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Lissencephaly is a rare brain malformation characterized by abnormal neuronal migration during cortical development. In this
study, we performed a comprehensive genetic analysis using next-generation sequencing in 12 unsolved Japanese lissencephaly
patients, in whom PAFAH1B1, DCX, TUBATA, and ARX variants were excluded using the Sanger method. Exome sequencing (ES)
was conducted on these 12 patients, identifying pathogenic variants in CEP85L, DYNCTH1, LAMC3, and DCX in four patients. Next,
we performed genome sequencing (GS) on eight unsolved patients, and structural variants in PAFAH1B1, including an inversion
and microdeletions involving several exons, were detected in three patients. Notably, these microdeletions in PAFAH1B1 could
not to be detected by copy number variation (CNV) detection tools based on the depth of coverage methods using ES data. The
density of repeat sequences, including Alu sequences or segmental duplications, which increase the susceptibility to structural
variations, is very high in some lissencephaly spectrum genes (PAFAH1B1, TUBA1A, DYNC1HT1). These missing CNVs were due to
the limitations of detecting repeat sequences in ES-based CNV detection tools. Our study suggests that a combined approach
integrating ES with GS can contribute to a higher diagnostic yield and a better understanding of the genetic landscape of the

lissencephaly spectrum.

Journal of Human Genetics; https://doi.org/10.1038/510038-024-01283-0

INTRODUCTION
Lissencephaly is a rare neuronal migration disorder that occurs
about 1 per 100,000 live births and impacts brain development
during the cortical formation process, resulting in a brain with only
four or three layers rather than the typical six [1]. Although it does
not progress over time, it is associated with significant challenges
such as intellectual disability, developmental delays, and seizures
[2]. Brain magnetic resonance imaging (MRI) of “classical
lissencephaly” showed a broad spectrum comprised of agyria
(cortical thickness exceeding 10 mm), pachygyria (gyral thickness
between 4 and 9 mm), and subcortical band heterotopia [3, 4].
Previous studies have revealed that approximately 80% of
classical lissencephaly patients had pathogenic variants in major
causative genes [5], including PAFAHIB1 (49.3%), DCX (28.3%),
TUBATA, ARX, and DYNCTH1 [6-10]. Patients with each causative
gene show characteristic brain images, including occipital lobe-
dominant or a posterior-anterior (p>a) gradient in PAFAHIB1
variants, frontal lobe-dominant lesions or a>p gradient in DCX
variants, basal ganglia abnormalities and external genital abnorm-
alities in ARX variants, and corpus callosum agenesis, pontocer-
ebellar hypoplasia, and microcephaly in TUBATA variants. Despite

these well-established gene-phenotype correlations, approxi-
mately 20% of lissencephaly patients remain unsolved. These
atypical cases have a heterogeneous genetic background, and 55
genes have been registered as lissencephaly-related genes in the
Human Gene Mutation Database (HGMD) (Table S1).

Not only sequence variants, but also copy number variants
(CNVs) and structural variants (SVs) have been found in
lissencephaly patients. Therefore, appropriate analysis methods,
including target sequencing of candidate genes, multiplex
ligation-dependent probe amplification (MLPA), and fluorescence
in situ hybridization analysis, are needed for detecting each type
of variant. Exome sequencing (ES) and genome sequencing (GS)
offer the benefit of detecting a broader range of genetic
variations, including CNVs, SVs and deep intronic variants, and
they can uncover novel lissencephaly-related genes and genomic
abnormalities that are difficult to detect by conventional analysis
methods. However, the added value of GS in the diagnostic
workflow for lissencephaly patients, particularly in identifying SVs
in genes like PAFAH1B1, has not been fully explored.

Here, we performed a comprehensive genetic analysis using
ES and GS on 12 Japanese patients with lissencephaly. This
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genetic approach helped us discover structural variants undetect-
able by ES and brought a high diagnostic yield. This study
particularly clarified the limitations of ES analysis in detecting
CNVs in genes with high repetitive sequence content and
suggested an efficient diagnostic approach for patients with
lissencephaly.

METHODS

Patients

The experimental protocol was approved by the Ethics Committees of
Showa University School of Medicine and Hamamatsu University School of
Medicine. Written informed consent was obtained from the parents.
Clinical information including family history, medical history, findings of
neurological and physical examinations, general biochemical analyses and
brain imaging was collected by the physician in charge. We selected 12
lissencephaly patients, in whom PAFAH1B1, DCX, TUBATA, and ARX variants
were excluded using the Sanger sequencing according to brain image
findings, clinical symptoms and sex. A flow chart of our analysis is
illustrated in Fig. S1.

Exome sequencing (ES)

Genomic DNA extracted from the blood leukocytes of the patients and
parents was captured using the SureSelect Human All Exon V6 kit (Agilent
Technologies, Santa Clara, CA, USA) or an xGen Exome Research Panel kit
(IDT, Coralville, IA) and sequenced on NextSeq 500 (lllumina, San Diego, CA,
USA) with 151-bp or 76-bp paired-end reads. Exome data processing,
variant calling, and variant annotation were carried out as previously
described [11]. We also investigated copy number variations (CNVs) using
the eXome-Hidden Markov Model (XHMM) [12] and modified Nord’s
method (jNord) [13] in 55 lissencephaly-related genes registered in the
HGMD (Table S1). Segregation of candidate variants was confirmed by
Sanger sequencing using trio DNA samples, and the pathogenicity of these
variants was classified according to the guidelines of the American College
of Medical Genetics and the Association of Molecular Pathology (ACMG/
AMP) [14] and the recommendations of the ClinGen Sequence Variant
Interpretation (SVI) Working Group.

Genome sequencing (GS)

GS was commissioned by BGI Japan Corp. (Kobe, Japan). The sequencing
was conducted using DNBSEQ (MGI TECH, Shenzhen, China) with 150 bp
paired-end reads. Data processing, variant calling, and variant annota-
tion followed procedures previously described [15]. CNV, SV, and
transposon detection were performed using Canvas v1.40.0, Manta
v1.6.0, and TEMP2 v0.1.4, respectively [16-18]. Alignments were
visualized using the Integrative Genomics Viewer (IGV) v2.16.0 (available
at https://igv.org/). De novo assembly of aberrantly aligned read pairs
was performed using Megahit v1.2.9 [19]. Detected SVs were confirmed
by breakpoint-specific polymerase chain reaction (PCR), and primer
information is provided separately in the Supplementary information
(Table S2).

Evaluation of repetitive sequences

We obtained human data regarding RepeatMasker and Segmental Dups
(SegDup) as browser extensible data (BED) format via Table Browser
(GRCh38/hg38) on the UCSC genome browser (https://genome.ucsc.edu/)
to assess retrotransposons and segmental duplications in the genomic
regions of the PAFAHI1B1, DCX, TUBA1A, DYNCI1H1, and ARX genes.
Transposons, particularly those from the Alu and LINE-1 families
known to be significantly involved in structural abnormalities, were
analyzed. The Basic Local Alignment Search Tool (BLAST, https://
blast.ncbi.nim.nih.gov/Blast.cgi) was used to search for homology in Alu
pairs. Homologous regions were searched by “megablast”, and the
similarity of the aligned sequences was evaluated based on the “word
size” parameter. Pairs that could not be aligned by “megablast” had their
homology calculated using “discontiguous megablast”. We performed
statistical analysis using EZR v.1.64 software [20] and conducted Fisher’s
exact test.
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RESULTS

Clinical characteristics of patients

The clinical characteristics of all patients are summarized in
Table 1. Seven males and five females born to non-
consanguineous healthy parents participated in this study.
Paternal information and samples were unavailable for patient 6.
All patients were born at term except for patient 1, delivering at
36 weeks and four days. Birth asphyxia was observed in three
patients (25.0%). Primary microcephaly with head circumference
less than —2.0 SD was present in two patients, and the median
age at the final evaluation was 12 months (interquartile range, 3.5
to 59.5).

From the brain imaging, the median Dobyns lissencephaly
grade [21] was 3. The gradient of lissencephaly was posterior
dominant (p > a) in five patients (41.7%), anterior dominant (a > p)
and diffuse each in three (25.0%), and temporal dominant in one.
Other findings included cerebellar hypoplasia and abnormalities
of the corpus callosum in three patients each, and ventricular
enlargement in seven. Neurological findings showed intellectual
disability in all patients, developmental delay in seven (58.3%),
and epilepsy in 10 (83.3%). Physical examinations revealed
dysmorphic features in three patients, and no genital abnormal-
ities were observed.

Identification of variants related to lissencephaly

A summary of the genetic analysis for 12 patients is presented in
Table 2. Initially, case-only ES was performed for all patients, and five
pathogenic variants in four genes, CEP85L, DYNC1H1, LAMC3, and
DCX, were identified in four patients (33.3%). Three de novo variants
in CEP85L, DYNC1H1, and DCX were novel, but another missense
variant on the same residue in DYNCTHT (NM_001376.4: c.9874G>T
p.(Ala3292Ser)) had been registered as variant of uncertain
significance (VUS) in ClinVar (VCV001043835.6). Both compound
heterozygous LAMC3 variants (NM_006059.4:c.976+1G>A and
c4102_4105del, p.(Arg1368Serfs*48)) have been reported as patho-
genic in a previous study [22]. The c.976+1G>A splice site variant
was registered as pathogenic in ClinVar (VCV001324651.4) and
HGMD (CS1212385). Multiple in silico variant pathogenicity predic-
tion tools indicated that all variants may be deleterious [23]. Based on
these results, these variants were classified as Pathogenic or Likely
Pathogenic according to the ACMG/AMP guideline and SVI
recommendations (Table 2). We identified compound heterozygous
missense variants in DARS2 and WDR81 in patient 9 and 12,
respectively. Both genes are associated with leukoencephalopathy or
hydrocephalus, and some brain abnormalities in patient 9 and 12
were similar to these gene-associated disorders [24]. These missense
variants were predicted to be deleterious and transmitted from their
parents in trans, however, the pathogenicity of these variants was
classified as VUS.

Detection of structural variants in PAFAH1B1

GS was additionally conducted on eight unsolved patients.
De novo SVs, including partial deletions and an inversion
of PAFAH1BI1, were detected in three out of eight (37.5%). In
patient 1, a “Breakend” on the short arm of chromosome 17 was
detected with Manta software, and a paracentric inversion of
approximately 90kb encompassing the PAFAH1B1 gene was
inspected with IGV viewer (Fig. 1A). Breakpoint sequences
involving PAFAHI1B1 intron 5 and RAPIGAP2 intron 1 were
determined by de novo assembly of aberrant reads by Megahit,
and were confirmed by breakpoint PCR (Fig. 1B-D). In patient 5, an
approximately 11 kb deletion spanning from PAFAH1BT intron 9 to
CLUH exon 1 was detected by Manta and Canvas, and confirmed
by breakpoint PCR (Fig. S2). In patient 10, a 160 kb deletion from
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Table 1.

Patients

Gender

Platform

Genetic aberration

Inheritance
Gestational age
Birth asphyxia
Birth

Weight (g) (SD)
Length (cm) (SD)
HC (cm) (SD)
Growth

Age at last
assessment

Weight (kg) (SD)
Hight (cm) (SD)
HC (cm)

Brin MRI

Lis Grade
Microcephaly
CC anomalies

Cerebellum
anomalies

Ventriculomegaly

Other findings

Neurological findings
Developmental delay
Intellectual disability

Seizure

Dysmorphisms
Other phenotypes
Patients

Gender

Platform

Genetic aberration

Inheritance

Gestational age
Birth asphyxia
Birth

Weight (g) (SD)
Length (cm) (SD)
HC (cm) (SD)

Journal of Human Genetics

Patient 1
Male
ES, GS

inversion
involving
PAFAH1BT and
RAP1GAP2

de novo
36w4d

2892 (1.06)
48.5 (0.80)
30.5 (—1.30)

8m

8.17 (—0.41)
69 (—0.61)
449

3p>a

+
+

tonic-clonic

Patient 7
Female
ES, GS

Not
identified

40w0d

2890 (—0.33)
50 (0.32)
33.5 (0.08)

Patient 2
Male
ES

CEP85L
missense
variant

de novo
40wé6d

3298 (0.58)
49 (—0.49)
33 (-0.50)

NA

134
922
48

3p>a

Patient 8
Male
ES

LAMC3 nonsense
and frameshift
variant

Compound hetero

37w

2520 (—0.35)
NA
NA

Clinical features of 12 patients diagnosed with lissencephaly

Patient 3
Female
ES, GS

Not
identified

41w

2796 (—1.34)
NA
NA

5y

16.4 (—0.34)
103.9 (—0.54)
NA

+
atonic

Patient 9
Female

ES, GS
DARS2 (VUS)

Compound
hetero

37w4ad
+

1927 (—2.26)
40.5 (—3.04)
27.0 (—4.02)

Patient 4
Male
ES

DYNCI1H1
missense
variant

de novo
38w3d
+

2170 (—2.13)
44 (—-2.11)
34 (0.68)

6y

12.4 (—4.51)
93.5 (—4.16)
48.0

4a>p

+
+

epileptic
spasms

Patient 10

Male
ES, GS

Patient 5
Female
ES, GS

Microdeletion involving
PAFAH1B1 and CLUH

de novo
41w2d

2965 (—0.57)
50.2 (0.09)
32 (—1.38)

3m

5.1 (-1.07)
58 (—0.90)
36.5

3p>a

CSP, Cv

dysmorphism in BG and
brainstem, unclear anterior
limb of internal capsule

+
apneic seizure

Patient 11
Male
ES

Patient 6
Female
ES, GS

Not
identified

39w3d

2722 (—0.61)
48.2 (—0.47)
31 (=1.70)

Ty

7.13 (—2.02)
69.4 (—1.59)
44.6

4a>p

PCH

lateral and
4th

dilation of
FM

Esotropia

Patient 12
Male
ES, GS

Microdeletion
involving PAFAH1B1
and METTL16

de novo

38w4d

NA
NA
NA

DCX nonsense
variant

de novo

37wed

3390 (1.85)
50 (1.05)
32.5 (-0.35)

WDR81 (VUS)

Compound
hetero

39w0d
+

3088 (0.2)

45 (—1.98)
285 (—3.43)
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Table 1. continued

Patients Patient 7 Patient 8 Patient 9 Patient 10 Patient 11 Patient 12
Growth
Age at last 4y11m 24y 2m 4m3d 3m14d 1y8m
assessment
Weight (kg) (SD) 16 (—0.46) 63 2.59 (—4.38) 5.6 (—1.66) 6.6 (0.35) 10.6 (—0.34)
Hight (cm) (SD) 101 (—1.10) 163 45,5 (—5.20) 57.5 (—2.92) 60.5 (—0.39) 81.3 (—0.18)
HC (cm) NA NA 27.5 375 39 375
Brin MRI
Lis Grade 4 mainly 4p>a la=p 3p>a la=p 3a>p
temporal
lobe
Microcephaly - - + - - +
CC anomalies hypoplasia - hypoplasia partial agenesis - -
Cerebellum - - PCH - - PCH
anomalies
Ventriculomegaly + - i + IVH, CSP, CV 4th
Other phenotypes - polymicrogyria BC, hypoplasia - - hypoplasia of
of HIP and BG BG
Neurological findings
Developmental + - + + + +
delay
Intellectual 4 aF I 4F aF I
disability
Seizure focal motor temporal lobe - epileptic spasm tonic clonic
Dysmorphisms umbilical Polydactyly,
hernia Syndactyly
Other phenotypes Visual and
hearing
impairment

ES Exome sequence, GS genome sequence, BC brain calcification, BG basal ganglia, CSP cavum septum pellucidum, CV cavum Vergae, FM foramen magnum, HC
head circumference, HIP hippocampus, IVH intraventricular hemorrhage, PCH pontocerebellar hypoplasia, CC corpus callosum, y year, m month, d day, NA not
available or not applicable, SD standard deviation, VUS Variant of uncertain significance

PAFAH1B1 intron 2 to METTL16 intron 2 was detected by Canvas,
and confirmed by Breakpoint PCR (Fig. S3).

It has been suggested that the PAFAHIB1 gene has higher
susceptibility to SVs compared to single nucleotide variants [25].
This high susceptibility to SVs is thought to result from the high
density of Alu sequences within the PAFAH1B1 gene [26], which
tend to induce non-allelic homologous recombination (NAHR) or
non-homologous end joining (NHEJ) between highly homologous
Alu elements. We confirmed that SVs in our patients occurred at
AluY or AluSx sequences, which are classified as evolutionarily
“young Alu" considered to have high transposal activity [27]
(Fig. 2).

Based on GS results, we retrospectively reanalyzed ES data of
two patients with PAFAH1B1 deletions using jNord. Although we
observed a trend of reduced read depth (Fig. 3), no SVs were
called in the deleted regions.

DISCUSSION

In this study, we performed comprehensive genetic analysis for 12
unsolved Japanese patients with lissencephaly spectrum and
identified five nucleotide variants, two deletions and an inversion
in seven patients (58.3%). Three of the five pathogenic nucleotide
variants, c.232G>T, p.(Asp78Tyr) in CEP85L; c.9875C>T, p.(Ala3292-
Val) in DYNC1H1; and c.748C>T, p.(GIn250%) in DCX, were novel. A
large-scale study for patients with lissencephaly had reported that

SPRINGER NATURE

approximately 80% of patients had pathogenic variants in
lissencephaly-related genes [5]. The lower detection rate in our
study, compared to previous reports, would be attributed to a pre-
screening of the variants of PAFAHI1B1, DCX, TUBATA, and ARX
based on the clinical phenotypes.

Genes encompassing highly homologous or numerous repeti-
tive sequences, such as PAFAHIBI1, are prone to structural
abnormalities. Here, we analyzed the distributions of homologous
or repetitive sequences, including Alu, LINE-1, and SegDups, in the
top five causative genes for lissencephaly: PAFAH1B1, DCX,
TUBA1A, DYNCIHI1, and ARX. Whereas Alu sequences compose
about 10% of the human genome on average [28], they exist in
the entire gene regions with high density, at 35% for PAFAH1B1
and 27% for DYNCTH1 (Table 3). In addition to the density, other
factors responsible for Alu recombination were equivalent in
DYNC1H1 and PAFAHI1BT (Table S3). In contrast, TUBATA, ARX, and
DCX had no or low incidence rates of Alu sequences. DCX had the
highest LINE-1 occupancy rate at 19%; however, this value was not
particularly remarkable considering that approximately 20% of the
human genome consists of LINE elements. TUBATA had two
SegDup regions with extremely high homology; each covered
approximately half of the entire gene. Both of these homologous
sequences also had high susceptibility to SVs.

Nonetheless, SVs in DYNCTHT and TUBATA are quite less than
PAFAH1B1 [5]. One possibility is that there are differences in the
sequence homology between Alu pairs at breakpoints in these

Journal of Human Genetics
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Fig. 1 Identification of an Inversion in PAFAH1B1 in Patient 1. A Integrative Genomics Viewer image using GS data of Patient 1 (top) and a
healthy control (bottom). This image displays a structural variant with breakpoints indicated by Manta, confirming soft clipping reads within
the PAFAHIBI1 gene. B The region of the paracentric inversion identified by de novo assembly is illustrated on the UCSC Genome Browser
(https://genome.ucsc.edu/). PCR primer sets for proximal (light blue arrows) and distal (orange arrows) breakpoints (Table S2) were designed
to specifically amplify the ends of the inversion in the patient. Breakpoint PCR (left side) and Sanger sequencing (right side) results of the
proximal (C) and distal (D) ends. PCR products of family 1 were electrophoresed on a 2% Tris-acetate-EDTA gel for 30 min. These products were
absent in the parents, verifying that this inversion occurred de novo. Sanger sequencing results confirmed that the breakpoints are in intron 5
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genes. Homology between Alu sequences influences the repair
mechanism of DNA double-strand breaks (DSBs) [29]. When the
homology exceeds 97%, the highly accurate single-strand
annealing repair is selected. Alternatively, as the homology
decreases, error-prone NHEJ repair is favored, and at homologies
below 80%, all DSBs are repaired by NHEJ. Studies using yeast
have reported that when the homology of Alu falls below 86%,
genomic instability is resolved, and homologous recombination
does not occur [30]. These results suggest that homologous
recombination between Alu elements may be restricted to a
narrow homology range between 86-97%. The homology of
typical Alu families is 70-75% [31], but the Alu pairs that caused
NAHR in Patient 1 and 10 had high homology of 89% and 92%,
respectively. This restriction could explain why Alu-mediated SVs
are more frequently observed in PAFAH1BI1. On the other hand,
the 1802 bp nucleotide sequence of SegDup regions aligned in
TUBATA was completely identical. These highly homologous
sequences may be less likely to develop SVs due to repair by
single-strand annealing.

Since all NAHR in this study were related to AluY sequences, we
focused on the homology of AluY sequences in PAFAH1B1 and
DYNCI1H1. We analyzed the sequence similarities for 28 pairs of
AluY sequences in PAFAH1B1 and 55 pairs in DYNCTHT (Table S4)
using BLAST search [32]. There are two types of homologies: local
similarity and global similarity. Local similarity means the similarity
of short consecutive sequences, whereas global similarity con-
cerns the similarity of entire sequence. Typically, “homology”
refers to local similarity, often assessed using the BLAST algorithm.
For sequences to be matched in BLAST, not only high similarity
but also perfect identity of the homologous sequences is essential.
Even with high local similarity, the presence of gaps can reduce
the maximal segment pair (MSP), leading to no match. BLAST
offers various algorithms with different sensitivities. BLAST
algorithms are significantly influenced by the “word size,” which
is the length of the initial seed sequence for alignment.
“Megablast,” with a larger word size, detects regions with the
highest homology, while “discontiguous megablast,” with a
smaller word size, is used for sequences with lower homology.
Interestingly, the AluY pairs of PAFAH1B1 show lower local
similarity than those of DYNC1H1. However, while only 63.6% of
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Alu pairs matched in DYNCTHT using “megablast”, 96.4% matched
in PAFAH1B1, which is significantly higher (p <0.001). Using the
“discontiguous megablast” algorithm, all previously unmatched
Alu pairs were successfully aligned. These findings suggested that
although PAFAH1B1 has lower local similarity than DYNCIHI,
homologous recombination is more likely to occur in PAFAH1B1
due to the longer regions of perfect matches within the
homologous sequences, increasing the propensity for SVs in
PAFAH1BI.

Although we utilized two types of CNV detection programs,
XHMM [12] and jNord [13] for ES screening, two deletions
including PAFAH1B1 were not detected. Both programs require a
read depth of x30 to detect CNVs, and the ES data of all patients
met this requirement. Notably, the XHMM program excludes
regions with a high proportion (>10%) of homologous sequences
masked by RepeatMasker from the analysis [12]. In contrast, jNord
can process SegDup regions with less than 75% homology,
whereas the original Nord requires at least one breakpoint in a
unique sequence [33]. Consequently, detecting CNVs in regions
with high repeat sequences, such as the Alu sequences of
PAFAH1BI, is challenging using XHMM and jNord. These findings
highlight the importance of careful examination of CNVs in genes
with a high density of homologous sequences, and the potential
contributions of SVs in these genes to lissencephaly might be
underestimated.

Our findings indicate the limitations of identifying SVs in
causative genes of lissencephaly using ES alone, emphasizing the
importance of integrating additional diagnostic techniques. MLPA
is effective for detecting CNVs in PAFAH1B1 [34], so we suggest
that MLPA should be actively adopted as the first screening
method for patients with lissencephaly. GS has an advantage in
the comprehensive screening of pathogenic variants, including
nucleotide variants in coding regions, deep-intronic variants
affecting RNA splicing, and various structural abnormalities.
Considering cost and variant detection efficiency, we propose a
multi-step diagnostic workflow. The first step involves target
sequencing and MLPA analysis for major classical lissencephaly
genes. The second step is ES, and the final step is GS. This
combined approach could improve diagnostic yield for patients
suspected of lissencephaly.
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Fig. 3

Investigation of PAFAHIBT copy number loss using modified Nord methods. A IGV of the PAFAH1B1 gene in Patient 10 and seven

healthy controls. The red box indicates exon 3, which is deleted in the patient. B Modified Nord method (jNord) results for Patient 10 and three

healthy controls. The coverage of each exon of PAFAH1B1 is plotted. In Patient 10,

although no variants were called, the depth of exon 2 in

PAFAH1B1 showed a decreasing trend. jNord analysis was performed on 32 samples using Agilent V6 Capture. C1-7, healthy controls (n =7);

IGV, Integrative Genomics Viewer; P10, Patient 10

Table 3. Percentage of repeats and homologous sequences in lissencephaly-related genes

Genes Length Alu L1 SegDup Total Percentage (%)
PAFAH1B1 91962 32254 (35.1%) 13462 (14.6%) 0 45716 49.7

DCX 118414 4913 (4.1%) 23095 (19.5%) 0 28008 237

TUBATA 4286 0 0 2012 2012 46.9

DYNCI1H1 91871 24591 (26.8%) 2771 (3.0%) 0 27362 29.8

ARX 12272 0 0 0 0 0.0

Alu, L1, and SegDup are the total values for each gene, respectively. Numbers without units are expressed in base pairs

SegDup, Segmental Duplication
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