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SUMMARY

T( 1; 13) 7011/ + translocation heretozygous mice were used for assessing
heritability values for chiasma frequencies and the epididymal sperm count.
The chiasma frequency estimates were based on 15 son-sire pairs, the trans-
location hcterozygotes being maintained in a Swiss random-bred genetic
background. The chiasma frequencies were scored separately for the T7OH/ +
derived multivalent, specific pairing segments within the multivalent and the
remaining bivalents. Chiasma counts within these specified parts of the genome
were positively correlated. The heritability estimates, significantly greater
than zero, ranged from 078-098, depending on the chromosome segments
included. These results indicate a strong genetic control on a cellular basis
for the formation of chiasmata in the mouse. Despite significantly positive
correlations and regressions between the various chiasma frequencies and
the sperm count (for which 29 pairs of observations were available), no
significant heritability estimate for the sperm count was obtained. The
relation between the chiasma frequency and the sperm count was weakest when
the chiasma count was confined to a region of the translocation-caused
multivalent in which the absence of a chiasma almost always resulted in the
production of an univalent. This indicates that in the translocation hetero-
zygotes used, the overall chiasma frequency has a greater predictive value for
the sperm count than autosomal univalence alone.

1. INTRODUCTION

IT has been generally stated that the genetic process of crossing-over, which
leads to chiasrnata observed during diplotene, diakinesis and metaphase of
the first meiotic division, is influenced by genes (for review, see Bodmer and
Parsons, 1962; Sybenga, 1975). When the production of cross-overs is
regarded as a two-step event, one step being the pairing of homologues
(pre-conditioning for exchange), and the other step, the actual occurrence
of a chiasma, it is thought that genes influence both (for a discussion, see
Jones, 1974). Genes of crucial importance for the process are inferred
through meiotic mutants. Another approach demonstrating the influence of
genes is using the ratio of the additive genetic variance to the total pheno-
typic variance (the heritability or 1z2). For this purpose, one can either
compare individuals of different consanguinity, or select for low and/or
high chiasma frequency (Chinnici, 1971; Shaw, 1972). The latter approach
will produce an assessment of the" realised-h2" (Shaw, 1972). The genetic
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nature can also be assessed by producing an F2 generation of selfing plants,
the parental types differing in chiasma frequency and their phenotypes not
being recovered among the F2, or by analysing different inbred lines for
the character (Rees, 1955).

Up to now, the contribution of the genes to the manifestation of chiasmata
has been demonstrated in fungi, insects, plants, mammals and is suggested
for man (Hulten et al., 1970).

We have attempted to make an assessment of the h2 value, using a son-
sire regression in a stock of translocation heterozygous mice (T(1 ;13)70H/+)
using both chiasma counts within the translocation-caused multivalents and
counts in the bivalents.

Autosomal univalents, usually rarely observed in mammalian meiosis,
can be generated through translocation heterozygosity (Lyon and Meredith,
1966). A relation between univalence and a breakdown of meiosis has been
suggested both for the mouse and for man (Miklos, 1974; Searle, 1974;
Chandley et al., 1975). We have investigated this point further by comparing
the epididymal sperm count with the counts for translocation-caused univa-
lence and the chiasma counts, using the son-sire pairs of this experiment.

2. MATERIALS AND METHODS

The mice used were male T (1; 13) 70H translocation heterozygotes (TI +),
which had been outcrosscd for an average of 10 generations to a Swiss
random-bred stock (Cpb(SE) S) of sufficient size to avoid inbreeding. A
total of 15 unrelated families has been obtained by this procedure and from
each family, a T/ + father and a T/ + son entered the experiment. Meiotic
preparations were made according to an air-drying technique (Evans et al.,
1964), and the chromosomes were C-banded by the BSG technique of
Sumner (1972). One hundred diplotene-diakinesis cells per male were
scored from one testis (right or left) and the stage of meiosis assessed as
described previously (de Boer and Groen, 1974; de Boer, 1976). Cells of
class 3, containing the most contracted bivalents were not included. In all
100 cells, the translocation-caused multivalent configuration was scored and
notations of RIV, CIV, CIII+I follow those explained by de Boer (1976),
who gives photomicrographs as well. Fig. 1 gives diagrams of configurations
most frequently observed with the notation for whole chromosomes and their
interstitial (i) and translocated (t) segments. It also gives their overall
frequencies. A few cells (5) were found where chiasmata were lacking in
both interstitial segments of the pachytene cross, thus giving rise to two
heteromorphic bivalents. For 10 cells out of the sample of 100, the chiasma
frequency of all the autosomal bivalents made up by homologous chromo-
somes (17 in total) was scored. Both observers contributed equally to each
male scored.

At the time of autopsy, spermatozoa from the capita epididymes were
counted according to a method described by Searle and Beechey (1974).
The males were 6-8 months old when killed, and had been in the continuous
presence of a female for 3-5 months, which resulted in the production of 3-4
litters. Care has been taken that young, if present, were at least 5 days
old at the time of autopsy of their father, in order to avoid any influence of
the post-parturition copulation on the sperm count.
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FIG. 1.—Diagrams of the multivalent configurations encountered in the T(l ;13)70H
reciprocal mouse translocation together with the notations of the chromosomes involved
and their interstitial and translocated segments. Segment 1 may have I or 2 chiasmata.
The overall frequency of each configuration is also given (n = 2995). For an explanation
of the symbols RIV, C1V13t etc., see de Boer (1976).

3. RESULTS

Within the TI + caused multivalent included in the analysis, either I or
2 chiasmata were present in segment l, 0 or 1 in segments l3 and l and
I in segment l3. The following symbols referring to chiasma counts per
100 cells will be used:

Chl: The number of multivalents with 2 chiasmata in 11;
Ch2: The number of multivalents with 0 chiasmata in l3 and 0 in l,

thus producing a univalent for chromosome I 13 Ch2 equals the
frequency of translocation-caused univalents and almost equals the
frequency of cells with no chiasma in I3 (adding Clvi 3, see
fig. 1);

Ch3: The total number of chiasmata in all 100 multivalents;
Ch4: The total number of chiasmata in normal bivalents, summed over

the 10 cells scored in this respect; and
Ch5: The sum of Ch3 and Ch4.

Table 1 gives the means and standard deviations for each parameter
thus calculated and for the sperm count (Sp C). The sperm count data are
based on the sum of the counts of both epididymes. Within animals, there
is a good correlation between the counts of both epididymes with an intra-
class correlation coefficient r = 079 (n = 43). Of the total number of cells
scored l83 per cent were considered to be late diplotene or early diakinesis
(Class 1) and 811 per cent were of class 2 (mid-diakinesis).
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TABLE 1

Means () and standard deviations (S.D.) of the chiasma parameters (ChI-5) and sperm count (Sp C)
scored. The data are pooled for fathers and sons. For an explanation of the chiasma parameters, see the
Results. The mean chiasma frequencies per cell for the chromosome segments or chromosomes indicated

are given as well ()

S.D.
Chi 2863 957 129
Ch2 2453 1369 077
Ch3 30653 2075 307
Ch4 21047 1222 2105
Ch5 51700 3112 24•12
Sp C 42020 12184

The effect of meiotic stage on chiasma number as scored in segments i
and l3 is depicted in table 2. As found earlier (Forejt, 1972; de Boer, 1976)
the numbers drop when meiosis proceeds. The males used were homogene-
ous, however, with respect to the numbers of class 1 and class 2 primary
spermatocytes, thereby not biasing a comparison between fathers and sons
(X229 = 36.56 n.s.).

A correlation matrix of the parameters used (Gb 1-5 and the sperm
count) is given in table 3.

TABLE 2

The effect of the stage of meiosis (class 1 containing late diplotene and early diakinesis and class 2
containing mid dia/cinesis) on the number of chiasmata scored in snultivalents

No.of chiasmata Spiralisation class

Segment is 1 2

1 341 62.1% 1795 73.4% x' = 2785
2 208 37.9% 651 26.6% P<0005

Segments l plus l3
At least 1 476 86.7% 1818 74.3% x = 3832

0 73 13.3% 628 25.7% P<0005

TABLE 3

Correlations between the various chiasma parameters used and between the chiasma parameters and the
sperm count, each correlation involving 29 or 30 pairs. P gives the probability of the correlation being
greater than ero (for the negative ones) and smaller than zero (for the positive ones). The symbols follow

those explained in the Results

Ch2 Ch4 Sp C
Chi —062 074 063

P = 00004 P = 0000l P = 00004
Ch2 —0•51 —036

P = 00041 P 00468
Ch3 067 053

P = 00002 P = 00028
Ch4 0•49

P = 00066
Ch5 0•56

P 000l6
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Correlations which were partially or wholly autocorrelations have been
left out. High chiasma frequencies in segment 1 go accompanied with high
chiasma frequencies in segment l3. Animals, which had a high chiasma
score in the multivalents also had a high score in the bivalents, suggesting
cellular control of the phenomenon. Correlations between all chiasma
parameters and the epididymal sperm count were such that high sperm
counts were more likely to occur in animals with a high chiasma count.

When the chiasma data of the 15 sons were regressed on to their 15
fathers, the following picture emerged (table 4): regression coefficients were
significantly larger than zero for Chl, 3, 4 and 5. For the sperm count

TABLE 4

Regression coefficients and heritability estimates (h2 = 2b for a son-sire regression) for all chiasma
parameters used and for the sperm count

n b P,b>O
Chi 15 O49±O25 OO25<P<O•O5 O98±O5O
Ch2 15 O28±O16 n.s. O•56±Q•32
Ch3 15 O39±O2O 0025<P<O•05 O•78±O4O
Ch4 15 O44±013 P<O•005 O•88±O•26
Ch5 15 O48±O17 O'005<P<O•O1 O96±O34
Sp C 34 O29±018 n.s. O58±O36

data, a larger number of father-son pairs were available and the regression
coefficient was not significantly larger than zero. The ensuing heritability

additive genetic variance VA
estimates, . . = are rather high, though with

phenotypic variance VP
large standard deviations.

The material was also used for assessing the relation between the chiasma
data, of which Ch2 represents the fraction of translocation-caused univalence,
and the sperm count data, remembering the significantly positive or negative
correlations between the two (table 3). For each chiasma parameter tested
(the sperm count being dependent variable), a linear first power equation
(T = a+ bX) gave the best fit to the data when tested against higher power
equations (1 = a+bX+cX2 etc). The regression lines are given in table 5
and two depicted in fig. 2. All values of b are significantly greater or smaller
than zero.

TABLE 5

The best lines offit (using additive models) of the relation between the chiasma count (X) and the sperm
count (the dependent variable, Y)

For Ch2 T = 494-92--320X sb = 1-56 P—.0-025
For Ch3 1 = —498-00+3OOX sb = 090 P<0-005
For Ch4 r= —598-16+4-84X Sb = 1-65 0005<P<0•01
ForCh5 1= —71235+219X SbO6O P<0005

4. Discussiorc

It should be remembered that the main parameter used in this investi-
gation, i.e. chiasma count, is not fixed during the stages of meiosis, used for
scoring, but drops as metaphase approaches. So the h2 values derived
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FIG. 2.--- The lines of best fit for the relation between the epididymal sperm count and
translocation-caused univalence (upper graph) and for the sperm count and the total
multivalent chiasma counts (lower graph).

contain a component of chiasma terminalisation. [f the number of termi-
nalised chiasmata is linearly related to the total number of chiasmata
originally present, then the values given are the correct ones for chiasma
formation. It is more likely that counts made in animals with a high
intrinsic chiasma value, are more biased by the process of chiasma tcrmina-
lisation because of increasing tension within the bivalent, when spiralisation
proceeds. Even then, the slope of the regression line should not be altered.
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We have tried to limit the terminalisation-component by omitting late
diakinesis and metaphase I from the scores.

The h2 values obtained are very high and apply both to the multivalent
and to the autosomal bivalents, the two of which were positively correlated.
Despite the large deviations, the conclusion is warranted that under normal
animal house conditions there is still considerable phenotypic variance with
respect to chiasma frequency, which is mainly due to additive genetic factors.
Thus, the contribution of intra-locus (or dominance) variance cannot be
very high, which is in line with results by Shaw (1974) in Schistocerca gregaria.
A genetic contribution to chiasma frequency in the mouse could already be
inferred from differences in chiasma counts between different inbred strains
of mice (Kyslikova and Forejt, 1972). Also, the result of Berry et cii. (1973)
that the hybrid males of a cross between Skokholm wild mice and laboratory
mice exhibited chiasma counts intermediate to the parental ones, can be
taken to indicate genetic control. Our results also show that because of
the high h2-values selection for high and low chiasma frequency is feasible
using the Swiss random-bred stock. Shaw (1972) using the locust Schistocerca
gregaria showed values for the realised h2 of 027 for upward selection and
048 for downward selection, values either suggesting a less stable environ-
ment in their experiments or a less strict control of chiasma formation in
this animal.

Univalence arising from a very low chiasma count could eventually
influence the fitness of the individual, but above a minimum of one chiasma
per bivalent, an optimum count (with regard to fitness) seems not very
sharply defined and under animal house circumstances, selection, narrowing
the genetic variance, seems hardly important if present at all.

Findings of Lyon and Meredith (1966) and Searle (1974) suggest that
mouse translocations characterised by a high likelihood of producing auto-
somal univalents are prone to cause a breakdown of spermatogenesis mostly
before the secondary spermatocyte stage. According to this criterion, the
T7OH/ + male translocation carrier should be sterile, but it is not. We
could, however, establish a significant correlation and regression between
univalance (translocation induced) and epididymal sperm count. Correlations
and regressions became stronger when chiasma counts were included
covering a greater part of the genome. It is impossible to tell whether the
relationship between the two is causative or whether both are influenced by
the same genes. If one likes to apply Miklos' (1974) hypothesis regarding
spermiogenic arrest one could state that a high chiasma frequency results
from enough meiotic pairing sites being occupied. Unoccupied sites,
according to the hypothesis, would lead to decondensation of chromatin
sometime afterwards. Decondensation followed by unwanted transcription
(at least in Drosophila) then endangers the lives of the spermatids concerned,
thereby lowering the sperm count. In the mouse, however, there is intense
RNA synthesis during middle pachytene (Monesi, 1965), when chiasma
formation is complete.

Cohen (1973) maintains that there is a positive correlation between
sperm redundancy (the number of sperm ejaculated to fertilise a single egg)
and chiasma count, covering a great diversity of species with totally different
reproductive physiology. Within related species, Wallace (1974) could not
find such a relation.

In the mouse, epididymal sperm counts reflect the size of the ejaculate
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and hence the number of spermatozoa in the oviduct at the time of fertilisa-
tion (de Boer et al., 1976). We found a relation between sperm count and
chiasma count and it is difficult to attach a biological significance to it,
especially when univalents are not involved (see tables 3 and 5). The negative
relation found for autosomal univalents and the sperm count could be
explained on the basis of univalents interfering with proper anaphase I
segregation. It has already been demonstrated (de Boer, 1976) that T7OH/ +
has a slightly decreased sperm count and also that the T7OH-derived
univalent was in the majority of cases behaving regularly (not causing
numerical non-disjunction) during anaphase I. When the correlations given
irs table 3 between the various chiasma frequencies and the sperm count
are examined again, the absolute value of the correlation is lowest when the
formation of a univalent is measured (Ch2). In fact the correlation of Ch I
(giving the number of chiasmata in segment i) with the sperm count is
significantly greater than the Ch2-Sp C correlation (using transformation
of r to z, P <0.05). This suggests that increased univalence is less important
for lowering the sperm count than an overall decrease in the chiasma
frequency throughout the whole of the genome, thereby reinforcing the
observations cited before that the T7OH-derived univalent is able to co-
orientate with the other chromosomes of the transiocation complex. Thus,
data presented here do not prove that a single univalent can cause sperma-
tocyte death between metaphase I and metaphase II. The possibility is
left open that chiasma count, univalence, spermatocyte break-down and
sperm count are influenced by common genes.
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