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A field in continuousevolution

Forensicbiology

Broad field, biomarkersfor individual characterization(includeall biological

aspectsof criminalistics)

Forensichaemogenetics

Subset of forensic biology: Human blood groups, HLA, polymorphic proteins and 

enzymes (most of them from serum or blood cells) 

Forensicgenetics

Forensic Genetics: The application of Genetics (in the sense of a science with the 

purpose of studying inherited characteristics for the analysis of inter and 

intraspecific variations in populations)to the resolution of legal conflicts.

Forensicgenomics

Not all biomarkers of forensic interest are inherited: Methylation, transcriptome,...
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ForensicDNA typing

Forensicpathology

Forensictoxicology

Clinicalforensic
medicine

Omicsin 
forensics

Identification
Complexpaternity testingcases

ForensicDNA phenotyping
DNA intelligencedatabases

Sceneof the crime
Non human DNA typing

Molecular causes of death(i.e. SCD)
Tanathotrasncriptome

Tissueoriginof biologicalsamples
Tanathomicrobiome

Estimationof time of death
Proteomicsfor skeletalremains

Toxicogenomics

Microbiome
Genetics: Attenuatingor exculpatory
conditionsfor psychiatricdisorders

/

The branches 

of science known 

informally 

as omics are various 

disciplines 

in biology whose 

names end in the 

suffix -omics, such 

as genomics, proteo

mics, metabolomics,

metagenomics, trans

criptomicsΧ

https://en.wikipedia.org/wiki/Science
https://en.wikipedia.org/wiki/Biology
https://en.wiktionary.org/wiki/-omics
https://en.wikipedia.org/wiki/Genomics
https://en.wikipedia.org/wiki/Proteomics
https://en.wikipedia.org/wiki/Proteomics
https://en.wikipedia.org/wiki/Metabolomics
https://en.wikipedia.org/wiki/Metagenomics
https://en.wikipedia.org/wiki/Transcriptomics
https://en.wikipedia.org/wiki/Transcriptomics


The sequence explosion

Genomics

MicroRNA

Transcriptomics

Epigenomics

Next generation sequencing

http://www.biologicalproceduresonline.com/content/15/1/4/figure/F1?highres=y


Forensic DNA typing
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mtDNA sequencing

Sexual-chr 
markers
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SNPs
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DNA fingerprint
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1. Externalvisible characteristics
EVC: Pigmentation traits, body 
height, hair morphology, ear 
morphology, facial shape, and for 
some age-related appearance 
traits such as hair loss, pigmented 
age spots.

2. Bio- geographic ancestry i.e., 
the geographic region of origin of 
ŀ ǇŜǊǎƻƴΩǎ ōƛƻƭƻƎƛŎŀƭ ŀƴŎŜǎǘƻǊǎ

3. Estimation of age

Forensic DNA Phenotyping



2015

Katsara et al. 2021





but still far from photofit portrait



Genome-wide association meta-analyses of 20 
quantitative facial measurements derived from 
the 3D surface images of 3118 healthy 
individuals of European ancestry belonging to 
two US cohorts





DNAmethylation: AGEPREDICTIONBIOMARKER

A COMPARISON OF DNA METHYLATION TECHNOLOGIES AND PERFORMANCE OF AGE PREDICTION MODELS 

28th Congress of the International Society for Forensic Genetics; Prague; September, 2019

ω DNAmethylationisanepigeneticmarkercorrelatedwith the humanagingprocess.

Methylation of cytosines occurs in a broad
proportion of CpGdinucleotides (CpGsites),
especiallythoselocatedin CpGislands.

Methyl 
group
(Me)

5-metylcytosine (5-mC)

рΩςCGCTCACGCTGTCAGTGTCAGATGCAGςоΩ

Me Me

оΩςGCGAGTGCGACAGTCACAGTCTACGTC ςрΩ

Me Me

ω DNAmethylationlevelsҧorҨgraduallyduringtheƛƴŘƛǾƛŘǳŀƭΩǎlifetime.
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ω DNAmethylationis tissue-specific.
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5-6 CpGs
Error= ҕ3,5



13VISAGE ProjectςDissemination event, 24.09.2021

Age predictionin somaticcells

Validation in blood samples(1-75 y.o.)
Validation in oral swabs(2-80 y.o.)

Validation in bones(19-93 y.o.)

Age predictionmodel
for blood

Age predictionmodelfor
saliva

6 CpGs
Error= ҕ3,2 

5 CpGs
Error= ҕ3,7 

ELOVL2, KLF*14, 
PDE4Coverlap in all

the three models

Age predictionin semen

Validation in 160semen samples(26-57 y.o. ) 

Age predictionmodel for
semen

Age predictionmodel
for bones

6 CpGs
Error= ҕ3,4 

6 CpGs
Error= ҕ5,1 

N 160
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ANCESTRY INFORMATIVE MARKERS - AIMS



PIMA plex
L. Porras et al. 2013





Golden StateKiller
GEDmatch

Ethicalissues:

Privacy
Consent

Direct-to-consumergenetictesting- Ancestrytesting
data for crimeinvestigation



Microhaplotypesin forensicgenetics
Fabio Oldoniet al. FSI: GeneticsJanuary2019

https://www.sciencedirect.com/science/article/pii/S1872497318303910


Metcalf et al. (2017).Microbiome Tools for Forensic Science. Trends in 
Biotechnology, 35(9), 814ς823.



Overview plots of outdoor samples at phylum level

Good prediction of TsD. For both indoor and outdoor samples, a larger number (around 
60%) of the bacterial orders identified as indicative of TsD are part of the Actinobacteria, 
Proteobacteria and Firmicutes. These orders can be used to  predict age at a finer 
resolution. The observed changes across time  are not primarily due to changes 
associated with body fluid specific bacteria but mostly due to accumulation of bacteria 
from the environment.

Time of deposition of biological stains using microbiome analysis

Assessing time dependent 
changes in microbial composition 
of biological crime scene traces 
using microbial RNA markers
Salzmann et al.
FSI Genet, 2021





Application of miRNA

Body fluid identification,  wound vitality, time of death determination,  drowning,  anti-
ÄÏÐÉÎÇ ÆÉÅÌÄ ȣ

Rocchi A,  et al. . MicroRNAs: An Update of Applications 
in Forensic Science. Diagnostics (Basel). 2020 Dec 
26;11(1):32



Innovation in proteomic mass spectrometry have addressed many of the historical 
limitations of forensic protein science.
Developed applications: body fluid and tissue identification, and proteomic genotyping. 
Potential to impact forensic science in the near future: fingermark analysis, species 
identification, peptide toxicology, proteomic sex estimation, degraded skeletal remains 
and estimation of post-mortem intervals.

Parker et al. Forensic Proteomics. In 
Special Issue - Forensic Genetics: Unde 
venisti et quo vadis ςFSI Genetics 2021

Forensic Proteomics





Integrating forensic science

Forensic pathology

Forensic genetics

Forensic toxicology

Forensic 

Science

Forensic 

Science

S. XIX S. XX S. XXI



Toxicogenetics: Stillanexpectedrevolutionin toxicologywhere
omicswill havea role



MOLECULAR PROFILING CAN  BE A COMPLEMENTARY TOOL  IN  
FORENSIC PATHOLOGY: MOLECULAR AUTOPSY



Many genes change expression over relatively short PMIs in a tissue-specific manner, 
but this potentially confounding effect in a biological analysis can be minimized by taking 
into account appropriate covariates. By comparing ante- and postmortem blood 
samples, we identify the cascade of transcriptional events triggered by death
of the organism. These events do not appear to simply reflect stochastic variation 
resulting from mRNA degradation, but active and ongoing regulation of transcription.



Eight liver genes used in the
46-plex TruSeq targeted RNA

Thanatotranscriptome tissue identification assay

Javan et al. Identification of cadaveric liver tissues 
using thanatotranscriptome biomarkers. Sci 
Reports2020
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Influence of gene and 
specific mutation in 

survival

ÅThe causative gene and the type of 
mutation modifies the survival and 

clinical management

ÅICDsdecreasedSCD in 35% in 
Brugadapatients

Diagnosis
Prognosis
Treatment
Genetic counseling
Drug discovery

Importance of searching the genetic cause

In more than 5% of the autopsies the cause of the death cannotbe 
found (10-15% in SCD)
Many of thesecases are suddencardiacdeaths
Someof the causes of death, speciallyin youngpeopleare genetics



INHERITED CARDIOMYOPATHIES

Hypertrophiccardiomyopathy(HCM)
Arrhythmogenicright ventricularcardiomyopathy(ARVC)
Dilatedcardiomyopathy(DCM)
Restrictivecardiomyopathy(RCM)
Noncompactedcardiomyopathy(

PRIMARY ELECTRICAL DISEASES(PED)

LongQTsyndrome(LQTS)
Brugadasyndrome(BrS)
ShortQTsyndrome(SQTS)
Catecholaminergicpolymorphicventriculartachycardia(CPVT)

AORTIC DISEASE

Non Syndromicaorticdisease
Dilatedaorta
Disection
Syndromicaorticdisease: Marfansyndrome,etc

Most frequent geneticcauses of CSD 



From Gene panels to WES to WGS /transcriptome in negative cases

Genetics of sudden cardiac death



MORS UBI 
GAUDET 

SUCCURRERE 
VITAE

THEATRUM ANATOMICUM 
PATAVINUM, 1594

This is the place where death 
delights in helping life



SAVE THE DATE!!!
9-13 September, 

Santiago de Compostela, SPAIN




