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Patient #2:  Brain-Lung-Thyroid 
Syndrome (NKX2-1-Related Disorder)

Clinical Course:
- Infant-onset abnormal involuntary choreiform movements and 

dystonic gait and myoclonus
- Other symptoms:  developmental delay, intellectual difference, 

hypothyroidism, and severe anxiety
- Family history of father with similar clinical presentation, now 

deceased from lung cancer at age 41 (no relevant exposures)
- Karyotype at age 5 years with paracentric inversion of 

chromosome 14 (46,XX,inv(14)(q13q21)), inclusive of NKX2-1
- Whole genome sequencing at age 21 years was non-diagnostic

LRS and OGM performed to clarify structural rearrangement:

LRS and OGM allowed for the resolution of breakpoints in a 
patient with a balanced chromosome 14 inversion resulting 
in likely pathogenic disruption to a centromeric regulatory 
region of MIBP, itself critical for expression of NKX2-1. 

Patient #1:  MBD5-Associated 
Neurodevelopmental Disorder

Clinical Course:
- Neonatal onset dystonic posturing of hands and seizures 

(managed on topiramate)
- Exam significant for prominent forehead and deep-set eyes
- Epilepsy gene panel (in infancy) with a paternally inherited 

pathogenic variant in CNTNAP2, associated with an autosomal 
recessive genetic epilepsy; this result is non-diagnostic

- Karyotype (age 7 years) significant for 
46,XX,ins(4;2)(p15.2;q21.3q23)t(2;4)(q23;q25)

LRS and OGM performed to clarify structural rearrangement:

LRS and OGM allowed for resolution of breakpoints in a 
patient with a chromosome 2;4 translocation with insertion, 
resulting in a pathogenic disruption of MBD5 intron 1. 

Introduction

Many clinical genetic investigations, including chromosome 
microarray (CMA) and whole exome (WES) and genome (WGS) 
sequencing, are non-diagnostic for a plurality of individuals with 
syndromic presentations.  Studies suggest that genetic diagnoses 
remain elusive for greater than 50% of individuals with chronic 
neurodevelopmental symptoms presenting in childhood3,6.  Up to 
5-10% of individuals with neurodevelopmental symptoms (but no 
better genetic diagnosis) may exhibit apparently balanced 
structural chromosome rearrangements not detectable using 
CMA, WES, or WGS1,7.  

Structural chromosome rearrangements are classically 
considered unbalanced (change in copy number of genetic 
material) or balanced (no change).  Together, these 
rearrangements account for a significant minority of genetic 
disease4,9.  While detection of grossly unbalanced 
rearrangements is achievable with CMA (to a resolution of 25-50 
kilobases for most laboratories), detection of apparently balanced 
rearrangements can be much more challenging.

Apparently balanced structural chromosome rearrangements can 
be clinically silent, whereby they do not disrupt any coding or non-
coding regulatory regions with no significant change in quantity of 
genetic material.  However, rearrangements which disrupt 
canonical gene sequences, nearby regulatory regions, or distant 
sites important for chromatin packing can result in significant 
clinical disease, even in the absence of a detectable change to 
DNA quantity using CMA and standard next-generation 
sequencing technologies.  More recently, long-read sequencing 
(LRS) and optical genome mapping (OGM) have emerged as 
clinically-useful technologies which allow for resolution of visible 
and submicroscopic structural rearrangement within the genome.    

In this study, we describe two individuals with 
neurodevelopmental symptoms and non-diagnostic genetic 
testing who were found to have complex structural 
chromosome rearrangements via use of LRS and OGM.

Abstract

Background: Despite advances in next generation sequencing (NGS), 
genetic diagnoses remain elusive for many patients with neurologic 
syndromes. Long-read sequencing (LRS) and optical genome mapping 
(OGM) technologies improve upon existing capabilities in the detection and 
interpretation of structural variation in repetitive DNA, on a single haplotype, 
while also providing enhanced breakpoint resolution.

Objective: To demonstrate utility of LRS and OGM for identification of 
clinically-actionable genetic diagnoses for patients in whom other genetic 
testing strategies (chromosome microarray, whole exome and genome 
sequencing) have been non-diagnostic.

Methods: We performed LRS and OGM on two patients with known 
chromosomal rearrangements and inconclusive Sanger or NGS.

Results: The first patient, who had epilepsy and developmental delay, had a 
complex translocation between two chromosomes that included insertion and 
inversion events. The second patient, who had a movement disorder, had an 
inversion on a single chromosome disrupted by multiple smaller inversions 
and insertions. Sequence level resolution of the rearrangements identified 
pathogenic breaks in noncoding sequence in or near known disease-causing 
genes with relevant neurologic phenotypes (MBD5, NKX2-1). These specific 
variants have not been reported previously, but expected molecular 
consequences are consistent with previously reported cases.

Conclusions: As the use of LRS and OGM technologies for clinical testing 
increases and data analyses become more standardized, these methods 
along with multiomic data to validate noncoding variation effects will improve 
diagnostic yield and increase the proportion of probands with detectable 
pathogenic variants for known genes implicated in neurogenetic disease.

Table 1:  Detailed breakpoint characterization for Patient 1

Table 2:  Detailed breakpoint characterization for Patient 2

a) Karyotype 
with paracentric 
inversion of 
chromosome 14

b) LRS and OGM enabled detection of multiple 
breakpoints, labeled in red on normal 
chromosome and magenta on derivative 
chromosome.  Derivative chromosome with 
evidence of multiple inversion events.

c) Breakpoint 3 disrupts a region just centromeric to MBIP, a gene 
crucial for proper NKX2-1 expression5.  Other published studies support 
copy number variations affecting this region (blue lines)2,8.

Affiliations and Funding Support

aDivision of Human Genetics, Cincinnati Children’s Hospital Medical Center, 
Cincinnati, OH, USA
bDepartment of Pediatrics, University of Cincinnati, Cincinnati, OH, USA
cBionano Genomics, San Diego, CA, USA 
(with funding through SMRT Structural Variation Grant)
dGenomics Center, University of Minnesota, Minneapolis, MN, USA
eDivision of Neurology, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, 
USA

This work is published in the American Journal of Medical Genetics Part A:
Sund et al. Long-read sequencing and optical genome mapping identify causative 
gene disruptions in noncoding sequence in two patients with neurologic disease and 
known chromosome abnormalities. Am J Med Genet A. 2024 Dec;194(12):e63818. 
doi: 10.1002/ajmg.a.63818. PMID: 39041659.

Conclusions and Future Directions

Long-read sequencing (LRS) and optical genome mapping 
(OGM) allow detection of complex structural non-coding genetic 
changes otherwise overlooked using CMA, WES, and WGS.

 OGM might be more sensitive to breakpoint detection in some 
situations (see Patient #2).

 Incorporation of LRS and OGM into clinical genetic diagnostic 
pipelines is expected to improve overall diagnostic yield and 
shorten the diagnostic odyssey for patients and their families.

Opportunities for future study:

 How can we ensure that LRS and OGM provide interpretable 
results for patients with complex findings?  What orthogonal 
techniques and testing pipelines can be employed to ensure 
these results are clinically valid?

 Are there differences in structural genomic variation across 
clinical presentations and body systems?  Can we be more 
deliberate about when to employ LRS and OGM?

 What is the sensitivity and specificity of OGM relative to LGS 
for specific clinical situations? 

 Do LRS and OGM carry sufficient clinical efficacy to balance 
their expansive technologic and financial considerations?
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a) Dysmorphic features: prominent 
forehead, deep-set eyes, dystonic 
hand posturing

b) Karyotype with complex 
structural rearrangement 
involving chromosomes 2 and 4

c) Schematic of patient’s complex structural chromosome 
rearrangement interrogated with LRS and OGM.  Breakpoints on 
normal and derivative chromosomes labeled in red and magenta 
respectively.  Derivative chromosomes with multiple rearrangements.

d) Breakpoint 1 disrupts intron 1 of MBD5
e) Quantitative real time PCR using patient’s leukocytes demonstrates 
significant reduction in MBD5 mRNA expression, consistent with 
breakpoint 1 disruption of canonical MBD5 gene
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