e190-e197
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Additionnal questions with regards to 
massively parallel sequencing implementation

Automation ? Equipment ?

Developmental 
validation ? Sample Tracking ?

Genetic profile validation 
and interpretation ?

Accreditation ?

Casework application ?

Training ?

Conclusions :
Money, complexity, lack of feedback

A. Alonso, P. Muller, L. Roewer, S. Willuweit, B. Budowle, W. Parson. European 
survey on forensic applications of massively parallel sequencing. Forensic Sci. 
Int. Genet., 29 (2017), pp. e23-e25

European survey on forensic 
applications of massively parallel 

sequencing (2017)
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Institut National de Police Scientifique

a.k.a French National Forensic Police Institute

● Biggest forensic institute in France

● Under the administrative supervision of the General 
Directorate of National Police

● Public establishment officially registered as an expert on 
the list of Supreme Court

● Network of 5 forensic laboratories (COFRAC accreditation 
according to the ISO 17025 standards since 2008).

● ENFSI member (since 1994)

● EDNAP/EUROFORGEN
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Fields of expertise

+ ballistics and IT
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An increasing activity since 2006...
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Forensic DNA analysis

Reference samples (Database)

● Automated Genotyping Unit (Lyon only)

● 220 000 FTA cards / year (double analysis)

Casework samples

● Volume crime (swabs)

● Criminal cases

● 238 000 DNA samples / year

Mitochondrial DNA

DNA phenotyping

Synthetic DNA (spray/ink)

+
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Actual DNA workflow at INPS
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Is it worth adding another workflow ?
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What we expected… back in 2015 !
Our MPS workflow philosophy

● Premium workflow to allow a deeper analysis of complex DNA samples (degraded, 
mixtures…)

● Not to fully replace classic workflow (PCR-CE)

● Reserved only for important casework (serious crimes)

● Automation and LIMS

● ISO 17025

● Major roles :
● Help experts to interpret genetic profiles
● Bring more caseworks to the lab and become expert in complex analyses
● Re-open cold cases
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Fully automated DNA library preparation

Hamilton ID

NGS-V STARlet

Core Gripper Magnet
+ Heater Shaker

● Automation of Verogen ForenSeqTM Library 
preparation kit from PCR amplification to 
library pooling

● 8 to 96 samples

● Hands-on time from reduced from 3 hours to 
15 minutes

● DNA analysis to data interpretation in 4 days
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Improvements to maximise MPS usage in a forensic laboratory

● Pooling library adjustment

Combined analysis of rich and poor DNA 
samples in the same run

DNA sample concentration > 0.015 ng/µL
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Improvements to maximise MPS usage in a forensic laboratory

● Pooling library adjustment

● Pooled library quantification

Qubit 3.0
(ThermoFisher Scientific)
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Improvements to maximise MPS usage in a forensic laboratory

● Pooling library adjustment

● Pooled library quantification

● Sample tracking

File exchange concept



Institut national de police scientifique

Improvements to maximise MPS usage in a forensic laboratory

● Pooling library adjustment

● Pooled library quantification

● Sample tracking

● LIMS integration
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Developmental validation of ForenSeq solution with automated protocol

● Validation guidelines issued by the Scientific Working Group on DNA Analysis Methods 
(SWGDAM) in 2012 – available here : https://www.swgdam.org/publications

● Revised in November 2016 to address Next Generation Sequencing (NGS) technologies

● Parameters tested in our laboratory :

– Sensitivity (full profile from 250 pg as DNA input)

– Repeatability (CV < 10%)

– Reproducibility (CV < 20%)

– Concordance (99,54 % compared to GlobalFiler)

– Cross-contamination

● Detailled presentation at the workshop yesterday

● Publication under review at FSI Genetics
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Caseworks

● More than 150 DNA extracts analyzed (in parallel to GlobalFiler analysis) 
● DNA concentration: 0,0024 → 128 ng/µL

Why the DNA extracts were analyzed with NGS ?

- To complete a genetic profile obtained from a highly degraded DNA

- To identify a very minority contributor

- To deconvoluate mixture with the help of possible isomutations

- To have additional markers for complex kinship
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Example 1 : DNA Mixture and isomutations
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Example 2 : Degraded DNA

GlobalFiler : 7 typed loci
Minifiler : + 8 typed loci

ForenSeq : 16 typed loci
+ 4 additional STRs (not in database)
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Example 3 : Postmortem Identification 

46 SNP with one common allele

0 discordance

Likelihood Ratio (LR) with Familias :

- 20 STR GlobalFiler (1 discordance) : 119

- 20 STR GlobalFiler (1 discordance) + 4 STR 
ForenSeq : 555

- 20 STR GlobalFiler (1 discordance) + 4 STR 
ForenSeq + 46 SNP ForenSeq : 27357878

Allelic frequencies obtained from 1000 genomes project

Still questioning if it's statistically ok ?

Independance of SNPs and STRs ?
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Confirmation 
of the CE 

results 
thanks to the 
two « 17 » 

Mixture Minor ? Mixture Victim

Minor Contributor 

CE NGS

First MPS DNA profile sent to the French National DNA Database

Cold Case of 2011 (Homicide)

First analyzes in the laboratory of Paris (Identifiler)

2 DNA extracts (mixture of the victim + a very minor male contributor)

 Validation of 4 additional markers and 5 alleles per unknown DNA profile

→ One new genetic profile registered to the national DNA database

→ One partial genetic profile completed

2 isoalleles

? ?
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Future DNA analysis workflow in Lyon

Casework
DNA sample

Urgent (<72h) ?

PCR-CE Optimal DNA
concentration ?

ForenSeqDegraded ?

ForenSeq Y-STR needed ?

ForenSeq PCR-CE

Yes No

Yes No

Yes No

Yes No

Goal :
32 samples in MPS 
workflow per week
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