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Novel mutation in Cul7 gene in a family diagnosed with 3M syndrome
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Abstract. This study evaluates a family with two siblings having severe growth retardation and facial dysmorphism, born to
consanguineous normal healthy parents. Affymetrix CytoScan 750K microarray showed a 34-Mb pericentric homozygous region on
chromosome 6 for both siblings. CUL7 was one of the 141 genes present in this region. Sanger sequencing of CUL7 gene detected a 2-
bp novel deletion in the 15th exon (c.2943_2944delCT of the cDNA). This deletion leads to a frameshift and a premature termination
signal much upstream of the wild-type termination signal, leading to a nonsense mediated decay of the mRNA. CUL7 protein plays
an important role in formation of 3M complex, ubiquitination, microtubule dynamics and cell cycle regulation. Mutations in CUL7
gene is known to cause a rare 3M syndrome. Information about the novel mutation has been accepted in the ClinVar database with
rs1064792895.
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3M syndrome (OMIM: 273750) is a rare autosomal reces-
sive disorder characterized by prenatal and postnatal
growth retardation, facial dysmorphism, skeletal dyspla-
sia and normal intelligence. Mutations in any one of
three genes, Cullin 7 (CUL7), obscurin-like 1 (OBSL1)
and coiled-coil domain-containing protein 8 (CCDC8)
are known to cause 3M syndrome (Hanson et al. 2009,
2011a, b, 2012; Meazza et al. 2013; Deeb et al. 2015;
Lugli et al. 2016). The 77.5% of the 3M syndrome cases
are due to CUL7 gene (Lugli et al. 2016).

The current study involves a family with two affected
sibs, 12 year-old male and 5 year-old female, having severe
growth retardation, facial dysmorphism with height and
weight less than 3rd percentile. Table 1 in electronic sup-
plementary material at http://www.ias.ac.in/jgenet/ shows
anthropometric values of the affected sibs. These children
are born to consanguineous healthy parents with mean
parental height of 160.5 cm. Figure 1 in electronic supple-
mentary material shows pedigree of the family. The family

Electronic supplementary material: The online version of this article (https://doi.org/10.1007/s12041-019-1057-6) contains supplemen-
tary material, which is available to authorized users.

also reported a short statured maternal aunt, who was not
available for analyses.

In view of the clinical features, a differential diag-
nosis was done for the elder sib on his initial visit to
the hospital. The child was reported to have intrauter-
ine growth retardation and showed characteristic dys-
morphic features in the form of moderately enlarged
head with prominent forehead, depressed nasal bridge,
triangular face, nonprominent heels, clinodactyly and
disproportionate short stature. CT scan of the brain
showed mild fullness of lateral ventricles. He was very
lean and parents failed to report consanguinity or pres-
ence of a close relative with short stature (<3 feet).
The patient was referred to a panel endocrinologist and
follow up investigation was conducted for achondropla-
sia and Silver–Russell syndrome (SRS) using molecu-
lar methods and karyotyping. Karyotyping revealed a
normal chromosomal complement. Genomic DNA was
tested in another institute for fibroblast growth factor
receptor 3 gene mutation for evaluating achondroplasia
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Figure 1. Images of the affected sibs, male and female sibling,
showing the typical 3M features of facial dysmorphology broad
thorax, backward heel protrusion.

and the result was negative for mutation (1138G>M).
Molecular diagnosis of UPD7 to evaluate for SRS was
also done in another institute by amplification of sodium
bisulphite modified genomic DNA. It tested negative for
SRS. Growth hormone and IGF1 levels were normal and
radiological evaluation revealed delayed bone age.

Subsequently he was lost for follow-up for 7 years. The
parents then visited the hospital with the second child (age
5 years) who also showed features similar to the elder sib-
ling. Figure 1 shows the images of the affected sibs.

Parents and the affected sibs were referred to us
for genetic evaluation. Karyotyping was done by 72 h

phytohemagglutinin stimulated whole blood culture
method and evaluated using Zeiss metasystems. Nor-
mal chromosomal complement was reported for parents
and affected sibs. Parents and both sibs were assessed
using Affymetrix CytoScan 750K, CGH-SNP microar-
ray. Cychip files from the array results were evaluated by
us using Affymetrix CHAS 3.0 software. Data analyses
revealed that a 34 Mb pericentric loss of heterozygosity
(LOH) region on chromosome 6 common in both affected
sibs, figure 2 in electronic supplementary material. Infor-
mation about consanguinity and presence of an affected
relative was revealed only after CGH revealed a large LOH
in both sibs.

Of the 141 OMIM genes present in this LOH region,
mutations in CUL7 gene was known to cause 3M syn-
drome, phenotype of which matched the phenotype of
our affected sibs, table 2 in electronic supplementary
material.

Affected sibs were later radio-diagnosed and also eval-
uated for backward protrusion of heels. Radio-diagnosis
of the affected sibs matched with the features of 3M syn-
drome, figure 3, a–c in electronic supplementary material.
Their heels were found to be less prominent. It is known
that these features often become less noticeable with age
(Maksimova et al. 2007; Clayton et al. 2012). Thirteen
overlapping primers were designed using ExonPrimer soft-
ware from UCSC browser, to cover the CDS (25 of 26
exons) of CUL7 gene and excluding the first exon which is
the 5′ UTR region, figure 4 in electronic supplementary
material. These primers were confirmed for uniqueness
using Primer-BLAST (Ye et al. 2012). PCR conditions
were standardized using HotStart Taq DNA polymerase
from MERCK specialties to get a single clean product.
PCR products were sequenced using BigDye Terminator
v3.1 cycle sequencing method. Variations detected were
confirmed with Ensembl variation database.

Analyses revealed a novel 2-bp homozygous deletion in
the 15th exon at position NM_014780.4 (CUL7):c.2943_
2944delCT of the cDNA in both the affected sibs, table 1.
The 2-bp deletion leads to a frameshift and finally to

Table 1. Clustal W alignment output from UGENE v1.25.0 (Okonechnikov et al. 2012) showing 2-bp homozygous deletion in
affected sibs (M P8F/R and A P8F/R) in the CUL7 gene.

Sequence ID Sequences Position
NG_016205.1†

M_P8F_
M_P8R_rev_compl
A_P8F
A_P8R_rev_compl
CUL7_ensembl_seq#

CTGGCCAGTGTTCCGGGAGCAGCTCTGTCGTCACACACGCCTCTTCTACA
CTGGCCAGTGTTCCGGGAGCAG--CTGTCGTCACACACGCCTCTTCTACA
CTGGCCAGTGTTCCGGGAGCAG--CTGTCGTCACACACGCCTCTTCTACA
CTGGCCAGTGTTCCGGGAGCAG--CTGTCGTCACACACGCCTCTTCTACA
CTGGCCAGTGTTCCGGGAGCAG--CTGTCGTCACACACGCCTCTTCTACA
CTGGCCMGYGTTCYRGGAGCAGCTCTGTYRTCACAYRYRCCTCTYCTACR
****** * ****  *******  ****  *****    ***** ****

13650
13650
13650
13650
13650
13650

† NG_016205.1, Homo sapiens cullin 7 (CUL7), RefSeqGene on chromosome 6.
# ENSG00000044090 -May 2016 version from ensembl.org. Position refers to nucleotide position in NG_016205.1.
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a premature termination signal after insertion of 31
incorrect amino acids.

Since the premature termination codon occurs upstream
of the wild-type termination codon, this mRNA would
likely be targeted for nonsense mediated decay (Brogna
and Wen 2009; Lykke-Andersen and Jensen 2015; Hug et al.
2016). Information about this novel mutation has been
published in ClinVar database with variation ID- 425545
(dbSNP - rs1064792895).

One of the 3M reports identified LOH region to be
isodisomy/heterodisomy (Sasaki et al. 2011). Hence we
assessed genotype calls of parents and affected sibs from
microarray data. The 34-Mb LOH region, did not show
any long and continuous stretch of genotype calls that
were same in parents and affected sibs. At various posi-
tions, genotype calls of affected sibs were heterozy-
gous whereas parents were homozygous for that loca-
tion or affected sibs were homozygous and parents were
heterozygous for that location. The allelic discordance
at the LOH region confirms that the 34 Mb region
on chromosome 6 is due to consanguinity and not
UPD/isodisomy.

To further confirm, percentage homozygosity was stud-
ied. Homozygosity, 57–66% was seen among parents
in all the chromosomes and 72% homozygosity was
seen in the 34-Mb LOH region. Similarly affected sibs
showed 63–91% homozygosity among themselves in all
the chromosomes and 97% homozygosity in the 34-
Mb LOH region, table 3 in electronic supplementary
material.

This indicated two things: (i) homozygosity percentage
in LOH region is higher than the nonLOH regions. (ii)
Homozygosity percentage (LOH and nonLOH regions)
among affected sibs is higher than among parents.
Kirin et al. (2010) in their study stated that long runs
of homozygosity are observed in recent inbreeding and
the extent of homozygosity in individuals born from
consanguineous unions is higher than expected in con-
sanguineous individuals (parents) (Kirin et al. 2010).
Homozygosity pattern in our study is in accordance with
the Kirin et al. study.

CUL7 gene is located at 6p21.1 and belongs to the
Cullin family. It plays an important role in the forma-
tion of Cullin-RING E3 ubiquitin ligases of ubiquitin–
proteasome system. This system essentially functions in
timely degradation of a variety of regulatory proteins
through 26S mediated proteasome. CUL7 protein plays
a role in microtubule dynamics, cell cycle regulation and
formation of 3M complex.

How exactly the CUL7 disruption results in the 3M
phenotype is still unclear and needs further studies. 3M
is a rare syndrome and is underdiagnosed, especially in
India. Although there are many communities with con-
sanguineous marriages, and many children are born SGA,
yet less than 10 reports of CUL7 mutation are available
from India (Nampoothiri et al.2014). Hence 3M syndrome

should be considered in cases of dysmorphic features and
short stature born to consanguineous parents.

In conclusion, awareness about such rare autosomal
recessive mutations, role of consanguineous marriages and
good phenotypic evaluation is utmost essential.
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