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Abstract

Background: Interstitial deletions of chromosome band 10g11-g22 was a genomic disorder distinguished by
developmental delay, congenital cleft palate and muscular hypotonia. The phenotypes involved were
heterogeneous, hinge on the variable breakpoints and size.

Case presentation: Here, we presented a patient with soft palate cleft, growth and development delay. The
patient was a 2 years and 5months girl who was not able to walk unless using a children’s crutches to
support herself. Whole-exome sequencing (WES) and whole-genome mate-pair sequencing (WGMS) were both
performed by next generation sequencing (NGS). A 20.76 Mb deletion at 10q11.23g22.1 (seq[GRCh37/
hg19]del(10)(50,319,387-71,083,899) x 1) was revealed by the WGMS, which was verified as de novo by
quantitative polymerase chain reaction (QPCR).

Conclusion: Children with 10g11-gq22 deletions greater than 20 MB have never been reported before, and we
are the first to report and provide a detailed clinical phenotype, which brings further knowledge of 10q11-g22 deletions.

Keywords: Whole-genome mate-pair sequencing, 10q11-g22 deletion syndrome, Developmental delay, Congenital cleft
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Background

Chromosome bands 10ql1-q22 interstitial deletions
were very rare and ranged in size from 0.3 to 21 Mega-
bytes (Mb). Patients with 10q11-q22 deletions suffered
from language delay, low weight, short stature, hypo-
tonia, bilateral undescended testes, developmental delay,
hypoplastic labia minora, strabismus, systolic murmur,
and craniofacial dysmorphisms such as anteverted nares,
broad-flat nasal bridge, hypertelorism, low-set ears, and
telecanthus. The phenotype of the patient was heteroge-
neous, hinge on the variable breakpoint and size [1, 2].

* Correspondence: linweisheng@cheerlandgroup.com

*Department of Pediatric Endocrinology, Nanjing Children’s Hospital
Affiliated to Nanjing Medical University, Nanjing 210008, China

Full list of author information is available at the end of the article

K BMC

Some critical phenotypes could be explained by haploin-
sufficiency of major genes like ANK3, HKI, PRKGI. The
ANK3 gene encoded ankyrin-G, which was located
mainly at the nodes of Ranvier and the axon initial seg-
ment (AIS), 2 subcompartments of neurons responsible
for the generation of action potentials. The HKI gene
encoded a ubiquitous form of hexokinase which local-
ized to the outer membrane of mitochondria. Hexoki-
nases phosphorylated glucose to produce glucose-6-
phosphate, the first step in most glucose metabolism
pathways. Mammals had three different isoforms of cyc-
lic GMP-dependent protein kinase (Ialpha, Ibeta, and II).
These isoforms acted as key mediators of the nitric
oxide/cGMP signaling pathway and were important
components of many signal transduction processes in
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diverse cell types. The PRKGI gene encoded the soluble
Ialpha and Ibeta isoforms of PRKG by alternative tran-
script splicing. Genetic counseling for prenatal detection
of 10q11-q22 interstitial deletions was difficult, owing to
no ultrasound abnormalities could be detected in the af-
fected fetus during pregnancy.

With the development of whole-exome sequencing
(WES) and whole-genome mate-pair sequencing
(WGMS) technology, increasing number of rare single
nucleotide variations and copy number variations were
being identified. However, to date, few cases of 10q11-
q22 deletion syndrome with detailed phenotypes had
been reported in the literature [3, 4]. In this study, we
reported a patient with a de novo 20.76 Mb deletion on
10q11.23-q22.1. We described the phenotype of the pa-
tient in detail and reviewed reports of patients with simi-
lar 10q11-q22 interstitial deletions encompassing ANK3,
HK1 and PRKGI, and provided more information on the
relationship between phenotypic characteristic and af-
fected genes.

Case presentation

The patient is the first child of healthy and non-
consanguineous parents, born by vaginal delivery after
full-term pregnancy with a birth weight of 2.8 kg. There
were neither complications with pregnancy or delivery,
nor history of jaundice, hypoxia and rescue after deliv-
ery. Apgar score at 5 min was 9.

The patient was a 2 years old and 5 months girl when
referred to our institution with a diagnosis of soft palate
cleft, growth and development delay (Fig. 1a). Cleft pal-
ate was noticed after birth. The patient was not able to
sit alone until she was 2 years old and was not able to
climb until she was 2 years old and 5 months. At the age
of 2years and 5 months, she needed help to stand up
and was unable to walk alone. Her language develop-
ment was severely delayed and she could only speak
simple words. Her weight was 7.5kg (-2 SD), length
was 70cm (-2 SD), and occipitofrontal circumference
(OFC) was 45 cm (-2 SD, microcephalus). She showed
distinctive features, including hypertelorism, epicanthal
folds, flat nasal bridge, palpebral fissures, fibular bowing,
foot asymmetry, brachydactyly. Her extremities were
short, and her hands and feet were small. She had nor-
mal hearing evaluation and pursuit test result.

Cranial MRI revealed: 1. Corpus callosum was slightly
thinner; 2. Bilateral frontotemporal external cerebral
space was slightly wider, and local cerebral surface sul-
cus was slightly wider and deeper; 3. The anterior cor-
ners of lateral ventricles were slightly rounded (Fig. 1b).

We performed whole exome sequencing using the per-
ipheral blood genomic DNA of the proband under the
premise of informed consent. The WES library was cap-
tured using a biotinylated oligonucleotide probe library
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Fig. 1 Phenotype of the patient. a The patient has a cleft palate. b

MRI features of this patient

(Agilent SureSelect Human All exon v.6, Agilent). Sequen-
cing was then performed on an Illumina HiSeq X-Ten
platform (Illumina Inc., San Diego, CA, USA). Collect the
sequencing raw data before the adapter sequence was re-
moved and the low-quality reads were discarded. By
Burrows-Wheeler Aligner, the filtered data was aligned to
the human genome reference assembly (UCSC Genome
Browser hgl9). ANNOVAR software was used to annotate
all variations [5]. Functional information was annotated
using Exome Aggregation Consortium (ExAC), 1000 Ge-
nomes Project (1000G), Genome Aggregation Database
(gnomAD), Human Gene Mutation Database (HGMD),
ClinVar and OMIM. Revel, PolyPhen-2, SIFT and Muta-
tion Taster were used to evaluate the effects of sequence
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variation on protein function. After the variants were ana-
lyzed and interpreted using the ACMG guidelines [6],
none of these variants could account for the proband’s
phenotype.

A non-size selected mate-pair library was constructed
using the previously extracted DNA, and then BGISEQ-
500 was used for 50-BP-END multiplex sequencing. Low-
quality reads and reads containing sequencing adapters
were removed, the high-quality pair-end reads were then
aligned to the human genome reference assembly (UCSC
Genome Browser hgl9). We then reserved the uniquely
mapped reads for subsequent analysis and the specific
analysis method has been previously described in detail [7,
8]. Using this method, we were able to find all chromo-
some structural and numbers variations across the entire
genome using uniquely paired reads, and find the corre-
sponding break point of the chromosome. Chromosome
breakpoints can be accurate to 1Kbp. Whole-genome
mate-pair sequencing revealed a de novo 20.76 Mb dele-
tion on 10q11.23-q22.1 (chrl10:50,319,387-71,083,899).
Decipher data showed that the deletion encompassed 61
OMIM genes including EGR2, ANK3, PRKG1, TFAM,
BICC1, KIAA1279, and showed the size and location of
some patients with 10q11-q22 deletions (Fig. 2). The dele-
tion was not found in parents by qPCR (Fig. 3).

Discussion and conclusion
Interstitial deletions of chromosome band 10q11-q22
was a genomic disorder characterized by developmental
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delay, congenital cleft palate, seizures, ventricular septal
defect and muscular hypotonia, hypertelorism, broad-flat
nasal bridge. It affected less than 1 in 50,000 infants.
Patients had phenotypic heterogeneity, ranging from
asymptomatic to severe birth defects, affected by break-
point and deletion size. Sufficient cases could allow clini-
cians to better identify the disease. A few candidate
genes were well identified like ANK3, HK1 and PRKGI.
In our research, we described molecular and clinical
findings in a female with soft palate cleft, growth and de-
velopment delay. Using WES and WGMS, we revealed a
20.76 Mb interstitial deletion of the 10q11.23-q22.1 re-
gion containing 61 OMIM genes, which was probably
responsible for the clinical phenotype of the patient.
WES detected no pathogenetic variation associated with
the patient’s clinical phenotype, which largely ruled out
gene-level abnormalities. Notably, the pLI (probability of
LoF intolerant) value of PRKG1 and ANK3 was 1, and
the HI index (haploinsufficiency score) was 1% (0—-10%).
This suggested that deletions of these genes may have
serious clinical symptoms. The PRKGI proteins played a
central role in regulating cardiovascular and neuronal
functions in addition to relaxing smooth muscle tone,
preventing platelet aggregation, and modulating cell
growth [9]. The ANK3 proteins were believed to link the
integral membrane proteins to the underlying spectrin-
actin cytoskeleton and played key roles in activities such
as cell motility, activation, proliferation, contact, and the
maintenance of specialized membrane domains [10].
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Fig. 2 A de novo 20.76 Mb deletion on 10911.23g22.1 was identified in the patient. Decipher data showed that the deletion encompasses 61
OMIM genes including EGR2, ANK3, PRKG1, TFAM, BICCI, KIAA1279, and showed the size and location of some patients with 10q11-g22 deletions.
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The pLI value of HK1 was 0.83, and the loss of function
of HK1 mutation caused dominant inherited neurodeve-
lopmental disorder with visual defects and brain anomal-
ies (OMIM 618547) and could be the causes of patients’
neurological symptoms features.

A related clinical phenotype with deletion of 10q11-q22
had been described [11-15]. The first patient with 10q22
deletion was reported by Cook, who presented with devel-
opmental delay, distinctive features, and growth defects
[1]. Ray et al. described the clinical phenotype of a 1-year-
old boy with chromosome 10q11q21 deletion. The patient
had limitation of joint movement, facial dysmorphism, sig-
nificant developmental delay, mild hypotonia and intellec-
tual disability [13]. MacDonald and Holden reported a
case of a 9-year-old girl with chromosome 10q11.2q21 de-
letion. She had ptosis, cleft palate, mild hypotonia, devel-
opmental delay, mental retardation, seizures and deficit in
language function [14]. Homoplastically et al. described a
5-year old girl with chromosome 10q11.2q22.1 deletion
due to a t(10;13). The girl characterized by global develop-
mental delay, strabismus, facial dysmorphism, ventricular
septal defect, hypotonia, Hypoplasia of the optic nerve and
fingers deformities [15]. Patients with deletion of 10q11-
q22 were characterized by developmental delay, congenital
cleft palate and muscular hypotonia. The phenotypes
involved were heterogeneous, hinge on the variable
breakpoints and size. Other variable phenotypes included
limitation of joint movement, strabismus, including hyper-
telorism, epicanthal folds, flat nasal bridge, palpebral
fissures, fibular bowing, foot asymmetry, brachydac-
tyly, seizures, ventricular septal defect, and hypoplasia
of the optic nerve. Unlike other reported cases, our
patient did not have limitation of joint movement,

seizures, ventricular septal defect, and hypoplasia of the
optic nerve. Children with 10q11-q22 deletions greater
than 20 MB had never been reported before, and we were
the first to report and provide a detailed clinical pheno-
type, which brought further knowledge of 10q11-q22 dele-
tions. In addition to the characteristics of developmental
delay, congenital cleft palate and muscular hypotonia, our
patients also showed distinctive features, including hyper-
telorism, epicanthal folds, flat nasal bridge, palpebral fis-
sures, fibular bowing, foot asymmetry, brachydactyly,
nanomelia.

Karyotyping in addition to chromosome microarray
analysis (CMA) could also solve the problem. However,
the WGMS had more accurate accuracy and resolution
than karyotype analysis. It has been proposed that CMA
was a stable and accurate platform for CNV detection.
However, CMA technology could not analyze balanced
translocations and complex rearrangements of chromo-
somes [16—-18]. WGMS could solve all these problems at
the same time. Recent research showed that the combin-
ation of WGMS and WES could analyze single nucleotide
variation (SNV), small indel, CNV, balanced chromosomal
translocation and complex rearrangement at one time and
improved the diagnosis rate of rare diseases by low cover
genome sequencing [19, 20]. Our results further demon-
strate the clinical value of the combined Molecular diag-
nostic strategy of WGMS and WES in patients with
genetic diseases and provided more information about the
relationship between clinical features and interstitial dele-
tions of chromosome band 10q11-q22.

Abbreviations
WGMS: Whole-genome mate-pair sequencing; WES: Whole exome
sequencing; gPCR: Quantitative real-time Polymerase chain reaction;
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CMA: Chromosomal microarray analysis; SNV: Single nucleotide variants;
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Acknowledgements
We thank the patients and their parents for participating in this study.

Authors’ contributions

DF and WL drafted and edited the manuscript and analyzed the genomic
data. FL, SD and MZ collected the samples and clinical data. XZ, JT, CC, XC
and ST performed the experiments. WK, YT, XW, CY and BH conceived and
designed the work. All authors have read and approved the manuscript.

Funding

This work was sponsored by the National Natural Science Foundation of
China (81401864; 81501946). Neither of these funding bodies had a role in
the study design, collection, analysis and interpretation of the data, or in
writing of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of Children’s Hospital of

Nanjing Medical University.

Consent for publication

A written informed consent was obtained from the father of the patient for

publication of this case report and any accompanying images. All authors
have viewed and agreed to the submission.

Competing interests

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential

conflict of interest.

Author details
'Department of rehabilitation, Nanjing Children’s Hospital Affiliated to

Nanjing Medical University, Nanjing, China. “CheerLand Precision Biomed Co.,

Ltd, Shenzhen, China. *Department of Pediatric Endocrinology, Nanjing

Children’s Hospital Affiliated to Nanjing Medical University, Nanjing 210008,

China.

Received: 2 March 2021 Accepted: 19 May 2021
Published online: 31 May 2021

References

1. Cook L, Weaver DD, Hartsfield JK Jr, Vance GH. De novo 10g22 interstitial
deletion. J Med Genet. 1999;36(1):71-2.

2. Bartnik M, Nowakowska B, Derwiriska K, Wisniowiecka-Kowalnik B, Kedzior
M, Bernaciak J, et al. Application of array comparative genomic
hybridization in 256 patients with developmental delay or intellectual

disability. J Appl Genet. 2014;55(1):125-44. https;//doi.org/10.1007/513353-

013-0181-x.
3. Lei, Ty, et al. De novo 1.77-Mb microdeletion of 10g22. 2g22. 3 in a girl
with developmental delay, speech delay, congenital cleft palate, and

bilateral hearing impairment. Cleft Palate-Craniofacial J. 2017;54(3):343-50.
4. Tzschach A, Bisgaard AM, Kirchhoff M, Graul-Neumann LM, Neitzel H, Page

S, et al. Chromosome aberrations involving 10g22: report of three
overlapping interstitial deletions and a balanced translocation disrupting

C100rf11. Eur J Hum Genet. 2010;18(3):291-5. https;//doi.org/10.1038/ejhg.2

009.163.

5. Wang K, Li M, Hakonarson H. ANNOVAR: functional annotation of genetic
variants from high-throughput sequencing data. Nucleic Acids Res. 2010;
38(16):e164. https://doi.org/10.1093/nar/gkq603.

6. Richards S, et al. Standards and guidelines for the interpretation of
sequence variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the Association for

20.

Page 5 of 5

Molecular Pathology. Genet Med. 2015;17(5):405-23. https://doi.org/10.1038/
gim.2015.30.

Dong Z, Jiang L, Yang C, Hu H, Wang X, Chen H, et al. A robust approach
for blind detection of balanced chromosomal rearrangements with whole-
genome low-coverage sequencing. Hum Mutat. 2014;35(5):625-36. https://
doi.org/10.1002/humu.22541.

Li L, Chen H, Yin C, Yang C, Wang B, Zheng S, et al. Mapping breakpoints of
a familial chromosome insertion (18,7) (q22.1; g36.2921.11) to DPP6 and
CACNA2DT genes in an azoospermic male. Gene. 2014;547(1):43-9. https.//
doi.org/10.1016/j.gene.2014.06.007.

Li Z Xi X, Gu M, Feil R, Ye RD, Eigenthaler M, et al. A stimulatory role for
cGMP-dependent protein kinase in platelet activation. Cell. 2003;112(1):77-
86. https://doi.org/10.1016/S0092-8674(02)01254-0.

Mohler PJ, Rivolta |, Napolitano C, LeMaillet G, Lambert S, Priori SG, et al. Nav1.
5 E1053K mutation causing Brugada syndrome blocks binding to ankyrin-G
and expression of Nav1. 5 on the surface of cardiomyocytes. Proc Natl Acad
Sci. 2004;101(50):17533-8. https//doi.org/10.1073/pnas.0403711101.

Fryns J, et al. Apparent late-onset Cockayne syndrome and interstitial
deletion of the long arm of chromosome 10 (del (10)(q11. 23g21. 2)). Am J
Med Genet. 1991,40(3):343-4. https://doi.org/10.1002/ajmg.1320400320.
Ghai SJ, Shago M, Shroff M, Yoon G. Cockayne syndrome caused by
paternally inherited 5 Mb deletion of 10q11. 2 and a frameshift mutation of
ERCC6. Eur J Med Genet. 2011;54(3):272-6. https://doi.org/10.1016/j.ejmg.2
011.02.008.

Ray M, Hunter A, Josifek K. Interstitial deletion of the long arm of
chromosome 10. in Annales de Genetique; 1980.

Holden JJ, et al. Interstitial deletion of the long arm of chromosome 10: Del
(10)(g11. 2g21). Am J Med Genet. 1985;20(2):245-8. https://doi.org/10.1002/a
jmQg.1320200206.

Shapiro SD, Hansen KL, Pasztor LM, DiLiberti JH, Jorgenson RJ, Young RS,

et al. Deletions of the long arm of chromosome 10. Am J Med Genet. 1985;
20(1):181-96. https://doi.org/10.1002/ajmg.1320200122.

Magi A, Tattini L, Cifola |, D'Aurizio R, Benelli M, Mangano E, et al.
EXCAVATOR: detecting copy number variants from whole-exome
sequencing data. Genome Biol. 2013;14(10):R120. https://doi.org/10.1186/
gb-2013-14-10-r120.

Marchuk DS, Crooks K, Strande N, Kaiser-Rogers K, Milko LV, Brandt A, et al.
Increasing the diagnostic yield of exome sequencing by copy number
variant analysis. PLoS One. 2018;13(12):¢0209185. https://doi.org/10.1371/
journal.pone.0209185.

Yao R, Zhang C, Yu T, Li N, Hu X, Wang X, et al. Evaluation of three read-
depth based CNV detection tools using whole-exome sequencing data. Mol
Cytogenet. 2017;10(1):30. https://doi.org/10.1186/513039-017-0333-5.

Gao C, Wang X, Mei S, Li D, Duan J, Zhang P, et al. Diagnostic yields of trio-
WES accompanied by CNVseq for rare neurodevelopmental disorders. Front
Genet. 2019;10:485. https://doi.org/10.3389/fgene.2019.00485.

Jiao Q, Sun H, Zhang H, Wang R, Li S, Sun D, et al. The combination of
whole-exome sequencing and copy number variation sequencing enables
the diagnosis of rare neurological disorders. Clin Genet. 2019;96(2):140-50.
https://doi.org/10.1111/cge.13548.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1007/s13353-013-0181-x
https://doi.org/10.1007/s13353-013-0181-x
https://doi.org/10.1038/ejhg.2009.163
https://doi.org/10.1038/ejhg.2009.163
https://doi.org/10.1093/nar/gkq603
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1002/humu.22541
https://doi.org/10.1002/humu.22541
https://doi.org/10.1016/j.gene.2014.06.007
https://doi.org/10.1016/j.gene.2014.06.007
https://doi.org/10.1016/S0092-8674(02)01254-0
https://doi.org/10.1073/pnas.0403711101
https://doi.org/10.1002/ajmg.1320400320
https://doi.org/10.1016/j.ejmg.2011.02.008
https://doi.org/10.1016/j.ejmg.2011.02.008
https://doi.org/10.1002/ajmg.1320200206
https://doi.org/10.1002/ajmg.1320200206
https://doi.org/10.1002/ajmg.1320200122
https://doi.org/10.1186/gb-2013-14-10-r120
https://doi.org/10.1186/gb-2013-14-10-r120
https://doi.org/10.1371/journal.pone.0209185
https://doi.org/10.1371/journal.pone.0209185
https://doi.org/10.1186/s13039-017-0333-5
https://doi.org/10.3389/fgene.2019.00485
https://doi.org/10.1111/cge.13548

	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Discussion and conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

