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The vitamin D binding protein/Gc-globulin (DBP) gene is a member of a multigene cluster that includes albumin
(ALB), a-fetoprotein (AFP), and a-albumin/afamin (AFM). All four genes have structural and functional
similarities and map to the same chromosomal regions in humans (4q11–q13), mice, and rats. An accurate
physical map of the region encompassing these genes is a prerequisite for study of their respective
transcriptional regulation and identification of potential shared regulatory elements. By refining the physical
and meiotic maps of the 4q11–q13 region and creating a local PAC contig, the order and transcriptional
orientations of these four genes were determined to be centromere–38-DBP-58–58-ALB-38–58-AFP-38–58-AFM-
38–telomere. The ancestral DBP gene was separated from the ALB gene by >1.5 Mb. This organization and spacing
establishes a foundation for ongoing functional studies in this region.

Structurally related genes in higher eukaryotes with
common evolutionary origins are frequently organized
into multigene clusters. This organization may facili-
tate their coordinate expression by virtue of shared cis-
regulatory elements (for review, see Dillon and Gros-
veld 1993). The genes encoding vitamin D-binding
protein (DBP; also known as the group-specific compo-
nent, GC), albumin (ALB), a-fetoprotein (AFP), and
a-albumin/afamin (AFM) belong to a multigene family
with highly conserved intron/exon organization and
encoded protein structures (Cooke and David 1985;
Yang et al. 1985; Belanger et al. 1994; Lichenstein et al.
1994). Evolutionary comparisons strongly support DBP
as the original gene in this group with subsequent local
duplications generating the remaining genes in the
cluster (Cooke and Haddad 1989, 1995; Haefliger et al.
1989). All four genes are expressed predominantly in
the liver with overlapping developmental profiles.
These data suggest that DBP and the other members of
the gene family may share one or more regulatory el-
ements. Construction of a detailed physical map of the
chromosomal region containing all four genes, includ-
ing determination of relative transcriptional orienta-
tions, is a prerequisite for the study of this proposed
coordinate regulation.

The closely linked, tandem arrangement of ALB
and AFP in the same transcriptional orientation has
been well documented in three mammalian species:

mouse, rat, and man (Ingram et al. 1981; Chevrette et
al. 1987; Urano et al. 1984, respectively). AFM, the
most recently identified member of this gene family is
located immediately downstream and in the same
transcriptional orientation as the AFP gene in both
man (Nishio et al. 1996) and rat (Belanger et al. 1994).
Although studies showed that the DBP gene is closely
linked to the other three members of this gene family,
it has not been possible to colocalize DBP and any of
these genes on a single yeast artificial chromosome
(YAC) (Guan et al. 1996). Using fluorescent in situ hy-
bridization (FISH) mapping on human stretched chro-
mosomes, the four genes were reported to be organized
as centromere–38-DBP-58–38-AFM-58–38-AFP-58–38-ALB-
58–telomere and the distance between DPB and AFP
was estimated to be ∼108 kb (Nishio et al. 1996). Using
a new P1-artificial chromosome (PAC) contig and ad-
ditional YACs, we report a refined and revised physical
and meiotic map of the 4q11–q13 region. From these
data it was concluded that the organization of the clus-
ter is instead centromere–38-DBP-58–58-ALB-38–58-AFP-
38–58-AFM-38–telomere. In addition, these data re-
vealed that the separation between DBP and the re-
maining family members is at least 1.5 Mb.

RESULTS

Alignment of Physical and Meiotic Maps
The major genetic markers in the region of the DBP
gene are DBP, ALB, and IL8. The existing meiotic maps
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either do not specify the order of the DBP, ALB, and IL8
genes (GenLink; Marshfield Center for Medical Genet-
ics; Cooperative Human Linkage Center) or else predict
the gene order as centromere–DBP–IL8–ALB–telomere
in the 4q11–q13 region (Mills et al. 1992; Fan et al.
1994) (Fig. 1A). In contrast, the physical map reports
the inverted order, that is, centromere–DBP–ALB–IL8
(Stanford Human Genome Center; Karrman et al.
1997) (Fig. 1B). Many of the genes of interest (DBP,
ALB, AFP, AFM, and IL8) do not contain convenient,
highly polymorphic sequences. Therefore, to align the
physical and meiotic maps we used microsatellite
markers known to reside in close proximity to the DBP,
ALB, and IL8 genes. PCR was performed to order three
of these polymorphic markers, D4S2641, D4S1517,
and D4S2403, using DNA from seven individuals from
four Centre d’Etude du Polymorphisme Humain
(CEPH) families (see Appendix I) (Fig. 1B,C, boxed).
These seven individuals were known to have crossovers
within the interval of interest between the bins

(D4S392/D4S2969/D4S1543) and (D4S2958/D4S2990/
D4S1558/D4S3042) (GenLink database). The cross-
overs in individuals 884-4 and 1362-11 indicated that
D4S2641 lies distal to (D4S392/D4S2969/D4S1543) but
proximal to (D4S1517/IL8/D4S2403) and (D4S2958/
D4S2990/D4S1558/D4S3042) (Fig. 1D). The crossovers
within the individuals 884-12, 1332-3, 1347-3, and
1416-16 suggested that the markers D4S1517 and
D4S2403 are proximal to the (D4S2958/D4S2990/
D4S1558/D4S3042) loci. The existing crossover data do
not allow separation of markers D4S1517 and
D4S2403. Thus, the order of these genetic markers was
determined to be (D4S392/D4S2969/D4S1543/DBP)–
(D4S2641–ALB)–(D4S1517/IL8/D4S2403)–(D4S2958/
D4S2990/D4S1558/D4S3042) (Fig. 1C). This new order
is consistent with that derived from the physical map
(Stanford Human Genome Center; Karrman et al.
1997) (Fig. 1B) and excluded the possibility of inver-
sion of the region between D4S1389 and D4S1558
(shown in brackets in Fig. 1B).

Orientation of ALB/AFP/AFM
Cluster
The orientation of the ALB/AFP/
AFM cluster relative to DBP had
not been defined by physical
mapping. To determine the order
of DBP, ALB, AFP, and AFM
genes, YAC clones containing
these genes were characterized.
The CEPH mega-YAC library was
screened with primers for exon 4
of the DBP gene and two YAC
clones, 875G8 and 880F10, were
isolated. These and a series of
YAC clones reported to contain
the ALB, IL8, or DBP genes (Fan
et al. 1994) were analyzed (sum-
marized in Table 1). The sizes of
the YACs were determined by
pulsed-field gel electrophoresis
(PFGE) followed by hybridization
with total human DNA. YACs
325C3 and 218B4 generated two
bands when hybridized with to-
tal human DNA suggesting that
they contained two YACs. Each
YAC was tested for its chromo-
some content by the Alu–PCR
method. Of 14 YACs, 4 were
found to be chimeric, containing
DNA from chromosomes 1, 2, 3,
8, or 14 in addition to chromo-
some 4. To confirm the chromo-
some content determined by
Alu–PCR, FISH was performed on

Figure 1 Genetic and physical maps of the subcentromeric region of chromosome 4. (A)
Genetic map (Fan et al. 1994); (B) physical map of 4q11–q21 (The Genome Database; Stan-
ford Human Genome Center; Karrman et al. 1997). Lack of redundancy in this YAC contig
suggested the possibility of an inversion of the interval enclosed in brackets. (C) Order of loci
derived from the genotyping of CEPH families. The three markers tested in this study are
boxed. Markers are underlined to indicate that there were no recombinants between them. (D)
Crossover map of 4q11–q21. DNA samples of seven individuals from CEPH families known to
have a recombination between (D4S392/D4S2969/D4S1543) and (D4S2958/D4S2990/
D4S1558/D4S3042) were genotyped for markers D4S2641, D4S1517, and D4S2403, result-
ing in the deduced ordering shown in C.
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YAC clones 875G8 and yWPR22. FISH data confirmed
that the 875G8 insert contained DNA only from chro-
mosome 4, whereas yWPR22 hybridized to chromo-
some 2 and chromosome 4 (data not shown). The most
recently identified gene, AFM, has not been localized
in the previous YAC contig (Stanford Human Genome
Center). To determine the orientation of the ALB/AFP/

AFM cluster, primers specific for AFM as well as ALB
and AFP were used to test the presence of these genes
in each YAC. All of the YAC clones containing ALB also
contained AFP and AFM and therefore did not provide
additional information about the order of the genes
within the cluster with respect to the centromere. One
YAC clone, 379D4, was potentially informative: It con-

tained AFM but not ALB and AFP
genes. Unfortunately, this clone
was found to be chimeric and to
have a deletion within the chro-
mosome 4 insert (see Fig. 2).
Therefore it could not be used
for determination of the order of
the ALB, AFP, and AFM genes.

To address this problem we
screened bacteriophage P1/PAC
libraries to generate a P1/PAC
contig in the ALB region. One
PAC clone (80H19) and three P1
clones (628G2, 718A2, and
1230E10) were selected using
primers specific for the AFP
gene. All four clones were tested
for the presence or absence of
ALB, AFM, and neighboring
markers. 80H19 contained ALB
but not AFM, whereas 628G2
and 1230E10 contained AFM
and D4S1517 but not ALB (Fig.
2A,B). Because D4S1517 was
mapped distal to ALB in both
the previous physical map (Stan-
ford Human Genome Center,
Fig. 1B) and our meiotic map

Table 1. Characterization of DBP-, ALB-, and IL8-Containing YACs

YAC Size (kb)

Chromosome

DBPa,b ALBb AFPb AFMb IL8b Gro1b bTGbAlu–PCR FISH

300C7 360 4 + 1 1 1 1 1 1
331G3 290 4 + 1 1 1 1 1 1
875G8 1700 4 4 + 1 1 1 1 1 1
880F10 750 1,3,4 + 1 1 1 1 1 1
879B11 1500 4 1 1 1 1 1 1 1
879C3 1500 4 1 1 1 1 1 1 1
yWPR22 720 2,4 2,4 1 + + + + 1 1
250C8 365 4 1 + + + 1 1 1
325C3 280/410 4 1 + +* + 1 1 1
335G4 450 4 1 + + + 1 1 1
379D4 350 4,8 1 1 1 + + 1 1
218B4 360/440 4,14 1 1* 1* 1 +* 1 1
216D5 355 4 1 1 1 1 + 1 1
42F3 360 4 1 1 1 1 + + +

aPCR was performed to assign the genes to each YAC. The DBP (exon 4) primer was used (Table 3).
b(+) The presence of a signal of the expected size; (1) no amplification; (*) discrepancy with published results.

Figure 2 Schematic diagram of the human chromosome 4q11–q21 region deduced from
P1/PAC and YAC contigs. (A) The order of markers determined from previous (Stanford Human
Genome Center; Karrman et al. 1997) and present data are shown. The distances between the
markers are not drawn to scale, and the orders of STS markers enclosed by parentheses were not
determined. Markers are indicated without the D4S designation. The angled arrows indicate
the transcriptional directions of the genes. (B) Contigs of bacteriophage P1/PAC clones in the
DBP gene region and in region of the ALB/AFP/AFM gene cluster isolated for this study. (C) YAC
contig linking the DBP gene with the ALB/AFP/AFM gene cluster from previous (Stanford Human
Genome Center; Karrman et al. 1997) and present data. The sizes of each YAC clone are
indicated in parentheses. All the markers shown were tested for each YAC. A solid circle indi-
cates the presence of the STS or the gene shown in A. An open circle indicates that the presence
of that marker could not be confirmed in our experiments. An asterisk (*) indicates that our
results were discrepant with the literature.
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(Fig. 1D, see individual 884-9), the P1/PAC contig data
placed AFM distal to ALB and AFP and next to
D4S1517. AFP mapped distal to ALB and proximal to
AFM. Because the head-to-tail transcriptional orienta-
tion of the ALB, AFP, and AFM genes in both human
and in rat had been established previously (Belanger et
al. 1994; Nishio et al. 1996), the order of the genes is
centromere–DBP–58-ALB-38–58-AFP-38–58-AFM-38–
telomere (Fig. 2).

Transcriptional Orientation of the DBP Gene
To determine the transcriptional orientation of the
DBP gene a chromosome walking strategy combined
with construction of PAC and YAC contigs in the DBP
gene region were utilized. Four PAC clones containing
exon 4 of the DBP gene were isolated from the human
PAC library (Genome Systems, Inc., St. Louis, MO).
Two PAC clones 169F11 and 45P24 containing the DBP
gene were positive for D4S886 (Fig. 2B). End sequenc-
ing of PAC 45P24 demonstrated that PAC 45P24 lacked
1680 bp of the 58-flanking DBP sequence. Two other
clones 230N6 and 231M2 contained the 58-flanking
region but not D4S886. Hence, the order of markers
was determined as 58-DBP-38–D4S886 (Fig. 2A).

New sets of primers were designed using the DNA
end sequences of PAC clones 230N6 (EP1, most distant
58 from DBP) and 45P24 (EP2, most distant 38 from
DBP) and the PAC contig was extended in both direc-
tions with PAC clones 234M18 (centromeric) and 16F8
and 304B12 (telomeric). The presence or absence of
eleven PCR markers was tested in five YAC clones
(Table 2). These YAC clones were reported previously
to contain the DBP gene and/or flanking STS markers
D4S3319 (centromeric to DBP) and D4S1389 (telo-
meric to DBP) (Stanford Human Genome Center;
Karrman et al. 1997; The Genome Database). Clone
879C3 was negative for D4S3319, D4S886, and DBP
gene markers for exons 11, 9 and 4 (Tables 1 and 2); it
was positive for the DBP 58-flanking region, EP1, exon
1, and the telomeric marker D4S1389 (Table 2; Fig. 2C).
These data indicate that the transcriptional orientation
of the DBP gene is centromere–38-DBP-58–telomere, op-

posite to the transcriptional orientations of the ALB,
AFP, and AFM genes (Fig. 2A).

The Minimal Distance Between the DBP
and ALB Genes
Although none of the YAC clones contained both the
DBP and ALB genes (see Table 1), two YACs, 879C3 and
879B11, linked DBP-containing YAC 875G8 and ALB-
containing YAC 250C8 (Stanford Human Genome
Center) (Fig. 2C). No chimerism was found in these
two linking YACs when they were tested for chromo-
somal content by Alu–PCR. The sizes of YACs 879C3
and 879B11 were determined by PFGE and both were
∼1500 kb (Table 1). Thus, the distance between DBP
and the ALB/AFP/AFM cluster is a minimum of 1.5 Mb.

DISCUSSION
In this study, we refined the genetic map at the DBP
multigene locus by characterization of a YAC contig,
generation of P1/PAC contigs, and meiotic mapping.
The discrepancy between the existing meiotic and
physical maps required special analyses. Because only
one YAC (875G8) was identified in our study that
bridged both the DBP–D4S886 region and D4S1389
(Fig. 2C), and there was no established YAC contig dis-
tal to D4S1558, the possibility that the region between
D4S1389 and D4S1558 was inverted initially could not
be excluded. If this region were inverted, the order of
the DBP, ALB, and IL8 genes would be consistent with
the earlier genetic maps (Fig. 1A) (Mills et al. 1992; Fan
et al. 1994). Further characterization of the YACs iden-
tified YAC clone 879C3 that contained the marker
D4S1389 and DBP exon 1, thus orienting this region as
shown in Figure 2A. In addition, our meiotic mapping
also eliminated the possibility of inversion and in con-
junction with the contigs, the order of the genes was
determined to be centromere–38-DBP-58–58-ALB-38–58-
AFP-38–58-AFM-38–telomere.

This gene order differed from the conclusions of
Nishio et al. (1996), carried out by FISH hybridization
to extended DNA fibers. Their data predicted that all
four genes were in the same transcriptional orientation
in the order centromere–38-DBP-58–38-AFM–58–38-AFP-

Table 2. STS Content of YAC Clones and Transcriptional Orientation of the DBP Gene

Clone D4S3319 EP2 D4S886

Exon
DBP

intron 6

Exon
DBP
5* EP1 D4S138911 9 4 1

979H6 + + + + + N.T. + + + + 1
875G8 + + + + + + + + + + +
331G3 1 + + + + + + + + + 1
300C7 1 1 1 1 1 1 + + + + 1
879C3 1 1 1 1 1 N.T. 1 + + + +

(+) Presence of marker; (1) absence of marker; (N.T.) presence of marker not tested.
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58–38-ALB-58–telomere. This order was deduced from
five different FISH mapping experiments using probes
specific for the human chromosome 4 centromere,
ALB, DBP 58 end, DBP 38 end, AFP, AFM 58 end, and
AFM 38 end. Specifically, the following orders of several
subgroups of these genes were determined: ALB–DBP–
centromere, ALB–AFP–AFM, AFP–AFM–58-AFM-38,
AFP–DBP-58-DBP-38, and ALB–AFP–DBP. All of the FISH
mapping experiments were performed on extended
DNA fibers except for the ordering of ALB–DBP–
centromere where mechanically stretched chromo-
some were used. The gene orders, predicted from the
first four of these FISH mapping experiments, are
consistent with our data. The discrepancy results from
the predicted order ALB–AFP–DBP that was determined
by hybridization to extended DNA fibers. Although
these high-resolution FISH techniques allow ordering
of two or more markers, interphase mapping is most
useful for estimating genomic separations <1 Mb (Trask
1991). However, nonrandom loops and folds in inter-
phase chromatin may give rise to a frequently observed
but incorrect order (Yokota et al. 1995). Considering
the large distance (minimum 1.5 Mb) between DBP
and ALB determined in the present study, FISH map-
ping on DNA fibers may not be the ideal method for
determining the order of DBP, ALB, and AFP genes.
Similar discrepancies between FISH and physical map-
ping have been reviewed elsewhere (Mendez et al.
1994).

As members of a gene family, DBP, ALB, AFP, and
AFM have been shown to share several structural simi-

larities. These proteins share a common three-domain
structure defined by the invariant positions of cysteine
residues that are cross-linked by disulfide bonds
(Brown 1976). The positioning of the introns within
the coding region has also been conserved as a charac-
teristic feature of this gene family (Ray et al. 1991). Of
all four genes, the DBP gene is the most divergent
member. Based on this and other lines of study it
has been suggested that this gene family arose by
the triplication of the ancestral gene leading to genera-
tion of the DBP gene and an ALB/AFP/AFM primordial
gene (Haefliger et al. 1989). Later, the ALB gene was
generated by duplication of the ALB/AFP/AFM primor-
dial gene and finally AFP and AFM genes were sepa-
rated (Belanger et al. 1994). In this study, we showed
that the most divergent member of the gene family,
DBP, is separated from the other members by a mini-
mum distance of 1500 kb. In addition, its transcrip-
tional orientation is inverted relative to the other three
genes. This orientation places the DBP gene and the
ALB/AFP/AFM cluster in a head-to-head configuration
that might favor the sharing of regulatory elements
important for overall regulation of this multigene fam-
ily.

METHODS

Materials
Restriction and modification enzymes were purchased from
New England Biolabs Inc. (Beverly, MA). The chemicals were
purchased from Sigma Chemical Co. (St. Louis, MO), unless
otherwise indicated. Taq DNA polymerase was purchased

from Boehringer-Mannheim Corp. (In-
dianapolis, IN). Oligonucleotides were
synthesized by GIBCO BRL Life Tech-
nologies (Gaithersburg, MD) or pur-
chased from Research Genetics, Inc.
(Huntsville, AL). DNA samples from
the CEPH families were kindly pro-
vided by Drs. K. Fischbeck and K. Go-
golin Ewens (University of Pennsylva-
nia School of Medicine, Philadelphia).

Sequence-Tagged Sites
The sequence-tagged sites (STSs) for
the ALB, IL8, and Gro1 genes corre-
spond to STS4-97, STS4-1009, and
STS4-1010, respectively (Goold et al.
1993). The sequences of primers used
to detect AFP, AFM, and regions of the
DBP gene (58-flanking region, exon 1,
exon 4, intron 6, exon 9, and exon 11)
are shown in Table 3. PCR primers for
the 58-flanking region, exon 4, and in-
tron 6 of the DBP gene were designed
on the basis of the published sequence
of DBP (GenBank accession no.
L10641). PCR assay for the b-thrombo-
globulin (bTG) was performed as de-
scribed (Majumdar et al. 1991). The

Table 3. Sequences of Primer Sets Used in this Study

DBP58 (58-flanking region) 58-TTCCAAGCTCCAGAGTCATGGACC-38
237 bp 58-TGGCAGAGGCGTGAGATGGTTTAAG-38

DBP E1a (exon 1) 58-TACCACTTTTACATGGTCAC-38
157 bp 58-GAATTCCTGTAAATGGTCAC-38

DBP (exon 4) 58-ACCTCAGCACTGTCTGCCAAGT-38
212 bp 58-TGATTAGCATATTCCTTTGGATCTTTCCTG-38

DBP (intron 6) 58-AGCCCTCCAAACTGTTTCAACCCC-38
172 bp 58-ACACGGAACTGTGAAGTTGCCCAG-38

E9a (exon 9) 58-ATCTCCTTTTCTCCCTCATGC-38
239 bp 58-AGGCAGTGAGCAAGTTTTGG-38

E11a (exon 11) 58-ACATGTAGTAAGACCTTAC-38
249 bp 58-GATTGGAGTGCATACGTTC-38

EP1b 58-TGGGTCAAGTCTGCTTACCATCTG-38
203 bp 58-GTTGGGAGTGGCTGTTGATTTG-38

EP2b 58-TTGGGAAAGAAAGGTTGCCTAAC-38
252 bp 58-ATTCAGTTTGCATCCATTGATTTT-38

AFP (exon 12) 58-GCTGACATTATTATCGGACACTTATGT-38
224 bp 58-TCTTGCTTCATCGTTTGCAGCGC-38

AFM (1790–1878)c 58-CAACCCTGCTGTGGACCAC-38
88 bp 58-GCACATATGTTTTATCAGCTTT-38

aYuasa et al. (1995).
bEP1 and EP2 are the end sequences of the inserts of PAC clones 230N6 and 45P24,
respectively.
cThe number in parenthesis is the nucleotide number of the AFM cDNA (Lichenstein et al.
1994). The sizes of the amplified fragments are indicated below the names of primers.
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marker S1516 was generated by the Stanford Human Genome
Center.

YACs
The CEPH mega-YAC library was screened using a PCR assay
for exon 4 of the hDBP gene (Table 3). YAC clone yWPR22
containing the ALB gene was obtained from B. Brownstein
(Center for Genetics in Medicine, Washington University,
School of Medicine, St. Louis, MO). YAC clones 879B11 and
879C3 were purchased from Genome Systems, Inc. (St. Louis,
MO). The rest of the YACs were provided by C. Bell (Univer-
sity of Pennsylvania, Philadelphia, PA).

Screening of Human P1/PAC Libraries
Human P1/PAC libraries were screened for DBP with primers
for DBP58, intron 6, exon 9, and exon 11 and for AFP (Table 3)
by Genome Systems, Inc. Sequencing of the PAC clone insert
ends using T7 and SP6 primers was performed by the DNA
sequencing facility of the University of Pennsylvania.

Preparation of YAC DNA
YAC DNA was prepared either in agarose blocks or in solution
as described (Mendez et al. 1994).

Determination of the Sizes and STS Content of YACs
PFGE was performed using a Bio-Rad DRII clamped homoge-
neous electric field (CHEF) apparatus (Bio-Rad Laboratories,
Hercules, CA). One-third of each YAC plug was loaded onto
1% SeaKem LE agarose gels (FMC BioProducts, Rockland, ME)
and was electrophoresed in 0.52 TBE at 14°C. Size standards
included commercial preparations of Saccharomyces cerevisiae
chromosomes (Bio-Rad Laboratories) and a l phage DNA lad-
der (New England Biolabs, Inc., Beverly, MA). DNA fragments
between 50 and 2000 kb were fractionated using a ramp from
50 to 90 sec over 24 hr at 200 V. Gels were Southern blotted
onto Zetabind membrane (CUNO, Inc., Meriden, CT) in 102

SSC. The prehybridization and hybridization were performed
in 0.5 M sodium phosphate buffer at pH 7.2, 1% BSA, 1 mM

EDTA, 7% SDS, and 200 µg/ml sonicated salmon sperm DNA.
The membrane was hybridized with total human DNA labeled
using a random-primer labeling kit (Boehringer Mannheim
Corp.). STS content of the YAC clones was determined by PCR
of total yeast DNA.

Determination of YAC Chimerism
To determine whether the YAC inserts were chimeric for hu-
man DNA from more than one chromosome, Alu–PCR dot
blot hybridizations were performed by vectorette PCR as de-
scribed previously (Zoghbi and Chinault 1994). The human/
rodent somatic cell hybrid DNA panel was purchased from
the Coriell Institute (Camden, NJ, panel 2). The DNA se-
quence of the Alu primer, primer PDJ34, is 58-TGAGC(C/T)(G/
A)(A/T)GAT(C/T)(G/A)(C/T)(G/A)CCA(C/T)TGCACTC-
CAGCCTGGG-38. To block repetitive sequences the labeled
probe was preassociated with human Cot-1 DNA (GIBCO BRL
Life Technologies, Inc.) following the manufacturer’s instruc-
tions. In addition, repetitive sequences were competed by
adding sheared human placental DNA to the prehybridization
mix at a concentration of 0.1 mg/ml.

Meiotic Mapping
The order of the markers D4S1517, D4S2641, and D4S2403
was determined using DNA samples from five CEPH families.

Seven individuals from the five CEPH families known to have
crossovers within the region of interest (families 884, 1332,
1347, 1362, and 1416; GenLink database) were scored for
D4S1517, D4S2641, and D4S2403. PCR was performed with
DNA samples using trace amount of [a-32P]dCTP. PCR prod-
ucts were separated by 5% denaturing polyacrylamide gel
electrophoresis. Gels were exposed to an X-ray film. Grand-
parental origins of the D4S1517, D4S2641, and D4S2403 al-
leles were determined by the differences in the sizes of the
polymorphic PCR products from the individual, parents, and
grandparents. Genotypes for the same 7 individuals for DBP/
GC, ALB, IL8, and D4S2389 were obtained from the CEPH
genotype database and for D4S392, D4S1543, D4S2958,
D4S2990, D4S1558, and D4S2915 from the GenLink database.
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Appendix I. Electronic Databases Used
1. CEPH: http://www.cephb.fr
2. Cooperative Human Linkage Center: http://

www.chlc.org
3. GenLink: http://www.genlink.wustl.edu
4. Marshfield Medical Center: http://www.marshmed.

org/genetics
5. Stanford Human Genome Center: http://shgc-www.

stanford.edu
6. The Genome Database: http://gdbwww.gdb.org
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