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Abstract
Background Cornelia de Lange Syndrome (CdLS) is a rare genetic disorder characterized by a range of physical, 
cognitive, and behavioral abnormalities. This study aimed to perform a comprehensive review of the literature on 
CdLS and investigate two cases of CdLS with distinct phenotypes that underwent WES to aid in their diagnosis.

Methods We conducted a comprehensive review of the literature on CdLS along with performing whole-exome 
sequencing on two CdLS patients with distinct phenotypes, followed by Sanger sequencing validation and in-silico 
analysis.

Results The first case exhibited a classic CdLS phenotype, but the initial WES analysis of blood-derived DNA failed 
to identify any mutations in CdLS-related genes. However, a subsequent WES analysis of skin-derived DNA revealed a 
novel heterozygous mutation in the NIPBL gene (NM_133433.4:c.6534_6535del, p.Met2178Ilefs*8). The second case 
was presented with a non-classic CdLS phenotype, and WES analysis of blood-derived DNA identified a heterozygous 
missense variant in the SMC1A gene (NM_006306.4:c.2320G>A, p.Asp774Asn).

Conclusions The study shows the importance of considering mosaicism in classic CdLS cases and the value of WES 
for identifying genetic defects. These findings contribute to our understanding of CdLS genetics and underscore the 
need for comprehensive genetic testing to enhance the diagnosis and management of CdLS patients.

Keywords Cornelia de Lange Syndrome (CdLS), Whole exome sequencing, Novel variant, NIPBL gene, SMC1A gene, 
Mosaicism, Exome-negative
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Introduction
Cornelia de Lange Syndrome (CdLS), also known as 
Brachmann-de Lange Syndrome, is a genetically and 
clinically heterogeneous disorder that affects multiple 

aspects of development and has a wide clinical variability 
[1, 2]. Over time, different diagnostic criteria have been 
proposed, and the disease has been classified as a spec-
trum (CdLS) based on a detailed diagnostic algorithm 
that combines “cardinal” and “suggestive” features. CdLS 
belongs to a broader group of conditions called cohesin-
opathies, which include patients carrying variants in 
one of the different genes belonging to the cohesin com-
plex. The natural history of the disease includes multiple 
chronic medical problems, and several behavioral comor-
bidities have also been described [3]. CdLS is a rare con-
dition, with an estimated incidence ranging from 1 in 
10,000 to 1 in 30,000 newborns [3].

While the majority of CdLS cases appear to be spo-
radic, a few familial cases have been reported. Pedigree 
analyses of several families indicate autosomal dominant 
inheritance, with transmission observed from both par-
ents in some cases [4]; however, given autosomal domi-
nant inheritance, cases of apparently normal parents who 
have multiple children with CdLS were hypothesized to 
be the result of germline mosaicism that is one of the 
critical areas of medical genetics [5].

CdLS is associated with mutations in six genes of the 
cohesin complex, including NIPBL, SMC1A, SMC3, 
RAD21, BRD4, and HDAC8 [6]. Most CdLS patients 
exhibit de novo pathogenic variants in one of these genes, 
with NIPBL being the most commonly affected gene [3]. 
The proteins encoded by these genes serve as structural 
or regulatory components of the cohesin complex, which 
is a multimeric system that regulates sister chromatid 
cohesion and gene expression. The core of the cohesin 
complex is composed of SMC1A, SMC3, RAD21, and 
STAG, and is involved in sister chromatid cohesion and 
gene expression regulation [7, 8].

The objective of this study is to present two novel het-
erozygous mutations identified in two patients with CdLS 
symptoms from unrelated families. These mutations 
contribute to the growing body of knowledge surround-
ing the genetic landscape of CdLS. Additionally, the 
study aims to underscore the importance of investigat-
ing mosaicism in patients exhibiting CdLS phenotypes. 
By identifying these mutations and highlighting the role 
of mosaicism, this research has implications for genetic 
counseling and clinical management of CdLS patients 
and their families.

Case presentation
Case 1
The research subject in question is a thirteen-year-old 
female, born to non-consanguineous parents. Her birth 
occurred at 37 weeks of gestational age via cesarean sec-
tion, with recorded measurements of 2950  g in weight, 
48  cm in height, and a head circumference of 32  cm 
(Table  1). No evidence indicating maternal infection or 

Table 1 Signs and symptoms CdLS and clinical finding of 
patients in this study
Signs and symptoms CdLS Case 

1
Case 
2

Growth IUGR Suggestive − −
Short stature Suggestive − +
Microcephaly Suggestive + +

Craniofacial 
features

Brachycephaly Suggestive − −
Low anterior hairline Other clinical 

Findings
− +

Arched, thick eyebrows Cardinal − −
Synophrys Cardinal − +
Long eyelashes Other clinical 

Findings
+ +

Depressed nasal bridge Cardinal − +
Anteverted nostrils Cardinal + −
Broad nasal tip Cardinal − −
Long, smooth philtrum Cardinal + +
Thin upper vermilion Cardinal − +
Downturned corners of 
the mouth

Cardinal − −

Highly arched palate Other clinical 
Findings

− +

Widely spaced teeth Other clinical 
Findings

− −

Micrognathia Other clinical 
Findings

− +

Low-set and malformed 
ears

Other clinical 
Findings

+ −

Trunk and 
limbs

Oligodactyly and adac-
tyly (hands)

Cardinal − −

Small hands Suggestive − −
Proximally placed 
thumbs

Other clinical 
Findings

− −

Clinodactyly or short 
fifth finger

Suggestive − −

Small feet Suggestive − −
Hirsutism Suggestive − −
Cardiovascular 
anomalies

Other clinical 
Findings

+ +

Vertebral anomalies Other clinical 
Findings

− −

Congenital diaphrag-
matic hernia

Cardinal − −

Cogni-
tion and 
behaviour

Intellectual disability 
(any degree)

Suggestive + −

ASD Other clinical 
Findings

− −

Self-injurious behavior Other clinical 
Findings

− −

Stereotypic movements Other clinical 
Findings

− −

ASD, autism spectrum disorder; IUGR, intrauterine growth retardation
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exposure during gestation has been identified in paren-
tal interviews or documents pertaining to the pregnancy 
period. Both parents displayed no clinical symptoms and 
had no notable family history. The patient exhibited vari-
ous physical characteristics at birth, including a cleft pal-
ate, long philtrum, anteverted nares, low-set ears, long 
curly eyelashes, a short neck, and microcephaly. At the 
age of three and a half, she experienced her first seizure, 
which persisted as uncontrolled seizures for a duration of 
approximately ten years. As a result, her medication regi-
men underwent multiple changes, with her current treat-
ment consisting of phenobarbital and sodium valproate. 
Furthermore, the patient received a diagnosis of intellec-
tual disability and displayed developmental delays, ren-
dering her unable to walk independently even at the age 
of thirteen, as she could only crawl. Since birth, she has 
faced challenges with feeding, constipation, and severe 
gastroesophageal reflux. Notably, her physical examina-
tion did not reveal any abnormalities in the extremities, 
ruling out upper limb reduction defects. Additionally, 
her speech development was delayed, and she could only 
articulate simple words at the age of thirteen. Labora-
tory analysis, including complete blood count, biochemi-
cal parameters, and urinalysis, yielded normal results. A 
transthoracic echocardiography examination identified 
a mild ventricular septal defect. Chromosome analysis 
confirmed a normal karyotype of 46, XX.

Case 2
Patient 2 was a nine-year-old girl born to parents who 
were not closely related. The pregnancy lasted approxi-
mately 36 weeks, resulting in a birth weight of 2300 g and 
a head circumference of 29 cm (Table 1). The delivery was 
performed via cesarean section. Throughout the preg-
nancy, no medications were administered, and there was 
no exposure to cigarettes or alcohol. The patient exhib-
ited classic craniofacial features, including micrognathia, 
synophrys, microcephaly, low hairline, long curly eye-
lashes, thin upper lips, long philtrum, depressed nasal 
bridge, and high arched palate. Additionally, she pre-
sented with syndactyly of the second and third toes, small 
hands with the thumb positioned closer to the body, 
and a simian crease. A transthoracic echocardiography 
examination revealed a mild ventricular septal defect, 
but no abnormalities were found in her gastroesophageal 
function. An electroencephalogram showed no abnor-
malities, and she had no history of seizures. The patient 
experienced failure to thrive and developmental delay. 
She did not begin walking until the age of four, with the 
assistance of occupational therapy. Her speech develop-
ment was delayed, and at the age of nine, she could only 
articulate simple words. Chromosome analysis revealed a 
normal karyotype of 46, XX.

Methods
Sample collection and genomic analysis
The genomic DNA was isolated from the peripheral 
blood of probands and their parent utilizing the salting-
out procedure. The concentration and purity of DNA 
were ascertained using a NanoDrop 1000 (Thermo 
Fisher Scientific, Inc., Wilmington, DE, USA). Whole-
Exome Sequencing (WES) was performed on an Illumina 
HiSeq4000 system with paired-end reads of 101  bp and 
100X coverage, using genomic DNA from probands. 
Exonic and surrounding exon-intron border regions were 
enriched using SureSelectXT2 V6 kits.

Subsequent to the removal of low-quality reads, the 
reads were mapped to the human genome reference 
(hg19 build) with the aid of the Burrows-Wheeler Aligner 
(BWA). Duplicates were marked and removed using 
SAM tools. Following that, recalibration and SNP/indel 
calling were carried out. Variant calling and filtering were 
performed using the Genome Analysis Toolkit (GATK). 
Finally, the called variants were annotated, filtered, and 
prioritized using ANNOVAR software and an in-house 
workflow. The 3D protein structural model of mutations 
in NIPBL and SMC1A was modeled and visualized using 
PyMol software (The PyMOL Molecular Graphics Sys-
tem, Version 1.2r3pre, Schrödinger, LLC).

Results
The homozygous variants identified in this study, which 
encompassed splicing regions, stop gain, and frame-
shift mutations, were primarily evaluated based on their 
degree of pathogenicity. Subsequently, the pathogenicity 
of nonsynonymous mutations was assessed using multi-
ple amino acid change predictions. Emphasis was placed 
on prioritizing mutations in genes known to be associ-
ated with diseases exhibiting reported phenotypes.

During the WES analysis of case 1’s blood sample, no 
clinically significant variants related to the proband’s 
symptoms were found. However, the coding regions 
of NIPBL, SMC1A, SMC3, HDAC8, and RAD21 genes 
related to CdLS received extra scrutiny due to a high clin-
ical suspicion of the genetic syndrome. Therefore, WES of 
the skin sample was conducted, resulting in the detection 
of a heterozygous variant (NM_133433.4:c.6534_6535del 
(p.Met2178Ilefs*8) in the NIPBL found in 38% of reads. 
This mutation is novel and appears to exhibit a mosaic 
pattern in the proband as it was not detected in the pre-
vious analysis of blood-derived DNA. The variant entails 
a two-base pair deletion causing a frameshift in exon 38 
and is absent from population databases such as Iranome 
and gnomAD [9, 10]. Based on the American College of 
Medical Genetics (ACMG) guidelines [11], this variant 
has been classified as a likely pathogenic variant.

Furthermore, a heterozygous variant in the SMC1A 
gene with dominant X-linked inheritance was primarily 
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identified through WES in case 2. Subsequent con-
firmation was conducted using Sanger sequencing of 
genomic DNA. The analysis revealed that case 2 was 
heterozygous for the variant NM_006306.4: c.2320G > A 
(p.Asp774Asn), while both parents exhibited normal 
homozygosity. Similar to the NIPBL variant, the SMC1A 
variant was classified as a likely pathogenic variant in 
accordance with the guidelines provided by the American 
College of Medical Genetics (ACMG). This novel muta-
tion, NM_006306.4: c.2320G > A, has not been docu-
mented in population databases, including gnomAD and 
Iranome. Furthermore, various prediction methods, such 
as MutationTaster, SIFT, polyphen, and UMD-predictor, 
have indicated its potential harmfulness [12, 13].

Discussion
In this study, we performed a comprehensive narrative 
review of the literature on CdLS, with a focus on geno-
type-phenotype correlations. We also identified novel 
heterozygous mutations in two patients exhibiting CdLS 
manifestations, further expanding the genetic landscape 
of the disorder. Our analysis revealed that the mutations 
affect genes involved in chromatin regulation within 
the cohesin complex, which is consistent with previous 
research. Moreover, we underscored the importance of 
investigating mosaicism in CdLS cases, as one patient 
displayed mosaicism for a NIPBL mutation detected only 
in skin-derived DNA, but not in blood-derived DNA. 
Our findings demonstrate the value of genotype-pheno-
type correlations in understanding the clinical presenta-
tion of CdLS and improving diagnosis and management 
of affected individuals. By combining our novel findings 
with a comprehensive literature review, we provide valu-
able insights into the genetic basis of CdLS and its clini-
cal manifestations.

The first description of CdLS was made by a Dutch 
pediatrician, Cornelia de Lange, in 1933 [14]. Over time, 
several authors have attempted to define diagnostic cri-
teria, resulting in the identification of three clinical sub-
types: classic, mild, and phenocopies [15]. The variability 
of clinical expression led in the past to clinical diagnosis 
only, but with the discovery of the complex and hetero-
geneous biological basis of the disease, molecular confir-
mation analysis became necessary. In 2018, a consensus 
statement was published, classifying CdLS as a spec-
trum (CdLSp) and providing a detailed diagnostic algo-
rithm based on “cardinal” and “suggestive” features. The 
algorithm distinguishes between classic and non-classic 
CdLS, which do not overlap with the old definitions [3].

The natural history of the disease includes multiple 
chronic medical problems, pivotal for properly planning 
and addressing the follow-up of the affected patients. Sev-
eral behavioral comorbidities have also been described. 
Additional cohesin- or chromatin-associated factors have 

also been identified, which are genetically different from 
cohesin but whose variants have been found in CdLS 
patients. The cohesin complex, in conjunction with the 
chromosome loader NIPBL and the sequence-specific 
DNA binding protein CTCF, organizes the genome into 
topologically associated domains (TADs), chromatin 
loops, and contact domains, which helps to orchestrate 
gene expression. Although CdLS cell lines do not display 
abnormalities in sister chromatid cohesion, they exhibit 
dysregulated genes and protein expression, suggesting 
that the disorder is due to altered transcriptional regu-
lation resulting from an impaired function of the cohe-
sin complex in 3D chromatin organization. Additionally, 
many genes have been found to be weakly transcription-
ally dysregulated in CdLS animal models.

CdLS is classified into six types (MIM #300,590, 
#614,701, #300,882, #610,759, and #122,470) based on 
the specific genes involved in the cohesin complex, 
including NIPBL, SMC1A, SMC3, RAD21, BRD4 and 
HDAC8. Additionally, mutations in ANKRD11 genes 
have also been associated with CdLS [3]. The phenotypic 
spectrum of CdLS varies, with classic and non-classic 
forms observed. Classic CdLS is easily recognizable at 
birth due to distinctive craniofacial features, growth pat-
terns, and limb defects. However, non-classic CdLS can 
present with different degrees of facial and limb involve-
ment, making diagnosis more challenging [3].

CdLSp1, caused by mutations in the NIPBL gene, 
accounts for 70% of the cases and has been shown to 
cause both mild and severe forms of the syndrome. 
CdLSp2, associated with the SMC1A gene mutations, 
accounts for about 5% of cases. CdLSp3, CdLSp4, and 
CdLSp5 are caused by mutations in SMC3, RAD21, and 
HDAC8, respectively, and encompass the remaining 
CdLS cases. Most CdLSp1 patients with NIPBL muta-
tions exhibit characteristic facial and skeletal changes, 
along with prenatal growth retardation, moderate to 
severe psychomotor deficiency, and major malformations 
leading to severe disability or death. However, it is impor-
tant to note that individuals with variants in other caus-
ative CdLS genes can also meet the criteria for classic 
CdLS. Loss-of-function variants tend to result in more 
severe clinical features compared to missense variants, 
which are associated with a milder phenotype [4, 16–18].

Case 1 of this study also harbors a frameshift muta-
tion, which is classified as a loss-of-function variant. 
This finding is consistent with previous reports indicat-
ing that severe clinical features are commonly associ-
ated with such mutations. Somatic mosaicism has been 
previously documented in CdLSp1 cases. Huisman et al. 
reported the detection of pathogenic NIPBL mutations 
in buccal cell-derived DNA from ten CdLSp1 patients 
whose blood-derived DNA analyses yielded negative 
results. Even upon resequencing of the NIPBL in the 



Page 5 of 9Tehrani Fateh et al. BMC Medical Genomics           (2024) 17:20 

blood sample of those ten patients, the mutations could 
not be identified [19]. Along with previous studies, litera-
ture findings suggest that 15–20% of patients with classic 
CdLS phenotypes exhibit mosaicism with NIPBL muta-
tions that are not detectable in blood-derived DNA [3]. 
Case 1 in this study presents characteristic clinical fea-
tures, including a long philtrum, synophrys, depressed 
nasal bridge, thin upper lip, small hand, developmental 
delay, and microcephaly, which align with the established 
diagnostic criteria for classic CdLS as proposed by Kline 
et al. However, the epilepsy observed in Case 1 deviated 
from the reported cases of epilepsy in CdLS patients. 
Typically, partial epilepsy is the most prevalent type, 
with an age of onset typically before two years. In most 
reported instances, affected individuals respond favor-
ably to standard medical therapy and can be successfully 
weaned off medication after a few years [3]. In contrast 
to these established patterns, the epilepsy in our reported 
case persisted as uncontrolled seizures despite the 
administration of various drugs. This departure from the 
expected form of epilepsy adds a distinctive aspect to our 
case and broaden the spectrum of epilepsy in the context 
of CdLS and necessitate further investigations. The con-
sensus molecular diagnostic pathways for CdLS recom-
mend initial screening using next-generation sequencing 
(NGS) for patients displaying classic phenotypes. If no 
variants in CdLS genes are identified, further investiga-
tion of mosaicism should be pursued by sequencing cells 
derived from tissues other than lymphocytes. In cases 
where such analysis yields no results, it is advisable to 
assess for deletions and duplications in the NIPBL [3]. In 
Case 1, the findings are consistent with previous reports 
where blood-derived DNA analysis failed to detect any 
CdLS-related mutations. However, a frameshift mutation 
was identified in the NIPBL when analyzing DNA derived 
from skin tissue. These observations highlight the promi-
nence of mosaicism, particularly in patients exhibiting 
classical phenotypes of CdLS, and emphasize the impor-
tance of exploring alternative tissue sources if blood-
derived DNA testing yields negative results. Mosaicism 
can occur due to various reasons, such as a mutation 
happening after fertilization, leading to some cells having 
the mutation while others do not. It can also occur dur-
ing early embryonic development when cells divide and 
differentiate. The presence of mosaicism in CdLS patients 
with NIPBL mutations suggests that the mutation may 
have occurred at a later stage of development, resulting in 
a subset of cells having the mutation while others remain 
unaffected. This can lead to variation in the severity and 
presentation of CdLS symptoms among affected indi-
viduals. It is important to note that the exact reasons for 
mosaicism in CdLS patients with NIPBL mutations are 
still not fully understood and further research is needed 
to fully comprehend its implications on the disorder.

CdLSp2, characterized by mutations in the SMC1A 
gene, is the second most common type of CdLS, account-
ing for approximately 5% of cases after CdLSp1 [20]. 
It has been observed that most CdLSp2 patients with 
SMC1A mutations are female, and the manifestations in 
females are attributed to the dominant-negative effect of 
the mutated SMC1A that escapes chromosome X-inac-
tivation [21]. In contrast, males with SMC1A mutations 
typically exhibit a more severe phenotype compared 
to females. Initially, CdLSp2 was believed to be pres-
ent with milder dysmorphic facial features, less affected 
growth patterns, and milder limb involvement compared 
to CdLSp1. However, there is variability in the pheno-
typic spectrum of SMC1A-related CdLS, and some cases 
have shown atypical features [22]. In this study, a patient 
(case 2) presented with several characteristic features of 
CdLS, such as a long philtrum, upturned nasal tip, thick 
eyebrows, microcephaly, and developmental delay. How-
ever, these features were classified as a non-classic phe-
notype based on the consensus clinical diagnostic criteria 
[3]. This finding is consistent with previous reports on 
CdLSp2 cases, which predominantly exhibit a non-classic 
phenotype. Based on the non-classic CdLS phenotypes 
observed in case 1, it is necessary to perform next-gen-
eration sequencing (NGS)-based screening of CdLS 
genes for accurate diagnosis of the patient. The WES 
analysis revealed the presence of the SMCA1:c.2320G > A 
(p.Asp774Asn) mutation, confirming the diagnosis of 
CdLS in the patient. In this mutation, the wild-type 
residue, Asp774, carries a negative charge, whereas the 
mutant residue, Asn774, carries a neutral charge. Con-
sequently, the mutation results in the loss of charge in 
the wild-type residue, which may disrupt its interactions 
with other molecules or residues (Fig. 1). The wild-type 
residue is highly conserved, and the mutated residue is 
located within a domain crucial for binding other mol-
ecules (Fig.  2). Therefore, the mutation of this residue 
may interfere with its normal function. Numerous mis-
sense mutations in the SMCA1 gene have been reported 
in association with CdLSp2, suggesting that missense 
mutations may represent a common disease mechanism. 
However, the SMC1A:c.2320G > A (p.Asp774Asn) muta-
tion has not been reported in any previous cases. Future 
functional studies are necessary to elucidate the pre-
cise impact of the p. Asp774Asn mutation on SMCA1 
function.

Furthermore, this study provides valuable insights into 
the phenotypic spectrum and diagnostic criteria of CdLS. 
It is characterized by a wide range of phenotypes, from 
classic to non-classic forms, which can complicate the 
diagnosis of the disease. The consensus criteria for CdLS 
diagnosis include cardinal and suggestive features, with a 
clinical score equal to or greater than 11 and three cardi-
nal features confirming the diagnosis of classic CdLS. It is 
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worth noting that different types of CdLS are associated 
with mutations in specific genes, such as CdLSp1 with 
NIPBL mutations and CdLSp2 with SMC1A mutations. 
However, there is variability in the phenotypic spectrum 
of CdLS, with some cases exhibiting milder dysmorphic 
features and less affected growth patterns. This study also 
emphasizes the importance of genetic testing, particu-
larly NGS-based screening, for accurate diagnosis and 
management of CdLS patients, and highlights the need 
for further research to understand the functional conse-
quences of novel variations in CdLS-associated genes.

Researchers have been attempting to identify correla-
tions between molecular data and clinical phenotypes 
in CdLS since the discovery of new genes. However, the 
small number of patients with variants in genes other 
than NIPBL limits this effort. Variants in the NIPBL are 
responsible for the majority of classical and severe CdLS 
cases. Patients with missense variants have a better prog-
nosis than those with loss of function variants. Variants 
in the SMC1A, SMC3, RAD21, BRD4, ANKRD11 and 
HDAC8 genes are rarer and have different phenotypic 
characteristics. Somatic mosaicism may contribute to 
less severe phenotypes, but further study is needed to 

determine its prevalence and consequences. CdLS-like 
phenotypes have also been observed in patients with 
variants in other genes associated with CdLS overlapping 
phenotypes.

Conclusion
The study, conducted on CdLS, highlights the effective-
ness of WES in identifying genetic defects that underlie 
unexplained neurological symptoms in affected individu-
als. The research expands upon the mutational spectrum 
of CdLSp1 and CdLSp2, emphasizing the importance 
of genetic testing for accurate diagnosis and manage-
ment of patients. Furthermore, the study underscores the 
importance of mosaicism testing in patients with clas-
sic CdLS, whose blood-derived WES analysis may yield 
negative results for CdLS-related genes. These findings 
have important implications for genetic counseling and 
clinical management of CdLS patients and their families. 
By identifying these mutations and recognizing the role 
of mosaicism, healthcare professionals can provide more 
accurate diagnoses and appropriate treatment plans for 
CdLS patients. Further research is required to deter-
mine the functional consequences of the novel mutations 

Fig. 1 Overview of cohesin-NIPBLC -DNA complex base on PDB 6WGE. The protein is coloured by protein. SMC1, SMC3, RAD21, NIPBL, and DNA are col-
ored Blue, yellow, purple, green, and cyan, respectively. Left arrows show structure of normal human cohesin bound to the NIPBLC and left arrows shows 
the structure of NIPBLC with p.Met2178Ilefs*8 mutation in the complex. NIPBLC= C-terminal HEAT repeat domain of NIPBL
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Fig. 2 (A) Close-up of the wild type Asp(D) and mutated Asn(N) amino acid residues at position 774 in SMC1A. The side chain of the wild-type and the 
mutant residue are shown and coloured green and red respectively. (B) predicted score for D774N by polyphen-2 (C) Conservation of D774 among dif-
ferent species
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identified in this study, which could provide additional 
insights into the relationship between mutation type and 
disease severity in CdLS. Overall, this study contributes 
valuable knowledge to the growing body of research on 
the genetic basis and clinical manifestation of CdLS, pro-
viding important insights for future research and clinical 
practice.
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