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X-Linked Congenital Hypertrichosis Syndrome
Is Associated with Interchromosomal Insertions
Mediated by a Human-Specific Palindrome near SOX3

Hongwen Zhu,1,2,9 Dandan Shang,1,9 Miao Sun,1,9 Sunju Choi,3,9 Qing Liu,1 Jiajie Hao,4

Luis E. Figuera,5 Feng Zhang,6 Kwong Wai Choy,7 Yang Ao,1 Yang Liu,8 Xiao-Lin Zhang,1

Fengzhen Yue,2 Ming-Rong Wang,4 Li Jin,6 Pragna I. Patel,3,9 Tao Jing,2,9 and Xue Zhang1,8,*

X-linked congenital generalized hypertrichosis (CGH), an extremely rare condition characterized by universal overgrowth of terminal

hair, was first mapped to chromosome Xq24-q27.1 in a Mexican family. However, the underlying genetic defect remains unknown.

We ascertained a large Chinese family with an X-linked congenital hypertrichosis syndrome combining CGH, scoliosis, and spina bifida

andmapped the disease locus to a 5.6 Mb critical region within the interval defined by the previously reportedMexican family. Through

the combination of a high-resolution copy-number variation (CNV) scan and targeted genomic sequencing, we identified an interchro-

mosomal insertion at Xq27.1 of a 125,577 bp intragenic fragment of COL23A1 on 5q35.3, with one X breakpoint within and the other

very close to a human-specific short palindromic sequence located 82 kb downstream of SOX3. In theMexican family, we found an inter-

chromosomal insertion at the same Xq27.1 site of a 300,036 bp genomic fragment on 4q31.2, encompassing PRMT10 and TMEM184C

and involving parts of ARHGAP10 and EDNRA. Notably, both of the two X breakpoints were within the short palindrome. The two

palindrome-mediated insertions fully segregate with the CGH phenotype in each of the families, and the CNV gains of the respective

autosomal genomic segments are not present in the public database and were not found in 1274 control individuals. Analysis of control

individuals revealed deletions ranging from 173 bp to 9104 bp at the site of the insertions with no phenotypic consequence. Taken

together, our results strongly support the pathogenicity of the identified insertions and establish X-linked congenital hypertrichosis

syndrome as a genomic disorder.
Congenital generalized hypertrichosis (CGH) is a geneti-

cally and phenotypically heterogeneous group of rare

conditions characterized by universal hair overgrowth. It

is the major phenotypic feature of many distinct genetic

syndromes and can be inherited as an autosomal or

X-linked dominant trait.1–5 The CGH phenotype has

generated much scientific interest and media attention,

largely because of the striking hairy phenotype and its

apparently atavistic nature.6,7 To date, genetic defects

have been found in two forms of autosomal-dominant

CGH. Autosomal-dominant congenital generalized hyper-

trichosis terminalis with or without gingival hyperplasia

(MIM 135400) is associated with copy-number variations

(CNVs), either microdeletions or microduplication, on

chromosome 17q24 in both familial and sporadic cases.5

Rearrangements of chromosome 8 and a possible position

effect have been detected in hypertrichosis universalis con-

genita, Ambras type (MIM 145701).8 Figuera et al. mapped

the first CGH locus to chromosome Xq24-q27.1 in 1995 in

a large Mexican family segregating X-linked hypertrichosis

(MIM 307150).3 Subsequently, the genetic mapping was

confirmed in a Mexican kindred with an X-linked congen-
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ital hypertrichosis syndrome consisting of CGH, deafness,

and dental anomalies.4 However, the underlying mutation

remains unidentified.

Genomic disorders are a growing class of human disor-

ders that are caused by a genomic rearrangement that

might lead to the complete loss or gain of a gene(s) sensi-

tive to a dosage effect or, alternatively, might disrupt the

structural integrity of a gene.9 Microdeletions and micro-

duplications are most frequently associated with human

genomic disorders.9–11 Another type of genomic rearrange-

ment, seen less frequently, is an interchromosomal inser-

tion where there is an intercalation of a part of one chro-

mosome into another, nonhomologous chromosome and

is also referred to as an interchromosomal insertional

translocation.12

Recent application of massively parallel sequencing

(MPS) and high-resolution genome-wide CNV analysis

has rapidlyunraveled the genetic basis ofmany rareMende-

lian and genomic disorders.10–14 Here, we add X-linked

congenital hypertrichosis syndrome, among the rarest of

rare conditions, to the list of these disorders by reporting

on the identification of independent interchromosomal
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insertions involving different autosomal segments medi-

ated by the same small palindrome at Xq27.1 in each of

two X-linked CGH families of different ethnic back-

grounds.

We first ascertained a five-generation Chinese family

with a distinct syndrome ofCGH, scoliosis, and spina bifida

(Figures 1A and 1B). The family had 11 affected individuals

(Figure 1A). All of the four affected males available for

phenotypic evaluation had severe hypertrichosis associ-

ated with scoliosis, whereas all affected females had only

mild hypertrichosis, which was consistent with X-linked

inheritance (Figures 1B–1D). The proband, a 41-year-old

male, also had spina bifida presenting as cervical and sacral

meningoceles (Figure 1C). The other ten affected individ-

uals did not exhibit spina bifida. We collected blood

samples from 19 participating family members (eight

affected, seven unaffected, and four spouses) after obtain-

ing informed consent from participants and approval

from the Peking Union Medical College institutional

review board. Chorionic villus sampling was performed

for participant V1 (Figure 1A). Genomic DNAwas extracted

via standard methods. To determine whether the X-linked

congenital hypertrichosis syndrome mapped to the same

locus as reported previously in the Mexican CGH family,3

we determined genotypes in 17 familymembers at 14 poly-

morphic microsatellite marker loci from the Xq26.3-q27.2

region (Table S1 available online), 11 of which were de-

signed with the use of the UCSC Human Genome Browser.

Two-point linkage analysis and LOD score calculation were

carried out with the MLINK program of the LINKAGE

package software (version 5.2). The parameters used in

linkage analysis were X-linked dominant inheritance,

complete penetrance, a mutation rate of zero, equal micro-

satellite-allele frequency, and a disease-allele frequency of 1

in 10,000. Our two-point linkage analysis produced

a maximum LOD score of 3.91 at q ¼ 0 for five markers

(Table S2), confirming genetic linkage to the same locus

in the Chinese family. On the basis of the haplotypes, we

observed two recombination events, one in III5 and the

other in IV2 (Figure S1). Further haplotype analysis in these

two recombinants defined the critical region to an interval

between ZLS3 and ZLS10, representing a genomic interval

of 5.6 Mb containing 40 RefSeq genes (Figure 1E and Fig-

ure S1). We performed PCR amplification and sequencing

of all exons and their flanking intronic sequences for these

genes in the proband (Figure 1E; primer information is

available upon request) but did not identify any pathogenic

mutation.

To determine whether the X-linked congenital hypertri-

chosis syndrome was caused by an unknown microdele-

tion or microduplication, we performed a genome-wide

high-resolution CNV scan in four affected individuals

(two males and two females), using the Affymetrix

Genome-Wide Human SNP Array 6.0 containing over

906,600 SNPs and over 946,000 copy-number probes.

Genomic DNA samples from four affected individuals

(two males, II9 and III5; and two females, III3 and IV2)
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were genotyped at the CapitalBio Corporation (Beijing,

China) with the SNP Array 6.0 in accordance with the

manufacturer’s protocols. Genotype calling, genotyping

quality control, and CNV identification were performed

with the Affymetrix Genotyping Console 3.0 software.

Copy-number-state calls were determined with the Canary

algorithm embedded in the Affymetrix Genotyping

Console 3.0 package. We did not detect potential patho-

genic CNVs in the critical region but found a >121 kb

microduplication of the COL23A1 locus on 5q35.3

(CN_143030 to CN_1143071) in all four individuals

(Figure 2A).

To confirm the genomic duplication of the 5q35.3

region, we designed primers for a real-time quantitative

PCR (qPCR) assay by using the Primer Express v2.0 soft-

ware (Applied Biosystems). We performed qPCR as previ-

ously described.15 The relative copy number (RCN) of the

target sequences was determined with the comparative

DDCT method. A ~1.5-fold RCN was used for duplication.

The qPCR experiments were repeated three times. Primers

used for the qPCR assays are given in Table S1. Our qPCR

assay confirmed the microduplication and also showed

full segregation of the microduplication with the disease

phenotype in the family (Figure 2B), suggesting a possible

interchromosomal insertion event within the critical

region.

We performed two-color interphase and metaphase

fluorescence in situ hybridization (FISH) to confirm the

insertion in theChinese family. The bacterial artificial chro-

mosome (BAC) clones CTD-2507I18, RP11-55E17, and

RP11-671F22 were selected to cover the duplicated region

ofCOL23A1 (MIM610043) on 5q35.3, FHL1 (MIM300163)

on Xq26.3, and F8 (MIM 300841) on Xq28, respectively

(Figure 4A). The RP11-55E17 and RP11-671F22 BAC DNA

samples were individually labeled with SpectrumGreen-

dUTP (Abbott Molecular), and the CTD-2507I18 DNA was

labeled with Cy3-dUTP (GE Healthcare Life Sciences). The

interphase nuclei andmetaphase chromosomeswere cohy-

bridized with a pair of SpectrumGreen-dUTP-labeled refer-

ence probes (green signal) andCy3-dUTP-labeled test probe

(red signal), counterstained with DAPI, and visualized

by fluorescence microscopy. The two-color FISH signal

patterns observed on both interphase nuclei (Figure 2C)

and metaphase chromosomes (Figure 2D and Figure S2)

were consistentwith an interchromosomal insertion event,

as indicated by the presence of red signals for COL23A1 on

chromosome 5 homologs and on the X chromosome

between the green signals corresponding to FHL1 on

X26.3 and F8 on Xq28 (Figure 2D and Figure S2).

In parallel with the above-described CNV and FISH anal-

yses, we conducted targeted capture and MPS in the

proband by using the Roche NimbleGen SeqCap and 454

Sequencing technologies. Two custom Sequence Capture

385K human arrays were first designed and manufactured

at Roche NimbleGen, each having 385,000 unique SeqCap

probes, as determined by the SSAHA algorithm, covering

88.1% of the targeted critical region between ZLS3 and
2011



Figure 1. Phenotypes and Genetic Locus of a Distinct X-Linked Congenital Hypertrichosis Syndrome
(A) Pedigree of the five-generation Chinese family with eleven affected individuals. For V1, the diagnosis was made from a chorionic
villus sample. Individuals whose DNA was available are indicated by ‘‘þ.’’
(B) Photograph of the proband showing severe CGH.
(C) Photograph and MRI image showing a cervical meningocele in the proband.
(D) X-ray image of the proband showing scoliosis.
(E) Schematic diagram of Xq26.3-q27.2 showing the RefSeq genes in the critical region for the X-linked congenital hypertrichosis
syndrome. A solid blue bar represents the critical region. The positions of all genetic markers used in linkage analysis are shown.
ZLS10 (chrX: 135,204,482–140,853,096; GRCh37, hg19)

(Figure 1E). The captured DNA was sequenced on a

Genome Sequencer FLX System with long-read GS FLX

Titanium series chemistry at Roche 454 Life Sciences. The

resulting sequence reads were mapped to the hg18 human

reference with the GS Reference Mapper software and

amounted to 555 Mb of sequence data with about 98%

mapped back to the targeted region. Further analysis

with the 454 GS Reference Mapper software revealed the

distal insertion junction sequences (Figure S3), pinpoint-

ing the breakpoint within the X chromosome (chrX:

139,502,951) to the center of a 180 bp short palindromic

sequence at Xq27.1, which is located 82 kb downstream

of SOX3 (MIM 313430) (Figure S2, Figures 4A and 4B).

We used long-range PCR to amplify the insertion junc-

tions. Primers were designed from the sequences flanking

the palindrome at Xq27.1 and the breakpoints on the basis

of the SNP Array 6.0 genomic coordinates. Sequence anal-

ysis of the resultant amplicons by Sanger sequencing veri-

fied the distal junction found in the targeted genomic

sequencing (Figure 2F), placed the other X chromosome

breakpoint forming the proximal insertion junction in
The Ame
the middle of the LINE-1 element beside the small palin-

drome (Figure 2E and Figure 4B), and indicated that

the mutant X chromosome had a direct insertion of

a 125,577 bp fragment from within COL23A1 (Figures 2E

and 2F, Figure 4A); i.e., der(X)dir ins(X;5)(q27.1;q35.3).

This insertion was shown to occur concomitantly with

a deletion of 1263 bp between the two X chromosome

breakpoints at Xq27.1 (Figures 2E and 2F). Consistent

with the qPCR assay, our junction PCR assay in the family

showed specific fragments of the expected sizes in all

affected individuals, but in none of the unaffected family

members (Figure 2G).

The discovery of the insertion mediated by a short palin-

dromic sequence in the Chinese family prompted us to

examine the originally reported X-linked Mexican CGH

family (Figure 3A). Use of the SNPArray 6.0 for the examina-

tion of four family members (two affected and two unaf-

fected) for CNVs revealed a microduplication of a >278 kb

fragmenton4q31 (SNP_A-2053483 toSNP_A-1883747), en-

compassingPRMT10andTMEM184Cand involvingpartsof

ARHGAP10 (MIM 609746) and EDNRA (MIM 131243), in

affected members (Figure 3B and Figure 4A). We validated
rican Journal of Human Genetics 88, 819–826, June 10, 2011 821



Figure 2. Identification of an Inherited Interchromosomal Insertion at Xq27.1 in the Chinese Family with a Distinct X-Linked
Congenital Hypertrichosis Syndrome
(A) Copy-number state of a 600 kb genomic region on chromosome 5q35.3 showing the presence of a microduplication in the proband.
CN, copy number.
(B) Validation of the microduplication and its segregation with the disease phenotype by qPCR. RCN, relative copy number. Error bars
represent SD.
(C and D) Two-color FISH signals on a representative interphase nucleus (C) and typical metaphase chromosomes (D) demonstrating the
insertion event. BAC probes are CTD-2507I18 (red), RP11-55E17 (green), and RP11-671F22 (green). See Figure 4A for the positions of
BAC clones.
(E and F) Sequence analysis of the proximal (E) and distal (F) insertion junctions. Reference sequences on Xq27.1 and 5q35.3 are indi-
cated in red and blue, respectively. The proximal junction contains a microinsertion from the X chromosome (black) and a 2 bp micro-
insertion (green) of unknown origin.
(G) PCR amplification of the distal insertion junction showing segregation of the insertion with the phenotype.
All genomic positions correspond to the February 2009 human reference sequence (GRCh37).
this microduplication by a qPCR assay (Figure 3C) and ob-

tained breakpoint information by using a similar junction

PCR approach (Figures 3D and 3E). Our results suggested

that the affected members in the Mexican family had in-

herited amutant X chromosomewith an inverted insertion

of a 300,036 bp fragment from the 4q31.22-q31.23 region

(Figures 3D and 3E, Figure 4A); i.e., der(X)inv

ins(X;4)(q27.1;q31.23q31.22). Examination of all available

family members for the insertion with the use of a junction

PCRtest confirmed segregationof the insertional eventwith

the CGH phenotype (Figure 3F). Very interestingly, both of

the twoXbreakpoints identified in theMexican familywere

at the center of the palindrome (chrX: 139,502,951 and

139,502,958) (Figures 3D and 3E, Figure 4B), thus reinforc-

ing the role of this small palindrome as a mediator in the

initiation of the two insertions identified in this study.

We have identified independent insertions mediated by

the same small palindrome at Xq27.1 in two different

families affected with X-linked hypertrichosis. Further-

more, complete segregation of these insertions with the

phenotypes has provided additional supportive evidence

toward their causal role. To determine whether these inser-

tions were unique to these families and to rule out the

possibility of their representing normal genomic variation

in the population, we screened 740 male control individ-

uals (215 Chinese, 118 Mexican, and 407 Asian Indian)

by PCR using primers derived from the sequences flanking
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the palindrome (Table S1), and we found no detectable

insertion. Furthermore, CNVs involving the two identified

inserted segments are not reported in the public Database

of Genomic Variants and are not present in 1274 Chinese

control individuals (1074 from Shanghai and 200 from

Hong Kong). Taken together, our results suggest that the

palindrome-mediated insertions are the underlying cause

for isolated and syndromic X-linked CGH.

Palindromic sequences are not stable and can induce

genomic rearrangements, including deletions and recur-

rent translocations.16–18 The 180 bp palindromic sequence

is present only in humans. It is flanked by a LINE-1 repeat

and an LTR sequence (Figure 4C). Examination of the

orthologous region in the chimp genome reveals the two

halves of the palindrome, but they are in direct orientation

and are separated by the LTR sequence. Other nonhuman

primates, including the orangutan, rhesus, and marmoset,

have only one half of the palindrome (Figure 4C). These

results suggest that the palindrome is evolutionally very

young. The aforementioned PCR analysis in control indi-

viduals did, however, detect deletions ranging in size

from 173 bp to 9104 bp in nine individuals (two Chinese,

twoMexican, and five Asian Indian) (Table S3). In addition,

a deletion of 209 bp was evident in a Yoruban individual

subjected to whole-genome sequencing.19 Noticeably, all

of these ten deletions had one breakpoint at the center of

the palindrome (Table S3), thereby deleting one half of
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Figure 3. Identification of an Inherited Interchromo-
somal Insertion at Xq27.1 in the Mexican Family with
X-Linked CGH
(A) Pedigree of the five-generation Mexican family with
X-linked CGH. Individuals whose DNAwas available are
indicated by ‘‘þ.’’
(B) Copy-number state of a 600 kb genomic region on
chromosome 4q31 showing the presence of a microdu-
plication in an affected individual. CN, copy number.
(C) Validation of the microduplication by qPCR. RCN,
relative copy number. Error bars represent SD.
(D and E) Sequence analysis of the proximal (D) and
distal (E) insertion junctions. Reference sequences on
Xq27.1 and 4q31 are indicated in red and blue, respec-
tively. The distal junction contains a 25 bp microinser-
tion.
(F) PCR amplification of the proximal insertion junction
showing segregation of the insertion with the pheno-
type.
All genomic positions correspond to the February 2009
human reference sequence (GRCh37).
the palindrome. Thus, it appears that the human-specific

palindromic sequence at Xq27.1 is prone to breakage and,

hence, represents a hotspot for genomic rearrangements,

including insertion.

An interchromosomal insertion event requires at least

three breakage events and therefore is not only rarer but

also more complex in comparison to the common types

of genomic rearrangements (microdeletion, microduplica-

tion, and terminal translocation). Earlier studies of micro-

scopically visible interchromosomal insertions estimated

the incidence to be 1:80,000 live births.20 However,

recently, high-resolution array-based comparative gen-

omic hybridization (aCGH) analysis and confirmatory

FISH of 18,000 clinical samples identified 40 interchromo-

somal insertions (1:500), thus indicating that they may

not be as rare as previously thought.12 Interchromosomal

insertions can produce a disease phenotype by altering

the activity of a gene. If a gene(s) within the insertion is

dosage-sensitive, its expression may be increased. The

insertion event may disrupt a gene and cause either

a loss or a gain of function. Aberrant expression of a gene

may result from insertion of a novel sequence within or

near the gene because of either a position effect or the

introduction of novel regulatory sequences. In the sponta-

neous Dancer (Dc) mouse mutant, an interchromosomal

insertion in the first intron of Tbx10 of a genomic fragment

containing the p23 promoter can cause ectopic Tbx10
The American Jour
expression, thereby producing cleft lip and plate

in homozygotes.21 Through a combination of a

high-resolution microarray-based CNV scan and

targeted genomic sequencing, we were able to

find independent pathogenic insertions in

X-linked CGH. The two insertion events were

shown to be mediated by the same small palin-

drome that is situated in a 485 kb gene-desert

region flanked telomerically by SOX3 encoding

the SRY (sex determining region Y)-box 3 tran-
scription factor (Figure 4A). SOX3 is the most intriguing

candidate gene because its 30 end lies 82 kb telomeric to

the palindrome and the SOX family of transcription factors

is among the most important groups of developmental

regulators. We postulate that the palindrome-mediated

insertions identified in our present studymight have intro-

duced tissue-specific regulatory elements and hence

induced ectopic expression of SOX3 in hair follicles (HFs)

or precursor cells, which might cause aberrant patterning

of hair and result in the abnormal phenotype.

Mutations in SOX3 have been associated with X-linked

mental retardation with isolated growth hormone defi-

ciency (MIM 300123),22 and also with X-linked hypopitu-

itarism (MIM 312000).23 Microduplications encompassing

SOX3 have been found in X-linked hypopituitarism.23

In X-linked recessive hypoparathyroidism (MIM 307700),

an insertion of an approximately 340 kb intragenic frag-

ment of SNTG2 (MIM 608715) on 2p25.3 into an Xq27.1

site 67 kb downstream of SOX3 has been identified.24 This

insertion event accompanies a 23–25 kb deletion that

includes the human-specific palindrome. A position effect

on SOX3 expression has been suggested as the underlying

pathogenic mechanism.24 Recently, Sutton et al. have re-

ported genomic rearrangements, including microduplica-

tions and a deletion in the SOX3 region, in three patients

with XX male sex reversal (MIM 300833) with breakpoints

in the SOX3 regulatory region.25 Although the precise
nal of Human Genetics 88, 819–826, June 10, 2011 823



Figure 4. Interchromosomal Insertions Mediated by the Same Human-Specific Palindrome
(A) Schematic diagram depicting the two independent insertions found in the present study. Red solid bars represent the inserted frag-
ments, and indicated sizes correspond to base pairs (bp). Red lines display the orientation of insertions. Positions of the BAC probes used
in two-color FISH and of the RefSeq genes on the corresponding chromosomal regions are shown.
(B) Schematic diagram of the 180 bp human-specific palindromewith a summary of the breakpoints identified in the present study. Solid
triangles indicate insertion breakpoints in the two study families (Chinese in red and Mexican in green). JBPcn, junction breakpoint in
the Chinese family; JBPmx, junction breakpoint in the Mexican family. Open triangles represent the deletion breakpoints in normal
individuals (Chinese in red, Mexican in green, and Yoruban in black). A black solid bar represents the LINE-1 element that contains
the proximal JBPcn. The precise position of the JBPcn is given.
(C) Schematic diagram showing the small human-specific palindrome at Xq27.1 and its flanking sequences. The 180 bp palindromic
sequence is boxed. A chimp has two halves of the palindrome but in direct orientation. All other three nonhuman primates only
have one half of the palindrome.
All genomic positions correspond to the February 2009 human reference sequence (GRCh37).
breakpoints of these rearrangements are not available from

their study, it does appear that the genomic region involved

in the insertion events reported in our study is duplicated in

twoof three patients reported. Theabove-describedpatients

with X-linked hypopituitarism, X-linked recessive hypo-

parathyroidism, or XX male sex reversal do not have the

hypertrichosis phenotype.23–25 Additionally, females with

Xq26-q28 deletions, which can result in a loss of SOX3,

develop premature ovary failure 1 (MIM 311360) but not

hypertrichosis.26–29 Together, these provide support for

our hypothesis that X-linkedCGHwith or without scoliosis

and spina bifida results from the insertion events intro-

ducing novel DNA regulatory elements within each of the

inserted sequences, rather than from the creation of a ‘‘posi-

tion effect’’ by physical separation of the gene from its

intrinsic regulatory elements.

SOX3 is closely related to SOX2 (MIM 184429), the gene

encoding a key regulator for stem cells, but to date, it is not

known to be expressed in HFs. It has been shown that the

Sox2-expressing dermal papilla cells specify mouse HF

types and induce HF morphogenesis.30,31 With use of
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RT-PCR (Table S1), we could not detect SOX3 mRNA

expression in HFs isolated from scalp skin tissue donated

by healthy individuals after cosmetic surgery or from

a skin specimen taken from the upper arm of the proband

of the Chinese family (Figure S4). Thus, it seems reasonable

to speculate that the palindrome-mediated insertions

might have induced ectopic SOX3 expression at an early

stage of HF development. The inserted fragment in the

Chinese family might contain additional regulatory

elements and, thus, lead to additional malformations,

including scoliosis. Coincidentally, CNVs on 17q24 near

SOX9 (MIM 608160), the gene encoding an essential regu-

lator of HF stem cells,32,33 cause autosomal-dominant

CGH.5 Further studies are required to determine whether

aberrant expression of SOX3 or SOX9 alters the patterning

of hair as implicated by these studies.
Supplemental Data

Supplemental Data include three tables and four figures and can

be found with this article online at http://www.cell.com/AJHG/.
2011

http://www.cell.com/AJHG/


Acknowledgments

We thank the family members for their participation in the study.

This work was supported mainly by the National Natural Science

Foundation of China (fund 30730097 to X.Z. and T.J.) and the

State Key Laboratory Program of the Ministry of Science and

Technology of China (to X.Z.). X.Z. is a Chang Jiang Scholar of

Genetic Medicine supported by the Ministry of Education of

China. X.Z. is also supported by the 111 Project (B08007).

Received: March 15, 2011

Revised: April 22, 2011

Accepted: May 3, 2011

Published online: June 2, 2011
Web Resources

The URLs for data presented herein are as follows:

Database of Genomic Structural Variation (dbVar), http://www.

ncbi.nlm.nih.gov/dbvar

Database of Genomic Variants, http://projects.tcag.ca/variation

Online Mendelian Inheritance in Man (OMIM), http://www.

omim.org

UCSC Genome Browser, http://genome.ucsc.edu/cgi-bin/

hgGateway
Accession Numbers

The dbVar accession number for the study reported in this paper

is nstd55.
References

1. Macı́as-Flores, M.A., Garcı́a-Cruz, D., Rivera, H., Escobar-

Luján, M., Melendrez-Vega, A., Rivas-Campos, D., Rodrı́guez-

Collazo, F., Moreno-Arellano, I., and Cantú, J.M. (1984). A
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