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Abstract
SMC1A encodes a structural component of the cohesin complex, which isnecessary for sister
chromatid cohesion. In addition to its canonical role, cohesin has been shown to be involved in
gene expression regulation and maintenance of genome stability. Recently, it has been
demonstrated that mutations in the SMC1A gene are responsible for Cornelia de Lange syndrome
(CdLS). CdLS is a genetically heterogeneous multisystem developmental disorder with variable
expressivity, typically characterized by consistent facial dysmorphia, upper extremity
malformations, hirsutism, cardiac defects, growth and cognitive retardation, gastrointestinal
abnormalities and other systemic involvement. SMC1A mutations have also been identified in
colorectal cancers. So far a total of 26 different mutations of the SMC1A gene have been reported.
All mutations reported to date are either missense or small in frame deletions that maintain the
open reading frame and presumably result in a protein with residual function. The mutations
involve all domains of the protein but appear to cluster in key functional loci. At the functional
level, elucidation of the effects that specific SMC1A mutations have on cohesin activity will be
necessary to understand the etiopathology of CdLS and its possible involvement in tumorigenesis.
In this review, we summarize the current knowledge of SMC1A mutations.
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INTRODUCTION
The finding that Cornelia de Lange Syndrome (CdLS; MIM#s 122470, 300590, 610759) is
caused by mutations in a ubiquitous protein complex, and its regulators, which plays a
fundamental physiological role during the life of every mammalian cell was surprising to
both clinicians involved in the management of this serious disorder and for scientists
investigating the role of the cohesin complex. Cohesin’s canonical role is in holding sister
chromatids together from the time of replication in S phase until their separation in anaphase
to ensure proper chromosome segregation during mitosis. The cohesin core complex

*Correspondence to: Antonio Musio, Istituto di Tecnologie Biomediche, Consiglio Nazionale delle Ricerche, Pisa, Italy, Tel: +39
0503152776, Fax: +39 0503153973, antonio.musio@itb.cnr.it.
Supporting Information for this preprint is available from the Human Mutation editorial office upon request (humu@wiley.com)

NIH Public Access
Author Manuscript
Hum Mutat. Author manuscript; available in PMC 2011 January 1.

Published in final edited form as:
Hum Mutat. 2010 January ; 31(1): 5–10. doi:10.1002/humu.21129.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



consists of two proteins called SMC1A (for Structural Maintenance of Chromosomes 1A,
also known as SMC1L1; MIM# 300040) and SMC3, and two non-SMC proteins known as
Scc1/Rad21 and Scc3/SA. SMC proteins are large polypeptides containing 1000–1300
amino acids with a molecular mass ranging from 110 through 170 KDa. They are highly
conserved evolutionarily being a critical group of proteins that regulate the structural and
functional organization of chromosomes. SMC proteins consist of five distinct motifs,
namely N- and C-terminal domains, two coiled-coil domains and the hinge domain. The N-
and C-termini, each of about 100–150 amino acids, are highly conserved among SMC
proteins. The N-terminal domain contains a nucleoside triphosphate (NTP) binding motif
(Walker A box or P-loop), and has been shown to bind ATP. The C-terminal domain
contains a DA box, known as Walker B, and binds to DNA. N- and C-terminal domains
show homology to proteins from the superfamily of P-loop containing NTPases. Between
the N- and C-terminal domains are two long coiled-coil motifs, each about 300–400 amino
acids whereas the “hinge” domain of about 150 amino acids joins the two coiled-coil
domains. It is fundamental for homo- and hetero-dimerization. The two SMC subunits
assume a rod-shaped conformation folding back upon themselves through interaction of the
antiparallel coiled-coil domains, and associate with each other through the “hinge” domain
positioned at one end of the rod and an ATP-binding “head domain” at the other. The hinge
domain is thought to contribute to the flexibility of SMC proteins by allowing the two-
armed structure to open or close. The cohesin core complex interacts with several other
proteins contributing to its function including NIPBL (homolog of fungal Scc2 and
Drosophila Nipped-B), required for the loading of cohesin onto chromatin, ESCO2, a
human homolog of yeast Eco1, required for the establishment of physical bridges between
sisters during S phase, and PDS5A and PDS5B which have been demonstrated to modulate
the dynamic association of cohesin with chromatin [reviewed in Hirano, 2006; Peters et al.,
2008].

It has been proposed that cohesin associates with chromosomes by trapping DNA within its
ring. Cleavage of the Scc1/Rad21 protein at the onset of anaphase releases cohesin from
chromosomes allowing chromatid segregation [reviewed in Shintomi and Hirano, 2007].
Recently, an alternative mechanism for cohesin opening that requires the transient
dissociation of the SMC1A and SMC3 hinge domains has been suggested indicating that
hinges may not just be dimerization domains [Gruber et al., 2006].

In addition to its canonical role in chromosomal cohesion and segregation, several
observations suggest that cohesin may have additional roles. First, studies in Drosophila
demonstrate that cohesin is involved in the regulation of gene expression. This idea arises
from the finding that the Nipped-B protein facilitates gene expression regulated by distal
enhancers [Misulovin et al., 2008; Rollins et al., 2004]. In addition, in mammals cohesin
was found to regulate gene expression through functional interaction with the insulator
protein CCCTC binding factor (CTCF), a zinc finger DNA-binding protein that is conserved
from invertebrates to man [Parelho et al., 2008; Rubio et al., 2008; Stedman et al., 2008;
Wendt et al., 2008]. Second, cohesin factors are involved in DNA repair and genome
stability. Indeed, mammalian SMC1A and SMC3 are part of the RC-1 complex, which
promotes the repair of DNA gaps and deletions [Jessberger et al., 1993; 1996]. Third,
SMC1A participates in a signal-transduction pathway that elicits a checkpoint response to
DNA damage [Kim et al., 2002; Yazdi et al., 2002; Musio et al., 2005]. These observations
show that cohesin is a versatile complex with diverse functional roles independent of
chromatid cohesion. The evolving realizations that cohesin participates in a growing
assortment of chromosome and chromatin-related processes suggests that we are just
beginning to understand cohesin’s roles in the cell with additional activities and functions
undoubtedly remaining to be discovered. Given the critical cellular processes now known to
be associated with cohesin it is not surprising that human disorders have recently been found
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to be caused by perturbation of cohesin structural components and regulators, including
NIPBL, SMC1A, SMC3 and PDS5B (CdLS) and ESCO2 (Roberts syndrome (RBS)).
SMC1A has also been recently associated with colorectal cancer.

CdLS is a clinically heterogeneous developmental disorder characterized by facial
dysmorphia, upper extremity malformations, growth and cognitive retardation,
grastrointestinal abnormalities, and other systemic involvement. The prevalence of CdLS is
estimated to be 1:10,000–1:40,000 and most cases appear to be sporadic. Pedigree analysis
demonstrated dominant inheritance with both maternal and paternal transmission. The
clinical features seen in individuals with the classic form of CdLS are striking and easily
recognizable, however there is marked variability and milder phenotypes have been
described. This phenotypic variability has suggested that different genes could be
responsible for CdLS. Two reports showed that mutations in NIPBL cause CdLS [Krantz et
al., 2004; Tonkin et al., 2004]. These mutations included missense, splice site, nonsense and
frameshift. Severe protein truncating mutations creating a “null” allele, are compatible with
the hypothesis that the pathogenesis of the disease is due to haploinsufficiency of the NIPBL
protein, although a dominant-negative effect of some missense mutations cannot be
completely ruled out. A genotype-phenotype correlation has been described, with the severe
truncating mutations more likely resulting a more severe clinical phenotype [Gillis et al.,
2004]. Heterozygous mutations in NIPBL are present in about 60% of CdLS patients
[Dorsett and Krantz, 2009]. However, the lack of mutations in about 40% of the patients
suggested that CdLS was heterogeneous, a hypothesis also supported by the marked
variability of the clinical picture [Gillis et al., 2004]. Mutations in the SMC1A, SMC3 and
PDS5B genes were subsequently found [Musio et al., 2006; Deardorff et al., 2007; Zhang et
al., 2009]. SMC1A is responsible for 5% of CdLS cases whereas so far mutations in SMC3
and PDS5B have been identified only in single probands suggesting that they account for a
very small portion of CdLS.

As reported above, the SMC1A gene is also involved in the maintenance of genome stability.
Therefore it was not surprising to find that mutations in this gene have been recently
detected in human colorectal cancers [Barber et al., 2008].

In the United States, colorectal cancer is the third mostcommon cancer diagnosed in the
population and the second leadingcause of death from cancer. In 2008, it was estimated that
148,810people would be diagnosed with colorectal cancer and 49,960 will diefrom this
disease [Jemal et al., 2008]. Colorectal cancer progresses through a series of clinical and
histopathologic stages ranging from dysplastic crypts through small benign tumors to
malignant cancers. Chromosomal instability is a hallmark of colorectal cancer. This
progression is the result of a series of genetic changes that involve activation of oncogenes
and inactivation of tumor suppressor genes. Though the molecular basis for chromosomal
instability is just beginning to be explored, it has been suggested that chromosomal
instability is an early event in tumorigenesis, initiating colorectal cancer. The finding that
SMC1A, in addition to other cohesin genes, namely NIPBL, SMC3, SCC3, is mutated in
colorectal cancer [Barber et al., 2008] may provide a partial explanation for the aneuploidy
and enhanced rate of loss of heterozygosity in these tumor cells.

This review is the first mutation update for the human SMC1A gene. Here, in particular, we
focus on the functional effects of SMC1A mutations as well as crucial questions that need to
be addressed in the future.

MUTATIONS AND POLYMORPHISMS IN THE SMC1A GENE
The SMC1A gene maps to Xp11.22-p11.21 in a region that escapes X inactivation and
consists of 25 exons. Until now, a total of 26 mutations in the SMC1A gene have been
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identified (Table 1, Table 2, Supp. Methods). GenBank NM_006306.2 was used as SMC1A
sequence reference. All mutations are missense or small in-frame deletions that preserve the
open reading frame of the gene. Recently, a very large genomic duplication containing
SMC1A gene has been identified but the clinical manifestations are distinct from those
observed in CdLS patients [Yan et al., 2008]. None of these changes have been found in
control alleles, the EST databases or are listed in the NCBI Single Nucleotide Polymorphism
database (dbSNP; www.ncbi.nlm.nih.gov). Almost all were found to be de novo when
parental samples were available for testing, with few exceptions including the hallmark
family that led to the identification of this gene as a cause of CdLS [Musio et al.,
2006;Deardorff et al., 2007]. The finding that protein truncating mutations that disrupt the
reading frame of the gene have not been reported suggests that such mutations are likely
incompatible with life in males (who have only one copy of the gene) and may result in no
phenotype in females who would still have a normal functioning copy of the gene on their
other allele. The mutations are scattered along the entire gene. In fact, c.173_187del15, c.
397T>G and c.421G>A map to the amino terminal P-loop NTPase domain whereas c.
3364T>C and c.3367C>T map to the carboxy terminal P-loop NTPase domain. The
mutations c.1478A>C, c.1486C>T and c.1487G>A affect the transition region near the
hinge domain. Finally, the mutations c.587G>A, c.802_804del3, 916_918del3, c.1193G>A,
c.2046_2048del3, c.2077C>G, c.2131C>T, c.2342G>T, c.2369G>A, c.2446C>G, c.
2467T>C, c.2493_2495del3, c.3146G>A and c.3254A>G map to the coiled-coil domains
(Table 1). A total of 58 different polymorphisms have been reported. Seven of them are in
coding regions and they are all synonymous, except changes in codons 662 and 685. (Table
3). It is worthy to note that 5 out of these 7 mutations map within exon 12. Fifty-one are in
non-coding regions, 47 in the introns and 4 in the untranslated regions (Supp. Table S1).
Information on these polymorphisms has been derived from public databases (dbSNP;
www.ncbi.nlm.nih.gov), published reports (Deardorff et al., 2007) or unpublished data.

GENOTYPE-PHENOTYPE RELATIONSHIP
In order to assess for genotype-phenotype correlations, we compared the clinical features of
all SMC1A-mutated CdLS patients described to date [Musio et al., 2006; Deardorff et al.,
2007; Borck et al., 2007; Liu et al., 2009a]. It is evident that SMC1A-mutated patients are
characterized by less significant psychomotor and growth retardation than individuals with
CdLS caused by mutations in NIPBL. In fact most of the affected individuals demonstrated
normal birth weights and head circumferences. Furthermore they are characterized by
typical but very mild facial dysmorphia, and appear to be spared the limb reduction defects
or other major structural anomalies. While the facial features, hirsutism, trend towards
smaller stature and head circumference and small hands and feet are consistent amongst all
CdLS probands the phenotype in the SMC1A probands is striking in the milder expression of
these traits and absence of major structural abnormalities. SMC1A related CdLS is more
similar to NIPBL mutated probands who carry missense changes although even this group
seems to tend towards a slightly more severe phenotype than the SMC1A mutated
individuals overall. SMC1A mutations, therefore, are associated with a subset of CdLS
patients characterized by a milder phenotype.

MUTATIONS IN THE SMC1A GENE AND COLORECTAL CANCER
Recently, it has been found that SMC1A is one of the five genes containing 11 somatic
mutations in a panel that included 132 colorectal cancers [Barber et al., 2008]. In particular,
SMC1A accounted for 4 out of 11 mutations (36%, Table 3). All mutations are missense: c.
1186T>C, c.1300C>T, c.1680C>G and c.3556G>A. The first two mutations map in the
coiled-coil domain, the third in the hinge domain and the last in carboxy terminal P-loop
NTPase domain.
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The remaining seven mutations found in colorectal cancers are in other cohesin genes,
NIPBL, SMC3, SCC3. Among the 11 identified mutations, four of them are nonsense
mutations and they disrupt protein function through the creation of stop codons or frameshift
mutations. It is worthy to note that these four mutations involve all cohesin genes analysed,
with the exception of SMC1A. This observation further confirms that gross gene alterations
of SMC1A are likely not tolerated in male cells that have only a single copy and are likely to
be negatively selected against. In female cells that would have a normal SMC1A gene on
their other allele, it is not anticipated that a haploinsufficient state would be associated with
a phenotype as that cell would have the equivalent of a normal male complement of SMC1A.

FUNCTIONAL EFFECTS OF SMC1A MUTATIONS
The analysis of mutated residues shows that codon 496 seems to be a mutational hot spot.
All mutations that have been investigated had no effect on SMC1A expression with the level
of SMC1A being comparable between CdLS patients and unaffected subjects [Revenkova et
al., 2009; Musio et al., 2006]. The mutation p.Ile560Met in colorectal cancers and
p.Glu493Ala, p.Arg496His, and p.Arg496Cys in CdLS map in, or close proximity to, the
hinge domain. The hinge domain allows the dimerization of SMC1A and SMC3 proteins. It
has been suggested that the loading of cohesin onto chromosomes involves the transient
opening of hinge domains [Gruber et al., 2006]. Recently, we demonstrated that SMC1A
mutated hinge dimers bind DNA with higher affinity than wild type proteins [Revenkova et
al., 2009]. In yeast, a mutation in the hinge domain was shown to negatively affect proper
cohesin localization to specific chromatin regions normally enriched with cohesin and
abolished establishment of cohesion [Milutinovich et al., 2007]. It is possible that these
mutations affect cohesin activity at various different levels. These mutations could alter the
entire structure of the cohesin core by preventing correct protein association, affect the
opening of the hinge, or prevent the entry of DNA when hinges are transiently opened.

The mutations p.Val58_Arg62del, p.Phe133Val, p.Glu141Lys, p.Phe1122Leu and
p.Arg1123Trp in CdLS and p.Val1186Ile in colorectal cancer map to the amino or carboxy
terminal P-loop NTPase domain. It is conceivable that they affect hinge opening or
dimerization as well. It has been suggested that the hydrolysis of ATP bound to SMC1A and
SMC3 heads might provide the energy needed to open the hinge. These mutations could
affect any or all of the ATP processes including ATP binding, ATP hydrolysis, and SMC1A/
SMC3 head domain dimerization. Several observations support this notion. In fact, the
mutational analyses of Walker A and Walker B in the Bacillus subtilis SMC protein showed
that a mutation in the Walker A motif abolishes ATP binding whereas a mutation in the
Walker B motif allows ATP binding but blocks head-head engagement and ATP hydrolysis
[Hirano et al., 2001].

The mutations p.Arg196His, p.Lys268del, p.Ser306del, p.Arg398Gln, p.Glu683del,
p.Arg693Gly, p.Arg711Trp, p.Cys781Phe, p.Arg790Gln, p.Arg816Gly, p.Phe823Leu,
p.Asp831_Gln832delinsGlu, p.Arg1049Gln, p.Tyr1085Cys in CdLS and p.Phe396Leu, and
p.Arg434Trp in colorectal cancers map to the coiled-coil domain. Because SMC proteins
form heterodimers, coiled-coil interactions are important for the correct folding of an SMC
monomer and thus crucial for the formation of the head domain. In addition, it has been
proposed that coiled-coil domains make contact with DNA and/or may be necessary for
protein-protein interactions. Therefore mutations in coiled-coil domains may affect the hinge
activity or disrupt the interaction with the other cohesin subunits.

Most probands found to have an SMC1A mutation are females [Deardorff et al., 2007] and it
is expected that they have a functional wild type protein produced from their other allele as
SMC1A escapes X inactivation [Brown et al., 1995]. This discrepancy can be explained by a
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dominant negative effect of the altered protein. Mutated SMC1A proteins can assemble with
native cohesin subunits to produce an inactive, or functionally restricted, cohesin complex.
In theory, a single mutant can poison an entire complex, through a dominant-negative mode
of action.

CLINICAL AND DIAGNOSTIC RELEVANCE
The identification of mutations in the SMC1A gene has provided an explanation for a
significant cohort of individuals with mildly manifesting CdLS. Before molecular testing, a
diagnosis of CdLS was based purely on the phenotypic features of the patients. SMC1A
molecular testing has significantly improved the diagnostic approach to CdLS, and has
allowed for more precise genetic counseling and prenatal diagnosis. It has also expanded our
understanding of the clinical range seen in CdLS and has led to the suggestion that the mild
extreme of the CdLS phenotype may blend in with apparent isolated mental retardation. This
suggests that the organ most sensitive to cohesin disruption is the brain, given the one
constant phenotypic finding in all cohesin mutant individuals is some degree of mental
retardation even in the absence of other striking physical features. Hence, normal growth
parameters at birth and/or the absence of major malformation typical of CdLS, in a child
with mild to moderate cognitive delays and suggestive facial features might warrant the
screening of SMC1A gene at first.

CONCLUSION AND FUTURE PROSPECTS
The discovery of SMC proteins [Strunnikov et al., 1993] and cohesin [Michaelis et al.,
1997] provided the framework from which the puzzle of how the genome is segregated
amongst daughter cells during meiosis and mitosis has begun to be elucidated. Recent
studies have shed new light on the mechanistic action of the cohesin complex and has also
expanded its known repertoire of cellular functions. The discovery that mutations in the
SMC1A gene is responsible for CdLS [Musio et al., 2006] and the ability to clinically screen
for alterations in this gene in CdLS probands and individuals with subtle features of CdLS
disease has increased our understanding of the phenotypic spectrum associated with this
disease disorder. In addition, the finding that SMC1A mutations have also been detected in
colorectal cancers [Barber et al., 2008] coupled with its known involvement in genome
stability [Kim et al., 2005; Musio et al., 2003; 2005] and gene expression regulation [Peric-
Hupkes and van Steensel, 2008; Liu et al., 2009b] has provided some clues to the functions
of SMC1A. A number of basic questions remain to be answered, however.

SMC1A and cancer
Cancer cells can variably display gross chromosome alterations and aneuploidy. There is
ample experimental evidence that variation in nuclear DNA content and chromosomal
aneuploidies may occur at early stages of tumorigenesis and are invariably observed in
carcinomas. According to this view, by gaining or losing entire chromosomes, aneuploidy
could simulate both overexpression and loss of specific loci relevant to cell growth, thus
providing the substrate for selection of more aggressively growing cells. Our knowledge of
the molecular mechanisms underlying chromosomal instability is extremely limited. The
finding that colorectal cancers have mutations in the SMC1A gene and other cohesin related
genes (NIPBL, SMC3, SCC3), involved in sister chromatid cohesion suggests that cohesin
genes are mutational targets whose disruption leads to chromosomal instability [Barber et
al., 2008]. Though this hypothesis is very intriguing, mutational screening of SMC1A in a
larger sample of diverse tumors is needed to determine if SMC1A mutations, or cohesin
disruption in general, are common events in cancer, particularly in those with significant
chromosomal instability and aneuploidy, or whether they are restricted to colorectal cancers.
How early during cancer development SMC1A mutations occur is another critical question.
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To gain new insights into this process, the SMC1A mutational screening in precancerous
lesions will be also necessary. SMC1A mutations can contribute to chromosomal instability
by two different ways. The first one is directly linked to the canonical role of cohesin. In
fact, mutations can affect correct chromosome segregation leading to chromosome
imbalance with chromosome loss or gain. The second one comes from the recent findings
that cohesin is involved in gene expression regulation with SMC1A mutations altering the
expression of proto-oncogenes or tumor suppresor genes leading to tumorigenesis. It is
worthy to note that some CdLS patients developed metaplasia of the esophagus, Barrett
esophagus and esophageal adenocarcinoma, suggesting a genetic predisposition to
esophageal alterations, although this is complicated by the chronic and often under-
ascertained diagnosis of gastroesophageal reflux which is thought to be near universal in
CdLS [Kline et al., 2007].

SMC1A and CdLS
Since the identified mutations do not affect SMC1A synthesis [Musio et al., 2006;
Revenkova et al., 2009], we speculate that the presence of a mutated SMC1A subunit is able
to alter correct cohesin complex function in a dominant-negative manner. Recently, we
demonstrated that several mutations in SMC1A gene causing CdLS affect the association of
SMC hinge dimers with DNA [Revenkova et al., 2009] suggesting a potential role of SMC
proteins in remodeling chromatin architecture. Cohesin binds DNA with residence half-lives
ranging from several minutes to a few hours [Kueng et al., 2006; Gerlich et al., 2006]. What
is the effect of mutations mapping in protein domains other than the hinge domain on the
affinity of cohesin for DNA? Has cohesin stability, and consequently its turn over, changed
in the presence of mutated subunits? These are critical questions that need to be addressed.
An increasing number of manuscripts report on the varying ways that cohesin acts to
regulate gene expression in human and vertebrate cells. Four groups mapped cohesin-
binding sites in mammalian cells, and found that most of CTCF-binding sites bind cohesion
[reviewed in Gause et al., 2008]. CTCF is well known for its role at transcriptional
insulators. Cohesin could stabilize long-range chromosomal interactions mediated by CTCF.
It has been suggested that CTCF participates in the formation of chromosome loops that
facilitate some enhancer promoter interactions and prevent others [Parelho et al., 2008;
Rubio et al., 2008; Stedman et al., 2008; Wendt et al., 2008]. SMC1A mutations can affect
the dynamic association between the cohesin complex and chromatin, leading to gene
expression alteration. To investigate this possibility, genome wide studies and the
identification of cohesin binding sites by ChIP in cells from CdLS probands with SMC1A
mutations will also be necessary. The availability of an Smc1a mouse model would offer
new approaches that may help in understanding these roles of cohesin and provide insights
into CdLS pathogenesis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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TABLE 1

Mutational spectrum of the SMC1A gene in CdLS

Nucleotide changes* Effect on amino acid Protein domain First description

c.173_187del15 p.Val58-Arg62del Amino terminal P-loop NTPase domain Deardorff et al. [2007]

c.397T>G p.Phe133Val Amino terminal P-loop NTPase domain Deardorff et al., [2007]

c.421G>A p.Glu141Lys Amino terminal P-loop NTPase domain Liu et al., [2009]

c.587G>A p.Arg196His Coiled-coil Borck et al., [2007]

c.802_804del3 p.Lys268del Coiled-coil Liu et al., [2009]

c.916_918del3 p.Ser306del Coiled-coil Liu et al., [2009]

c.1193G>A p.Arg398Gln Coiled-coil Liu et al., [2009]

c.1478A>C p.Glu493Ala Transition region Musio et al., [2006]

c.1486C>T p.Arg496Cys Transition region Deardorff et al.,[2007]

c.1487G>A p.Arg496His Transition region Deardorff et al., [2007]

c.2046_2048del3 p.Glu683del Coiled-coil Liu et al., [2009]

c.2077C>G p.Arg693Gly Coiled-coil Liu et al., [2009]

c.2131C>T p.Arg711Trp Coiled-coil Deardorff et al.[2007]

c.2342G>T p.Cys781Phe Coiled-coil Liu et al., [2009]

c.2369G>A p.Arg790Gln Coiled-coil Deardorff et al. [2007]

c.2446C>G p.Arg816Gly Coiled-coil Liu et al., [2009]

c.2467T>C p.Phe823Leu Coiled-coil This report

c.2493_2495del3 p.Asp831-Gln832del Coiled-coil Musio et al., [2006]

c.3146G>A p.Arg1049Gln Coiled-coil Liu et al., [2009]

c.3254A>G p.Tyr1085Cys Coiled-coil Borck et al., [2007]

c.3364T>C p.Phe1122Leu Carboxy terminal P-loop NTPase domain Deardorff et al., [2007]

c.3367C>T p.Arg1123Trp Carboxy terminal P-loop NTPase domain Liu et al., [2009]

*
Nucleotide numbering reflects cDNA numbering with +1 corresponding to the A of the ATG translation initiation codon in the reference sequence

NM_006306.2, according to journal guidelines (www.hgvs.org/mutnomen). The initiation codon is codon 1.
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TABLE 2

Mutational spectrum of the SMC1A gene in colorectal cancer

Nucleotide changes* Effect on amino acid Protein domain First description

c.1186T>C p.Phe396Leu Coiled-coil Barber et al., [2008]

c.1300C>T p.Arg434Trp Coiled-coil Barber et al., [2008]

c.1680C>G p.Ile560Met Hinge Barber et al., [2008]

c.3556G>A p.Val1186Ile Carboxy terminal P-loop NTPase domain Barber et al., [2008]

*
Nucleotide numbering reflects cDNA numbering with +1 corresponding to the A of the ATG translation initiation codon in the reference sequence

NM_006306.2, according to journal guidelines (www.hgvs.org/mutnomen). The initiation codon is codon 1.
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TABLE 3

Polymorphisms in the SMC1A gene

Exon Nucleotide change* Codon change Reference

10 c.1698G>A Glu566Glu NCBI

12 c.1986G>C Lys662Asn NCBI

12 c.1986G>A Lys662Lys This report

12 c.1993C>G Arg665 Gly NCBI

12 c.2052G>A Glu684Glu NCBI

12 c.2053C>G Leu685Val NCBI

25 c.3663C>G Thr1221Thr NCBI

*
Nucleotide numbering reflects cDNA numbering with +1 corresponding to the A of the ATG translation initiation codon in the reference sequence

NM_006306.2, according to journal guidelines (www.hgvs.org/mutnomen). The initiation codon is codon 1.
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