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Mutational spectrum of CENP-B box and a-satellite
DNA on chromosome 21 in Down syndrome children
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Abstract. The centromere is responsible for the correct
inheritance of eukaryotic chromosomes during cell division.
Centromere protein B (CENP-B) and its 17 base pair binding
site (CENP-B box), which appears at regular intervals in
centromeric a-satellite DNA (a-satDNA), are important
for the assembly of the centromere components. Therefore,
it is conceivable that CENP-B box mutations may induce
errors in cell division. However, the association between
the deoxynucleotide alterations of the CENP-B box and the
extra chromosome 21 (Chr21) present in patients with Down
syndrome (DS) remains to be elucidated. The mutational
spectrum of the a-satDNA, including 4 functional CENP-B
boxes in Chr2l from 127 DS and 100 healthy children were
analyzed by direct sequencing. The de novo occurrences of
mutations within CENP-B boxes in patients with DS were
excluded. The prevalence of 6 novel mutations (g.661delC,
2.1035_1036insA, g.1076_1077insC, g.670T>G, g.1239A>T,
2.1343T>C) and 3 single nucleotide polymorphisms (g.727C/T,
2.863A/C, g.1264C/G) were not significantly different between
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DS and controls (P>0.05). However, g.525C/G (P=0.01),
2.601T/C (P=0.00000002), g.1279A/G (P=0.002), g.1294C/T
(P=0.0006) and g.1302 G/T (P=0.004) were significantly
associated with the prevalence of DS (P<0.05). The results
indicated that CENP-B boxes are highly conserved in DS
patients and may not be responsible for Chr21 nondisjunction
events. However, a-satDNA in Chr2l is variable and deoxy-
nucleotide deletions, mutations and polymorphisms may act as
potential molecular diagnostic markers of DS.

Introduction

Down syndrome (DS), or trisomy 21, results from the pres-
ence of all or part of an extra chromosome (Chr) 21 and is a
high-incidence birth defect that is often associated with phys-
ical disorders (1-3) that have no explicit mechanism. Incorrect
partitioning of sister chromatids to the daughter cells may
induce aneuploidy, including trisomy 21 (4,5). Centromeres,
the evident structures that are located in the center of chro-
mosomes are responsible for chromosome segregation. A
previous study indicated that the highly conserved centromere
protein B (CENP-B) and its 17 base pair (bp) binding site
(CENP-B box) are required for de novo mammalian artificial
chromosome formation (6). In vivo analyses with cultured
human cells suggested that the presence of the CENP-B box
is essential for the formation of functional centromere compo-
nents (7,8). In addition, CENP-B binding to the CENP-B
boxes influences nucleosome positioning in centromeric
regions and this binding is required for accurate chromosome
segregation (9-11). Therefore, this suggests that nondisjunction
of Chr2l may be induced by a defective functioning of the
centromere with a CENP-B box mutation.

To determine whether the mutation or absence of the
CENP-B box is involved with extra Chr21 formation in DS,
the CENP-B boxes in Chr21 a-satellite DNA (a-satDNA) of
127 DS children were investigated using polymerase chain
reaction (PCR) and direct sequencing. The observations
of the present study provide an insight into the molecular
association between the CENP-B box and a-satDNA in
Chr21, which may be a major contributor to the occurrence
of trisomy 21.
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Materials and methods

Patient recruitment. A total of 127 Chinese children with DS
were recruited from the Children's Hospital of Chongqing
Medical University (Chongqing, China). Cytogenetic analysis
demonstrated the karyotypes were 47, XY, +21 or 47, XX,
+21 in all the patients. In addition, 100 healthy children with
normal karyotypes were also enrolled as the control group.
The distribution of age and residential placement did not differ
between controls and DS patients. Peripheral blood samples
were collected from all participants. The study was approved
by the Ethics Committee of Chongqing Medical University.
Informed consent was obtained from all individual partici-
pants included in the study.

PCR amplification and sequencing. Genomic DNA was
extracted from peripheral blood samples with TITANamp Blood
DNA kit (Tiangen Biotech Co., Ltd., Beijing, China). a-satDNA
(GenBank accession no. D29750.1) in the centromeric region of
Chr21 was amplified as two overlapping fragments, with each
fragment containing two CENP-B boxes (Fig. 1). Oligonucleotide
primer sequences were as follows: a-satellite part A, forward
5-GGAATATCGTCATACAAAAT-3', reverse 5-TATCAA
TGGCAAAGTTCA-3"; and o-satellite part B, forward 5-GTT
GAACTTTGCCATTGA-3', and reverse, 5-GCTCTAAGA
AAGCGAATG-3'. PCR was performed using the Takara Tag™
PCR kit (Takara Biotechnology, Co., Ltd., Dalian, China),
according to the manufacturer's protocol, using 200 ng genomic
DNA and 20 nM primers (1 ul). PCR thermocycling conditions
were as follows: 94°C for 4 min (initial denaturation), followed
by 30 cycles at 95°C for 30 sec (denaturation), 46°C/43°C for
30 sec (primer annealing) for part A/B, respectively, and 72°C
for 45 sec (PCR product elongation), a final extension step was
at 72°C for 5 min. PCR products were run on 1.5% agarose gels
to detect possible large sequence rearrangements. Following
the removal of unincorporated primers and excess dNTPs by
exonuclease I and shrimp alkaline phosphatase, the amplified
fragments were directly sequenced on an ABI-3100 Genetic
Analyzer (Applied Biosystems; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). Each sample was compared with NCBI
RefSeq sequence of a-satDNA.

Statistical analysis. Statistical analysis was used to summa-
rize the clinical characteristics of the subjects. Associations
between polymorphisms of DS and control group were
examined using the Chi-square test. P<0.05 was considered
to indicate a statistically significant difference. All data were
analyzed using SPSS software, version 16.0 (SPSS, Inc.,
Chicago, IL, USA).

Results

Gel electrophoresis. The gel electrophoresis indicated that
the 773 and 535 bp PCR fragments from a-satDNA were
amplified correctly. There was no observation of a mispairing
present in the agarose gels. There was no visible difference
in gel electrophoresis between amplified fragments of DS
and healthy children (Fig. 2). To examine whether the two
fragments exhibited a point mutation, direct sequencing was
performed following gel electrophoresis.
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Figure 1. Configuration of the chromosome 21 centromere and the nucleotide
sequences of CENP-B boxes. (A) The arrows indicate 11-monomer repeating
units; the black arrows indicate 171 bp monomers with a functional CENP-B
box. The black bold line with two dash lines refers to sequencing area in
a-satellite DNA. (B) The 17 bp motif of the CENP-B box. The nucleotide
sequences in frames are required for CENP-B binding activity. CENP-B,
centromere protein B.

Control

Figure 2. PCR fragments of a-satellite DNA in DS and healthy control chil-
dren. The (A) 773 bp and (B) 535 bp products contain two CENP-B boxes.
Marker: DL2000. DS, Down syndrome; PCR, polymerase chain reaction.

CENP-B boxes in Chr2l are highly conserved. The affected
patients with DS and healthy children underwent DNA anal-
ysis by sequencing of PCR products, of four CENP-B boxes
that are respectively located at the g.493_509, g.835_851,
g.1173_1189 and g.1511_1527 sites of a-satDNA in Chr2l.
No mutation or absence of CENP-B boxes in the 127 patients
with DS and 100 healthy children was observed. All four
CENP-B boxes in Chr21 were demonstrated to be highly
conserved (Fig. 3).
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g.1173_1188
TTTCGTTGGAAGCGGGA

g.1511_1527
TTTCGTTGGAAACGGGA

Figure 3. Chromatograms of the four CENP-B boxes. The g.493_509, g.835_851, g.1173_1189 and g.1511_1527 sites of CENP-B boxes in (A) DS patients and

(B) healthy children.
g.661delC g.670T=C 9.1239A>T
TTGATGCCT TTTGGTGAA GATGTCTGC

CCTACGGTG

9.1343T>C 9.1035_1036intA

AAAAATAGA

.1076_1077intC
TGTCCTCAA

Figure 4. Chromatograms of six mutation sites in a-satellite DNA including g.661delC, g.670T>G, g.1239A>T, g.1343T>C, g.1035_1036insA and

2.1076_1077insC. Mutation sites are indicated by black arrows.

g.525C /G g. 601T/C g.727CIT .863A/C

9.1264C/G  g.1279A/G  g.1294A/G  g.1302G/T

AAATCTAGA ACTTTGAGC TGTTTGTGA TAAAAACTA TGAACATTC ATAGAGCAG GAAACACTC TCTGGAGTA

|

Figure 5. Chromatograms of eight heterozygous sites in a-satellite DNA including g.525C/G, g.601T/C, g.727C/T, g.863A/C, g.1264C/G, g.1279A/G, g.1294C/T

and g.1302 G/T. Mutation sites are indicated by black arrows.

a-satDNA sequence is highly variable. The direct
sequencing of a-satDNA indicated numerous underlying
nucleotide alterations. The variations were point nucleotide
deletions, substitutions, insertions and polymorphisms.
The novel identified mutations were as follows: g.661delC,
2.670T>G, g.1239A>T, g.1343T>C, g.1035_1036insA and
2.1076_1077insC (Fig. 4). All the mutations were observed
to be present in DS and control groups, however statistical
analysis suggested that there was no significant difference
between their occurrence in the two groups (P>0.05; Table I).
Furthermore, 8 polymorphism sites were observed in the
majority of samples and to the best of our knowledge, these
had not previously been reported. However, occurrence of the
2.525C/G (P=0.01), g.601T/C (P=0.00000002), g.1279A/G

(P=0.002), g.1294C/T (P=0.0006) and g.1302 G/T (P=0.004)
sites in the DS group demonstrated a significant difference
compared with the control group (P<0.05) However, no
differences in g.727C/T (P=0.36), g.863A/C (P=0.207) and
2.1264C/G (P=0.073) sites were observed between the two
groups (Fig. 5; Table I).

Discussion

DS is a common chromosomal disorder in human aneuploidy,
and a termination of pregnancy occurs for the majority DS
fetuses identified via Down's screening and amniocentesis.
The extra Chr21 results from a meiotic nondisjunction event,
with 88% from nondisjunction in the maternal gamete and
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Table I. Spectrum of a-satDNA variants detected in DS and control children.

Mutation characteristics DS (n=127) Control (n=100) P-value
g.661delC 127 (100%) 100 (100%) 0.904
g.670T>G 127 (100%) 100 (100%) 0.904
g2.1239A>T 124 (97.6%) 100 (100%) 0.122
2.1343T>C 124 (97.6%) 100 (100%) 0.122
2.1035_1036insA 125 (98.4%) 97 (97%) 0.468
g.1076_1077insC 125 (98.4%) 97 (97%) 0.468
2.525C/G 125 (98.4%) 91 (91%) 0.01*
g2.601T/C 93 (73.2%) 100 (100%) 0.00000002*
g.727C/T 120 (94.5%) 97 (97%) 0.36
2.863A/C 125 (98.4%) 100 (100%) 0.207
2.1264C/G 123 (96.9%) 100 (100%) 0.073
g.1279A/G 101 (79.5%) 94 (94%) 0.002*
2.1294C/T 105 (82.7%) 97 (97%) 0.0006*
2.1302G/T 103 (81.1%) 94 (94%) 0.004*

“P<0.05 vs. control. a-satDNA, a-satellite DNA; DS, Down syndrome.

8% in the paternal gamete. But the underlying molecular
genetics mechanism linking nondisjunction to Chr21 remains
to be fully elucidated. Therefore, it is necessary to determine
the genotypes of DS to provide a methodology for antenatal
examination and gene diagnosis for trisomy 21 in noninvasive
prenatal testing.

The current study identified that the CENP-B boxes
are highly conserved in DS and healthy children. Human
Chr21 contains a large repetitive sequence and consists of
11 tandem repeats of an AT-rich 171 bp alphoid monomer
unit. This 11mer repeat construct is a 1.3 Mbp higher order
a-satDNA repeat on the centromeric area. Each monomer has
a unique 17 bp sequence, however only five have the CENP-B
binding activity known as the CENP-B box (12,13). In the
human artificial chromosome (HAC), CENP-B box muta-
tions induced no HAC formation and diminution of CENP-A
assembly (6,11,14). CpG methylation and point mutation of
the CENP-B box reduced CENP-B binding activity (15-17).
Therefore, the CENP-B box is required for de novo centro-
mere chromatin assembly on human a-satDNA. The present
study identified the methylation status of CpG dinucleotides
in CG islands; however, the results did not show any differ-
ence in the DNA methylation status between DS and healthy
people as previously described (18).

A cohort of 127 patients diagnosed with DS and 100
healthy children in Chongqing were investigated via chro-
mosome screening. The spectrum of a-satDNA variants in
Chr21 was analyzed by direct DNA sequencing. The present
study identified 14 novel variations that, to the best of our
knowledge, have not previously been reported. A total of 6
mutations were identified in the Chinese population: g.661delC,
2.670T>G, g.1239A>T, g.1343T>C, g.1035_1036insA and
2.1076_1077insC. The present study revealed the distribu-
tion and frequency of novel variations among the population
in Chongqing. For human Chr21, a-satDNA appears to be
the major constituent of functional centromeres (19), as it is

associated with the existence of functional centromere compo-
nents on the endogenous human chromosome and the ability
to induce de novo centromere assembly. In the present study,
the CENP-B box and a-satDNA sequence were required for
de novo mammalian artificial chromosome formation and
assembly of functional centromere components, including
CENP-A, CENP-C, and CENP-E (20,21). These results
demonstrated the presence of a variable in a-satDNA, other
than the CENP-B box, which may be important for de novo
centromere formation function (8,16,22,23). In addition, the
present study reported eight single nucleotide polymorphisms
(SNPs) of a-satDNA in Chr2l. Three SNPs, including
2.727C/T, 2.863A/C and g.1264C/G did not demonstrate any
difference in occurrence between DS and healthy children. It
was therefore hypothesized that the variants identified in the
present study may be due to ethnic disparities, as suggested
by previous studies (18,24) and consequently, these vari-
ants may act as DNA markers for distinguishing ethnicities.
However, five SNPs including g.525C/G, g.601T/C, g.1279A/G,
2.1294C/T and g.1302 G/T were observed to be significantly
different between the DS and control group, and may therefore
act as potential molecular diagnostic markers of DS.

The present study exhibited various limitations. Firstly,
the study was conducted on a small sample size and larger
sample sizes are required to confirm these associations in the
future. Furthermore, the patients were from the same region
of China, therefore further studies should include individuals
from different regions of China and of different ethnicities.

In conclusion, the present study investigated the a-satDNA
variants present in Chr21 and any differences in genotype
between DS and healthy children. The results demonstrated that
CENP-B box mutations were not present and the box appears
to be highly conserved in DS patients and therefore may not
be responsible for Chr21 nondisjunction events. Furthermore,
14 novel variations were identified in this investigation and the
differing mutation spectrum of a-satDNA between DS and
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healthy individuals may contribute to complex DS phenotypes
and act as potential dinucleotide markers for diagnosing
trisomy 21.
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