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A field in continuousevolution
Forensicbiology (1)

Broadfield, biomarkerdor individual characterizatioifincludeall biological
aspect®f criminalisticy

Forensichaemogenetic{2)

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(4)

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

ForensidNAtyping

forensics

The branches

of science known
informally
as omics are various

Forensigathology

disciplines

in biology whose
names end in the
suffix -omics, such
as genomics, proteo
mics, metabolomics,
metagenomics, trans

Forensidoxicology

criptomics X

Clinicalforensic
medicine

|dentification
Complexpaternity testingcases
ForensidNAphenotyping
DNAintelligencedatabases
Sceneof the crime
Non human DNAyping

Molecular causesf death(i.e. SCD)
Tanathotrasncriptome
Tissueorigin of biologicalsamples
Tanathomicrobiome
Estimationof time of death
Proteomicdor skeletalremains

Toxicogenomics

Microbiome
Genetics Attenuatingor exculpatory
conditionsfor psychiatricdisorders



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

™ Medicina The sequence explosion
J Xenodmica

Jatient Technologies Data Analysis Integration and interpretation
: point mutation : ;
| Smallindels | |
] | ] g‘
: Genomics Copy number : -
: WGS, WES variation . : -
/ v Functional effect §
: Structural : of mutation : 3
variation : : 5
K - =
r | &
= .
Differential ; & Genomics
expression | : = :
B : g8 MicroRNA
Transcriptomics PR =gy Networkand 3 . :
RNA-Seq SR patwayanaysis % Transcriptomics
lon Proton™ Sequecer Alternative l : é Ep | g en O m I CS
Genomes \ % sp"cing ) \ i) J : g
lon Proton™ Chips \ A ‘v.-\J 2, | g:
) RNA editing i ! 2
g /', Integrative analysis B
J . : . Methylation y . ‘ 2
\ ‘ Epigenomics | ST
: Bisuiﬁte-Seq " Histone Cost per Genome
' ChIP-Seq ' modification
f ' Transcription
' g Factor binding

Next generation sequencing

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014



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

= Medicina
J Xendmica

Forensic DNA typing
1985 1990 1995 2000 2005 2010
| | | | | | | | | | | | | | | | | | |
e AlecJefireys
RFLPS pnaingerprint
1985

PCH STRs R 2

¢

7

uuuuuuu

n
!

- DY8383, [

= Sexu

- DYs388, [

= YCAI

hr >
markers
SNPs —




K‘ Medicina

9 Xenomica Forensic DNA Phenotyping

1. Externalisiblecharacteristics
EVCPigmentation traits, body
height, hair morphology, ear

Lig e e
morphology, facial shape, and foRE S g

some ageelated appearance &

traits such as hair loss, plgmentea%s L »
2. Bic geographic ancestry i.e., %
the geographic region of origin o
I LISNBRZ2Yy Qa O0A2({"

3. Estimation of age



= Medicina
J Xendmica

The Genetics of Skin, Hair, and Eye Color Variation and
Its Relevance to Forensic Pigmentation Predictive Tests

Eye

rs11636232 rs1800407
) 2203592  rs4778232

O. Maroiias!, J. Séchtigl, Y. Ruiz?, C. Phillips'*, A. Carracedo’3*, M. V. Lareu!

i B
= |REVIEW 2015

151129038 NRLLRE 7P 516891982 "

12931267 110777129
rs28777 rs13289
136264875 SEEI - Skin

Forensic Science International: Genetics
Volume 7, Issue 1, January 2013, Pages 98-115

rs4778138 rs1426654
1s7495174 1s1448484

The HIrisPlex system for simultaneous
prediction of hair and eye colour from
DNA Red hair

Susan Walsh 2, Fan Liu ?, Andreas Wollstein 2, Leda Kovatsi b. Arwin Ralf?, Agnieszka Kosiniak-

Kamysz €, Wojciech Branicki d:¢ Manfred Kayser & &

Evaluation of supervised machine-learning methods for

predicting appearance traits from DNA

RNATTONA

I: IéI\IIETICS Katsara et al. 2021
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Forensic Science International: Genetics

GENETICS

Volume 19, November 2015, Pages 280-288

ROC Curve

== CAT

Logistic regression
= Noural natworks

Research paper

Evaluation of the predictive capacity of DNA variants
associated with straight hair in Europeans

Sensitivity

Ewelina Pogpiech™ & ' &4, Joanna Kartowska-Pik®, Magdalena Marciriska®, Sarah Abidi®, Jeppe Dyrberg
Andersen®, Margreet van den Berge', Angel Carracedo®", Mayra Eduardoff, Ana Freire-Aradas?, Niels
Morling®, Titia Sijen, Matgorzata Skowron, Jens Séchtig?, Denise Syndercombe-Court®, Natalie Weiler',
Peter M. Schneider®. David Ballard®. Claus Barstina®. Walther Parson''. Chris Phillins®. Woiciech Branicki*

02 04 an
1-Specificity

European Journal of

Human Genetics

Eur J Hum Genet. 2016 Jun; 24(6): 895-902. PMCID: PMC4867459
Published online 2015 Oct 28. doi: 10.1038/ejhg.2015.220 PMID: 26508577

Prediction of male-pattern baldness from genotypes

Fan Liu,2? Merel A Hamer,? Stefanie Heilmann,*® Christine Herold,® Susanne Moebus,” Albert Hofman,8

£ André G Uitterlinden,®® Markus M Néthen,*® Comelia M van Duijn,® Tamar EC Nijsten,® and Manfred Kayser'"

Update on the predictability of tall stature from DNA
markers in Europeans

GENETICS

Fan Liu*™* F#E, Kaiyin Zhong® &4, Xiaoxi Jing® B André G. Uitterlinden® &4, A Emile J. Hendriks® &4
= * = T T :

-Stenvert LS. Drop' ™, Manfred Kayser®™ E™ , \yqate on DNA predictability of tall stature in Europeans is presented.

- 689 SNPs provided AUC of 0.79, while a subset of 412 SNPs achieved 0.76.

« New models improved prediction accuracy compared to previous ones.
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VISIBLE ATTRIBUTES THROUGH GENOMICS

% [)PLRAB()[\]o »Login »FAQ > Support > Careers >News > Testimonia

NANOLABS
SNAPSHOT HOME HOW IT WORKS ~ FEATURED CASES ~ REQUEST INFO ACCOUNT LOGIN

The Snapshot DNA Phenotyping Service

DNA Phenotyping is the prediction of physical appearance from DNA. It can be used to generate leads in cases where there are no suspects or database hits, to narrow
suspect lists, and to help solve human remains cases.

,//\ Snapshot Prediction Results
2 Composite Profije
\ (.v"a\
|
DNA
_

' o

Predicted : » o L
—— (g!&Exduded(:::)Phenotx@s T ;

S TR0 o Sex: Male

but still far from photofit portrait



JJ' (&) {L
VISAGE

@' PLOS ‘ GENETICS

Genome-Wide Association Study Reveals
Multiple Loci Influencing Normal Human

Facial Morphology.

Shaffer R, Orlova E1%, Lee MK?Z, Leslie EJ]2"¥, Raffensperger ZD2, Heike CL3%,
Cunningham ML3, Hecht JT4, Kau CH3%, Nidey NL8%®, Moreno LM?, Wehby GLE, Murray JC8,
Laurie CA?, Laurie CC?, Cole J1°9 Ferrara T1°", Ferrara T10%, santorico $19, Klein 011

[Show all 26] ... Weinberg SM2

Plos Genetics, 25 Aug 2016, 12(8):e1006149
DOI: 10.1371/journal.pgen.1006149 PMID: 27560520 PMCID: PMC4999139

Genomewide association metanalyses of 20
guantitative facial measurements derived from
the 3D surface images of 3118 healthy
individuals of European ancestry belonging to
two US cohorts

Nasal Ala Length
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Cell Reports

Look-alike humans identified by facial recognition
algorithms show genetic similarities

Graphical abstract Authors

Ricky S. Joshi, Maria Rigau,
Caros A. Garcia-Prieto, ..., Xavier Binefa,

"Look-alike” humans

\ Alfonso Valencia, Manel Esteller
N
f" \\ ﬂ Correspondence
i i mesteller@carrerasresearch.org
In brief

We recognize each other by relying on our
face unigueness. However, there are

pll humans with uncanny resemblance.
Joshi et al. reported that look-alike pairs
identified by facial recognition algorithms
share genotypes but not DNA
methylomes and microbiomes. The
identified SNPs also provide a readout of
other anthropomorphic and behavioral
characteristics.

SNP microarray

DNA methylation microarray

Microbiome sequencing

Highlights
# Facial recognition algorithms identify “look-alike™ humans for
multiomics studies

# Intrapair look-alikes share common genetic sequences such
as face trait vadants

+» DNA methylation and microbiome profiles only contribute
modestly to human likeness

+ The identified SNPs impact physical and behavioral
phenotypes beyond facial features

FB-004

FB8-016

Omni5-4 SNP arrays N
>4.3 million SNV /V\,‘A

Methylation EPIC array
>850.000 CpGs

Microbiome 16S Seq i

16S ribosomal RNA sequencing
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w DNAmethylationis anepigeneticmarkercorrelatedwith the humanagingprocess 1«‘4\&&
oM

NH2

| | Me Me
N%”c\c ethy! Methyla_ltion of cytosines oc_cursin a broad T E(ETGTCAGTGTCAGATGQOAG
| | growp proportion of CpGdinucleotides (CpGsites), 0 O |n GT GACAGTCACAGTCTAGGT Q@
. ol especiallythoselocatedin CpGislands

‘ 5-metylcytosine (5mC)

DNAmethylationlevelsr, or @ graduallyduringthe A y R A Dlfethizl £ Q&

W
3 CpG sites; blood 2 CpG sites; blood 2 CpG sites; blood 3 CpG sites; blood 2 CpG sites; blood 2 CpG sites; blood
c 1 1.0 . 1.0 1.0 1.0
2 ELOVL2 ; v FHL2 ITGAZB PDE4C
= | o o5 0.8 0.8 ) 0.8 0.8
_E‘ 0.6 ,,&'ﬁ“ﬁw W . 06 0.6 iy 0.6 S 06
g 04 | & ns . 0.4 0.4 0.4 0.4
< | 02 02 il & 2 ' 02 02 02
2 e ASPA EDARADD
(a] 0.0 ) 0.0 0.0 0.0 0.0 0.0
20 40 60 80 100 20 40 60 80 1(C 20 40 60 80 10( 20 40 60 80 1C 20 40 60 80 1 20 40 60 80 100
Chronological age (Edited from FreiréAradas et al, 2017)
w DNAmethylationistissuespecific
M /LD AAGSTwmr /iDa&Edz8E STv r/ LIDA 383Ad2SS Tm r/ LODA 333AdaSS Tm r/ LODA 333AdaSS T r G A a a dzS$
[ =
2 pDO  *° ELOVL2 ro F5 % KLF14 ° Y% TRIM59 * Blood
0o 0.8 0.8 0.8 .8 - 0.8 s
E 0.6 0.6 0.6 2 0.6 ) Bone
S| ' A ' = Brain
£ | o4 0.4 0.4 ol 04 Buccal
<Z’: 0.2 0.2 0.2 0.2 . Muscle
e oo 00 ° 0.0 0.0
0 25 50 75 0 25 50 75 0 25 50 75 0 25 50 75

Chronological age (Edited from Naue et al, 2018)

5-6 CpGs SC

Error= 53 5 A COMPARISON OF DNA METHYLATION TECHNOLOGIES AND PERFORMANCE OF AGE PREDICTION MODELS




= Medicina >¢
J Xenomicd'*AC!

AGE ESTIMATION ERRORS FOR THE DIFFERENT MODELS

[ 4 N

Agepredictionin somaticcells Agepredictionin semen
* ELOVL2 KLF14, *
Validation inblood samples(1-75 y.o.) PDE4Coverlap in all
Validation in oralswabs(2-80 y.o0.) the three models Validation in160semensamples(26-57 y.o. )
N 160 Validation inbones(19-93 y.o.)

¥ \/ b v

Ageprediction model Ageprediction modelfor Ageprediction model Ageprediction model for
for blood saliva for bones semen
6 CpGs 5CpGs 6 CpGs 6 CpGs
Error=g53,2 Error=53,7 Error=g53,4 Error=p55,1

VISAGE ProjegzDissemination event, 24.09.2021
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Forensic Sci Int Genet. 2016 Jan;20:71-80. doi: 10.1016/].fsigen.2015.10.003. Epub 2015 Oct 20.

Pacifiplex: an ancestry-informative SNP panel centred on Australia and the Pacific region.
Santos C', Phillips €2, Fondevila M?, Daniel R3, van Qorschot RA?, Burchard EG*, Schanfield MSS, Souto L8, Uacyisrael J7, Via M#, Carracedo A®, Lareu MV2.

HGDP-CEPH vs 1000 Genomes Phase Il

Study popula

PC138.2%

» African
East Asian
European

3682

Rui Pereira’?

Cintia Alves’
Anténio Amonm‘ 3
Angel Carracedo
Leonor Gusmao'

MULTIPLEX PIMA (plexde identificacion

de mezclaamericana)

MAPIlex

Middle East Asia Pacific

¢ -
l A

PIMA plex
L. Porras et

Christopher Phiuips2

forinDel
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Electrophoresis 2009, 30, 3682-3690

Research Article

A new multiplex for human identification
usmg msertmn/deletlon polymorphisms
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“d Forensic Science International: Genetics
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Eurasiaplex: A forensic SNP assay for differentiating European and
South Asian ancestries
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The murder of Eva Blanco-a cold case investigation

USC asked to analyse ancestry and pigmentation

Madrid 11-M

bombing attack
(191 died, 1700 injured)

* 75/ 80 ancestry-informative SNPs successfully genotyped
* 18/ 19 pigmentation-predictive 'SHEP' SNPs successfully genotyped

Intermediate/ 4190 imes
White more hikely

Bro 8885 times

* Eva Blanco was
raped and murdered

Black = Skin

% H . Green-Hazel | Eyes
11-M was a ‘closed’ ancestry analysis in April, 1997 i
Fawr § ~ Hair | Dark 1,220 times more likely
A A Sub- »330,000,00
. aharan | — T 3,000
_personal’lten.ls from bom.b assembly 5|'te « Small semen stain Saharan Afican 00000000
in Leganés with DNA profiles that didn’t S y— European |INEEEG_—_—G_—o(h | (5034 tmes more more ikely

match with the terrorists

* Successful application to screen 300 North-African living in a larger area around Algete

* One sample gave a full Y-STR match - led to identification of a brother who had left
Spain in 1999 and lived in France

un-detonated explosives in a holdall
found at El Pozo station

Operation Minstead

ieigmt bllbol pwwie  op e el belminiondan e + 18 vear investigation of a series of
T 7 Bl . A .
T R AT T T = (Unknown) aggressive rapes of elderly victims in London |
Oie | it s i s || o B s B BeYI AEI08 + USC testing ancestry independently plus skin |
reen own . .
MoSom  GSRE  ocon  ASTMEI ARRIASN Hazel BEY2 . pigmentation SNPs to reduce suspect pool !
Chi-Tow 65629561 000% 114372629  0.270955709 AG M;:l;:l‘e;d Raplst
0, 0, 0, H
The Night Stalker *82% AFB, 12% AME 6% EUR and suggest this Delroy Grant
.. and had blue eyes: rs12913832 = GG shows Windward Island origins Y=EUR, mt=AFR

This person was European
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datafor crimeinvestigation
DNATESTING FORALL

An increasing number of people are having their DNA analysed by
consumer-genomics companies.

M Ancestry B 23andMe M Others

Currently, only some
consumer-genomics

'g Relatedness means that the -

kel genetic privacy of untested ;o_mpar)% sharad
E people is at risk now that ave w,' Laly JDale
= firms hold DNA data for eople’s DNA data
@ ~5% of the US population. with law-

2 enforcement

; agencies

o

o

)

a

2013 2015 2017 2019

famikal search

25-30

Number of shared chromosome segments
30

Directto-consumermgenetictesting Ancestrytesting

GoldenStateKiller
GEDmatch

Ethicalissues

Privacy
Consent




‘ - -
Medicina
J Xendmica

MH-21 73nt 4 SNPs rs6517970-rs202132081-rs8131148-

rs6517971
Biogeographic
‘ ancestry prediction
Human Mixture
: identification deconvolution
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AGTT ‘ identification  |IMs
AcTC W MIMs
i Microhaplotypes

(multi-SNP loci)

Probabilistic
genotyping

o N Relationship Clinical
Sorairecircnn identification application

asmcis

Patterns of genetic differentiation and the =
footprints of historical migrations in the
berian Peninsula Non-human DNA

o s G s st i o . s G g Camn
e Doty ™ . S M

Microhaplotypesn forensicgenetics
FabioOldoniet al. FSIGeneticsJanuary2019



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

™ Medicina
’ Xenoémica Microbiome Tools Hold Great Promise for Forensic Science

Amplicon or shotgun metagenomic sequencing UPLC-Q-TOF MS/MS generation
Sequence - DEnDVD =g
—_—— - e
o S ey e [ ]
__ = — Microbial — chromatogram Lt
s genomes - MS/MS =1
S Generate data |===i || e
Functional Straindevel | £ A speci) I = 1
5 e s i i identify MS1 data g
gene identification| © 3 . = e
annotation ( ;_ metabolites L =l =¥ LI T LI
Peak GNPS library
Sequence P h
amplicons abunaance searc
prfiles (https://gnps.ucsd.edu)
Taxonomic Gene Strain-level Metabolite Origin of metabolite identified
abundance abundance taxonomy abundance Microbe
Human
Animal
Environment
Plant
Microbial abundance, function, taxonomy, and metabolite profiles
l Machine-learning approaches
Estimating the postmortem interval Soil-based evidence & Skin microbes as trace evidence

Microbial decomposers
Bacteria, fuia .

Fungi

= searth

acrcbacilubes

Protechacteria

aeinetobocter
Firmicates
pamococcacess
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Time of deposition of biological stains using microbiome analysis

Blooa sSemen
Deposition 1 day 1 week dweeks & months 1 year 4weeks  Smonths. 1 year

Assessing time dependent I|I II| III IlI ||| ||I I|| III I|I I|I ||I ||| ||| |||

Readcounts
Rdwma

changes in microbial composition s -
of biological crime scene traces
i | IIIIIII|| IIIIII T
Salzmann et al. .
FSI Genet, 2021 _,..., . e —
@ o

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.
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Forensic Science International:

Genetics
Volume 50, January 2021, 102393

(A)

558835838

®)

e

(C) 20

Similarity
e

. - So el |4
E I N ﬁrﬂ
- [ 80T
Review article site1 site2 site3
Massively parallel Sequencing is Taa w1 92 w3 md W5 WG w7 8 49 W10 ool Il

unlocking the potential of

Fig. 1. Simple example of the three most commonly used eDNA data visualisation tools. (A) Abundance charts showing the relative abundance of 10 taxa

environmental trace evidence

J:M.Young & i, A. Linacre

Table 1

detected at three different sites. The similarity/dissimilarity of eDNA signals obtained from replicate samples across three sites (indicated by colour) using (B) non-
metric Multidimensional Scaling (NMDS), and (C) Hierarchical cluster analysis. The full circles represent reference samples and the hollow circle represents an
unknown sample originating from the blue site (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

this article).

Summary of studies that apply MPS to soils and dust in a forensic context. Where possible details of specific barcodes and primers used are provided. *unspecified.

Soil comparisons for evidential value

Reference Sample Country # References sites Sampling Barcode,/ Taxa Targeted Distance Metric Evaluation and Reporting
Type Period
Giampaoli et al Soil Italy 2 sites, 150 km apart 3 months Eukaryotes, plants and Chi Square Abundance charts, PCA
2014 bacteria
Young et al Soil Australia 2 sites, 14 km apart na 168, ITS, 188, tmlL Bray-Curtis Hierarchical clustering,
2014 Dissimilarity
Khodakova et al Soil Australia 2 Parklands, 3 km na Shotgun, WMS, AP-PCR Bray-Curtis Hierarchical clustering,
2014 apart NMDS, PERMANOVA, CAP
Young et al Soil Australia 7 sites, up to 180 km Six weeks 185 Bray-Curtis NMDS, CAP
2015 apart
Jesmok et al Soil United 19, various distances 1 year (every 3 168 V3-V4 (357 F/806R) Bray-Curtis, Abundance charts, NMDS,
2016 States months) Sorensen-Dice Machine Learning, ANOSIM
Demaneche et Soil France 3 control sites, 2 mna RISA, 165 Euclidean Hierarchical clustering, PCA,
al 2017 unknowns as blind ANOVA
study
Non-MPS: RISA, rpoB TRFLP
(rpoB and 168}, 168
Hazlgf?m et al Soil Israel j:;:; wptolOm ;:’n?,zfr‘::g MiSeq: 165 V4 Bray-Curtis Dissimilarity, MRPP test
(515 F-806R)

ACA: 120 W1 WD FOTT E1000%
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Application of miRNA

Body fluid identification, wound vitality, time of death determination, drowning, ant
AT PET C EEAI A 8
Candidate miRNAs identified in the literature for BFID.
Candidate miRNAs identified in the literature for PMI.

Venous Blood Menstrual Blood Saliva Semen Vaginal Secretion
miRNA Source Tissue Type Stability miR-451a miR-214-3p miR-205-5p miR-891a miR-203a
miR-1-2 Rat heart Upto120h [33,36,39,42,43,44,49,50,58] [37,43,44,49] [33,36,39,44,50] [35,37,41,44,47,50,53,54,58] [40,41,42]
miR-133a, miR-206 mouse liver 24-48 hl' miDo1AA- 2 iD-412 miR-203a miR-888 miR-124a
let-7e, miR-16 Human bones 1-6 mond ig,S_z] [36.39.4158]  [37.38444953,54,58] [39]
miRNAs as biomarkers for circadian rhythm 205-5p miR-658 miR-10b miR-372
low daytir oteins micro RNAs
miR-142-5p, miR-541 Human vitreous humor . , y _translation IO ,43] [39] [39,42,50] [39]
high nightti pjock
¥ 4 -203a miR-142-3p miR-135b miR-200c-3p
iR-106b, miR-96  H itreous h high dayti 7
miR- , miR- uman vitreous humor ‘
deadenylation . . .
high daytir 3( 44-3p miR-200c miR-135a miR-205-5p
miR-142-5p, miR-219  Human blood _ - :
low nighttime [36] [41,44] [36] [35.38] [40]
miRNA as internal controls miR-150 miR-451a miR-26b miR-374 miR-654-5p
miR-203 Rat skin Upto120h [36] [39] [47] [42] [44]
miR-125b, miR-143 Rat spleen Up to 36 h (25 °C) miR-486 miR-943 miR-223 miR-10a miR-888
miR-125b, miR-143 Rat spleen Up tol44 h (4 °C)

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

Mass
Qctrometry
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Hair evidence Denaturation . 4 Pny Oey 0oy (2
4 = Reduction YYUYT (7Y g
* a Alkylation Endogenous Tryptic Peptide X _
¢ PrOteomIC Digestion "
GenOtype Injection
LC-MS/MS
= Human Light isotope @ Q2 i
2 7 " ,4‘ 1 e Multiplier
Identification: | L === c=emm =
’ Al o %
ﬁ Match Proteomic ;r | Blwir -t;‘,“i‘- SR S
DNA  Genotype to | | T G e 73
Genotype . )C e ri x.as: l\{||ass " Fragmentation ~ Mass Chromatographic
YP Individual DNA e ctection  Filtration filtration separation
nsSNP genotype_ Extracted lon Chromatogram

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 postnortem intervals. Journal Pre-proof
. . Deep coverage proteome analysis of hair shaft for FSI
Parker et al. Forensic Proteomics. In foreete it fstion

Special IssueForensic Genetics: Unde Jialei W, Jianhui Liu, Anguan Ji, Dongsheng

Ding, Guiqiang Wang, Yao Liu, Lihua Zhang, Lei

venisti et quo vadig FSI Genetics 2021 Feng, Jian Ye
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Missing Person (MP) Unidentified Person (UP)
Place the MP was last seen 2
E:&;zgl}:Es]zlence | Place the UP was found
International: Synergy ALY
, Date the UP was found / State of
Forensic Sci Int Synerg, 2021; 3: 100154, PMCID: PMC8219753 Date the MP was last seen alive e B
Published online 2021 Jun 9. doi: 10.1016/} fsisyn.2021.100154 PMID: 34189449 PSS : '

Grave with unidentified remains in

Grave specified by witnesses to

' The search process: Integrating the investigation and
“identification of missing and unidentified persons

the bunal

the site specified

Biological profile Biological profile
Dental information Dental findings

ANALYSIS OF DATA ‘ﬁ ' Fingerprints

pr— 1o
C D
RECOVERY REC (;2:;([ L‘:“ON ﬁ RESULTS — PERSONS

KINSHIP

l t Clothing and personal s ,
/ Clothing and personal belongings
belongings

Health conditions Medical findings
STORAGE RECORDING VISUALIZATION § TRACKING ANALYSIS EVALUATION REPORTING SHARING

Forensic Data M ement
N Ve ey

Mercedes Salado Puerto ', Denise Abboud 2, Jose Pablo Baraybar 2, Angel Carracedo 2,

INVESTIGATION

Lines of evidence

Genetic profiles obtained from Genetic profiles obtained from the

biological reference samples 8)

ANALYSIS OF DATA

FORFNSIC FXAMINATION
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Integrating forensic science

e Forensic pathology W
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ToxicogeneticsStillan expectedrevolutionin toxicologywhere
omicswill havea role

The Evaluation of CYP2D6, CYP2C9, CYP2C19, and CYP2B6

Phenoconversion in Post-Mortem Casework: The Challenge of Forensic
Toxicogenetics

by 2" Arianna Giorgetti *“, 123 Sara Amurri ¥, 133 Giulia Fazio, fg} Carla Bini, Laura Anniballi,
Filippo Pirani, £2) Guido Pelletti * & and 2} Susi Pelotti

Unit of Legal Medicine, Department of Medical and Surgical Sciences, University of Bologna, Via Irnerio 49, 40126
Bologna, Italy

* Author to whom correspondence should be addressed.
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MOLECULAR PROFILING CAN BE A COMPLEMENTARY TOOL
FORENSIC PATHOLOGY: MOLECULAR AUTOPSY
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ARTICLE

| DO 10.1038/541467-017-02772+x |

The effects of death and post-mortem cold
ischemia on human tissue transcriptomes

ARTICLE

a Pituitary
Small intestine — term. lleum
Brain — cerebellum
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Skin — not sun exposed
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14001 g?_ 08
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Adipose - subcutaneous
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Liver

Real individual PMI

Testis
Heart — left ventricle
Stomac
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er
Muscle — skeletal
Kidney — cortex
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Many genes change expression over relatively short PMIs in a tisspexfic manner

but this potentially confounding effect in a biological analysis can be minimized by taking
Into account appropriate covariates. By comparing aated postmortem blood

samples, we identify the cascade of transcriptional events triggered by death

of the organism. These events do not appear to simdhgce stochastic variation

resulting from mRNA degradation, but active and ongoing regulation of transcription.
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Liver Gene | Function Hlumina Assay ID
Au;s;:;’;;{;;;ue AMBP Encodes alpha-1-microglobulin/ 6846165
: bikunin precursor
Sample Prep F2 Encodes coagulation factor I1/ 6834705
thrombin precursor
50 ng Total RNA
SPP2 Encodes a secreted phosphoprotein | 6646626
Encodes complement factor -
TruSeq® Targeted Custom CFHR2 H-related 2 pl]')oteins 6824671
Oligonucleotide Pool (TOP)
Prep Encodes vitamin K-dependent -
Fo coagulation factor IX 6813125
<DNA Synthesis MBIL2 Encodes a mannose-binding lectin | 6748563
TruSeq® Targeted Custom AHSG Encodes alpha 2-HS glycoprotein | 6842654
Oligonucleotide Pool (TOP) Co Encodes the final component of 6711440
TOP Hybridization to the complement system

cDNA

TruSeq® Targeted RNA
Library Quantification

RNA-Seq

Data Analysis

Thanatotranscriptome tissue identification assay

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

Javan et alldentification of cadaveric liver tissues
using thanatotranscriptome biomarkersSci

Reports2020
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In morethan 5% ofthe autopsiesthe cause othe death cannotbe
found (10-15% in SCD)

Many of thesecases aresuddencardiacdeaths

Someof the causes ofleath, speciallyin youngpeopleare genetics

The causative gene and the type of
mutation modifies the survival and
clinical management

1.00+ e
MyBP-C
InsG791

a Tropomyosin

0.754 Asp175Asn

b Myosin
Val606Met

|ICDglecreasedsCD in 35% In
Brugadapatients

MyBP-C

0.50+ Glu451GIn

SURVIVAL

. . blyosin
Diagnosis Arg403GIn
Prognosis 0.25-
Treatment

Genetic counseling

Drug discovery 0 . - o )

AGE (yrs)

Influence of gene and
specific mutation
survival
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INHERITED CARDIOMYOPATHIES

Hypertrophiccardiomyopathy(HCM)
Arrhythmogeniaight ventricularcardiomyopathy(ARVC)
Dilatedcardiomyopathy(DCM)
Restrictivecardiomyopathy(RCM)

Non compactedcardiomyopathy(

LongQTsyndrome(LQTS)

Brugadasyndrome(Brg

ShortQTsyndrome(SQTS)
Catecholaminergipolymorphicventriculartachycardig CPVT)

NonSyndromi@orticdisease

Dilatedaorta

Disection

Syndromi@orticdisease Marfansyndrome, etc
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Genetics of sudden cardiac death

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

Cardio panel 500 Kb
SureSelect XT (2015)

Structurals (65 genes)

* HypertrophicCardiomyopathy (HCM)

* Dilated Cardiomyopathy (DCM)

» Arrhythmogenic right ventricular
cardiomyopathy (ARVC)

* rasopathies

Arrhythmogenic (34 genes)

* Long QT syndrome (LQTS)

* Short QT syndrome (SQTS)

* Brugada syndrome (BrS)

» Catecholaminergic polymorphic
ventricular tachycardia (CPVT)

= Arrhythmogenic right ventricular
cardiomyopathy (ARVC)

Aortic panel (21 genes)

* Marfan syndrome (MS)

* Loeys-dietz syndrome (LDS)

* Ehlers-Danlos Syndrome (EDS)

* Non-Syndromic aortic disease(NSAD)

of the variants found significance (VUSs)

e ot g s | S ACMG STANDARDS AND GUIDELINES

Co-segregation studies N — S
.,.
pee e Variant
BO MO o
o > Pathogenicity

Bioinformatic tools Functional studies

Cell and animal

In silico Databases models
Patch Clamp

. ) " NHLBI Exome Sequencing
- Project (ESP)
P"fh.'\zy PhleP HGMD. Exome Variant Server ,[ m.I
.
A Catalog of Human Genetic Variation e

Condel Ve/#

]

i

> Int J Legal Med. 2019 Nov;133(6):1699-1709. doi: 10.1007/s00414-019-02127-9. Epub 2019 Aug 7.

Whole genome and transcriptome sequencing of
post-mortem cardiac tissues from sudden cardiac
death victims identifies a gene regulatory variant in
NEXN

Jeppe D Andersen 1, Stine B Jacobsen 2, Linea C Trudsg 2, Marie-Louise Kampmann 2,

Jytte Banner 3, Niels Morling 2
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MORS UBI
GAUDET
SUCCURRERE
VITAE

This is the place where death

THEATRUM ANATOMICUM delights in helping life
PATAVINUM, 1594
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