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The genetic and cytogenetic map around the chro-
osome 1 region shown to be linked with polledness

nd intersexuality (PIS) in the domestic goat (Capra
ircus) was refined. For this purpose, a goat BAC li-
rary was systematically screened with primers from
uman coding sequences, scraped chromosome 1 DNA,
ovine microsatellites from the region, and BAC ends.
ll the BACs (n 5 30) were mapped by fluorescence in
itu hybridization (FISH) on goat chromosome 1q41–
45. The genetic mapping of 30 new goat polymorphic
arkers, isolated from these BACs, made it possible to

educe the PIS interval to a region of less than 1 cM on
oat chromosome 1q43. The PIS locus is now located
etween the two genes ATP1B and COP, which both
ap to 3q23 in humans. Genetic, cytogenetic, and com-

arative data suggest that the PIS region is now prob-
bly circumscribed to an ;1-Mb DNA segment for
hich construction of a BAC contig is in progress. In
ddition, a human YAC contig encompassing the
lepharophimosis-ptosis-epicanthus-inversus region
as mapped by FISH to goat chromosome 1q43. This
uman disease, mapped to HSA 3q23 and affecting
he development and maintenance of ovarian func-
ion, could be a potential candidate for goat PIS. © 1999

cademic Press

INTRODUCTION

The first determinant in the male sex cascade was
roven by transgenesis experiments to be a monoex-
nic gene of the Y chromosome, SRY (sex region of the

chromosome; Koopman et al., 1991). At the head of

Sequence data from this article have been deposited with the
enBank Data Library under Accession Nos. G41205–G41228,
F040106, AF40117, AF40119, and AF40120.

1 To whom correspondence should be addressed. Telephone: 00 1
4652427. Fax: 00 1 34652478. E-mail: vaiman@biotec.jouy.inra.fr.
31
he cascade, SRY is not known to have a direct effect.
nstead, it bends a target DNA and induces or inhibits
he transcription of specific genes (Haqq et al., 1993;
arley et al., 1992). The discovery of the testis differ-

ntiation factor was followed by a search for other
ntervening factors such as a SRY-related gene, Sox9,
hich has been shown to be involved in testis determi-
ation (Foster et al., 1994; Morais da Silva et al., 1996).
oth SRY and Sox9 are expressed early in the testis,
uggesting that these two genes must play an essential
arly role in male sex determination, presumably in
he differentiation of Sertoli cells. In humans, linkage
nalysis, together with the study of sexual anomalies
orrelated with chromosome rearrangements, revealed
hat several other genes play a part in sex determina-
ion. The positional cloning of these genes, however, is
ampered by the small number and limited size of
ffected human families. In particular, genes involved
n XX maleness in humans have never been identified,
lthough clinical observations have been made. Cases
f XX males have also been described in several domes-
ic species such as pigs, dogs, and goats (Cribiu and
haffaux, 1990). One particular characteristic in the

ast species is a close association between intersexual-
ty and absence of horns (Asdell, 1944). While loci for
olledness have been described and localized for the
hree major species of domestic ruminants, cattle,
oats, and sheep (Georges et al., 1993; Montgomery et
l., 1996; Vaiman et al., 1996a), the three locations are
ot homologous. Only in goats was the absence of horns
dominant) correlated with sex-reversal (recessive). Al-
hough numerous animals were examined, no recom-
inant was ever found between the two goat pheno-
ypes (Ricordeau and Lauvergne, 1967; Soller et al.,
969), suggesting that the normal phenotype is caused
ither by the action of a unique pleiotropic gene or by
wo closely linked genes. Moreover, pedigree analysis
0888-7543/99 $30.00
Copyright © 1999 by Academic Press
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33HUMAN HOMOLOGOUS REGION OF THE GOAT POLLED/INTERSEX SYNDROME
evealed autosomal determinism (Ricordeau, 1981). No
RY-containing DNA segment was detectable in the
enome of XX-male goats, eliminating the hypothesis
f a translocation of a tiny SRY-containing chromo-
ome fragment onto an autosome or the X chromosome
Pailhoux et al., 1994). Previous studies have made it
ossible to map the goat PIS locus to the distal region
f goat chromosome 1q43 (Vaiman et al., 1996a), ho-
ologous to human chromosome 3 (HSA3) (Vaiman et

l., 1997a). In this study, our aims were to give a
recise definition of the human homologous region of
he goat PIS and to provide detailed genetic informa-
ion on the goat region. We report the identification
nd cytogenetic mapping of 30 goat BACs from the
egion, identified using sequence information from hu-
an genes or ESTs, caprine scraped chromosome

q42–q44, and a BAC resulting from a chromosome
alking step. Part of these BACs, corresponding to the
ost likely position of PIS, were subcloned and

creened for microsatellites. Twenty-nine new poly-
orphic markers were isolated, which made it possible

o reduce the region to an interval of less than 1 cM and
efine precisely the homologous human chromosome
and. Finally, BPES type 1 (MIM110100), a human
enetic disease triggering gonadal dysgenesis and an
xcess of epidermic production at the eyelids, located at
he homologous human chromosomal position, could be
potential candidate for the goat syndrome.

MATERIALS AND METHODS

Goat families. Goat families were previously described in
aiman et al. (1996a). Briefly, 12 families were constituted from 12
ales heterozygous for the presence of horns (P/p). These males were
ainly crossed with females with horns (p/p). For the PIS, the
aximum number of informative meioses was 268.

Scraped chromosomes. Microdissected chromosome fragments
rom bands 1q42–q44 (starting material was three chromosomes)
ere amplified by DOP-PCR with the primer 6-MW (Telenius et al.,
992) using previously described protocols (Weikard et al., 1997).
CR products were fluorescently labeled and hybridized to goat
etaphases that gave a specific signal at the distal region of CHI1.
he PCR products were ligated in the presence of Srf1 in the PCR-
cript vector (Stratagene) after treatment with Pfu DNA polymerase.
ransformation was performed by electroporation of freshly pre-
ared DH10B competent cells using an EasyJect electroporator (Eu-
ogentec). Thirty individual clones were dotted on a nylon membrane
nd hybridized with either total human DNA or cattle DNA, which
ndicated that all the clones were of ruminant origin. One hundred
fty clones were miniprepped and sequenced using an ABI 377
utomatic sequencer. On average, 150 bases of sequence were ob-
ained and used to define PCR primers. PCR from goat DNA resulted
n 61 different amplification products.

BAC isolation. As previously described, a goat BAC library
Schibler et al., 1998b) was screened for sequences originating from
craped chromosomes, genes, and ESTs. When using primers from
craped chromosome sequences, the occurrence of repetitive se-
uences prevented successful screening of the library in 41 cases. In
he other 20 cases, BAC were isolated and all mapped to 1q41–q45.

FIG. 1. Gene-based comparative mapping of the PIS region betwe
SA3 is presented in G-banding. Human localizations and radiation

n front of corresponding genes. Vertical arrows indicate the size an
Data from the human map were used to identify ESTs and exonic
equences from genes mapped in the critical region. Isolated BACs
ere mapped systematically by FISH, resulting in 5/8 consistent

ocalizations for genes and 4/25 for ESTs. The discrepancies were due
o nonamplification with the human primers or multiple responses in
he library, which mapping and sequencing of PCR products revealed
s being nonspecific. BACs from the 1-cM interval surrounding the
IS were used to perform a chromosome walk. For this purpose,
rimers were designed from either BAC ends or random sequences
rom subcloned BACs. Sequencing of BAC ends was performed es-
entially as described at the web site http://www.genome.ou.edu/
roto.html, with slight modifications. BAC DNA was prepared from
medium prep (100 ml) using the Nucleobond AX kit (Macherey-
agel), according to the manufacturer’s recommendations. Approx-

mately 3 mg of DNA template was mixed with 8 ml of Big Dye Mix,
0 pmol T7 or SP6 primer in a 10-ml reaction volume. After a 3-min
enaturation phase at 95°C, templates were subjected to 99 cycles at
5°C for 30 s, 55°C for 20 s, 60°C for 4 min, using a Perkin–Elmer
600 thermocycler. Samples were then loaded onto an ABI 377
utomatic sequencer.

FISH mapping and BAC subcloning. Two milliliters of BAC over-
ight culture was used for miniprep, and one-tenth of this material
about 200 ng) was fluorescently labeled for FISH, as described
reviously (Bahri-Darwich et al., 1994). Hybridization was carried
ut on goat R-banded metaphases from a 59,XY rob (6;15) cell line
Guillemot et al., 1991). Recurrent signals were observed for all the
apped BACs. Similarly, human YACs (kindly provided by the
EPH) were labeled and hybridized to goat metaphases. For sub-
loning, BACs were totally digested (by Sau3AI or BamHI according
o the average fragment size desired) and ligated in linearized/
ephosphorylated pGEM4Z vector. Ligation products were electro-
orated, and bacteria were plated on 15-cm LB-agar plates contain-
ng ampicillin, IPTG, and X-Gal. After overnight growth, membranes
ere screened using a mix of TG12/TC12 oligonucleotides and labeled
sing the Boehringer DIG-labeling kit. After hybridization and au-
oradiography, positive clones were selected and sequenced, making
t possible to design PCR primers that framed the microsatellite
equence.

Genotyping, determination of marker order, and recombinant anal-
sis. Families previously described (Vaiman et al., 1996a) gave us a
aximum of 293 informative meioses. Genotyping was performed
sing two techniques: direct incorporation of [a-33P]dATP as de-
cribed (Vaiman et al., 1996b) or Southern transfer on Hybond-N1

embranes (Amersham) followed by hybridization with a fluores-
ently labeled TG12 oligonucleotidic probe (Vignal et al., 1993). In
oth cases, PCR was carried out in a MJ Research or a Perkin–Elmer
600 thermocycler for 30 cycles (94°C for 15 s, 58°C for 15 s, 72°C for
0 s) following an initial denaturation step of 5 min at 95°C. Samples
ere separated by electrophoresis through a 5% acrylamide–7.5 M
rea sequencing gel before transfer, hybridization, or autoradiogra-
hy, according to the technique being used. Films were then inter-
reted independently by two researchers. Precise marker order was
btained by analyzing individual haplotypes in the whole set of
amilies in the critical region, confirming the most probable order
btained by using the “build” and “all” options of CRIMAP. Finally,
he order obtained was checked against alternative orders using the
flip” option of CRIMAP. The differences in likelihood values were all
ositive, although weak, of course, for couples of markers without
ny recombinations. Log(likelihood) values above 3 were obtained for
he relative positions of 12 of the markers. In particular, differences
n Log(likelihood) between the two alternative orders were 5.75 and
.12 for the markers framing the PIS (LSCV045/LSCV076 and
SCV035). The position of markers isolated from coding sequences
as also confirmed by comparative mapping data obtained from the
uman map. Double-recombinants were searched for using the

human and goats. CHI1 and CHI22 are depicted in R-banding, while
brid mapping data together with human YAC contigs are presented
rder of conserved segments.
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chrompic” option of CRIMAP. When double-recombinants occurred,
he gels were rechecked, and eventually the individual was geno-
yped anew. Only three double-recombinants were ascertained in the
nterval under scrutiny (Fig. 2), all confirmed by the existence of a
onsecutive series of markers in the inverted phase. For instance, for
DN 245 of family 12 (Fig. 2), the double recombination is demon-
trated by the phase inversion of four ordered markers (LSCV120,
SCV076, PIS, and LSCV035).

RESULTS

ytogenetic Definition of the PIS Region

The goat homologues of 19 coding sequences mapped
o human chromosome bands 3q21 to 3q27 were ob-
ained from the goat BAC library and mapped by FISH
o goat chromosomes (Fig. 1). Genes from HSA 3q21
CASR, TCRVB8BP), 3q22–q23 (TF, NCK, CRBP1,
FDP2, ATP1B3, WI-13749, WI-9573), 3q24 (CPA3,
BXP1), 3q24–q25 (CP, GYG, AGTR1), 3q26–
27(SOX 2, AHSG, KNG), and 3q27–q28 (SST,
DUFS8) were mapped to CHI1q31, 1q43–q44,
2q22–q24, 1q41–q42, 1q33–q34, and 1q24–q25, re-
pectively.
One hundred fifty independent clones from the plas-

FIG. 2. List of recombinants present in the whole set of goat famil
re represented by numbers. Hatched segments indicate cases where
f marker noninformativeness. A thick line displays the position of
ere noninformative (represented by hatched segments), the line wa
4 markers spans 9.55 cM. Double recombinants are repeated twice
id library obtained from scraped chromosome frag-
ents were sequenced. The average size of DNA frag-
ents could be evaluated at 150 bp only, limiting the

fficiency of direct screening for identifying microsat-
llite sequences. To circumvent this problem, a two-
tep approach was used: first, the BAC library was
creened with primers designed from scraped chromo-
ome sequences, and then microsatellite markers were
solated by subcloning of these BACs. Twenty BACs
ere isolated this way and mapped by FISH to goat

hromosome 1q41 (8), 1q42 (2), 1q43 (3), 1q44 (1), and
q45 (6). BACs were also isolated using primers for
ovine microsatellites CSSM019 and BL28, and both
apped to 1q43.

mprovement of the Genetic Map

Polymorphic genetic markers were isolated from all
he available sources (i.e., scraped material, markers
rom other maps, and human genes) after BAC sub-
loning (Table 1). Among these, eight different micro-
atellites (LSCV108, LSCV111, LSCV121, LSCV122,
SCV116, LSCV119, LSCV120, and LSCV110) were

rom scraped chromosome 1. Four microsatellites, iso-

arrayed according to the position of the recombination event. Alleles
e exact position of the recombination cannot be determined because
recombination for each individual. When markers framing the PIS
rbitrarily drawn at the left. The total DNA segment covered by the
the two different recombination positions and are in boldface type.
ies,
th

the
s a
at
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ated from bovine flow-sorted chromosomes (Vaiman et
l., 1997b), were adapted to goats (DVEPC083,
VEPC113, DVEPC118, and DVEPC119). A microsat-

llite from the bovine map (BL28) was monomorphic in
oats, but it allowed for the successful recovery of a
oat BAC containing a polymorphic microsatellite
LSCV103). Similarly, a second microsatellite
LSCV010) was isolated from the CSSM019-containing
AC. In addition, nine microsatellites were isolated

rom BAC-containing genes or ESTs, as well as one
icrosatellite from the contig under construction. An

dditional polymorphic marker was characterized in
he promoter region of the Sox14 gene. A BAC contain-
ng this gene was subcloned, and the complete coding
equence was analyzed (Pailhoux et al., in prepara-
ion). A single-base biallelic Msp1 polymorphism was
iscovered in the 59 untranslated region of the gene, 73
ucleotides before the ATG codon. We could therefore
arry out a PCR-RFLP analysis of the segregating fam-
lies. Three microsatellite markers, LSCV073,
SCV035, and LSCV053, could be genotyped only by
he hybridization of a TG probe to blotted sequencing
els after electrophoresis (see Materials and Methods).
he TG probe recognized up to four different TG-con-
aining sequences in LSCV053. Whereas only one of
he expected size appeared monomorphic, the other
mplification products map to other chromosome loci.
Marker order was determined by analyzing recombi-

ant haplotypes found in the complete file in the inter-
al delimited by CSSM019 (1q43) and LSCV121 (1q42)
see Materials and Methods). This analysis revealed
he presence of 22 single-recombinants and three dou-
le-recombinants in the interval under scrutiny (Fig.
). Thus, the total number of recombination events
bserved in our families could be estimated at 28. The
enetic length of the interval could therefore be calcu-
ated as 28/293 3 100 5 9.55 cM. The most likely
ocalization of the PIS locus situates it between two

icrosatellite markers isolated from the contig sur-
ounding the gene, LSCV076 and LSCV035. The ge-
etic distance separating these two markers was esti-
ated at 0.9 cM by the analysis of 180 coinformative
eioses. Moreover, the PIS locus was located between
icrosatellites associated with the genes CRBP1,
OP, ATP1B, and TFDP2, which are all located at
SA3q23 (Fig. 3).

omparative Cytogenetic Mapping of the YAC BPES
Contig

Three human YACs (926D7, 925B1, and 924H7),
reviously shown to coincide with the BPES critical

FIG. 3. The comparative map of the PIS region is presented alon
rawn with the centromere to the bottom. Scraps represent goat BA
q41–q45. (Right) An enlargement is presented centered at the 9.55
cale for 23 genetic markers framing the PIS. BACs from which mark
enes are presented in boldface italics between the goat enlarged g
ositions are represented in centirays and centimorgans along the Y
egion (Piemontese et al., 1997), were mapped by FISH
o goat chromosome band 1q43. COP and ATP1B3,
elonging to human YAC 925B1, were located at 156
M on the long arm of HSA3 (data obtained from http://
ww.ncbi.nlm.nih.gov/cgi-bin/SCIENCE96/msrch2).
adiation hybrid mapping indicated map distances of
38 and 646 cR for these two genes, suggesting that the
uman homologue of the goat PIS would be situated
etween these two positions, on human chromosome 3q.

DISCUSSION

In this paper, we present a thorough characteriza-
ion of the region involved in XX maleness in goats,
ncluding precise genetic and cytogenetic mapping to-
ether with comparative data. Different concurrent ap-
roaches were applied, based mainly on the examina-
ion of homologies between human and ruminant gene
aps (Schibler et al., 1998a). Zooming in on the gene,

y using essentially a large-insert genomic library, is a
trategy that can be applied to other positional cloning
rojects in domestic animals, for which YAC or BAC
ibraries are available today.

Published ZOO-FISH data have shown that HSA3
ybridizes on bovine BTA1 and BTA22 (Hayes, 1995;
olinas-Toldo et al., 1995). In addition, BTA1 [as well
s CHI1 (Vaiman et al., 1997a)] is homologous to a part
f HSA3 in the medial zone and to HSA21 at the
erminal and proximal regions. Although our gene-
ontaining BAC probes labeled CHI1 and CHI22, six
oncontiguous segments were observed, suggesting the
xistence of complex rearrangements between human
nd ruminant chromosomes in the PIS surrounding
egion. Surprisingly, a HSA3 segment homologous to
HI22 (3q24) is embedded between segments homolo-
ous to CHI1 (3q21–q23 and 3q25–q27). Moreover,
ven inside these segments, gene order appears dis-
upted. These results add weight to the observation of
chibler et al. (1998b), based upon the FISH mapping
f 202 human genes in ruminants, that unveiled twice
s many breaking points as revealed by ZOO-FISH. It
uggests that this could still be an underestimation of
he actual complexity.

The targeted approach used in this study led to the
solation of 30 polymorphic genetic markers that could
e genotyped on the goat families. Peculiarly, six mark-
rs in the interval LSCV074–LSCV045 often presented
ultiple and complex amplification products. Three of

he markers, LSCV074, LSCV076, and LSCV045,
ould nevertheless be accurately genotyped by incorpo-
ating labeled dATP during PCR. For the three
emaining markers (LSCV035, LSCV053, and

ith cytogenetic and genetic data. (Left) R-banded chromosome 1 is
isolated using scraped chromosome 1 sequences mapped in FISH to

of bands q42 and q43, with genetic mapping information drawn to
were isolated are tagged by their addresses in the goat BAC library.
tic map and the human BPES YAC contig (see text). Human map
contig. BACs and YACs are drawn to scale.
g w
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SCV073), an alternative blotting technique made the
nterpretation of LSCV035 and LSCV073 straightfor-
ard. This surprising result could be due to the high
ccurrence of repetitive sequences in this particular
egion of the goat genome. The implication of these
ypothetical numerous repetitive sequences (potential
pots of chromosome rearrangements) in the syndrome
emains an open question. The high marker density
btained in the PIS region limits the use of classical
rograms such as CRIMAP for precisely defining inter-
arker distances and order. However, haplotype anal-

sis, traditionally used by mouse geneticists, allows us
o establish relative marker positions reliably (Fig. 2).
he region under scrutiny covers 9.55 cM. In this in-
erval, three double-recombinants were found, which is
xactly the number expected for about 300 informative
ndividuals in a 10-cM interval.

Genetic and cytogenetic mapping helped us to iden-
ify goat chromosomal band 1q43 as the likeliest loca-
ion of PIS. Genes mapped to this band indicated that
he homologous human region is HSA3q23. This result
as confirmed by heterologous mapping of a human
q23 YAC contig to goat 1q43. Our genetic data even
ndicate that the PIS homologous segment might re-
ide in human YAC 925B1. This region is known to be
inked in humans to a genetic disease associating XX
onadal dysgenesis with excessive epidermic produc-
ion in the eyelids, BPES type I (Zlotogora et al., 1983).
he phenotype discrepancies (intersexuality and
olledness in goats versus ovarian dysgenesis and eye-
id malformation in humans) could be due to species-
pecific differences in the gene action mode between
he two species. Horns (in Bovidae) and eyelids share
t least in part the same embryological origin. Horns
re the result of the fusion of a bony core from the
erma with small bony protuberances growing from
he frontal part of the skull, with the skin being prob-
bly at the origin of induction. On the other hand,
ariations of the sex determination pathway are in-
eed not uncommon among mammals, as shown by the
xtreme variability of the SRY sequence outside the
MG box (Nagai, 1996; Payen and Cotinot, 1994; Pon-

iggia et al., 1995) and mode of action (Lau and Zhang,
998).
The cloning of BPES has not yet been achieved in

umans, essentially because human genetic analyses
f such rare diseases stumble over the rarity and lim-
ted size of segregating families. A study of this type of
isease can therefore be greatly helped by the use of
nimal models, where the constitution of large families
s more straightforward. The major clues suggesting a
ossible homology between PIS and BPES are of a
ositional nature. The definitive answer will have to
ait for the cloning of one of these genes to be sup-
orted by physiological observations. For this purpose,
onstruction of a goat BAC contig is in progress and
hould make it possible to identify coding sequences of
he region in the near future.
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