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Summary. The positions of chromosomes 1 and Y inside human
spermatozoa were determined by differential staining techniques. In
85/100 cells the two chromosomes were in close contact and in associa-
tion with a vacuole. This observation is in contrast to previous findings
for chromosome No. 9 and the Y-chromosome whose positions do not
appear to be correlated.

Soon after the introduction of the fluorescence staining technique for the detec¬
tion of the Y heterochromatin in interphase nuclei (Pearson et al., 1970), it was
shown that the Y-chromosome could also be demonstrated in human spermato¬
zoa (Barlow & Vosa, 1970; Pearson & Bobrow, 1970) and was associated with
vacuoles (Pawlowitzki & Bosse, 1971). Alternative techniques have now been
developed for chromosomes No. 9 (Bobrow et al., 1972) and No. 1 (Geraedts &
Pearson, 1973) which can also be used for demonstrating the heterochromatin
of these chromosomes in ejaculated spermatozoa. The staining procedures
involved are of the C-banding type, and reveal a darkly stained chromosome
body against a less pronouncedly stained nuclear background. In one study
(Geraedts & Pearson, 1975), it was demonstrated that there appeared to be no
correlation between the position of the Y-chromosome and chromosome No. 9.
The purpose of the present study was to investigate the spatial relationship
between the Y-chromosome and chromosome No. 1 within the human sperm
nucleus.
A human ejaculate was washed three times with isotonic saline and the

spermatozoa fixed in methanol and kept at
—

18°C. Freshly made, air-dried
preparations were stained for chromosome No. 1 (Geraedts & Pearson, 1973)
and examined under oil immersion in green light, without embedding. The
slide with the most satisfactory differentiation was selected and slightly destained
in methanol (10 min) after rinsing in xylene. The same slide was then restained
in 0-5% atebrine in methanol, rinsed and mounted in distilled water. The
quinacrine-stained slides were viewed under a fluorescence microscope, fitted
with epi-illumination and a KP 450 exciter filter and a KP 490-nm barrier
filter. The positions of chromosomes Y and 1 were recorded on polaroid photo¬
graphs of the spermatozoa in green light for the No. 1 chromosome and after
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examination in long-wave u.v. for the Y-chromosome, marking its position on
the same photograph. It also proved possible to combine both staining tech¬
niques so that by simply switching from u.v. epi-illumination to green light
transmission illumination, one could directly go from visualizing one chromo¬
some to another. By this method we could study the relative positions of both
chromosomes and observe the generally small but consistent distance between
them, i.e. they were associated but not directly superimposed. In some instances
the chromosomes were widely separated and this, together with the use of two
entirely distinct differential staining methods, leads us to believe that we were
not studying the same chromosomes in two different ways.
One hundred cells were photographed, and in 85 chromosome No. 1 was in

close contact with the Y-chromosome. In most cells, the chromosomes were

lying within the chromatin-dense lower part of the sperm head, close to the
boundary of the dense and less-condensed regions (Plate 1). They were often
associated with vacuoles, as already observed for the Y-chromosome alone
(Pawlowitzki & Bosse, 1971). Two cells were seen with two No. 1 chromosomes
and one with two Y-chromosomes. The frequencies of these disomic cells are in
agreement with previous estimates (Pearson et al., 1973). In nondisjunctional
cells all three chromosomes were seen in association at the edge of the chroma-
tin-dense region.
This fixed spatial relationship of the heterochromatic regions of chromosomes

1 and Y in 85% of spermatozoa is in contrast to our earlier observations for
chromosome No. 9 and the Y-chromosome (Geraedts & Pearson, 1975).
Moreover, since chromosomes No. 1 and the Y are frequently associated with
vacuoles, it implies an as yet undefined functional relationship. This is
unlikely to be a residual nucleolus association as has been demonstrated for
Y-bodies in various types of somatic interphase nuclei (Bobrow et al., 1971).
The arrangement of chromosomes has been studied in the spermatozoa of

grasshoppers by [3H]thymidine incorporation into sperm precursor cells
(Taylor, 1964), and the salamander Plethodon cinereus by the hybridization in situ
of an RNA complementary to a particular type of satellite DNA (Walker &
Macgregor, 1975). The position of the Y-chromosome has also been demonstra¬
ted in rat spermatozoa by autoradiography (Bianchi & De Bianchi, 1969) and
more recently in the spermatozoa of Microtus oeconomus by a differential staining
technique (Tates et al., 1975). Bianchi & De Bianchi (1969) interpret their
results as indicating an end-to-end association of the chromosomes in the sperm
nuclei of the rat and also a constant position of the Y-chromosome. In Plethodon
cinereus the large (sub)metacentric chromosomes appear to lie parallel to each
other, with the centromeres situated at the base of the nucleus. Walker &
Macgregor (1975) conclude that in this species the chromosomes occupy more or
less constant positions.
Further research will be needed to see whether other chromosomes also have

a non-random position in human spermatozoa. The development of new differ¬
ential staining techniques or the application of hybridization techniques in situ
will be a prerequisite for this study.
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PLATE 1

The same human spermatozoon after staining for the Y-chromosome (a) and chromosome
No. 1 (b). Note the almost identical position of both chromosomes, indicated by the
arrows.

(Facing p. 516)
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