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Markers How many genetic markers can we type from contact traces?
Data What information can we give investigators beyond identity?

Detection Can the marker detection systems minimize false negatives?
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Two forensic genetic analyses "before” DNA - Identification
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Two forensic genetic analyses "before” DNA - Identification U

Aggravated burglary * Bled on glass and was EsD 2-1 (CT) - details held on the
in Essex (double Blood Group Index

murder): 1981 * Five burglars active in Essex region with EsD 2-1 (CT) type

% informative | % informative @ % informative
ST Gene =l enotypes in enotypes in enotypes in
name identifier gehotyp 9 yp 9 ype Africans Europeans East Asians
Africans Europeans East Asians

Esterase C: 0.881 C: 0.934 C: 0.603
D ESD rs9778 22.4 12.32 63.5 T 0.116 ‘ T 0.066 ‘ T 0.397 ‘
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Two forensic genetic analyses ‘before” DNA - Ancestry analysis Upl@

* Bled on glass and was EsD 2-7 (CT) - details held on the

Aggravated burglar
99 giary Blood Group Index

in Essex (double

murder): 1981 * Five burglars active in Essex region with EsD 2-1 (CT) type

% informative | % informative @ % informative
System G SNP i . t . t .
name ene identifier gehotypes in genotypesin | genotypes in Africans Europeans East Asians
Africans Europeans East Asians
Esterase C: 0.881 C: 0.934 C: 0.603
ESD rs9778 22.4 12.32 63.5
D T: 0.119 T: 0.066 T: 0.397
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* Bled on glass and was EsD 2-7 (CT) - details held on the

Aggravated burglar
99 giary Blood Group Index

in Essex (double

murder): 1981 * Five burglars active in Essex region with EsD 2-1 (CT) type

% informative | % informative | % informative
System G SNP i . t . t .
name ene identifier gehotypes in genotypesin | genotypes in Africans Europeans East Asians
Africans Europeans East Asians
Esterase C: 0.881 C: 0.934 C: 0.603
ESD rs9778 22.4 12.32 63.5
D T: 0.119 T: 0.066 T: 0.397

South London serial

rapist: 1981-2 * Used Pep A - a red cell membrane protein present in semen

* Detecting 2-7 (AG) linked attacks and indicated African ancestry

System Gene _ SN_P_ % informative cymulativ_e % cu_mulative_ % Africans Europeans East Asians
name identifier genotypes informative uninformative
G: 0.111 G: 0.000 G: 0.000
Pep A | CNDP2 @ rs733062 20.97 20.97 79.03 A: 0.889 A: 1.000 A: 1.000
A: 0.117 A: 0.000 A: 0.000
Hb S HBB rs334 22.03 38.38 61.62 T 0.883 T 1.000 T 1.000
A: 0.926 A: 1.000 A: 1.000
T: 0.003 T: 0.997 T: 1.000
Fy DARC | rs2814778 99.66 99.77 0.23 C: 0.997 ‘ C: 0.003 ‘ C: 0.000 ‘
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South London serial

rapist: 1981-2 * Used Pep A - a red cell membrane protein present in semen

* Detecting 2-7 (AG) linked attacks and indicated African ancestry

System Gene _ SN_P_ % informative cymulativ_e % cu_mulative_ % Africans Europeans East Asians
name identifier genotypes informative uninformative
G: 0.111 G: 0.000 G: 0.000
Pep A | CNDP2 @ rs733062 20.97 20.97 79.03 A: 0.889 A: 1.000 A: 1.000
A: 0.117 A: 0.000 A: 0.000
Hb S HBB rs334 22.03 38.38 61.62 T 0.883 T 1.000 T 1.000
A: 0.926 A: 1.000 A: 1.000
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The Duffy SNP is
African-informative
due to a key
evolutionary factor
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AFR sub-populations

The Duff SN P iS ACB ASW LWK MSL YRI
. Y . O @2 @ co @-con @0 @0 @:I%.
African-informative

duel t? a key f t CL&‘ 293% ha. 2937% 'a. 296% F&. I::ai% 2 Doee(;))((?atgogeor:z::neinetic Variation
evo u Ionary aC Or . C:7% » C:3% » C:4% » C:14%

ASN sub-populations

0

HB CHS JPT KHV

CDX

EUR sub-populations

CEU FIN
I
» T:98% » T:99%
% 0, . 0, 0 10,
.» T: 100% .. T: 100% .‘ T:100% “o C: 2% “» C: 1%

SAS sub-populations

* Sources of error:
Admixture

ITU PJL STU

BEB GIH
— .‘ T: 100% .‘ T: 100% .‘ T: 100% .‘ T: 100% .* T: 100%

—— - -

. -y B ¢ . - -

-~ n——

. f. - - 4". '.- A .7 " >
o -- \'_ ,A,‘ + A :
S . ) R LAY

»

'

'
Vit

n
L N

7 R g NN > 5
4 | P s
-~ 7 L
\. 2 "\. ¢ uid
2 ' /R
Low = L W
|| » =N
. Resistance P
B to malaria
I |
High [l .\ 2
» ‘



AFR sub-populations
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Have since identified more ‘fixed’ SNPs - frequencies near 1 or 0 8IS C
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Apply validated Bayesian analysis regimes to the genetic data

WWII soldier ID program
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34-SNP profile of sample A (30/34 SNPs)

Binary AIM classification of multiple individuals

11323_34p_or_FU9_PLACASOS fsa 11323 34p_c
* * I I | * I * | with an Excel file of populations (.xIsx format)
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10 -
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European
. . . East Asian
Bayes analysis with Snipper . 9017
A: 88% completeness 9,355,471,189,361,381,376 times more likely E ASN than EUR 57
X
B: 72% completeness 47 times more likely EUR than AFR Eg
™
C: 56% completeness 69,184,156,498,170 times more likely EUR than E ASN 5 A
o e
D: 88% completeness 237,256,787,732,999,681,605,632 times more likely EUR than E ASN 0- . B
E: 97% completeness 2,795,277,788,041,023,852,877,185,024 times more likely EUR than E ASN
C
|dentifying genetic clusters with STRUCTURE 5 . E
)
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'Ir*q T (R 1
L] [l .
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-5 0 5

PC2 20.1%




SNP-based tests work well with highly degraded DNA
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SNP-based tests work well with highly degraded DNA

Both dentine
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* Charred skeleton found after forest fire

* Adult male reported missing 10Y earlier

* Surviving daughter used to confirm identity

* Normal profiling failed, few MiniFiler STRs
detected, SNPs gave near-complete profiles




A typical cold case review - the murder of Eva Blanco




A typical cold case review - the murder of Eva Blanco

* Eva Blanco was raped and murdered in April, 1997
* Heavy rain obscured tyre marks and footprints at scene

* Small semen stain on underwear
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* 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
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A typical cold case review - the murder of Eva Blanco

* Eva Blanco was raped and murdered in April, 1997 | N Rﬁ%’ﬁm&
* 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
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USC asked last year to analyse ancestry and pigmentation



USC asked last year to analyse ancestry and pigmentation U

* 75/ 80 ancestry-informative SNPs typed
* 63 pigmentation-predictive ‘'SHEP’ SNPs typed



UNIVERSIDADE

USC asked last year to analyse ancestry and pigmentation 8)5C

DE SANTIAGO
DE COMPOSTELA

* 75/ 80 ancestry-informative SNPs typed
* 63 pigmentation-predictive ‘'SHEP’ SNPs typed

Black I Intermediate 79 times more likely
Brown Black 203 times more likely
Intermediate Brown 9,222 times more likely
Sub-Sahgran | Ancestry North African 762,0Q0,000 times
African | more likely

European North African 81,368 times more likely

1 10 100 1,000 10,000 100,000 1,000,000 10,000,000 100,000,000 1,000,000,000
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* 75/ 80 ancestry-informative SNPs typed
* 63 pigmentation-predictive ‘'SHEP’ SNPs typed

Black I Intermediate 79 times more likely
Brown Black 203 times more likely
Intermediate _ Brown 9,222 times more likely
Sub-Sahgran | Ancestry North African 762,00_0,000 times
African | more likely
European - North African 81,368 times more likely

1 10 100 1,000 10,000 100,000 1,000,000 10,000,000 100,000,000 1,000,000,000

° Police successfully applied to screen 300
Moroccans living in a larger area around Algete

°* One sample gave a full Y-STR match apart
from a single rapidly mutating Y-STR genotype
- led to identification of a brother who had left
Spain in 1999 and lived in France
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* 75/ 80 ancestry-informative SNPs typed

* 63 pigmentation-predictive ‘'SHEP’ SNPs typed

Black
Brown

Intermediate

Sub-Saharan |
African

Intermediate 79 times more likely

Black 203 times more likely

Ancestry North African

Brown 9,222 times more likely

762,000,000 times
more likely

European North African 81,368 times more likely
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Suspect arrested in France, October 2015
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° Police successfully applied to screen 300
Moroccans living in a larger area around Algete

°* One sample gave a full Y-STR match apart
from a single rapidly mutating Y-STR genotype
- led to identification of a brother who had left
Spain in 1999 and lived in France



Suspect arrested in France, October 2015
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Madrid teen’s suspected murderer
arrested in France 18 years after crime

* Man who investigators believe murdered 17-year-old Eva Blanco was living in French
village

PATRICIA ORTEGA DOLZ / F. JAVIER BARROSO Madrid 2 0OCT 2015 - 17:38 CEST

° Police successfully applied to screen 300
Moroccans living in a larger area around Algete

°* One sample gave a full Y-STR match apart
from a single rapidly mutating Y-STR genotype
- led to identification of a brother who had left
Spain in 1999 and lived in France



Prediction of physical characteristics; traits; phenotypes; (EVCs) URI®

Palaeo-genomics researchers
now provide photo-fits ! o

ARTICLES

Ancient human genome sequence of an
extinct Palaeo-Eskimo

We report here the genome sequence of an ancient human. Obtained from ~4,000-year-old permafrost-preserved hair, the
genome represents a male individual from the first known culture to settle in Greenland. Sequenced to an average depth of
20X, we recover 79% of the diploid genome, an amount close to the practical limit of current sequencing technologies. We
identify 353,151 high-confidence single-nucleotide polymorphisms (SNPs), of which 6.8% have not been reported
previously. We estimate raw read contamination to be no higher than 0.8%. We use functional SNP assessment to assign
possible phenotypic characteristics of the individual that belonged to a culture whose location has yielded only trace human
remains. We compare the high-confidence SNPs to those of contemporary populations to find the populations most closely
related to the individual. This provides evidence for a migration from Siberia into the New World some 5,500 years ago,
independent of that giving rise to the modern Native Americans and Inuit.

UNIVERSIDADE
DE SANTIAGO
DE COMPOSTELA

Saqgaq population

L~ | SLC24A2/SLC45A2 Hair colour/skin tone

& OF } 3 OCA2/HERC?2 Eye colour

The shoveled shape

AR/EDA2R MPBaldness

ABCCI| Earwax viscosity
EDAR Shovel-shaped incisors

ABO Blood group

€ Modern hair Saqqaq hair
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Contents lists available at ScienceDirect CC Contents lists available at SciVerse ScienceDirect

GENETICS

GENETICS

Forensic Science International: Genetics Forensic Science International: Genetics

ELSEVIER journal homepage: www.elsevier.com/locate/fsig

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

IrisPlex: A sensitive DNA tool for accurate prediction of blue and brown eye colour The HIrisPlex system for simultaneous prediction of hair and eye colour from DNA
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Using Genome-wide SNPs for DNA Phenotyping

ellen@parabon.com |

Introduction

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, or to help identify remains. Using in-depth
data mining and advanced machine learning, and with support from
the US Department of Defense, we have built the Snapshot™
Forensic DNA Phenotyping System, which accurately predicts
genetic ancestry, eye color, hair color, skin color, freckling,
and face shape in individuals from any ethnic background, even
admixed individuals. Each prediction is presented with a measure of
confidence, and highly unlikely trait values are excluded. We have
also developed a novel kinship inference algorithm that can accurately
predict relatedness between any two individuals out to 6t-degree
relatives using only their DNA.

SNP Technology

® Traditional DNA forensics uses short tandem repeats (STRs), which can
only be used for matching and cannot generate leads in the absence of a
suspect or CODIS hit

® Snapshot uses single nucleotide polymorphisms (SNPs), which code for
the actual differences between people

® Millions of SNPs are found across the genome and provide the information
needed to predict an individual's appearance

DNA Requirements

® Snapshot can accept data from any off-the-shelf lllumina genome-wide SNP
genotyping array or next-generation sequencing machine

® Parabon has partnered with forensic laboratories to generate this data from
casework samples

¢ Call rates sufficient for prediction can be obtained from as little as 50 pg of
extracted DNA, which can potentially be found in a fingerprint

® Prediction accuracy degrades smoothly with loss of SNPs from small or
degraded samples, which is reported via wider confidence intervals

Genetic Ancestry

® Snapshot compares new, unknown subjects against background data from
nearly 8,000 individuals with clearly defined ancestry

® Infers percent membership in each of 7 global populations (Africa, the
Middle East, Europe, Central/South Asia, East Asia, Oceania, America)

® Also calculates percent ancestry from subcontinental populations (e.g.,
Northwest vs. Northeast Europe

® Robust to admixture and can distinguish among closely-related populations

and Kinsh

ip Inference

Ellen McRae Greytak, PhD
Parabon NanoLabs, Inc., 11260 Roger Bacon Dr. Suite 406, Reston VA 20190

PARABON"®

NANOLABS

7

parabon-nanolabs.com/snapshot

Complex Ancestry Example

Eye Color

100%

75%

59.4%

50% |

25%

0.7% 0.0%

0%

Brown  Black

Hazel

Blue  Green

Prediction
iE 2 =

0% 7.4% 100%

Phenotype prediction:

+ Green eyes with 61.0% confidence

» Green or Blue with 79.4% confidence

+ EXCLUDE Brown and Black with 99.3%
confidence

100% -

75%

50%

25%

0%

Red Blond

Brown Brown

0% 15.4% 100%

Phenotype prediction:

» Blond hair with 15.2% confidence
Blond or Red with 99.6% confidence

* EXCLUDE Brown and Black with 99.6%

Global Ancestry Proportions Regional Ancestry Clustering

Population %

3 Native
East Asian 54.3% ; .’§‘\ American
Native b .
American }
European “,
Middle “

Eastern

38.4%)|

5.5%

1.5%

Regional Ancestry Proportions

Japanese 46.5%
Southwest i

22.5% »-
European

Central
American
South
American
North
Asian
Brazilian

15.6%

4.7%

3.3%

2.8%

Skin Color

100% |-90:1%

75%

50%

250 | 22.0%

confidence
-

100%

Phenotype prediction:

0% 6.9%
» Very Fair skin with 78.0% confidence

75%
55.2%
50% 42.1%

o506 19.1% . 20.8%
0% -
None Few Some Many

Face Morphology

Area Displacement Convexity
(vs. base female European face)

[0 rew 20% oow ||° Very Fair or Fair with 97.1% confidence
0% ’ ) - * EXCLUDE Light Olive, Dark Olive, and
Very Fair  Fair Light Dark Dark N .
Olive  Olive Dark with 97.1% confidence
 Frocing || o
100% 0% 39.29% 100%

Phenotype prediction:
* Few freckles with 57.9% confidence
* Few or Some with 79.2% confidence

* No excluded phenotypes

L

Northwest
European

Composite Predicted Profile

Actual

Southeast
Asian
Caucasian

24%| | Conclusion
This individual is half Japanese

and half Latino. G o do ok o

pet

2.1%

Distant Kinship Inference

® Uses genome-wide SNP data to compare two genomes and predict the
degree of relatedness between the two individuals

® 100% accuracy for parent-offspring, full siblings, and 2"-degree relatives

® >95% accurate at distinguishing 6t-degree relatives (2" cousins once-
removed) from unrelated pairs

® Can be used for identifying remains, validating kinship claims, and
constructing relationship networks among subjects of interest

Absolute Kinship
Accuracy

Accuracy Within
One Degree
100%

Siblings
100%

(Grandparent, Uncle, Half-Sibling)
(First cousin, Great-grandparent)

4"-Degree 77%  (First cousin once-removed)
5-Degree 45% (Second cousin)
6'-Degree =

99.5% @ W 97.5%

Figure 1: Snapshot Kinship accuracy, measured as the frequency of correct predictions of the exact degree of
relatedness (absolute accuracy) and the frequency of predictions within one degree of relatedness (n = 1,282
relationships). All relationships are defined relative to the black square.

57% (Second cousin once-removed)

Unrelated

DNA PHENOTYPIN
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Extending the scope of data from conventional STR analysis

* More STRs/variation (MPS) aids mixture analysis and familial searching

* Enhanced Y-STR analysis can identify close male relatives - sometimes



MPS analysis of D21511 reveals 5-6 STRs in a row

DE SANTIAGO
DE COMPOSTELA
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Where are we now? U

Extending the scope of data from conventional STR analysis

More STRs/variation (MPS) aids mixture analysis and familial searching

Enhanced Y-STR analysis can identify close male relatives - sometimes

Adding more trait predictive tests and improving geographic resolution

* Hair morphology / early-onset male baldness. More ancestry SNPs

* The most promising new tests are age estimation and facial modeling
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° High variance in methylation levels between tissues and individuals

* Bisulphite treatment of methylated DNA is variable, often incomplete - creates noise
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Facial modeling with SNP data
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Where are we now?

Extending the scope of data from conventional STR analysis

* More STRs/variation (MPS) aids mixture analysis and familial searching

* Enhanced Y-STR analysis can identify close male relatives - sometimes

Adding more trait predictive tests and improving geographic resolution

* Hair morphology / early-onset male baldness. More ancestry SNPs

* The most promising new tests are age estimation and facial modeling

Combining genetic tests can bring ‘synergy’ to appearance prediction
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