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Abstract. ������������������������������������������������������This study explored the clinical application of karyo-
type analysis combined with BACs-on-Beads (BoBs) technology 
in prenatal diagnosis. A total of 558 pregnant women who were 
admitted to Xuzhou Maternity and Child Health Care Hospital 
from July 2015 to June 2017 were enrolled in this study. All the 
subjects underwent amniocentesis. BoBs assay was performed 
for subjects in the observation group, and karyotype analysis 
was performed for subjects in the control group. The main 
technical indicators of subjects in the two groups were summa-
rized, and cases of chromosome abnormalities were further 
evaluated. Clinical follow-up of their pregnancy and neonatal 
birth was undertaken. Finally, the chromosomal manifestations 
of these patients were compared with those of normal male and 
normal female, as well as common chromosomal abnormali-
ties. All 558 pregnant women underwent amniocentesis again. 
Karyotype analysis combined with BoBs assay of amniotic fluid 
was performed. Cases of chromosomal abnormalities detected 
were: 75 cases of trisomy 21, 20 cases of trisomy 18, 1 case 
of trisomy 13, 27 cases of sex chromosomal abnormalities, 
12 cases of balanced chromosome translocation, and 2 cases of 
chromosome microdeletion. The results indicated that karyo-
type analysis combined with BoBs technology for prenatal 
diagnosis was easy to perform, and provided quick results with 
high accuracy. The two testing methods were complementary 
to each other, which significantly improved the diagnostic rate 
of chromosomal abnormalities thus reducing birth defects and 
guiding continued pregnancy of high-risk pregnant women.

Introduction

Down syndrome (DS), also known as trisomy 21 syndrome, 
is the most common human chromosomal condition (1). Its 
incidence in newborns ranges from 1/800 to 1/1000 (2). The 
incidences of trisomy 18 and trisomy 13 syndromes were 
next only to that of trisomy  21 syndrome  (3). The major 
characteristics of clinical manifestations are severe congenital 
mental retardation and unique facial features, which are often 
accompanied by a variety of congenital malformations or 
other abnormalities (4). These syndromes cannot be cured. 
Prenatal diagnosis is the only way to prevent birth of children 
with defects (5). Therefore, early screening, early diagnosis, 
and timely termination of pregnancy are important measures 
to reduce birth defects (6).

Traditional prenatal diagnosis is actually conventional 
karyotype analysis of fetal chromosomes, which detects 
limited types of chromosomal abnormalities, and takes longer 
to obtain results  (7). Prenatal BACs-on-Beads (BoBs) is a 
newly-developed and efficient molecular diagnostic technique. 
This new technology can quickly detect 5 common aneuploidy 
abnormalities (21, 18, 13, X, Y), and 9 common microdeletion 
syndromes as well (8).

In order to improve the prenatal diagnostic rate and reduce 
the incidence of birth defects, in this study, prenatal BoBs 
assay was performed together with the traditional karyotype 
analysis, aiming to explore potential benefits of combination 
of the two testing methods in prenatal diagnosis.

Subjects and methods

Subjects. A total of 558 pregnant women who were admitted 
to Xuzhou Maternity and Child Health Care Hospital from 
July 2015 to June 2017 were enrolled in this study. All the 
subjects gave their informed consent for the study. At 
19-24 weeks of pregnancy, the subjects underwent amnio-
centesis for karyotype analysis combined with BoBs assay 
of amniotic fluid. Prenatal conditions of pregnant women 
included: Advanced maternal age, high-risk with prenatal 
screening, abnormal findings with non-invasive prenatal 
testing (NIPT), fetal ultrasound abnormalities, chromosomal 
abnormalities in pregnant women or their husbands, and 
previous birth of child with chromosomal abnormalities. 
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The study was approved by the Ethics Committee of Xuzhou 
Maternity and Child Health Care Hospital.

Methods
Amniocentesis. Subjects signed the informed consent form 
before undergoing the procedure. Amniocentesis was 
performed under ultrasound guidance. Amniotic fluid (25 ml) 
was withdrawn, of which 20 ml was cultured to allow for 
karyotype analysis of chromosomes, and the remaining 5 ml 
was used for BoBs assay.

Chromosome karyotype analysis. Approximately 20 ml of 
amniotic fluid was centrifuged at 2,500 x g for 10 min at 4˚C to 
separate amniotic cells. The cells were cultured, harvested and 

mounted on glass slides after routine treatments for chromo-
some G-banded analysis. On each slide, 30 stained metaphases 
were examined, and 5 karyograms were created for chromo-
some analysis. If a suspicious chromosomal abnormality or 
chromosomal polymorphism was found, the count number 
of metaphases was then increased to 50, and the number of 
karyograms was increased to ≥20 for a more reliable result.

BoBs assay. Genomic DNA was extracted from approxi-
matley 5 ml of amniotic fluid using DNA extraction reagents 
according to manufacturer's instructions. BoBs kit (Perkin 
Elmer, Waltham, MA, USA) was used for BoBs assay. The 
beads were analyzed using a Luminex 200 cytometric acquisi-
tion system (Austin, TX, USA) for data collection. Data were 
analyzed using BoBsoft 2.0 software.

Indicators observed. The subjects were divided into the observa-
tion and control groups. Karyotype analysis was performed on 
the control group, and BoBs assay was performed on the obser-
vation group. The major technical indicators were summarized, 
and cases of chromosomal abnormalities were further evaluated.

Table I. Karyotype analysis (control group) and BACs-on-
Beads assay (observation group).

Groups	 Test time	 Items tested

Observation	 24 h	 21, 18, 13, X, Y chromosomes
		and   9 microdeletions
Control	 3 weeks	 46 chromosomes

Table II. Prenatal conditions of high-risk pregnant women that 
underwent amniocentesis.

Prenatal conditions	 Cases

Trisomy 21 with non-invasive prenatal testing	 60
Trisomy 18 with non-invasive prenatal testing	 16
Trisomy 13 with non-invasive prenatal testing	 1
Sex chromosomal abnormalities with	 61
non-invasive prenatal testing
High-risk with prenatal screening	 195
(not including positive findings with
non-invasive prenatal testing)
Advanced maternal age	 128
(not including positive findings with
non-invasive prenatal testing)
Abnormal findings with	 56
color Doppler ultrasound
(not including positive findings with
non-invasive prenatal testing)
Chromosomal abnormalities in	 17
pregnant women or their husbands
Previous birth of child with	 54
chromosomal abnormalities
Total	 588

Figure 1. Technical report of prenatal BoBs assay for a normal male. Red 
dots, sample DNA/female reference DNA; blue dots, sample DNA/male 
reference DNA. F, female; M, male; BoBs, BACs-on-Beads.
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Statistical analysis. Statistical analysis was performed using 
the SPSS 19.0 software (IBM SPSS, Armonk, NY, USA). 
Comparison between multiple groups was done using one-way 
ANOVA test followed by post hoc test (Least Significant 
Difference). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Comparsion of karyotype analysis (control group) and BoBs 
assay (observation group). Detection time was shorter in the 
observation group (BoBs technique) than in the control group, 
and the number of chromosomal loci detected was less than 
that of the control group. However, 9 more microdeletions 
were added to the detection range (Table I).

Number of amniocentesis performed for high-risk pregnant 
women with different prenatal conditions. Amniocentesis was 
mainly performed for pregnant women with high-risk with 
prenatal screening (non-invasive positive was not included), 

advanced maternal age pregnant women (non-invasive positive 
was not included) and pregnant women with sex chromosomal 
abnormalities with NIPT (Tables II and III).

Diagnostic outcomes of pregnant women in the observation 
group and the control group. Test results of chromosomal 
abnormalities showed that the diagnostic outcomes of two 
groups were similar in trisomy 21, trisomy 18, trisomy 13 
and sex chromosomal abnormalities. Balanced chromosome 
translocation were detected in the control group but not in the 
observation group. Chromosome microdeletion were detected 
in the observation group but not in the control group. The two 
tests complement each other, and the difference was statisti-
cally significant (p<0.05) (Table IV).

Reports of normal findings with BoBs assay. DNA probes 
were added to the fluorescently-labeled (red) microspheres. 
After amplification by PCR and fluorescent labeling (blue), the 
genotypes of the samples were determined. Figs. 1 and 2 show 
the genomic sequence of normal males and females.

Table III. Prenatal diagnostic outcomes of pregnant women with different prenatal conditions.

	 Diagnostic outcome
	 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
				    Sex	 Balanced
				chro    mosomal	chro mosome	 Chromosome
Prenatal conditions	 Trisomy 21	 Trisomy 18	 Trisomy 13	a bnormalities	translocation	  microdeletion

Positive findings with non-invasive	 60	 16	 1	 24	 0	 0
prenatal testing (T21, T18 and T13)
High-risk with prenatal screening	 2	 0	 0	 2	 0	 0
(not including positive findings
with non-invasive prenatal testing)
Advanced maternal age	 3	 0	 0	 1	 0	 0
(not including positive findings
with non-invasive prenatal testing)
Abnormal findings with	 9	 4	 0	 0	 1	 1
color Doppler ultrasound
(not including positive findings
with non-invasive prenatal testing)
Chromosomal abnormalities in	 1	 0	 0	 0	 11	 0
pregnant women or their husbands
Previous birth of child with	 0	 0	 0	 0	 0	 0
chromosomal abnormalities
Total cases	 75	 20	 1	 27	 12	 1

Table IV. Comparison of diagnostic outcomes between observation group and control group.

				    Sex	 Balanced
				chro    mosomal	chro mosome	 Chromosome
Groups	 Trisomy 21	 Trisomy 18	 Trisomy 13	a bnormalities	translocation	  microdeletion

Observation	 75	 20	 1	 27	 0	 1
Control	 75	 20	 1	 27	 12	 0
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Abnormal findings with BoBs assay. Targets selection is highly 
specific. Menu-based detection can quickly detect 21-trisomy 
aneuploidy, which can compensate the limitations of karyo-
type analysis. Fig. 3 shows the detection results of BoBs for 
prenatal 21-trisomy.

Discussion

China currently has a population of 1.4 billion, and is the first 
most populous country in the world. Not only is the birth rate 
the highest in the world, but the total number of birth defects 
also rank first in the world (9). Previous studies have confirmed 
that trisomy 21 is the most common type of neonatal birth 
defects, followed by trisomy 18, trisomy 13, and aneuploidy 
of sex chromosomes X and Y (10). The present strategy of 

managing birth defects due to chromosomal abnormalities 
is implementation of secondary prevention, i.e., intervention 
through prenatal screening and diagnosis  (11). Karyotype 
analysis following amniocentesis was the gold standard of 
prenatal diagnosis in previous studies (12), which was highly 
sensitive and specific, and had an almost 100% prenatal diag-
nostic rate for fetal chromosomal abnormalities. However, the 
technology requires a longer period of time to obtain results 
and has low resolution, thus only detection of larger mutations 
is allowed. Moreover, karyotype analysis requires high skill 
level to process the chromosome samples, and results were 
interpreted with high subjectivity and in the case of an unsuc-
cessful amniotic fluid cell culture, the whole experiment is in 
vain (13,14).

Figure 2. Technical report of prenatal BoBs assay for a normal female. Red 
dots, sample DNA/female reference DNA; blue dots, sample DNA/male ref-
erence DNA. F, female; M, male; BoBs, BACs-on-Beads.

Figure 3. Technical report of prenatal BoBs assay for trisomy 21. Red dots, 
sample DNA/female reference DNA; blue dots, sample DNA/male reference 
DNA. Data in red are abnormal parameters. F, female; M, male; BoBs, BACs-
on-Beads.
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Prenatal BoBs technology is a cytogenetic assay for rapid 
prenatal diagnosis. Results obtained from the chromosome 
analysis are characteristic for both normal male and normal 
female. In this assay, a small amount of DNA sample was 
required to perform analysis of multiple chromosomes and 
find abnormalities. Trisomy 21 served as an example of an 
abnormal result. In addition, BoBs assay takes less time to 
obtain results than traditional karyotype analysis. In a typical 
assay, the results can be obtained within 24 h, which greatly 
reduces anxiety and relieves psychological stress in high-risk 
pregnant women. Except for fast results, this technology also 
enables high throughput by analysis of more than 92 samples at 
the same time (15). Through molecular karyotyping, genomic 
DNA in identified target region is amplified, and target dele-
tion is detected (16). In addition to detecting aneuploidy of 
chromosomes 13, 18, 21, and sex chromosomes X and Y (17), 
BoBs technology enables aberration detection in 9 additional 
meticulously chosen microdeletion regions  (18). Thereby 
diagnostic accuracy can be improved, and shortcomings in 
abnormal cell culture for karyotype analysis can be offset to 
some extent (19,20).

In this study, in order to explore the clinical application 
of BoBs assay combined with karyotype analysis, results 
obtained by BoBs assay were compared with results obtained 
by traditional karyotype analysis of the same enrolled pregnant 
women. The two testing methods yielded exactly the same 
diagnostic outcomes in the detection of trisomy 21, trisomy 18, 
trisomy 13, and sex chromosomal abnormalities. Balanced 
chromosome translocation was detected only by karyotype 
analysis (control group), whereas chromosome microdeletion 
was detected only by BoBs assay (observation group). Thus, 
the two testing methods were complementary to each other.

In conclusion, karyotype analysis combined with BoBs 
technology for prenatal diagnosis was easy to perform, and 
provided quick results with high accuracy. Combined use of the 
two testing methods significantly improved the diagnostic rate 
of chromosomal abnormalities thus reducing birth defects and 
guiding continued pregnancy of high-risk pregnant women.
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