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ABSTRACT We are studying the chromosomal structure
of three developmental mutations, dominant spotting (W),
patch (Ph), and rump white (Rw) on mouse chromosome 5.
These mutations are clustered in a region containing three
genes encoding tyrosine kinase receptors (Kit, Pdgfra, and
FIkI). Using probes for these genes and for a closely linked
locus, DSMnl25, we established a high-resolution physical map
covering ~2.8 Mb. The entire chromosomal segment mapped
in this study is deleted in the WY mutation. The map indicates
the position of the Pk deletion, which encompasses not more
than 400 kb around and including the Pdgfra gene. The map
also places the distal breakpoint of the Rw inversion to a limited
chromosomal segment between Kit and Pdgfra. In light of the
structure of the Ph—-W-Rw region, we interpret the previously
published complementation analyses as indicating that the
pigmentation defect in Rw/ + heterozygotes could be due to the
disruption of Kit and/ or Pdgfra regulatory sequences, whereas
the gene(s) responsible for the recessive lethality of Rw/Rw
embryos is not closely linked to the Ph and W loci and maps
proximally to the WH deletion. The structural analysis of
chromosomal rearrangements associated with W2, Pk, and
Rw combined with the high-resolution physical mapping points
the way toward the definition of these mutations in molecular
terms and isolation of homologous genes on human chromo-
some 4.

Three mutations on mouse chromosome 5, dominant spotting
(W), patch (Ph), and rump white (Rw), were historically
described as a gene triplet on the basis of their close linkage
and similar mutant phenotypes (1). Molecular analysis of
these three loci has progressed rapidly due to the findings that
W and Ph are associated with mutations and/or chromosomal
rearrangements of genes encoding receptor tyrosine kinases
(RTKs) (2). RTKs are known to have an important role in the
regulation of growth and differentiation (3).

There are multiple alleles of W, which vary in their degree
of severity and in their pleiotropic effects on melanogenesis,
hematopoiesis, and germ cell development (4). Analysis of
the protooncogene c-kit (a RTK) in several independently
identified W alleles demonstrated that the W mutant pheno-
type is due to mutations that affect either the structure of the
Kit receptor or the level and spatial distribution of Kit
expression (5-10). More recently, it has been shown that the
product of the S/ locus on mouse chromosome 10 encodes the
ligand for the Kit receptor (reviewed in ref. 2).

The Ph mutation is associated with a dominant white
spotting phenotype characterized by a depigmented belt
around the abdomen (1, 11). Ph/Ph homozygotes die around
midgestation and, prior to their death, embryos display
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several morphological abnormalities (e.g., small size, undif-
ferentiated somites, abnormal heart, wavy neural tube) (11-
13). The Ph locus encodes the platelet-derived growth factor
receptor a subunit, Pdgfra, a member of the RTK gene family
(14, 15). It is not known, however, whether the mutant
phenotype of Ph/Ph embryos is due solely to the deletion of
Pdgfra or to the deletion of an additional closely linked
gene(s).

The W/!%H allele is a deletional mutation spanning 2-7
centimorgans (cM), encompassing both the Pk and W loci,
and a recessive lethal (/), which has yet to be defined at a
molecular level (15-17). The hypopigmentation associated
with the W/H mutation in mice is strikingly similar to the
observed depigmentation in humans with the piebald trait.
This developmental defect is caused by a deletion of the
homologous portion of human chromosome 4 containing the
Kit and Pdgfra genes (18-20).

The Rw mutation is characterized by heterozygous spot-
ting of the posterior trunk; the embryonic lethality of Rw/Rw
mice occurs during midgestation as a result of unknown
causes (1). Although a candidate gene for the Rw mutation
has not been identified, it has been shown recently that this
irradiation-induced mutation is associated with an inversion
involving the proximal one-third of the chromosome. The
distal breakpoint of the inversion has been mapped by in situ
analysis to the chromosomal segment spanning 4 cM between
the Kit and D5Bucl loci, while the proximal breakpoint maps
centromeric to the engrailed 2 (En2) locus (21).

The cluster of RTKs (class III subfamily) located in the
central portion of mouse chromosome 5 includes at least
three members: Kit, Pdgfra, and Flkl (22-24). Previously,
Kit and Pdgfra have been linked genetically and physically to
one another (14, 15, 25). Filki, an endothelial cell-specific
RTK, has been genetically linked to the Kit locus (24).

In an attempt to determine the molecular basis of the Ph,
Rw, and W'?H mutations and to assess the role of the cluster
of RTKs on mouse chromosome 5 in development, we have
established a high-resolution physical map covering 2.8 Mb of
that region on the wild-type (C57BL/6J) chromosome. In
addition, we have determined the approximate map position
of the breakpoints of the Ph deletion and placed the distal
breakpoint of the Rw inversion on the physical map. The map
indicates close proximity (within 200 kb) of sequences dis-
rupted by the Pk and Rw chromosomal anomalies. We have
utilized the wealth of previously published genetic data on

Abbreviations: RTK, receptor tyrosine kinase; cM, centimorgan(s);

YAC, yeast artificial chromosome; PFGE, pulsed-field gel electro-

phoresis; FISH, fluorescence in situ hybridization; FITC, fluores-

cein isothiocyanate; PI, propidium iodide; DAPI, diaminophenylin-

dole.

#To whom reprint requests should be addressed at: Department of
Psychiatry, University of Pennsylvania, 111A CRB, 422 Curie
Boulevard, Philadelphia, PA 19104-6141.



7238 Genetics: Nagle et al.

Ph+/+Rw and Rw+/+WI®H compound heterozygotes to
suggest that the embryonic lethality of Rw/Rw embryos is
probably due to the disruption of a gene at the proximal
breakpoint of this inversion, near the centromeric portion of
mouse chromosome 5.

MATERIALS AND METHODS

Mice. Mouse inbred strains (C57BL/6J, C3H/HelJ, and
Mus spretus) and mutations (W/°H, Ph) were obtained from
The Jackson Laboratory. Rw mice were provided by Bruce
Cattanach (Medical Research Council Radiobiology Unit,
Harwell, U.K.). Mice used for deletion mapping were the F;
progeny from the following crosses: W/?#/C5TBL/6J x M.
spretus and Ph/CSTBL/6J X M. spretus.

DNA Probes. The DNA probes used in this study are a 0.6-
kb HindIII fragment of the fetal liver kinase 1 gene (Flk1) (24);
a 1.2-kb EcoRI/Sph 1 fragment of the c-kit protooncogene
cDNA (Kit) (5' portion of the gene) and a 0.9-kb HindIII
fragment of Kit (3’ portion of the gene) (P. Dubreuil and A.
Bernstein, personal communication); a 1.8-kb EcoRI/
HindIII fragment of the platelet-derived growth factor recep-
tor a cDNA (Pdgfra) (5’ portion) and a 2-kb EcoRI/HindIII
fragment of the Pdgfra (3' portion of the gene) (26); a 0.4-kb
EcoRl/Hincll fragment of an anonymous brain cDNA
(D5Mnl25) (17); a 0.5-kb EcoR1/HindIII fragment (D5Buc2)
corresponding to the right end and a 0.4-kb EcoRI/Hae 111
fragment (D5Buc3) corresponding to the left end of a Pdgfra
yeast artificial chromosome (YAC) (ICRFy902G08127) (this
paper); and a 0.6-kb Pst I fragment of the random DNA probe
(D5Bucl) (ref. 21; J. DeLoia, M.B., and D. Solter, unpub-
lished data).

Analysis by Pulsed-Field Gel Electrophoresis (PFGE). Meth-
ods for PFGE, including DNA preparation in agarose blocks
and restriction analysis, have been described (27). DNA
separated by PFGE was transferred to Hybond N* (Amer-
sham) membrane by capillary blotting in denaturation buffer
(28), UV crosslinked (autocrosslink set up on Stratalinker,
Stratagene), and hybridized as described (27).

Isolation of YAC Clone. A YAC clone for Pdgfra was
obtained by screening high-density robot spotted filters con-
taining a mouse (C3H/He) YAC library (29), generously
provided by H. Lehrach (Imperial Cancer Research Fund,
London). After a rescreen, DNA from a positive clone was
isolated by using published protocols (30). YAC ends were
isolated by the inverse PCR procedure (31).

Fluorescence in Situ Hybridization (FISH) Analysis. Mitotic
spreads were prepared from spleen lymphocytes of Rw
heterozygotes by using a modification of the procedure
described by Sawyer et al. (32). YAC DNA used for in situ
hybridization was isolated by separating yeast DNA by
PFGE. Purified YAC DNA was biotin-labeled by random
priming. The hybridization probe was prepared by mixing 400
ng of biotinylated YAC DNA with 6.25 ug of mouse genomic
DNA and 12.5 ug of salmon sperm DNA in hybridization
buffer (Hybrisol VII; Oncor). It was applied to denatured
chromosomal DNA on slides, which were incubated for 16 hr
at 37°C. Slides were washed five times for 5 min each at 42°C
in 50% formamide/2x standard saline citrate (SSC) with the

Table 1. Summary of fragment sizes
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last wash in 0.1x SSC. Detection and amplification of the
labeled probe were performed using fluorescein isothiocya-
nate (FITC)-avidin and anti-avidin (Oncor detection kit) and
slides were stained in 1.5 ug of propidium iodide (PI) per ml,
1.5 ug of diaminophenylindole (DAPI) per ml, and 1 mg of
p-phenylenediamine per ml. A triple bandpass filter for
DAPI/FITC/rhodamine was used for chromosome identifi-
cation and a dual-wavelength filter cube (FITC and rhoda-
mine) was used for signal visualization.

RESULTS

Physical Map. In our attempt to analyze the chromosomal
structure and rearrangements associated with the Ph, W!%H,
and Rw mutations, we made use of the available molecular
probes to establish a long-range restriction map of the cor-
responding chromosomal region on the wild-type chromo-
some. The gene probes, Flkl, Kit, and Pdgfra, and an
anonymous cDNA, D5Mnl25, the first molecular marker
mapped within the W/?H deletion (17), were used in PFGE
analysis of C57BL/6J DNA. In addition, we used end clones
(D5Buc2 and D5Buc3) of a Pdgfra-containing YAC. All
molecular probes were sequentially hybridized to filters
containing splenocyte DNA digested with BssHII, Mlu I, Not
I, and combinations of these enzymes. Analysis of the
hybridization patterns and fragment sizes (Table 1) allowed
the construction of a long-range restriction map spanning 2.8
Mb (Fig. 1A). The established order of loci is D5SMnl25-
D5Buc2-Pdgfra-Kit-Flkl. Although the map spans 2.8 Mb,
the three homologous RTK genes, Pdgfra-Kit-Flkl, map
within 1 Mb.

Deletion Mapping of Pk and W2 Chromosomes. Two
mutations included in this study, Ph and W!%H, have been
associated with deletions of genetic material (5, 14-17). To
determine the positions of the deletion breakpoints on the
physical map, we used the same molecular probes included
in the PFGE analysis and an additional locus, D5Bucl,
located 4 cM proximal to Kir (21). These probes were
analyzed by Southern blot hybridization in DNA isolated
from F, progeny of the following interspecific crosses: Ph/
C57BL/6J X M. spretus and W!°H/C5STBL /6] X M. spretus.
Since the tested molecular probes detected restriction frag-
ment length variants between M. spretus and Mus musculus
(carrying the Ph and W!H deletions), it was possible to
distinguish the two parental chromosomes and determine
whether any of these sequences are deleted on the Ph and/or
WIH chromosome (data not shown). The results of deletion
mapping are summarized in Fig. 1B. The D5Bucl locus maps
outside the W!°H and Ph deletions; DSMnl25, and Kit, and
Flkl are deleted in W/°H but not on the Ph chromosome,
whereas Pdgfra is deleted on the W/9H and Ph chromosomes.
One end clone, D5Buc3, maps within the Ph deletion, while
the other clone, D5Buc2, maps outside the deletion.

FISH Mapping of Pdgfra on the Rw/C57BL/6J Chromo-
some. Previous work has demonstrated that the distal break-
point of the inversion associated with the Rw mutation maps
to a 4-cM region between D5Bucl, a locus within the inver-
sion, and Kit, which is located outside the inversion (21). To
define the location of the distal inversion breakpoint we used

Restriction enzyme Fik1 Kit Pdgfra, D5Buc3 D5Buc2 D5Mni25
Not 1 600 600 510 900 560
Miul 540 550, (680) 550, (680) 1500 1500
BssHII 260, (570) 360, (570) 440 (260), 550 240, 450
Not1 + Mlu 1 370 150, 260 435 350, 900 550
Not 1 + BssHII 260, (300) 360, (570) 440 (260), 550 240, (400), 450
Miu 1 + BssHII 260, (300) 150, 260 440 (260), 550 240, (400), 450

Partially cut bands are indicated in parentheses.
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FISH analysis of Rw/C57BL/6J metaphase spreads and the
Pdgfra YAC as a probe. Fig. 2 shows that the position of the
signal for the Pdgfra gene differs on the two homologues of
chromosome 5. On one chromosome, the hybridization signal
is confined to the central portion of the chromosome, corre-
sponding to the location on the wild-type chromosome (21),
whereas on the other chromosome it is located near the
centromeric heterochromatin. Since it has been previously
shown by FISH analysis that Kit maps to the same location
on both homologues (21), we can strongly argue that the
breakpoint of the Rw inversion must be located between Kit
and Pdgfra.

PFGE Analysis of Pk /C57BL /6J and Rw/CS7BL /6J Chro-
mosomes. The physical mapping data demonstrate that the
Kit and Pdgfra genes are located on a Mlu I DNA fragment
of 550 kb and that they share an additional partially digested
Mlu 1 fragment of 680 kb (Table 1; Fig. 1A4; ref. 15).
Stephenson e al. (14) demonstrated that Pdgfra is deleted in
the Ph mutation and that Kit genomic sequences are not
disrupted in Ph, thus defining the position of the distal
breakpoint of the Ph deletion as lying between Pdgfra and
Kit. Here, we demonstrate by FISH analysis that the same
chromosomal region is associated with the distal breakpoint
of the Rw inversion (Fig. 2; ref. 21). Conventional Southern
blot analysis of genomic sequences surrounding the Kit gene
in DNA from Ph/C57BL/6J and Rw/C57BL./6J indicated no
alterations (data not shown), nor were there any alterations
of Rw/CS7TBL/6] DNA detected with the Pdgfra probe.
However, chromosomal rearrangements were detected by
PFGE analysis of large fragments containing the two genes.

We mapped the proximal breakpoint of the Ph deletion by
PFGE of heterozygous (Ph/C57BL/6J) DNA. Molecular
probes from the W-Ph-Rw region were hybridized to
CS7BL/6J and Ph/C57BL/6]J DNA digested with BssHII,
Mlu 1, Not 1, and combinations of these enzymes. The YAC
end, D5Buc2, shown to map outside the Ph deletion by
deletion mapping (Fig. 1B), detects all C57BL/6J-specific
fragments and additional, larger fragments of DNA digested
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with Not I (920 kb) and BssHII (640 kb), indicating that the
large genomic fragments recognized by this probe are altered
by the Ph mutation (Fig. 34). Based on the PFGE map, we
estimate that D5Buc2 maps 50 kb proximal to the Pk deletion
(Fig. 14).

Similarly, we were interested in identifying the position of
the distal breakpoint of the Rw inversion. High molecular
weight DNA isolated from C57BL/6J, C3H/HeJ, and Rw/
C57BL/6J DNA was analyzed by PFGE using Kit and Pdgfra
probes (Fig. 3 B and C). The Kit cDNA probe detected an
altered fragment in Mlu I-digested Rw/C57BL/6J DNA. The
Pdgfra cDNA clone detected altered DNA fragments in Mlu
I-, BssHII-, and Not I-digested Rw/CS7BL/6] DNA. Since
the Milu 1 bands shared by Kit and Pdgfra are altered
differently in Rw DNA, we have further confirmation that the
Rw/C57BL/6J inversion breakpoint maps between Kit and
Pdgfra (Fig. 1; Fig. 3 B and C). The FISH mapping of a
Pdgfra YAC (8127) to Rw/C57BL/6J metaphase spreads
suggests that sequences contained within the YAC, covering
=450 kb, map within the Rw inversion (Fig. 2). Based on
these data, the Rw breakpoint can be placed to the chromo-
somal segment between the distal YAC end clone, D5Buc3,
and Kit.

DISCUSSION

We have established a high-resolution physical map of the
region surrounding three members of the class III subfamily
of RTKSs (Kit, Pdgfra, and Flkl) (Fig. 1). This map indicates
the position and extent of chromosomal rearrangements
associated with the Rw, Ph, and W/°H mutations, which have
profound developmental defects ranging from mild pigmen-
tation anomalies in heterozygotes to embryonic lethality in
homozygous mice.

The long-range restriction map spans 2.8 Mb and indicates
the position of the Kit, Pdgfra, and Flkl genes and an
anonymous mouse brain cDNA clone, D5Mnl25. The close
genetic linkage between the FlkI and the Kit/Pdgfra cluster
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FiG. 1.

Physical map of the W-Ph—Rw chromosomal region. (4) Long-range restriction map of CS7BL/6J DNA constructed with the data

in Table 1. Map indicates sites for the enzymes Not I (N), Miu I (M), and BssHII (B). Partially cut sites are shown in parentheses. Scale (kb)
is shown above the map. Positions of probes are indicated by solid rectangles above the map (longer solid boxes indicate the limits of uncertainty
of probe locations). D5Bucl, D5Buc2, and D5Buc3 loci are indicated as Bucl, Buc2, and Buc3. Hatched box indicates position of the YAC clone
Y8127. (B) Chromosomal rearrangements associated with Ph, W/?H, and Rw chromosomes determined in this study and in previously published
reports, including the deletion of Pdgfra in the Ph mutation (12-15); deletion of Kit, DSMnl25, and Pdgfra in Wi%H (5, 6, 14, 15, 17); and inversion
of the D5Bucl to En2 region on the Rw chromosome (21). In this study, the extent of the Ph and W/H chromosomal abnormalities was determined
by a combination of deletion mapping and PFGE analysis. Dotted lines indicate deleted segments; dashed lines indicate limits of uncertainty
of breakpoint locations. Position of the distal breakpoint of the Rw inversion (arrow) was determined by FISH mapping and PFGE analysis,
as illustrated in Figs. 2 and 3. Position of D5Bucl on the physical map is inferred from genetic data (21), deletion mapping, and hybridization
of D5Bucl and D5Mni25 to a Not I fragment of the same size (=3500 kb).
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FiG.2. FISH of the Pdgfra-containing YAC to Rw/+ metaphase
spreads. (a) PI-counterstained spreads showing biotin-labeled probe
(avidin-FITC detection). (b) DAPI-PI banded chromosomes are
shown.

reported by Matthews et al. (24) is verified by placing the Fikl
locus on the physical map 300-500 kb distal to Kit. The
analysis of FlkI in Ph, Rw, and W°H DNA revealed that this
locus maps outside the Ph deletion, 500-700 kb distal to the
breakpoint of the Rw inversion, but within the W4 deletion.
The W!9H deletion has been previously estimated to encom-
pass 2-7 cM (16) and the presented physical map covers =2
Mb of that region located proximal to Kit and Pdgfra. The
relative order of loci along the chromosome, with D5Bucl
being the most proximal locus and FlkI the most distal, was

A B C

kb 1 2 3 4 1 2 3 4 5 6 kb 1
® - T

o : e LM
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determined by FISH analysis of the Rw inversion. The data
generated by deletion mapping combined with the genetic
data (21) place the proximal breakpoint of W/°H between
D5Bucl and D5Mni25 and the position of the distal break-
point between Flkl (the most distal locus on our map as
shown in Fig. 1) and a-casein (Csna), a locus that has been
mapped distal to the W/°H deletion (17).

The limits of the Ph deletion have been defined from our
long-range restriction map: the deletion is not less than 45 kb
and not more than 550 kb and includes the entire Pdgfra gene.
The proximal breakpoint of the Ph deletion maps between
D5Buc2 and Pdgfra, while the distal breakpoint maps be-
tween D5Buc3 and Kit. Although it is not clear from the data
presented in this study whether Pdgfra is the only gene
disrupted by the deletion, the map defines the limits of the
region that should be searched for the presence of other
affected genes. Furthermore, the distal breakpoint of the Rw
inversion has been placed in the intergenic region between
Kit and Pdgfra.

Comparison of the physical mapping data of the Ph—W-Rw
chromosomal region (Fig. 4) and the results of complemen-
tation analysis involving the Rw, Ph, and W/°# mutations
suggest that the lethality of these mutations may have a
different basis (1, 16). All three mutations, W?H, Ph, and Rw,
are associated with embryonic lethality in homozygotes.
WI9H /WI9H embryos die around implantation (16), Ph/Ph
embryos usually die between the 9th and 12th days (11),
whereas Rw/Rw embryos die probably around the 9.5th day
of gestation (ref. 11; C. Lo, D.L.N., and M.B., unpublished
data). The evidence that the recessive lethality of the Rw
mutation is due to a mutation in a gene distinct from the loci
affected by Ph and W comes from complementation studies
with WH, Rw +/+ WI®H animals are viable, fertile, and
depigmented except for the head area (ref. 16; M. Lyon,
personal communication). The viability of Rw +/+ WI°H
mice indicates that the gene whose disruption is responsible
for the lethality of Rw/Rw embryos cannot be located within
the W/9H deletion—i.e., at the distal breakpoint of the Rw
inversion. In contrast, Ph +/+ WI®H heterozygotes are not
viable, suggesting that the recessive lethality of Ph maps
within the W/9H deletion (16). Therefore, if we assume that
the mutant phenotype of Rw/Rw embryos is due to the
inversion, it is very likely that the lethality associated with
the Rw mutation is due to disruption of a gene located on the
proximal breakpoint of the Rw inversion. However, it is
possible that the lethality is the result of an inversion-
independent mutation on the same chromosome, as in an-
other irradiation-induced mutation, bare patches (Bpa) on
mouse chromosome X (34). If this is the case, our physical
map places the Rw/Rw lethality factor at least 1.6 Mb
proximal to Kit and Pdgfra (outside the W/°H deletion).

FiGc. 3. PFGE analysis of chromosomal rear-
rangements associated with the Rw and Ph muta-
tions. (A) PFGE analysis of the YAC end clone
D5Buc?2 hybridized to C57BL/6J (lane 1) and Ph/
CS57BL/6J (lane 2) DNA digested with BssHII;
CS57BL/6J (lane 3) and Ph/C57BL/6J (lane 4) DNA

. digested with Not 1. (B) PFGE analysis of Pdgfra

1020 — 1125 hybridized to C57BL/6J (lane 1), C3H/He (lane 2),
945 e . - and Rw/CS7BL/6J (lane 3) DNA digested with
785 8 945 B BssHII; CS7BL/6J (lane 4), C3H/He (lane 5), and
. e 785 s Rw/CSTBL/6J (lane 6) digested with Mlu 1. (C)

565 B . 8. PFGE analysis of Kit hybridized to C57BL/6J (lane
450 x e g 1), C3H/He (lane 2), and Rw/CS7BL/6] (lane 3)
. ; - - bk Q DNA digested with BssHII; C57BL/6J (lane 4),
285 o - ~ 285 row C3H/He (lane 5), and Rw/CS7BL/6J (lane 6) di-
100 0 gested with Miu 1. High molecular weight DNA was
T - - 100 prepared from spleens. Electrophoresis was carried

D5Buc2 Pdgfra

out for 28 hr in a 1% agarose gel in an electric field
. gradient of 6 V/cm at 14°C with a pulse time of 12.55
Kit sec on a CHEF mapper PFGE apparatus (Bio-Rad).
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homology

® ® ® ®

—+ Pgy1 - Pgy1 — Pgy1? -+ Pgy? 7q21

Pdgfra

+ En2 4 Enz f:o:;m + En2 7q36
=~ D5Buct J\- DSBucl - En2 |/ D5Buct 4912

¢ kit X i =t Pdgfra q
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F16.4. Summary of analysis of chromosomal organization of the
W-Ph-Rw region on wild-type and mutant chromosomes. Deduced
map positions of chromosome 5 loci on the wild-type chromosome
(wt) and the mutant chromosomes Ph, W/ and Rw based on data
presented in this study and by others (5, 6, 14, 15, 17, 21). Brackets
indicate approximate positions of the breakpoints; however, the
extent of the deletions is not accurately represented. Arrow indicates
position of the distal breakpoint of the Rw inversion. Positions of
homologous segments in the human genome (33) are indicated on the
right.

Rw +/+ Ph double heterozygotes are viable although the
pigmentation defect in these double mutants is more pro-
nounced than either mutation alone (1). This observation
offers further support for the conclusion that the recessive
lethalities of Rw and Ph are due to mutations in different
genes. However, it does not exclude the possibility that the
dominant coat color defect in Ph and Rw is due to the
disruption of Kit or Pdgfra regulatory sequences. Recent
observations by Duttlinger et al. (10) indicate that the Wsh
mutation, which is associated with a pigmentation defect but
lacks other pleiotropic defects (macrocytic anemia and ste-
rility) present in the majority of W alleles, is probably a
deletion that removes control elements associated with the
Kit gene. Based on our data, these same regulatory elements
could be disrupted by both the distal breakpoint of the Ph
deletion and the distal breakpoint of the Rw inversion.

Since it is known that at least two homologous human RTK
genes (KIT and PDGFRA) are closely linked on human
chromosome 4 and that their deletion is associated with a
comparable pigmentation defect in humans (18-20), the
structural analysis of the W-Ph—-Rw region will serve as a
useful guide in comparative mapping efforts (Fig. 4). In
addition, the proximal breakpoint of the Rw inversion is
located in the segment of synteny conservation between
mouse chromosome 5 and human chromosome 7 (33). There-
fore, if the Rw lethality factor proves to be located at the
proximal breakpoint of the Rw inversion, we predict the
existence of a developmentally important gene causing late
embryonic lethality in the homologous region on human
chromosome 7 (q21 or q36).
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