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Figure S1. CNV Characteristics by Array
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The overall number of CNVs and rare CNVs per individual differs between arrays, and
there are subtle differences in the number of genes that overlap CNVs in each category.
The differences can be due to multiple different reasons, including array probe density

and location, batch effects from reagents, ethnicity and population structures that are



confounded with array and batch. The figure includes only data from parents to minimize

potential noise from the affection status.



Figure S2. AGRE CNVs in the WWOX locus

WWOX locus, chr16:77-80Mb
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There are no CNVs in siblings that overlap the WIWOX in the AGRE. All CNVs with known mode of inheritance (both parents
available) are inherited. Deletions are shown in dark red for affected children and in pink for parents. Duplications are shown in dark

blue for affected children and light blue for parents. Centromere on chrl6 is depicted as a grey circle on a red background. Genes in



Figure S3. AGRE families with non-segregation of autism and 1q21.1 CNVs.
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We discovered 30 families with a pathogenic CNV and available genetic information on two or more affected children. Twenty-two of
the families had non-segregation of autism and the pathogenic CNV: at least one another affected child didn’t carry the pathogenic
CNV. This figure depicts families with the 1q21.1 deletions and duplications in some, but not all affected individuals. The pedigrees
include information about the CNV (locus and deletion/duplication status) and additional information on Ravens non-verbal 1Q, Social
Responsiveness Scale, Stanford-Binet Intelligence Scale, Vineland adaptive behavior scale and Peabody Picture Vocabulary test,
depending on availability.

We used a simple Bayesian likelihood calculation to estimate, how likely is the observed pattern of inheritance of pathogenic
CNVs in data under the current best estimate of inheritance model, a single dominant factor (Gaugler et al. 2014). In our simple test,
the alternative model covers all other possible models. For simplicity, we assumed full penetrance for each ASD-associated CNV,
although the penetrance estimates ranged from 0.3 to 1 (on average 0.7) in the AGRE data and the recently published Simons Simplex
Collection data (Sanders et al. 2015). We used three different sets of priors: family likely true with 0.9, 0.7 and 0.5 probability under
the autosomal dominant model. We calculated the likelihood for each family under these assumptions and for each family we replaced
the priors with the posterior probabilities from the last step. Changing the priors didn’t change the final result in any meaningful way.

+ indicates individuals with available genetic information



Figure S4. An AGRE family with non-segregation of autism and the 5q35 deletion.
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This figure depicts a family with the 5q35 deletion in one, but not the other affected individual. The pedigree includes information
about the CNV and additional information on Social Responsiveness Scale for each family member, when available.

+ indicates individuals with available genetic information



Figure S5. AGRE families with non-segregation of autism and CNVs in the 15q11-13 locus.
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This figure depicts families with duplications in the 15q11-13 locus in some, but not all affected individuals. The pedigrees include
information about the duplication carrier status and additional information on Ravens non-verbal 1Q, Social Responsiveness Scale,
Vineland adaptive behavior scale and Peabody Picture Vocabulary test, depending on availability.

+ indicates individuals with available genetic information



Figure S6. AGRE families with non-segregation of autism and CNVs in the 16p11.2 locus.
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This figure depicts families with CNVs in the 16p11.2 locus in some, but not all affected individuals. The pedigrees include

information about the CNV (locus and deletion/duplication status) and additional information on Ravens non-verbal 1Q, Social
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Responsiveness Scale, and Peabody Picture Vocabulary test, depending on availability.

+ indicates individuals with available genetic information



Figure S7. AGRE families with non-segregation of autism and duplications in the classic 22q11.2 locus.
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This figure depicts families with duplications in the classic 22q11.2 locus in some, but not all affected individuals. The pedigrees
include information about the duplication carrier status and additional information on Ravens non-verbal 1Q, Social Responsiveness
Scale, Stanford-Binet Intelligence Scale, Vineland adaptive behavior scale and Peabody Picture Vocabulary test, depending on
availability.

+ indicates individuals with available genetic information



Figure S8. AGRE families with non-segregation of autism and duplications in the distal 22q11.2 locus.
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This figure depicts families with duplications in the distal 22q11.2 locus in some, but not all affected individuals. The pedigrees
include information about the CNV (locus and deletion/duplication) and additional information on Ravens non-verbal IQ and Social
Responsiveness Scale.

+ indicates individuals with available genetic information



Figure S9. An AGRE family with non-segregation of autism and a duplication in the 17q12 locus.
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This figure depicts a family with a de novo duplication in the 17q12 locus in one, but not both affected individuals. The pedigree
includes the duplication carrier status and additional information on Ravens non-verbal 1Q, Peabody Picture Vocabulary test and
Social Responsiveness Scale.

+ indicates individuals with available genetic information



Table S1. Sample QC overview by genotyping set.

Set Total samples Total families Removed * Samples remaining Families remaining Included in previous
CNV studies

550k.v3,v.1* 4013 941° 995 (23%) 2974 895" Yes®

Omni-1 A 963 250° 95 (7%) 871 248" No

Omni-1 B 191 82 21 (4%) 170 69 No

Omni-1 C 111 34° 14 (10%) 97 33° No

Omni-2.5 1019 285° 61 (5%) 958 281° No

Total 6197 1592 1186 5100 1526

The sample set before and after QC.
* Number of samples removed for bad quality arrays, sex chromosome discrepancies or extremely high copy number

b Sample sets have overlapping families due to re-genotyping after a sample failure or missing biomaterials at the first genotyping time.

¢ These samples have been a part of previous studies by Girirajan et al. 2013, Matsunami et al. 2013, Miller et al. 2009, Bucan et al. 2009 and
Glessner et al. 2009, and 74 families have also been included in the AGP CNV publications by Pinto et al. 2010 and 2014 (Bucan et al., 2009,
Girirajan et al., 2013, Glessner et al., 2009, Matsunami et al., 2013, Miller et al., 2009, Moreno-De-Luca et al., 2013, Morrow et al., 2008, Pinto et

al., 2014, Pinto et al., 2010).



Table S2. Batch Effect within different CNV categories

Category p-value, all data p-value, multiplex families

Total number of
CNVs 1.052x 10° 0.0004059
Rare CNVs 8.267x 107 0.004966
Rare deletions 0.01826 0.11
Rare duplications 0.05353 0.2029
Rare >500kb CNVs 0.5419 0.617
Rare de novo 0.3036 0.7596
Rare >500kb de novo 0.4851 0.923
Genes in CNVs 0.1615 0.07789
Genes in rare CNVs 0.006832 0.03195
Genes in rare deletions 0.03202 0.02658
Genes in rare duplications 0.01406 0.0639
Genes in rare > 500kb CNVs 0.6092 0.7165
Genes in rare de novo CNVs 0.3163 0.6385
Genes in rare >500kb de novo CNVs 0.489 0.9247

Percentage of samples with
Rare CNV 0.0002625 0.01438
Rare >500kb CNVs 0.5481 0.6259
Rare de novo 0.3019 0.7612
Rare >500kb de novo 0.4845 0.9232
Rare gene containing CNV 0.006047 0.01182
Rare gene containing de novo 0.3162 0.6391
Rare large gene containing CNV 0.6507 0.7579




The Kruskal-Wallis non-parametric test was used to assess the existence of batch or set effect in the AGRE data set. We used one

affected per family and one unaffected sibling, if available.



Table S5. Overview of results by CNV and array type

All samples:

Multiplex families

Aff Unaff OR (95% CI) P Aff Unaff OR P
Large >500kb, rare CNVs % % % %
% with >1 147/1123  13.1  36/406 8.9 1.7 (1.3-2.1) 0.01 114/878 13.0  23/279 8.4 1.6 (1.2-1.9) 0.022
% with genic 133/1123  11.8  33/406 8.1 1.6 (1.2-2.0) 0.03 104/878 11.8  20/279 7.2 1.5(1.1-1.9) 0.031
% with de novo 25/1033 2.4 3/286 1.0 2.4(0.7-12.2) ns 21/896 2.3 1/200 0.5 4.7 (0.8-198) ns
% with inherited 102/852 7.1 21/295 7.1 1.4 (1.0-1.8) ns 84/695 12.1  12/216 7.9 1.5(1.0-1.9) ns
mean number of, £SD 0.14+0.37 0.10+0.34 1.5(1.1-1.8) 0.03 0.14+0.37 0.09+0.33 1.5(1.1-1.8) 0.05
All rare, de novo CNVs % % % %
% with >1 56/1033 5.4 16/286 5.6 1.0 (0.9-1.1) ns 48/896 54 11/200 5.5 1.1 (0.4-1.9) ns
% with genic 49/1033 4.7 15/286 5.2 0.9 (0.3-1.5) ns 41/896 4.6 10/200 5.0 1.0 (0.3-1.7) ns
Total kb, £SD 59+460 25+185 1.3 (0.9-1.8) ns 57+429 33+223 1.2 (0.8-1.7) ns
Number of genes in, £SD 0.88+7.6 0.22+1.07 1.00 (1.0-1.1) ns 0.88+7.3 0.29+1.27 1.00 (1.0-1.1)  ns
All rare, inherited CNVs % % % %
% with >1 577/852 67.7  188/295 63.7 1.2(1.0-1.4) ns 465/695 66.9  143/216 66.5 1.1(0.8-1.4) ns
Mean # CNV, +SD 0.95+0.85 0.93+0.93 1.0 (0.9-1.2) ns 0.94+0.85 0.97+0.93 1.0 (0.9-1.2) ns
Mean # deletions, +SD 0.45+0.61 0.43+0.63 1.1 (0.9-1.3) ns 0.45+0.61 0.41+0.63 1.2 (1.0-1.4) ns
Mean # duplications, =SD 0.50+0.68 0.50+70 0.9 (0.8-1.1) ns 0.50+0.74 0.56+0.74 0.9 (0.7-1.1) ns
% with genic 457/852 53.6  146/295 495  1.2(09-1.4) ns 365/695 52.5 113/216 523  1.1(0.8-1.4) ns
Total kb, £SD 296+580 229+371 1.0 (1.0-1.0) ns 300619 243+391 1.0 (1.0-1.0) ns
Number of genes in, +SD 2.7£9.5 2.14+4.5 1.0 (1.0-1.0) ns 2.8£10.9 2.3+4.7 1.0 (1.0-1.0) ns
All rare CNVs % % % %
% with >1 778/1123 693  265/406 653 1.1(0.9-1.4) ns 606/378 69.0  190/279 68.1 1.2(1.0-1.5) ns
% with >1 genie 581/1123  50.8  194/406 47.8  1.1(0.9-1.3) 0.04 449/878 51.1 141/279 50.5 1.2(1.0-1.5) ns
% with inherited rare 577/852 67.7  188/295 63.7 1.2(1.0-1.4) ns 458/695 66.9  143/216 66.5 1.1(0.8-1.4) ns
Mean total #, £SD 1.00+0.87 0.95+0.95 1.00 (0.9-1.1) ns 1.00+0.87 0.98+0.93 1.02 (0.8-1.2) ns
Mean total # deletions, £SD 0.49+0.64 0.46+0.67 1.00(0.8-1.2) ns 0.49+0.65 0.47+0.67 1.0 (0.8-1.2) ns
Mean total # duplications, +£SD  0.51£0.68 0.49+0.69 1.00 (0.8-1.2) ns 0.51£0.69 0.52+0.70 0.9 (0.7-1.1) ns
Mean total # genes, +SD 3.4+£12.3 2.344.5 1.0 (1.0-1.0) ns 3.5¢12.6 2.4+4.4 1.00 (1.0-1.0)  ns
Mean total length (kb), £SD 357+£754 269+428 1.3 (1.1-1.6) 0.03 356740 288+459 1.2 (1.0-1.5) ns




All results were calculated as each genotyping set as its own strata. Analyses for frequencies were done using general linear model
with binomial distribution. The OR and 95% CI for averages were estimated from logistic regression model effect sizes and standard
errors. Due to the variable family structures, the number of available samples for different types of analyses varied. The frequencies

are reported as family based, one family contributing maximum of one additional value to the affected or unaffected sample column.



Table S9. 2q24.1 deletions in AGRE, DECIPHER and ClinGen.

Set ID Deletion Inheritance  Phenotype

AGRE AU1778303 1Mb de novo Non-verbal, extremely low 1Q, ASD

AGRE AU3566301 3.3Mb de novo Language impairment, low 1Q, reported mild ID, seizures, ASD
ClinGen Nssv1602827  4.6Mb n/a Delayed speech, ID, ADD, ASD

DECIPHER 254867 2.2Mb de novo Delayed language development, macrocephaly, Sotos-like behavior
DECIPHER 290757 170kb de novo Delayed language development, behavioral/cognitive disorders
DECIPHER 296098 1Mb n/a Psychomotor delay, ASD

DECIPHER 293228 4.7Mb n/a unknown

All identified individuals with a hemizygous 2q24.1 (NR4A2) deletion in AGRE and the DECIPHER and ClinGen databases. n/a = no
information available.



Table S11. WWOX CNV and Individual Characteristics

11D CNV  Mbp Status Inheritance Phenotype

AU4112303 Dup 77.6-78.1 Affected Unknown SRS 85, Raven’s NVIQ 97, can carry a conversation, tells friends from non-
friends, no seizures

AU4010301 Dup 78.0-78.5 Affected Unknown SRS 71, Raven’s NVIQ 85, no conversation, few words, no seizures

AU3381303 Dup 80.0-78.6 Affected Paternal SRS 98, Vineland 72, language delay, no seizures

AU1141201 Dup 78.9-79.4  Affected Unknown SRS NA, no additional information, no seizures

AU2488303 Dup 78.0-78.5 Affected Paternal Vineland 60, Raven’s NVIQ 114, Stanford-Binet FSIQ 84, self-care, social
interaction, good at school, no seizures

AU2607301 Del 78.3-78.6  Affected Maternal SRS 83, Ravens NVIQ 75, Stanford-Binet FSIQ 77, Vineland 81, no seizures

AU2607302 SRS 86, Ravens NVIQ 85, Stanford-Binet FSIQ 90, Vineland 77, no seizures

AU1993301 Del 78.3-78.4  Affected Maternal SRS NA, Raven’s NVIQ 94, Stanford-Binet FSIQ 102, Asperger’s/high-
functioning, speech delay, no seizures

AU1993302 SRS 96, Raven’s NVIQ 90, Vineland 62, speech delay, OCD, mild intellectual
disability, no seizures

AU2073303 Del 78.9-79.1 Affected Maternal SRS NA, Stanford-Binet FSIQ 120, Vineland 80, Asperger’s/high functioning,
ADHD, delayed echolalia, no seizures

14415.p1 Dup 77.7-78.4  Affected Maternal SRS 76, PPVT 139, Vineland 79, no seizures

14415.s1 Unaffected SRS 52, 1Q estimate NA, no seizures

13375.p1 Dup 75.6-78.8 Affected Paternal SRS 90, PPVT 85, Vineland 79, febrile seizures

14517.p1 Del 77.7-78.4  Affected Maternal SRS 90, PPVT 97, Vineland 64, infantile spasms

13199.p1 Del 78.8-78.9  Affected Maternal SRS 90, PPVT 107, Vineland 72, no seizures, mother has migraines

All samples with 100kb CNVs in WWOX in AGRE are listed here with all the available phenotype information. Most individuals
are in in normal IQ range, and values that indicate moderate to less severe phenotype. IID= Individual identifier, CNV= copy
number variation type, Del = deletion, Dup = duplication, Status = affection status (affected/unaffected), Inheritance =
inheritance pattern, parent of origin for the CNV, Phenotype = phenotype description: SRS = Social Responsiveness Scale
normalized T value (parent evaluation), Raven’s NVIQ = Raven’s non-verbal intelligence quotient measurement, PPVT =
Peabody Picture Vocabulary Test standardized score, FSIQ = full scale intelligence quotient measure, Vineland = Vineland
adaptive behavior score.
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