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85% variation within individuals/local,
8% within continents,
7% within populations of the same continent
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FORENSIC GENETICS

CASEWORK: ‘ /
Paternity testing . Vil / {
Criminal casework ‘ ‘ J | I 1 }
Identification of human remains

Criminal DNA databases

Non human DNA typing
OTHERS:

Toxicogenetics

Forensic Molecular Pathology



DNA Typing in Forensic Analysis
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Blood groups
HLA
Serum proteins

Enzymes
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Alec Jefireys
DNA fingerprint
1980

Jeffreys, A.J., Wilson, V., and Thein, S.L.
Hypervariable minisatellite regions in human
DNA. Nature 314 (1985) 67-73.
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DNA Typing in Forensic Analysis

0 I e — RFLPs

PCR /STRs

FCARTTCGAT
FCAATTCGATT CTCTRGCACG
creraserced]  [FRRTTCoRTTIAGT
GCTABTTRGTT]  foreTAocacacfCETAC
TReTAeeTAc  focrasTTagTrAGATCE
RCTGAGATCOH

RCRRTTCGHAT
CTRCARTTEGATT
HCHHTTCGHT%&CTHGCHCGC

CTCTAGCACGCF TABTTAGTT]
BCTAGTTAGTTHCTACETACS
TACTACCTACHETEAGATCGH
RCTGAGATCGAT
CTCTAGCACH
BCTAGTTAGT
TACTACCTAC
RCTGAGATCH
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Short Tandem Repeats (STRs)

AATG
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/ repeats

S I I I

8 repeats

ADVANTAGES OF STRs OVER SLPs
Amount of DNA required
Analysis of degraded samples
Time of analysis

Standardization and value of the evidence



Two different individuals

Human Identity Testing with Multiplex STRs
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AmpFISTR® SGM Plus™ kit

100 125 150 175 200 225 250 275 200 225
DNA Size (base pairs)
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probability of a random
match: ~1 in 3 trillion
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Slmultaneous Analysis of 9 STRs and Gender ID
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Imagen perfil mezcla de ADN de dos mujeres

[7

En Europa aunque hay diferencias entre paises en todos es obligatorio usar el denominado

GlobalFiler
(AB)

STRs
D3s1358
VWA,

FGA
Amelogening
THO
TRPOX
CSFIPO
D55818
D13S317
D7s820
D251338
Da31179
018551
D21511
D165538
195433
Penta D
Penta E
SE 33
D2251045
D25441
10512458
12539
D151656
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Revolution: technology and interpretation

RI.\I()I Il'l()N

Evolution of genetic markers
Evolution of equipment
Shorter response time

Scientists are convinced that any
opinion they give has a degree of
uncertainty and that it is their duty
and obligation to inform the judge
of that uncertainty. In order to do
that, a standard called probability
exists.
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Statistics, interpretation and communication

The single most important advance

in forensic science thinking is the realisation that the
scientist should address the probability of the
evidence

Still the area with most important challenges and
need of standards

complex samples (partial genetic profiles, stochastic effects,
DNA mixtures, low level DNA samples)

complex scenarios (massive identiﬂcations)




Kenya Government mandates
DNA-linked national ID,
without data protection law

Alice Munyua | February8,2019 | N responses ye

nses yet

ast month, the Kenya Parliament passed a

seriously concerning amendment to the country's national ID law, making
Kenya home to the most privacy-invasive national ID system in the world. The
rebranded, National Integrated Identity Management System (NIIMS) now
requires all Kenyans, immigrants, and refugees to turn over their DNA, GPS

coordinates of their residential address, retina scans, iris pattern, voice waves,

€he New Hork Times

rst country in the world to collect
. all citi and visitors:...
Chll1a USGS DNA tO e:t p;\:felrzlfiie:?DN:Zj:n:::’is for national
. waiti official.
Track Its People, With
the Help of American
i Infcrmcibn sobre este sitio web EXpertlse -- o

THEEPOCHTIMES.COM The Chinese authorities turned to a Massachusetts |: 13
272/ Rwanda Plans to Collect DNA From 12 Million Citizens in company and a prominent Yale researcher as they built an N/
World’s First Nationwide Database enormous system of surveillance and control. o



YISACGE DNA Typing in Forensic Analysis
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MtDNA

There are thousands of copies of mtDNA in each cell compared to two copies of
nucDNA, making mtDNA analysis a more sensitive assay, and thus, more successful
on highly degraded specimens (e.g., old skeletal material and hair shafts)
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VISAGE SNP: SINGLE NUCLEOTIDE POLYMORPHISM

ATCGGCGTACCTGATTCCGAATCCGTATCG
ATCGGCGTACCTGAATCCGAATCCGTATCG

The SNP for ID Consortium GUTENBERG..

The First Autosomal Multiplex
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Research Article
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SNP performance in critical samples SEG05 Azores

Saliva stains degraded for 147 days SNPforID consortium
81% complete SNP profile /STRs were only 18% complete

Blood degraded for 243 days

100% full SNP profiles /only 9% with STRs

Low copy number from personal belongings

Full STR profile 24% / complete SNP profiles 92%

1350 samples + CEPH PANEL




Casework application
challenging DNA analysis el

Charred human bonas found by fire investigators followirg a severe forest fire B-06

An adult male had hean reportec missing in the area 10 years previously

A surviving daughter was sampled to allow comparison of any genotypes obtained
Modified phenol-chloroform extraction of N, pulverized dust from white femur

Identifiler - PP1G - mini NCO1 & NCO2 - Auto1 & AutoZ - PS-34plex - mtDNA



Contents lists available at ScienceDirect

Forensic Science International: Genetics

| SEVIFR journal homepage: www.elsevier.com/locate/fsig

A new SNP assay for identification of highly degraded human DNA

A. Freire—ﬂradas“,’M. Fondevila“®, A.-K. Kriegel b€, Phillips **, P. Gill=d, L Prieto®,
P.M. Schneider®, A. Carracedo?, M.V. Lareu?

* Forensic Genetics Unir, Institute of Legal Medicine, Universioy of Santiogo de Compostela Spain

" fnstitute of Legal Medicine, Universiny Hospital, University of Cologne, Germrany

“institute of Legal Medicine, University of Oslo, Rikshospiraler, Norway

4 Forensic Science Centre, Uriiversity of Srathdyde, Glosgow, UK

® Uroiversity Institute of Research Police Saences (IUICP), DNA Loborarory, Comisaria General de Polidao Clentifica, Maodrid, Spain
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Electrophoresis. 2009 Nov;30(21):3682-90.
A new multiplex for human identification using insertion/deletion polymorphisms.
Pereira R, Phillips C, Alves C, Amorim A, Carracedo A, Gusmao L.
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EUROFORGEN

Network of Excellence

rs17287498 rs2069945 rs2184030 rs5030240 rs4540055 rs433342
CAT CGA GAC CAG ACT AGC
European . .
East Asian . .
American . .
Oceanian . .
AME/OCE- Informative for all Informative for all

AFR-informative

. . AME-informative OCE-informative
informative groups groups
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TLE ATTRIBUTES THROUGH GEN:

Should not be frightened of difficult DNA

DNA from Pre-Clovis Human
Coprolites in Oregon, North America

. Thomas P. Gilbert, " Sennis L. Jenkine,™ Anders Gothentrom,”

Wiz Maveran,” jeam |. Sancher,® Michael Hofreiter,* I’-rrlll-{ Francis Thomsan,
janas Biwiaden," Thomas F. G, Wigham,” Roberi 8. Yohe iL," Aoberi Par,®
Linda Scott Cummings,” Eske Wellersio's

R |

o MAY 2008 VOL 320 SCIENCE

14KYA 5-plex SNaPshot
2-SNP pyroseguencing mt codin

PR

CHLIGINAL SETICLE

Pigment phenotype and biogesgraphical and.
from ancient skeletal remains: it
inferences from multiplexed autosomal SNP|

()
Ciireline Haiinkiss - Choriloe keysor - Foc ol - L
Danii Miestapnnn = Beevrensl | sdees

up to 5BKYA 1+8+1-plex SNaPshot
AlMs and pigmentation SNPs

SNPs improves mini-STR sizes
to combat degradative process

UNL®

Aondilsie onive &l wew e eadrad o

" SeienceDiract

wr e Fig

R o B TRIER ]

| L
| BLSFVIER s B L

Case report: Identification of skeletal remeins using shon-smplicon
marker analysis of severely degraded DNA extracted from
& decomposed and charred femur

M, Fondevila ®, . Phillips **, N, Naversn®, L. Frrmander °, M. Cerezo, A, Sakas ',
A Carrscpdo ™, MLV, Lareu ™"

Jouble-degraded DNA 29-plex, 23-plex &
-plex SNaPshot

used ancient DNA extraction system
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What is Forensic DNA Phenotyping

« Witness of a crime is usually asked about sex, appearance
and age of the perpetrator

« DNA variants can be informative in terms of appearance
phenotype and age prediction

* FDP refers to DNA prediction of externally visible traits of
unknown sample donor from biological traces collected at the
scene of a crime

FDP is an investigative tool



VISAGE

No Match in Criminal DNA database No additional information available

- 'dentiffcation*
boration ﬂ |eads for missing personsr
Leads for police investigation helping to find unknown perpetrators

“A Biological Witness”

*Outside the scope of this call

Matching DNA profiles only works for known suspects
- reference DNA profile match
- DNA database profile match

DNA mass screenings — when no match is found

FDP allows for more precise selection of target group when searching
for unknown suspects

FDP may be useful in missing persons identification
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VISAGE INNOCENCE PROJECT

The Innocence Project, founded in 1992 by Peter Neufeld and Barry Scheck at Cardozo
School of Law, exonerates the wrongly convicted through DNA testing and reforms the
criminal justice system to prevent future injustice.

B 342 147

"Injustice anywhere is a threat to justice Number of DNA Number of Real

everywhere.” Exonerations Perpetrators found

CONTR]BUTOR

D aants
ewilness misapplication of false confessions mftorr'r_xsas‘
pymwitness -1 i nfe 4
misidentification forensic sclence (n=86)

(n=243) (n=157)
Contributing factors
Aritting Tector

ari 1100 bacaizne soima wionghil canviilions invotvod more
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VISAGE Forensic DNA Phenotyping

1. External visible 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
a person’s biological ancestors

3. Estimation of age



Why mtDNA and Y chr are not ideal
markers for forensic DNA phenotyping

Grandfather Grandmother Grandpather  Grandmother

Y-DNA R1b1 \ African African mtDNA Hla

e

father mother

mtDNA H1la

Y-DNA R1b1

I’m European
and white! Look
at my DNA!!

Y-DNA R1b1l
mtDNA Hla
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VISAGE Human Genetic Association Study Design
B Blue eyes Brown eyes
- i | No hair loss Published GWA Reports, 2005 — 2013
MArTa 0%, ‘T
ll Allele 1 Allele 2 e § o
Allele 1 1 E ”l”“
Allele 2 <fj : et

Calendar Quarter

Replications: Study 1

Marker A is
associated with

Phenotype

— ¢ P—

[}

R,
; gkl ERR T
£l L ﬁ i} i ' " il

T ———
. ¢ DEESPANA vy COMPETITIVIDAD
* Instituto de Salud Carlos Il 4

‘ Scientific advisory board Board

Coordination SC “ I“ l' |
i '
2 NODE 1 o NODE 2 il
Q Santiago de | Management unit | Madrid
Compostela (USC) (CNIO)
A
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Discovery of pigmentation markers

« Animal models and albism affected people indicate candidate genes in
humans

 MC1R — the red hair color and fair skin gene

« TYR, OCA2, TYRP1, SLC45A2 — albinism genes, candidates for natural
eye, hair and skin color variatit

e Confirmation of already known loci associated with

e« >10 Successful GWA studies: pigmentation (TYR, MC1R, OCA2, TYRP1, ASIP, SLC45A2,
SLC24A5)

e Novel pigmentation and non-pigmentation genes

e Eye colour: HERC2, SLC24A4, IRF4, LYST, DSCR9

e Hair colour: KITLG, IRF4, EXOC2, TPCN2, HERC2

e Skin colour and type: IRF4, LOC401937
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HERC2 — powerful eye colour regulator

« rs12913832 in HERC2 — key predictor in all eye colour
prediction models

« This polymorphism regulates expression of OCA2 — the important
pigmentation gene

intron 86 (rs12913832; 2000bLP

L I|J IJ' m — .:':u : —+ 2 QOCAZ2

] ] I ] ]

| I
position chr15 (Mb) 26.040 26.030 26.020 26.010

HERC2 rs12913832 modulates human pigmentation by attenuating chromatin-loop
formation between a long-range enhancer and the OCA2 promoter.

Visser M, Kayser M, Palstra RJ.

Genome Res. 2012 Mar;22(3):446-55.




Ny
LL““’NL

VISAGE

From the SNP to the causal gene — Functional
studies

* Associated SNP is the causal DNA variant

— mutation in a codon leads to aminoacid change that changes
the protein to influences the trait

* Most SNPs found associated via SNP arrays not causal

— because of e.g. SNP chip design biased towards no-gene
regions
— May have regulatory function i.e. a mutation changes a

binding site of a transcription factor which regulates the
expression of a gene that directly influences the trait

— Maybe indirectly associated because of linked inheritance
with causal or regulatory SNPs that are not represented on
the SNP chip used
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Forensic Sci Int Genet. 2015
Sep;18:33-48. Forensic DNA
Phenotyping: Predicting human
appearance from crime scene
material for investigative purposes

151129038 NOLLIECEZ I s 1€ ",
Hair 4 S

rs12931267 rs10777129

rs28777 rs13289 !
rs35264875 rs1408799 Skin
rs4778138 11426654

157495174 rs1448484

Kayser M Red hair
The Genetics of Skin, Hair, and Eye Color Variation and % : —
Its Relevance to Forensic Pigmentation Predictive Tests iy YA E)(EII{]!HEII(_- 2015
L [REVIEW

O. Maroiasl, J. Siichtigl, Y. Ruiz?, C. Phillips:l *, A, Carracedo?*, M. V. Lareu! = J




HirisPlex-S Eye, Hair and Skin Colour DNA Phenotyping Webtool 12px v L

Welcome to the Department of Genetic Identification of Erasmus MC

With the advancement of DNA phenotyping as a tool in Forensic and Anthropological usage, we now provide an easy to
use interactive website to predict eye, hair and skin colour from DNA using the IrisPlex, HlrisPlex and HlrisPlex-S
systems.

This work is in collaboration with the Walsh laboratory of Indiana-University-Purdue-University-Indianapolis
(IUPUI), USA.

The HirisPlex-S System

Bt

_ Allele No. of Alleles 26 OCA2 1800414 G YT
2 MC1R St o L ona 27 BNC2 e o 1 2 A
STMETR SRERITE T S G 28 HERC2 1s2238289 C 0 1 2NA
R e o Ik 29 SLC24A4 rs17128291 C 0 12NA

R 30 HERC2 rs6497292 C 0 12NA

SIMEER SHE IS 0 1 2 NA 31 HERC2 rs1129038 G 01 21iA
6 MCIR . U 1 2NA 32 HERC2 rs1667394 C 0 1 2 1A
7 MC1R rs1805007 T 012NA 33 TYR rs1126809 A 01 2NA
8 TUBB3 rs1805009 C 012NA 34 OCA2 rs1470608 A 0 1 2NA
9 MC1R rs201326893 A 012NA 35 SLC24A5 11426654 G 012NA
10 MC1R s2228479 A 012NA 36 ASIP 16119471 C 012NA
11 MC1R rs1110400 C 012NA 37 OCA2 rs1545397 T 012NA
12 SLC45A2 rs28777 c 012NA 38 RALY rs6059655 T 0 12NA
13 SLC45A2 rs16891982 C 012NA 39 OCA2 rs12441727 A 0 12NA
14 KITLG rs12821256 G 012NA 40 MC1R rs3212355 A 012NA
15 LOC105374875 rs4959270 A 012NA 41 DEF8 rs8051733 C 0 12NA
16 IRF4 1s12203592 T 012NA
1; EERAIE :21 gggig; ; g i l' Hf Display Predicted Phenotype Download Predicted Phenotype
19 SLC24A4 s2402130 G 012NA
20 HERC2 rs12913832 T 012NA
21 PIGU s2378249 C 012NA
22 LOC105370627 1512896399 T 01 2NA o
23 TYR $1393350 T 0 1 2MA https://hirisplex.erasmusmc.nl/
24 TYRP1 rs683 G 012NA
25 ANKRD11 rs3114908 T 012NA
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Human height — small additive effects

« 70-90% of variance of human height may be due to genetic
component

« 35 GWA studies and meta-analyses on height until 2016

 Additive effects of multiple loci with small effect (OR ~ 1.1)
explain variance of human height

- Lango-Allen et al. (2010): 10% of height variance explained
by 180 loci in the human genome (prediction of extremely tall
stature with AUC=0.75

 Wood et al. (2014) — 9500 SNPs explains 29% of height
variance
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Facial morphology

* Genes involved in cleft lip and other craniofacial pathologies —
candidate loci for natural variation (e.g. Boehringer et al. 2011)

« Liu et al. (2012) — GWAS identified PRDM16, PAX3, TP63,
Chorf50 and COL17A1

« Small effect size of the identified DNA variants

« Claes et al. (2014a, b) — complex mathematical approach for
predictive modeling involving ancestry, sex and genes

- 24 SNPs improve by 1% accuracy of face morphology prediction
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Male pattern baldness

* Very high estimated heritability 85-95%
- Brockschmidt et al. (2011) — AR-EDA2R, 20p11.22

. Lietal. (2012) — AR-EDA2R, PAX1, HDAC4, HDAC9, TARDBP,
17921.31, AUTS2, SETBP1

 AR-EDAZ2R — confirmed in Europeans in several studies

 MPB risk is predictable at an accuracy level of 0.74 when 14
SNPs were included in the model (Liu et al, 2016)

« EUROFORGEN-NoE project on baldness up to 0.80

Liu et al. Eur J Hum Genet. 2016 Jun;24(6):895-902..
Prediction of male-pattern baldness from genotypes.
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Hair morphology

« Heritability 85-95% as estimated from twins study
« Very variable among Europeans (straight-curly-wavy)
« One GWA study and several candidate studies

* Medland et al. (2009) — strongest association with TCHH on
1921.3
« Merely 6% of variance of hair morphology explained

- Eriksson et al. (2010) - other candidate genes: WNT70A (chr 2),
FRAST1 (chr 4), LCE3E (chr 1), OFCCT1 (chr 6)
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Prediction modeling in forensics

* Regression methods, Bayesian statistics, classification trees

* Prediction model building
- samples with known phenotype — training set (usually 70-80%)
- selecting the most accurate model
* Prediction model testing
- Independent samples with known phenotype — testing set (usually
20-30%)
« Parameters defining performance of the model
- sensitivity, specificity, PPV, NPV, AUC
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Age prediction in forensics

« Age estimation may significantly improve precision of
a portray of an unknown individual
« Various methods considered in forensic science
shortening of telomeres

accumulation of 4977 bp deletion in mitochondrial DNA

« Decrease in the number of sjTREC molecules caused by thymus
involution occurring in the course of human life

- Zubakov et al. (2010) — accurate prediction of age groups based
on sjTREC quantification

« DNA methylation of markers linearly correlated with age
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Development of a methylation marker set for forensic age
estimation using analysis of public methylation data and
the Agena Bioscience EpiTYPER system

A. Freire-AradasL;JL:], C. Phillips, A. Mosquera-Miguel, L. Girén-Santamaria, A. Gémez-Tato, M.
Casares de Cal, J. Alvarez-Dios, J. Ansede-Bermejo, M. Torres-Espaiiol, P.M. Schneider, E. Pospiech, W.
Branicki, A. Carracedo, M.V. Lareu

FSI Genetics 24: 65-74 (2016)

* |llumina HumanMethylation 450 BeadChip data from populations
all over the world.

e 177 CpG sites with informative methylation patterns
analyzed with EpiTYPER technology

 Most informative ELOVL2, ASPA, PDE4C, FHL2, CCDC102B

, Clorf132 and chr16:85395429

e Training set of 725 European individuals (18-104 y) and a test set
of 52 monozygotic twin pairs

* Multivariate quantile regression age predictor placed in Snipper

DNAhypomsthylation  DNA hypsrmsthylati on
7 DNA methylation markers:

ELOVLZ(CR_1_CpG_8) .
ASPA (CR_2_CpG_3)
- PDE4C(CR_4_CpG_27.28.29) .
FHL2 (CR_12.1_CpG_3) .
- CCDC102B (CR_13_CpG_2) .
- Clorf132(CR_| ) .
chnu:asnu pG_3) .

Actual age
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 Median absolute age prediction error of
+3.07 years

* Percentage of prediction error relative to Freire-Arada et al.,
the age of 6.3% FSIGEN 2016
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Development of methylation marker sets for forensic age
estimation using analysis of public methylation data and the

Agena Bioscience EpiTYPER system. Freire-Aradas et al. FSIGEN
(2016)

Predicted age with the
panel: 64.48

Real age:

Age prediction with DN A methylation

63.50

Input the methylation values for the seven CpG's shown on the table below. Blanks will be ignored:

Gann Inarnad code CopGan GRS chromosome posiion

ELOYLZ R 1 Cps 9 it lsTETIR chri: 11044661

ATHA CR_3.CpG 3 cgf22IB1B5  chri7-347RITR

POEAC CR_4_CpG_ 2728329 mone chri9:18233137/31/33

FHLY CR_17_1 CpG 3 cgOEEINIZD  chr2: 105394282

CCOCIOEs  CR_13.CpG 2 cgl9283606  chriB6E722183

Clorf13z CA_1]1 Cpl 11 mone chri:207823715

_na awociated  CH_13_Cpis 3 CRUIDSIINY  chriG®539s4rs

Name [CR_1_CpG 9 |CR 2 CpG 3 |(CR_ 4 CpG_2728.29 |CR_12_1_CpG 3 |CR_13_CpG_2 |CR_21_CpG_11 |CR_23 CpG_3
Values | o3z 0.535 0.0 0485 018 0,455 0415
Clear values Calculate

Age prediction interval is [51.64, 69.91] (0.1 and 0.9 guantiles, respectively) and the predicted age s 60.08 (in years).
S E— ]
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Ancestry informative makers: AIMS

ASIA

® ® Chinese - Taiwanese

® ® Mozambican - Somali

® ® Danish - Galician

C. Phillips. Forensic genetic analysis of bio-geographical
ancestry . FSI Genetics 18 (2015) 49-65

PC2 48.7%

2

ASIA

USC 34plex panel
Phillips et al., FSIGEN
2010

All homozygote
L PCA of 3 fixed SNPs
® European
re1426650 A African
heterozygotes
A W East Asian
15332?'?6'0 n r$142m5-tm‘n
& =
All homozygotes
B | A homozygotes
- o
PC1 50.5%



CDX
KHV

GWD
MSL
ESN
ACB

PEL

GIH
PIL

BEB
STU
ITU

MSY

E ASN

AFR

AME

S ASN

WVYN

PC2 (17.81%)
-0.02 0.00 0.02 0.04

0.04

-0.06

PCA of the same
populations

Fast Asian

-0.04

STRUCTURE analysis of admixed 1000-Genomes populations

t American
m [}
(9]
Y A ltr" -

& 4E
By

European

Oceanian

African

-0.02 0.00 0.02 0.04
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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 Aus

{BUTES THROUGH EENOMICS

tralia and the Pacific region.

Santos C', Phillips C2, Fondevila M?, Daniel R?, van Oorschot RA3, Burchard EG*, Schanfield MS®, Souto L8, Uacyisrael J7, Via M8, Carracedo A®, Lareu MV2.

PNG

HGDP-CEPH vs 1000 Genomes Phase il

Study popula
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3682

Rui Pereira™?
Christopher Phillips®
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Electrophoresis 2009, 30, 3682-3690
Research Article

A new multiplex for human identification
using insertion/deletion polymorphisms

SPSmart build 152

e: IPATIMUP-USC 46-plex

Canzents Fsks available ot SoiVess Soencellioe

Forensic Science International: Genetics

journal homepage: www.efaovier comilasntelfeig
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Eurasiaplex: A forensic SNP assay for differentiating European and
South Asian ancestries
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VISIBLE ATTRIBUTES THROUGH SENOMICS

Phillips et a. Ancestry markers for Asia-Pacific region

e e s Conts T8 [3077) 0-37 T

Comtents llsts vadys a1 Sowncudinect gk Consects s availebie #t ScienceDirect
-l i
Forensic Science International: Genetics b Legal Medicine
journal homepage: www.eisevier.comsiocate/faig £l VIEF lournal homepage: www.eleevier comilocate/legsimed
Research paper Short Communication
Evaluating 130 microhaplotypes across a global set of 83 populations Approaches for identifying multiple-SNP haplotype blocks .
. ; R . : -Pop W for use in human identification @
Kenneth K. Kidd**, William C. Speed”, Andrew J. Pakstis?, Daniele . Podint’,
Robert Lagacé", Joseph Chang", Sharon Wootton", Eva Halgh®, Usha Soundararajan® Naltahara Hiroaki ", Fujil Koji“, itayama Tersushi, Sekiguchi Kazumasa’, Nakanishi Hiroaki”,
s G oo e of Moo, 19 oo S, e e, T, -0, 54 Saito Kazuyuki
e e o a0, 34 g
s i

300

60% of Average size of all candidate

(+]

50 . i

microhaplotypes were microhaplotypes 125.6 nt

reduced in size [ Average size of short MAPIlex

Middle East Asia Pacific

microhaplotypes 60 nt

® » .
U e or NCFS ( [ Ml Themofier

MH-A0 ML MIGS  MMAIT MEALD MHET M2 MEIE MA-IE MHE MM MIIS ME0 MME MNAIS MM ME2D MHE MMD MW

34plex gAlMs MAPplex B 75 B K
(CE) (MPS) (MPS) KANSAI MEDICAL UNIVER

Population specific SNPs 13 12

Government
of South Australia

Forensic Science SA

Skewed frequency SNPs 14 93 122>84
Fixed difference SNPs 4 17

UTS
Qe

Tri allelic SNPs 3 6 30

South Asian informative AlMs 24
(Eurasiaplex+)

Short amplicon microhaplotype markers 80
(x22)
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Biogeographic
ancestry prediction

Hllsnln_g person M
Idnﬁl:atmn S MIMs

Microhaplotypes
(multi-SNP loci)

Probabilistic
genotyping

Relationship
identification

Clinical
application

MNon-human DNA

Microhaplotypes in forensic genetics
Fabio Oldoni, Kenneth K. Kidd, Daniele Podini
FSI: Genetics January 2019
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Some microhaplotypes are very informative

MH-21 73nt 4 SNPsrs6517970-rs202132081-rs8131148-

rs6517971
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personal items un-detonated explosives in a
from bomb holdall found at El Pozo station

assembly site in
Leganés with DNA
profiles that didn’t
match with the
terrorists




ICalculation results

Executing the query with 3 default populations and the 34 SNPs of the individual to classify :
|GTCCCCCTAGAACTCCAACTGGGGTTCCAACCAACCAAGGCCAACCTTACAAGGTTCGAAGGTTACAC

The -log(LIKELIHOOD) (lower is best) and PERCENTILE (percent of population samples with lower likelihoods than individual submitted).

Gal-Dani | 41.109466 || 2.50%

| Moz-Som || 66935324 || 0.00%

| Chi-Taiw | 65.629561 | 0.00% | This persc

training set: . -log likelihood  percentile exp “times more likely to be:|verbal predicate
Gal-Dani 41,109485 2.50% 1.40033E-18 EUR not AFR
Moz-Som 66.935324 0.00% B.5184E-30 1.6444BE+11 164 biflian times more likely to be European than African
Gal-Dani 41.109466 2.50% 1.40083E-18  EUR not ASN
Chi-Tamw §5.629551 0.00% 3.14372E-28 44550668806 |44 billion imes more likely fo be Eurcpean than Asian
Moz-Som B5.935324 10.00% B.51B4E-30  AFR not ASN
Chi-Taiw B5.629561 0.00% 314372E-28  0.2T0955708

GG CC A CC TT AC TT GG TT AA CG TT GG AC AC
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|Calculati0n results

Executing the query with 3 default populations and the 34 SNPs of the individual to classify :
|GTCCCCCTAGAACTCCAACTGGGGTTCCAACCAACCAAGGCCAACCTTACAAGGTTCGAAGGTTACAC

The -log(LIKELIHOOD) (lower is best) and PERCENTILE (percent of population samples with lower likelihoods than individual submitted).

Gal-Dani | 41.109466 || 2.50%

| Moz-Som || 66935324 || 0.00%

| Chi-Taiw | 65.629561 | 0.00% | This persc

training set: . -log likelihood  percentile exp “times more likely to be:|verbal predicate
Gal-Dani 41,109485 2.50% 1.40083E-18 EUR not AFR
S N I P P E R Moz-Som 66.935324 0.00% B.5184E-30 1.6444BE+11 164 biflian times more likely to be European than African
Gal-Dani 41.109466 2.50% 1.40083E-18 EUR not ASN
Chi-Tamw §5.629551 0.00% 3.14372E-28 44550668806 |44 billion imes more likely fo be Eurcpean than Asian
Moz-Sem 66.035324 0.00% B51B4E-30  AFR not ASM
Chi-Taiw B5.629561 0.00% 314372E-28  0.270965709

GT CC CC CT AG AA CT CC AA CT| GG |GG TT CC AA CC AA CC AA GG CC AA CC TT AC TT GG TT A GG TT GG AT AC

AG
Green = ol .
Blue A [ ] . I
(Linknown) 34plex I | N W ..'I |kt .'I.. i |
BEY | AG  (AA) s il L
Green Brown ol Abad L
Hazel : - : : : - : .
BEY?2



A elderly victm of an attack in May
helped police with the e-fit




The murder of Eva Blanco Puig - a cold case investigation
* Eva Blanco was raped and murdered in April, 1997

* Heavy rain obscured tyre marks and footprints at scene

* Small semen stain on underwear

* Police requested a mass screen of 2000 males from Algete

* Judge deemed it too expensive and likely to be ineffectual

a1 o

- Las Pesqueras
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USC asked to analyse ancestry and pigmentation

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

\ . Intermediate/ 4190 times
Black [EEEESKINTI vy hite more likely

Bro 8885 times

Green-Hazel | Eyes :
! . wn more likely
Fair | Hair Dark = 1,220 times more likely
Sub- | North >330,000,00
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VISAGE

Legal and ethical issues

« Former terms “coding” and “non-coding” referring to DNA
sequences lost their meaning

* The issue of amendment of the law allowing for FDP
(Netherlands, UK, France)

« Externally visible traits of an individual are publically available
« FDP is useful at the stage of investigation

« Data processed to predict EVC are not stored in forensic
databases
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NGS
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Next- Generatlon Sequencmg Technologies
! 454
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THE SEQUENCE EXPLOSION
A:_ soa~

DHA SEQUENCES B

Genomics

Epigenomics
Bisulfite-Seq
ChlP-Seq
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point mutation

Smallindels

Copy number

variation

Structural
variation

Differantial
exprassion

Gene fusion

Alternative
splicing

RNA editing

Methylation

Histone
modification

Transcription

 Factor binding

The workflow of integrating omics data in forensic research and applications

A.C.’t Hoen et al. Reproducible mRNA and small RNA sequencing across different aboratories.

Nature Biotechnology (2013)




Ten times more bacterial DNA than human DNA in the human body

it ﬂ!illill II"i “I |'|"|i' Effects of storage time and temperature on pubic
||-II:| ."’ | “ ‘ ‘l “l” hair bacterial communities. Williams &Gibson
|‘ I||I|| |||| I i “‘ FSIGEN (in press)
||"|' i ! i ‘ ‘ - Short term storage of pubic hair at various
. “I temperatures does not significantly affect the
| | |“ recover bacterial microbiome.
1111 - The greatest sources of variation in the pubic
FE

hair microbiome are attributed to the individual
E?‘w;k EJZ:EE' e ?::::?;;.ted:,,;.“‘“’““"“’ and gender_

Figure 1: Taxonomic distribution at the genus level across storage time and temperature conditions.
Sorted by individuals. Samples were normalized to 900 reads per sample.
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VISAGE

UNIVERSIDADE
DE SANTIAGO
DE COMPOSTELA

We are good with some physical
traits, geogrpahic origin and age but
still far from photofit portrait

Low frequency- Intermediate
penetrance variants

Gene-gene interactions, GxE
interactions

Methylation-MicroRNA-... other
approaches

Ethical/Legal problems for EVCs in
some countries
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VISIGLE ATTRIBUTES THROUGH GENOMICS
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Constructing Composite Sketches from DNA Traces for Finding Unknown Perpetrators
Figure 6. VISAGE expertise along the value chain (drawn in a simplified way).

H2020 EU research and innovation
programme-grant agreement No 740580.




Obtaining good results is not
always possible

Forensic tests are infallible
Results are obtained immediately

THE CSI EFFECT

Creates false expectations
Creates a distorted perception of the forensic test in judges, prosecutors and jurors




The hunt for the "phantom" — a critical reappraisal of
DNA database reality

* In 2007, a female police officer was shot in her car,
her male colleague was severely wounded

* A female DNA profile was identified in the car

* The profile generated multiple hits in the DNA
databases of Germany and Austria

* The profile resurfaced 39 times in subsequent
analyses of other cases (from burglaries to
homicides)




Hier wurden die Spuren des Phantoms entdeckt

Hessen
Frankfurt
Rheinland- @ C 5
Pfalz
@ 03 & w Wiirzburg
20 J16) ® @Mannheim
Saarland® © “ 5 @ :
@ Saarbriicken GmHeilhrﬂnn = = a"
8 @ B ™ ’
?Stuttgart f{
Baden- . (%
Wiirttemberg :
(2] Freiburg
(23]




What happene

d then?

* The profile reappeared later in two more cases
where the DNA source was a known male person

e Contamination was now seriously considered

e Cotton swabs were id

* The supplier provided
factory workers — anc

entified as potential source

reference samples from the
a retired 71-year old woman

was found to match t

ne phantom's DNA profile




It is not the science itself which is flawed but the
interpretation and context in which these results may be
used.
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about SCIENCE ( FDH GEN
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SENSE g
-'Eltl':'_':'U’. SCIENCE "\. Matwaork of Encslience

INTERPRETANDO LA

GENETICA
FORENSE

¢Qué puede revelar el What can DNA tell
ADN sobre un delito? you about a crime?
G origina nal en El pl-lblCc"ld *ublished in 2017

2017
Guia re-editada y traducida
al espaﬁul en 2019

https://senseaboutscience.org
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FORENSIC
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