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An autosomal recessive syndrome of severe mental
retardation, cataract, coloboma and kyphosis maps
to the pericentromeric region of chromosome 4
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We report on three siblings with a novel mental retardation (MR) syndrome who were born to distantly
related Iranian parents. The clinical problems comprised severe MR, cataracts with onset in late
adolescence, kyphosis, contractures of large joints, bulbous nose with broad nasal bridge, and thick lips.
Two patients also had uni- or bilateral iris coloboma. Linkage analysis revealed a single 10.4Mb interval of
homozygosity with significant LOD score in the pericentromeric region of chromosome 4 flanked by SNPs
rs728293 (4p12) and rs1105434 (4q12). This interval contains more than 40 genes, none of which has been
implicated in MR so far. The identification of the causative gene defect for this syndrome will provide new
insights into the development of the brain and the eye.
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Introduction
Mental retardation (MR) has a prevalence of about 2%,1

and more than 50% of patients with moderate-to-severe

MR are thought to have genetic defects.2 As part of a large

collaborative project to identify genes involved in auto-

somal recessive MR,3 we performed linkage analysis in an

Iranian family with three affected siblings who suffered

from an apparently novel syndromic form of MR associated

with cataract, coloboma and kyphosis. Here, we report on

the clinical details of the patients and the identification

of a gene locus in the pericentromeric region of

chromosome 4.

Clinical report
The pedigree of the family is shown in Figure 2a. Both

parents came from the same village in central Iran and

were presumably related; the precise relationship, however,

could not be determined. As they had neither common

grandparents nor great-grandparents, we assumed third-

cousin relationship for linkage analysis.

The parents and five of their eight children were healthy.

The clinical features of the three affected siblings (II:4; II:5

and II:6) are listed in Table 1. They all suffered from severe

MR, they never learned to speak, and their motor

development was delayed (Figure 1a-c). Two of them had

iris coloboma (unilateral in II:4 and bilateral in II:6), and all

three siblings suffered from cataracts since about the age of

17 years. Starting at about 8 years of age, all three siblings

developed thoracic kyphosis (Figure 1d), but skeletal X-rays

revealed no vertebral abnormalities. They also developed

contractures of the knee and elbow joints. Neither seizures

nor other neurological problems had been reported. Body
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heights were short, but also their parents (mother 150 cm

and father 160 cm) and their healthy siblings had short

stature. Facial features in all affected siblings included thick

lips, bulbous nose and broad nasal bridge; and the oldest

brother (II:4) had a large capillary haemangioma on his left

cheek.

A brain CT scan of patient II:4 at the age of 36 years

revealed no abnormalities. Chromosome analysis on

peripheral blood lymphocytes of patient II:4 revealed a

normal male karyotype 46,XY (GTP banding, 450 bands).

Fragile X-testing and metabolic screening by tandem mass

spectroscopy in patient II:4 were normal.

Materials and methods
DNA was extracted from peripheral blood of the patients

(II:4, II:5, and II:6), two healthy siblings (II:1 and II:3) and

their parents (I:1 and I:2) using standard procedures after

informed consent (Figure 2a). Genotyping (SNP analysis)

was performed using the Human Mapping 10k Array,

Version 2 (Affymetrix)4 based on previously published

protocols.5 Linkage analysis was performed using the

Merlin software. Details of data quality controls and

linkage analysis have been published elsewhere.6

Results
Linkage analysis in this family revealed a single interval of

homozygosity in the pericentromeric region of chromo-

some 4 (4p12–4q12) with significant LOD scores of 3.38 in

parametric analysis and LOD 4.53 in non-parametric

analysis assuming third-cousin relationship of the parents

(Figure 2b and c). The linkage interval had a size of 10.4Mb

and was flanked by the heterozygous SNPs rs728293 (chr4:

47052440, UCSC genome browser March 2006 assembly)

and rs1105434 (chr4: 57488508, UCSC genome browser

March 2006 assembly) (Figure 2a). The interval harbours

the following 46 RefSeq genes: GABRB1, REST, NMU,

Table 1 Clinical features of the patients

Clinical feature Patient II:4 Patient II:5 Patient II:6

Sex Male Female Male
Age of examination (years) 45 42 40
Mental retardation Severe Severe Severe
Body height (cm) 148 (53rd cent.) 138 (53rd cent.) 145 (53rd cent.)
Weight (kg) 49 47 51
Head circumference (cm) 54 (10th cent.) 51 (o3rd cent.) 52 (o3rd cent.)
Kyphosis + + +
Contractures of knees and elbows + + +

Facial dysmorphisms
Thick lips + + +
Bulbous nose + + +
Broad nasal bridge + + +

Ocular abnormalities
Cataract Bilateral Bilateral Bilateral
Iris coloboma Left iris F Bilateral

Other problems Facial haemangioma (left) F F

Figure 1 (a–c) Facial features of patients II:2 (a), II:3 (b) and II:4
(c). Note bulbous nose, broad nasal bridge and thick lips in all patients;
and a large haemangioma on the left cheek of patient II:2 (a); and
bilateral iris coloboma in patient II:4 (c). (d) Patient II:2. Note kyphosis
and contractures of elbows and knees.
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AASDH, CORIN, KIT, OCIAD2, PDGFRA, CNGA1, CEP135,

CHIC2, CLOCK, COMMD8, EXOC1, SRP72, SCL10A4, TEC,

SGCB, SCFD2, RASL11B, PPAT, PDCL2, ATP10D, DCUN1D4,

FLJ21511, FIP1L1, KDR, NPAL1, OCIAD1, PAICS,

LOC402176, USP46, NFXL1, SPATA18, TXK, ZAR1, LNX1,

SPINK2, ARL9, SLAIN2, LRRC66, GSX2, KIAA1211, HOPX,

SRD5A and TMEM165.

Discussion
The three siblings of this family shared nearly identical

clinical features comprising severe MR, cataracts with onset

in late adolescence, kyphosis, contractures of large joints,

bulbous nose with broad nasal bridge, and thick lips. Iris

coloboma seems to be a variable feature: whereas coloboma

in the youngest brother (II:6) was bilateral, it was unilateral

in the eldest brother (II:4), and there was no coloboma in

the sister (II:5).

Phenotypically, the family overlaps with several known

MCA (multiple congenital anomalies)/MR syndromes. Iris

coloboma can be found in patients with autosomal

recessive Peters plus syndrome (OMIM 261540), which is

characterized by variable ocular and extraocular features.

A gene for Peters plus syndrome (B3GALTL) is located

on chromosome 13.7 Baraitser and Winter8 reported a

(possibly autosomal recessive) syndrome of coloboma,

ptosis, hypertelorism and MR (OMIM 243310), but these

patients had no cataract. Mutations in CHX10 on chromo-

some 14 cause autosomal recessive microphthalmia with

coloboma and cataract (OMIM 610092); these patients

have, however, normal mental development.9 Coloboma is

also a feature of CHARGE syndrome (OMIM 214800) and

Cat eye syndrome (OMIM 115470), but these syndromes

are characterized by numerous additional problems, which

are not present in this family.

Cataract, kyphoscoliosis and MR, but not coloboma, are

features of Warburg Micro syndrome (OMIM 600118), an

autosomal recessive disorder caused by mutations in

RAB3GAP on chromosome 2.10 These features are also

found in the closely related Martsolf syndrome (OMIM

212720), which is caused by RAB3GAP2 mutations

(chromosome 1).11

However, none of the syndromes mentioned above fits

convincingly the siblings reported here. We therefore

presume that these patients suffer from a new autosomal

recessive MCA/MR syndrome. This assumption is supported

by the identification of a gene locus in the pericentromeric
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Figure 2 (a) Pedigree of the family and haplotypes of the linkage interval on chromosome 4. (b and c) Results of the parametric (b) and non-
parametric (c) linkage analyses using the Merlin software. Both analyses revealed a single linkage interval in the pericentromeric region of chromosome
4, with LOD scores of 3.38 (parametric analysis) and 4.53 (non-parametric analysis) assuming third-cousin relationship of the parents.
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region of chromosome 4. The linkage interval harbours

more than 40 genes, three of which – KIT, SGCB and KDR –

had been implicated in human disorders before. Defects

of KIT cause autosomal dominant piebaldism (OMIM

172800),12 and mutations in SGCB, which encodes

beta-sarcoglycan, cause autosomal recessive limb-girdle

muscular dystrophy LGMD2E (OMIM 604286).13 As one

of our patients (II:4) had a large facial haemangioma,

it is noteworthy that a somatic missense mutation of

KDR (VEGFR2 and FLK1) has been reported in a capillary

haemangioma sample,14 but a causal link between this

gene and the severe clinical problems of this family is not

very likely.

Genotyping other families or single patients with a similar

combination of clinical features may reduce the size of the

linkage interval and thus facilitate the identification of the

causative gene defect(s). This will not only be a starting

point to elucidate the underlying pathomechanisms of this

disorder but will also eventually provide further insights

into the development of the brain and the eye.
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