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INTRODUCTION 
Genetic regulation of germ cells have been one of the most fundamental subjects for poultry
biotechnology. Mixed-sex chimeras were produced to elucidate the developmental fate of male
and female germ cells in the ovary and testis by use of blastoderm (Kagami et al., 1995 ;
Kagami et al., 1997 ; Kagami and Hanada, 1997 ; Kagami et al., 2000 ; Kagami et al., 2002).
When female donor cells (ZW) were incorporated into a male recipient (ZZ), W-bearing sperm
were produced. To determine whether the W-bearing sperm were functional, semen of the
mixed-sex male chimeras which possessed the W-bearing sperm were artificially inseminated
to sex-linked albino hens. In this mating system, female albino offspring would be generated if
the W-bearing sperm fertilized the ovum of the albino hens. However, there was no evidence
that the W-bearing sperm were fertile (Kagami et al., 1995). Mixed-sex chimeras were
produced using primordial germ cells (PGCs) as  donor (Ono et al., 1996 ; Simkiss et al., 1996
; Tagami et al., 1997 ; Furuta et al., 1999 ; Naito et al., 1999 ; Yamaguchi et al., 2000). The
production of W-bearing sperm in the chimeras was confirmed by southern hybridization
(Kagami et al., 1995), PCR (Simkiss et al., 1996 ; Naito et al., 1999) and in situ hybridization
(Tagami et al., 1997). Efficient production of functional W-bearing sperm has enormous
commercial value in poultry breeding since the W sperm could produce only female birds
(laying hens). In the previous study, it was found that there was a strain preference in donor
and recipient for production of germline chimeric chickens. The strain combination of donor
White Leghorn and recipient Barred Plymouth Rock could produce germline chimeras more
frequently than the reverse combination. However, a strain preference in donor and recipient
for the production of W-bearing sperm has not been reported before. The present study was
conducted to produced female-derived sperm (W-sperm) effectively with special emphasis on
the strain preference in donor and recipient in mixed-sex germline chimeric chickens.

MATERIALS AND METHODS
The combination of donor and recipient was White Leghorn (WL) and Barred Plymouth Rock
(BPR), and vice versa. Stage X blastoderms (Eyal-Giladi and Kochav, 1976) were separated
from egg yolk, washed with phosphate-buffered saline (PBS), dissociated with trypsin,
dispersed in Dulbecco's Modified Eagle's Medium (DMEM) containing 10 % chicken serum,
and used as the donor (Petitte et al., 1990 ; Watanabe et al., 1992). The recipient embryos were
stage X blastoderms that were at the same stage of development as the donor.  A cell cluster
containing approximately 700 cells was aspirated from the blastoderm according to Kagami et
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al. (1997). Approximately 500 donor cells that had been prepared in advance were
microinjected into the subgerminal cavity of the recipient embryo. The manipulated embryo
was cultured ex vivo until hatching (Perry, 1988 ; Naito et al., 1990 ; Ono et al., 1994). A
manipulated embryo was incubated for 3 days at 37.5°C. The embryo and egg yolk were then
transferred into a larger surrogate egg shell prepared by cutting off the blunt end of a freshly
laid double-yolk egg. The embryo was cultured for an additional 18 days until hatching. About
200 cells of the donor and recipient were digested in 50 µl of a buffer composed of 10 mM
Tris, 1mM EDTA, 5 % SDS and 10 µg/ml Proteinase K (pH 7.5) for 2 hours at 38.5°C. A
sample containing 5 µl of the supernatant was used for PCR. The reaction conditions and
female-specific DNA primers for the PCR were as reported by Clinton (1994). Detection of
W-chromosome specific DNA in semen Mixed-sex chimeras that expressed the male
phenotype at sexual maturity (7 months old) were subjected to analysis. All the birds reached
sexual maturity at 7 months and there was no difference in the maturity in each group. Four
sets of the mixed-sex chimeras were subjected to analysis : group 1, a female WL donor and a
male BPR recipient ; group 2, a male WL donor and a female BPR recipient ; group 3, a
female BPR donor and a male WL recipient ; group 4, a male BPR donor and a female WL
recipient. The semen samples were digested in 800 µl of a buffer composed of 10 mM Tris,
1mM EDTA, 5 % SDS and 10 µg/ml Proteinase K (pH 7.5) for 8 hours at 38.5°C. After the
digestion, samples were centrifuged at 20 000 g for 10 minutes. Supernatant of 5 µl was used
for PCR as above. Semen samples in which W-chromosome specific DNA was detected by
PCR were confirmed to produce W-bearing sperm by in situ hybridization. The samples were
smeared onto slides. Then, a W-specific DNA probe (Xho I family, Tone et al., 1982) was
hybridized to semen samples and visualized using sheep anti-digoxigenin antibody conjugated
to alkaline phosphatase by an immunological reaction according to the manufacturer’s
instructions (Boehringer Mannheim, Tokyo). In each sample, 10 000 sperm were observed and
the W-bearing sperm were enumerated. The ANOVA test was used to identify statistically
significant differences in the mean number of W-bearing sperm between each strain
combination of donor and recipient.

RESULTS AND DISCUSSION
Chimeric numbers that expressed male phenotype at sexual maturity were 13 in group 1, 20 in
group 2, 18 in group 3 and 14 in group 4. When PCR was performed using genomic DNA
from the semen, a dense band of 315 bp was detected, when female-derived cells were
included in the ejaculated semen. However, any DNA band was amplified when female-
derived cells were not included in the chimeric semen. Thus, the PCR analysis enabled us to
rapidly determine if any female cells were present in the semen fluid. The percentages of W-
specific DNA detected  in groups 1, 2, 3 and 4 were 33, 28, 30 and 31, respectively. Mean
numbers of W-bearing sperm among 10 000 sperm observed in groups 1, 2, 3, and 4 were 137,
160, 20 and 69, respectively. There was no significant difference in the numbers between
groups 1 and 2. Number in group 1 was significantly higher than that of group 3 (p < 0.05).
And the number in group 2 was significantly higher than those of groups 3 and 4 (p < 0.05). 
The W-specific DNA was detected by PCR in ejaculated semen of about 30 % of the mixed-
sex chimeras regardless of the combination of strains used as donor and recipient. It is
suggested that the proportion of female donor cells settled in mixed-sex chimeric  gonads did
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not differ due to the combination of strains. To clarify the strain preference for donor and
recipient in the production of W-bearing sperm, in situ hybridization was performed. When
mixed-sex chimeras were produced with a male WL donor and a female BPR recipient (group
2), mean numbers of W-bearing sperm were significantly higher (p < 0.05) than for the
combination of a BPR donor and a WL recipient (groups 3 and 4). In case mixed-sex chimeras
were produced with a female WL donor and a male BPR recipient (group 1), mean number of
W-bearing sperm was significantly higher (p < 0.05) than for  combination of a female BPR
donor and a male WL recipient (groups 3). Although there was no significant difference (p >
0.05) between group 1and 4, it seemed likely that the number in group 1 was higher than that
of group 4. It is suggested that there is a strain preference for donor and recipient in terms of
the production efficiency of W-bearing sperm. The present study indicated that a WL donor
and a BPR recipient could produce W-bearing sperm more effectively than the reverse
combination. Mechanism of the strain preference is uncertain. In the previous study, it was
found that there was a strain preference in donor and recipient for production of germline
chimeric chickens. The strain combination of donor WL and recipient BPR could produce
germline chimeras more frequently than the reverse combination. It is suggested that the germ
cells of WL have higer ability to differentiate into germline in the gonads rather than that of
BPR. However, much more extensive data is needed to elucidate the mechanism of strain
preference. The efficient production of functional W-bearing sperm has enormous commercial
value in the poultry industry since hens alone are useful for egg production. To determine
whether the W-bearing sperm were fertile, semen of mixed-sex male chimeras which produced
the W-bearing sperm was artificially inseminated to sex-linked albino hens. In this mating
system, female albino offspring would be generated if the W-bearing sperm  fertilized the
ovum of the albino hens. There was no evidence that the W-bearing sperm were fertile
(Kagami et al., 1995). Recently, avian embryonic germ cell was established (Park and Han,
2000). The cell should be one of the useful donors for the genetic regulation in germline
development. More accumulation of scientific knowledge on avian germline development and
advances in technology will be essential to produce functional W-bearing sperm contributing
for poultry breeding.

CONCLUSION
To produce W-bearing sperm effectively, strain preference in donor and recipient for mixed-
sex germline chimeric chickens were investigated. The combination of donor and recipient was
White Leghorn (WL) and Barred Plymouth Rock (BPR), and vice versa. Four sets of mixed-
sex chimeras that had the male phenotype at sexual maturity were subjected to analysis : group
1, a female WL donor and a male BPR recipient ; group 2, a male WL donor and a female BPR
recipient ; group 3, a female BPR donor and a male WL recipient ; group 4, a male BPR donor
and a female WL recipient. The mean number of  W-bearing sperm detected by in situ
hybridization among 10 000 sperm observed in group 1 was significantly higher than that of
group 3 (p < 0.05). And the number in group 2 was significantly higher than those of groups 3
and 4 (p < 0.05). It is suggested that the combination of a WL donor and a BPR recipient
produced W-bearing sperm more efficiently than the reverse combination.   
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