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Abstract: 
 
Background 
Mutations in the X-linked gene WDR45 cause neurodegeneration with brain iron accumulation type 5 (NBIA5). 
Global developmental delay is seen at an early age with a slow progression to dystonia, parkinsonism, and 
dementia due to progressive iron accumulation in the brain.  
 
Methodology 
We present 17 new cases and reviewed 106 reported cases of NBIA5. Detailed information related to 
developmental history and key time to event measures was collected.  
 
Results 
Within this cohort, there were 19 males. Most individuals were molecularly diagnosed by whole exome testing. 
Overall 10 novel variants were identified across 11 subjects. All individuals were affected by developmental 
delay, most prominently in verbal skills. Most individuals experienced a decline in motor and cognitive skills. 
While most individuals were affected by seizures, the spectrum ranged from provoked seizures to intractable 
epilepsy. The imaging findings varied as well, often evolving over time. The classic iron accumulation in the 
globus pallidus and substantia nigra was noted half of our cohort and was associated with an older age of 
image acquisition, while myelination abnormalities were associated with a younger age.  
 
Conclusions 
WDR45 is a progressive and evolving disorder, which is often delayed in diagnosis. Developmental delay and 
seizures predominate early childhood, followed by a progressive decline of neurologic function. There is 
variable expressivity in the clinical phenotypes of individuals with WDR45 mutations, suggesting that this gene 
should be considered in the diagnostic evaluation of children with myelination abnormalities, iron deposition, 
developmental delay, and epilepsy depending on the age at evaluation. 
 
Keywords: 
Hypomyelination 
Epileptic encephalopathy 
WDR45 
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Introduction 
The X-chromosomal gene WDR45 is associated with dominantly inherited beta-propeller protein-associated 
neurodegeneration (BPAN) also known as neurodegeneration with brain iron accumulation, type 5 (NBIA5; 
MIM 300894).1 WDR45 encodes a beta-propeller protein involved in lysosomal autophagy and endoplasmic 
reticulum homeostasis.2,3 The clinical role of this gene was originally identified through exome sequencing of 
individuals within an NBIA cohort.4 Clinically, children affected by BPAN typically present with developmental 
delay, seizures, and disordered sleep.4-7 Later in the disease course, individuals typically develop dementia 
and Parkinsonian features.7 Affected males have been rarely reported in the literature, as this disorder was first 
considered to be embryonic lethal in males.4,8,9  
 
With the growing availability of broader genetic platforms such as whole exome and whole genome sequencing 
(WES and WGS, respectively), there is a growing appreciation of a broader phenotypic range for previously 
characterized disorders.10 This is of key importance as targeted therapies are developed. This report describes 
123 individuals with WDR45 variants, outlining a spectrum of clinical and radiographic findings found in this 
rare disorder. 
 

Methodology 
We identified 123 individuals with WDR45-related disease through natural history studies and a review of the 
medical literature (Table 1, Supplemental table). All case reports with individual-level developmental and/or 
radiographic information were included in this cohort. Informed consent was obtained for novel cases through 
one of three IRB-approved protocols: �Myelin Disorders Bioregistry Project (MDBP)�, "The Epilepsy Genetics 
Research Project", or �Metabolic Consequences of Primary Mitochondrial Disease�. As available, the complete 
histories, imaging, and WDR45 sequencing were reviewed. Demographic information, including age at last 
evaluation, was collected. Date of acquisition of milestones was obtained from medical record and/or literature 
review. When age of acquisition was noted to be �normal�, the p50 data was used from the Denver 
Developmental Screening Test II (DDST-II).11 When the specific age at which a skill was acquired was 
unknown, but noted as delayed, two standard deviations beyond the DDST-II p90 was used. Microcephaly was 
identified in medical records and defined as more than 2 standard deviations from the mean for head 
circumference, or as noted �microcephalic�. Availab le images were reviewed by a neuroradiologist, and 
otherwise the radiographic reports were used for source data.  
 
Statistical Analysis 
The total number of cases analyzed for each parameter varied based on the availability of the pertinent 
medical information. Developmental milestones were grouped by sex and compared to the normative data 
derived from the Denver Developmental Screening Test (DDST-II) 12. Skill acquisition was binned by 
percentage of the cohort who had attained a skill at a given age. In order to compare achievement of 
milestones by sex, we created Kaplan-Meier curves for acquisition of developmental milestones. Log-rank 
(Mantel-Cox) tests were used to compare acquisition of developmental milestones by sex. Age of acquisition of 
milestones was also plotted, including the age at which percentiles of the population (p10 for 10%, p25 for 
25%, etc.) had achieved that specific milestone. Statistical analysis was performed in SAS and figures were 
prepared in Prism 8.0. CaseLog was used to generate the genetics figure (Yanshen Yang, Jörg Hakenberg,  
and Kyle Farh, Personal communication, January 2020). The Mann-Whitney test is used to compare 
differences between two independent groups, using a 2 tailed p value.  
 
Results 
We identified 123 individuals, including 19 males, with pathogenic or likely pathogenic WDR45 variants. Of 
these, 10 were novel variants found in 11 individuals.  These variants had a range of consequences including 
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splice site variants, nonsense variants, frameshift variants, missense variant, and deletions (Figure 1C). All 
affected individuals carried de novo variants except for five affected males who inherited variants from their 
reportedly asymptomatic mothers. Males on average presented at a younger age than females (Figure 1B). 
The median age at presentation 0.8 years for females vs 0.3 years for males (Mann Whitney test, 2-tailed p 
value <0.0001).  
 
The age at diagnosis was available for 60 individuals (Figure 1A). From this subset, there was a mean age at 
diagnosis of 16.7 years (standard deviation [SD] of 14.3 years; range 0.8-52.0 years). The method of molecular 
diagnosis was identified for 83 individuals, of whom 55 were found by whole exome testing and an additional 4 
were by whole genome testing (Table 1A). The remaining individuals were identified by targeted or panel 
testing. Both the age at diagnosis and the age at clinical presentation was available for 54 individuals, including 
5 males (Figure 1A). For this cohort, there was an average delay of 15.7 years from presentation to diagnosis 
(SD 14.6 years, range 0.6 � 49.0 years). 
 
Developmental information was available on 100 individuals. For the 91 individuals with detailed medical 
information, the average age at clinical onset was 0.9 years (SD 0.8, range 0.1-6.0) (Table 1A, Figure 1A-B). 
The clinical presentation features were divided into non-mutually exclusive categories: developmental delay, 
movement disorders, autistic features, and seizures. The most common presenting signs were developmental 
delay (74/123 individuals, 60.5%) and seizures (32/123, 26%). Head circumference data was available for 47 
individuals. Of these, 13 (27.7%) were noted to be microcephalic.  
 
All individuals within this cohort were noted to have developmental delay (Figure 2C-D). This was more 
profound in males (Figure 2C-D). The individuals included in this cohort reached an average age of 17.0 years 
(SD 14.4, range 0.8-52 years) at the time of last data collection or publication. Over the course of the available 
data, ultimately 43 of 84 individuals (51.2%) demonstrated a loss of motor skills, and 27 of 71 individuals 
(38.0%) demonstrated a loss of verbal skills, underscoring the progressive nature of this disorder. 
Approximately 40% of females (24 of 59 individuals) and the one male who was known to have gained 
independent ambulation (IA) lost this skill over the duration of record collection or up to the time of publication. 
The maximum available age for the individuals without decline was lower than the maximum age available for 
individuals with progressive disease (6.6 years versus 29.0 for motor progression; 10.9 years versus 24.1 for 
verbal progression). Furthermore, the ability to ambulate with assistance (such as with a walker or support) 
was lost in 22.6% (14/62) females and in 1 of 2 of the males with this skill (Figure 2A). Other key events, such 
as feeding tube placement, were not consistently found in the medical records or literature.  
 
Most individuals with WDR45-related disease had seizures (70 of 81 females and 14 of 15 males) (Figure 2B), 
although there was a wide range of severity from fever-provoked seizures to subclinical seizures to infantile 
spasms. Most males had refractory epilepsy (13/14; 92.9%) versus half of the female population (30 of 60 
individuals). The spectrum of seizure semiologies included atonic, tonic-clonic, focal, myoclonic, and absence 
seizures. On electroencephalogram (EEG), a mix of generalized and focal discharges were common, as 
previously described 6. Age at first seizure was available for 65 of the 70 females with a history of seizure and 
all males (Figure 2B). There was no statistical difference in the onset of seizures by sex. 
 
Classically, WDR45 mutations are associated with iron accumulation noted on cerebral imaging. Magnetic 
resonance imaging (MRI) results from 159 scans were available for 98 individuals within the cohort (Table 1B). 
The average age at imaging was 11.2 years (range 0.1 � 50 years). Iron deposition (82/159; 51.6%), atr ophy 
(104/159; 65.4%), and abnormal myelination (45/159; 28.3%) were all commonly identified features (Figure 3). 
The age at image acquisition was available for 149 of the 159 scans. Abnormal myelination was significantly 
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associated with a younger age, while the detection of iron was associated with an older age at image 
acquisition (Mann Whitney test with 2 tailed p values, both p <0.0001) (Figure 4). 

 
Discussion 
In this report, we present 123 individuals with WDR45-related disease, including 17 new cases. This analysis 
of both novel cases as well an in-depth review of cases from the literature emphasizes the evolution this rare 
disease. Depending on the sex and the age at evaluation, there are variable clinical features and imaging 
findings. Across the cohort, there was early developmental delay, frequently accompanied by seizures. 
Imaging revealed early myelination delay, followed by evidence of iron deposition.  
 
Our cohort includes 19 males, and our results suggest that males develop a more severe phenotype, with 
earlier presentation. In females, the developmental delay was more variable. Unfortunately, the majority of 
individuals had a delay to diagnosis from the time of clinical presentation of 16 years on average. While this 
report represents the largest series of WDR45 cases to date, it is limited by the availability of medical reports 
and information from case reports. The findings however are consistent with previously published case reports 
and clinical experience. Additionally, as this was a cohort collected by enrollment and published cases, there is 
a bias towards the inclusion of individuals with a stronger phenotype. There are several reports of males 
inheriting the variant from an asymptomatic mother. Similar cases, of mild or normal phenotypes, would not 
have been captured in this study. 
 
Leukoencephalopathy is not an uncommon finding in individuals with epileptic encephalopathy and has been 
previously identified in individuals affected by BPAN.13-19 In our cohort, we found earlier MRIs to reflect 
abnormal myelination, while later imaging was more likely to be notable for iron deposition. This underscores 
that WDR45-related imaging findings evolve over time.6,19 As found in other early onset epileptic 
encephalopathies, we hypothesize that delayed myelination will continue to improve over time and ultimately 
may normalize.   
 
Our report underscores the importance of expanding the phenotypic spectrum of rare genetic disorders as 
children are often referred to different specialists at different ages. The majority of individuals in this cohort 
were identified through more broad-based diagnostic platforms, including whole exome and whole genome 
testing. The spectrum of variable clinical features observed in individuals affected by WDR45 variants as 
described here overlaps with other genetic conditions. This suggests that use of whole genome or whole 
exome sequencing as a first-tier diagnostic test may shorten the diagnostic odyssey and expedite appropriate 
clinical care and counseling. 
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Table 1. Demographics and key outcome measures within the WDR45 cohort 

1A. Demographics 
Cases: N 123 

Cases from literature review: N (%) 106 (86%) 
Sex (F): N (%) 104 (8.5%) 
Diagnosis  

Average age in years (from n=60) 16.7 +/- 14.3 (SD) 
Range age in years (from n=60) 0.8 - 52.0 years 

Molecular diagnostic method (from n=83)  
Targeted (Single-Gene) or Panel Test: 
N (%) 

24 (28.9%) 

Whole exome testing: N (%) 55 (66.3%) 
Whole genome testing: N (%) 4 (4.8%) 

Clinical presentation  
Average age (from 91 individuals) 0.9 +/- 0.8 
Range of ages in years (from 91 
individuals) 

0.1-6.0 

Clinical features at presentation (from 
n=123) 

 

Developmental delay: N (%) 74 (60.5) 
Seizures: N (%) 32 (26.0) 
Movement disorder: N (%) 3 (2.4) 
Autistic features: N (%) 1 (0.8) 

Microcephaly noted (from 47 
individuals): N (%) 

13 (27.7) 

Clinical Trajectory  
Progressive loss of motor function (from 
84 individuals) : N (%) 

41 (51.2) 

Progressive loss of verbal  function 
(from 71 individuals) : N (%) 

27 (38.0) 

1B. Imaging Findings 
MRIs: N 159 

Individuals with MRIs available: N 98 
Average age in years (from n=89)  
Range age in years (from n=60)  
MRI features  

Atrophy   
Supratentorial: N (%) 104 (65.4) 
Corpus Collosum: N (%) 60 (37.7) 
Brainstem: N (%) 6 (3.8) 
Cerebellum: N (%) 37 (23.3) 

Abnormal Myelination: N (%) 45 (28.3) 
Iron deposition: N (%) 82 (51.6) 
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Figure 1. Presentation and diagnosis of WDR45. (A) Each line represents the interval in years between clinical 
onset and diagnosis (n=54, including n=6 males). (B) The age at clinical presentation was compared by sex 
(line= median value; n=77 females, n=14 males; Mann Whitney test, 2-tailed p value <0.001). (C) Distribution 
of variants found in the cohort of individuals with WDR45-related disease.  
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Figure 2. Key time to event measures and milestones in WDR45-related disease. (A) In the WDR45 
population, important events included the presence of seizures, refractory epilepsy, loss of independent 
ambulation (IA) and loss of assisted ambulation (AA). Other events, such as feeding tube placement, were not 
consistently found in the medical records or literature. The dark blue bars represent event attained, light blue is 
not attained, while white bars represent unknown (UK). (B) Age at first seizure was compared across sex 
cohorts and was not significantly different (n=63 females; n=14 males; Mann Whitney test, two-tailed p value 
p=0.0590). (C) Developmental skill acquisition plots (�developmental heat maps�) were created to visua lize the 
difference in development between females (left) and males (right). The designation of �10� represents less 
than 10% of the population has acquired a milestone by the age indicated on the x-axis, while the designation 
of �90� represents that up to 90% of the population has acquired the skill by the given age. The color-coded 
heat map indicates the percentage of the population who has attained the milestone at a given age, as shown 
on the x-axis. milestone acquisition by genotype. (D) Age at developmental skill acquisition was presented with 
Kaplan-Meier curves as compared across females (blue, solid line) and males (black, dotted line). P-values 
were calculated using the logrank test comparing sexes (p values included in figure).  
 
  



 

 10

 
Figure 3. The spectrum of imaging findings in individuals affected by changes in WDR45. A. Imaging from 
three individuals demonstrating low volume, including of the corpus callosum (* left panel) and supra- and 
infra-tentorial regions middle panel). B. In some individuals, iron deposition was absent in the initial set of 
images, but later was evident (second row). Evidence of iron deposition was found in a subset of individuals in 
the Substantia Nigra (SN) and/or Globus Pallidus (GP) using T2, GRE, and SWI modalities. C. In a subset of 
individuals, myelination was delayed (left and middle panels) and low in volume (right panel). 
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Figure 4. The characteristics identified by MRI correlate with age at imaging acquisition. Age at acquisition 
was available for 149 MRIs. The Mann Whitney test was used to compare the age of image acquisition by the 
presence of key radiographic features (2 tailed p <0.0001 for abnormal myelination and iron deposition). 
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Supplemental Table. Genetic variants in WDR45. Both PMID and references are provided for each literature 
report as available. Novel variants are noted by a *. Targeted testing is inclusive of both panel testing and 
targeted WDR45 testing. UK = unknown 
 
  Sex Method of molecular 

diagnosis 
DNA change Amino Acid change Source 

1  Male Whole Exome Sequencing c.830+1G>A IVS10+1G>A in intron 
10 

 

2 * Female Whole Genome Sequencing c.1020_1023delTGAT p.Asp341Glufsext69  

3  Female Whole Genome Sequencing c.700C>T p.Arg234Ter  

4 * Female Targeted c.519+2 T>C   

5  Female UK chrX:48934349 A>G p.Phe100Ser  

6 * Female Whole Genome Sequencing c.728+2T>A   

7  Female Whole Exome Sequencing c.729-1G>A IV59-1G>A  

8  Male UK c.19C>T p.Arg7*  

9 * Female UK c.2T>A   

10 * Male UK c.442_446delCTCTG p.Leu148*  

11  Male UK 19.9-kb Deletion in 
Xp11.23 

 261739689 

12 * Female UK c.944_953del p.Arg315  

13  Female UK c.830+1G>A   

14 * Female UK c.412G>T   

15 * Male Whole Genome Sequencing c.14_20dupCACTTCG p.Gly8ThrfsTer65  

16 * Female Whole Exome Sequencing c.52C>T p.Gln18Ter  

17 * Female Whole Exome Sequencing c.718dupA p.T240Nfs*6  

18 * Male Targeted c.729-1G>A   

19  Female UK c.868C>T p.Gln290Ter 3163285820 

20  Female Targeted chrX:g.48,930,034_ 
48,935,858del (hg19) 
deletion 

 3153683121 

21  Female Targeted c.830 +1G>A fs premature termination 
codon at position 278 

3150568822 

22  Male Whole Exome Sequencing c.197 T > A p.V66E 3146601023 

23  Female Whole Exome Sequencing c.1040_1041del p.Glu347GlyfsTer7 *24, 
3133296025 

24  Female Targeted c.761_762insAG p.Cys254Ter 3129389626 

25  Female Targeted c.614G > A p.Gly205Asp 31293896 26, 
2917101313 

26  Female Targeted c.830+1G > A  3129389626 

27  Female Targeted c.299T>C p.Phe100Ser 3129389626 

28  Female Whole Exome Sequencing c.830+1G > C  3129389626 

29  Female UK c.629delG  p.Ser210X 2917101313 

30  Female UK c.1007_1008del p.Tyr336CysfsX5  2917101313 

31  Female UK c.700C>T p.Arg234X  2917101313 
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32  Female UK c.627del p.Ser210GlnfsX78 2917101313 

33  Female UK c.454delT p.Cys152AlafsX9 2917101313 

34  Female UK c.726C>G p.Tyr242X 2917101313 

35  Female UK c.921delA p.Ala308Leufs*22 3074641627 

36  Female Targeted c.479T>G p.Leu160Arg 3074641627 

37  Female Targeted c.251delA p.Asp84Alafs*34 3074641627 

38  Female Targeted c.344 + 1G>A  3074641627 

    c.100G>A p.Val34Met  

39  Male Whole Exome Sequencing c.873C>G p.Tyr291* 3061224728 

40  Male UK c.977-1 C>T  2917101313 

41  Female UK c.439+2T>G  3045515629 

42  Female UK c.411dupT (c.412insT) p.Glu138* 3045515629 

43  Female UK c.729-2 A>G  3045515629 

44  Female UK UK UK 3034127530 
45  Female UK c.19C > T p.Arg7* 2998185231 

46  Female UK c.401G > C p.Arg134Pro 2998185231 

47  Female UK c.700C > T p.Arg234* 2998185231 

48  Female UK c.503G > A p.Gly168Glu 2998185231 

49  Female UK c.912delT p.Ala305Leufs*25 2998185231 

50  Female Whole Exome Sequencing c.1007_1008del p.Tyr336Cysfs � 5  231768204 

51  Female Whole Exome Sequencing c.38G>C p.Arg13Pro 231768204 

52  Female Whole Exome Sequencing c.-1_5del p.Met1? 231768204 

53  Female Whole Exome Sequencing c.293T>C p.Leu98Pro 231768204 

54  Female Whole Exome Sequencing c.476del p.Leu159Argfs � 2 231768204 

55  Female Whole Exome Sequencing c.19C>T p.Arg7 �  231768204 

56  Female Whole Exome Sequencing c.56-1G>A splicing defect 231768204 

57  Female Whole Exome Sequencing c.700C>T p.Arg234 �  231768204 

58  Female Whole Exome Sequencing c.400C>T p.Arg134 �  231768204 

59  Male Whole Exome Sequencing c.228_229del p.Glu76Aspfs � 38  231768204 

60  Female Whole Exome Sequencing c.405_409del p.Lys135Asnfs � 2 231768204 

61  Female Whole Exome Sequencing c.359dup p.Lys121Glufs � 18  231768204 

62  Female Whole Exome Sequencing c.830+1G>A splicing defect 231768204 

63  Male Whole Exome Sequencing c.19dup p.Arg7Profs � 64 231768204 

64  Female Whole Exome Sequencing c.235+1G>A splicing defect 231768204 

65  Female Whole Exome Sequencing c.1007_1008del p.Tyr336Cysfs � 5  231768204 

66  Female Whole Exome Sequencing c.694_703del p.Leu232Alafs � 53 231768204 

67  Female Whole Exome Sequencing c.183C>A p.Asn61Lys 231768204 

68  Male Whole Exome Sequencing c.1025_1034del 
insACATATTT 

p.Gly342Aspfs � 12  231768204 

69  Female Whole Exome Sequencing c.55+1G>C splicing defect 231768204 

70  Female Whole Exome Sequencing c.C19T p.Arg7* 2535689932 

71  Female Targeted c.319_320delCT p.Leu107Phefs*7 2960027433 

72  Female Targeted c.20G>A p.Arg7Gln 2960027433 

73  Female Targeted c.64DeIT p.Cys22Alafs*16 2887872834 

74  Male Whole Exome Sequencing c.131-1G>A  2703014615 

75  Male Whole Exome Sequencing c.248G>A p.Trp83 2703014615 
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76  Male Whole Exome Sequencing c.400C>T p.Arg134 2703014615 

77  Female Whole Exome Sequencing c.400C>T p.Arg134 2703014615 

78  Male Whole Exome Sequencing c.161_163delTGG p.Val54del 2657704135 

79  Female Whole Exome Sequencing c.161_163delTGG p.Val54del 2657704135 

80  Female Targeted c.235+1G>T Splice site 2968245336 

81  Female Whole Exome Sequencing c.236-18A>G intronic 2968110837 

82  Female UK c.251A>G p.Asp84Gly 262402097 

83  Female UK c.969_970insT p.V324CfsX18 2574462338 

84  Female UK c.587_588delTA p.I196SfsX26 2574462338 

85  Female UK c.414_419delGTTGA p.E138_F139del 2574462338 

86  Female UK c.628T>C p.S210P 2574462338 

87  Female UK c.400C>T p.R134X 2574462338 

88  Female UK c.587_588delT p.I196SfsX26 2574462338 

89  Female UK c.293T>C p.L98P 2574462338 

90  Female UK c.322del p.Ser108Leufs*10 2504465539 

91  Female Whole Exome Sequencing c.342-2A>C splice site 2461025519 

92  Female Targeted c.345-1G>A r.345_439del 2602246340 

93  Female Targeted c.400G > A p.R134Ter 2685981841 

94  Female Whole Exome Sequencing c.400C>T p.R134X 2660973042 

95  Female Whole Exome Sequencing c.439+1G>T p.Gly147Val; 
Val147_Leu148ins8 

234350868, 
2339012143 

96  Female Whole Exome Sequencing c.516G>C p.Asp174Valfs*29  234350868 

97  Female Whole Exome Sequencing c.437dupA p.Leu148Alafs*3 234350868, 
2289218944 

98  Female Whole Exome Sequencing c.637C>T p.Gln213* 234350868 

99  Female Whole Exome Sequencing c.1033_1034dupAA p.Asn345Lysfs*67 234350868 

100  Female Targeted c.440-2 A > G splice site 2679096045 

101  Female Targeted c.447_448del p.Cys149* 2836125546 

102  Female Targeted c.447_448del p.Cys149* 2836125546 

103  Female UK c.488del C p.Pro163Argfs*34 2530122746 

104  Female UK c.51911_51913del splice site 2479080247 

105  Female Whole Exome Sequencing c.551delC p.S184LfsX13 2513162248 

106  Female Targeted c.597_598 p.Leuo201Lysfs*21 2795754849 

107  Female UK c.626C > A p.Ala209Asp 2559241150 

108  Female UK c.662_663del p.Phe221* 2436817651 

109  Female Targeted c.752_754del p.Ser251del 2436817651 

110  Female Whole Exome Sequencing c.1030del p.Cys344fs 2436817651 

111  Female Whole Exome Sequencing c.700 C>T p.Arg 234* 2893239552 

112  Male Whole Exome Sequencing c.752_754delCCT p.Ser251del 2837132053 

113  Female Whole Exome Sequencing p.T260Lfs*27  2715902854 

114  Female Whole Exome Sequencing c.795delT  2907562214 

115  Female Whole Exome Sequencing c.830+1G>A Splice site 2462158455 

116  Male Whole Exome Sequencing c.830+1G > A splice site 2871174056 

117  Female UK c.830 + 2 T > C splice site 2734908557 

118  Female Whole Exome Sequencing c.831�1G>C splice site 2648185217 

119  Female Whole Exome Sequencing c.C868T p.Q290X 2526306158 
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120  Male Whole Exome Sequencing c.1007_1008delAT p.Tyr336Cys*5 2768147059 

121  Female Whole Exome Sequencing c.1007_1008del p.Y336Cfs*5 2944547760 

122  Female Targeted c.1056C>G  p.Tyr352* 3071389361 

123  Female Targeted heterozygous deletion 
of WDR45 gene 

 2908210562 
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