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Summary

Mutations of the W (c-kii) gene, which encodes a
transmembrane tyrosine kinase receptor, affect the
development and differentiation of many types of stem
cell. Most homozygous W mutant mice are sterile, due to
a lack of germ cells arising during embryonic develop-
ment, but one of the notable exceptions is Wyw* mice,
which are fully fertile in both sexes. In order to elucidate
the effects of the W* mutation on spermatogenesis,
postnatal spermatogenesis hi wyw* mice was histologi-
cally examined. The number of gonocytes at birth was
significantly reduced and small portions of agametic

seminiferous tubule segments were observed in mutant
mice. It is suggested that this is due to a deficiency of
primordial germ cells (PGC). Other than the agametic
tubules, there was no evidence of reduced spermatogen-
esis after birth. These results indicate that the function
of the W (c-kii) gene is more necessary for the
development of PGC than for postnatal germ cells.

Key words: mice, testis, spermatogenesis, germ cells, W (c-
kit) gene.

Introduction

A number of independent mutations exist at the
dominant-white spotting locus (W), which is located on
chromosome 5 in mice. These mutations are known to
produce the pleiotropic effects of sterility, macrocytic
anemia, and depletion of melanocytes and mast cells
(Russell, 1979; Kitamura et al., 1978; Green, 1990).
The mechanisms underlying the depletion of erythro-
cytes, melanocytes and mast cells have been investi-
gated by transplantation of cells and tissues (McCulloch
et al., 1964; Russell and Bernstein, 1968; Kitamura et
al., 1978) and absence of these three types of cells is
attributable to a defect in their precursor cells. In recent
years, W locus was determined to be allelic with the c-
kit proto-oncogene (Chabot et al., 1988; Geissler et al.,
1988; Tan et al., 1990; Reith et al., 1990; Nocka et al.,
1989, 1990), which encodes a transmembrane tyrosine
kinase receptor (Yarden et al., 1987; Qiu et al., 1988;
Majumder et al., 1988).

Most of the W mutant alleles, such as W, W ,̂ W and
W44, cause severe impairment of fertility due to the
almost absence of germ cells in the gonads when in the
homozygous or double-dominant heterozygous states
(Coulombre and Russell, 1954; Russell, 1979; Geissler
et al., 1981). The germ cell defect is first apparent at day
9 of gestation, and results from a reduction in the
proliferative capacity of the primordial germ cells

(PGC) and a retardation in their migration from the
yolk sac splanchnopleure to the genital ridge (Mintz
and Russell, 1957; Mintz, 1957). Moreover, several
severe alleles, such as W35, W38, W40, W42 and W43,
which are almost homozygous lethal in utero, have
deleterious effects on postnatal germ cell differentiation
even in the heterozygotes (Geissler et al., 1981).

In contrast, a few alleles permit normal fertility in
homozygotes. The Wf allele, which occurred spon-
taneously in a C3H/He stock, is one of the fertile alleles
at the W locus of the mouse (Geissler et al., 1979).
Homozygous Wy'W* mice show very extensive white
spotting and have macrocytic anemia, but they are fully
fertile in both sexes. However, since further physiologi-
cal and histological analyses have not been conducted,
the possibility of undetected effect(s) of the mutation
on gametogenesis cannot be ruled out. In fact, we
recently demonstrated a suppression of the regenerat-
ive capacity of testicular germ cells in adult Wy+ and
Wf/W mice by using the experimental cryptorchidism
and its surgical reversal; one of the stressed conditions
that makes evident the masked effects of mutations at
intact condition (Koshimizu et al., 1991).

In this study, the effect of the W mutation on
spermatogenesis was examined histologically. In wyw*
testes, we found some agametic segments of seminifer-
ous tubules lacking germ cells and a decrease in the
number of gonocytes at birth. These results indicate
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that the Wf allele does affect gametogenesis, at least in
the male, although the effect is much less than with
other W alleles.

Materials and methods

Mice
/ ' and congenic +/+ male mice were used in

this study. The mutant stock was originally maintained on a
C3H/He background at the Institut Pasteur, Paris (Guenet et
al., 1979) and the mutant allele was subsequently backcrossed
onto C57BL/6 by Dr Kitamura, Osaka University Medical
School, Osaka (Nakayama et al., 1990). Mice have been
maintained in our animal facilities and were kept in a
controlled environment and provided with a commercial diet
and tap water ad libitum.

wyw1 mice have normal prenatal and postnatal viabilities
as compared to +/+. Testes of wyw* mice were reduced in
weight (Mean ± s.e.m., 88.3±4.3 mg in +/+ versus 73.8±2.2
mg in wyw1; P<0.01). Nevertheless, almost all of the mutant
males showed normal fertility (Koshimizu et al., 1991).

Histological examination
Testes were removed and fixed in Bouin's solution, embedded
in paraffin, serially cut at 5 /an, and stained with hematoxylin
and eosin. Serial cross-sections were examined histologically,
and each seminiferous tubule was followed and reconstructed
under the light microscope. Identification of spermatogenic
cell was according to the criteria of Leblond and Clermont
(1952) and Oakberg (1956).

On the day of birth, the number of gonocytes and immature
Sertoli cells were counted in more than 200 tubular cross-
sections per testis and expressed as the number per 50 tubular
cross-sections. The total number of gonocytes per testis,
T(NG), was calculated by the formula (Carnes et al., 1991):

T(NG) = NxL _ NxWxA
T TxjrxR2

where N was the average NG per tubules; L, the length of
tubule; T, the section thickness; W, the testicular weight; A,
the relative tubule area, viz, the area of the testis occupied by
seminiferous tubules; and R, the radius of the tubule.

Statistics
For each parameter, statistical significance of differences
between the two genotypes was determined by Student's f-test
or Chi-square test.

Results

Histological description of mutant testis
The tunica albuginea, rete testis and seminiferous
tubules were all well developed in the testes of Wf/Wf

mice as in +/+ mice. As shown in Fig. 1, the
seminiferous system was composed mainly of gametic
tubules with a small number of agametic tubules. The
gametic tubules were populated with spermatogenic
cells of all stages, indicating normal spermatogenesis
and well-established spermatogenic cycle. In these
tubules, no difference was found in the tubule diameter
and the number of germ cells at each stage, when
compared to +/+ seminiferous tubules (data not
shown).

In all Wyw^ mice examined (more than 40 mice),
some agametic tubular cross-sections could be ob-
served. Agametic tubules were reduced in diameter and
had very few germ cells; those present, either sperm
and/or other types of germ cells, in the central part of
the lumen seemed to be an overflow from flanking
gametic segments (Fig. 1C,D,E). Although the pro-
portion of agametic tubular cross-sections in the largest
testicular sections varied among individuals (1% to
more than 10%), there was no difference in the
frequency of agametic tubules observed among differ-
ent age groups (Fig. 2). Such agametic tubules were
never observed in +/+ mice. The somatic components
of the testis, such as Sertoli cells and Leydig cells,
showed normal size, shape and number when examined
under the light microscope.

Structure of agametic tubules
We reconstructed the whole seminiferous tubules from
complete serial cross-sections under the light micro-
scope, and found that a group of agametic cross-
sections existing in a limited area was derived from a
single tubular segment. The number of agametic
segments per testis was variable from one to more than
ten (Means±s.e.m., 4.6±0.8). These segments could
be found in any part of the testis. Furthermore, all of
the agametic segments were connected at both ends
with normal gametic tubules that opened into the rete
testis (Fig. 3B). We never observed gametic and
agametic tubular segments alternately in a single tubule
(Fig. 3C), and agametic segments never opened directly
into the rete testis (Fig. 3D). 'Intermediate' segments,
less than 0.2 mm in length, containing a few spermato-
gonia but no differentiated germ cells were observed in
the flanking portion of gametic and agametic segments.
The length of agametic segments was estimated for
reconstructed tubules of 20-, 40- and 60-day-old mice.
The length varied from 0.7 to 6 mm, 0.8 to 14 mm and
0.7 to more than 20 mm, respectively (Fig. 4). Although
the maximum length of agametic segments was usually
longer in older testes, the minimum length was almost
constant (0.7-0.8 mm).

Spermatogenesis in prepuberal mice
To understand the developmental origin of the aga-
metic segments, we examined perinatal and prepuberal
testes of Wf/Wf mice. In seminiferous cords of 1-day-old
mice, two different types of cells are observed, large
round cells at the center of the lumen and smaller cells
arranged at the periphery of the tubules (Fig. 5A). The
former are the gonocytes, the progenitors of type A
spermatogonia, and the latter are immature Sertoli cells
(Clermont and Perey, 1957; Gondos, 1970; Rugh,
1991). Although no difference was detected in the
number of immature Sertoli cells per tubule between
+/+ and Wf/Wf testes, the number of gonocytes in
Wf/Wf testes was significantly (P<0.01) smaller than
that in +/+ testes (Table 1, Fig. 5B) and estimated to be
approximately 50% of the control value.

In contrast, the first wave of spermatogenesis,
characterized by defined accumulation of germ cells at
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Fig. 1. Cross-sections of seminiferous tubules in +/+ and wyw5 mice. (A) A low-power photomicrograph of wyw1 testis
on day 20 showing both gametic and agametic tubules. (B,C) +/+ and WyWf testis on day 20, respectively. (D,E) +/+
and wyW testis on day 60, respectively. In C and E, reconstruction of agametic tubules (asterisks) under the light
microscope resulted in a single segment. (F) Agametic tubules containing only Sertoli cells. Scale bars=500 /an, 100 /an,
and 50 /an in A, B-E, and F, respectively.
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Fig. 2. Frequency distribution of agametic tubules in testes.
All of the gametic and agametic tubular cross-sections were
counted in the largest testicular sections. The proportion of
agametic tubule sections is expressed as a percentage of the
total. Each point represents a value for a single testis.

B

Fig. 3. Schematic representation of seminiferous tubules
with agametic segments. Qosed and spotted bars indicate
the gametic and agametic segments of tubules, respectively.
(A) Gametic tubules observed in +/+ a n d WVW* testis.
(B) Tubules having agametic segments observed in W^W*
testis. (C,D) Types of tubules not observed in our present
study. R, Rete testis.

progressively more advanced stages of differentiation
(Nebel et al., 1961; Bellv'e et al., 1977; Rugh, 1991),
was not impaired by the Wf mutation (Fig. IC). There
was no difference between genotypes in the proportion
of differentiated tubules which both have meiotic germ
cells in 12-day-old testes and haploid germ cells in 24-
day-old testes (Table 2).
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Fig. 4. Length of agametic segments of wyw* mice in
various ages. Length of tubular segments having no
spermatogenic cells was estimated from serial testicular
sections of mice aged 20, 40, and more than 60 days. Data
from more than 5 testes in each age (more than 20
agametic segments) are plotted.

Table 1. Number of immature Sertoli cells and
gonocytes in 1-day-old mice (Mean+s.e.m.)

No. of testes
No. of immature Sertoli cells
per 50 tubules

No. of gonocytes per
50 tubules

Calculated no. of gonocytes
per testis (xlO4)

Genotypes

+/+ wyw'

4 6
840±ll 845±27

118±5 87±7*

8.4±0.7 4.3±1.1*

*; Significantly different at f<0.01 when compared to +/+. No.
of gonocytes per testis were calculated as described in Materials
and methods.

Table 2. Percentage of differentiated testicular tubules
in prepuberal mice

Age
(days)

12

24

Genotypes

+/+
wyw*
+/+

wyw*

No. of
testis

4
5

3
4

I

12.4
18.9

0
7.2*

Type of

II

71.4
64.0

0
1.5

tubules

III

16.2
17.1

44.8
42.9

rv
0
0

55.2
48.4

The number of tubules counted was more than 100 in each
testis. Tubular cross-sections were classified into 4 types as follows;
Type I, undifferentiated tubules containing only spermatogonia as
germ cells or agametic tubules. Type II, tubules containing
preleptotene, leptotene, and zygotene spermatocytes, as most
advanced type of germ cells. Type III, tubules containing
pachytene spermatocytes, as most advanced type of germ cells.
Type IV, tubules containing secondary spermatocytes and
spermatids. *; Significantly different at P<Q.Ql when compared to
+/+ by Chi-square test.
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Fig. 5. Cross-sections of seminiferous tubules of mice at birth. (A) +/+ testis. (B) Wf/Wf testis. Note that gonocytes
(arrowheads) are less frequent. Scale bar=50 jjm.

Discussion

In general, most mutations at the W locus affect the
hematopoietic stem cells, melanocytes, mast cells and
germ cells. However, in some W mutations, such as Wf,
Wsh and W41, fertility is not affected, even in the
homozygotes, although severe impairments of pigmen-
tation and/or hematopoiesis are observed (Guenet et
al., 1979; Geissler et al., 1981; Lyon and Glenister,
1982). Although several possible explanations for such
a non-parallel display of mutant characteristics have
been discussed (see Discussion in Reith et al., 1990;
Nocka et al., 1990), little information on the effects of
these mutations on germ cell development was avail-
able. In this study, we demonstrate for the first time
that homozygous Wf/Wf mice, even though they are
fully fertile, had impaired gametogenesis. In Wf/Wf

testes, a small number of agametic segments of
seminiferous tubules were observed (Fig. 1). These
segments lacked all stages of spermatogenic cells,
reflecting a complete absence of stem cells. Further-
more, the number of gonocytes at birth was signifi-
cantly reduced in mutants (Table 1, Fig. 5), indicating
either a reduction in the number of PGC colonizing the
Wf/Wf gonad or in their subsequent proliferation and/or
survival. It has already been reported that c-kit
transcripts are expressed not only in PGC in fetal testis
(Orr-Utreger et al., 1990; Keshet et al., 1991; Manova
and Bachvarova, 1991) but also in germ cells in the
postnatal testis (Manova et al., 1990; Soirentino et al.,
1991). Although cy to logical evidence has suggested that
the W (c-kit) and SI (c-kit ligand, for review, see Witte,
1990) genes play an important role in spermatogenesis
even after birth (Nishimune et al., 1980; Tajima et al.,
1991; Koshimizu et al., 1991; Sawada et al., 1991;
Yoshinaga et al., 1991), the presence of agametic
segments of tubules in wyw* seems to result from a
prenatal reduction in germ cells and not impaired

spermatogenesis after birth. At first, Wf/Wf mice had
normal fertility as compared to +/+ and well-estab-
lished spermatogenesis through most portions of the
testis (Fig. 1). Secondly, agametic tubules in Wf/Wf

mice were observed at all ages examined and the
proportion of these agametic tubules did not increase
with age (Fig. 2). Furthermore, no retardation of the
first wave of spermatogenesis was observed in prepu-
beral Wf/Wf mice (Fig. ID, Table 2). In addition, we
previously reported the normal proliferative activity of
type A spermatogonia in this mutant testis (Koshimizu
et al., 1991). Judging from these results, it is suggested
that Wf mutation, like other W series of mutants,
primarily affects the migration and/or proliferation of
PGC, resulting in a decrease in the number of stem
cells, but hardly impairs spermatogenesis after birth.
We have obtained similar results in w^/W* (data not
shown), another fertile W mutant mice (Lyon and
Glenister, 1982). These results indicate that the W (c-
kit) gene is more indispensable for the development of
PGC than that of postnatal germ cells. A similar result
was also reported by Baker and McFarland (1988) for
the hematopoietic cell lineage in W^/W44 mice
(Geissler et al., 1981) which are nonanemic but stem-
cell-deficient. During hematopoiesis, an erythroid pro-
genitor for in vitro burst (BFU-E) is not a primary site
of mutant gene action and a progenitor less mature than
BFU-E is one of the cells most severely affected.

The important conclusion from our study is that the
W (c-kit) gene has its primary effect on PGC, but has
less effect on more differentiated stages of germ cells.
Such phenomenon is not observable in other W
mutants, such as W, W19H, W37 and W42, in which c-kit
kinase activity is severely reduced (Tan et al., 1990;
Reith et al., 1990; Nocka et al., 1989, 1990), because of
death in utero or the complete loss of germ cells in
homozygous condition. The residual level of c-kit
kinase activity present in Wf may be sufficient for
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postnatal germ cell development, but inadequate for
normal development of PGC, melanogenesis and
hematopoiesis. In fact, W41, the phenotypes of which
are very similar to Wf (Geissler et al., 1981), has a point
mutation within the kinase domain of c-kit that partially
impairs the kinase activity in cultured mast cells (Nocka
et al., 1990). The molecular characterization of the Wf

allele, which is unknown at present, will be useful in
elucidating the mechanism of the W (c-kit) gene action
on gametogenesis.

We thank Dr Yukihiko Kitamura, Osaka University
Medical School, for providing CSTBL/lS-WTw' mice. This
work was supported by a Grant-in-Aid from the Ministry of
Education, Science and Culture of Japan.

References

Barker, J. E. and McFarland, E. C. (1988). Hemopoietic precursor
cell defects in nonanemic but stem-cell-deficient W^/W 4 4 mice. J.
Cell. Physwl. 135, 533-538.

BeUv'e, A. R., Cavicchla, J. C , Millette, C. F., O'Brien, D. A.,
Bhatnagar, Y. M. and Dym, M. (1977). Spermatogenic cells of the
prepuberal mouse: Isolation and morphological characterization. / .
Cell Biol. 74, 68-85.

Carnes, K. I., Hess, R. A. and Dunn, F. (1991). Effects of in utero
exposure on the development of the fetal mouse testis. Biol.
Reprod. 45, 432-439.

Chabot, B., Stephenson, D. A., Chapman, V. M., Besmer, P. and
Bernstein, A. (1988). The proto-oncogene c-kit encoding a trans-
membrane tyrosine kinase receptor maps to the mouse W locus.
Nature 335, 88-89.

Clennont, Y. and Perey, B. (1957). Quantitative study of the cell
population of the seminiferous tubules in immature rats. Am. J.
Anat. 100, 241-268.

Coulombre, J. L. and Russell, E. S. (1954). Analysis of the pleio-
tropism at the W locus in the mouse. The effects of W and W
substitutions upon post natal development of germ cells. / . Exp.
Zool. 126, 277-296.

Geissler, E. N., McFarland, E. C. and Russell, E. S. (1981). Analysis
of pleiotropism at the dominant white-spotting (W) locus of the
house mouse: A description of ten new alleles. Genetics 97, 337-
361.

Geissler, E. N., Ryan, M. A. and Housman, D. E. (1988). The
dominant-white spotting (W) locus of the mouse encodes the c-kit
proto-oncogene. Cell 55, 185-192.

Gondos, B. (1970). Testicular development. In The Testis, vol. 1 (ed.
A. D. Johnson, W. R. Gomes, and N. L. Vandemark) pp. 1-37,
New York: Academic Press.

Green, M. C. (1990). Catalog of mutant genes and polymorphic loci.
In Genetic Variants and Strains of the Laboratory Mouse, (ed. M. F.
Lyon, and A. G. Searle), pp. 383-386. Oxford: Oxford University
Press.

Guenet, J-L., Marchal, G., Mllon, G., Tambourin, P. and Wendling,
F. (1979). Fertile dominant spotting in the house mouse. A new
allele at the W locus. J. Hered. 70, 9-12.

Keshet, E., Lyman, S. D., Williams, D. E., Anderson, D. M., Jenkins,
N. A., Copeland, N. G. and Parada, L. F. (1991). Embryonic RNA
expression patterns of the c-kit receptor and its cognate ligand
suggest multiple functional roles in mouse development. EMBO J
10, 2425-2435.

Kitamura, Y., Go, S. and Hatanaka, K. (1978). Decrease of mast cells
in W/W" mice and their increase by bone marrow transplantation.
Blood 52, 447-452.

Koshimizu, U., Sawada, K., Tajima, Y., Watanabe, D. and
Nishimune, Y. (1991). W mutations affect the regenerative
differentiation of testicular germ cells: Demonstration by
experimental cryptorchidism and its surgical reversal. Biol.
Reprod. 45, 642-648.

Leblond, C. P. and Clennont, Y. (1952). Definition of the stages of

the cycle of the seminiferous epithelium in the rat. Ann. NY Acad.
Sci. 55, 548-573.

Lyon, M. F. and Glenister, P. H. (1982). A new allele sash (W^1) at
the W-locus and a spontaneous recessive lethal in mice. Genet. Res.
Camb. 39, 315-322.

Majumder, S., Brown, K., Qiu, F. and Besmer, P. (1988). c-kit
protein, a transmembrane kinase: Identification in tissues and
characterization. Mol. Cell. Biol. 8, 4896-4903.

Manova, K. and Bachvarova, R. F. (1991). Expression of c-kit
encoded at the W locus of mice in developing embryonic germ cells
and presumptive melanoblasts. Dev. Biol. 146, 312-324.

Manova, K., Nocka, K., Besmer, P. and Bachvarova, R. F. (1990).
Gonadal expression of c-kit encoded at the W locus of the mouse.
Development 110, 1057-1069.

McCuUoch, E. A., Siminovitch, L. and Till, J. E. (1964). Spleen-
colony formation in anemic mice of genotype W/W". Science 144,
844-846.

Mlntz, B. (1957). Embryological development of primordial germ
cells in the mouse: Influence of a new mutation, W*. J. Embryol.
Exp. Morph. 5, 396-403.

Mlntz, B. and Russell, E. S. (1957). Gene-induced embryological
modifications of primordial germ cells in the mouse. J. Exp. Zool.
134, 207-237.

Nakayama, H., Ru, X-M., Fujita, J., Kasugal, T., Onoue, H., Hirota,
S., Kuroda, H. and Kitamura, Y. (1990). Growth competition
between W mutant and wild-type cells in mouse aggregation
chimeras. Develop. Growth Differ. 32, 255-261.

Nebel, B. B., Amarose, A. P. and Hackett, E. M. (1961). Calendar of
gametogenic development in the prepuberal male mouse. Science
134, 832-833.

Nishimune, Y., Haneji, T. and Kitamura, Y. (1980). The effects of
Steel mutation on testicular germ cell differentiation. J. Cell.
Physiol. 105, 137-141.

Nocka, K., Majumder, S., Chabot, B., Ray, P., Cervone, M.,
Bernstein, A. and Besmer, P. (1989). Expression of c-kit gene
products in known cellular targets of W mutations in normal and W
mutant mice - Evidence for an impaired c-kit kinase in mutant
mice. Genes. Dev. 3, 816-826.

Nocka, K., Tan, J. C , Chiu, E., Chu, T. Y., Ray, P., Traktman, P.
and Besmer, P. (1990). Molecular bases of dominant negative and
loss of function mutations at the murine c-kit/white spotting locus:
W3? yyv ^ ^ w EMB0 j . a, 1805-1813.

Oakberg, F. F. (1956). A description of spermiogenesis in the mouse
and its use in analysis of the cycle of the seminiferous epithelium
and germ cell renewal. Am. J. Anat. 99, 391-413.

Orr-Utreger, A., Avivi, A., Zimmer, Y., Givol, D., Yarden, Y. and
Lonai, P. (1990). Developmental expression of c-kit, a proto-
oncogene encoded by the W locus. Development 109, 911-923.

Qiu, F., Ray, P., Brown, K., Barker, P. E., Jhanwar, S., Ruddle, F.
H. and Besmer, P. (1988). Primary structure of c-ku: Relationship
with the CSF-l/PDGF receptor kinase family - Oncogenic
activation of v-kit involves deletion of extracellular domain and C
terminus. EMBO J. 7, 1003-1011.

Reith, A. D., Rottapel, R., Giddens, E., Brady, C , Forrester, L. and
Bernstein, A. (1990). W mutant mice with mild or severe
developmental defects contain distinct point mutations in the
kinase domain of the c-kit receptor. Genes Dev. 4, 390-400.

Rugh, R. (1991). (ed.) Organogeny. The gonads. In The Mouse: Its
Reproduction and Development, pp. 282-295. Oxford: Oxford
University Press.

Russell, E. S. (1979). Hereditary anemias of the mouse: A review for
genetics. Adv. Genet. 20, 357-459.

Russell, E. S. and Bernstein, S. E. (1968). Proof of whole-cell implant
in therapy of W-series anemia. Archs. Biochem. Biophys. 125, 594-
597.

Sawada, K., Sakamaki, K. and Nishimune, Y. (1991). Effect of the W
mutation, for white belly spot, on testicular germ cell
differentiation in mice. / . Reprod. Fen. in press.

Sorrentino, V., Glorgi, M., Geremia, R., Besmer, P. and Rossi, P.
(1991). Expression of the c-kit proto-oncogene in the murine male
germ cells. Oncogene 6, 149-151.

Tajima, Y., Sakamaki, K., Watanabe, D., Koshimizu, U.,
Matsuzawa, T. and Nishimune, Y. (1991). Steel-Dickie (Sld)



Spermatogenesis in W mutant mice 867

mutation affects both maintenance and differentiation of testicular
germ cells. J. Reprod. Fertil. 91, 441-449.

Tan, J. C , Nocka, K., Ray, P., Traktman, P. and Besmer, P. (1990).
The dominant W42 spotting phenotype results from a missense
mutation in the c-kit receptor kinase. Science 247, 209-212.

Witte, O. N. (1990). Steel locus defines new multipotent growth
factor. Cell 63, 5-6.

Yarden, Y., Kuang, W. J., Yang-Feng, T., Coussens, L., Munemitsu,
S., Dull, T. J., Chen, E., Schlessinger, J., Francke, U. and Ullrich,

A. (1987) Human proto-oncogene c-kiv. A new cell surface receptor
tyrosine kinase for an unidentified ligand. EMBO J. 6, 3341-3351.

Yoshinaga, K., Nishikawa, S., Ogawa, M., Hayashi, S., Kunlsada, T.,
Fujimoto, T. and Nishikawa, S. (1991). Role of c-kit in mouse
spermatogenesis: identification of spermatogonia as a specific site
of c-kit expression and function. Development 113, 689-699.

(Accepted 2 January 1992)


