
Supplementary	note	-	de	novo	muta-on	valida-on		
	
We	 classified	 the	 inheritance	 status	 per	 variant	 as	 de	 novo,	 inherited,	 false	 posiNve	 or	
unclear,	using	a	maximum	likelihood	approach.	The	probability	of	the	variant	being	de	novo	
in	the	proband	was	computed	as:		
	

log 𝑃 𝐷𝑁𝑀 = log 𝑃 𝐴𝑙𝑡,-./012|	𝐻𝑒𝑡7-./012 + 	log	(𝑃 𝐴𝑙𝑡:0;|	𝑅𝑒𝑓:0; )
+ 	log	(𝑃 𝐴𝑙𝑡70;|	𝑅𝑒𝑓70; )	

	
𝑃 𝐴𝑙𝑡,-./012|	𝐻𝑒𝑡7-./012 	~	𝐵𝑖𝑛𝑜𝑚(𝜃 = 0.5)	

𝑃 𝐴𝑙𝑡:0;|	𝑅𝑒𝑓:0; 	~	𝑃𝑜𝑖𝑠𝑠(𝜆K)	
𝑃 𝐴𝑙𝑡70;|	𝑅𝑒𝑓70; 	~	𝑃𝑜𝑖𝑠𝑠(𝜆K)	

	
With	𝐴𝑙𝑡,-./012,	𝐴𝑙𝑡:0;, 𝐴𝑙𝑡70;	 being	 the	 count	 of	 alternaNve	 alleles	 in	 the	 proband	 and	
parental	samples	and	𝜆K 	being	an	esNmate	of	the	sequencing	error	rate	(0.003).	
	
The	probability	of	the	variant	being	inherited	was	computed	as:	
	

log 𝑃 𝐼𝑁𝐻 = log 𝑃 𝐴𝑙𝑡,-./012|	𝐻𝑒𝑡7-./012 + 	log	(𝑃 𝐴𝑙𝑡:0;|	𝐻𝑒𝑡:0; )
+ 	log	(𝑃 𝐴𝑙𝑡70;|	𝑅𝑒𝑓70; )	

or	
log 𝑃 𝐼𝑁𝐻 = log 𝑃 𝐴𝑙𝑡,-./012|	𝐻𝑒𝑡7-./012 + 	log	(𝑃 𝐴𝑙𝑡:0;|	𝑅𝑒𝑓:0; )

+ 	log	(𝑃 𝐴𝑙𝑡70;|	𝐻𝑒𝑡70; )	
or	

log 𝑃 𝐼𝑁𝐻 = log 𝑃 𝐴𝑙𝑡,-./012|	𝐻𝑒𝑡7-./012 + 	log	(𝑃 𝐴𝑙𝑡:0;|	𝐻𝑒𝑡:0; )
+ 	log	(𝑃 𝐴𝑙𝑡70;|	𝐻𝑒𝑡70; )	

	

𝑃 𝐴𝑙𝑡:N;|	𝐻𝑒𝑡:0; 	~	𝐵𝑖𝑛𝑜𝑚(𝜃 = 0.5)	
𝑃 𝐴𝑙𝑡70;|	𝐻𝑒𝑡70; 	~	𝐵𝑖𝑛𝑜𝑚(𝜃 = 0.5)	

	

And	finally	the	probability	of	the	variant	site	being	a	false	posiNve	call	was	computed	as:	
log 𝑃 𝐹𝑃 = log 𝑃 𝐴𝑙𝑡,-./012|	𝑅𝑒𝑓7-./012 + log 𝑃 𝐴𝑙𝑡:0;|	𝑅𝑒𝑓:0;

+ log 𝑃 𝐴𝑙𝑡70;|	𝑅𝑒𝑓70; 	
	

𝑃 𝐴𝑙𝑡,-./012|	𝑅𝑒𝑓7-./012 	~	𝑃𝑜𝑖𝑠𝑠(𝜆K)	
	

The	 allelic	 depths	 used	 to	 compute	 these	 probabiliNes	 were	 rescaled	 to	 represent	 the	
expected	number	of	input	template	DNA	molecules	present	in	the	PCR	amplificaNon. 
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PhenIcons	
	
The	pages	below	display	PhenIcons	 for	 the	94	genes	exceeding	genome-wide	 significance.	
Each	 page	 has	 up	 to	 three	 parts.	 The	 leq	 hand	 half	 of	 each	 page	 provides	 visual	
representaNons	of	the	gene	name,	the	number	of	individuals	with	de	novo	mutaNons	in	that	
gene,	sex	raNo,	gestaNon	(in	weeks),	anthropometric	data	(z	scores	for	birth	weight,	height,	
weight	 and	 occipital-frontal	 head	 circumference	 (ofc))	 and	 developmental	 milestones	 (in	
months	for	aMainment	of	social	smile,	sieng	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	 represenNng	a	 z	
score	of	0	and	red	increasing	negaNve	and	green	increasing	posiNve	scores.	For	each	metric	
a	 scaMer	 plot	 is	 given	 above	 the	 indicator	 bar	 represenNng	 the	 measurement	 for	 each	
individual.	Where	more	than	four	values	are	available	two	density	plots	are	given	below	the	
bar	 the	 grey	 represenNng	 the	data	 for	 all	 individuals	 in	 the	94-gene	 set	 and	 coloured	 the	
density	plot	for	the	gene	in	quesNon.	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	 leq	
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	boMom	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-
quality	facial	photographs	of	individuals	for	each	gene.	
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24

10 30 50 70 90

first words (m)
21

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in CHD4 cases
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CHD8
n = 3

1.1

2.07

1.47

gestation (w)
39

27 31 35 39 43

birth weight (z)
0.7

-8 -4 0 +4 +8

sex ratio

0.33

all male = all female

social smile (m)

0 2 4 6 8

sat unaided (m)
22

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
31

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in CHD8 cases

27
20

76

27
33

85

27
93

10

Global developmental delay

Downslanted palpebral fissures

Abnormal shape of the frontal region
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CNKSR2
n = 5

-1.51

-0.49

-2.1

gestation (w)
38.6

27 31 35 39 43

birth weight (z)
-0.5

-8 -4 0 +4 +8

sex ratio

0.6

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
19

10 30 50 70 90

first words (m)
204.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in CNKSR2 cases

26
02

20

26
66

16

27
16

00

27
70

44

27
89

25

Abnormality of the head

Autism spectrum disorder

Global developmental delay

Joint hypermobility
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CNOT3
n = 7

-0.99

-1.82

-0.78

gestation (w)
39.3

27 31 35 39 43

birth weight (z)
-0.34

-8 -4 0 +4 +8

sex ratio

0.57

all male = all female

social smile (m)
1.88

0 2 4 6 8

sat unaided (m)
11.5

5 25 45 65 85

walked unaided (m)
23.5

10 30 50 70 90

first words (m)
45

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in CNOT3 cases

25
78

16
25

95
21

26
11

22
26

24
50

26
32

17
26

81
98

27
68

25

Abnormality of the skin
Abnormality of limb bone morphology

Abnormality of calvarial morphology
Abnormality of the gastrointestinal tract

Abnormality of the teeth
Hearing impairment

Abnormality of the nasal alae
Growth delay

Abnormal nasal morphology
Global developmental delay

Abnormality of the curvature of the vertebral column
Macrocephaly

Autism spectrum disorder
Abnormal axial skeleton morphology
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COL4A3BP
n = 4

0.64

-0.8

-3.08

gestation (w)
39.2

27 31 35 39 43

birth weight (z)
-0.78

-8 -4 0 +4 +8

sex ratio

0.25

all male = all female

social smile (m)
1.75

0 2 4 6 8

sat unaided (m)
22

5 25 45 65 85

walked unaided (m)
47

10 30 50 70 90

first words (m)
101

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in COL4A3BP cases

25
78

12
25

87
12

26
16

51
26

52
77

Abnormality of skeletal morphology
Abnormality of the hair

Abnormality of the oral cavity
Aplasia/Hypoplasia of the cerebrum

Global developmental delay
Epicanthus

Generalized tonic-clonic seizures
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CREBBP
n = 12

-1.06

-2

-2.68

gestation (w)
38.9

27 31 35 39 43

birth weight (z)
-1.18

-8 -4 0 +4 +8

sex ratio

0.67

all male = all female

social smile (m)
1.75

0 2 4 6 8

sat unaided (m)
8

5 25 45 65 85

walked unaided (m)
20

10 30 50 70 90

first words (m)
33

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in CREBBP cases

25
89

66
26

32
23

26
52

25
26

59
90

26
75

77
26

78
48

27
09

79
27

26
74

27
28

28
27

43
54

27
97

02
28

08
32

Abnormality of the hand
Abnormal eye physiology

Abnormality of the hair
Abnormal external genitalia

Epicanthus
Microcephaly

Toe syndactyly
Functional abnormality of the inner ear

Abdominal symptom
Hearing impairment

Moderate global developmental delay
Low-set ears

Proportionate short stature
Abnormality of the foot

Cognitive impairment
Growth delay
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CSNK2A1
n = 8

-0.92

-1.43

-2.18

gestation (w)
38.5

27 31 35 39 43

birth weight (z)
-0.06

-8 -4 0 +4 +8

sex ratio

0.5

all male = all female

social smile (m)
1.75

0 2 4 6 8

sat unaided (m)
11.5

5 25 45 65 85

walked unaided (m)
30

10 30 50 70 90

first words (m)
30

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in CSNK2A1 cases

26
33

00
26

44
07

26
56

64
27

33
09

27
53

80
27

91
05

27
91

86
28

09
54

Abnormality of skin adnexa
Microcephaly

Abnormality of calvarial morphology
Joint hypermobility

Abnormality of the teeth
Epicanthus

Intellectual disability, severe
Depressed nasal bridge

Polydactyly
Broad nasal tip

Abnormality of the nose
Global developmental delay
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CTCF
n = 7

-0.63

-0.98

-1.62

gestation (w)
37.7

27 31 35 39 43

birth weight (z)
-0.69

-8 -4 0 +4 +8

sex ratio

0.14

all male = all female

social smile (m)
2.25

0 2 4 6 8

sat unaided (m)
10

5 25 45 65 85

walked unaided (m)
20

10 30 50 70 90

first words (m)
36

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in CTCF cases

26
12

60
26

23
74

26
34

47
26

53
87

27
09

15
27

45
50

27
98

44

Abnormality of the foot
Abnormal emotion/affect behavior

Abnormality of globe location
Regional abnormality of skin

Abnormality of the esophagus
Abnormality of the external nose

Long fingers
Abnormality of upper lip

Global developmental delay
Abnormality of the testis
Ventricular septal defect

Narrow mouth
Pulmonic stenosis

Cleft palate
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CTNNB1
n = 11

-0.9

-1.28

-4.27

gestation (w)
40.1

27 31 35 39 43

birth weight (z)
-1.05

-8 -4 0 +4 +8

sex ratio

0.64

all male = all female

social smile (m)
3

0 2 4 6 8

sat unaided (m)
17

5 25 45 65 85

walked unaided (m)
30

10 30 50 70 90

first words (m)
42

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in CTNNB1 cases

25
90

02

25
91

62

25
92

48

25
94

08

26
41

59

26
44

05

26
71

30

26
78

44

27
20

34

27
59

99

27
87

55

Abnormality of limb bone morphology

Abnormality of the mouth

Abnormal hair pattern

Ataxia

Cognitive impairment

Microcephaly
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DDX3X
n = 28

0.3

0.12

-1.27

gestation (w)
38.8

27 31 35 39 43

birth weight (z)
-0.37

-8 -4 0 +4 +8

sex ratio

1

all male = all female

social smile (m)
2.25

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
30

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

aggregate face
from 18

photographs

recurrent HPO terms used in DDX3X cases

25
78

79

25
82

21

25
91

37

26
03

52

26
04

58

26
11

62

26
18

81

26
18

90

26
41

82

26
41

93

26
51

90

26
71

05

26
75

59

26
80

23

27
06

82

27
16

31

27
20

54

27
25

97

27
28

69

27
34

66

27
40

15

27
46

89

27
53

68

27
66

09

27
73

07

27
83

37

27
87

93

28
11

43

Abnormality of the upper limb

Abnormal muscle tone

Abnormality of the mouth

Microcephaly

Cognitive impairment
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DNM1
n = 5

0.53

1.63

-0.98

gestation (w)
39.2

27 31 35 39 43

birth weight (z)
0.68

-8 -4 0 +4 +8

sex ratio

0.2

all male = all female

social smile (m)
3

0 2 4 6 8

sat unaided (m)
85

5 25 45 65 85

walked unaided (m)
118

10 30 50 70 90

first words (m)
146

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in DNM1 cases

25
78

97
26

12
99

26
13

50
26

43
68

26
47

73

Abnormality of skull size
Abnormality of the foot

Cognitive impairment
Abnormality of finger

Misalignment of teeth
Visual impairment

Abnormal eye physiology
Seizures
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DYNC1H1
n = 12

-0.02

-0.83

-1.65

gestation (w)
38.6

27 31 35 39 43

birth weight (z)
0.01

-8 -4 0 +4 +8

sex ratio

0.67

all male = all female

social smile (m)
2

0 2 4 6 8

sat unaided (m)
10

5 25 45 65 85

walked unaided (m)
30

10 30 50 70 90

first words (m)
27

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in DYNC1H1 cases

25
94

09
26

23
43

26
31

72
26

45
71

26
67

21
26

73
77

26
86

15
27

11
15

27
14

24
27

21
07

27
35

30
27

96
05

Abnormality of the ocular region
Abnormality of the foot

Abnormality of joint mobility
Abdominal symptom

Abnormality of the cerebrum
Abnormality of the brain

Cataract
Cognitive impairment

Seizures

WWW.NATURE.COM/NATURE 29



DYRK1A
n = 18

-1.93

-2.04

-4.67

gestation (w)
39.2

27 31 35 39 43

birth weight (z)
-1.82

-8 -4 0 +4 +8

sex ratio

0.33

all male = all female

social smile (m)
2.5

0 2 4 6 8

sat unaided (m)
10.5

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
36

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in DYRK1A cases

25
89

63
25

92
11

26
01

38
26

18
52

26
25

53
26

57
26

26
57

83
26

72
21

26
73

91
26

74
19

26
79

92
27

01
74

27
12

58
27

16
55

27
30

31
27

36
59

27
43

81
27

47
23

Abnormality of the oral cavity
Growth delay

Abnormality of the hand
Abnormality of limb bone morphology

Abnormality of the skin
Abnormality of calvarial morphology

Global developmental delay
Abnormality of the orbital region

Abnormality of the mandible
Abnormal eye morphology

Microcephaly
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EEF1A2
n = 7

-0.56

-1.37

-1.66

gestation (w)
40.4

27 31 35 39 43

birth weight (z)
0.1

-8 -4 0 +4 +8

sex ratio

0.71

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
13

5 25 45 65 85

walked unaided (m)
45

10 30 50 70 90

first words (m)
45

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in EEF1A2 cases

25
94

11

25
94

41

26
02

10

26
57

08

27
46

66

27
57

49

27
58

64

Microcephaly

Abnormal axial skeleton morphology

Everted lower lip vermilion

Severe global developmental delay

Seizures
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26
04

17
26

11
65

26
38

44
26

51
09

27
04

28
27

07
99

27
08

22
27

29
91

27
44

53
27

89
70

Abnormality of the hand
Abnormality of the skin

Abnormality of the eyelid
Delayed speech and language development

Abnormality of the vertebral column
Behavioural/Psychiatric Abnormality

Misalignment of teeth
Abnormality of the cerebrum

Abnormality of the zygomatic arch
Abnormality of the oral cavity

EHMT1
n = 10

0.94

0.41

-2.37

gestation (w)
37.5

27 31 35 39 43

birth weight (z)
0.28

-8 -4 0 +4 +8

sex ratio

0.5

all male = all female

social smile (m)
2.25

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
36

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in EHMT1 cases

WWW.NATURE.COM/NATURE 32



EP300
n = 17

-1.91

-2.25

-4.29

gestation (w)
37.8

27 31 35 39 43

birth weight (z)
-1.09

-8 -4 0 +4 +8

sex ratio

0.53

all male = all female

social smile (m)
2.12

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
34.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

aggregate face
from 11

photographs

recurrent HPO terms used in EP300 cases

25
88

11
26

07
10

26
12

95
26

23
35

26
24

23
26

29
16

26
57

14
26

59
37

26
67

48
26

75
20

27
49

87
27

50
33

27
64

09
27

68
42

27
71

62
28

03
38

28
12

29

Growth delay
Abnormality of the foot

Abnormality of the hand
Cognitive impairment

Abnormality of the digits
Abnormality of the external nose

Microcephaly
Aplasia/Hypoplasia involving the central nervous system

Abnormality of the eyebrow
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25
81

90
26

63
69

26
75

21
27

08
36

27
12

13
27

18
36

27
48

05

Abnormality of skull size
Abnormal emotion/affect behavior

Abnormal axial skeleton morphology
Strabismus

Abnormality of the globe
Aplasia/Hypoplasia of the corpus callosum

Involuntary movements
Abnormality of the cerebrum

Aplasia/Hypoplasia involving the central nervous system
Global developmental delay

FOXG1
n = 7

-0.56

0.46

-2.09

gestation (w)
40.4

27 31 35 39 43

birth weight (z)
1.3

-8 -4 0 +4 +8

sex ratio

0.43

all male = all female

social smile (m)
2.75

0 2 4 6 8

sat unaided (m)
16

5 25 45 65 85

walked unaided (m)
35.5

10 30 50 70 90

first words (m)
50.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in FOXG1 cases
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26
00

41
26

08
51

26
13

26
26

27
93

26
39

78
27

22
45

27
27

17
27

29
89

27
38

94
27

47
51

27
69

56
27

94
56

Abnormality of the hair
Abnormal emotion/affect behavior

Malformation of the heart and great vessels
Abnormal nasal morphology
Abnormality of the outer ear

Hypertelorism
Abnormality of phalanx of finger
Downslanted palpebral fissures

Cryptorchidism
Abnormality of the globe

Contractures of the joints of the upper limbs
Thick lower lip vermilion

Abnormality of the palate
Cognitive impairment

Abnormal eye physiology
Macrocephaly

Abnormality of the palpebral fissures
Single transverse palmar crease
Abnormality of the ocular region

Abnormality of the hand

FOXP1
n = 12

0.3

0.24

1.43

gestation (w)
38.8

27 31 35 39 43

birth weight (z)
-0.25

-8 -4 0 +4 +8

sex ratio

0.33

all male = all female

social smile (m)
2.25

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
21.5

10 30 50 70 90

first words (m)
30

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

aggregate face
from 10

photographs

recurrent HPO terms used in FOXP1 cases
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GABRB3
n = 3

0.58

-0.83

-0.39

gestation (w)
40.3

27 31 35 39 43

birth weight (z)
0.37

-8 -4 0 +4 +8

sex ratio

0.33

all male = all female

social smile (m)
2

0 2 4 6 8

sat unaided (m)
10

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
30

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in GABRB3 cases

25
97

06

27
21

80

27
29

92

Global developmental delay
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GATAD2B
n = 7

-1.26

-1.13

1.09

gestation (w)
38.6

27 31 35 39 43

birth weight (z)
0.52

-8 -4 0 +4 +8

sex ratio

0.57

all male = all female

social smile (m)
2.75

0 2 4 6 8

sat unaided (m)
13

5 25 45 65 85

walked unaided (m)
23.5

10 30 50 70 90

first words (m)
49

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in GATAD2B cases

26
58

41
26

74
50

27
00

46
27

02
57

27
42

55
27

43
10

27
78

39

Abnormality of the digits
Abnormality of the eyelid

Abnormality of the outer ear
Generalized abnormality of skin

Abnormality of refraction
Abnormality of the nasal bridge

Abnormality of coordination
Abnormality of upper lip vermillion

High anterior hairline
Abnormality of the curvature of the cornea

Abnormality of oral frenula
Sleep disturbance

Macrocephaly
Gastroesophageal reflux

Abnormality of the forehead
Global developmental delay
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GNAI1
n = 8

-0.4

-0.98

-2.57

gestation (w)
39.5

27 31 35 39 43

birth weight (z)
0.53

-8 -4 0 +4 +8

sex ratio

0.75

all male = all female

social smile (m)
3.25

0 2 4 6 8

sat unaided (m)
10

5 25 45 65 85

walked unaided (m)
30

10 30 50 70 90

first words (m)
117.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in GNAI1 cases

25
89

93
25

98
57

26
82

23
26

83
85

26
90

93
27

08
04

27
22

57
27

87
26

Abnormality of the foot
Abdominal symptom
Muscular hypotonia

Sleep disturbance
Clinodactyly of the 5th finger

Abnormality of the globe
Postnatal microcephaly

Abnormality of mouth shape
Facial hypertrichosis

Abnormality of the eyebrow
Aplasia/Hypoplasia of the cerebrum

Delayed speech and language development
Tapered finger

Abnormality of skull size
Abnormality of finger
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GNAO1
n = 8

-1.07

-1.63

-1.49

gestation (w)
39.9

27 31 35 39 43

birth weight (z)
-0.41

-8 -4 0 +4 +8

sex ratio

0.62

all male = all female

social smile (m)
1.25

0 2 4 6 8

sat unaided (m)
34

5 25 45 65 85

walked unaided (m)
34

10 30 50 70 90

first words (m)
60

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in GNAO1 cases

25
91

27

25
91

81

25
95

19

26
42

06

27
04

65

27
42

30

27
46

49

27
66

73

Abnormality of salivation

Neonatal hypotonia

Spasticity

Truncal ataxia

Cognitive impairment

Seizures
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26
23

25
26

66
00

26
73

93
26

75
09

27
03

93
27

69
91

27
71

40

Abnormality of the brain
Abnormal eye physiology
Abnormality of skull size

Abnormal axial skeleton morphology
Muscular hypotonia

Generalized seizures
Abnormality of the teeth

Abnormality of the esophagus
Severe global developmental delay

GRIN2B
n = 7

-0.3

0.65

-1.34

gestation (w)
37.9

27 31 35 39 43

birth weight (z)
-0.14

-8 -4 0 +4 +8

sex ratio

0.29

all male = all female

social smile (m)
4.5

0 2 4 6 8

sat unaided (m)
27

5 25 45 65 85

walked unaided (m)
70

10 30 50 70 90

first words (m)
73.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in GRIN2B cases
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HDAC8
n = 9

-1.51

-1.86

-2.81

gestation (w)
39.4

27 31 35 39 43

birth weight (z)
-1.55

-8 -4 0 +4 +8

sex ratio

0.89

all male = all female

social smile (m)

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
24

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in HDAC8 cases

26
04

78
26

82
96

26
94

11
26

96
74

27
13

31
27

16
19

27
30

81
27

98
80

28
06

46

Abnormality of limb bone morphology
Abnormality of calvarial morphology

Short stature
Microcephaly

Abnormality of the ocular region
Global developmental delay

Facial hypertrichosis
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HNRNPU
n = 8

0.02

-2.08

-1.16

gestation (w)
38.5

27 31 35 39 43

birth weight (z)
-0.94

-8 -4 0 +4 +8

sex ratio

0.5

all male = all female

social smile (m)
1.75

0 2 4 6 8

sat unaided (m)
13

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
30

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in HNRNPU cases

25
89

95
26

04
53

26
58

65
26

64
12

26
80

82
26

81
81

26
83

90
27

91
03

Abnormality of the hand
Abnormality of the outer ear

Abnormality of limb bone morphology
Growth delay

Abnormality of muscle physiology
Abnormality of the heart

Abnormal nasal morphology
Strabismus

Regional abnormality of skin
Abnormality of the hair

Abnormality of the calvaria
Generalized tonic-clonic seizures

Widely spaced teeth
Cognitive impairment

Seizures

WWW.NATURE.COM/NATURE 42



IQSEC2
n = 7

-0.04

-0.51

-1.16

gestation (w)
40

27 31 35 39 43

birth weight (z)
-0.03

-8 -4 0 +4 +8

sex ratio

0.43

all male = all female

social smile (m)
5

0 2 4 6 8

sat unaided (m)
21

5 25 45 65 85

walked unaided (m)
36

10 30 50 70 90

first words (m)
69

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in IQSEC2 cases

26
98

19
27

39
43

27
39

87
27

62
50

27
72

51
27

86
85

27
88

45

Abnormality of the mouth
Abnormality of the upper limb

Abnormal eye physiology
Microcephaly
Constipation

Abnormality of the cerebrum
Stereotypic behavior

Abnormality of the skull
Abnormality of the brain

Generalized seizures
Global developmental delay
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ITPR1
n = 10

-0.95

-0.77

-1.3

gestation (w)
39.3

27 31 35 39 43

birth weight (z)
0.27

-8 -4 0 +4 +8

sex ratio

0.7

all male = all female

social smile (m)
2

0 2 4 6 8

sat unaided (m)
11

5 25 45 65 85

walked unaided (m)
60

10 30 50 70 90

first words (m)
36

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in ITPR1 cases

25
82

58

25
93

89

26
13

48

26
32

20

26
33

46

27
06

62

27
21

79

27
27

29

27
28

56

27
40

31

Abnormality of the ocular region

Muscular hypotonia

Global developmental delay

Aniridia

Abnormality of coordination

Abnormality of the cerebellum
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KANSL1
n = 8

-1.2

-1.49

-0.3

gestation (w)
39.2

27 31 35 39 43

birth weight (z)
-1.55

-8 -4 0 +4 +8

sex ratio

0.5

all male = all female

social smile (m)
3

0 2 4 6 8

sat unaided (m)
10.5

5 25 45 65 85

walked unaided (m)
18.5

10 30 50 70 90

first words (m)
27

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in KANSL1 cases

25
96

66
26

04
23

26
26

84
26

38
20

26
43

82
27

33
23

27
46

24
27

98
53

Abnormality of the hand
Abnormality of the globe

Abnormality of limb bone morphology
Abdominal symptom

Joint hypermobility
Strabismus

Abnormal joint morphology
Abnormality of the mouth

Intellectual disability
Generalized abnormality of skin

Cupped ear
Abnormality of the outer ear
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KAT6A
n = 11

-0.8

-0.82

-2.88

gestation (w)
39.3

27 31 35 39 43

birth weight (z)
0.23

-8 -4 0 +4 +8

sex ratio

0.36

all male = all female

social smile (m)
2.25

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
22

10 30 50 70 90

first words (m)
36

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in KAT6A cases

25
93

54
25

94
17

26
08

63
26

18
78

26
26

39
26

94
93

27
39

22
27

62
24

27
91

39
27

92
01

28
07

07

Abnormality of the skin
Abnormality of the globe

Abnormality of the foot
Abnormality of the outer ear

Malformation of the heart and great vessels
Abnormality of the brain

Abnormality of the gastrointestinal tract
Abnormality of the hand

Joint hypermobility
Epicanthus

Muscular hypotonia
Abnormal axial skeleton morphology

Global developmental delay
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26
00

20
26

23
60

26
26

42
26

51
29

26
53

38
26

92
37

27
14

23
27

21
96

27
30

24
27

51
98

Abnormality of the hand
Abnormal eye physiology

Abnormality of the skin
Abnormality of the outer ear

Cognitive impairment
Abnormality of limb bone morphology

Growth delay
Abnormal renal morphology

Muscular hypotonia
Blepharophimosis

Microcephaly
Abnormality of muscle physiology

Abnormality of the cerebrum
Abnormality of the eyelid

KAT6B
n = 10

-1.07

-0.71

-2.6

gestation (w)
38.4

27 31 35 39 43

birth weight (z)
-0.36

-8 -4 0 +4 +8

sex ratio

0.8

all male = all female

social smile (m)
2

0 2 4 6 8

sat unaided (m)
9

5 25 45 65 85

walked unaided (m)
18

10 30 50 70 90

first words (m)
24

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in KAT6B cases
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KCNH1
n = 5

-0.19

-1.06

-1.42

gestation (w)
40

27 31 35 39 43

birth weight (z)
0.11

-8 -4 0 +4 +8

sex ratio

0.4

all male = all female

social smile (m)
1.62

0 2 4 6 8

sat unaided (m)
17

5 25 45 65 85

walked unaided (m)
60

10 30 50 70 90

first words (m)
113

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in KCNH1 cases

25
92

07
25

96
97

26
14

75
27

45
88

27
88

26

Abnormality of finger
Abnormality of the foot

Microcephaly
Cognitive impairment

Abnormality of the mouth
Abnormality of the cerebellum

Abnormality of limb bone morphology
Scoliosis

Abnormality of skin adnexa
Seizures
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KCNQ2
n = 16

0.34

0.09

-0.64

gestation (w)
40.2

27 31 35 39 43

birth weight (z)
0.71

-8 -4 0 +4 +8

sex ratio

0.56

all male = all female

social smile (m)
2.12

0 2 4 6 8

sat unaided (m)
36

5 25 45 65 85

walked unaided (m)
60

10 30 50 70 90

first words (m)
60

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in KCNQ2 cases

25
80

17

25
84

73

26
07

78

26
10

14

26
14

91

26
28

04

26
28

93

26
30

85

26
34

12

26
64

61

26
95

26

27
20

33

27
21

40

27
37

79

27
49

76

27
61

69

Abnormality of the hand

Abnormality of muscle physiology

Abnormality of globe location

Severe global developmental delay

Cognitive impairment

Seizures
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KCNQ3
n = 4

0.11

0.24

-2.96

gestation (w)
37.8

27 31 35 39 43

birth weight (z)
0.3

-8 -4 0 +4 +8

sex ratio

0.75

all male = all female

social smile (m)
1.75

0 2 4 6 8

sat unaided (m)
18

5 25 45 65 85

walked unaided (m)
21

10 30 50 70 90

first words (m)
48

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in KCNQ3 cases

26
16

49

26
40

58

27
24

71

27
33

42

Microcephaly

Intellectual disability, severe

Stereotypic behavior
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KDM5B
n = 3

0.31

-0.98

0.67

gestation (w)
37.7

27 31 35 39 43

birth weight (z)
-0.24

-8 -4 0 +4 +8

sex ratio

0.33

all male = all female

social smile (m)

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
20

10 30 50 70 90

first words (m)

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in KDM5B cases

26
78

43

26
80

52

27
86

86

Abnormality of the ocular region

Muscular hypotonia

Moderate global developmental delay

Abnormality of the musculature
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KIF1A
n = 8

-1

-2.07

-0.96

gestation (w)
36.9

27 31 35 39 43

birth weight (z)
-0.23

-8 -4 0 +4 +8

sex ratio

0.62

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
53

5 25 45 65 85

walked unaided (m)
31.5

10 30 50 70 90

first words (m)
39

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in KIF1A cases

25
89

37
25

92
63

26
42

61
27

41
33

27
58

88
27

62
07

27
85

77
27

92
63

Abnormality of the lip
Severe global developmental delay

Epicanthus
Gait disturbance

Visual impairment
Functional abnormality of the bladder

Peripheral neuropathy
Generalized neonatal hypotonia

Cognitive impairment
Abnormality of the cerebellum
Abnormality of the optic nerve

Spasticity
Abnormality of central motor function
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KMT2A
n = 29

-1.12

-2.12

-2.17

gestation (w)
37.7

27 31 35 39 43

birth weight (z)
-0.43

-8 -4 0 +4 +8

sex ratio

0.41

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
9

5 25 45 65 85

walked unaided (m)
19

10 30 50 70 90

first words (m)
23.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

aggregate face
from 19

photographs

recurrent HPO terms used in KMT2A cases

25
79

85
25

92
27

25
94

01
25

94
27

26
08

68
26

23
89

26
29

66
26

41
54

26
42

00
26

45
00

26
48

41
26

51
31

26
59

63
26

74
84

26
91

83
26

93
26

27
09

03
27

16
11

27
16

60
27

25
67

27
29

86
27

30
49

27
30

60
27

37
15

27
39

01
27

56
40

27
60

07
27

62
48

27
72

08
27

77
82

Abnormality of the hand
Abnormal eye physiology

Abnormality of the brain
Abnormality of limb bone morphology
Abnormality of the palpebral fissures
Abnormal axial skeleton morphology

Abnormal hair quantity
Growth delay

Abnormality of the periorbital region
Abnormality of skin adnexa

Global developmental delay
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MECP2
n = 15

0.66

0.06

-0.74

gestation (w)
39.9

27 31 35 39 43

birth weight (z)
0.31

-8 -4 0 +4 +8

sex ratio

0.93

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
10

5 25 45 65 85

walked unaided (m)
27

10 30 50 70 90

first words (m)
30.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in MECP2 cases

25
80

24

25
91

27

26
12

75

26
14

06

27
03

43

27
18

93

27
35

74

27
43

56

27
53

64

27
72

24

27
80

06

27
85

99

27
94

98

28
12

97

28
13

13

Abnormality of the periorbital region

Abnormality of joint mobility

Abnormality of skull size

Abnormal muscle tone

Long fingers

Cognitive impairment
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MED13L
n = 19

0.39

-0.72

-1.18

gestation (w)
39.4

27 31 35 39 43

birth weight (z)
-0.87

-8 -4 0 +4 +8

sex ratio

0.42

all male = all female

social smile (m)
2

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
36

10 30 50 70 90

first words (m)
47

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

aggregate face
from 14

photographs

recurrent HPO terms used in MED13L cases

25
83

50
25

85
91

25
86

75
25

97
58

26
00

83
26

05
42

26
10

65
26

22
62

26
25

45
26

27
17

26
52

37
26

59
53

26
74

21
26

80
19

26
99

84
27

21
58

27
22

05
27

30
03

27
31

55

Abnormality of the outer ear
Microcephaly

Abnormality of the oral cavity
Abnormal emotion/affect behavior

Abnormality of the cerebrum
Abnormality of skin adnexa

Abnormality of the face
Talipes

Abnormal eye physiology
Abnormality of the foot

Global developmental delay
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26
22

78
26

36
13

26
84

22
27

36
91

27
45

21
27

72
65

27
85

81
27

99
52

Abnormality of the hand
Abnormality of the foot

Abnormal emotion/affect behavior
Abnormality of the palpebral fissures

Abdominal symptom
Abnormal nasal morphology

Abnormality of the digits
Absent speech

Abnormal eye physiology
Severe global developmental delay

Seizures

MEF2C
n = 8

0.44

-0.79

-1.02

gestation (w)
39.9

27 31 35 39 43

birth weight (z)
0.09

-8 -4 0 +4 +8

sex ratio

0.38

all male = all female

social smile (m)
2.25

0 2 4 6 8

sat unaided (m)
16.5

5 25 45 65 85

walked unaided (m)
36

10 30 50 70 90

first words (m)
118.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in MEF2C cases
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MSL3
n = 4

-0.17

-1.47

0.59

gestation (w)
40

27 31 35 39 43

birth weight (z)
-0.73

-8 -4 0 +4 +8

sex ratio

0.75

all male = all female

social smile (m)
3

0 2 4 6 8

sat unaided (m)
18

5 25 45 65 85

walked unaided (m)
23.5

10 30 50 70 90

first words (m)
30

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in MSL3 cases

26
23

38

26
51

22

26
79

21

27
47

95

Abnormality of the hand

Abnormality of the outer ear

Deeply set eye

Global developmental delay

Short nose
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recurrent HPO terms used in MYT1L casesMYT1L
n = 4

1.95

0.45

-0.21

gestation (w)
38.8

27 31 35 39 43

birth weight (z)
-0.88

-8 -4 0 +4 +8

sex ratio

0.5

all male = all female

social smile (m)
0.75

0 2 4 6 8

sat unaided (m)
18

5 25 45 65 85

walked unaided (m)
60

10 30 50 70 90

first words (m)
36

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

0.45

26
84

94
27

68
23

27
90

17
27

90
61

Abnormality of the foot
Abnormality of the outer ear

Abnormal emotion/affect behavior
Abnormal respiratory system morphology

Abnormality of the teeth
Long fingers

Global developmental delay
Short digit

Single transverse palmar crease
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NAA10
n = 5

-2.17

-1.78

-3.17

gestation (w)
40.6

27 31 35 39 43

birth weight (z)
-0.56

-8 -4 0 +4 +8

sex ratio

1

all male = all female

social smile (m)
6

0 2 4 6 8

sat unaided (m)
16

5 25 45 65 85

walked unaided (m)
25

10 30 50 70 90

first words (m)
33.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in NAA10 cases

25
79

45

25
82

10

25
90

09

25
93

46

26
90

98

Abnormality of the hair

Microcephaly

Abnormality of the gastrointestinal tract

Recurrent infections

Global developmental delay
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NFIX
n = 6

-0.5

-0.83

0.89

gestation (w)
39.7

27 31 35 39 43

birth weight (z)
-0.55

-8 -4 0 +4 +8

sex ratio

0.5

all male = all female

social smile (m)
3.5

0 2 4 6 8

sat unaided (m)
11

5 25 45 65 85

walked unaided (m)
33

10 30 50 70 90

first words (m)
54

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in NFIX cases

26
49

23
26

65
02

27
04

74
27

35
54

27
44

05
28

09
56

Abnormality of the globe
Abnormal emotion/affect behavior

Cognitive impairment
Low-set ears

Abnormality of the palpebral fissures
Arachnodactyly

Abnormality of the ocular region
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NSD1
n = 10

1.2

1.99

1.37

gestation (w)
36.1

27 31 35 39 43

birth weight (z)
0.67

-8 -4 0 +4 +8

sex ratio

0.3

all male = all female

social smile (m)
3

0 2 4 6 8

sat unaided (m)
10

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
30

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in NSD1 cases

25
82

93
25

84
65

25
95

20
27

01
18

27
25

59
27

33
86

27
36

21
27

42
62

27
69

19
27

71
12

Abnormality of the hand
Abnormality of the skin

Abnormality of the globe
Abnormality of the periorbital region

Abnormal axial skeleton morphology
Tall stature

Macrotia
Hypoplasia of the corpus callosum

Cognitive impairment
Malformation of the heart and great vessels

Overgrowth
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PACS1
n = 8

-1.06

-0.34

-2.43

gestation (w)
39.9

27 31 35 39 43

birth weight (z)
0.36

-8 -4 0 +4 +8

sex ratio

0.5

all male = all female

social smile (m)
3.5

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
27.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in PACS1 cases

25
81

75
25

82
22

26
03

36
26

35
79

26
91

47
26

98
50

27
16

02
27

89
39

Abnormality of the foot
Abnormality of male external genitalia

Hypertelorism
Long fingers
Constipation
Low-set ears

Abnormality of the globe
Abnormality of the hair

Abnormality of upper lip vermillion
Hernia of the abdominal wall

Defect in the atrial septum
Microcephaly

Abnormality of the nasal tip
Long palpebral fissure

Pectus excavatum
Abnormality of the hand

Abnormality of the thorax
Joint hypermobility

Abnormality of the cardiac septa
Abnormality of the digits

Abnormality of the cerebrum
Global developmental delay

Slanting of the palpebral fissure
Thin vermilion border
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PDHA1
n = 4

-0.79

-1.31

-4.07

gestation (w)
38

27 31 35 39 43

birth weight (z)
-0.26

-8 -4 0 +4 +8

sex ratio

1

all male = all female

social smile (m)
3

0 2 4 6 8

sat unaided (m)
48

5 25 45 65 85

walked unaided (m)
66.5

10 30 50 70 90

first words (m)
84.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in PDHA1 cases

26
28

77
26

45
97

27
42

81
27

91
59

Abnormality of limb bone morphology
Cognitive impairment

Abnormal nasal morphology
Generalized seizures

Visual impairment
Wide mouth

Thick lower lip vermilion
Hypermelanotic macule

Abnormality of the lip
Microcephaly

Sloping forehead
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POGZ
n = 7

0.45

-0.45

-0.99

gestation (w)
40.1

27 31 35 39 43

birth weight (z)
-0.03

-8 -4 0 +4 +8

sex ratio

0.71

all male = all female

social smile (m)
3

0 2 4 6 8

sat unaided (m)
11

5 25 45 65 85

walked unaided (m)
19

10 30 50 70 90

first words (m)
24

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in POGZ cases

26
08

97
26

23
97

26
40

54
27

08
42

27
29

75
27

29
92

27
34

62

Abnormality of skull size
Aplasia/Hypoplasia of the cerebrum

Abnormal emotion/affect behavior
Hearing impairment

Abnormality of refraction
Abnormality of upper lip
Abnormality of the globe

Obesity
Abnormality of hand joint mobility

Global developmental delay
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PPM1D
n = 5

-2.55

-2.64

-2.53

gestation (w)
39

27 31 35 39 43

birth weight (z)
-1.37

-8 -4 0 +4 +8

sex ratio

0.4

all male = all female

social smile (m)
3.25

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
22

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in PPM1D cases

26
02

40
26

53
02

26
53

70
27

20
69

27
84

47

Abnormality of the brain
Abnormality of the foot
Abnormality of the hair

Abnormal respiratory system morphology
Global developmental delay

Aplasia/Hypoplasia of fingers
Abnormality of the orbital region

Abnormality of the curvature of the cornea
Strabismus

Vomiting
Abnormality of the globe

Short stature
Short digit
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PPP2R1A
n = 4

-1.61

-1.09

-1.24

gestation (w)
38

27 31 35 39 43

birth weight (z)
0.77

-8 -4 0 +4 +8

sex ratio

0.5

all male = all female

social smile (m)
2

0 2 4 6 8

sat unaided (m)
16

5 25 45 65 85

walked unaided (m)
21

10 30 50 70 90

first words (m)
106

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in PPP2R1A cases

25
85

89
25

93
58

26
39

07
27

56
46

Cognitive impairment
Abnormality of the digits

Abnormal eye physiology
Abnormality of skin adnexa

Plagiocephaly
Abnormality of the calvaria

Aplasia/Hypoplasia of the corpus callosum
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PPP2R5D
n = 12

-0.26

-0.68

2.08

gestation (w)
39.2

27 31 35 39 43

birth weight (z)
1.2

-8 -4 0 +4 +8

sex ratio

0.5

all male = all female

social smile (m)
3.38

0 2 4 6 8

sat unaided (m)
19

5 25 45 65 85

walked unaided (m)
48

10 30 50 70 90

first words (m)
60

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in PPP2R5D cases

25
79

84
25

85
50

25
86

13
25

95
81

26
00

11
26

26
88

26
34

63
26

47
53

26
57

81
26

65
03

26
75

80
27

21
11

Abnormality of the oral cavity
Deeply set eye

Abnormality of the cerebral ventricles
Abnormality of the ocular region

Global developmental delay
Muscular hypotonia

Macrocephaly

WWW.NATURE.COM/NATURE 67



PTEN
n = 3

-0.04

-0.55

0.3

gestation (w)
40.3

27 31 35 39 43

birth weight (z)
0.86

-8 -4 0 +4 +8

sex ratio

0.67

all male = all female

social smile (m)
3.25

0 2 4 6 8

sat unaided (m)
8

5 25 45 65 85

walked unaided (m)
17.5

10 30 50 70 90

first words (m)
15

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in PTEN cases

26
08

48

27
19

52

27
91

97

Abnormality of the face

Cognitive impairment

Abnormality of body height

Joint hypermobility
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PTPN11
n = 6

-1.12

-2.39

-2.85

gestation (w)
38.3

27 31 35 39 43

birth weight (z)
0.19

-8 -4 0 +4 +8

sex ratio

0.33

all male = all female

social smile (m)
2

0 2 4 6 8

sat unaided (m)
9

5 25 45 65 85

walked unaided (m)
15

10 30 50 70 90

first words (m)
15.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in PTPN11 cases

26
16

85
26

27
32

26
51

13
26

96
51

27
22

18
27

56
92

Abnormality of limb bone morphology
Microcephaly

Cognitive impairment
Abnormality of skeletal morphology

Abnormality of the gastrointestinal tract
Abnormal nasal morphology

Epicanthus
Abnormality of the globe

Defect in the atrial septum
Abnormality of the ocular region

Short stature
Abnormality of the hair

Low-set ears
Abnormality of the pulmonary valve
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PUF60
n = 7

-1.89

-2.66

-1.59

gestation (w)
38.1

27 31 35 39 43

birth weight (z)
-0.82

-8 -4 0 +4 +8

sex ratio

0.57

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
23

10 30 50 70 90

first words (m)
24

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in PUF60 cases

26
00

74
26

33
62

27
00

21
27

13
17

27
28

12
27

37
05

27
58

75

Abnormality of the oral cavity
Abnormality of the outer ear

Abnormality of calvarial morphology
Localized skin lesion

Abnormality of male external genitalia
Abnormality of the cardiac septa

Proportionate short stature
Talipes

Hypertrichosis
Abnormality of the optic nerve

Abnormality of the hallux
Inguinal hernia

Abnormality of the forehead
Abnormality of the hand
Abnormality of the globe

Global developmental delay
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PURA
n= 12

-0.44

-0.18

-0.44

gestation (w)
40.1

27 31 35 39 43

birth weight (z)
0.84

-8 -4 0 +4 +8

sex ratio

0.58

all male = all female

social smile (m)
3.25

0 2 4 6 8

sat unaided (m)
14

5 25 45 65 85

walked unaided (m)
32.5

10 30 50 70 90

first words (m)
36

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in PURA cases

25
92

76
25

95
05

26
01

83
26

16
54

26
27

47
26

29
94

26
30

41
26

39
96

26
75

27
27

28
06

27
65

00
27

92
04

Abnormality of the ocular region
Abnormal eye physiology

Abnormality of the cerebrum
Aplasia/Hypoplasia involving the central nervous system

Abnormality of skull size
Muscular hypotonia

Cognitive impairment
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QRICH1
n = 3

-1.88

-2.36

-3.6

gestation (w)
39.3

27 31 35 39 43

birth weight (z)
-0.73

-8 -4 0 +4 +8

sex ratio

0.67

all male = all female

social smile (m)
2.5

0 2 4 6 8

sat unaided (m)
10

5 25 45 65 85

walked unaided (m)
22

10 30 50 70 90

first words (m)
24

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in QRICH1 cases

27
08

03
27

23
34

27
65

51

Abnormality of the brain
Abnormality of the foot
Abnormality of the hair

Delayed speech and language development
Abnormality of limb bone morphology

Short stature
Abnormality of the periorbital region
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SATB2
n = 14

-0.43

-0.43

-0.8

gestation (w)
39.6

27 31 35 39 43

birth weight (z)
0.34

-8 -4 0 +4 +8

sex ratio

0.21

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
10

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
74

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

aggregate face
from 10

photographs

recurrent HPO terms used in SATB2 cases

25
85

10
25

90
30

25
96

01
25

99
50

26
01

75
26

13
55

26
22

40
26

25
60

26
30

31
26

43
84

26
50

38
26

64
59

27
10

44
27

98
03

Abnormality of the skin
Abnormality of the hand

Abnormality of globe location
Strabismus

Drooling
Delayed speech and language development

Cleft palate
Abnormality of the oral cavity
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SCN1A
n = 2

0.84

-2.51

-2.04

gestation (w)
37.5

27 31 35 39 43

birth weight (z)
-1.26

-8 -4 0 +4 +8

sex ratio

0.5

all male = all female

social smile (m)
2.5

0 2 4 6 8

sat unaided (m)
80

5 25 45 65 85

walked unaided (m)
48.5

10 30 50 70 90

first words (m)
80

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in SCN1A cases

26
42

45

27
32

50

Global developmental delay

Seizures

Abnormality of the calvaria

Abnormality of movement
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SCN2A
n = 17

0.26

-0.57

-2.22

gestation (w)
38.5

27 31 35 39 43

birth weight (z)
-0.04

-8 -4 0 +4 +8

sex ratio

0.59

all male = all female

social smile (m)
6

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
30

10 30 50 70 90

first words (m)
36.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in SCN2A cases

25
90

60

26
02

32

26
10

30

26
17

06

26
17

86

26
37

14

26
39

14

26
40

35

26
40

89

26
44

37

26
64

42

26
92

66

27
02

29

27
19

55

27
24

24

27
29

00

27
47

23

Microcephaly

Abnormality of the teeth

Abnormality of the lower limb

Cognitive impairment

Seizures
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SCN8A
n = 7

-1.34

-1.21

-2.62

gestation (w)
39.7

27 31 35 39 43

birth weight (z)
-0.32

-8 -4 0 +4 +8

sex ratio

0.57

all male = all female

social smile (m)
1.62

0 2 4 6 8

sat unaided (m)
64

5 25 45 65 85

walked unaided (m)
85.5

10 30 50 70 90

first words (m)
64

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in SCN8A cases

25
97

17

26
25

88

27
10

18

27
13

82

27
25

93

27
65

62

27
84

10

Abnormality of the palm

Motor delay

Cognitive impairment

Microcephaly

Seizures
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SETD5
n = 17

-0.7

-0.63

-0.96

gestation (w)
38.8

27 31 35 39 43

birth weight (z)
-0.69

-8 -4 0 +4 +8

sex ratio

0.59

all male = all female

social smile (m)
3.12

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
12

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in SETD5 cases

25
90

90

26
15

26

26
32

35

26
45

30

26
46

17

26
80

24

26
93

64

27
01

15

27
11

45

27
15

28

27
20

60

27
42

27

27
42

29

27
54

16

27
72

49

27
92

87

27
98

84

Abnormality of the mouth

Abnormality of the hand

Abnormality of skin adnexa

Abnormality of the digits

Moderate global developmental delay

Cognitive impairment
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SET
n = 3

-0.09

-1.15

-0.66

gestation (w)
41

27 31 35 39 43

birth weight (z)
-0.62

-8 -4 0 +4 +8

sex ratio

0.33

all male = all female

social smile (m)
3

0 2 4 6 8

sat unaided (m)
11.5

5 25 45 65 85

walked unaided (m)
27

10 30 50 70 90

first words (m)
36

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in SET cases

25
94

10

26
38

97

26
51

49

Abnormality of the ocular region

Intellectual disability

Strabismus

Generalized joint laxity
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SLC35A2
n = 1

-2.66

-2.8

-3.78

gestation (w)
40

27 31 35 39 43

birth weight (z)
-1.15

-8 -4 0 +4 +8

sex ratio

1

all male = all female

social smile (m)
2

0 2 4 6 8

sat unaided (m)
101

5 25 45 65 85

walked unaided (m)
101

10 30 50 70 90

first words (m)
101

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8
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SLC6A1
n = 8

0.16

-0.19

-0.43

gestation (w)
39.6

27 31 35 39 43

birth weight (z)
0.59

-8 -4 0 +4 +8

sex ratio

0.5

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
9.5

5 25 45 65 85

walked unaided (m)
22

10 30 50 70 90

first words (m)
24

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in SLC6A1 cases

26
64

50
26

96
44

26
96

58
27

14
07

27
15

75
27

26
31

27
44

34
27

76
31

Abnormality of finger
Abnormality of the mouth

Hearing impairment
Moderate global developmental delay

Intellectual disability, moderate
Functional abnormality of the middle ear

Expressive language delay
Abnormal eye physiology

Cognitive impairment
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SMAD4
n = 4

-1.03

-2.6

-2.54

gestation (w)
39

27 31 35 39 43

birth weight (z)
-1.7

-8 -4 0 +4 +8

sex ratio

0.75

all male = all female

social smile (m)
3.75

0 2 4 6 8

sat unaided (m)
8.5

5 25 45 65 85

walked unaided (m)
16

10 30 50 70 90

first words (m)
24

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in SMAD4 cases

25
84

61
26

60
31

27
32

62
27

92
94

Cognitive impairment
Abnormality of the eyelid

Abnormality of finger
Abnormality of the hair

Abnormality of limb bone morphology
Short stature

Growth abnormality
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25
85

08
25

94
76

26
20

88
26

27
54

26
53

84
26

83
99

27
22

31
27

72
74

28
09

56
28

11
66

Abnormal emotion/affect behavior
Abnormality of globe location

Abnormality of the teeth
Abnormality of finger

Abnormality of the hair
Abnormality of the periorbital region

Generalized abnormality of skin
Cognitive impairment

Abnormality of the foot

SMARCA2
n = 11

0.02

-0.56

-0.34

gestation (w)
38.5

27 31 35 39 43

birth weight (z)
-0.08

-8 -4 0 +4 +8

sex ratio

0.64

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
30

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in SMARCA2 cases

WWW.NATURE.COM/NATURE 82



SMC1A
n = 10

-1.23

-2.05

-4.21

gestation (w)
38.7

27 31 35 39 43

birth weight (z)
-1.18

-8 -4 0 +4 +8

sex ratio

1

all male = all female

social smile (m)
2

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
28

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in SMC1A cases

25
86

81

26
66

17

26
79

11

26
84

14

26
94

00

27
21

78

27
21

99

27
33

97

27
46

30

28
15

76

Abnormality of the hand

Microcephaly

Cognitive impairment

Visual impairment

Seizures
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STXBP1
n = 11

0.85

-0.17

-0.35

gestation (w)
39

27 31 35 39 43

birth weight (z)
0.31

-8 -4 0 +4 +8

sex ratio

0.64

all male = all female

social smile (m)
2

0 2 4 6 8

sat unaided (m)
11

5 25 45 65 85

walked unaided (m)
27

10 30 50 70 90

first words (m)
48

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in STXBP1 cases

25
82

42
25

88
15

26
04

59
26

12
20

26
12

34
26

18
41

26
39

03
26

59
50

27
00

01
27

26
50

27
38

73

Abnormal eye physiology
Muscular hypotonia

Constipation
Stereotypic behavior

Tapered finger
Abnormality of the zygomatic arch

Global developmental delay
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SUV420H1
n = 2

0.88

1.82

1.93

gestation (w)
40.5

27 31 35 39 43

birth weight (z)
0.98

-8 -4 0 +4 +8

sex ratio

0.5

all male = all female

social smile (m)
1.75

0 2 4 6 8

sat unaided (m)
10

5 25 45 65 85

walked unaided (m)
19

10 30 50 70 90

first words (m)
18

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in SUV420H1 cases

26
52

36

27
79

06

Abnormal axial skeleton morphology

Abnormality of the outer ear

Delayed speech and language development

Abnormality of the forehead
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SYNGAP1
n = 15

-0.41

-1.41

-1.47

gestation (w)
39.7

27 31 35 39 43

birth weight (z)
0.41

-8 -4 0 +4 +8

sex ratio

0.73

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
12

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
48

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

aggregate face
from 10

photographs

recurrent HPO terms used in SYNGAP1 cases

25
85

36
25

89
13

25
90

41
25

92
14

25
96

06
25

98
38

25
98

40
26

37
88

26
41

35
26

44
88

26
78

41
27

16
05

27
34

39
27

37
00

27
39

81

Abnormal eye physiology
Abnormality of the mouth

Microcephaly
Abnormality of the skull

Abnormality of the lower limb
Ataxia

Abnormality of the brain
Global developmental delay

Seizures
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TBL1XR1
n = 10

-0.75

-1.23

-1.13

gestation (w)
37.1

27 31 35 39 43

birth weight (z)
-0.3

-8 -4 0 +4 +8

sex ratio

0.3

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
11

5 25 45 65 85

walked unaided (m)
18.5

10 30 50 70 90

first words (m)
32.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in TBL1XR1 cases

25
93

40
26

05
28

26
09

65
26

12
13

27
19

55
27

33
34

27
39

64
27

72
13

28
07

01
28

07
03

Abnormality of the skin
Abnormality of finger

Abnormality of limb bone morphology
Abnormality of the external nose

Autism
Cognitive impairment

Thick upper lip vermilion
Abnormality of the lip
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TCF20
n = 7

1.06

0.87

-0.33

gestation (w)
39.7

27 31 35 39 43

birth weight (z)
0.07

-8 -4 0 +4 +8

sex ratio

0.43

all male = all female

social smile (m)
2.75

0 2 4 6 8

sat unaided (m)
8

5 25 45 65 85

walked unaided (m)
19

10 30 50 70 90

first words (m)
30

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in TCF20 cases

26
16

26
26

16
65

26
60

71
26

96
12

27
42

39
27

42
77

27
44

21

Abnormal eye physiology
Abnormality of the hair

Aplasia/Hypoplasia of the cerebrum
Abnormality of calvarial morphology

Autism spectrum disorder
Abnormality of the mouth

Macrocephaly
Hyperactivity

Global developmental delay
Abnormality of the skull

Joint contractures of the 5th finger
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TCF4
n = 13

0.19

-0.91

-2.6

gestation (w)
38.5

27 31 35 39 43

birth weight (z)
0.24

-8 -4 0 +4 +8

sex ratio

0.54

all male = all female

social smile (m)
2.75

0 2 4 6 8

sat unaided (m)
15

5 25 45 65 85

walked unaided (m)
35

10 30 50 70 90

first words (m)
84.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

aggregate face
from 10

photographs

recurrent HPO terms used in TCF4 cases

25
97

72
26

02
34

26
46

88
26

49
57

26
57

80
26

57
88

26
72

50
26

81
76

27
08

30
27

09
74

27
12

52
27

20
19

28
01

43

Abnormal eye physiology
Abnormality of the hair

Abnormality of the outer ear
Regional abnormality of skin

Abnormality of the hand
Abnormality of the mouth

Microcephaly
Cognitive impairment

Abnormality of the cerebrum
Aplasia/Hypoplasia involving the central nervous system
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TRIO
n = 4

-1.63

-1.14

-2.79

gestation (w)
39.2

27 31 35 39 43

birth weight (z)
-0.53

-8 -4 0 +4 +8

sex ratio

1

all male = all female

social smile (m)
6

0 2 4 6 8

sat unaided (m)
11

5 25 45 65 85

walked unaided (m)
26

10 30 50 70 90

first words (m)
48

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in TRIO cases

26
04

56
26

23
90

27
34

34
27

65
44

Abnormality of the hand
Abnormal eye physiology

Microcephaly
Global developmental delay

Abnormality of the brain
Stereotypic behavior

Upslanted palpebral fissure
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USP9X
n = 9

-0.84

-0.31

-0.99

gestation (w)
38.8

27 31 35 39 43

birth weight (z)
-0.64

-8 -4 0 +4 +8

sex ratio

0.78

all male = all female

social smile (m)
5.75

0 2 4 6 8

sat unaided (m)
11

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
30

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in USP9X cases

25
85

11
25

86
17

26
00

68
26

18
47

26
47

19
26

74
27

27
12

49
27

38
66

28
15

86

Muscular hypotonia
Hearing impairment

Abnormality of calvarial morphology
Functional abnormality of the middle ear

Abnormality of the teeth
Cataract

Abnormality of hair texture
Hip dislocation

Abnormality of the lower limb
Generalized abnormality of skin

Abnormal renal morphology
Global developmental delay

Scoliosis
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WAC
n = 4

0.01

0.01

-0.52

gestation (w)
39

27 31 35 39 43

birth weight (z)
-0.59

-8 -4 0 +4 +8

sex ratio

0.5

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
11

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
25.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in WAC cases

25
93

80

26
17

51

26
62

25

26
69

62

Abnormality of limb bone morphology

Abnormality of skeletal morphology

Abnormality of the mouth

Abnormality of the globe

Cognitive impairment
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WDR45
n = 9

0.25

-0.77

-1.29

gestation (w)
38.7

27 31 35 39 43

birth weight (z)
1.74

-8 -4 0 +4 +8

sex ratio

0.89

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
9

5 25 45 65 85

walked unaided (m)
36

10 30 50 70 90

first words (m)
73.5

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in WDR45 cases

25
95

85

26
21

10

26
21

31

27
00

10

27
08

28

27
20

29

27
20

73

27
54

18

27
73

37

Abnormality of the head

Abnormality of the cerebrum

Scoliosis

Cognitive impairment

Seizures
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ZBTB18
n = 5

-0.66

-0.75

-2.73

gestation (w)
38.2

27 31 35 39 43

birth weight (z)
0.75

-8 -4 0 +4 +8

sex ratio

0.4

all male = all female

social smile (m)
7.75

0 2 4 6 8

sat unaided (m)
10.5

5 25 45 65 85

walked unaided (m)
23

10 30 50 70 90

first words (m)
30

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in ZBTB18 cases

25
84

66

26
47

30

27
13

22

27
45

78

28
11

51

Microcephaly

Cognitive impairment

Congenital abnormal hair pattern

Clinodactyly of the 5th finger

Abnormality of the nasal alae

Abnormality of the hair
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ZC4H2
n = 3

-1

-3.41

-1.17

gestation (w)
40.3

27 31 35 39 43

birth weight (z)
-0.22

-8 -4 0 +4 +8

sex ratio

1

all male = all female

social smile (m)
3.75

0 2 4 6 8

sat unaided (m)
19

5 25 45 65 85

walked unaided (m)
24

10 30 50 70 90

first words (m)
27

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in ZC4H2 cases

26
05

29

27
22

88

27
64

96

Abnormality of limb bone morphology

Abnormality of the face

Global developmental delay

Arthrogryposis multiplex congenita
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ZMYND11
n = 5

-1.19

-1.18

-1.42

gestation (w)
40

27 31 35 39 43

birth weight (z)
-0.64

-8 -4 0 +4 +8

sex ratio

0.4

all male = all female

social smile (m)
1.5

0 2 4 6 8

sat unaided (m)
9

5 25 45 65 85

walked unaided (m)
15

10 30 50 70 90

first words (m)
24

10 30 50 70 90

ht

wt

ofc

-8 -4 0 +4 +8

recurrent HPO terms used in ZMYND11 cases

25
84

42
26

29
80

26
48

49
26

57
90

27
20

15

Abnormality of skeletal morphology
Abnormality of the brain

Abnormality of the oral cavity
Hearing abnormality

Strabismus
Sleep disturbance

Abnormality of the periorbital region
Proportionate short stature

Abnormality of the globe
Facial hypertrichosis

Delayed speech and language development
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