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Abstract

Facial recognition from DNA refers to the identification or
verification of unidentified biological material against facial
images with known identity. One approach to establish the
identity of unidentified biological material is to predict the face
from DNA, and subsequently to match against facial images.
However, DNA phenotyping of the human face remains
challenging. Here, another proof of concept to biometric
authentication is established by using multiple face-to-DNA
classifiers, each classifying given faces by a DNA-encoded aspect
(sex, genomic background, individual genetic loci), or by a DNA-
inferred aspect (BMI, age). Face-to-DNA classifiers on distinct
DNA aspects are fused into one matching score for any given face
against DNA. In a globally diverse, and subsequently in a
homogeneous cohort, we demonstrate preliminary, but substantial
true (83%, 80%) over false (17%, 20%) matching in verification
mode. Consequences of future efforts include forensic
applications, necessitating careful consideration of ethical and

legal implications for privacy in genomic databases.
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Fig. 1

From: Facial recognition from DNA using face-to-DNA classifiers
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Flowchart representing the proposed paradigm in the context of existing DNA investigative tools. a Given an unidentified
DNA sample, the first attempt is to match it to the DNA of a person of interest. b If the matching fails, then the same
unidentified DNA sample is matched against DNA profiles of persons with known identity enrolled in the genetic database.
¢ Our method could be of help if identification fails again. Each face-to-DNA classifier matches a face, in a gallery of faces
(phenotype database), in terms of molecular features including sex, genomic background (GB), individual genetic loci (SNP),
age, and body mass index (BMI) to a single probe DNA. Multiple, one per aspect, matching scores are fused together to
provide an overall score, based upon which, it becomes possible to verify or reject a DNA profile against a face with known
identity. d By using DNA phenotyping, predicted phenotypes could as well be matched against given phenotypes, but more
likely lead to the last resort solution, namely showing it to the public and hoping that someone recognizes the individual.

However, the current state of DNA phenotyping has not achieved this ability yet
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Figure 1. Workflow for 3D face scan processing.
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Fig. 3

From: Facial recognition from DNA using face-to-DNA classifiers
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Genome-wide mapping of global-to-local genetic
effects on human facial shape

Peter Claes"'%3* Jasmien Roosenboom?, Julie D. White®, Tomek Swiguts, Dzemila Sero®'?,

Jiarui Li?, Myoung Keun Lee*, Arslan Zaidi®, Brooke C. Mattern®, Corey Liebowitz®, Laurel Pearson 5,
Tomas Gonzalez®, Elizabeth J. Leslie®, Jenna C. Carlson®’, Ekaterina Orlova®, Paul Suetens'?,

Dirk Vandermeulen'?, Eleanor Feingold’®, Mary L. Marazita*, John R. Shaffer?, Joanna Wysocka®®*,
Mark D. Shriver** and Seth M. Weinberg ©410*

Genome-wide association scans of complex multipartite traits like the human face typically use preselected phenotypic mea-

sures. Here we report a data-driven approach to phenotyping facial shape at multiple levels of organization, allowing for an

open-ended description of facial variation while preserving statistical power. In a sample of 2,329 persons of European ancestry,
199134 we identified 38 loci, 15 of which replicated in an independent European sample (n=1,719). Four loci were completely new. For
the others, additional support (n =9) or pleiotropic effects (n =2) were found in the literature, but the results reported here were
further refined. All 15 replicated loci highlighted distinctive patterns of global-to-local genetic effects on facial shape and showed
enrichment for active chromatin elements in human cranial neural crest cells, suggesting an early developmental origin of the
facial variation captured. These results have implications for studies of facial genetics and other complex morphological traits.
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Fig. 2 | Fifteen replicating loci. Top, a polar dendrogram structurally corresponding to the polar dendrogram displaying the facial segments in Fig. J;
concentric circles represent loci reaching genome-wide significance for each segment. Bottom, Manhattan plot of alf 63 facial segments combined
illustrating the chromosomal position of the associated loci. The bottom (dotted) horizontal line represents the genome-wide significance threshold
(P=5x107"), the middle (dashed) hornzontal line represents the FDRd significance threshold (P=2.82 x10°*) and the top (solid) horizontal line represents
study-wide significance (P=1.28 x107"). The 15 laci are ordered by chromosome number, increasing from left to right, and are colored according to
corresponding chromosome.
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From: Facial recognition from DNA using face-to-DNA classifiers
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Genotype Imputation

Genotype data in the PITT and PSU samples, separately, were imputed
using the 1000 Genomes Project Phase 3 reference panel””. SHAPEIT2
was used for pre-phasing haplotypes and IMPUTE2 was used to impute
nearly 35 M variants. SNP-level (INFO score > 0.5) and genotype per
participant-level (genotype probability > 0.9) filters were used to omit
poorly-imputed variants. A further reduction of SNPs with MAF <5%
was performed, before aligning allele encodings in both datasets with
the 1000 Genomes Project and to merge them into a single cohort of

European ancestry.



Population Structure

Population structure was assessed using PCA of approximately 100 K
autosomal SNPs chosen for call rate (>95%), MAF (>5%), and LD
(pairwise r2 < 0.1 across variants in a sliding window of 10 Mb). Tests of
genetic association between the first 20 PCs and all SNPs confirmed
that PCs did not represent local variation at specific genetic loci. Based
on Supplementary Fig. 2, four PCs were sufficient to capture
population structure within this European-derived cohort towards the

purpose of a GWAS.



