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Abstract

Background: The present study aimed to explore the etiological relationship between

fetal abnormalities and copy number variations (CNVs) with the aim of intervening

and preventing the birth of children with birth defects in time.

Methods: Samples of 913 fetuses with puncture indications were collected from

January 2017 to December 2019. Karyotype analysis and CNV sequencing (CNV-

seq) testing was performed for fetuses with ultrasonic abnormalities, a high risk of

Down’s syndrome and an adverse birth history. All cases were followed up.

Results: In total, 123 cases (13.47%) had abnormal karyotypes, including 109 cases

with chromosome number abnormalities and 14 cases of chromosomal structural

abnormalities. Thirty-seven (4.05%) cases with pathogenic CNVs were detected. The

detection rate of pathogenicity CNVs was 12.82% for mixed indications, followed by

7.5% for an adverse birth history, 5.88% at high risk of non-invasive prenatal testing,

5.00% with an abnormal ultrasonic marker, 1.89% at high risk of screening for

Down's syndrome and 1.45% with advanced maternal age. There were 12 (1.31%)

cases with microduplications and 25 (2.74%) cases with microdeletions. Trisomy

21 (39.02%), trisomy 18 (13.82%) and Turner syndrome (9.76%) were the top three

chromosome abnormalities. There were 104, 746 and 63 cases in the 11–13 weeks,

14–27 weeks 28–38 weeks gestational ages, respectively. The abnormal rates of

fetal chromosome aneuploidy and the rate of pathogenic CNVs were decreased and

increased with the increase of gestational age (p < 0.05), respectively.

Conclusions: Compared with karyotype analysis, CNV-seq can improve the detection

rate of chromosomal abnormalities. CNV-seq combined karyotype analysis should be

performed simultaneously in fetuses with puncture indications.
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1 | INTRODUCTION

Currently, there is no effective treatment for chromosomal disorders

and prenatal diagnosis is an important means for avoiding the birth of

children with chromosomal abnormalities. Prenatal diagnosis mainly

involves the genetic testing of fetal cells such as villi, amniotic fluid

and umbilical cord blood obtained by means of intervention. Karyo-

type analysis is still the gold criteria for the diagnosis of chromosomal

diseases. It has been widely used in prenatal diagnosis. However,

there are limitations to karyotype analysis. First, it will take a relatively

long time (1–2 weeks) because of the cell culture. Second, the karyo-

type analysis technique can only diagnose a fetal chromosome with

deletion and duplication of more than 5–10 Mb, and even minor

structural changes may be missed.1,2

With the widespread use of high-resolution chromosomal analysis

techniques in prenatal diagnosis, there is increasing evidence that

pathogenic copy number variations (pCNVs) account for a certain per-

centage of the fetuses, such as for pregnant women with advanced

age, ultrasound abnormalities or an adverse pregnancy history. Up to

now, there have been over 300 types of chromosomal microdeletion/

microduplication syndrome caused by pCNVs,3,4 with a comprehen-

sive incidence of almost 1 in 600,3 accounting for half of the birth

defects caused by chromosomal aberrations.5 Studies have shown

that 6–7% of fetuses with no abnormalities in karyotype analysis but

with ultrasonic indications of structural abnormalities have definite or

possible pathogenic CNVs.6,7 In addition, 1.0–1.7% of fetuses with no

abnormalities of karyotype analysis and ultrasound have definite or

possible pathogenic CNVs.6,8 A growing number of researchers and

clinicians suggest that all pregnant women should be informed about

the risk of the fetus developing pathogenic chromosomal abnormali-

ties, not just the common aneuploidy.

Chromosomal microarray analysis (CMA) can be used to detect

various microdeletion and microduplication syndromes caused by

chromosomal microdeletion or microduplication.9 In recent years,

CMA has become a mature clinical high-resolution chromosome anal-

ysis technique. However, the high cost and low throughput of CMA

limit its large-scale application in prenatal diagnosis. In addition, as a

result of the limited coverage of chip probe used by CMA, some CNVs

may not be detected. Currently, it is mainly used in prenatal diagnosis

for fetuses with an abnormal chromosomal structure.10 With the

development of next generation sequencing (NGS) technology, the

NGS-based copy number variation sequencing (CNV-seq) technology

has gradually developed to become a detection method with high-

throughput, higher accuracy and sensitivity, and lower costs.11,12

CNV-seq based on NGS technology conducts sequencing analysis on

samples, compares the sequencing results with the human reference

genome and identifies CNVs through biological information analysis.

CNV-seq can detect chromosomal aneuploidy, chromosomal CNVs

over 100 kb and polyploidy.13–15 In the present study, samples of

fetuses with puncture indications were analyzed with CNV-seq, the

sequencing results were compared with the sequence of the human

reference genome and CNVs in the tested samples were found

through bioinformation analysis.

2 | MATERIALS AND METHODS

2.1 | Participants

In total, 913 fetuses with indications of prenatal diagnosis receiving

invasive prenatal diagnosis were collected from January 2017 to

December 2019 at the Prenatal Diagnosis Center of Meizhou People's

Hospital, Guangdong Province, China. Fetuses were recruited with

respect to pregnant women with advanced age (age ≥ 35 years),

fetuses with a high risk of screening for Down's syndrome, for those

at high risk of non-invasive prenatal testing (NIPT) using cell-free fetal

DNA from peripheral maternal blood, and for a fetal abnormality rev-

ealed by ultrasound. These samples were collected from fetuses dur-

ing 11–36 weeks gestational age, including villi samples, amniotic fluid

samples and umbilical blood samples. Both parents were informed

about the advantages and limitations of karyotype analysis and CNV-

seq and consented to test during genetic counseling. Parents' periph-

eral blood samples of each fetal sample were obtained to facilitate the

identification of maternal contamination of fetal samples and to help

identify the nature of CNVs when necessary.

2.2 | Fetal samples collection and pretreatment

Fetal sampling was performed in three ways: (i) chorionic villi sampling

was performed under ultrasound guided at 1–14 weeks of gestation,

and villus tissue was collected and sent for examination;

(ii) amniocentesis was performed under ultrasound guided amniocen-

tesis at 16–24 weeks gestation age, and 30 ml of amniotic fluid was

taken and sent for examination; and (iii) umbilical cord puncture was

performed under ultrasound guided at 24–32 weeks gestational age,

and 2 ml of cord blood was collected and sent for examination.

2.3 | Chromosome karyotype analysis

Villi, amniotic fluid or umbilical cord blood were collected for cell inoc-

ulation, and samples from each pregnant woman were cultured for

two lines. The cell state was observed under a microscope after

7 days, and the culture was continued after changing the liquid.

Karyotyping was performed on G-band metaphases prepared from

cultured cells of specimens obtained from chorionic villus sampling,

amniocentesis and umbilical cord blood, in accordance with the

laboratory's standardized procedures. The detected chromosomes

were named according to the International System for Human Cyto-

genetic Nomenclature.

2.4 | Short tandem repeats (STR) analysis

Fetal samples may be confused by maternal cells and so STR analysis

was conducted before carrying out detection in the fetal samples.

Genomic DNAswere extracted from the peripheral blood of parents, as
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well as villus, amniotic fluid or cord blood of the fetuses, using a DNA

extraction kit (Tiangen Biotech Co., Ltd, Beijing, China). STR analysis

was performed with the markers including D19S433, D5S818,

D21S11, D18S51, D6S1043, AMEL, D3S1358,D13S317, D7S820,

D16S539, CSF1PO, Penta D, D2S441, vWA, D8S1179, TPOX, Penta E,

TH01, D12S391, D2S1338 and FGA (Microread Genetics Technology

Co., Ltd, Beijing, China) using an ABI 3500xl Genetic Analyzer (Applied

Biosystems, Foster City, CA, USA). When all the polymorphic alleles of

the mother were absent from the fetal sample, the fetal sample was

considered free frommaternal contamination.

2.5 | CNV-seq

The extraction of genomic DNA was performed using DNAeasy Blood

and Tissue Kit (Qiagen, Valencia, CA, USA), and 50 ng of genomic

DNA was used as the template to construct a sequencing library.

Finally, sequencing was performed on BioelectronSeq 4,000 Platform

(Thermo Fisher, Waltham, MA, USA). Wheeler Aligner, version 0.7.7

(https://acronyms.thefreedictionary.com/Burrows-Wheeler), was used

to compare and analyze the sequence reading information with the

human reference genome (GRCh37, UCSC Release HGL9) to obtain the

bioinformatics results, determine the existence of chromosomal aneu-

ploidy variation and CNVs, and evaluate the pathogenicity of a CNV

detected by ISCA (https://isca.org.sg/), Decipher (https://decipher.

sanger.ac.uk/), Clinvar (https://www.ncbi.nlm.nih.gov/clinvar/) and

other databases. In the interpretation of CNVs, including five grades

according to the American College of Medical Genetics and Genomics

guidelines: (1) pathogenic CNVs (pathological CNVs, pCNVs), (2) likely

pathogenic CNVs; (3) CNVs with unknown clinical significance; (4) likely

benign CNVs; and (5) benign CNVs. CNV-seq testing and bioinformatics

analysis were completed by CapitalBio Genomics Company (Dongguan,

Guangdong Province, China).

2.6 | Follow-up and statistical analysis

All pregnant women were followed up by telephone to track pregnancy

outcome and newborn health status. SPSS, version 21.0 (IBM Corp.,

Armonk, NY, USA) was used for data analysis. Data are reported with

the descriptive statistics method and measurement data are expressed

as the mean ± SD. A chi-squared test was used to analyze differences

among the two groups. p < 0.05 was considered statistically significant.

3 | RESULTS

3.1 | Characteristics of subjects and detection rate
of karyotype and CNV abnormalities

The mean ± SD age of the pregnant women was 29.84 ± 5.82 years

with a gestational duration of 19.85 ± 5.16 weeks. The reasons why

913 pregnant women underwent fetal sampling were divided into six

categories: 43.81% (400/913) had a fetal abnormality revealed by

ultrasound; 28.91% (264/913) had a high risk of screening for Down's

syndrome; 7.56% (69/913) were pregnant women with advanced age;

5.59% (51/913) had undergone NIPT suggesting the existence of par-

tial chromosome duplication and deletion; 5.48% (50/913) had both

parents have the same type of thalassemia; and 4.38% (40/913) had

previously given birth to abnormal children (Table 1).

The chromosome karyotype analysis of 913 fetus samples rev-

ealed that 123 cases (13.47%) had abnormal karyotypes, including

109 cases with chromosome number abnormalities and 14 cases of

chromosomal structural abnormalities. Thirty-seven (4.05%; 37/913)

cases with pathogenic CNVs were detected. According to the reasons

for classification, the detection rate of pathogenicity CNVs was

12.82% for mixed indications, followed by 7.5% for an adverse birth

history, 5.88% for a high risk of NIPT, 5.00% for an abnormal ultra-

sonic marker, 1.89% for a high risk of screening for Down's syndrome

and 1.45% for advanced maternal age (Table 1).

3.2 | Detection results of fetuses with pathogenic
CNVs

Thirty-seven (4.05%) cases with pathogenic CNVs were detected. The

fragment size of the detected chromosomal pathogenic CNVs was

TABLE 1 The detection rate of karyotype and CNV abnormalities in various prenatal diagnostic indications

Indications
Number of
cases

Abnormal karyotype
(n)

Detectable rate
(%)

Pathogenic CNVs
(n)

Detectable rate
(%)

Abnormal ultrasonic marker 400 36 9.00 20 5.00

High risk of screening for Down's

syndrome

264 14 5.30 5 1.89

Advanced maternal age 69 3 4.35 1 1.45

High risk of NIPT 51 32 62.75 3 5.88

Both parents have the same type of

thalassemia

50 0 0 0 0

Adverse birth history 40 2 5.00 3 7.50

Mixed indications 39 36 92.31 5 12.82

Total 913 123 13.47 37 4.05
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220 kb to 42.28 Mb. There were 12 (1.31%; 12/913) with micro-

duplications and 25 (2.74%; 25/913) with microdeletions. There are

18 known syndromes: 2q13 microdeletion syndrome, 1q21.1 micro-

duplication syndrome, 16P12.1 microdeletion syndrome, 7q11.23

microduplication syndrome, X-linked ichthyosis, 15q11.2 micro-

deletion syndrome, Cri du chat syndrome, 22q11.2 microduplication

syndrome, 16p13.11 microdeletion syndrome, 22q11.2 distal deletion

syndrome, 22q11.2 microdeletion syndrome, Jacobsen syndrome,

hereditary stress susceptibility neurosis, Miller–Dieker syndrome,

Wolf–Hirschhorn syndrome, 2P distal trisomy syndrome, trisomy 4q

distal trisomy syndrome and deletion syndrome of long arm end of

chromosome 4. Among the fetuses with pathogenic CNVs, there were

six intrauterine deaths (IUD) and 31 terminations of pregnancy (TOP)

(Table 2).

TABLE 3 Results of chromosomal karyotype abnormalities and corresponding CNV results

Cases (n, %) Karyotype result CNV result

Consistency of the two

results

Pregnancy

outcome

I (48,

39.02%)

47,Xn,+21 47,Xn,+21 Conforming TOP

II (17,

13.82%)

47,Xn,+18 47,Xn,+18 Conforming TOP

III (12,

9.76%)

45,X0 45,X0 Conforming TOP

IV (11,

8.94%)

47,XXY 47,XXY Conforming TOP

V (5, 4.07%) 47,Xn,+13 47,Xn,+13 Conforming TOP

VI (4, 3.25%) 47,XYY 47,XYY Conforming TOP

VII (2,

1.63%)

47,xxx 47,xxx Conforming TOP

VIII (1,

0.81%)

47,Xn,+9 47,Xn,+9 Conforming TOP

IX (1, 0.81%) 48,XXXY 48,XXXY Conforming TOP

X (1, 0.81%) 46,Xn,del (4)(pter!p15.2:) Seq[hg19] 4pterp15.33(0.08 Mb–
14.28 Mb) × 1

Conforming TOP

XI (1, 0.81%) 46,Xn,ins(4)t(4;11)(q35;

q14.2 ! qter)

Seq[hg19] 4q34.3qter(178.12 Mb–
190.78 Mb) × 1

Conforming TOP

XII (1, 0.81%) 46,Xn,dup (4)(q32.2 ! qter) Seq[hg19] 4q32.3qter(168.78 Mb–
190.78 Mb) × 3

Conforming TOP

XIII (1,

0.81%)

47,XN,der(2;21)(p21;p11.2) Seq[hg19] 2pterp21(0.02 Mb–42.3 Mb) × 3 Conforming TOP

XIV (1,

0.81%)

46,Xn,del (5)(p15.1 ! pter) Seq[hg19] 5pterp14.2(0.1 Mb–
23.88 Mb) × 1

Conforming TOP

XV (1,

0.81%)

46,Xn,inv (18)(p11.32q11.2) 18q11.2q12.1(0.12 Mb–7.32 Mb) × 3 Conforming TOP

XVI (10,

8.13%)

46,Xn,inv (9)(p13q13) Nomal Nonconforming LB

XVII (1,

0.81%)

46,Xn,t(1;14)(q42;q13) Nomal Nonconforming LB

XVIII (1,

0.81%)

46,Xn,inv (8)(p23.1q13) Nomal Nonconforming LB

XIX (1,

0.81%)

46,Xn,t(3;13)(p11;q32) Nomal Nonconforming LB

XX (1,

0.81%)

46,Xn,inv (7)(q22q32) Nomal Nonconforming LB

XXI (1,

0.81%)

69, XXX 8q23.1q23.2(109.46 Mb–110.66 Mb)*3 Nonconforming TOP

XXII (1,

0.81%)

92, XXX 17p11.2(17.1 Mb–20.22 Mb)*1 Nonconforming TOP

TOP, termination of pregnancy; IUD, intrauterine death; LB, live birth.
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3.3 | Comparison of karyotype analysis and CNV-
seq results

The karyotype analysis was consistent with the CNVs detection

results for chromosome aneuploidy abnormalities. Trisomy

21 (39.02%), trisomy 18 (13.82%) and Turner syndrome (9.76%) were

the top three chromosome abnormalities. Fourteen cases with chro-

mosomal structural abnormalities (12 cases of inversion and 2 cases

of translocation) were not detected by high-throughput sequencing

(Table 3).

3.4 | Comparison of CNV results among fetuses of
different gestational ages

There were 104, 746 and 63 cases in the 11–13 weeks, 14–27 weeks

and 28–38 weeks gestational ages, respectively. The abnormal rates

of fetal chromosome aneuploidy were 25.10% (26/104), 11.00%

(82/746) and 1.60% (1/63) in these groups, respectively, which

decreased with the increase of gestational age (χ2 = 24.287,

p < 0.001). The rates of variants of unknown significance (VOUS)

were 23.10% (24/104), 31.50% (235/746) and 44.40% (28/63),

respectively, which increased with the increase of gestational age

(χ2 = 10.041, p = 0.007). The abnormal rate of pCNV was 1.92%

(2/104), 3.89% (29/746) and 9.52% (6/63), respectively, and the dif-

ference was statistically significant (χ2 = 6.866, p = 0.032) (Table 4).

4 | DISCUSSION

Chromosome abnormalities include chromosome number abnormali-

ties and chromosome structure abnormalities. Patients with chromo-

somal abnormalities are usually characterized by congenital mental

retardation, delayed development, multiple malformations, sexual

hypoplasia, repeated abortions and infertility. CNVs is a type of

genetic structure variation that widely exists in the human genome. In

recent years, it was confirmed to be related to many complex mental

diseases in human beings, and it was noted that the information con-

tained within it will be much larger than that for single nucleotide

polymorphisms. Chromosome microdeletions and microduplications

can lead to some complex clinical phenotypes (such as abnormal

growth and development, mental retardation, deformity of the inter-

nal organs, endocrine abnormalities, etc.) of the syndrome, comprising

common types of chromosome disease. More than 67 common chro-

mosome microdeletion and microduplication syndromes have been

found, with an incidence of approximately one-quarter of one in 0.25

in 4000 to 1 in 50,000.16

CNV-seq comprises a genomic copy number variation detection

technology based on low-depth whole-genome sequencing technol-

ogy. CNV-seq can detect CNVs of different sizes by adjusting the

sequencing depth and changing the resolution. The resolution of the

method used in the present study is 100 kb, which can make up for

the deficiency of the low resolution of karyotype analysis. CNV-seq

has the advantages of a wide detection range, high throughput, high

resolution, simple operation and low DNA sample size, and many

studies have evaluated the applicability of the method. Wang et al.17

reported that the detection rate increased from 1.8% to 2.8% com-

pared to the technology of karyotype analysis with respect to being

pathogenic or possibly pathogenic, showing good reliability and accu-

racy. In the present study, 109 cases (11.94%) were detected with

pathogenic variants by CNV-seq and karyotype analysis simulta-

neously, 101 cases were detected with pathogenic chromosome

aneuploidy abnormality, including 48 cases with trisomy 21, 17 cases

were detected with trisomy 18, five cases were detected with trisomy

13, one case was detected with trisomy 9 and 30 cases were detected

with sex chromosome aneuploidy abnormality, whereas 37 cases were

detected with pathogenic chromosome microdeletion (30 cases with

definite pathogenic chromosome microdeletion and seven cases with

possible pathogenesis of chromosome microdeletion). Both CNV-seq

and karyotype analysis detected abnormal aneuploidy of pathogenic

chromosomes, although 31 cases of pathogenic chromosome micro-

deletion were not detected in karyotype analysis. The results show

that it is very necessary to use CNV-seq test in the prenatal diagnosis,

which can significantly increase the detection rate of pathogenic chro-

mosomal microdeletions and microduplications.

A number of syndromes were also identified in the present study,

such as X-linked ichthyosis (sample 8), for which the main clinical

characteristics are dark brown polygonal scales widely distributed in

the neck, limbs, trunk and buttocks, which may be accompanied by

corneal opacity that does not affect vision, as well as an increased

incidence of cryptorchidism and testicular cancer. There was one

patient with 15q11.2 deficiency syndrome (sample 10), for which the

clinical symptoms included delayed movement, intellectual disabilities,

autistic behavior, overall developmental delay, severe motor retarda-

tion, epilepsy, flexion contracture, epilepsy, spasm and short stature.

There was one patient with Cri du Chat syndrome (46,Xn,del (5)

TABLE 4 Comparison of CNV results
among pregnant women of different
gestational agesCNV result

Gestational weeks

χ2 p11–13 (n, %) 14–27 (n, %) 28–38 (n, %)

Number 104 746 63

Chromosome aneuploidy 26 (25.10) 82 (11.00) 1 (1.60) 24.287 < 0.001

VOUS 24 (23.10) 235 (31.50) 28 (44.40) 10.041 0.007

pCNV 2 (1.92) 29 (3.89) 6 (9.52) 6.866 0.032

VOUS, variants of unknown significance.
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(p15.1 ! pter), sample 12), for which the clinical symptoms included a

weak, sad, cat-like cry in infancy that improves with age, eyes at a

widened distance, flat nose, low ear position, small jaw, growth retar-

dation, severe mental retardation, heavier than normal weight. There

was one patient with 22q11.2 microdeletion syndrome (sample 14),

for which the clinical symptoms included high body size, prominent

forehead, abnormal behavior, intellectual disability, horseshoe prona-

tion, lower limb muscle atrophy, facial abnormalities, hypotonia, pre-

mature delivery, hypoplasia of the left heart, cleft palate, intrauterine

growth retardation. There was one patient with Jacobsen syndrome

(11q23 deletion syndrome, sample 20), for which the main clinical

symptoms included skull deformity, eyes at a widened distance, ptosis,

eye defects, lower oblique palpebral fissure, inner canthus, wide

bridge of the nose, short nose, V-shaped mouth and small posterior

rotating ear. Other clinical symptoms included eye, hearing, immune

and hormonal abnormalities. There was one patient with Miller–

Dieker syndrome (sample 21), a syndrome characterized by cardiac

abnormalities, a prominent forehead, anencephaly, microcephaly and

midface retraction, in which brain abnormalities usually cause severe

mental retardation, developmental delay, seizures, low muscular tone

and feeding difficulties. Our study confirmed that CNV-seq is an

effective method for detecting these chromosomal variations. There-

fore, the combined application of karyotype analysis and CNV-seq in

the prenatal diagnosis of pregnant women with antenatal indications

is of great clinical significance.

In total, 913 prenatal samples were collected in the present study.

According to the reasons for the visit, they were mainly classified into

an adverse birth history, a high risk of screening for Down's syndrome,

both parents with the same type of thalassemia, advanced maternal

age, a high risk of NIPT and abnormal ultrasonic marker. The overall

detection rate of pCNVs was 4.05% (37/913). In the positive samples,

there were 20 cases with an abnormal ultrasonic marker, five cases

with a high risk of screening for Down's syndrome, three cases with a

high risk of NIPT, three cases with an adverse birth history, one case

with advanced maternal age and five cases with mixed indications. In

terms of the detection rate of different types of CNVs, the detection

rate of mixed indications was the highest, followed by an adverse

birth history. However, the proportion of deviation caused by the

small sample size of the first two samples in the present study cannot

be excluded. The 22q11.2 microdeletion detection rate was highest,

with the incidence of the disease in newborns being one in 4000,

comprising the highest rate of microdeletion syndrome, which pro-

mpts genetic counseling for cardiac malformations, especially complex

cardiac anomalies associated with deformity of other organs, for

which it is suggested that chromosome karyotype analysis and CNV-

seq detection be conducted at the same time, aiming to avoid the

birth of children with birth defects.

In the present study, it was also found that the detection rate of

chromosome aneuploidy abnormality decreases with an increase of

gestational age, whereas the detection rate of VOUS increases. The

detection rate of pCNV did not change with a change in gestational

age. The reason why CNV-seq is not currently widely available in pre-

natal diagnosis is largely because of the VOUS result. It has been

reported that the rate of VOUS is 0–12.3% for prenatal diagnosis

sample detection.2,14 The average detection rate of VOUS is approxi-

mately 1.7% in fetal samples with ultrasonic structural abnormalities

and a normal chromosomal karyotype.18 In the present study, 31.43%

(287/913) cases have VOUS. Indeed, most VOUS cases were benign,

being inherited from the parents, as confirmed from the parents’ sam-

ples. The remaining 4.05% (37/913) cases of VOUS is true.

CNV-seq has its own limitations for the detection of chromo-

somal abnormalities. It cannot detect balanced structural abnormali-

ties and chromosomal mosaicism. In the present study, 14 cases

with chromosomal structural abnormalities (12 cases of inversion

and two cases of translocation) were not detected by high-

throughput sequencing. Therefore, it is not sufficient to rely solely

on CNV-seq in prenatal diagnosis. CNV-seq and karyotype analysis

should be combined to improve the detection rate of chromosomal

abnormalities.

5 | CONCLUSIONS

In conclusion, CNV-seq can be used as an effective method for the

prenatal genetic diagnosis of abnormal fetuses. Compared with tradi-

tional karyotype analysis, CNV-seq can improve the detection rate of

chromosomal abnormalities, as well as identify chromosomal abnor-

malities that cannot be detected by karyotype analysis, such as CNVs

and a chromosomal imbalance rearrangement with small segments.

However, CNV-seq technology is unable to detect chromosomal

structure rearrangements such as cross-translocation, inversion and

loss of heterozygosity. With the continuous development of the next-

generation sequencing technology and the improvement of CNV gene

mapping, more pathogenic CNVs will be recognized, and CNV-seq

technology will be widely used in prenatal diagnosis. We suggest that

CNV-seq combined karyotype analysis should be performed simulta-

neously in fetuses with puncture indications.
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