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1. Identify case samples based on:

• Matching phenotype/clinical diagnosis

• (Likely) pathogenic variant

2. Sample/microarray processing

1. DNA isolation and bisulfite treatment

2. Array processing, scanning, normalization, and initial probe filtering

3. Choose ~50-100 control samples

1. A mix of:

• Healthy/unaffected controls

• Samples from other syndromes

• Batch samples

• Specific other syndromes (if necessary)

2. Matched to case samples based on:

• Age

• Sex

• Array type

4. Choose 100-500 probes

1. Filter probes using:

1.Probe score

• methylation difference

• (adjusted) p-value

2.Area under the receiver’s operating curve (AUC)

3.Correlation

2. Evaluate results (case/control separation) using:

• Hierarchical clustering

• Multidimensional scaling

5. Leave-one-out sample cross validation

• Evaluate results (case/control separation) using:

• Hierarchical clustering

• Multidimensional scaling

• SVM classifier (MVP plot)

6. Create final unsupervised clustering plots

• Hierarchical clustering

• Multidimensional scaling

7. SVM classifier (four-fold training/testing cross validation)

• Training samples (for each round):

• Case & control samples used for choosing probes

• 75% of samples from other syndromes/episignatures

• 75% of healthy/unaffected controls

• Testing samples (for each round):

• 25% of samples from other syndromes/episignatures

• 25% of healthy/unaffected controls

8. SVM classifier (all training)

• Training samples:

• Case & control samples used for choosing probes

• 100% of samples from other syndromes/episignatures

• 100% of healthy/unaffected controls

• Testing samples:

• Future patient samples received for clinical testing

Supplementary Figure 1: Episignature
discovery pipeline used to identify
the 19 new episignatures. A summary
of the steps involved in sample
processing and data analysis for
identification and validation of a new
episignature. Ordered steps are
numbered, unordered elements are
bulleted.



A. ARTHS (KAT6A)

B. BEFAHRS (TET3)

C. Chr16p11.2del

Supplementary Figure 2: Unsupervised clustering using the selected probes for the 19 new
episignatures. For each episignature, hierarchical clustering (left) and MDS plots (right) are
shown. Unless indicated, red are case samples and blue are controls. The methylation scale bar in
A. applies to the heatmap portion each panel.



E. CSS4 (SMARCA4) c.2656

F. CSS9 (SOX11)

G. DYT28 (KMT2B)

Figure S2 continued

D. CSS1/2 (ARID1A/B) c.6200



J. KDM4B

K. LLS (SETD2)

Figure S2 continued

I. KDM2B

H. GADEVS (YY1)



N. MRXSA (FAM50A)

O. PHMDS (Chr22q13.3del)

Figure S2 continued

M. MLASA2 (YARS2)

L. MKHK1/2 (CREBB/EP300) ID4



R. RSTS2 (EP300)

S. VCFS (Chr22q11.2 del)

Figure S2 continued

Q. RSTS1 (CREBBP)

P. RENS1 (PQBP1)



Supplementary Figure 3: Leave-one-out cross-validation of the three CSS4_c.2650 samples. For
each round of cross validation two samples were used for probe selection and classifier training and
the third sample was used for testing.
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Supplementary Figure 4: Hierarchical clustering and MDS plots for the assessment of
sample 1_CSS9 for ARTHS.
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Supplementary Figure 5: Hierarchical clustering and MDS plots for the assessment of four purportedly
non-RSTS2 samples with elevated RSTS MVP scores. A,B. Sample 2_CdLS. C,D. Sample 4_ICF1. E,F.
Sample 5_WHS. G,H. Sample 7_TBRS.
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Supplementary Figure 6: Hierarchical clustering and MDS plots for the assessment of sample
3_RSTS1 for ARTHS, RSTS1, and MLASA2.
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Supplementary Figure 7: Hierarchical clustering and MDS plots for the assessment of sample
6_IDDSELD for KDM2B-related syndrome.
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Supplementary Figure 8: Assessment of sample 8_DYT28 for MLASA2 and DYT28. A. Hierarchical
clustering and B. MDS plot for sample 8_DYT28 plotted using the MLASA2 episignature probes. C.
Hierarchical clustering and D. MDS plot for sample 8_DYT28 plotted using the KDM2B episignature
probes. E-G. Leave-one-out sample cross-validation of the DYT28 episignature. Sample 8_DYT28 is
used as the testing sample, the 10 other DYT28 samples were used for training. E. Hierarchical
clustering. F. MDS plot. G. SVM classifier results. Syndromes are samples from the 56 other
neurodevelopmental syndromes with episignatures. Blue circles are samples used for classifier
training (75% of samples), grey circles are samples used for classifier testing (25% of samples).
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Supplementary Figure 9: Hierarchical clustering and MDS plots of ADCADN samples. A, B.
using the BEFAHRS episignature probes. C, D. using the RENS1 episignature probes.
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Supplementary Figure 10: Analysis of two GADEVS samples which had high MVP scores for
BAFopathy. A-F. GADEVS leave-one-out sample cross-validation results, probe selection was
repeated each time using nine samples with the one indicated sample used for testing. Sample
GADEVS_1 is marked with a black arrowhead. A,D. Hierarchical clustering. B,D. MDS plot. C,F.
SVM classifier results. Syndromes are samples from the 56 other neurodevelopmental syndromes
with episignatures. Blue circles are samples used for classifier training (75% of samples), grey
circles are samples used for classifier testing (25% of samples). G, Hierarchical clustering and H,
MDS plot of all GADEVS samples using the BAFopathy episignature probes. Sample GADEVS_1 is
marked with a black arrowhead as in A-C.
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