EXPERIMENTAL GENETICS

SPONTANEOUS CHROMOSOMAL ABERRATIONS IN OOGENESIS
OF LABORATORY RATS
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Of 861 oocytes with chromosomes suitable for karyotyping and accurate count-
ing, 797 (92.7%) had the normal number of chromosomes, 64 (7.5%) had aneu-
ploidy, four (0.4%) hyperploidy, and in the remaining 60 there was a defi-
ciency of chromosomes (hypoploidy). Hypoploidy was often caused by artefacts.
The percentage of spontaneous aneuploidy in rat oogenesis is evidently about
0.8, much lower than the percentage of spontaneous aneuploidy in mouse
oogenesis.,
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An important and urgent task in cytogenetics is to study the causes of appearance
of aneuploid embryos, i.e., spontaneous abortions, embryonic death, and congenital
malformations [3]. An effective approach to this complex problem is the study of non-
separation of chromosomes in the gametes not only of man, but also of laboratory mam-
mals. However, whereas some data have already been obtained on nonseparation of
chromosomes in meiosis during spermatogenesis in these animals [12], the frequency of
spontaneous nonseparation of the chromosomes in ocogenesis has been inadequately stud-
ied, and moreover, only incomplete information on nonseparation of chromosomes in
oogenesis has been published for laboratory mice [10], whereas in rats this problem
has evidently not been studied at all.

It was therefore decided to study the frequency of spontaneous nonseparation of
chromosomes in the oogenesis of laboratory rats.

EXPERIMENTAL METHOD

Young albino rats weighing 80-100 g from the Rappolovo nursery in which ovulation
was induced by hormones were used. The female rats initially received an injection
of 30 units serum gonadotropin, followed by chorionic gonadotropin in a dose of 10
units 56 h later. The females were killed 13-17 h after injection of the second hor-
mone, the oviducts were removed, the ampulla of the oviduct was torn with a dissect-
ing needle, and the oocytes were removed together with the follicular cells and sur-
rounding mucus, The coagulum was transferred to medium No. 199 to which hyaluroni-
dase was added [5]. When the oocytes were freed from the follicular cells they were
transferred by a micropipet into a fresh portion of medium No. 199, then placed in a
hypotonic solution (0.9% sodium citrate or 0.567% potassium chloride), and chromosome
preparations were then made by Tarkowski's method [13]. The preparations were
stained either with lactacetoorcein or by Giemsa's method (as described in [9]).
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TABLE 1. Spontaneous Chromosomal Aberrations in Second Meta-
phase of Rat Oocytes (84 rats; M * m)
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EXPERIMENTAL RESULTS

Ly
":b 0f 2,335 oocytes, only in 861 were the
a~ ? chromosomes suitable for karyotyping and
"a‘np 'to accurate counting (Table 1); in the other
4&’7} cases the oocytes were at an unsuitable
stage for their chromosomes were heaped to-
gether. Oocytes were investigated 13-18 h
after injection of chorionic gonadotropin,
when they were at the metaphase stage of
o 0 the second maturation division. This cor-
responds with data in the literature on the
! 2 chronology of maturation of rat oocytes
[8]. By dealing with metaphases of the
second maturation division it was possible
DNy MDD vy O to count the number of chromosomes and to
s compare the karyotypes in those cases when
v this number was abnormal. It will be re-
called that for rats 2n = 42, i.e., under
normal conditions in metaphases of the sec-
e W & ond maturation division there should be 21
o KR - R A chromosomes. In 92.5% of ococytes (797 of
861) the number of chromosomes was normal
(Fig. 1), whereas in 7.57% of cases (in 64
¥R NN " = oocytes) aneuploidy was present. Charac-
teristically hyperploidy, i.e., 22 chromo-
L 8 1. &Y somes, was found in only four oocytes (in
0.4% of cases), whereas a deficiency of
Fig. 1. Normal karyotype of rat chromosomes (hypoploidy) was observed in
' oocyte. 60 oocytes.

Although the possibility that the
higher frequency of hypoploidy than of hyperploidy might be due to selective elimina-
tion of hyperploid sets in the composition of the polar body [10] cannot be completely
ruled out, it seems unlikely. It is more logical to suggest that loss of chromosomes
took place during preparation of the specimens, i.e., that a large proportion of the
hypoploid oocytes was the result of artefacts. It is difficult to accept that during
preparation of the specimen an extra chromosome could be added, i.e., the frequency
of hyperploid metaphases of the second maturation division evidently reflects the true
picture. Evidently if the chromosomes failed to separate in meiosis, equal numbers of
hypoploid and hyperploid gametes should be formed. 1If this is so, the frequency of
hypoploid and hyperploid oocytes ought to be the same, i.e., the total frequency of
nonseparation of chromosomes in rat ocogenesis is 0.87%.

Karyotyping of four hyperploid metaphases showed that in one case the chromosome
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Fig. 2. Aneuploid karyotype of rat oocyte. Hyperploidy. Two extra chromosomes in
group 3-X-10. Absence of metacentric in group 14-18.

Fig. 3. Aneuploid karyotype of rat oocyte. Hyperploidy. Extra chromosome in group
3-X-10.

set had two additional acrocentric chromosomes (Fig. 2) in the 3-X-10 group and ab-
sence of the metacentric chromosome in the 14-18 group, whereas in three cases an
extra chromosome was found in the 3-X-10 group (Fig. 3). Since nonseparation of the
X-chromosome takes place more frequently that nonseparation of autosomes [11], this
suggests that in three cases the oocytes contained, not one, but two X-chromosomes.
This hypothesis requires confirmation by the use of special methods of identification
of individual chromosomes [8] in metaphases ot the second maturation division, which
were not used in this investigation.

The frequency of spontaneous nonseparation of chromosomes in oogenesis in albino
rats from the Rappolovo nursery (0.8%) was thus considerably lower than the frequency
of spontaneous aneuploidy in early embryos which, according to figures published by
the writers elsewhere [2], is 8.47%. Chromosomal aberrations in embryos can be formed
by nonseparation of chromosomes both in oogenesis and in spermatogenesis, as well as
by mitotic nonseparation of chromosomes during fertilization and during the initial
stages of cleavage [6, 10, 14]. These phenomena evidently play a more important role
in spontaneous chromosomal embryopathies in rats of the "Rappolovo" colony. It must
not be forgotten that spontaneous nonseparation of chromosomes in rat oogenesis is
much less common than in mice [11l], in agreement with the lower frequency of spontane-
ous pathology of embryogenesis in rats than in mice [1, 4, 14].
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