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Supplementary note - de novo mutation validation

We classified the inheritance status per variant as de novo, inherited, false positive or
unclear, using a maximum likelihood approach. The probability of the variant being de novo
in the proband was computed as:

log(P(DNM)) = IOg (P(AltProbandl Hetproband)) + IOg (P(Altmatl Refmat))
+ log (P(Altyac| Refpar))

P(AltProbandl Hetproband) ~ Binom(6 = 0.5)
P(Altmat| Refmat) ~ Poiss(A,)
P(Altya| Refyqr) ~ Poiss(A,)

With Altp,opand, Altmae, Alt,q: being the count of alternative alleles in the proband and
parental samples and A, being an estimate of the sequencing error rate (0.003).

The probability of the variant being inherited was computed as:

log(P(INH)) = log (P(AltProbandI Hetproband)) + log (P(Altmatl Hetmat))

+ log (P(Altyac| Refpar))
or

log(P(INH)) = log (P(AltProbandI Hetproband)) + log (P(Altmatl Refmat))
+ log (P(Altyec| Hetpyr))
or

log(P(INH)) = log (P(AltProbandI Hetproband)) + log (P(Altmatl Hetmat))
+ log (P(Altye.| Hetpat))

P(Alt,,.¢| Hetygr) ~ Binom(6 = 0.5)
P(Altya| Hetypye) ~ Binom(6 = 0.5)

And finally the probability of the variant site being a false positive call was computed as:
10g(P(FP)) = IOg (P(AltProbandI Refproband)) + log(P(AltmatI Refmat))

+10g (P(Altyqc| Refyat))

P(AltProbandl Refproband) ~ POiSS(As)

The allelic depths used to compute these probabilities were rescaled to represent the
expected number of input template DNA molecules present in the PCR amplification.
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Phenlcons

The pages below display Phenlcons for the 94 genes exceeding genome-wide significance.
Each page has up to three parts. The left hand half of each page provides visual
representations of the gene name, the number of individuals with de novo mutations in that
gene, sex ratio, gestation (in weeks), anthropometric data (z scores for birth weight, height,
weight and occipital-frontal head circumference (ofc)) and developmental milestones (in
months for attainment of social smile, sitting unaided, walking unaided and first clear words)
from individuals with DNMs in the gene. The scaled cartoon figure shows the height weight
and OFC with the colour of the head, trunk and height graded with grey representing a z
score of 0 and red increasing negative and green increasing positive scores. For each metric
a scatter plot is given above the indicator bar representing the measurement for each
individual. Where more than four values are available two density plots are given below the
bar the grey representing the data for all individuals in the 94-gene set and coloured the
density plot for the gene in question. For the z score data mean values are provided and for
the developmental data median values are given above the bar. The top panel on the left
hand side of the page summarises the key Human Phenotype Ontology (HPO) terms for each
gene. The HPO terms in the individuals were selected, including the ancestral terms. Terms
that are rarer in the 4,293 individuals rank higher, adjusted by the number of individuals
with DNMs who had the term. The heatmaps are shaded by the number of individuals with
each term. The heatmaps exclude terms that rank lower than a descendant term (excluding
more general terms if a more specific term occurred first), and terms where fewer than 25%
of individuals had the term, or in genes with less than 8 individuals, terms with fewer than
two individuals. The bottom panel on the right hand half of the page summarises the facial
photographs from individuals with DNMs in each gene (see Methods). The averaged face
images are only available for selected genes, based on the availability of sufficient high-
guality facial photographs of individuals for each gene.
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recurrent HPO terms used in ADNP cases
212
n=21 L conive imparmert NN NNEEEEEE EEN EEEN
°e Abnormality of the palpebral fissures -
Abnormality of the hair -
Abnormal emotion/affect behavior —
R Aonomaity ot st morrocy SN WEEE EE B Em
. ity of limb bone B
sex ratio R R E R R R R R R R R
. BEOEB8CRBEE888E8-808E %
0.43 12 PR3 3NI3IINESETETI oI sdad
0.29 | SELRCERLEERRIRKIRIZIKRER
g0 ©
walked unaided (m)
38.6 30
B I
B LR AR NN
ht
. . fler T2 .
birth weight (z) " first words (m)
-0.48 FET I EPI 33
e ofc I
uane.. . Sueme, © 0 8 o 0o °
800 ©

aggregate face
\/_/ from 12
- —

photographs




AHDC1

recurrent HPO terms used in AHDC1 cases
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recurrent HPO terms used in ALG 713 cases
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ARID1B

recurrent HPO terms used in ARID 1B cases
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recurrent HPO terms used in ASXL1 cases
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recurrent HPO terms used in AUTS2 cases
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BCL 11A 133 2 recurrent HPO terms used in BCL11A cases
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BRAF

recurrent HPO terms used in BRAF cases
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recurrent HPO terms used in CASK cases
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CDK13 or recurrent HPO terms used in CDK13 cases
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recurrent HPO terms used in CDKL5 cases
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CHAMP1

recurrent HPO terms used in CHAMP1 cases
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recurrent HPO terms used in CHD4 cases
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CHDS8

recurrent HPO terms used in CHD8 cases
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recurrent HPO terms used in CNKSR2 cases
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CNOT3

recurrent HPO terms used in CNOT3 cases
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COL4A3BP

recurrent HPO terms used in COL4A3BP cases
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, recurrent HPO terms used in CREBBP cases
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recurrent HPO terms used in CSNK2A1 cases
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recurrent HPO terms used in CTCF cases
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recurrent HPO terms used in CTNNB1 cases
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recurrent HPO terms used in DDX3X cases
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recurrent HPO terms used in DNM1 cases
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DYNC1H1 .

recurrent HPO terms used in DYNC1H1 cases
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DYRK1A

recurrent HPO terms used in DYRK7A cases
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EEF1A2

recurrent HPO terms used in EEF1AZ2 cases
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EHMT1 \

recurrent HPO terms used in EHMT1 cases
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FOXG1

recurrent HPO terms used in FOXG1 cases
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FOXP1 024 social smile (m)
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GABRB3 -083 social smile (m) recurrent HPO terms used in GABRBS3 cases
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GATADZB o

n=7 !

recurrent HPO terms used in GATADZB cases

Global developmental delay —
Abnormality of the forehead —
Gastroesophageal reflux —
Macrocephaly —
Sleep disturbance —
Abnormality of oral frenula —
Abnormality of the curvature of the cornea —
| High anterior hairline -
e° o Abnormality of upper lip vermillion —
Abnormality of coordination —
Abnormality of the nasal bridge —
Abnormality of refraction —
Generalized abnormality of skin —
Abnormality of the outer ear —
Abnormality of the eyelid —
Abnormality of the digits —
38.6 235
.

-1.26 13
0.57

265841 -
267450 -
270046 -
270257 -
274255 -
277839 -

0.52 -
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-0.98 recurrent HPO terms used in GNA/T cases
GNAI1
n=8 !

Abnormality of finger —
Abnormality of skull size —
Tapered finger —

Delayed speech and language development —
Aplasia/Hypoplasia of the cerebrum —
Abnormality of the eyebrow —

Facial hypertrichosis —

Abnormality of mouth shape —

80 Lo Postnatal microcephaly —
Abnormality of the globe —

Clinodactyly of the 5th finger —

Sleep disturbance —

Muscular hypotonia —

Abdominal symptom —

Abnormality of the foot —

30
R

-0.4 10
0.75

258993 —
259857 —
268223 —
268385 —
269093 —
270804 —
272257 -
278726 —

0.5 17.5
-
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GNAO1

recurrent HPO terms used in GNAOT cases
1.25
n=8

Seizures —
Cognitive impairment —
Truncal ataxia —
Spasticity —
-1.07 34 Neonatal hypotonia —

0.62

Abnormality of salivation —
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GRINZB

n=7

0.29

0.65

27

70

recurrent HPO terms used in GRIN2B cases

Severe global developmental delay —
Abnormality of the esophagus —
Abnormality of the teeth —

Generalized seizures —

Muscular hypotonia —

Abnormal axial skeleton morphology —
Abnormality of skull size —

Abnormal eye physiology —
Abnormality of the brain —

262325 -
266600 —
267393 -
267509 -
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HDACS8 -

recurrent HPO terms used in HDACS8 cases

=9
-2.81
Facial hypertrichosis —
Global developmental delay —
Abnormality of the ocular region —
Microcephaly —
151 12 Short stature —
0.89 | Abnormality of calvarial morphology —
°F e Abnormality of limb bone morphology —
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vos recurrent HPO terms used in HNRNPU cases
HNRNPU :
n=38 !

Seizures -
Cognitive impairment —
Widely spaced teeth -
Generalized tonic-clonic seizures —
Abnormality of the calvaria -
Abnormality of the hair —

Regional abnormality of skin —
Strabismus —

00 ° 0 Abnormal nasal morphology —
Abnormality of the heart -

Abnormality of muscle physiology —

Growth delay -

Abnormality of limb bone morphology -

Abnormality of the outer ear —

Abnormality of the hand —

24
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0.02 13
0.5

265865 —

258995 -
260453 —
266412 -

268082 -
268181 —
268390 —
279103 -
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IQSEC2 o

recurrent HPO terms used in IQSECZ2 cases
5
|
n=7 .
Global developmental delay —
Generalized seizures —
Abnormality of the brain —
Abnormality of the skull —
Stereotypic behavior —
-0.04 21 Abnormality of the cerebrum —
043 R ! Constipation —
® ° Microcephaly —
Abnormal eye physiology —
Abnormality of the upper limb —
Abnormality of the mouth —
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ITPR1

recurrent HPO terms used in ITPR1 cases
2
n=10 .
Abnormality of the cerebellum —
Abnormality of coordination —
Aniridia —
Global developmental delay —
0.95 " Muscular hypotonia —
0.7 |
N Abnormality of the ocular region —
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KANSL1

recurrent HPO terms used in KANSL1 cases
3
|
n=28 .
Abnormality of the outer ear —
Cupped ear —
Generalized abnormality of skin —
Intellectual disability —
Abnormality of the mouth —
2 105 Abnormal joint morphology —
05 | Strabismus —
o ® Joint hypermobility —
° ° Abdominal symptom —
Abnormality of limb bone morphology —
Abnormality of the globe —
Abnormality of the hand —
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n=1
0.36
39.3
[
88
o © 8

0.2

o

°ge0

-0.82
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22
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o
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recurrent HPO terms used in KAT6A cases

Global developmental delay —
Abnormal axial skeleton morphology —
Muscular hypotonia —
Epicanthus -
Joint hypermobility —
Abnormality of the hand —
Abnormality of the gastrointestinal tract —
Abnormality of the brain —
Malformation of the heart and great vessels -
Abnormality of the outer ear —
Abnormality of the foot —
Abnormality of the globe —
Abnormality of the skin —

259354 -
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269493 -

273922 -
276224 -

279139 -
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KAT6B

recurrent HPO terms used in KAT6B cases
n=10

Abnormality of the eyelid —
Abnormality of the cerebrum —
Abnormality of muscle physiology —
Microcephaly —

Blepharophimosis —

Muscular hypotonia —

Abnormal renal morphology —

Growth delay —

Abnormality of limb bone morphology —
Cognitive impairment —

Abnormality of the outer ear —

Abnormality of the skin -

Abnormal eye physiology —

Abnormality of the hand —
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265338 —
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271423 -

272196 —
273024 —
275198 —
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KCNH1

recurrent HPO terms used in KCNH1 cases
1.62
=5 ‘
Seizures —
Abnormality of skin adnexa —
Scoliosis -
Abnormality of limb bone morphology —
010 . Abnormality of the cerebellum —
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KCNQ2 0.09

social smile (m)

recurrent HPO terms used in KCNQZ cases
2.12
_ |
n=16 5o .
seizures | NI HE B
_ Cognitive impairment — . . . .- .

Severe global developmental delay —

sex ratio Abnormality of globe location —
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recurrent HPO terms used in KCNQ3 cases

KCNQ3
1.75
_ |
- 4 -2.96
o
Stereotypic behavior —
Intellectual disability, severe —
Microcephaly —
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recurrent HPO terms used in KDM5B cases

KDM5B -
=3
Abnormality of the musculature —
Moderate global developmental delay —
Muscular hypotonia —
Abnormality of the ocular region —
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KIF1A

recurrent HPO terms used in KIF1A cases
1.5
|
n=38 .
Abnormality of central motor function —
Spasticity —
Abnormality of the optic nerve —
Abnormality of the cerebellum —
Cognitive impairment —
Generalized neonatal hypotonia —
-1 53 Peripheral neuropathy —
062 ! Functional abnormality of the bladder —
° e Visual impairment —
Gait disturbance —
Epicanthus —
Severe global developmental delay —
Abnormality of the lip —
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KMT2A

n=29

217

sex ratio

-1.12
0.41

birth weight (z)
0.4
g
. Fe.

N\

o social smile (m)
15
|
P

first words (m)
235
I

05 o° © o
005 0% 8 0 %o o °

-

recurrent HPO terms used in KMT2A cases

Global developmental delay -] | | |

Abnormality of skin adnexa -

Abnormality of the periorbital region ,.

Growth delay —
Abnormal hair quantity -
Abnormal axial skeleton morphology —
Abnormality of the palpebral fissures —
Abnormality of limb bone morphology -
Abnormality of the brain —
Abnormal eye physiology —
Abnormality of the hand —

257985 -

aggregate face

photographs

259227 -

260868 -
262389 -
262966 -
264154 -
264200 -
264500 -
265131 -
265963 -
267484 -
269183 -
269326 -
270903 -
271611 -
271660 -
272986 -
273049 -
273060 -
273715
273901 -
275640 -
276007 -
276248 -
277208 -
277782 -

from 19
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MECP2

n=15
sex ratio
0.93
39.9
T
° 0o
°"fes

0.06

social smile (m)
15

first words (m)

30.5
|

o °
8 ® °

recurrent HPO terms used in MECPZ2 cases

Cognitive impairment —...............

Long fingers —
Abnormal muscle tone —

Abnormality of skull size —
Abnormality of joint mobility —
Abnormality of the periorbital region —

258024 —

259127 -

261275-

261406 —

270343 -

271893 -

273574 -

274356 —

275364 -

277224 -

278006 —
278599 -
279498 -
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MED 1 3L 072 social smile (m)

recurrent HPO terms used in MED13L cases
2
n=19 . .
Global developmental delay <[ R 0 HEEEEEE Bl
o Abnormality of the foot —
\\ \/ ~ Abnormal eye physiology —
Talipes —
sex ratio

Abnormality of the face — .-.-.-.- . .-.-.-
0.39 12
0.42

Abnormality of skin adnexa —
| Abnormality of the cerebrum —
° Abnormal emotion/affect behavior —

‘ R ° Abnormality of the oral cavity —
Microcephaly —

Abnormality of the outer ear —
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recurrent HPO terms used in MEF2C cases
2.25

Seizures —

Severe global developmental delay —

Abnormal eye physiology —

Absent speech —

Abnormality of the digits —

0.44 16.5 Abnormal nasal morphology —

038 Abdominal symptom —
° o Abnormality of the palpebral fissures —
Abnormal emotion/affect behavior —

Abnormality of the foot —
Abnormality of the hand —
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278581 -
279952 —
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MSL3 v

recurrent HPO terms used in MSL3 cases
3
n=4 !
Short nose —
Global developmental delay —
Deeply set eye —
o017 18 Abnormality of the outer ear —
075 ! Abnormality of the hand —
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MYT1L

recurrent HPO terms used in MYT1L cases
0.75
n=4 !
Single transverse palmar crease —
Short digit —
Global developmental delay —
Long fingers —
1.95 18 Abnormality of the teeth —
05 | Abnormal respiratory system morphology —
° Abnormal emotion/affect behavior —
Abnormality of the outer ear —
Abnormality of the foot —
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recurrent HPO terms used in NAA70 cases
6
n=5

Global developmental delay —
Recurrent infections —
Abnormality of the gastrointestinal tract —

Microcephaly —
I

Abnormality of the hair —

259009 -
259346 -
269098 -

257945 -
258210 -

ht
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NFIX

0.89

-0.5
0.5

54

recurrent HPO terms used in NFIX cases

Abnormality of the ocular region —
Arachnodactyly —

Abnormality of the palpebral fissures —
Low-set ears —

Cognitive impairment —

Abnormal emotion/affect behavior —

Abnormality of the globe —

264923 —
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266502 —

270474 —

273554 —

274405 -

280956 —



NSD1 1.99

recurrent HPO terms used in NSD1 cases
3
|
n=10 .
Overgrowth —
Malformation of the heart and great vessels —
Cognitive impairment —
Hypoplasia of the corpus callosum —
Macrotia —
1.2 10 Tall stature —
03 ! Abnormal axial skeleton morphology —
[ Abnormality of the periorbital region —
Abnormality of the globe —
Abnormality of the skin —
Abnormality of the hand —
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PACS1

=8
-243
-1.06
0.5
39.9
oo
. 83
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-0.34

24
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3.5

recurrent HPO terms used in PACS1 cases

Thin vermilion border —
Slanting of the palpebral fissure —
Global developmental delay —
Abnormality of the cerebrum —
Abnormality of the digits —
Abnormality of the cardiac septa —
Joint hypermobility —

Abnormality of the thorax —
Abnormality of the hand —

Pectus excavatum —

Long palpebral fissure —
Abnormality of the nasal tip —
Microcephaly —

Defect in the atrial septum —
Hernia of the abdominal wall -
Abnormality of upper lip vermillion —
Abnormality of the hair —
Abnormality of the globe —
Low-set ears —

Constipation —

Long fingers —

Hypertelorism —

Abnormality of male external genitalia —
Abnormality of the foot —

258175 -
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PDHA1 -

recurrent HPO terms used in PDHA1 cases

3
|
=4
407 °

Sloping forehead —

Microcephaly —

Abnormality of the lip —

Hypermelanotic macule —

Thick lower lip vermilion —

-0.79 48 Wide mouth —

1 ! Visual impairment —

o Generalized seizures —

Abnormal nasal morphology —

Cognitive impairment —

Abnormality of limb bone morphology —
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POGZ

recurrent HPO terms used in POGZ cases
3
n=7 l
Global developmental delay —
Abnormality of hand joint mobility —
Obesity —
Abnormality of the globe —
045 " Abnormality of upper lip —
071 ' | Abnormality of refraction —
o Hearing impairment —
Abnormal emotion/affect behavior —
Aplasia/Hypoplasia of the cerebrum —
Abnormality of skull size —
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PPM1D 3 recurrent HPO terms used in PPM1D cases

3.25
|
=5 ) . .
253
Short digit —
Short stature —
¥ Abnormality of the globe —
Vomiting —
Strabismus -
Abnormality of the curvature of the cornea —
255 12 Abnormality of the orbital region —
0.4 ! Aplasia/Hypoplasia of fingers —
°8 o Global developmental delay —
Abnormal respiratory system morphology —
Abnormality of the hair —
Abnormality of the foot —
Abnormality of the brain —
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PPP2R1A "

recurrent HPO terms used in PPP2R1A cases
2

n=4 /—\

)

Aplasia/Hypoplasia of the corpus callosum —
Abnormality of the calvaria —

Plagiocephaly —

Abnormality of skin adnexa —

05 1 Abnormal eye physiology —
° Abnormality of the digits —

Cognitive impairment —

258589 —
259358 -
263907 -
275646 —

ht

106
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PPP2R5D

n=12
0.5
0ol
12
e

Sa e

-0.26

3.38
|
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19
|
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o % og
48
|
o0 © °

60

recurrent HPO terms used in PPP2RSD cases

Macrocephaly —
Muscular hypotonia —
Global developmental delay —
Abnormality of the ocular region —
Abnormality of the cerebral ventricles —
Deeply set eye —
Abnormality of the oral cavity —

257984 -
258550 -
258613 -
259581 —
260011 -
262688 -
263463 -
264753 -
265781 -
266503 -
267580 -
272111 -
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recurrent HPO terms used in PTEN cases

PTEN .
3.25
n=3
Joint hypermobility —
Abnormality of body height —
Cognitive impairment —
04 5 Abnormality of the face —
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PTPN11

n=6 !

recurrent HPO terms used in PTPN11 cases

Abnormality of the pulmonary valve —
Low-set ears —

Abnormality of the hair —

Short stature —

Abnormality of the ocular region —

112 9 Defect in the atrial septum —
| Abnormality of the globe —
Epicanthus —

Abnormal nasal morphology —
Abnormality of the gastrointestinal tract —
Abnormality of skeletal morphology —
Cognitive impairment —

Microcephaly —

I Abnormality of limb bone morphology —
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PUF60

=7

recurrent HPO terms used in PUF60 cases

o9 Global developmental delay —
Abnormality of the globe —
M Abnormality of the hand —
Abnormality of the forehead —
Inguinal hernia —

Abnormality of the hallux —

189 12 Abnormality of the optic nerve —
| Hypertrichosis —
8 Talipes -
Proportionate short stature —

Abnormality of the cardiac septa —

Abnormality of male external genitalia —

Localized skin lesion —

Abnormality of calvarial morphology —

Abnormality of the outer ear -

Abnormality of the oral cavity -
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PURA

recurrent HPO terms used in PURA cases
3.25
|
n=12 R
08°0 °
Cognitive impairment —
Muscular hypotonia -
Abnormality of skull size —
Aplasia/Hypoplasia involving the central nervous system —
Abnormality of the cerebrum —
14 Abnormal eye physiology —
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QRICH1

recurrent HPO terms used in QRICHT cases
25
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n=3 ° o
36
Abnormality of the periorbital region —
Short stature —
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Delayed speech and language development —
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0.21

-0.43

ht

recurrent HPO terms used in SATBZ2 cases
1.5

Abnormality of the oral cavity 7...... ......

Cleft palate —

Delayed speech and language development —

Drooling—

Strabismus —

10 Abnormality of globe location —
|

Abnormality of the hand —

Abnormality of the skin —
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260175 -
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262240 -
262560 —
263031 -
264384 —
265038 —
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271044 -
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aggregate face
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recurrent HPO terms used in SCN1A cases

SCN1A
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Abnormality of movement —
Abnormality of the calvaria -
Seizures -
0.84 50 Global developmental delay —
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SCN2A

6
|
n=17 o
-2.22 ° o o
sex ratio
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social smile (m)

recurrent HPO terms used in SCN2A cases

saes [0

Cognitive impairment 7..... .-.

Abnormality of the lower limb —
Abnormality of the teeth —

Microcephaly —
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263714 -
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recurrent HPO terms used in SCNG8A cases



SETD5 e social smile (m)

recurrent HPO terms used in SETDS cases
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recurrent HPO terms used in SET cases
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SLC6A1

recurrent HPO terms used in SLC6AT cases
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recurrent HPO terms used in SMAD4 cases
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Short stature —
Abnormality of limb bone morphology —

Abnormality of the hair —
Abnormality of finger —
Abnormality of the eyelid —
Cognitive impairment —
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SMARCAZ2

recurrent HPO terms used in SMARCAZ cases
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SMC1A

recurrent HPO terms used in SMC1A cases
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STXBP1

recurrent HPO terms used in STXBP1 cases
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recurrent HPO terms used in SUV420H1 cases

SUV420H1
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SYNGAP1

recurrent HPO terms used in SYNGAP1T cases
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TBL1XR1

recurrent HPO terms used in TBL1XR1 cases
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: recurrent HPO terms used in TCF20 cases
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TCF4
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social smile (m) recurrent HPO terms used in TCF4 cases
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TRIO

recurrent HPO terms used in TRIO cases
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USPI9X

recurrent HPO terms used in USP9X cases
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WAC 0.01

recurrent HPO terms used in WAC cases
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WDR45 o

recurrent HPO terms used in WDR45 cases
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ZBTB18

recurrent HPO terms used in ZBTB18 cases
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recurrent HPO terms used in ZC4H?Z2 cases
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ZMYND11 118 recurrent HPO terms used in ZMYND11 cases
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