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Prenatal detection of a 7q
11.21 microdeletion
(517–605kb)
A variant with normal characteristics at birth (STROBE)
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Abstract
In the literature, 7q11 deletion was reported with various abnormalities. However, there were other genetic conditions combined with
7q11.21. It is necessary to have sufficient pure 7q11.21 microdeletions for classifying the pathogenic categories of variation.
Chromosomal karyotyping analysis was performed on cultured amniotic fluid cells. Eighteen pregnant women took chromosomal

microarray using prenatal amniotic fluid samples at our center by Affymetrix CytoScan750K_Array. We followed the outcome of these
pregnancies and determined postnatal health conditions.
Cytogenetic studies delineated that all patients had normal karyotypes. The exception was P17, who had 47, XN. Single nucleotide

polymorphism array results showed 517 to 605kb deletions of 7q11.21 (chr7: 64543313-65196780) in these cases. The microarray
results were pure or combined 7q11.21 microdeletions. In 11 pure 7q11.21 microdeletions and 7 combined cases, there was no
apparent abnormal phenotype associated with partial 7q11.21. Among them, only mothers of P10 and P17 decided to terminate the
pregnancies due to 18 trisomy or ultrasound abnormal fetal strephenopodia. In the follow-up survey, the newborns had no apparent
abnormalities.
In this study, we described 11 pure and 7 combined 7q11.21 microdeletions associating with no apparent postnatal phenotypic

abnormalities. From this study, we can learn that the partial 7q11.21 deletion (chr7: 64543313-65196780) might be benign and have
no association with human disorders.

Abbreviations: CMA= chromosomal microarray, CNVs= copy-number variations, OMIM=Online Mendelian Inheritance in Man,
SNP = single nucleotide polymorphism.

Keywords: 7q11.21 microdeletion, prenatal diagnosis, single nucleotide polymorphism array
1. Introduction

Low copy repeats, which are also called segmental duplications,
are highly-homologous sequences (larger than 95% identity)
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comprising about 4% to 5% of the human genome.[1] Due to the
sequences similarity, the nonallelic homologous recombination
happening during the meiosis results in copy-number variations
(CNVs). In the haploid human genome, around 2% sequences
show 100% identity.[2] Since these regions shared sequences with
about 80% known CNVs, it proves the contribution of DNA
identity to nonallelic homologous recombination and CNVs
formation.[3] 7q11.21 microdeletion is a recurrent CNV formed
by this mechanism.[4]

The interstitial 7q deletions include 7q11.22 associated with
intellectual disability/developmental delay and 7q11.23, which
causeWilliams–Beuren syndrome (OMIM 194050)[5,6] in Online
Mendelian Inheritance in Man. There are case reports about
patients with a deletion of 7q11.21-q11.23 and infantile
spasms.[7,8] However, the patient with pure 7q11.21 micro-
deletion was rare. The 461kb 7q11.21 deletion was reported as a
benign copy in 1 patient because it has a similar frequency in the
control population.[9] In chromosomal deletion map of human
malformation, 7q11 were involved as part of “malformation-
associated bands”, like 7q11-21 associated with choanal atresia
and inguinal hernia, and 7q11-22 related to split hand.[10] Based
on the current reports, the genotype-phenotype correlation of
pure 7q11.21 microdeletion is not easy to conclude. More cases
with pure 7q11.21 microdeletion without other genetic con-
ditions are essential for further research and clinical study.
Although conventional karyotyping is the gold standard

in prenatal diagnosis, chromosomal microarray (CMA) is a
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powerful diagnostic tool. The advantages of CMA include high
sensitivity, using uncultured material, and time-saving. Submi-
croscopic CNVs cause 5.2% to 10% ultrasound anomalies in
fetuses with a normal karyotyping.[11–13] Compared with
karyotyping, CMA analysis can detect additional submicroscopic
CNVs. In this way, CMA assists clinicians in finding additional
clinical value in fetuses with a normal karyotyping. Single
nucleotide polymorphism (SNP) array in this study is one CMA
platform that can identify allelic imbalances, triploidy, low-level
mosaics, and homozygosity.[14]

Here, we describe 18 pregnant women with interstitial
7q11.21 microdeletion with various indications for prenatal
diagnosis and review related clinical data focusing on similar
genetic conditions.
2. Methods

2.1. Patients

This study included 18 pregnant women with different clinical
indications for amniocentesis recruited from May 11th, 2017 to
September 17th, 2019. Their prenatal diagnosis showed pure or
combined interstitial 7q11.21 microdeletions at the Center for
Prenatal Diagnosis of First Hospital of Jilin University. We
followed up the children of these pregnancies and determined
their postnatal health conditions. The first follow-up survey was
on December 2nd, 2017, while the last follow-up survey was on
December 22th, 2019 (mother was still in pregnancy). All couples
are not consanguineous marriage and without a family history of
genetic disease. The pregnant women were healthy and did not
take any medicine. Besides, they were no smoking, no drinking,
no exposure to other toxic substances, or radiation. The Ethics
Committee of the First Hospital of Jilin University approved this
study. The patients for the study signed appropriate voluntary
written consent and the experiments in this paper followed the
standard operation procedure of the hospital.

2.2. Cytogenetic analysis

Routine chromosome analysis was performed on G-banding
techniques at 300 to 400 banding resolution prepared from the
cultured amniotic fluid cells according to standard protocols.
Twenty metaphases were analyzed for all samples. The
International System for Human Cytogenetic Nomenclature
2013 was used to describe the karyotype.[15] Then couples were
taken samples for karyotyping because of the abnormal SNP
array results of the fetus after signing written informed consent.
All couples, all fathers and mothers, reported to the doctors
during genetic counseling that they are mentally and physically
well (data not shown).

2.3. The SNP array

Genomic DNA was extracted using DNeasy Blood & Tissue Kit
(Qiagen, GmBH, Germany), referring to the manufacturer’s
instructions. Then, the DNA was quantified using NanoDrop
ND-2000 spectrophotometer (Thermo Fisher, Waltham, MA).
The CNVs were detected by Affymetrix CytoScan750K_Array
(Affymetrix, Santa Clara, CA). DNA digestion, ligation,
fragmentation, labeling, hybridization, staining, and scanning
were performed following the Affymetrix protocol. The data
were analyzed with the software Chromosome Analysis Suite
(Affymetrix). The reference database, including Database of
2

Genomic Variants (GRCh37/hg19), OMIM, and DECIPHER,
evaluated the array data and linked genotype-phenotype
correlations.
3. Results

In our report, 18 patients with partial 7q11.21 deletion, including
11 pure interstitial 7q11.21 microdeletions, were identified by
SNP array. The G-banding analysis showed that all fetuses
presented normal karyotype results on 7q. However, SNP array
successfully identified microdeletions on 7q11.21 in all cases. All
cases shared a similar deletion of the ZNF92 locus (chr7:
64838712-64866038). The distributions of indications for
prenatal diagnosis were as follows: advanced maternal age (7/
18), high-risk noninvasive prenatal testing results (3/18), Down
syndrome risk in maternal serum screening (2/18), increased
nuchal translucency (2/18), other ultrasound abnormalities (5/
18), and abnormal childbearing history (1/18). The cytogenetic,
SNP array results, and clinical manifestations are listed at the end
of Table 1 for all cases. Among the fetuses in this study, the
smallest 7q11.21microdeletion was 517kb, while the largest was
605kb.
The cases can be classified to 3 subgroups:
(1)
 pure interstitial 7q11.21 prenatal diagnosed,

(2)
 four parents tested after a positive antenatal test, and

(3)
 others with the microdeletion combined with other genetic

conditions.

In subgroup 1, the 8 pure interstitial 7q11.21 microdeletion
cases all had health newborns in the follow-up outcomes. The
parents of fetuses P11 to P14 took SNP array analysis as well to
help classify the pathogenic categories of abnormal microarray
results of their fetuses. All fetuses with parental tests inherited
their 7q11.21 microdeletion from their parents and all parents
presented no abnormal clinical phenotype. Only the mother of
P10 terminated the pregnancy due to the ultrasound abnormal
fetal strephenopodia. In all combined fetuses with or without the
parental test, only P11 was with likely benign CNVs and P17 was
pathogenic 18 trisomy. The other combined CNVs were variant
of uncertain significance. The combined microdeletions or
microduplications were not the main reason for the termination
of pregnancies. In subgroup 3, the mothers of P17 decided to
terminate the pregnancies since P17 has a karyotype with
18 trisomy.
4. Discussion

In this study, we presented 18 rare prenatal cases with 7q11.21
microdeletion ranging from 517kb to 605kb according to SNP
array. Two of them were inherited from father, while 2 were
inherited from mother. To the best of our knowledge, there is no
literature report about pure 7q11.21 microdeletion. Our study
is the first study involving sufficient cases to discuss the
pathogenicity of this deleted CNV.
Pure chromosomal 7q11.21 microdeletion is rare. In the

previous study, there were patients with deletion 7q11.21-q11.23
and infantile spasms. The clinical features included atresia,
bilateral radioulnar synostosis, left inguinal hernia, hypsar-
rhythmia, bitemporal narrowing, periorbital fullness, down-
slanting palpebral fissures, upturned and small nose, long
philtrum, full cheeks, full lips, and severe developmental delay.[8]

In a study of chromosomal deletion and human malformation,
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Figure 1. Scale representation of the duplicated region in the proximal long arm of chromosome 7(7q11.21) (https://decipher.sanger.ac.uk/) (A) Location of morbid
genes in the region. (B) Deleted fragments in the present cases in the region.
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the researchers found 7q11.21 associated with choanal atresia,
split hand, and inguinal hernia.[10] Patients with normal
phenotypes can also carry this chromosomal rearrangement in
the DECIPHER database.
Since the current reports about pure 7q11.21 are quite limited

and inconsistent, we summarized the clinical phenotypes of
patients involving or overlapping 7q11.21 microdeletions in
Table 1. In 11 cases, aberrations were merely in the region of
7q11.21, ranging from 517kb to 605kb. Among the micro-
deletions, 2/18 patients were paternally inherited, 2/18 were
maternally inherited, and 14/18 patients were not available. The
parental tests of 4 cases showed that the partial 7q11.21
microdeletion was associated with normal phenotype. Seventeen
cases presented normal karyotypes, while 1 fetus has abnormal
karyotype, 47 XN +18.
Meanwhile, we summarized the comparable cases harboring

pure deleted CNVs of 7q11.21 (chr7: 64543313-65196780) in
the DECIPHER database (14 cases) and the ISCA database
(16 cases). The proportions of pathogenicity were as follows:
benign (4/30), likely benign (1/30), unknown (8/30), uncertain
(7/30), uncertain: likely benign (9/30) and likely pathogenic
(1/30). Despite the patients with unknown pathogenicity, the
pathogenicity of these deleted regions is still uncertain. In benign
cases, the patients (nssv582004, nssv706641, nssv707177, and
nssv707291) presented with global developmental delay, abnor-
mality of the nervous system, abnormal facial shape, additional
significant developmental, and morphological phenotypes re-
ferred for genetic testing. In patient 289710 with likely benign
CNV, the phenotypes were aggressive behavior, autism,
5

intellectual disability, macroorchidism, and stereotypy. There
were 2 variants, and the 7q11.21 microdeletion was inherited
from the mother. Uncertain cases (patient 288626, 301787,
338868, 339405) had autism, intellectual disability, global
developmental delay phenotype. For patients with uncertain:
likely benign CNVs (nssv706717, nssv1602118, nssv1602460,
nssv1604024, nssv1604249, nssv1604308, nssv1604787,
nssv1604907, and nssv1604972), they had similar phenotypes
with uncertain cases along with additional incoordination,
hypertonia, myopathy, developmental regression, seizures. Based
on the diversity of phenotypes and CNV pathogenic classifica-
tions, we can see the pathogenicity of these deleted regions need
further support.
In the follow-up survey, 2 fetuses were terminated and 1 was

still unborn. The rest outcomes were normal, and newborns were
without apparent abnormalities. The terminations of pregnancy
were either because of trisomy 18 or fetal strephenopodia in
ultrasound. To further characterize the interpretations of the
7q11.21 microdeletion, we made detailed comparisons of the
cases (Fig. 1).
According to the DECIPHER database, a total of 20 protein-

coding genes exist in the 7q11.21 region (Table 2), which has
diverse functions and is associated with various phenotypes. In
this study, fetuses share similar deletions of ZNF92 (OMIM
603974; chr7:64838712-64866038) (Fig. 1). The gene ZNF92
encodes the zinc finger protein 92, which is one of the Zinc finger
proteins (ZNFs) binding nucleic acids and perform critical
functions, like regulating transcription.[16] ZNF92 is amember of
the ZNF91 family, a subgroup of the Kruppel-associated box zinc

https://decipher.sanger.ac.uk/
http://www.md-journal.com


Table 2

Genes in the region of 7q11.21 and the associated diseases.

Gene OMIM Description Diseases

ASL 608310 Argininosuccinate lyase Argininosuccinate lyase Deficiency
CRCP 606121 CGRP receptor component –

ERV3-1 131170 Endogenous retrovirus group 3 member 1, envelope –

GUSB 611499 Glucuronidase beta –

KCTD7 611725 Potassium channel tetramerization domain containing 7 –

RABGEF1 609700 RAB guanine nucleotide exchange factor 1 –

SBDS 607444 SBDS ribosome maturation factor Shwachman–Diamond syndrome
TMEM248 – Transmembrane protein 248 –

TPST1 603125 Tyrosylprotein sulfotransferase 1 –

TYW1 611243 tRNA-yW synthesizing protein 1 homolog –

VKORC1L1 608838 Vitamin K epoxide reductase complex subunit 1 like 1 –

ZNF107 603989 Zinc finger protein 107 –

ZNF117 194624 Zinc finger protein 117 –

ZNF138 604080 Zinc finger protein 138 –

ZNF273 604756 Zinc finger protein 273 –

ZNF679 – Zinc finger protein 679 –

ZNF680 – Zinc finger protein 680 –

ZNF727 – Zinc finger protein 727 –

ZNF736 – Zinc finger protein 736 –

ZNF92 603974 Zinc finger protein 92 –

OMIM = Online Mendelian Inheritance in Man.
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finger proteins. The expression of this family widely appears in
human tissues, especially the highest in T-lymphoid cells.[17] It
may be involved in transcriptional regulation.
Currently, there is no available evidence for the haploinsuffi-

ciency in association with ZNF92. The rest genes of 7q11.21
microdeletions in this study were pseudogenes, INTS4L1,
INTS4L2, and RSL24D1P3. In literature, pseudogene competi-
tively binding to shared miRs with their parental coding genes as
members of the competing endogenous RNA network.[18–20]

Although INTS6P1 post-transcriptionally regulates the expres-
sion of INTS6 through a similar mechanism,[21] the functions of
pseudogenes in this study were unclear now. All fetuses in our
study did not show abnormal phenotype associated with ZNF92,
INTS4L1, INTS4L2, or RSL24D1P3. Moreover, P11 and P12
independently inherited the 7q11.21 from a normal father, while
P13 and P14 separately inherited it from a mother without
unusual clinical phenotypes. Therefore, we speculate that the
partial deletion of 7q11.21 (chr7: 64543313-65196780),
including ZNF92, might be a benign variant.
5. Conclusions

In this report, we analyzed 18 patients with similar 7q11.21
microdeletion from 517kb to 605kb, including ZNF92 by SNP
array. The clinical utilization of CMA analysis detected
additional clinically significant of submicroscopic CNVs com-
pared with karyotyping. Our report revealed that the partial
7q11.21 deletion (chr7: 64543313-65196780) might be benign
and have no association with human disorders.
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