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Summary

Male meiosis was studied in cattle, sheep and goat while female meiosis was studied in sheep.
The male meiotic process of these three species showed great similarities, while the appearance
of the metaphase stages of female meiosis was found to conform quite closely with those of the
males save for the formation of the first polar body.

A number of bulis heterozygous for the 1 /29 and 14 /20 Robertsonian translocations have
been investigated as have some rams and ewe lambs heterozygous and homozygous for the
Massey 1 Robertsonian translocation. The abnormal meiotic configuration caused by the
pairing of the translocation chromosome in these cases was easily identified in the stages of diplo-
tene and diakinesis, although the anomalies did not seem to affect chiasma formation.

In metaphase II cells, a small number of hyperhaploid secondary spermatocytes and oocytes,
possessing one extra autosome were identified, a higher level of non-disjunction being found
in the heterozygous animals than in the normal. One could postulate that these hypermodal
cells were formed by malsegregation of the trivalent at anaphase I, but while this formation is
compatible with fertility data in cattle this is not so in sheep, possibly due to a variety of selection
factors.

Introduction

The chromosomes of the domestic ruminants were first identified using gonadal
tissue initially from histological and subsequently from meiotic preparations
(MAKINO et NISHIMURA, I952). Such methods have been totally superceded by
tissue culture techniques but meiotic investigations are still of value for 3 main
reasons.

Firstly the presence of structural re-arrangements of the karyotype are easily
recognised in meiotic prophase especially the stage of diakinesis. This applies
even to re-arrangements studied by Q- and G-bands (HULTEN et LINDSTEN, 1973).

Secondly, the study of chiasma formation at diakinesis has been of conside-
rable interest as it is generally believed that the mean number of chiasma at
diakinesis in a particular species gives important information concerning the

(1) This article has been presented to the 3rd Colloquium on Cytogenetics of Domestic animals,
May 31-June 2, 1977, Jouy-en-Josas, France.
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genetic length of that species (HENDERSON, I969). As an extension of this hypo-
thesis it has been postulated that chiasma positions at diakinesis while not necess-
arily being coincident with crossing-over points may mnevertheless be related to
them. As yet this has not received general acceptance (HULTEN, 1974).

Finally, meiotic studies can be used to obtain an estimate of irregular segre-
gation based on chromosome counts of meiotic metaphase II (MII) (FOrD et
EVANS, 1973).

The present investigations were broadly based on these uses. The first
objective was to compare the mean overall chiasma count of the three major
domestic species the cow, sheep and goat. Their somatic karyotypes are extre-
mely similar (MELANDER, 1959) and so it was thought to be of interest to compare
their genetic length using meiotic information, since at present this is impossible
by genetic means. The second objective was to use meiotic preparations to
confirm several presumptive Robertsonian translocations in cattle and sheep
by the presence of a trivalent at diakinesis. The third objective, which followed
from the second was to determine if possible wheter the presence of such translo-
cations had any effect upon phenotype, gametogenesis, chiasma count and position
at diakinesis and wheter their presence increased the rate of non-disjunction or
irregular segregation based on MII counts.

Materials and Methods

The animals studies are shown in Table 1. All the sheep were taken from a
small flock developed from 4 New Zealand Rommney tups heterozygous for the
Massey I Robertsonian translocation. These were kindly sent to the U.K. by
Professor BRUERE of New Zealand. The one goat and 25 of the normal bulls
were studied at slaughter. The remainder of the bulls and all the rams were
clinically examined. This included a semen test.

TABLE I
Material
Materiel
Normal |R T Heterozy- Type R. T.
gote
SHEEP — male . . . . 2 5 MassE I t(s, 26)
BRUERE et al., 1974.
— female o 8 5 —
GOAT — male . . . . 1 o —
CATTLE — male . . . . 33 6 I/20 READING HARVEY, 1974.
2 14 /20 READING LOGUE et HAR-
VEY. unpublished
information.
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MEIOSIS AND ROBERTSONIAN TRANSLOCATIONS

F1c. 1. — a) Diakinesis Ram M1, 27XY.
b) Diakinesis Ram Mr, 26XY, 111 (5, 26).
a)

Diacinése béliev M1, 27XY.
b) Diacinése bélier M1, 26XY, 111 (5, 26).
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TABLE 2

Results — Novmal kavyotype : overall chiasma court
Caryotype normale : nombre total de chiasma

Count 4- S.D. No. Cells
SHEEP — male . . . . . . . .. ... 51.2 L 4.7 50
— female . . . . . . . . .. .. 44 I
GOAT -— male . . . . . . .. .. .. 49.7 + 4.0 20
Cow —male . . . . . . .. .... 49.5 <+ 4.1 325
FIG. 2. — Unbalanced ? secondary spermatocyte Ram M1xr 27 ? X, t (5, 26) +?
Spermatocyte II déséquilibve? Béliev M1r1, 27 °X, t (5, 26) +?
TABLE 3 '
Results — Hetevozyogote overdll chiasma counts
Nombre total de chiasma vh% les hétévozygotes
3 >
Count + S.D. No. Cells
SHEEP — male (Massey I). . . . . . . . 50.9 &+ 4.1 100
— female (Massey I) . . . . . . 44 + 3.3 7
Cow — male (1/29) . . . . . . . . . 47.8 + 4.2 150
(14/20) . . . . . . .. 48.1 + 3.9 2
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TABLE 4

Comparison of the distvibution of chiasma

in the I [29 trivalent and normal bivalent No. I

Comparaison entre la distribution des chiasma du trivalent 1 [29

et du bicalent n° 1 novmal

Trivalent
Xta Nec. No. Bivalent (1}
1 29
(r:1) (T) (T) 1 o
(1:1) (M) (X) 8 5
(2:1) (T, P) (X) I0 8
(2:1) (T, M) X) 48; 50 51
(2:2) (T, M) (T, P) 2
(2:1) M, M) P(X 20 24
(2:2) (M, M) (T, P) 2 {7
(3:1) (T, M, P) (X)) a 8
(#:1) (T, M, M, P) (X) 5 6 4
(4:2) (T, M, M, P) (T, P) 1
X = Not defined.
T = Terminal.
M = Median.
P = Proximal.
TABLE 5

Results — Chromosome counts of MII cells — Bull

Nombre de chromosomes dans les metophases 11 des travaux

Trz}réilzf;iﬁté?ln No translocation
No. of chromosomes . 27 28 29 28 29 30 31
Normal Bulls . 35 52 506 8
1 /29 heterozygotes 8 23 128 7 25 185 5
14 /20 heterozygotes . 2 3 28 3 3 22 1
Rate of non-disjunction (*) . . Ri1 Rz
Normal . 2.8 or 10.6

1 /29 Heterozygote .
14 /20 Heterozygote

6.4 or 16.1 (P < 0.05)
6.8 or 13.8 (P > 0.05)

(*} As ForD and EVANS, 1973.
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F16. 3. — a) Karyotype Diakinesis Ram M1, 26XY, 111 (5, 20).
a) Caryotype d'ume diacinése du béliev M1, 26XY, 111 (5, 20).

The somatic karyotype of all the animals were studied, if possible from two
tissues. In the males testicular tissue was removed by biopsy, castration or at
slaughter. Portions of the testes were then processed meiotically (LLOoGUE, 1975)
and histologically. In the heterozygous bulls and three normal halfsibs two para-
meters of testicular function, Leydig Cell Volume and total relative tubule length
were computed from the histological sections (AHMAD ef al., 197I).

Female meiosis was studied utilising oocytes matured i vitro from 4-6 week
old prepubertal lambs (LOGUE et al. in preparation).

The various meiotic stages were identified, in particular, diakinesis and MII,
At diakinesis overall chiasma counts were made and any abnormal configurations,
e.g. trivalents noted. The chiasma positions on the largest bivalent (No. I)
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F1c. 3. — b) Karyotype unbalanced? oocyte lamb MIr 272 X, t (5, 26) +?
b) Caryotype déséquilibré d’oocyte.

were noted in normal bulls and compared with those on the No. T arm of the
I /29 trivalent.

At MII chromosome counts were made of all suitable cells and the sex and
translocation chromosomes identified where possible.

Results
All the heterozygous bulls and rams examined clinically and histologically

Had normal behaviour and semen quality. In the spermatogenic study Leydig
cell volumes and total relative tubule length in the heterozygous bulls and their
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FI16. 4. — a) Karyotype diakinesis Goat M1, 30XY.
a) Caryotype en diacinése bouc M1, 30XY.

b) Karyotype diakinesis Bull M1, 30XY.
b) Caryotype en diacinése, taureay Mzx, 30XY.
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¢} Diakinesis Bull Mr, 29XY, 11T (I4, 20).

¢) Diacinése, taureaw Mr, 29XY, 111 (I4, 20).

Fi1c. 4. — d) Diakinesis Bull M1, 30XY (note association).
d) Diacinése, taureaw Mrx, 30XY (note association).
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&

F16. 5. — 1/29 Trivalents et Normal n° 1 Bivalents.

Trivalents 1 /29 et Bivalents n°® I anormaux.

TABLE 6

Results — Chyomosome counts of MII cells — RAMS

Nombre de chvomusomes dans les metophases II chez les béliers

Massey I Identified No Translocation
No. of chromosomes . . . . . .| 24 25 26 27 25 23 27 28
Normal Rams . e e 3 8 42 2
Massey I heterozygotes . . . . 2 15 92 5 1 16 103 3
Rate of non-disjunction Ri1 Rz
Normal . 6.8 or 16.8

Heterozygote Maie .

7.6 or 19.2 (P > 0.05)
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TABLE 7

Results — Chromosome counis of MII cell — Ewe lambs

Nombre de chvomosome dans les mélophases 00 chez les agnelles

Massey I ;
Identified No translocation
No. of chromosomes . . . . . . 24 25 26 27 25 26 27 28
Normial . . . . . . . . ... o 1 6 o
Massey I Heterozygotes . . . . o I 2 2(17?) b o 2 [}
Massey I Homozygotes b 15 o o 1? o

half-sibs were all found to be well within the normal range of 15 + 1.3 mls and
2 490 + 585 m respectively (LENNOX et L,OGUE in preparation).

All the stages of meiosis were identified and while the Robertsonian translo-
cations could only be rarely seen in male pachytene, a trivalent was easily iden-
tified in diplotene and diakinesis in both sexes (fig. I-11).

The mean chiasma frequencies at diakinesis are shown in Tables 2 and 3.
Fach trivalent showed a characteristic shape (fig. 2 and 3, 9-I1I) and a comparison
of the frequencies of position in the 1 /29 trivalent and the normal 1 bivalent
are shown in Table 4.

The morphology of cells in MIT made analysis very difficult because often
sister chromatids of the autosomes were so strongly repulsed from each other as
to be separate. A small number of hyper-and hypohaploid cells were counted
and the results are shown in Tables 5, 6 and 7 (fig. 4 and 5, 12 and 13).

Discussion

The chiasma counts found in the normal bull, sheep and goat agree quite well
with the other workers (DATTA, 1970; POPESCU, 197I; JAGIELLO ef al., 1976).
These could be taken as indicating a similar gene map length in the 3 species of
approximately 25 Morgans. Indeed if one estimates the Recombination Index
upon the sum of the chiasma count and the haploid number (FORD, 1969) this
gives an even closer agreement of around the figure 80. This agreement is most
intriguing since while even the banding patterns of the somatic karyotypes are
remarkably similar, somehow in the process of evolution and speciation a substan-
tial amount of DNA (roughly 10 p. cent) has either been gained by the sheep and
goat or lost by the cow (SUMNER et BUCKLAND, 1976). Hence one could postulate
that this ‘“ variable ” DNA has no direct genetic control.

In these unselected male heterozygotes the service behaviour, semen quality
and histological picture were unimpaired. Since the numbers studied are rather
small and occasional reports have correlated Robertsonian translocations with
impaired spermatogenesis such a correlation remains a possibility in the ruminants
albeit an unlikely one (BRUERE, 1975).

Meiotic investigations in the heterozygotes showed normal chiasma counts
and also that the chiasma position within the trivalent itself showed no evidence
of an alteration, at least in the No. 1 chromosome. In man alteration of both
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Fi6. 6. — a) Diakinesis Bull M1, 29XV, 111 (1, 29).
a)} Diacinése tawveau M1, 29X, III (1, 29).

b) Secondary Spermatocyte Bull Mr1x, 29Yt (14, 20).
b) Spermatocyte II de tauveaw M11, 29 Yt (14, 20).



MEIOSIS AND ROBERTSONIAN TRANSLOCATIONS 505

FI1G. 6. — ¢) Secondary Spermatocyte Bull M11, 29Y, ¢ (1, 29).
c) Spermatocyte 11 de tauveauw M1r, 29Y, t (1, 29).

d) Unbalanced Secondary Spermatocyte Bull Mr1r; 30 ?X, t (1, 29) 42
d) Stermatocyte 11 déséquilibré de tauwveau M11, 30 ?X, ¢ (1, 29) +7
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have been reported in Robertsonian translocation heterozygotes, but the signi-
ficance of this is still open to question (HULTEN et LINDSTEN, 1973).

The rates of non-disjunction based on MII counts were raised in all the hete-
rozygous animals, although only in the 1 /29 heterozygotes was the rise in both
R, and R, significant at the 5 p. cent level. Since this rise was less convincing
using the R, estimation it remains a possibility that even in this case the data is not
conclusive, however the estimated rise of non-disjunction in these bulls of around
5 p. cent agrees well with Gustavsson’s 1 /29 fertility data (1975). On the other
hand the fertility data in the sheep do not confirm the ram non-disjunction figures
(BRUERE, 1975). It must be admitted the sheep data presented here are not
conclusive but they do agree quite well with those of CHAPMAN et BRUERE (1975)
and this concurrence leads one to postulate that there may be one or more factors
operating in these heterozygous animals. Firstly there may be selection against
the aneuploid gametes; secondly there may be a loss of early embryos and this
has been masked in some fertility studies by normal variation in pre-implantation
death; and thirdly there may be an advantage conferred upon the heterozygote
itself or possibly the herd or flock as a whole by the presence of the translocation
which offsets any lowered normal gametic output.

Since Robertsonian translocations have been the main method used for chro-
mosome variation and presumably speciation in the bovidae and since these
species are amongst the most successful meat producing species it is imperative
we continue to attempt to understand their genetic mechanisms. It is hope this
present study will stimulate others to investigate all aspects of reproductive
performance and in particular the meiotic process in such animals much more
fully.

Regu pour publication en décembre 1977.
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