Next Generation Phenotyping using DeepGestalt
in Clinic, Research and Variant Analysis

Yaron Gurovich
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Phenotype

Phenotype

The set of observable characteristics of an individual resulting from the interaction
of its genotype with the environment.
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[ FACE2GENE Accessible Phenotyping through Cloud

Face2Gene makes our Next-generation Phenotyping technologies accessible through the cloud
on mobile devices and web browsers, allowing better and faster clinical evaluation of patients in real-time.

"the latest medical technology that leverages the power of big data
to make better diagnoses"

DATA CAPTURE DATA ANALYSIS INSIGHT DELIVERY

"a breakthrough method of diagnosis based on facial recognition
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"Al and deep learning could help doctors figure out a patient’s

FORTUNE
- disease simply by analyzing a face"

"[FDNA's] partnerships could contribute to precision medicine
efforts or help companies develop new therapies for rare diseases."

- "[FDNA is] analyzing faces to provide automated diagnoses of rare
el genetic conditions... far earlier than would otherwise be possible"

* Pattern recognition alone has an average AUC of over 94% for more than 300 disorders
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Face2Gene on a Global Scale

Face2Gene’s user base is the largest network in the space of clinical genetics, facilitating data sharing

® 70%+ Clinical Geneticists Worldwide

® 2,000+ Clinical and research sites

® 130+ Countries
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DeepGestalt

CONV 50x50x128
-/

CONV 100x100x64
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Using deep learning convolutional neural networks to analyze facial photos.

Gurovich et al. (Jan 2019) Identifying rare genetic syndromes using deep learning. lIl;lugai cine
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Database Challenges
patients per disorder

* Ethnic diversity within disorders
disorders

* Large variation in number of
* Need to support thousand of

* Small dataset
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Types of Face Recognition

Intra-Person Intra-Syndrome
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Initial Training

Face Recognition Tasks
Celebrities Database

/
NS
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Transfer Learning

Phenotype Recognition
Affected Children Database
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DeepGestalt - Results

|
Binary Cornelia de Lange Syndrome Binary Angelman Syndrome ’
Accuracy % P-Value Accuracy % Sensitivity % Specificity % ‘
(95% ClI) (95% Cl) (95% Cl) (95% Cl) ’
Rohatgi et al. (34) 75 (NA) NA Bird et al. (35) 71 (NA) 60 (NA) 78 (NA) ‘
Basel-Vanagaite et al. (5) 87 (NA) 0.22 ‘
DeepGestalt 92 (80-100) 80 (50-100) 100 (100-100)
DeepGestalt 96.88 (90.1-100.1) 0.01
Multi-Class Gestalt Model Specialized Gestalt Model
Facial Area Clinical-Test Publications-Test
(Top-10 Accuracy %) (Top-10 Accuracy %) T
Face Upper Half 82.0 82.4 ey
Middle Face (Ear to Ear) 81.0 80.2
Face Lower Half 76.8 77.2
KRAS PTPN11 RAF1 SOS1 RIT1
Full Face 88.2 87.5
Aggregated Model 90.6 89.4 Top-1-accuracy of 64%, Random 20%

» Source: Gurovich, Y. et al. DeepGestalt - Identifying Rare Genetic Syndromes Using Deep Learning. Nature Medicine.
22
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Research Application
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Dr. Kerry's cases vs. Unaffected controls

S W

Dr. Kerry's cases Unaffected controls Other syndromes controls = Dr.Kerry’s cases AUC =0.721
24C 5% Unaffected controls P Value = 0.067
24 Cases| 24
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Dr. Kerry's cases vs. Other syndromes controls

OTHER SYNDROMES

DR. KERRY'S CASES UNAFFECTED CONTROLS CONTROLS

DR IERRYIS CASES “

UNAFFECTED CONTROLS 0.38

Actual

= Dr.Kerry’s cases AUC =0.911
Other syndromes controls PValue = 0.006
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Abstract

High throughput approaches are continuously progressing and have become a major part of clinical diagnostics. Still, the critical process
of detailed phenotyping and gathering clinical information has not changed much in the last decades. Forms of Next Generation
Phenotyping (NGP) are needed to increase further the value of any kind of genetic approaches, including timely considering of
(molecular) cytogenetics during the diagnostic quest. As NGP we used in this study the Facial Dysmorphology Novel Analysis (FDNA)
technology to automatically identify facial phenotypes associated with Emanuel (ES) and Pallister-Killian Syndrome (PKS) from 2D facial
photos. The comparison between ES or PKS and normal individuals expressed a full separation between the cohorts. Our results show
that NPG is able to help in the clinic, and could reduce the time patients spend in diagnostic odyssey. It also helps to differentiate ES or
PKS from each other and other patients with small supernumerary marker chromosomes, especially in countries with no access to more
sophisticated genetic approaches apart from banding cytogenetics. Inclusion of more facial pictures of patient with sSMC, like
isochromosome-18p-, cat-eye-syndrome or others may contribute to higher detection rates in future.

This article is protected by copyright. All rights reserved.

KEYWORDS: Emanuel Syndrome (ES; OMIM 609029); Face2Gene; Facial Dysmorphology Novel Analysis (FDNA) technology; Pallister-Killian Syndrome
(PKS; OMIM 601803); small supernumerary marker chromosome (sSMC)
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Abstract

The evaluation of facial dysmorphism is a critical step toward reaching a diagnostic. The aim of
the present study was to evaluate the ability to interpret facial morphology in African children
with intellectual disability (ID). First, 10 experienced clinicians (five from Africa and five from
Europe) rated gestalt in 127 African non-Down Syndrome (non-DS) patients using either the score
2 for ‘clearly dysmorphic’, 0 for ‘clearly non dysmorphic’ or 1 for ‘uncertain’. The inter-rater
agreement was determined using kappa coefficient. There was only fair agreement between
African and European raters (kappa-coefficient = 0.29). Second, we applied the FDNA Face2Gene
solution to assess Down Syndrome (DS) faces. Initially, Face2Gene showed a better recognition
rate for DS in Caucasian (80%) compared to African (36.8%). We trained the Face2Gene with a set
of African DS and non-DS photographs. Interestingly, the recognition in African increased to
94.7%. Thus, training improved the sensitivity of Face2Gene. Our data suggest that human based
evaluation is influenced by ethnic background of the evaluator. In addition, computer based
evaluation indicates that the ethnic of the patient also influences the evaluation and that training
may increase the detection specificity for a particular ethnic.
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Research Application - Ethnic Diversity

|
* Vorravanpreecha N, Lertboonnum T, Rodjanadit R, Sriplienchan P, Rojnueangnit K, (2018) Studying Down syndrome ‘

recognition probabilities in Thai children with de-identified computer-aided facial analysis American Journal of ‘
Medical Genetics Am J Med Genet Part A. 2018;1-6. https://doi.org/10.1002/ajmg.a.40483 ‘

“We present a scientific basis for this novel tool, useful in
the clinic where patients are of a different ethnicity
unfamiliar to the evaluator. “

TABLE1 Demographic data of study and control groups

N
-
N

Non-DS controls

o

= Unaffected Other-syndromes
. ac 8 Children with DS children children
2 - (n = 30) (n=94) (n = 46)
§ Male; n (%) 17 (56%) 52 (55.3%) 25 (54.34%)
i R Mean age (+SD) 3.2 + 2.96 437+309 553+211
02 = 02 in years
Age range 2 months to 2 months to 6 months
0 ° 11 years 11 years to 9 years
25 20 LS 10 -05 0 0s 1.0 15 20 25 0 0.1 02 03 04 05 06 07 08 09 10
score False Positive Rate
e DS group AUC =0.973

am» non-DS controls P value = 0.000
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Research Application - Ethnic & Age Diversity

|
* Pantel JT., Zhao M., Mensah MA., Hajjir N., Hsieh TH., Hanani Y., Fleischer N., Kamphans T., Mundlos S., Gurovich ’
Y, Krawitz PM. Advances in computer-assisted syndrome recognition by the example of inborn errors of metabolism J ’
Inherit Metab Dis (2018). ttps://doi.org/10.1007/s10545-018-0174-3 ‘

|

“Our results show that DeepGestalt, the
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Fig.1 Overview of the original sample set with sex ratios (male/female/sex not mentioned) and ethnic backgrounds of European (left) vs. Non-European
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https://link.springer.com/article/10.1007/s10545-018-0174-3

Research Application - Genotype-Phenotype correlation

* Martinez-Monseny A,Cuadras D, Bolasell M, et al. (2018) From gestalt to gene: early predictive
dysmorphic_features of PMMZ2-CDG J Med Genet doi:10.1136/jmedgenet-2018-105588

* PMM2, Angelman and control cohorts.

e PMM2 age groups cohorts.

* “At present, Face2Gene is useful to
suggest PMM2-CDG.”
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