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Autozygosity Mapping of a Seckel Syndrome Locus to Chromosome
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Seckel syndrome (MIM 210600) is an autosomal recessive disorder of low birth weight, severe microcephaly, and
dysmorphic facial appearance with receding forehead, prominent nose, and micrognathia. We have performed a
genomic screen in two consanguineous families of Pakistani origin and found that the disorder segregates with
markers between loci D3S1316 and D3S3710, which map to chromosome 3q22.1-q24. Analysis using HOMOZ/
MAPMAKER gave a maximum LOD score of 8.72. All five affected individuals were homozygous for the same
allele, for two adjacent polymorphic markers within the region segregating with the disease, narrowing the region
to 12 cM.

Seckel syndrome (MIM 210600) comprises intrauterine
growth retardation, severe proportionately short stature,
severe microcephaly, a “bird-headed” profile, and men-
tal retardation. A number of Seckel-like syndromes have
been identified, most notably microcephalic osteodys-
plastic primordial dwarfism types I–III (Bass et al. 1975;
Majewski and Spranger 1976; Majewski and Goecke
1982; Majewski et al. 1982a, 1982b) and microcephalic
osteodysplastic dysplasia (Hersh et al. 1994). These can
be differentiated from Seckel syndrome on clinical and
radiographic grounds.

We have undertaken autozygosity mapping in two
consanguineous families with Seckel syndrome that were
from the same village in Pakistan but were not known
to be related to each other (fig. 1). The proband in the
first family, V6, was born at 35 wk gestation, weighing
1.1 kg (�3.3 SD) with a head circumference of 24 cm
(�8 SD). His mother reported that the fontanelles were
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not palpable at birth. At age 9 years his height was 106
cm (�4.8 SD) and head circumference was 37 cm (�12
SD). He has moderate mental retardation and first
walked at age 7 years. He has striking microcephaly, a
receding forehead, and micrognathia with a prominent
nose (fig. 2). He has crowded teeth and dental maloc-
clusion. His ears are posteriorly rotated, with deficient
lobes. He has no visual problems. He has a characteristic
stance, with flexion at the hips and pronation of the
forearms. The facial appearance, stature, and learning
ability of his two affected cousins were very similar.

The radiological features in the index case included
microcrania with fused sutures, a mild thoracic kyphosis
with the ribs angulated posteriorly, and multiple ivory
epiphyses in the hand. There was no dislocation of the
radial heads. The pelvic radiographs showed narrow il-
iac blades, cox valga, and minor subluxation of the hips,
features that were also present on pelvic radiographs
of his cousin. Chromosome analysis in the index case
was normal 46,XY with no evidence of increased spon-
taneous breakage, no increased breakage following
gamma irradiation, and normal sister chromatid–ex-
change levels. Lymphocyte and immunoglobulin counts
were normal.

The second family was seen in Pakistan, and no ra-
diographs or accurate measurements are available. IV4

is now age 3.5 years and moderately retarded in her
development. She is able to sit with support but does
not crawl or have any words. She is very small, with
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Figure 1 A, Pedigree of family 1. B, Pedigree of family 2.

microcephaly, and has the same facial dysmorphism as
the affected children in the first family. Like them, she
looks alert. IV8 is age 7 mo, small, and profoundly
microcephalic.

A genomewide linkage screen was performed using a
set of 367 fluorescence-labeled markers (Research Ge-
netics set 8) at an average spacing of 10 cM. PCRs were
performed in a total volume of 25 ml containing 60 ng
of DNA, 0.1 mM each primer, 1.25 U of Taq DNA poly-
merase, 0.2 mM of each dNTP, 2 mM MgCl2, 50 mM
KCL, 10 mM Tris-HCL (pH 9.0), and 0.1% Triton X.
In each PCR reaction, around six primer sets in a similar
size range were included, though overlapping size ranges
for one dye would not be amplified or electrophoresed
together. PCRs were performed as follows: initial de-
naturing at 94�C for 5 min, followed by 30 cycles of
94�C for 1 min, 58�C for 1 min, and 72�C for 1 min.
Products were electrophoresed, alongside a TAMRA 500
standard, through a 4% polyacrylamide/6 M urea/1 #
Tris borate–EDTA gel at 3,000 V for 2 h at 50�C. Data
were retrieved using the ABI Genescan Analysis software
package. The samples from the three affected individuals
in family 1 were analyzed initially. For all markers where
the affecteds were homozygous, the remaining samples
from family 1 were analyzed. Extra markers from
regions of interest were obtained from the Weizmann
Institute’s Unified Database for Human Genome Map-
ping, and all samples from family 1 and family 2 were
analyzed for these markers. A single set of primers was
used in each amplification reaction, in a total volume of
15 ml with 0.5 U of Taq polymerase and 2.5 mM MgCl2;
otherwise, the PCR conditions were as described above.
Multipoint analysis was performed using the HOMOZ/
MAPMAKER program (Kruglyak et al. 1995).

After the initial screen, the three affected individuals
were homozygous for markers at loci D2S2739 and
D2S441 on chromosome 2; for D3S1764, D3S1744,
D3S1763, and D3S3053 on chromosome 3q, and for
single loci on chromosomes 4, 6, 10, and 17. The loci
on chromosome 2, 4, 6, 10, and 17 were excluded after
analysis of all the samples from family 1 and family 2
(data not shown). The genotypes of the affected children
and their parents, for the chromosome 3 loci of interest,
are shown in the table. D3S1316 is heterozygous in V6

(family 1) and marks the proximal limit of the homo-
zygosity, and D3S1593 and DS3710 are heterozygous
in IV4 (family 2), giving the distal limit of homozygosity.
When the haplotype data are looked at, it seems likely
that D3S1593 is telomeric of D3S1744, rather than cen-
tromeric—as shown in the Weizmann database. All five
affected children are homozygous for the same allele size
for the marker at D3S3694, for which 7 of the 10 parents
were heterozygous, and D3S1569, for which 4 of the
10 parents were heterozygous. Results from the unaf-
fected siblings were included in the data analysis; none
were homozygous for loci in this region, for markers
where the parental genotypes were informative. Multi-
point linkage analysis of a subset of these markers using
HOMOZ/MAPMAKER gave a maximum LOD score
of 8.72 (fig. 3). The region of overlapping homozygosity
extends over ∼15 cM, and the region for which all five
affected individuals are homozygous for the same allele
is ∼12 cM.

In these families, Seckel syndrome maps to chromo-
some 3q22.1-3q24. Given that the families are from the
same geographic region and that affected individuals are
homozygous for the same allele, for two adjacent mi-
crosatellite polymorphisms, it is likely that they share a
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Figure 2 Facial appearance of V6, showing microcephaly, receding forehead, micrognathia, prominent nose, and dental malocclusion. The
ears are posteriorly rotated, with deficient lobes.

common ancestor. There are a number of candidate
genes in the region segregating with the disorder. One
of these is FRP1/ATR (Cimprich et al. 1996; Smith et
al. 1998) which is related to ATM, the gene defective in
ataxia telangiectasia (AT [MIM 208900]). ATM is a
member of the phosphotidylinositol (PI)3-kinase family,
which is involved in a wide variety of regulatory events,
including signaling of DNA damage and control of cell
cycle progression (Brown et al. 1999; Cortez et al. 1999).
Although the clinical features of AT are distinct from
those of Seckel syndrome, there have been reports sug-
gesting that Seckel syndrome could be a DNA-repair
disorder. Syrrou et al. (1995) described increased fre-
quency of chromosome abnormalities in response to mi-
tomycin C and increased frequency of sister-chromatid
exchange in three siblings with Seckel syndrome. One
of these siblings developed pancytopenia. Woods et al.
(1995) reported an infant with a clinical diagnosis of
Seckel syndrome who became pancytopenic at age 16
mo, in whom chromosome analysis of a bone marrow
aspirate revealed increased chromosome breakage fol-
lowing mitomycin treatment. The clinical features in this
child overlapped with those of Nijmegen breakage syn-
drome (NBS [MIM 251260]), which are growth retar-
dation and microcephaly of pre- or postnatal onset, a
characteristic facial appearance with a receding fore-

head, prominent midface with long nose, and receding
mandible (Der Kaloustian et al. 1995, 1996). The gene
defective in NBS encodes p95, a member of the MRE11/
RAD50 double-strand break–repair complex (Carney et
al. 1998; Matsuura et al. 1998; Varon et al. 1998). The
cytogenetic abnormalities in NBS are the same as those
found in AT—namely, multiple rearrangements mainly
involving chromosomes 7 and 14 and increased sensi-
tivity of lymphocytes and fibroblasts to ionizing radia-
tion. Patients with AT have normal early development
but then develop truncal ataxia, dysarthria, and cerebral
deterioration, with affected individuals usually unable
to walk after age 10 years. They have short stature and
conjunctival telangiectasia. They are prone to infections
and have increased incidences of leukemia and lym-
phoma. They have raised AFP levels and reduced im-
munoglobulins. The children in the family we studied
have normal immunoglobulin profiles and no evidence
of increased chromosome breakage, and they show none
of the characteristic clinical features of AT. However,
there is a significant clinical overlap between the DNA-
repair defect NBS and Seckel syndrome. Given the in-
distinguishable chromosome abnormalities in NBS and
AT, it is noteworthy that there is, in the region, a gene
with homology to the gene defective in AT.

There is a second gene that may be implicated in DNA



Table 1

Genotype Data for the Affected Individuals and Their Parents for the Region of Interest on Chromosome 3

MARKERa

GENOTYPES IN FAMILY b

1 2

IV2 IV1 V3 III5 IV3 V4 IV4 III6 V6 III1 III2 IV4 III3 III4 IV8

D3S3023 247 247 232 244 232 247 244 247 232 247 244 247 244 244 232 244 232 241 232 247 232 247

D3S1764 229 233 233 237 233 233 233 233 229 233 233 233 233 237 233 233 233 233 233 233 233 241 233 233

D3S3637 178 186 178 180 178 178 178 188 178 178 178 178 178 178 178 178 192 202 192 192 186 192 192 200 192 192

D3S1316 285 285 283 285 285 285 285 287 285 289 285 285 281 285 281 285 279 283 283 283 283 283 281 283 283 283

D3S3694 146 148 146 152 146 146 146 146 146 146 146 146 140 146 138 146 146 146 140 146 138 146 146 146 146 146 146 148 146 146

D3S1569 277 277 277 295 277 277 277 295 277 277 277 277 277 289 277 297 277 277 277 277 277 277 277 277 277 277 277 277 277 277

D3S3022 244 246 240 244 244 244 244 244 240 244 244 244 244 246 244 244 240 246 246 246 246 246 240 246 246 246

D3S1593 137 139 137 145 137 137 137 137 137 139 137 137 137 143 137 153 137 137 137 137 137 139 137 141 137 141 137 137

D3S1744 152 156 152 152 152 152 138 152 152 164 152 152 148 152 148 152 152 152 152 160 148 160 160 160 152 160 156 160 160 160

D3S1279 266 276 266 268 266 266 266 270 266 268 266 266 266 266 266 266 266 266 268 268 268 268 268 268 268 268 268 268 268 268

D3S3710 269 273 269 273 273 273 273 273 269 273 273 273 269 273 271 273 273 273 269 271 271 273 271 273 269 273 267 273 273 273

D3S3575 215 221 221 221 221 221 221 223 219 221 221 221 217 221 221 221 217 221 221 221 221 221 221 223 221 221

D3S1553 170 172 170 172 172 172 170 172 168 172 172 172 172 172 172 172 170 170 170 170 170 170 170 170 170 170

D3S3673 137 139 137 137 137 137 133 137 137 143 137 137 137 139 137 143 137 137 141 143 139 149 139 141 139 143 137 139 139 139

D3S712 196 198 196 196 196 196 196 202 196 196 196 196 196 208 196 208 196 196 204 204 204 204 204 204 204 204 204 204

D3S3643 244 246 240 246 246 246 246 246 244 246 246 246 246 248 246 250 246 246 244 244 244 244 244 248 244 244 244 244

D3S3682 225 225 225 225 225 225 225 227 225 225 225 225 225 225 225 225 223 225 225 225 225 225 225 225 225 225

D3S1264 261 263 261 261 261 261 253 261 257 261 261 261 261 261 257 261 261 261 259 263 261 261 259 261 261 263 259 261 261 261

D3S3622 222 232 222 224 222 222 232 232 222 226 222 232 232 232 222 232 226 226 226 230 226 226 226 228 226 226

D3S1614 149 149 149 151 149 149 145 147 145 149 145 149 147 149 145 151 145 149 145 149 149 155 147 149 147 149 149 149

D3S1282 143 143 143 147 143 143 143 145 143 145 143 143 145 145 143 145 143 149 143 143 143 143 143 143

D3S1763 277 277 277 277 277 277 277 277 265 277 277 277 265 277 277 277 269 273 261 269 269 273 261 269 269 269

D3S3053 234 234 234 234 234 234 234 234 234 238 234 234 234 234 234 238 234 234 234 234 234 234

a The marker order is taken from the Weizmann database.
b The regions of homozygosity in the five affected individuals are boxed.
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Figure 3 Multipoint LOD score for chromosome 3 markers.

repair in the region segregating with Seckel syndrome in
this family. SMARCA3 has DNA-dependent ATPase and
helicase activities (Sheridan et al. 1995). Bloom syn-
drome (BLM [MIM 210900]), another of the chromo-
some-instability syndromes, results from mutations in
RecQL, the product of which has DNA-dependent ATP-
ase, DNA helicase, and 3′r5′ single-stranded DNA–
translocation activities (Ellis et al. 1995). The clinical
features of Bloom syndrome include sun sensitivity, tel-
angiectatic skin lesions, short stature of prenatal onset,
and increased incidence of lymphomas and leukemias.
The chromosome abnormality in Bloom syndrome is in-
creased sister-chromatid exchange. However, sun sen-
sitivity was not a feature in the affected children in our
family, and sister-chromatid exchange was not increased.
Investigation of further families is required to determine
whether Seckel syndrome is a heterogeneous or homo-
geneous condition and to narrow the critical region such
that the defective gene can be identified.
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