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Abstract
Approximately 1–3% of children have intellectual disability or global developmental delay. Heterozygous mutations have
emerged as a major cause of different intellectual disability syndromes. In severely affected patients, reproductive fitness is
impaired and mutations have usually arisen de novo. Massive parallel sequencing has been an effective means of diagnosing
patients, especially those who carry a de novo mutation. The molecular diagnosis can be a way to shift from a more
phenotype-driven management of the clinical signs to a more refined treatment based on genotype. Here, we report a novel
dominantly inherited KAT6A missense variant in the C-terminal transactivation domain identified by exome sequencing in a
girl and her father. Both had intellectual disability/developmental delay, short stature, microcephaly, and strabismus with the
father being mildly affected. We here report the first inherited variant in KAT6A and suggest missense variants in KAT6A to
be associated with an inheritable, milder clinical presentation compared to previously reported de novo, truncating mutations
in this gene.

Introduction

Dominant, heterozygous de novo mutations have emerged
as a major cause of different intellectual disability syn-
dromes and are responsible for up to 40% of severe intel-
lectual disability [1]. Recently, de novo truncating

mutations in histone K(lysine) acetyltransferase KAT6A
(also known as monocytic leukemia zinc finger protein
[MOZ]) have been found to be associated with hypotonia,
intellectual disability, feeding difficulties, strabismus, oro-
motor difficulties, microcephaly, craniosynostosis, and car-
diac defects in combination with facial dysmorphism [2, 3].
Previous exome sequencing studies have also identified
KAT6A as a candidate [4–7]. Most previously reported
mutations reside in the C-terminal transactivation domain. In
this study, we report a father and daughter carrying a mis-
sense variant in KAT6A with a milder clinical phenotype.

Case report

We report a 10-year-old German girl, born prematurely after
32 weeks of gestation, due to premature rupture of mem-
branes. She is the first child of non-consanguineous German
parents (Fig. 1, Supplementary Fig. 1). The body mea-
surements after birth were: weight 1900 g (+0.4 SD), length
41 cm (−0.4 SD), head circumference 30 cm (+0.2 SD).
After birth, constriction rings around the right leg and
around the digits 2, 3, and 4 of the right hand as well as club
feet were noted. Amniotic band were visible on the right
hand, thus the diagnosis amniotic band sequence was made
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(Supplementary Fig. 1). In the first year of life the patient
showed developmental delay. She was able to sit indepen-
dently at age 1 year, walking was possible at the age of 3.5
years. At around 3 years short stature and microcephaly
were documented. Her speech development was severely
delayed with lack of expressive language at age of 4 years
and severely affected language comprehension. The patient
underwent several surgical treatment of her severe club feet
deformity. She showed muscular hypotonia and severe
obstipation since birth. She presents with strabismus and
Duane anomaly. Clinical examination at the age of 10 years
showed intellectual impairment, short stature, borderline
microcephaly, ophthalmologic abnormalities (strabismus
and Duane anomaly), obstipation (less severe than in early
childhood), as well as limb deformities due to amniotic

band constrictions. The body measurements at age of 10
years were height 127.5 cm (−2.1 SD), weight 30 kg (−0.7
SD), and head circumference 50.5 cm (−1.8 SD).

The intelligence was tested at the age of 8 years with the
SON intelligence test (Snijders-Oomen Nonverbal Intelli-
gence Test) with the result of a SON IQ of 53.

The father of the index patient (Fig. 1) was diagnosed
with hypotonia, mild global developmental delay, and
short stature in early childhood. Also microcephaly,
dysmorphic features such as upslanting palpebral fissures,
thin upper lip, broad nasal tip, bilateral single palmar
creases, as well as ophthalmologic abnormalities (diver-
gent strabismus, posterior synechia, and microphthalmia
of the left eye) were documented. Skeletal survey showed
delayed bone age of 1 year at chronological age 2.5 years

Fig. 1 Dominant KAT6A p.N1875S variant. a Pedigree of trio with
electropherogram of Sanger sequencing. Index patient and father is
affected (filled-in symbols). Heterozygous KAT6A c.5924A>G variant
b Photographs of patient and her father. c Domains of the KAT6A
protein and location of novel variant reported in this study (red
font and outline) and previously reported mutations (Superscript
1: Arboleda et al. [2], 2: Tham et al. [3], 3: Millan et al. [6], 4: DDD
study [4], 5: Murray et al. [7], 6: Zwaveling-Soonawala et al. [9]).

Color-coded domains include NEMM: nuclear localization domain,
PHD: double-plant homeodomain finger, HAT: histone-acetyl-
transferase domain (also known as MYST domain), ACIDIC: acidic
glutamate/aspartate-rich domain, and SER/MET: serine and
methionine-rich transactivation domain. d Sequence alignment of the
amino acid residue (outlined in red) shows high conservation across
different species, data source is generated from UCSC
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and hypoplastic first ribs. The body measurements at age
2.5 years were: height 76.5 cm (−4.3 SD), weight 9.78 kg
(−2.5 SD), head circumference 46 cm (−3.4 SD). He was
treated with growth hormone at age 9–11 years. The father
has completed elementary school. He works as a car wash
professional. His body measurements (at the age of 39
years) were: height 157 cm (−3.0 SD), weight 51 kg (BMI
20.7 kg/m2), and head circumference 52 cm (−2.6 SD).
He reported no impairment concerning his vision,
although no recent ophthalmologic evaluation has been
performed. Constipation was not reported. The patient
suffered from unilateral inguinal hernia and carpal tunnel
syndrome during the past 2 years. At age 38 years, latent
epilepsy was diagnosed in EEG after a syncope without
the clinical manifestation of seizures. Currently, treatment
with lamotrigine and levetiracetam has been performed.
The now 28-year-old mother is healthy and has no history
of developmental delay.

Genetic analysis

Trio-exome sequencing was performed in the index patient,
her affected father and her unaffected mother, for which the
parents gave written informed consent. Prior to exome
sequencing, conventional cytogenetic analysis showed normal
female karyotype 46,XX in the index patient and Array-CGH
analysis revealed no evidence for relevant deletions or
duplications. Conventional karyotyping was performed in the
father during childhood, showing normal male karyotype 46,
XY. Exome capture was carried out with Illumina’s Nextera
Rapid Capture Exome Kit followed by massively parallel
sequencing on a NextSeq500 Sequencer (Illumina, San
Diego, CA, USA). Downstream bioinformatics analysis was
performed as previously described [8]. After applying filtering
criteria of exonic or splicing variants, shared by the father and

the daughter, with a read number >15, resulting in a protein
sequence change, rare in ExAC (<0.001 minor allele fre-
quency) or 1000 genomes, recognized by more than one of
three variant callers, with a CADD score >10 and GERP
score >3, we identified 37 candidate variants (Supplementary
Fig. 2 and Supplementary Table 1). Among these 37 gene
candidates, KAT6A was the only one that has previously been
linked to a neurodevelopmental disease. The KAT6A variant
(c.5924A>G, p.N1975S) was confirmed by Sanger sequen-
cing in the index patient and her father. Their clinical signs
and symptoms accorded with the reported phenotype of
KAT6A mutation carriers, including global developmental
delay, speech delay, hypotonia, and strabismus [1–7, 9]
(Fig. 2, Supplementary Table 2). KAT6A p. N1975S is
located in the C-terminal transactivation domain of the
protein and the asparagine residue at position 1975 is also
highly conserved (GERP score 5.93) (Fig. 1). Further, the
number of observed missense variants in KAT6A in the
database of the Exome Aggregation Consortium (ExAC) is
lower than expected (z-score= 2.14) [10] underlining a
disease-related role of missense variants in this gene.
Applying the ACMG recommendations [11], we have
scored KAT6A c.5924A>G (p.N1975S) as a variant of
unknown significance (PM1: it is located in the C-terminal
transactivation domain of the protein, PP1: there is co-
segregation within the family, and PP3: multiple lines of
bioinformatics tools predicts the amino acid change as
damaging). We were strict in applying the evidence of
pathogenicity and did not take PM2 (absent from controls
(or at extremely low frequency if recessive) in Exome
Sequencing Project, 1000 Genomes Project, or ExAC) as a
criteria for pathogenicity as the variant is now present in 1
out of 122,999 individuals in GnomAD. This individual
may also have mild intellectual impairment but was not
excluded from the GnomAD database as only individuals
with severe pediatric diseases have been excluded.

Fig. 2 Patient characteristic comparison across studies. SD standard deviation, OFC occipito-frontal circumference
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Discussion

In this report, we describe the first inherited missense var-
iant in KAT6A that likely causes developmental delay,
intellectual impairment, short stature, microcephaly and
strabismus in the index patient, and a less severe phenotype
in the father. In comparison to the previous described
patients with truncating, de novo mutations, the phenotype
in our patients were milder.

We performed a literature review and database search for
individuals carrying reported mutations in KAT6A (Table 1,
Fig. 2). To date, detailed clinical phenotyping has been
reported for de novo variants only including nine truncating,
seven frame-shift, one deletion, and two missense mutations
[1–7, 9] (Fig. 1). All patients presented with global devel-
opmental delay, speech delay, craniofacial abnormalities,
and eye problems. Although we could not distinguish the
mutation carriers and the respective phenotypes in the large-
scale de novo mutation study [4], the composite phenotypic
figure shows that 8 out of 11 patients have global devel-
opmental delay. Overlapping features such as hypotonia and
abnormal axial skeletal morphology are present in some
KAT6A variant carriers [1–7, 9].

One limitation of our study is that there are 36 additional
candidate variants and we cannot fully exclude that one of
these changes contributes to the phenotype since additional
family members were not available for testing. KAT6A
protein forms a part of the histone acetyltransferase com-
plex and acetylates lysine-9 residues in histone H3 (H3K9).
Acetylated H3K9 is associated with transcriptionally active
genes, and deacetylation is associated with transcriptional
silencing. The complex can regulate Hox genes during early
developmental stages [12]. Hox genes are choreographers
of neurodevelopment and limb formations. Mutations in
Hox genes have been implicated in synpolydactyly and
hand-foot-genital syndrome [13, 14] and necessary for
neural stem cell renewal, normal development of hemato-
poietic system, and skeletal system for rodents and zebrafish
in a dosage-dependent manner [12, 15–17]. Functionally,
H3K9 acetylation was decreased and H3K18 acetylation
was increased in histone extracts of patient fibroblasts [2].

Many genetic syndromes are caused by mutations in
histone acetyltransferases. Some common clinical features
of histone acetyltransferase mutations in neurodevelop-
mental syndromes include global developmental delay and
craniofacial dysmorphism, congenital heart defects, feeding
disorder, hypotonia [2]. We have identified a novel inher-
ited missense variant in KAT6A that likely causes a devel-
opmental disorder with variable expressivity. Unlike some
of the reported KAT6A mutation carriers, both patients in
our study did not present with dystonia or congenital heart
defects. Further, the father did not show severe intellectual
impairment, clubfoot deformity, and obstipation, which are

present in his daughter, thus showing the intra-familial
variability. Understanding the mechanism of H3K9 acet-
ylation might help find a therapeutic approach to reduce
developmental delay in individuals with KAT6A mutations.
Drugs that inhibit histone deacetylase (HDAC) activity are
currently being studied as a therapeutic approach in cancer,
neurodegeneration, and developmental diseases [18].
Although therapeutics can be explored for histone acetylase
activity, further functional studies examining the exact
effect of KAT6A c.5924A>G (p.N1975S) on protein
function and animal models should first be explored to
precisely determine whether it is pathogenic or not.
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