Supplementary material

In this document, we present the results obtained using our facial analysis technology to distinguish
patients with Williams-Beuren syndrome from patients with Noonan syndrome based on their facial
phenotype, both in the global population and in populations with African-descent, Asian, Caucasian and
Latin American ancestry. The location of each of the 44 facial landmarks analyzed and the geometric
metrics calculated from them are represented in Figure 1. Local binary patterns (LBP) were used to
qguantify the image appearance around each facial landmark, as represented in Figure 2. They were
calculated by comparing the image patch around that landmark (in red in Figure 2) and a set of image
patches in its neighborhood at different resolutions (in yellow, green and blue in Figure 2).

For each patient group, we present the following information:

e Population size and classification results, including the optimal number of features selected, and the
variation of the sensitivity, specificity, accuracy and area under the receiver operator characteristic
(ROC) curve with respect to the number of features.

e The list of discriminant geometric features selected, their distribution in the patients with Williams-
Beuren and Noonan syndromes, and their individual and independent p-values estimated using a
non-parametric Mann-Whitney test.

o (H) next to a feature indicates that it is a horizontal distance normalized with respect to the ear-
to-ear distance.

o (V) next to a feature indicates that it is a vertical distance normalized with respect to the
distance between the nose root and the mid-point between the oral commissures.

o Angles are measured in degrees.

o Asymmetry metrics are normalized to the average value of the left and right sides.

e The list of discriminant appearance features selected, their individual and independent p-values
estimated using a non-parametric Mann-Whitney test, and the population-based computer-
generated images illustrating their differences between patients with Williams-Beuren and Noonan
syndromes. We present two types of appearance features:

o Average texture: the appearance image is the average between the left and right sides of the
face.

o Asymmetry of texture: the appearance image is the absolute difference between the left and
right side of the face, in which brighter shades of gray represent higher values.

On each appearance image, we represent: 1) the landmark location and the image patch around it in
red; 2) the center of each neighbor patch in blue, with which the patch around the landmark location is
compared to calculate the LBP; 3) and the image area involved in the calculation of the LBPs delimited
with two green circles. Moreover, we included some markers in red in the form of arrows and lines to
help identifying differences of appearance between patients with Noonan and Williams-Beuren
syndromes.



Figure 1. Representation of the facial landmarks and geometric metrics. Inner facial landmarks
are represented as red circles. Horizontal distances between these landmarks are represented
as blue lines. Vertical distances are represented as magenta lines. Angles are represented with
green dashed lines, with the center of the angle represented as a green circle around the
landmark, and the extremes represented with a green dot inside the landmark.
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Figure 2. Representation of the image patches used to calculate the local binary patterns (LBP)
around the medial canthi of the right eye. (a) shows the area around the landmark that is
involved in the calculation of the LBPs at the three resolutions, in yellow for the highest
resolution (R1), green for a medium resolution (R2), and blue for the lowest resolution (R3). (b),
(c), and (d) illustrate the image patches involved in the calculation of the LBP at resolution levels
R1, R2, and R3, respectively. At each level, the LBPs are calculated by comparing the image
patch around the landmark (in red) with the patches in their neighborhood (in yellow for R1,
green for R2, and blue for R3), as explained in [Cerrolaza et al.,”ldentification of dysmorphic
syndromes using landmark-specific local texture descriptors”, IEEE International Symposium on
Biomedical Imaging, pp.1080-1083, 2016 ].
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Interpretation: Patients with Williams-Beuren syndrome have a thicker lower lip than patients with

Noonan syndrome.
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Interpretation: Patients with Williams-Beuren syndrome present longer nasal alas than patients with
Noonan syndrome.

Average
Average texture Average texture pattern 1.24E-01
at lateral canthi
(R2)

Noonan

Williams

Interpretation: Patients with Noonan syndrome have more rounded palpebral fissures and patients
with Williams-Beuren syndrome present smaller palpebral fissures.
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Interpretation: Patients with Noonan syndrome present higher orbital rims than patients with
Williams-Beuren syndrome.
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Interpretation: Patients with Noonan syndrome present a more asymmetric nasal bridge than
patients with Williams-Beuren syndrome.
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Interpretation: Patients with Williams-Beuren syndrome have thicker lower lips around the oral
commissures than patients with Noonan syndrome.



African descent population
Area under ROC curve: 96.12%.
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Interpretation: patients with Noonan syndrome have bigger and more rounded palpebral fissures
than patients with Williams-Beuren syndrome, who present more significant ptosis.
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Interpretation: patients with Williams-Beuren syndrome present more asymmetric palpebral fissures

than patients with Noonan syndrome.
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Interpretation: patients with Williams-Beuren syndrome present a more rounded nasal lobe than

patients with Noonan syndrome.
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Interpretation: patients with Williams-Beuren syndrome present more pronounced ptosis than
patients with Noonan syndrome.
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Interpretation: Patients with Williams-Beuren syndrome present more asymmetric nasal alas than
patients with Noonan syndrome.
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Interpretation: patients with Williams-Beuren syndrome have smaller palpebral fissures than
patients with Noonan syndrome.
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Interpretation: patients with Williams-Beuren syndrome smaller palpebral fissures than patients with
Noonan syndrome.
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Interpretation: Patients with Williams-Beuren syndrome have longer nasal alas that patients with

Noonan syndrome, who present more rounded alar rims.
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Interpretation: Patients with Williams-Beuren syndrome have longer nasal alas than patients with
Noonan syndrome, who present more rounded alar rims.
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Interpretation: Patients with Williams-Beuren syndrome have more asymmetric palpebral fissures
than patients with Noonan syndrome.
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Interpretation: Patients with Williams-Beuren syndrome present more asymmetric upper lip than

patients with Noonan syndrome.
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Interpretation: Patients with Williams-Beuren syndrome present more asymmetric palpebral fissures
than patients with Noonan syndrome.
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Interpretation: Patients with Williams-Beuren syndrome present more asymmetric nasal alas and
lobe than patients with Noonan syndrome.
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Interpretation: Patients with Williams-Beuren syndrome present more pronounced ptosis than
patients with Noonan syndrome.
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Interpretation: Patients with Noonan syndrome present higher orbital rims than patients with
Williams-Beuren syndrome.



Latin American population
Area under ROC curve: 93.75%.

Optima number of features: 13.
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Interpretation: Patients with Noonan syndrome present higher orbital rims than patients with

Williams-Beuren syndrome.
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Interpretation: Patients with Williams-Beuren syndrome present smaller palpebral fissures than
patients with Noonan syndrome.

4.00E-02

Williams

Absolute difference
Average Absolute difference texture pattern

Interpretation: Patients with Williams-Beuren syndrome present more asymmetric oral commissures
than patients with Noonan syndrome.
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Interpretation: Patients with Williams-Beuren syndrome present flatter cupid’s bow and philtrum
than patients with Noonan syndrome.
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Interpretation: Patients with Noonan syndrome present more asymmetric nasal alas than patients

with Williams-Beuren syndrome.
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Interpretation: Patients with Williams-Beuren syndrome have more asymmetric palpebral fissures
than patients with Noonan syndrome.
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Interpretation: Patients with Williams-Beuren syndrome present a more asymmetric mouth than
patients with Noonan syndrome.
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Interpretation: Patients with Noonan syndrome present a more asymmetric nasal bridge than
patients with Williams-Beuren syndrome.



