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Introduction
CdLS or Cornelia de Lange syndrome is a multisystem
developmental disorder in children. The features of this disorder vary from relatively mild to severe amongst affected
individuals. The facial dysmorphism comprises synophrys,
long eyelashes, low-set ears, small, widely spaced teeth and
a small upturned nose. Most individuals with classic CdLS
have been reported to have severe-to-profound mental retardation. Additional signs and symptoms of CdLS include
excessive body hair, microcephaly, hearing loss, short stature
and feeding difﬁculty. Seizures, heart defects, eye problems
and skeletal abnormalities have also been reported. Many
sporadic and genetically inherited cases are reported for
CdLS, which were caused by mutations in either NIPBL
(nipped B like) or SMC (structural maintenance of chromosome) genes (Gillis et al. 2004; Krantz et al. 2004). The
major genes involved in causing CdLS are NIPBL, SMC3
and SMC1A. Initial reports have found that mutations in
NIPBL are responsible for more than 50% of CdLS cases
and SMC1A and SMC3 are relatively less frequent in causing
CdLS (Deardorff 2007).
Short tandem repeats (STRs) or microsatellites, are repeat
sequences of 1–6 base pairs of DNA. STRs are typically
neutral, codominant, highly abundant and exhibit extensive
levels of polymorphism in eukaryotes as well as in prokaryotes (Gur-Arie et al. 2000; Toth et al. 2000; Mrazek et al.
2007). STRs are highly variable and are universally present
in genome. They have been utilized as molecular markers
in genetics. Insertion or deletion of single or more repeat
units lead to polymorphism in STRs. STRs are found in all
regions of genomes, coding as well as noncoding. But they
are more abundant in noncoding region as compared to coding region. The genomewide study of STR has shown that
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trinucleotide and hexanucleotide STR types are dominant
in coding regions of the genome whereas other STR repeat
types, such as mono, di, tetra and penta are found in excess in
the noncoding regions of the genome, but are rare in coding
regions (Borstnik and Pumpernik 2002; Subramanian et al.
2003a). Microsatellites have high variability and increased
rate of mutation. The STR loci mutation rate ranges from
10−3 to 10−6 per generation (Xu et al. 2000). The high rate
of mutation is mainly due to the slipped strand mispairing
also known as slippage during DNA replication on the single strand of DNA. Errors in DNA recombination and DNA
repair processes, as a result of slippage, also contribute to
high mutability. Thus, STRs are mutation prone DNA tracts.
As STRs are responsible for causing mutation, they were
analysed and compared with CdLS-causing genes in this
paper.
This study was undertaken to determine the abundance and
diversity of STRs in coding and noncoding regions of NIPBL
gene, and to compare them with the other two genes.

Materials and methods
Collection of gene sequences

The gene sequences for SMC3 (GenBank accession number: NM_005445), SMC1A (NM_006306) and NIPBL
(NM_015384) are available and were retrieved in FASTA
format from NCBI database (http://www.ncbi.nlm.nih.gov).
STR analysis

STRs in the genes were identiﬁed using the software which
was developed by Gur-Arie et al. (2000) downloaded from
ftp://ftp.technion.ac.il/pub/supported/biotech/STR.exe. This
software has been used to extract STRs from genes included
in this study. This program searches each of the six STR
motifs, one at a time, with length 10 bp or more. In this
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Figure 1. Shows heteroduplexe (A) and homoduplexe (B) formation.

study, the length of 10 bp was considered as a minimum
of each STR (this means that there would be 10 repeats for
mono, ﬁve repeats for di, four for tri and three repeats for
tetra, penta and hexa). The exonic and intronic regions were
separated and STRs were extracted from each. The numbers
of STRs for mono, di, tri, tetra, penta and hexa nucleotides
were recorded. The number of STRs for each repeat type was
checked critically for the presence of any statistically signiﬁcant difference. Pearson’s chi-square test was applied to ﬁnd
out whether the difference in data values were signiﬁcant or
not. The values were seen at respective degrees of freedom
with 0.05% level of signiﬁcance. The chi-square test was performed using online software at http://www.people.ku.edu/
~preacher/chisq/chisq.htm, which provides interactive calculation tools for chi-square test developed by Kristopher J.
Preacher (University of Kansas).
As the genes studied were of different sizes, the data were
normalized in terms of relative abundance (RA) and relative
density. RA can be deﬁned as the total number of STRs per
Mb of sequence analysed and the relative density is the total
sequence length (bp) contributed by each STR per Mb of
DNA of sequence analysed (Karaoglu et al. 2005).
Ampliﬁcation of NIPBL exons showing STR

STRs were extracted from the entire NIPBL gene as mentioned above; since NIPBL showed coding region STRs,
which was selected for further study. Primers were designed
and exons which showed STRs were ampliﬁed. Around 10
patients of clinically diagnosed CdLS, along with 10 controls were studied. The blood samples were collected and
used to isolate DNA from leukocytes. The genomic DNA
was ampliﬁed using speciﬁc primers for exons 15, 17 and
46 by the method described by Gillis et al. (2004). The
polymerase chain reaction (PCR) was reconstituted as: 75
μmol of each dNTPs, 1× buffer, 1.5 mM MgCl2 , 20 pmol
of each primer, DNA and 1 U Taq polymerase. The cycling
parameters were 94◦ C for 30 s, 51–60◦ C for 45 s, 72◦ C
for 30 s, 25 cycles and 72◦ C for 5 min ﬁnal extension.
The ampliﬁed products from the above reaction were run
on conformation sensitive gel electrophoresis (CSGE) to
check altered mobility due to heteroduplex formation. The
basic principle of CSGE is that it enhances the conformational differences produced by single-base mismatches in
double-stranded DNA, and thereby increase the differential
migration in electrophoretic gels of heteroduplexes and
homoduplexes (ﬁgure 1) (Ganguly et al. 1993).

Results and discussion
Among all genes, the STRs content was seen more in SMC1A
than in SMC3 and NIPBL. The RA of noncoding region was
found to be higher than the total gene RA in SMC1A and
SMC3 only. In NIPBL gene, total RA of STRs was higher
than that of noncoding RA as STRs were also seen in coding
region of gene NIPBL. There was no signiﬁcant difference in
STR distribution in genes, SMC1A and SMC3, as the found
P values were 0.92 and 0.90, respectively. In gene, NIPBL,
noncoding region P value was 0.99 which changed to 0.62
for total genes due to the presence of STRs in coding region.
No such variation in P value were observed for SMC1A
and SMC3, as all STRs for these genes fall in noncoding
region only. The total frequency of each STR such as mononucleotides, dinucleotides, trinucleotides, tetranucleotides,
pentanucleotides and hexanucleotides in each gene with
respect to RA are represented in ﬁgure 2. Similarly, relative
density was calculated for all STR repeats and shown graphically in ﬁgure 3. The total number of variations in NIPBL
gene were obtained from LOVD, HGMD databases and the
calculated RA is shown in ﬁgure 4.
Mononucleotide repeats were common in all the genes
studied with relatively high frequency. Abundance of
mononucleotides can be seen in SMC1A. In all the studied
genes, the mononucleotide STRs were composed of either A
or T repeats. The A/T content was found to be maximum
in gene NIPBL (64.9%) and minimum in SMC1A (54.5%).
The longest stretch of T, with length 38 bp was observed
in SMC1A. The gene SMC1A also showed abundance of
STRs for tri, tetra and hexanucleotides. SMC3 was the only
gene among other studied genes which showed absence of

Figure 2. Graph of RA of STRs plotted against repeat type for
SMC1A, NIPBL and SMC3 genes.
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tri, penta and hexanucleotide STRs. High number of di and
penta nucleotide STRs were present in the gene NIPBL. The
NIPBL coding region showed the presence of tri and hexa
nucleotide STRs. It has been reported that the coding region

Figure 3. Graph of relative density of STRs plotted against repeat
type for SMCIA, NIPBL and SMC3 genes.

STRs are rich in tri and hexanucleotide repeats (Borstnik
and Pumpernik 2002; Subramanian et al. 2003a). In dinucleotide STRs, AT/TA repeats showed their abundance over
other dinucleotide repeats in all genes which indicated high
A/T content in all the three genes. Dinucleotide STRs have
more slippage events per unit length of DNA than other
repeats (Kruglyak et al. 1998). In the gene NIPBL, the GC
dinucleotide repeat was repeated once whereas AT/TA was
repeated 14 times thus there were more chances of replication slippage in NIPBL. The GC/CG STRs were absent in
SMC3 and SMC1A. The highest RA for dinucleotide was
seen in NIPBL, 190 repeats per Mb. As the number of repeat
unit increases, the rate of mutation in replication slippage
increases exponentially (Lai and Sun 2003; Kelkar et al.
2008). This indicates that more repeated STRs are at the risk
of replication slippage than less frequently repeated STRs,
hence, mono and dinucleotide STRs are more prone to replication slippage than other longer STR types. So far, no mutations have been reported in the ‘coding repeat’ region of
NIPBL gene in the HGMD database.
Trinucleotide repeats were also seen accumulated in
coding as well as noncoding regions of the gene NIPBL.
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Figure 4. Graph of % RA of variations in NIPBL exons, introns and exons/introns.
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The gene SMC3 showed absence of trinucleotide STRs. The
association of triplet repeats with genes provide a basis
for identifying genes that may be predisposed to expansion
(Subramanian et al. 2003b). It has been reported that the trinucleotide STRs are predominantly associated with the coding region of the genome (Metzgar et al. 2000; Toth et al.
2000). The coding region of gene NIPBL showed GAA and
TGA trinucleotide repeats. The GAA repeats were found in
exon 17 as well as in exon 46. The TGA repeats were found
in exon 15. The GAA and GAT (TGA/GAT/ATG) codes for
glutamic acid and aspartic acid, respectively. A single hexanucleotide repeat (AGATTC)4 was seen in NIPBL coding
region. The GATTCA repeat codes for the repeated amino
acids aspartic acid and serine in NIPBL protein. This hexanucleotide region was found to be present in exon 44 of
gene NIPBL. The STRs containing coding region exons were
ampliﬁed and checked on CSGE for heteroduplexes. The
samples were not processed further for sequencing due to the
absence of heteroduplexes on CSGE.
The sequences TTTA, TTTC, TTTG, AAAT as tetra
repeats and TTTTA, TTTTC, TTTTG, AAAAG as penta
repeats were found in gene NIPBL. Similarly, AAAT, TTTG
as tetra, TTTTA as penta and TTTTTA, TTTTTC as hexanucleotide STRs were found in SMC1A. This clearly indicated the origin of penta and hexanucleotide STRs in genes.
The tri, penta and hexanucleotides were found to be totally
absent in SMC3 gene. The gene NIPBL is larger in size
thus, it should contain long repeat types more frequently
than any other gene, but actually frequent long repeats in
NIPBL were not found. The point mutation breaks down a
long repeat array into two or more short ones (Li et al. 2004).
The tetra and pentanucleotide repeats found in genes NIPBL
and SMC1A may have originated from the mononucleotide
repeats. Thus, as a result of increased replication slippage
of short repeat types, these may have organized in longer
stretches. There was no difference in repeat length in CdLS
patients versus controls.
This study, concludes that the mononucleotide STRs were
abundant in all the three genes. The tetra and penta repeat
STRs in NIPBL and SMC1A might have evolved due to point
mutation in long stretches of mononucleotide STRs. Gene
NIPBL contained STRs only in exons amongst the studied
genes; both trinucleotide and hexanucleotide STRs were
found in NIPBL exons. It also contains more dinucleotide
repeats thus may have more chances to undergo replication
slippage.
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