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Abstract We report a consanguineous Pakistani family
with seven aVected individuals showing a syndromic form
of congenital microcephaly. Clinical features of aVected
individuals include congenital microcephaly with sharply
slopping forehead, moderate to severe mental retardation,
anonychia congenita, and digital malformations. By screen-
ing human genome with microsatellite markers, this autoso-
mal recessive condition was mapped to a 25.2 cM interval
between markers D18S1150 and D18S1100 on chromo-
some 18p11.22–q12.3. However, the region of continuous
homozygosity between markers D18S1150 and D18S997
spanning 15.33 cM, probably deWne the most likely candi-
date region for this condition. This region encompasses a
physical distance of 12.03 Mb. The highest two-point LOD
score of 3.03 was obtained with a marker D18S1104 and
multipoint score reached a maximum of 3.43 with several
markers. Six candidate genes, CEP76, ESCO1, SEH1L,
TUBB6, ZNF519, and PTPN2 were sequenced, and were
found to be negative for functional sequence variants.

Introduction

Microcephaly is a clinical term deWned as reduced head cir-
cumference of at least three standard deviations below the
age- and sex-related means, and reXects an underlying
reduction in brain volume (Woods et al. 2005). Primary
microcephaly (MCPH, MIM-251200) solely refers to
reduced cerebral cortex along with non-progressive mental

retardation and without other developmental abnormalities
or neurological deWcits. MCPH brains exhibit normal archi-
tecture suggesting that microcephaly is a consequence of
reduced cell number either as a result of reduced neuro-pro-
genitor division or increased apoptosis during neurogenesis
(O’Driscoll et al. 2006).

Syndromic forms of congenital anomalies including pre-
natal or postnatal microcephaly as a cardinal feature have
been well documented. Clinical manifestations other than
microcephaly diVerentiate one syndrome from the other;
sometimes a particular feature marks a speciWc syndrome.
Seckel syndrome (MIM-210600) and Filippi syndrome
(MIM-272440) are two entities in which microcephaly,
mental retardation, short stature and digital malformations
are common. A ‘bird-headed’ facial appearance is an
important feature for diagnosis of Seckel syndrome while
digital anomalies and severe mental retardation are distinc-
tive marks in Filippi syndrome (Filippi 1985; Woods et al.
1992; Goodship et al. 2000; Borglum et al. 2001; Kilinç
et al. 2003; Sharif and Donnai 2004). Genetic mapping
techniques identiWed three loci for Seckel syndrome: ATR-
SKL1 at chromosome 3q22–q24 (Goodship et al. 2000),
SKL2 at chromosome 18p11.31–q11.2 (Borglum et al.
2001), SKL3 at chromosome 14q21–q22 (Kilinç et al.
2003); however, no results have been reported about associ-
ation of a chromosomal region with Filippi syndrome.
Mutations in a gene encoding ataxia-telangiectasia and
RAD3-related protein (ATR) were found responsible for
ATR-SKL1 (O’Driscoll et al. 2003).

In the present study, we have ascertained a consanguine-
ous Pakistani family with four males and three females,
aVected with congenital microcephaly associated with sev-
eral other deformities. Further by genome scan using
microsatellite markers, we have established linkage of this
condition on chromosome 18p11.22–q11.2.
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Materials and methods

Family history

Before the start of the study, approval was obtained from
the Quaid-I-Azam University Institutional Review Board.
Informed consent was obtained from all family members
who agreed to participate in the study. This family belongs

to a remote mountainous village of Northwest Frontier
Province of Pakistan. The family pedigree shows four gen-
erations with seven aVected and thirteen normal individuals
(Fig. 1). The pedigree of the family provided convincing
evidence of autosomal recessive mode of inheritance. DNA
from nine individuals including Wve aVected was available
for genotyping. The aVected individuals were examined by
medical physicians at the local hospital.

Fig. 1 Drawing of pedigree 
with Jawad syndrome. Filled 
symbols represent aVected 
individuals while clear symbols 
are for unaVected family 
members. Haplotypes are shown 
beneath each genotyped 
individual. Markers displayed 
in bold Xank the candidate 
region of Jawad syndrome
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Clinical Wndings

Ages of the aVected individuals vary between 14 and
28 years at the time of the study. There was recognizable
learning deWciency in all aVected individuals; they were
unable to read or write but have acquired certain self-help
skills. All aVected individuals have striking microcephaly
at birth with sharply sloping forehead (Fig. 2a). On exami-
nation head circumferences were 5–7 standard deviations
below the age- and sex-related means. Moderate to severe,
non-progressive mental retardation was observed in all the
aVected individuals. There was no sex diVerence in degree
of microcephaly or mental retardation. Total absence of
Wngernails and toenails (anonychia congenita) were
observed in all the aVected individuals (Fig. 2b–d). Digital
malformations of variable degree (Fig. 2c, d) including pol-
ydactyly of Wngers and toes and syndactyly of second and
third toe (synpolydactyly) were present in the patients. Few
white spots were present on the skin of hands and feet in all
aVected individuals (Fig. 2b).

To exclude possibility of chromosomal aberrations as
cause of the syndrome, G-banding chromosomal analysis
was carried out in two aVected individuals of the family.

Extraction of genomic DNA and genotyping

Genomic DNA was extracted from venous blood samples,
collected from a total of nine individuals, including Wve

aVected (IV-2, IV-3, IV-5, IV-6, IV-7). Genome scan was
carried out using a total of 430 microsatellite markers
spaced on an average distance of 7 cM on the nuclear
genome. PCR was performed according to standard proce-
dure in a total volume of 25 �l with 40 ng of genomic
DNA, 240 nM of each primer, 200 �M of each dNTPs, 1.5–
2 mM MgCl2, 1 unit of Taq DNA polymerase and 1£ PCR
buVer (MBI Fermentas, Sunderland, UK). PCR was carried
out for 35 cycles: 95°C for 1 min, 57°C for 1 min and 72°C
for 1 min in a T3000 thermal cycler (Biometra, Germany).
PCR products were resolved on 8% non-denaturing poly-
acrylamide gel, stained with ethidium bromide and the
genotypes were assigned by visual inspection.

Linkage analysis

The order of genome scan and Wne mapping markers were
determined based on the National Center for Biotechnology
Information (NCBI) Build 36.1 sequence-based physical
map (International Human Genome Sequence Consortium
2001). Genetic map distances were then derived from the
Rutgers combined linkage-physical map of the human
genome (Kong et al. 2004). PEDCHECK (O’Connell and
Weeks 1998) was used to identify Mendelian inconsisten-
cies while the MERLIN (Abecasis et al. 2002) program was
utilized to detect potential genotyping errors. Haplotypes
were constructed using SIMWALK2 (Weeks et al. 1995;
Sobel and Lange 1996). Two-point linkage analysis was

Fig. 2 Clinical presentation of 
the aVected individuals of the 
family. An aVected individual 
(IV-5) with microcephaly and 
slopping forehead (a), white 
spots on the skin (b), 
polydactyly of Wngers 
and synpolydactyly of toes 
and anonychia (c, d)
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carried out on Wne mapping markers using the MLINK pro-
gram of the FASTLINK computer package (Cottingham
et al. 1993). Multipoint linkage analysis was performed
using ALLEGRO (Gudbjartsson et al. 2005). An autosomal
recessive mode of inheritance with complete penetrance
and a disease allele frequency of 0.001 were used for the
analysis. Equal marker allele frequencies were used for the
Wne mapping markers, because it was not possible to esti-
mate allele frequencies from the founders, since these
markers were only genotyped in this family.

Candidate gene sequencing

Using Primer3 software (Rozen and Skaletsky 2000), prim-
ers were designed for ampliWcation of the exons and splice
junction sites of the following candidate genes: CEP76
(NM_024899.2), ESCO1 (NM_052911), SEH1L
(NM_001013437), TUBB6 (NM_0325325.1), ZNF519
(NM_145287.1), and PTPN2 (NM_080422). DNA from
two aVected and an unaVected individual were diluted to
5 ng/�l, ampliWed by PCR under standard conditions, and
puriWed with Rapid PCR AmpliWcation System (Marligen
Biosciences Ijamsville, MD, USA). Sequencing was per-
formed using a Big Dye Terminator v3.1 Cycle Sequencing
Kit, together with an ABI-Prism Automated DNA
Sequencer (Applera Corporation, Cleveland, OH, USA).

Results

To identify the gene underlying the syndromic form of con-
genital microcephaly (Jawad syndrome), we followed a
classical linkage analysis approach. Prior to embarking on
genome-wide scan, we performed co-segregation and
homozygosity analysis with microsatellite markers corre-
sponding to candidate regions involved in the related phe-
notypes. Exclusion mapping was performed for six known
autosomal recessive primary microcephaly loci (MCPH1–
MCPH6) as described previously (Gul et al. 2006a, b).
Examination of the haplotypes showed that the aVected
individuals were heterozygous for diVerent combinations of
the parental alleles and thus linkage based upon homozy-
gosity to the candidate loci was excluded.

After exclusion of the known primary microcephaly loci,
a genome scan was carried out using DNA samples initially
from Wve aVected individuals (IV-2, IV-3, IV-5, IV-6, and
IV-7) of the family (Fig. 1). In the course of screening 430
highly polymorphic microsatellite markers spaced approxi-
mately 7 cM apart, from Rutgers Combined Linkage-Physi-
cal map (Kong et al. 2004), 4 markers including D3S3053
(3q26.31), D11S1304 (11q25), D13S800 (13q22.1), and
D18S1104 (18q11.2) were found to be homozygous in all
Wve aVected family subjects. Upon testing rest of the family

members, linkage to three of these regions was excluded.
All aVected members were homozygous and unaVected
members were heterozygous at marker D18S1104, located
at 47.2 cM on chromosome 18q11.2. This region was satu-
rated further by typing 33 additional markers selected from
the Rutgers Combined Linkage-Physical map (Kong et al.
2004). Fifteen markers (D18S1149, D18S45, D18S40,
D18S37, D18S73, D18S1114, D18S453, D18S71,
D18S482, D18S1116, D18S542, D18S1150, D18S1153,
D18S464, D18S843) were proximal to genome scan marker
D18S1104, while 18 markers (D18S869, D18S480,
D18S1108, D18S1107, D18S866, D18S997, D18S478,
D18S1151, D18S877, D18S463, D18S36, D18S456,
D18S1133, D18S1100, D18S1128, D18S1130, D18S1123,
D18S1143) lie distal to D18S1104.

After genotyping all the family members with these
markers, the data were analyzed using two-point and multi-
point linkage analysis. Seventeen of the markers
(D18S1149, D18S45, D18S40, D18S37, D18S73,
D18S1114, D18S482, D18S1116, D18S1153, D18S869,
D18S1107, D18S866, D18S478, D18S1151, D18S463,
D18S456, D18S1128) were un-informative and, therefore,
not included in the analysis. Analysis of the marker geno-
types within this region with PEDCHECK (O’Connell and
Weeks 1998) did not elucidate any genotyping errors.

Table 1 summarizes the two-point and multipoint LOD
scores obtained for a total of 17 markers. The maximum
two-point LOD score of 3.03 (� = 0.00) was obtained with
marker D18S1104 and the maximum multi-point LOD score
of more than 3 was obtained with several markers, including
D18S542, D18S71, D18S453, D18S1104, D18S480 and
D18S1108, which support linkage to this region.

Haplotypes using SIMWALK2 (Weeks et al. 1995;
Sobel and Lange 1996) were constructed to determine the
linkage interval. A recombination event between markers
D18S1150 and D18S542 deWned the centromeric boundary
of this interval, and it was observed in the two aVected indi-
viduals (IV-3 and IV-7). The telomeric boundary of the
interval was deWned by a historic recombination event that
occurred between markers D18S1108 and D18S997 in
aVected individuals IV-5, IV-6, and IV-7. Two markers
D18S36 and D18S1133 distal to D18S997 showed homo-
zygous pattern in all the aVected individuals, which is prob-
ably due to lack of information in the parent (III-5).
Therefore, the region of continuous homozygosity spanning
between markers D18S1150 and D18S997 is 15.33 cM
according to Rutgers combined linkage-physical map of the
human genome (Kong et al. 2004). This region corresponds
to 12.03 Mb according to the sequence-based physical map
Build 36 of the human genome (International Human
Genome Sequence Consortium 2001).

Within this homozyogosity region of 12.03 Mb at chro-
mosome 18p11.22–q11.2, 111 genes are present (National
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Centre for Biotechnology Information http://www.ncbi.
nlm.nih.gov/). Sequencing of six candidate genes including
CEP76, ESCO1 (MIM-609674), SEH1L (MIM-609263),
TUBB6, ZNF519 and PTPN2 (MIM-176887) failed to
reveal the functional sequence variant.

Discussion

In the present investigation, we have studied a four-genera-
tion Pakistani family segregating a condition (Jawad syn-
drome) with clinical features sharing with previously
described Filippi syndrome (MIM-272440) and Seckel syn-
drome (MIM-210600). However, there are clinical features
including total absence of Wnger and toe nails (anonychia),
observed in the aVected individuals of our family that were
not reported in the other two cases. In addition, the aVected
individuals of our family are not short-statured nor do they
have any vision defect as reported in individuals with Sec-
kel syndrome. We believe that the combination of clinical
features observed in the aVected individuals of our family is
unique and therefore the name “Jawad Syndrome” has been
assigned to this condition.

The disorder, presented here, demonstrated linkage to a
25.2 cM trans-centromeric region on chromosome
18p11.22–q12.3, between markers D18S1150 (37.42 cM)
and D18S1100 (62.62 cM) according to Rutgers Combined
Linkage-Physical map (Kong et al. 2004). However, the
region of continuous homozygosity in the aVected individu-
als between markers D18S1150 and D18S997 spanning

15.33 cM, probably deWnes the most likely candidate
region for this condition.

The linkage analysis data clearly show that in our fam-
ily, the candidate region overlaps with Seckel syndrome
locus (SKL2, MIM-606744) mapped to a 32.30 cM interval
between markers D18S78 (19.89 cM) and D18S866
(52.19 cM) on chromosome 18p11.31–q11.2 (Borglum
et al. 2001). These two conditions share 14.77 cM
(11.38 Mb) region on chromosome 18. The mapping of
these two conditions to the same chromosomal region does
not justify however that aVected individuals of our family
have Seckel syndrome with variable expression.

Of the genes that lie in the 12.03 Mb-region of Jawad
syndrome, six candidate genes CEP76, ESCO1, SEH1L,
TUBB6, ZNF519, and PTPN2 were selected for sequenc-
ing in our family. The CEP76 (centrosomal protein of 76
KD) is an ortholog of murin Cep76, which is a centro-
somal protein and is thought to be involved in cell shape,
polarity, motility and division (Andersen et al. 2003; Lim
et al. 2006). The ESCO (establishment of cohesion 1) is an
acetyltransferase required for the establishment of sister
chromatid cohesion and couples the processes of cohesion
and DNA replication (Bellows et al. 2003; Hou and Zou
2005). The SEH1L (Sec13-like protein isoform 1 like)
encodes a protein, which is part of a nuclear pore complex,
Nup107–160. This protein contains WD repeats and shares
34% amino acid identity with yeast Seh1 and 30% identity
with yeast Sec13. It speciWcally localizes to kinetochores
in mitosis (Cronshaw et al. 2002). Involvement of Tubulin
beta-6 (TUBB6) in neurogenesis makes it a strong

Table 1 Two-point LOD score 
results between Jawad syndrome 
and chromosome 18 markers

Marker Genetic 
Distance
(cM)a

Physical 
Locationb

Multipoint 
LOD Score

LOD Score at Recombination Fraction � = 0

0.00 0.01 0.05 0.1 0.2 0.3

D18S843 NA 8603636 ¡InWnity ¡InWnity ¡2.24 ¡0.97 ¡0.51 ¡0.19 ¡0.07

D18S464 36.18 9951258 ¡InWnity ¡InWnity ¡2.24 ¡2.24 ¡0.97 ¡0.51 ¡0.19

D18S1150 37.42 10236591 ¡InWnity ¡InWnity ¡2.24 ¡1.09 0.09 0.41 0.46

D18S542 NA 11482640 3.371 2.65 2.65 2.59 2.36 2.06 1.45

D18S71 43.33 12586866 3.433 2.22 2.22 2.17 1.98 1.74 1.25

D18S453 43.57 12904783 3.433 2.98 2.98 2.91 2.64 2.3 1.59

D18S1104 47.2 17413637 3.433 3.04 3.04 2.97 2.7 2.35 1.64

D18S480 49.82 20346791 3.421 1.81 1.81 1.77 1.6 1.38 0.94

D18S1108 50 20351015 3.418 1.88 1.88 1.84 1.67 1.45 1

D18S997 52.75 22267727 ¡1.631 0.78 0.78 0.77 0.7 0.61 0.43

D18S877 56.26 24979042 ¡1.605 0.65 0.65 0.64 0.59 0.5 0.3

D18S36 59.09 27418194 1.954 1.92 1.92 1.88 1.72 1.52 1.12

D18S1133 60.9 30352531 1.774 1.76 1.76 1.72 1.56 1.36 0.96

D18S1100 62.62 33176043 ¡0.929 1.05 1.05 1.02 0.89 0.73 0.41

D18S1130 65.69 37027505 ¡inWnity ¡inWnity ¡1 ¡1 ¡0.27 0.01 0.15

D18S1123 66.89 38641531 ¡inWnity ¡inWnity ¡2.29 ¡2.29 ¡1.01 ¡0.53 ¡0.17

D18S1143 69.6 42084326 ¡inWnity ¡inWnity ¡1.05 ¡1.05 ¡0.09 0.23 0.34

Also displayed are the genetic 
and sequence-based physical 
map distances. Marker displayed 
in bold Xank the candidate re-
gion of Jawad syndrome
a Sex-average Kosambi cM map 
position from the Rutgers 
combined linkage-physical map 
of the human genome (Kong 
et al. 2004)
b Sequence-based physical map 
distance in bases according to 
the Human Genome Project, 
Santa Cruz. (International 
Human Genome Sequence 
Consortium 2001)
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candidate for neuro-developmental disorders (Campbell et al.
2004). The ZNF519 belongs to the krueppel C2H2-type
zinc-Wnger protein family and it contains 10 C2H2-type
zinc Wngers and 1 KRAB domain and may be involved in
transcriptional regulation, which makes it a candidate for
Jawad syndrome. Protein encoded by protein tyrosine
phosphatase, non-receptor type (PTPN2) is a member of
the protein tyrosine phosphatase (PTP) family. Members
of the PTP family share a highly conserved catalytic motif,
which is essential for the catalytic activity. PTPs are
known to be signaling molecules that regulate a variety of
cellular processes including cell growth, diVerentiation,
mitotic cycle, and oncogenic transformation. Epidermal
growth factor receptor and the adaptor protein Shc were
reported to be substrates of this PTP, which suggested the
roles in growth factor mediated cell signaling (Johnson
et al. 1993).

DNA sequencing of the six candidate genes revealed no
sequence variants. Because only the exonic regions were
sequenced, the possibility of a functional variant in the reg-
ulatory regions cannot be ruled out. On the other hand there
are a number of other genes and expressed sequence tags
contained in the candidate interval. Further Wne mapping
and sequencing work are required in order to identify the
gene for Jawad syndrome.
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