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Abstract

Biallelic loss-of-function (LoF) of SLC13A5 (solute carrier family 13, member 5) induced
deficiency in sodium/citrate transporter (NaCT) causes autosomal recessive developmental
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epileptic encephalopathy 25 with hypoplastic amelogenesis imperfecta (DEE25; MIM #615905).
Many pathogenic SLC13A5 single nucleotide variants (SNVs) and small indels have been
described; however, no cases with copy number variants (CNVs) have been sufficiently
investigated. We describe a consanguineous Iragi family harboring an 88.5 Kb homozygous
deletion including SLC13A5in Chrl7p13.1. The three affected male siblings exhibit neonatal-
onset epilepsy with fever-sensitivity, recurrent status epilepticus, global developmental delay/
intellectual disability (GDD/ID) and other variable neurological features as shared phenotypical
features of DEE25. Two of the three affected subjects exhibit hypoplastic amelogenesis imperfecta
(Al), while the proband shows no evidence of dental abnormalities or Al at 2 years of age with
apparently unaffected primary dentition. Characterization of the genomic architecture at this locus
revealed a potential genomic instability mediated by an A/u-Alu mediated rearrangement (AAMR)
which was confirmed through breakpoint junction Sanger sequencing. This multiplex family from
a distinct population elucidates the phenotypic consequence of complete LoF of SLCI3A5and
illustrates the importance of read-depth based CNV detection in comprehensive exome sequencing
(ES) analysis to solve cases that otherwise remain molecularly unsolved.
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SLC13A5; homozygous deletion; developmental and epileptic encephalopathy; A/u-Alu mediated
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Introduction

High-affinity sodium-dependent citrate transporter (NaCT), encoded by solute carrier family
13, member 5 (SLC13A5), plays a crucial role in citrate metabolism in the brain, teeth,

and liver by acting as a primary regulator of the sodium/citrate concentrations in the

cytosol (Gopal et al., 2007). Dysfunction of NaCT impairs citrate uptake and transport
activity intracellularly, resulting in disturbance of neurotransmitter in the cerebrospinal fluid
(Gopal et al., 2007; Hardies et al., 2015). Brain citrate level alteration and abnormality

of hippocampus neuronal network excitability were also noted in S/c13a5-knockout

mice (Henke et al., 2020). Biallelic loss-of-function (LoF) variants in SLC13A5 (MIM
*608305) have been described as causing autosomal recessive (AR) developmental epileptic
encephalopathy 25 with hypoplastic amelogenesis imperfecta (DEE25; MIM #615905), with
a spectrum of developmental and neurological abnormalities (Hardies et al., 2015; Thevenon
etal., 2014). Individuals diagnosed with DEE25 have been reported with neonatal seizures,
variable neurological outcomes, and dental abnormalities. Notably, nine patients with the
clinical diagnosis of Kohlschitter—Ténz syndrome (KTZS, #226750) had no pathogenic
variants in the frequently causative gene ROGD/ (MIM *614574), but rather were found

to have biallelic variants in SLC13A5 (Schossig et al., 2017). ROGD1 encodes an atypical
leucine zipper protein with high expression in the human brain and spinal cord, with

a presynaptic site localization pattern (Riemann et al., 2017). KTZS is characterized by
early-onset epilepsy, global developmental delay (GDD), and amelogenesis imperfecta.
These clinical phenotypic features are shared between DEE25 and KTZS, and indicate

that SLC13A5 could be associated with ROGD/-negative KTZS (Schossig et al., 2017)
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and perhaps their protein products act in the same network, interactome, or biochemical
pathway.

More than 59 cases with biallelic pathogenic single nucleotide variants (SNV) in SLC13A5
have been described (Matricardi et al., 2020); 12 pathogenic and 17 likely pathogenic alleles
have been documented in ClinVar (https://www.ncbi.nlm.nih.gov/clinvar). Nevertheless, no
cases with copy number variants (CNVs) have been clearly studied. Here, we describe

a consanguineous family of Iraqgi descent with a novel 88.5 Kb homozygous deletion in
Chr17p13.11, resulting in a complete LoF of SLC13A5 in three affected male siblings,

with the elucidation of detailed clinical and molecular genetic features. Breakpoint junction
analysis demonstrates that the SLC13A5 deletion was generated by A/u-Alu mediated
genomic rearrangement (AAMR)(Song et al., 2018).

Family-based exome sequencing (ES) and rare variant analyses for three affected siblings
with DEE (Figure 1A-G) and their parents (pentad ES) were performed under an
Institutional Review Board (IRB) approved research protocol (H-29697) at the Baylor-
Hopkins Center for Mendelian Genomics and as part of analysis of a large Middle

Eastern cohort with rare neurodevelopmental disorders. Pentad ES analysis for shared rare
homozygous, compound heterozygous, and recurrent de novo (for parental mosaicism)
variants did not identify any candidate SNV. CNV analysis using exome hidden Markov
model (XHMM) and an in-house developed algorithm, HMZdelFinder (https://github.com/
BCM-Lupskilab/HMZDelFinder), designed to identify rare intragenic homozygous and
hemizygous deletions using ES data (Fromer & Purcell, 2014; Gambin et al., 2017), detected
a shared novel homozygous deletion involving the whole-gene of SLC13A5 and first exon of
the adjacent gene XAF1 in all three affected siblings (Z-score: —5.58) (Figure 1H).

To investigate for genomic evidence of potential consanguinity, we used BafCalculator
(https://github.com/BCM-Lupskilab/BafCalculator), an in-house developed bioinformatic
tool (Gambin et al., 2017; Karaca et al., 2018). This tool uses ES variant call format

(vcf) file to extract the B-allele frequency from unphased ES variant data to calculate the
absence of heterozygosity (AOH), as a surrogate measure of runs of homozygosity (ROH)
and reflecting identity-by-descent genomic segments. Analyses of the exomes from the
proband (BAB12488) and two affected siblings (BAB12491 and BAB12492), revealed that
the homozygous SLC13A5 and partial XAF1 deletion maps within 2.5 Mb, 2.7 Mb and 2.7
Mb genomic intervals of AOH/ROH with a total AOH size of 125.4 Mb, 108.5 Mb and 179
Mb, respectively (Figure 11). The coefficient of consanguinity determined from total AOH
and estimated as percent genome shared, and identical-by-descent is 0.033. By historical
report there was known consanguinity of second-degree cousins with a predicted coefficient
of consanguinity of 0.03125.

The deletion and heterozygous copy number state in the parents were subsequently validated
by an orthogonal experimental method - droplet digital polymerase chain reaction (ddPCR)
in all family members (Figure 1J). Further characterization of the structural variant by
array-based comparative genomic hybridization (aCGH) targeting chromosome 17 allowed
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for a more precise genomic resolution of the size, extent, and genomic content of the
deletion CNV (Figure 2A). Both parents were found to be heterozygous carriers of the
deletion, while the unaffected sibling carried homozygous wild-type alleles in accordance
with Mendelian expectations.

We previously showed that Chr17p13 undergoes frequent genomic rearrangements that

are often generated by A/u-Alurecombination (Carvalho et al., 2014; Gu et al., 2015).

By examining the genomic intervals identified by aCGH, a directly oriented A/u pair
intersecting the deleted genomic region was identified and AAMR was suspected as the
potential mutational mechanism leading to the observed ~90 Kb deletion CNV. We also
used AluAluCNVPredictor, an in-house developed bioinformatic tool, and the same A/u pair
was predicted as the only CNV-A/u pair for the given genomic interval delineated from

the aCGH data, with an AAMR risk score of 0.46 for MIM (Mendelian Inheritance in

Man; omim.org) genes and 0.478 for RefSeq gene transcripts for both SLC13A5and XAF1
(Figure 2B)(Song et al., 2018). This hypothesis of AAMR mechanism driven deletion CNV
formation for the derivation of this disease-causing allele was investigated experimentally
and confirmed by breakpoint junction analysis. Sanger sequencing revealed a chimeric Alu
element derived from an A/uSx3/A/uSq recombinant, with 27 bp microhomology at the
apparent recombinant joint, resulting in an 88,490 bp deletion (Figure 2C).

Following the molecular diagnosis, dental photos (Figure 1E-G) were obtained and
reviewed by advanced practice and pediatric dentists (AF and GB coauthors) and the
siblings were referred to a local pediatric dentist to be evaluated for the possibility of
amelogenesis imperfecta (Al) and for dental management. Panoramic dental x-rays were
not available for review. The z-score and standard deviation for all growth parameters were
determined using Center for Disease Control and Prevention (CDC) growth charts.

All data included in this study can be de-identified and shared upon reasonable request to the
corresponding author.

Clinical Family Case Reports

The proband (BAB12488, Figure 1A and B) is a 2-year-old male born to a healthy

second degree-cousin consanguineous family at term following an uneventful pregnancy
and elective Cesarean section delivery. Birth weight was 2.4 kg (-1.86 SD). He has two
older affected brothers (BAB12491 and BAB12492) and one older unaffected brother
(BAB12493); family history was positive for a stillborn infant born to the paternal
grandmother, Sudden Infant Death Syndrome (SIDS) at 15 days of life in the non-identical
twin of the stillborn infant, and epilepsy in one maternal cousin once removed and one
paternal cousin once removed (Figure 1A-G, Figure S1).

The proband (Figure 1B) exhibited frequent episodes of generalized clonic seizures (GTCs)
shortly after birth and was subsequently admitted to the neonatal intensive care unit (NICU)
for 12 days, where he received phenobarbital and was seizure-free by the time of discharge.
Seizures recurred in the subsequent weeks but were eventually controlled on a combination
of antiepileptic drugs (AED) levetiracetam, phenytoin and clonazepam. Developmental
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delay was evident by 6 months of age. At the age of 8 months, phenobarbital was gradually
weaned, with seizure recurrence after 2 months. This observed breakthrough seizure was
described as generalized tonic stiffening of the limbs with deviation of the eyes and head to
the left side, lasting 5 — 10 minutes; it occurred following a febrile iliness. Carbamazepine
was added to his AED regimen, and he became seizure free following dose escalation.

At his current age of 2 years, he demonstrates severe to profound GDD. He can roll, sit with
support, and reach for objects. He does not have a pincer grasp and cannot feed himself.

He can bear weight on his legs but cannot stand or walk independently. He can make
monosyllables, knows two simple words only, smiles reciprocally and can recognize his
parents. He is not toilet trained. Anthropometric measurements are as follows: OFC 46.3 cm
(-1.65 SD), height 88 cm (+0.22 SD) and weight 11 kg (—-1.37 SD). Physical examination
showed an alert, playful, and socially interactive child. He displayed self-injurious behavior
(finger biting). He also had esotropia, choreoathetotic movement of the limbs, hypertonia,
brisk deep tendon reflexes throughout, and a flexor plantar response. His dental status
(Figure 1E) revealed relatively normal dentition for age with no signs of delayed eruption,
yellow teeth discoloration, worn molars or hypodontia. His lower canines were both present
while upper canines have yet to erupt. There was no evidence of Al.

Clinical laboratory investigations at age 2 years included a normal complete blood count,
electrolytes, liver and renal function test, and tandem mass spectroscopy on serum sample.
Routine awake and asleep electroencephalogram was normal. Brain Magnetic Resonance
Imaging (MRI) showed nonspecific enlargement of subarachnoid spaces with normal
cerebrum, cerebellum, and myelination for age.

The oldest affected sibling (BAB12491, Figure 1C) is a 15-year-old male with GDD,
profound intellectual disability (ID), and drug-resistant epilepsy (DRE). He was born at
37 weeks gestational age by uneventful vaginal delivery. The preghancy was complicated
by upper urinary tract infection at 20-week gestation which necessitated hospitalization
and treatment with intravenous antibiotics. He exhibited GTC seizures at birth and was
hospitalized and treated for 12 days in the NICU. Initially, seizures occurred twice a week,
lasting between 5-15 minutes consistent with status epilepticus and mostly triggered by
febrile illness. He was placed on carbamazepine and the seizures reduced in severity and
frequency with age, with only occasional breakthrough seizures after 10 years of age
triggered by fever. Delay in development was first evident at 6 months of life when he
did not roll or demonstrate head support.

At his current age (15 years), he walks independently, can go up/downstairs, follows a few
simple commands, speaks four simple monosyllable words only. He is not toilet trained,
cannot use a spoon or cup to eat and drink independently, and is dependent on his family
in all his activities of daily living (ADLSs). His anthropometric measurements at current age
(15 years) are as follows: OFC 52 cm (-1.95 SD), weight 38 kg (-2.29 SD) and height
147 cm (-2.76 SD). Examination showed an alert child with autistic behaviors including
echolalia, impaired social interaction, and hand flapping. He has normal ocular movement.
He had hypertonia, extensive burn-related scarring of the left side of the body causing skin
contracture at the left anti-cubital area, and flexion posturing of the left elbow. He had
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normal deep tendon reflexes, ankle clonus bilaterally, flat feet, and genu varus deformity.
His gait was ataxic. Examination of the dentition showed hypoplastic enamel supported by
abnormally heavy plaque and calculus deposition (Figure 1F). The teeth had a dark yellow
color due to the exposed dentin and the enamel surfaces were severely worn. There was
no delayed eruption or hypodontia, while generalized gingival inflammation and marginal
gingival overgrowth were present. Al type 1 (hypoplastic enamel) was highly suspected.

The second affected brother of the proband (BAB12492, Figure 1D) was an 11-year and
5-month-old male. He was born at 41 weeks gestational age by uneventful vaginal delivery.
The pregnancy was complicated by maternal anemia at 16 weeks gestational age. Seizures
first started on day of life three (DOL3) and he was admitted to the NICU where seizures
were controlled with phenobarbital. The NICU admission was complicated by neonatal
jaundice (maximum total serum bilirubin was 15 mg/dl) requiring phototherapy. He was
eventually discharged on DOL13. He had occasional breakthrough seizures described as
generalized tonic and usually triggered by fever. Seizure control improved after starting
carbamazepine. Additionally, he exhibits sleep episodes of spontaneous arousal, screaming
with loss of awareness concerning for seizures versus parasomnia. He started walking at
the age of 3 years and can go up - and - down stairs. At 11 years of age, he is currently
nonverbal but can follow a few simple commands. His comprehension is slightly better than
his other affected siblings per parental report. He can use his hands, but not spoon, to eat
and can drink from a cup. He is not toilet trained. On examination, growth parameters were
as follows: OFC 50.5 cm (-2.08 SD), weight 31 kg (-1.16 SD), height 134 cm (-1.57 SD).
He was alert and displayed mild autistic features and self-injurious behavior with evidence
of thickening of the dorsum of the hands because of self-biting. Compared to his affected
siblings, he was less hyperactive and was more socially engaged. He had mild hypertonia
with normal deep tendon reflexes. His gait was ataxic. His dental examination (Figure

1G) showed defective and severely worn enamel surfaces, discolored teeth from exposed
underlying dentin, and accumulation of higher calculus and plaque deposits. There were also
incipient caries on the lower left canine, generalized gingival inflammation, malocclusion
and flared anterior teeth (possible presence of anterior open bite). There is no delayed
eruption or hypodontia on his dentition. Overall, these dental findings were consistent with
Al type I (hypoplastic enamel).

Discussion

We report three affected siblings from a consanguineous Iragi family with DEE25 due to an
88.5 Kb novel homozygous deletion involving SLC13A5and XAF1, caused by AAMR.

Biallelic LoF variants in SLC13A5 cause DEE25 characterized by neonatal-onset epilepsy
with fever-sensitivity, recurrent status epilepticus, global developmental delay/intellectual
disability in addition to variable neurological features including ataxia, microcephaly,
choreoathetosis and spasticity (Hardies et al., 2015; Klotz et al., 2016; Kopel et al., 2017,
Matricardi et al., 2020; Schossig et al., 2017; Thevenon et al., 2014). The three affected
siblings have the aforementioned features with profound GDD/ID although only one
affected child, the eldest (BAB12492), had microcephaly (defined as OFC <-2 SD) while
the other two had borderline microcephaly (- 1.65SD and z = - 1.95SD) thus fitting into the
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spectrum of SLC13A5related disorders. The oldest affected sibling (BAB12491) also had
short stature and failure to thrive. We have not observed any substantial phenotypic deviation
from the SLC13A5 LoF spectrum on all three affected individuals in this family. Thus, the
SLC13A5 deletion could explain all phenotypic features observed in these siblings. XAF1

is a XIAP-associated factor 1 (MIM *606717) with no associated human phenotype; its
potential contribution to the phenotype in the siblings remains unclear.

Defects in tooth development such as hypoplasia, hypodontia and Al have been noted in
many clinical reports as a pivotal sign associated with DEE25 (Hardies et al., 2015; Klotz
etal., 2016; Kopel et al., 2017; Schossig et al., 2017). Yellow to orange discoloration

of both primary and permanent teeth, as well as wide interdental spaces and abnormal
crown formation, are major dental features of DEE25. Like that reported in Schossig et al,
2017, the two older siblings had evidence of Al type 1 (hypoplastic type). Interestingly,
the proband had no evidence of dental abnormalities or Al at 2 years of age and his
primary dentition appeared unaffected in contrast to previous reports (Matricardi et al.,
2020; Schossig et al., 2017). However, dental X-rays were not available to evaluate for
hypoplastic enamel.

CNVs account for a significant fraction of human genome variation and are increasingly
recognized as causal for many Mendelian disorders (Dharmadhikari et al., 2019;
Stankiewicz & Lupski, 2010; Yuan et al., 2020). Pathogenic or likely pathogenic CNVs
and uniparental disomy (UPD) contribute to 10.6% of all molecularly diagnosed ES cases
(Dharmadhikari et al., 2019). Biallelic CNVs, particularly small homozygous deletions
(<1,000 Kb) embedded in a genomic block of AOH/ROH, are an under-recognized cause
of autosomal recessive disease traits (AR-CNVSs))(Yuan et al., 2020). These small intragenic
exonic deletions often produce null alleles resulting in complete LoF of gene products
(Alkuraya, 2015) and most affect only one gene. Such disease-causing alleles often arise
de novo ancestrally as a “founder pathogenic variant” in a specific population and are
‘homozygosed’ through identity-by-descent, and thus are more frequently transmitted than
dominant disease-causing alleles which have more substantial selection pressures (Lupski
etal., 2011; Yuan et al., 2020). Given the high frequencies of structural variant (SV)
mutagenesis at a locus, such CNV alleles can also appear as new mutations contributing

to a compound heterozygous biallelic state to cause an AR disease trait rather than by

a Clan Genomics derived allele subsequently inherited and brought to homozygosity by
identity-by-descent (Lupski, 2007; Lupski et al., 2011).

CNV-calling methods using exome data, such as HMZDelFinder, demonstrate that sequence
read-depth serves as a good indicator for such small CNVs; even those involving only a
single exon. (Gambin et al., 2017). Such algorithms, when implemented can increase the
molecular diagnostic ‘solved rate’ of ES by 3-8% and are best when integrated together
with SNV analysis (Karaca et al., 2015; Pehlivan et al., 2019; Yuan et al., 2020). One such
under-recognized mechanism for such exonic deletion alleles is AAMR (Boone et al., 2014),
a form of microhomology mediated break induced replication (MMBIR) (Mayle et al.,
2015); such AAMR derived deletion rearrangement alleles tend toward a genomic size range
of 10s to 100s of Kb, and < 1 Mb; genomic sizes often overlooked in clinical CMA and ES
studies (Song et al., 2018; Yuan et al., 2020). The AAMR risk score of SLC13A51s 0.46
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for MIM genes and 0.478 for RefSeq genes and is below the 0.6 threshold used to implicate
genes that may be “at increased risk” for AAMR mediated genomic instability (Figure

2B), (Song et al., 2018). Yet, experimental evidence showed that this specific CNV-A/lu
rearrangement event was mediated by a pair of A/S elements, A/uSx and A/USq (Figure
2C), located 88.5 Kb apart, with one A/LS element residing in another adjacent gene, XAFL
Thus, this suggests that even genes with low-relative risk prediction scores could still be
susceptible to formation of pathogenic CNVs through AAMR events; such genes can also
be completely deleted using one A/u from the substrate pair mapping to the adjacent gene.
Two pathogenic CNVs associated with phenotypes of DEE25 were previously submitted on
ClinVar, encompassing the full-length of SLC13A5. Of note, one of the CNV, accession
number VCV000442539.1, possesses a highly similar deletion boundaries to our case,
including the full-length of SLC13A5 and first-exon of the XAF1. While further data
regarding to the validation and break-point analysis of these two CNVs are not addressed on
the ClinVar, these observations may provide additional evidence of genomic instability and
potential recurrent copy number loss in this locus.

This case report further emphasizes the importance of utilizing read-depth based CNV
detection tools such as HMZdelFinder as a necessary tool for comprehensive ES analysis
(Lupski et al., 2020). Importantly, ES analysis following by a strategy of applying family-
based experimental validations including aCGH, ddPCR and Sanger sequencing is not

only necessary to elucidate molecular mechanisms underlying the genomic events via
reaching to a single-base resolution, but also provide the footprints of given genomic events
from familial segregation analysis. These benefits may not be achieved by performing
whole-genome sequencing alone on the proband. The identification of such rare, pathogenic
homozygous and compound heterozygous deletion alleles could facilitate better Mendelian
disease gene discovery, molecular diagnosis, and more informed recurrence risk counseling.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Family pedigree, facial features, dentition, and bioinformatic characteristics of whole-
gene deletion of SLC13A5 and exonic deletion of XAF1.

(A) Pedigree of the family showing the affected males as black shaded squares with

the proband demarcated (arrow). The parents are second-degree cousins; extended
multigenerational family pedigree analyses (Supplementary) reveals historical evidence for
consanguineous relationships in previous generations. WT: Wild Type, DEL: Deletion.
(B-D) Facial photographs of the proband (B), the 15-year-old affected sibling (C), and the
11-year-old affected sibling (D) with no distinct dysmorphic features.
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(E) A dental photograph of the proband (B) shows no evidence of dental abnormalities or Al
at 2 years of age with appeared unaffected primary dentition.

(F) A dental photograph of the 15-year-old affected sibling (C) shows hypoplastic enamel,
dark yellow color with severely worn enamel surfaces, generalized gingival inflammation,
and marginal gingival overgrowth. Al type 1 (hypoplastic enamel) is highly suspected.

(G) A dental photograph of the 11-year-old affected sibling (D) shows defective and severely
worn enamel surfaces, accumulation of higher calculus and plaque deposits, and dark color
of the underlying dentin. Incipient caries at the lower left canine, and generalized gingival
inflammation are also noted. These findings are consistent with Al type I (hypoplastic
enamel).

(H) The log10 RPKM profile of targeted region from HMZDelFinder raw data; Designed
exon capture region is marked as blue rectangles; RPKM values of the three affected siblings
are marked as red lines, while black lines delineate RPKM value from individual ES samples
from an internal database with similar experimental conditions.

(1) B-allele frequency of chromosome 17 for the proband and affected siblings showing

a shared 2.5-2.7 Mb interval of Absence of heterozygosity (AOH) surrounding the
homozygous SLC13A5 deletion and marked with a thick gray line. Few small unshared
AOH blocks are also seen shaded with thin grey lines. The location of the CNV is marked
with a red line across the shared AOH region.

(J) Copy number state of exon 1 and exon 12 of SLC13A5, determined by relative positive
droplet ratios, are independently examined by digital droplet PCR (ddPCR) on all family
members. According to relative positive droplet ratios, three affected individuals manifest
zero-copy of both exons; both parents present as heterozygous carriers (single copy), while
the unaffected brother shows two copies of both exons.
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Figure 2. Molecular genomic architecture of SLC13A5 whole-gene deletion and XAF 1 exonic
deletion in the family mediated by AAMR.

(A) A high-resolution array-based comparative genomic hybridization (aCGH) over
Chr17p13.1 of the parents and unaffected brother, and proband, from top to bottom
respectively, performed to evaluate for copy number status of SLC13A5and XAF1. aCGH
confirmed the homozygous deletion in the proband and the heterozygous deletion (carrier
status) in both parents, while the unaffected brother was homozygous for the wild type (WT)
allele (copy number neutral state).
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(B) Gene-level prediction from AluAluCNVPredictor shows SLC13A5and XAFI have the
same AAMR risk score in OMIM genes (0.46) and RefSeq genes (0.478), respectively.
Genomic interval-level prediction successfully addresses this one CNV-A/u pair (A/uSx3/
AlUSq), generating the deletion in this family with the information of genomic intervals
acquired experimentally.

(C) A schematic of the genomic profile of A/Sx3/A/uSq pair mediated rearrangement and
the primer design along with the gel electrophoresis of the PCR products. The junction
primer pair was designed to produce an amplicon size of ~1.5 Kb for deleted alleles
resulting from AAMR with the formation of a recombinant or chimeric A/u. Control
primers were selected from a 450 bp unrelated genomic locus. Below the schematic is

the 1% agarose gel electrophoresis of PCR products. From left to right of the panel: parents
with lighter bands representing a heterozygous ~1.5 Kb deleted alleles; affected brother
(BAB12491) with a thick band of ~1.5 Kb, consistent with the homozygous deleted allele;
unaffected brother (BAB12493) showing no deleted band; affected brother (BAB12492) and
proband with thick bands of ~1.5 Kb, consistent of homozygous deleted alleles; Healthy
gDNA control with no deleted allele, and negative control (no template). Below the gel
figure is an illustration of breakpoint junction analysis by Sanger sequencing revealed

an 88,490 bp deletion resulting from recombination of A//Sx3/A/uSq pair in the same
orientation (red and green arrow, respectively) encompassing a region of microhomology
(blue line with each A/u). This results in a chimeric A/uwith a 27 bp of microhomology
(blue vertical line within chimeric A/u). The three sequences below the schematic from top
to bottom represent the reference A/Sx3 sequence (colored in red), the proband “chimeric”
sequence, and the A/uSq sequence (colored in green). The region of microhomology is
colored in blue. The bottom image represents Sanger tracing of the breakpoint junction with
the 27 bp of microhomology marked with a blue box.

Am J Med Genet A. Author manuscript; available in PMC 2021 September 16.



	Abstract
	Introduction
	Methods
	Clinical Family Case Reports
	Discussion
	References
	Figure 1.
	Figure 2.

