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System 
name Gene SNP 

identifier

% informative 
genotypes in 

Africans

% informative 
genotypes in 
Europeans

% informative 
genotypes in 
East Asians

Esterase 
D ESD rs9778 22.4 12.32 63.5

Africans Europeans East Asians

Aggravated burglary 
in Essex (double 
murder): 1981

• Bled on glass and was EsD 2-1 (CT) - details held on the
     Blood Group Index

• Five burglars active in Essex region with EsD 2-1 (CT) type
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genotypes
cumulative % 
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uninformative

Pep A CNDP2 rs733062 20.97 20.97 79.03

Hb S HBB rs334 22.03 38.38 61.62

CA II CA2 rs2228063 15.54 47.96 52.04

Fy DARC rs2814778 99.66 99.77 0.23

Africans Europeans East Asians

South London serial 
rapist: 1981-2 • Used Pep A - a red cell membrane protein present in semen

• Detecting 2-1 (AG) linked attacks and indicated African ancestry
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Have since identified more ‘fixed’ SNPs - frequencies near 1 or 0
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A:  88% completeness 9,355,471,189,361,381,376 times more likely E ASN than EUR

B:  12% completeness 47 times more likely EUR than AFR

C:  56% completeness 69,184,156,498,170 times more likely EUR than E ASN

D:  88% completeness 237,256,787,732,999,681,605,632 times more likely EUR than E ASN

African European East Asian A B C D E

PCA with Snipper

Bayes analysis with Snipper

Identifying genetic clusters with STRUCTURE

African

European

East Asian

34-SNP profile of sample A (30/34 SNPs)

9947a

Apply validated Bayesian analysis regimes to the genetic data

WWII soldier ID program
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SNP-based tests work well with highly degraded DNA
Both dentine

Femur

• 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
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EUR! E ASN!

Saqqaq population!

SLC24A2/SLC45A2   Hair colour/skin tone!

ABCC11   Earwax viscosity!

OCA2/HERC2   Eye colour!

AR/EDA2R   MPBaldness!

EDAR   Shovel-shaped incisors!

ABO   Blood group!

Prediction of appearance of 4000 year old Palaeo-Eskimo
Palaeo-genomics researchers 
now provide photo-fits !

Prediction of physical characteristics; traits; phenotypes; (EVCs)
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Using Genome-wide SNPs for DNA Phenotyping  
and Kinship Inference 

Ellen McRae Greytak, PhD 

Parabon NanoLabs, Inc., 11260 Roger Bacon Dr. Suite 406, Reston VA 20190 
ellen@parabon.com     |     parabon-nanolabs.com/snapshot 

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 6th-degree 
relatives using only their DNA. 

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 

0% 100% 7.4% 

Eye Color 

Phenotype prediction:  
•  Green eyes with 61.0% confidence 
•  Green or Blue with 79.4% confidence 
•  EXCLUDE Brown and Black with 99.3% 

confidence 

39.0% 

59.4% 

20.6% 

0.7% 0.0% 
0% 

25% 

50% 

75% 

100% 

Blue Green Hazel Brown Black 

1.638 

Example Prediction 

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 2nd-degree relatives 
•  >95% accurate at distinguishing 6th-degree relatives (2nd cousins once-

removed) from unrelated pairs 
•  Can be used for identifying remains, validating kinship claims, and 

constructing relationship networks among subjects of interest 

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. 

100% 

100% 

94% 

77% 

Absolute Kinship  
Accuracy 

Accuracy Within 
One Degree 

45% 

57% 

100% 

100% 

97.5% 

100% 

98% 

95% 

93% 

99.5% 

Parent 

2nd-Degree 

3rd-Degree 

4th-Degree 

5th-Degree 

6th-Degree 

Unrelated 

100% 100% 
Siblings 

(Grandparent, Uncle, Half-Sibling) 

(First cousin, Great-grandparent) 

(First cousin once-removed) 

(Second cousin) 

(Second cousin once-removed) 

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 

Complex Ancestry Example 

Japanese' 46.5%'
Southwest'
European' 22.5%'

Central'
American' 15.6%'

South'
American' 4.7%'

North'
Asian' 3.3%'

Brazilian' 2.8%'
Southeast'
Asian' 2.4%'

Caucasian' 2.1%'

Popula'on) %)
East'Asian' 54.3%'
NaCve'

American' 38.4%'

European' 5.5%'
Middle'
Eastern' 1.5%'

Conclusion 
This individual is half Japanese 
and half Latino. 

Global Ancestry Proportions Regional Ancestry Clustering 

Regional Ancestry Proportions 

DNA Requirements 
•  Snapshot can accept data from any off-the-shelf Illumina 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 

0% 100% 15.4% 

Hair Color 

Phenotype prediction:  
•  Blond hair with 15.2% confidence 
•  Blond or Red with 99.6% confidence 
•  EXCLUDE Brown and Black with 99.6% 

confidence 

84.8% 
97.0% 

0.4% 0.0% 
0% 

25% 

50% 

75% 

100% 

Red Blond Brown Brown 

2.556 

0% 100% 6.9% 

Skin Color 

Phenotype prediction:  
•  Very Fair skin with 78.0% confidence 
•  Very Fair or Fair with 97.1% confidence 
•  EXCLUDE Light Olive, Dark Olive, and 

Dark with 97.1% confidence 

90.1% 

22.0% 

1.8% 2.9% 0.0% 
0% 

25% 

50% 

75% 

100% 

Very Fair Fair Light 
Olive 

Dark 
Olive 

Dark 

1.931 

0% 100% 39.2% 

Freckling 

Phenotype prediction:  
•  Few freckles with 57.9% confidence 
•  Few or Some with 79.2% confidence 
•  No excluded phenotypes 

19.1% 

55.2% 
42.1% 

20.8% 

0% 

25% 

50% 

75% 

100% 

None Few Some Many 

1.690 

Face Morphology 

Area Displacement Convexity 
(vs. base female European face) 

Actual 

Composite Predicted Profile 

Ancestry 

Northwest 
European 



Extending the scope of data from conventional STR analysis

Where are we now?

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

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



MPS analysis of D21S11 reveals 5-6 STRs in a row

Nucleotides additional 
to reference sequence

Ad-hoc 11 nucleotide 
segmental duplication

TA [TCTA]N motif not 
in reference sequence

Reference 
sequence



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

Where are we now?



Possible to improve geographic 
precision with high density SNP sets

   GPS

fineSTRUCTURE
650,000 SNPs 

130,000 SNPs 
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training set 

test set r2: 0.9587
Correlation: 0.988

Forensic meth-age tests

Mean Error (training set) = 3.3 years

Mean Error (test set) = 4.4 years

Mean Error 54 CpGs = 2.2 years

• High variance in methylation levels between tissues and individuals

• Bisulphite treatment of methylated DNA is variable, often incomplete - creates noise

 ELOVL2
FHL2
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Facial modeling with SNP data
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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

Where are we now?
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R

rs5919324

rs12565727

rs1998076

rs929626

rs756853

EO-MPB risk alleles



Santiago Forensic Genetics Activities

The problem  Australian and 
Japanese soldiers in communal 
burial site from 2nd World War in 
Papua New Guinea.

Analysis  We used a 34-plex single 
base extension test routinely applied 
to forensic ID problems (including 
the Madrid bomb investigation). This 
successfully typed DNA from 70Y 
old dentine samples as shown

Thank You

The Professor of anatomy’s room, USC


