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A novel locus for autosomal recessive form of hypotrichosis
maps to chromosome 3q26.33–q27.3
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G
enetic conditions affecting hair structure or the hair
growth cycle may be isolated or they may occur as part
of complex syndromes with associated abnormalities

of other ectodermal appendages. Defective hair structure
caused by mutations in key hair structural proteins can result
in severe alopecia. The best characterised conditions at the
molecular level in this category are monilethrix1 (MIM
158000) and Netherton syndrome2 3 (MIM 256500).
Monilethrix is an autosomal dominant disorder in which
alopecia is the presenting manifestation; however, the degree
of alopecia is variable between patients and during different
time periods for the same individual. Causative mutations
have been identified in the keratin hair basic 6 gene (HB6,
MIM 601928) and the keratin hair basic 1 gene (HB1, MIM
602153).4 Netherton syndrome is a rare autosomal recessive
condition characterised by ‘‘bamboo hair’’ (trichorrhexis
invaginata), congenital ichthyosiform erythroderma, and
atopic diathesis. Serine protease inhibitor, Kazal-type 5 gene
(SPINK5, MIM 605010), located on chromosome 5q31–q32,
encodes a 15 domain serine protease inhibitor and is mutated
in Netherton syndrome.3 Structural hair shaft defects are also
a feature of Menkes kinky hair syndrome (MIM 309400).
Menkes disease,5 with X linked inheritance, is caused by
mutations in the gene encoding Cu2+ transporting ATPase,
ATP7A (MIM 300011).6

Isolated forms of alopecia include congenital atrichia and
different forms of hypotrichosis, which may represent a
dysregulation of the hair growth cycle and remodelling.7

Autosomal recessive congenital atrichia (MIM 203655) is
the most extreme example of hair loss. In affected indivi-
duals with this form of alopecia, hair is typically absent
from the scalp with shedding shortly after birth. Con-
genital atrichia has been linked to 8p21, where several muta-
tions of the hairless gene (HR, MIM 602302) have been
reported as the underlying cause of congenital atrichia.8 9

Marie Unna hereditary hypotrichosis (MUHH, MIM
146550) is an autosomal dominant disorder characterised
by abnormal hair structure at birth, or soon after birth, with
progressive hair loss leading to varying degrees of alopecia in
adults.10 MUHH has been mapped to chromosome 8p21 in
the vicinity of the hairless gene.10

Hypotrichosis simplex (HTS, MIM 605389) is an auto-
somal dominant disorder that can affect all bodily hair or
can be limited to the scalp. Levy-Nissenbaum et al11 found
nonsense mutations in corneodesmosin gene (CDSN,
MIM 602593), located on chromosome 6p21.3, in three
families with hypotrichosis simplex of the scalp (HTSS, MIM
146520).
In autosomal recessive localised hereditary hypotrichosis

(LAH, MIM 607903), the affected individuals show hypo-
trichosis restricted to the scalp, chest, arms, and legs. Facial
hair, including the eyebrows and beard, is less dense, and
axillary, pubic hair and eyelashes are unaffected. LAH has
been linked to chromosomal location 18q21.112 13 which

contains a cluster of desmoglein and desmocollin genes.
Recently, mutations in the desmoglein 4 gene (DSG4, MIM
607892) have been implicated in LAH.12

We studied a highly consanguineous family with the
autosomal recessive form of hereditary hypotrichosis. After
exclusion of all the known loci, a genome scan was
undertaken which led to the identification of a novel locus,
AH, for this form of hereditary hypotrichosis, mapped to
chromosome 3q26.33–q27.3 and flanked by markers D3S2314
and D3S1602.

METHODS
Family data
Before the onset of the study, approval was obtained from the
Quaid-I-Azam University institutional review board. A
consanguineous family segregating an autosomal recessive
form of hypotrichosis as a sole abnormality without
associated ectodermal defects was studied. The pedigree
(fig 1) provided convincing evidence of an autosomal
recessive mode of inheritance, and consanguineous matings
accounted for all the affected individuals being homozygous
for the mutant allele. All patients showed typical features of
hereditary hypotrichosis. At birth, sparse hair was present on
the scalp but did not regrow after ritual shaving, which is
usually performed one week after birth. The affected
individuals are nearly devoid of normal eyebrows, eyelashes,
axillary hair, and body hair (fig 2). Affected male individuals
of the family have normal beard hair; however, hair is absent
on their legs and arms. Teeth and nails are normal in all
affected individuals.

Key points

N Human genome scan identified a novel hypotrichosis
locus in a consanguineous Pakistani family segregating
autosomal recessive hypotrichosis.

N The novel hereditary hypotrichosis locus, AH, was
mapped to chromosome 3q26.33–q27.3.

N A maximum multipoint LOD score of 6.0 was obtained
at marker D3S3592.

N The region of homozygosity was flanked by markers
D3S2314 and D3S1602.

N This genetic interval spans 7.1 cM, according to the
deCode genetic map, and contains 3.9 Mb on the
sequence based physical map.

Abbreviations: LAH, localised autosomal recessive hypotrichosis; STR,
short tandem repeat
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Extraction of genomic DNA and PCR
Venous blood samples were obtained from 12 family
members, including eight affected individuals. Genomic
DNA was extracted from whole blood following a standard
protocol, quantified by spectrophotometric readings at optical
density 260 and diluted to 40 ng/ml for polymerase chain
reaction (PCR). PCR amplification of microsatellite markers
was carried out according to standard procedure in a total
volume of 25 ml, containing 40 ng genomic DNA, 20 pmol of
each primer, 200 mM of each dNTP, and 16PCR buffer (MBI-
Fermentas, Newcastle upon Tyne, UK).
PCR was carried out for 35 cycles, with the following

thermal cycling conditions: 95 C̊ for one minute, 57 C̊ for one
minute, and 72 C̊ for one minute, followed by a final
extension at 72 C̊ for seven minutes in a thermal cycler
(Perkin Elmer, Norwalk, Connecticut, USA). PCR products
were resolved on 8% non-denaturing polyacrylamide gel,
along with the appropriate allelic ladder, and genotypes were
assigned by visual inspection.
The family was first tested for linkage by using micro-

satellite markers tightly linked to 14 loci associated with
other forms of hair loss and ectodermal dysplasia. These

included: type II keratin (KRT1) genes at 12q13.13 (D12S297,
D12S368, D12S90); keratin hard type 1 (KRTHA1) genes at
17q21.2 (D17S1299, D17S800, D17S930, D17S934, D17S791,
D17S797); desmoglein (DSG) and desmocollin (DSC) genes
at 18q12.1 (D18S1107, D18S478, D18S847, D18S36,
D18S536, D18S384); human hairless gene (HR) at 8p21.3
(D8S298, D8S1786, D8S1048); envoplakin (EVPL) at 17q25.1
(D17S1807, D17S1301, D17S785, D17S801, D17S784); lor-
icrin (LOR) at 1q21.3 (D1S534, D1S442, D1S498, D1S305);
plakophilin 1 (PKP1) at 1q32.1 (D1S1660, D1S1726,
D1S2622, D1S373, D1S2655, D1S2686); ED2 gene gap
junction protein b-6 (GJB6) at 13q12.11 (D13S1316,
D13S175, D13S633, D13S250, D13S787); ED3 gene ectodys-
plasin1 anhidrotic receptor (EDAR) at 2q12.3 (D2S1343,
D2S2954, D2S340, D2S1889, D2S1893, D2S1891); ED4 gene
poliovirus receptor-like 1 (PVRL1) at 11q23.3 (D11S1885,
D11S4171, D11S4129, D11S924, D11S1299); transglutami-
nase I (TGM1) at 14q11.2 (D14S50, D14S264, D14S275,
D14S1040); transglutaminase II (TGM2) at 20q11.23
(D20S909, D20S865, D20S834, D20S881, D20S478,
D20S107); transglutaminase III (TGM3) at 20p13
(D20S906, D20S179, D20S113, D20S181, D20S193,

Figure 1 Drawing of the pedigree segregating AH. Black symbols represent individuals
with autosomal recessive form of hypotrichosis due to AH. Clear symbols represent
unaffected individuals. For multipoint linkage analysis, the pedigree was divided into two
parts (* and ¤). Haplotypes for the most closely linked short tandem repeats (STRs) are
shown below each symbol.
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D20S473); and corneodesmosin (CDSN) at 6p21.33 (D6S273,
D6S1615, D6S2414, D6S439, D6S2427). After known loci
were excluded, a genome scan was conducted using highly
informative polymorphic microsatellite markers from
Linkage Mapping Set 10 (Invitrogen Co, San Diego,
California, USA).

Linkage analysis
Two-point linkage analysis was carried out using the MLINK
program of the FASTLINK computer package.14 Multipoint
linkage analysis was undertaken using ALLEGRO,15 with the
pedigree divided into two parts (fig 1) owing to the large
number of non-founders (the Lander-Green algorithm,16

which is implemented in ALLEGRO,15 can only handle small
to medium sized pedigrees with a limited number of non-
founders). Multipoint LOD scores were calculated for each
part and then summed. Haplotypes were constructed using
SIMWALK2.17 18 The order of the markers and their map
distances were derived from the deCode genetic map.19 For
the analysis, an autosomal recessive mode of inheritance
with complete penetrance and a disease allele frequency of
0.001 were used. Equal allele frequencies were employed for
the fine mapping markers, and because incorrect allele
frequencies can lead to false positive results20 a sensitivity
analysis was carried out. Multipoint linkage analysis was
done by varying the allele frequency for the allele segregating
with the disease allele from 0.2 to 0.7 for the fine mapping
markers.

RESULTS
Exclusion of known loci and initial mapping
Haplotype analysis was undertaken for the markers linked to
14 known hair loss and ectodermal dysplasia loci (data not
shown). Examination of the haplotypes did not reveal any
regions of homozygosity within affected individuals.
After the known genes were excluded, a genome scan was

carried out using the DNA samples of four affected
individuals (30, 33, 34, and 35). In the course of screening
345 markers, three markers from the deCode genetic map19—
D1S2682 (274.3 cM at 1q44), D6S1006 (30.2 cM at 6p22.3),
and D3S1262 (194.3 cM at 3q27.2)—were found to be
homozygous in all four affected subjects. Upon testing the
rest of the family members, linkage to two of these regions
was excluded. All affected individuals were found to be
homozygous at marker D3S1530, located at 191.8 cM on
chromosome 3, according to the deCode genetic map.19

Unaffected subjects were heterozygous at this marker, except
for unaffected individual 22, who was homozygous.

Refinement of linkage interval
For fine mapping, 14 additional markers were selected from
the deCode genetic map19; 10 of these (D3S2421, D3S3041,
D3S1754, D3S3730, D3S3699, D3S2314, D3S1618, D3S1571,
D3S3583, and D3S3592) were proximal to marker D3S1530
and four were distal (D3S1617, D3S1602, D3S1262, and
D3S1314). After genotyping all the family members with
these markers, the data were analysed using two point and
multipoint linkage analysis. Four of these markers (D3S1618,
D3S1571, D3S3583, and D3S1617) were uninformative in
this family and were not included in the analysis.
Table 1 summarises the two point LOD scores obtained for

a total of 11 markers. The maximum two point LOD score of
2.4 (h = 0) was obtained at marker D3S1262. The maximum
multipoint LOD score was obtained at marker D3S3592
(Zmax = 6.0). When the allele frequency for the allele segre-
gating with the disease allele was varied from 0.4 to 0.7, the
maximum multipoint LOD score remained at marker
D3S3592, and varied from 6.2 to 4.2, respectively. At allele
frequencies of 0.2 and 0.3, the maximum multipoint LOD
score occurred at marker D3S1530, with values of 6.3 and 6.2.
The three unit support interval is flanked by markers
D3S3730 (184.1 cM) and D3S1314 (204.5 cM). It defines a
genetic interval of 20.3 cM on the deCode genetic map19 and
contains 11.5 Mb according to the sequence based physical
map.21 The region of homozygosity further refined the linkage
interval to 7.1 cM, according to the deCode genetic map,19

flanked by markers D3S2314 (186.6 cM) and D3S1602
(193.7 cM). This region contains 3.9 Mb according to the
sequence based physical map.21

Figure 2 Clinical presentation of the AH phenotype. Note the complete
absence of hair on the scalp. Reproduced with permission.

Table 1 Two point LOD score results between the AH locus and chromosome 3 markers

Marker
Decode map
position*

Physical map
position�

LOD score at recombination fraction h =

0.0 0.01 0.02 0.03 0.04 0.05 0.1 0.2 0.3

D3S2421 180.68 176 395 051 2‘ 0.11 0.36 0.48 0.55 0.59 0.64 0.47 0.26
D3S3041 181.90 177 800 980 2‘ 1.38 1.59 1.69 1.73 1.74 1.63 1.17 0.67
D3S1754 183.65 178 762 481 2‘ 0.47 0.70 0.82 0.88 0.91 0.90 0.64 0.36
D3S3730 184.15 179 867 514 2‘ 0.79 1.02 1.12 1.18 1.21 1.17 0.85 0.50
D3S3699 184.93 180 617 958 2.21 2.15 2.08 2.02 1.96 1.90 1.60 1.05 0.58
D3S2314 186.58 183 451 291 1.99 1.93 1.87 1.81 1.75 1.69 1.42 0.92 0.51
D3S3592 190.89 185 731 335 2.19 2.13 2.08 2.02 1.96 1.90 1.62 1.07 0.59
D3S1530 191.78 186 704 472 2.29 2.23 2.16 2.09 2.02 1.95 1.62 1.02 0.53
D3S1602 193.69 187 352 606 1.92 1.87 1.82 1.77 1.72 1.67 1.41 0.93 0.51
D3S1262 194.33 187 544 392 2.44 2.37 2.30 2.23 2.16 2.09 1.76 1.15 0.62
D3S1314 204.48 191 412 788 2‘ 21.00 20.46 20.18 0.01 0.13 0.41 0.42 0.27

Markers in bold flank the haplotype.
*Sex averaged kosambi cM map distance from the deCode genetic map.18

�Sequence based physical map distance in bases according to the Human Genome Project.20
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DISCUSSION
Among the isolated forms of hereditary alopecia, linkage has
been established in diseases like monilethrix, Netherton
syndrome, atrichia, hypotrichosis simplex, Marie Unna
hypotrichosis, and localised autosomal recessive hypotricho-
sis. Except in the case of Marie Unna hypotrichosis, causative
genes have been identified for all these disorders. These genes
encode structural molecules, transcription factors, or mor-
phogenetic factors of hair growth.
In the present study, a novel autosomal recessive heredi-

tary hypotrichosis locus, AH, was mapped to chromosome
3q26.33–q27.3. Significant evidence of linkage to this
chromosomal region was found, with a maximum multipoint
LOD score of 6.0 at marker D3S3592. The type of hereditary
hypotrichosis observed in the affected individuals in this
family is distinguished from atrichia by the presence of
normal beard hair in affected male individuals, which is not
observed in atrichia. However, the clinical manifestations of
the affected individuals in this family closely resemble those
reported for LAH. Affected individuals from both LAH and
AH families have normal beard hair (in males), and sparse to
absent eyebrows, eyelashes, and body hair. Despite clinical
similarities, there was no evidence for linkage to the LAH
region on chromosome 18q21.1 in this family.
According to the sequenced based physical map,21 the

linkage interval on chromosome 3q26.33–q27.3 contains
3.9 Mb. Through a database search, we identified several
genes mapping between markers D3S2314 and D3S1602,
none of which, however, appears to be a plausible candidate
for the AH locus. Among the several genes located in this
region are the chloride channel 2 gene (CLCN2) (MIM
600570) associated with idiopathic generalised epilepsies;
chordin (CHRD) (MIM 603475), a key developmental protein
that dorsalises early vertebrate embryonic tissues; and the
ubiquitously expressed ephrin receptor (EPHB3) (MIM
601839) which induces cell–cell adhesion and aggregation.
Hair growth occurs in unsynchronised cycles consisting of

three phases: anagen (growth phase), catagen (shortening
phase), and telogen (resting phase). The molecular mechan-
isms underlying hair follicle development are the subject of
much current interest. A long list of cytokines and growth
factors—including members of the epidermal, fibroblast, and
transforming growth factor families—has been implicated in
the hair growth cycle. Potter et al22 have shown that the
hairless gene (HR), the causative gene for atrichia, is a
component of the co-repressor machinery that may be active
in the genetic pathway controlling postnatal cycling of the
hair follicle.23 Recently, Kljuic et al12 have shown that
desmoglein 4—a member of the cadherin family of
proteins—plays a central role in keratinocyte cell adhesion
in the hair follicle and in coordinating cellular dynamics in
the lower hair follicle during the switch from proliferation to
differentiation.
On the basis of clinical similarities observed between

patients with AH and LAH, it can be speculated that AH is
caused by a change in cell adhesion molecules involved in
hair follicle development. Identification of the gene impli-
cated in the pathogenesis of AH will give valuable insight into
the genetic mechanisms underlying different forms of baldness.
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