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Effect of Reciprocal Crossing of Selected Lines of Mice*

M. Kownacki

Institute of Genetics and Animal Breeding, Polish Academy of Sciences, Jastrzgbiec, Mrokow (Poland)

Summary. Mass selection of mice was conducted in popu-
lations of various size for 16 generations. Each selected
population (E) corresponded to an analogous unselected
population (C). The experiment was conducted in three
replicates. After the 16th generation the replicates of the
selected and control lines were crossed.

Reciprocal crossing within the control lines gave better
results than reciprocal crossing of the selected lines, de-
spite the fact that the selected mice were characterised by
a higher inbreeding coefficient. Larger effects were also
obtained when crossing smaller rather than larger popula-
tions. This result is understandable since the animals from
the smaller populations were characterised by higher in-
breeding coefficients.

The effect of heterosis was higher upon crossing the
control lines rather than the selected ones and this caused
a decreased the response to selection in almost all the traits
investigated.

Key words: Mice — Reciprocal crossing of lines — Accu-
mulated response to selection free of inbreeding

Introduction

The evaluation of heterosis based on the crosses of various
lines of animals is often a subject of investigation. This
problem is, undoubtedly, of considerable importance for
animal production, as skilful utilisation of heterosis may
stet favourable economic effects. Although the practical
results of crossbreeding animals have been known for a
long time, the results of various investigations have not
been in agreement. The effect of crossbreeding un-

* This work was partly supported by U.S. Department of Agri-
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doubtedly depends on the inbreeding of the parents, the
degree of their genetical differentiation and on the inter-
action of genes received from both parents.

It is impossible to present the results of all the ex-
tremely numerous investigations devoted to this problem,
so I shall review only a part of the publications in this
field. Rutledge et al. (1974) crossed mice from selected
and control lines and obtained an insignificant effect of
crossing, i.e., of heterosis. However, the lines used for
crossing were characterised by low inbreeding coefficients.
For selected mice the inbreeding coefficient reached 0.13;
for the control ones, 0.07. White et al. (1975) demon-
strated a significant influence of heterosis on the body
weights of 42 and 56 day old mice and on their weight
gains between the 21st and 42nd days. Those results were
obtained when crossing 4 highly inbred lines of mice (F =
92%). Naso et al. (1975) obtained similar results of he-
terosis when crossing 4 highly inbred lines of rats. In this
case, heterosis demonstrated a most positive influence on
the weight gains of animals between the 20th and 50th
day of life. Bakker et al. (1976) analysing the effects of
heterosis when crossing selected and unselected lines (con-
trol), did not observe a greater influence of heterosis in
the selected lines when they were compared with the con-
trol ones, although the selected lines were characterised
by a higher inbreeding coefficient. McNew and Bell
(1974) demonstrated an increase in heterosis in Tribolium
when crossing two, pure, selected lines for 24 generations
and a decrease in heterosis when crossing those lines in
further generations.

In the investigations reported in this paper, an attempt
was made at evaluating the influence of crossing lines
which had been selected for 16 generations and of cross-
ing unselected lines. The crossing was conducted between
3 analogous selected and 3 analogous unselected lines. The
cumulative response to selection was also examined after
reciprocal crossing of lines (replicates) of animals selected
and free from inbreeding.
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Material and Methods

Before starting the experiment, 10 inbred strains of mice were
mated at random through three generations. From the third gener-
ation, 15004 and 15009 were chosen at random to constitute the
initial population. From this population the experimental (E) pop-
ulations were formed using the following animals (parents): 10/54
+ 59/, 20/103 + 109/, 50/253 + 259/, 100/508 + 509/, 150/756 +
759/, 200/1003 + 1009/. For each of the (E) populations there
was a corresponding, unselected, control (C) population. These E
and C lines were repeated in three concurrent experiments.

Selection of breeders within a given population, at the age of
6 weeks, was based on individual weight gains between the 21st
and 42nd days of life. Mice were weighted at the age of three
weeks. Males were then separated from females and both were
subsequently weighted at the age of 6 weeks. The animals with the
best weight gains in each particular population were used as par-
ents for the next generation. Fullsib mating was avoided to mini-
mize inbreeding. The number of mice in each litter was reduced to
8 shortly after birth.

After generation 16, all reciprocal crosses were made between
the three replicates of each population of selected and control
lines in order to measure the accumulated responses free of in-
breeding depression. The reciprocal crosses were carried out in two
generations according to the following method: 1st crosses among
replicates A, B and C

Ag X B¢
C3 X A¢
Bas X C¢
2nd crosses
ABQ X Cg
CA9 X Bé
BC¢ X Ag

In the 16th generation and in the reciprocal crosses the number
of mice in litters was not reduced at birth. In all populations the
following traits were examined: weight at 21 and 42 days of age,
weight gain, litter size and mortality from birth to 6 weeks old.

The mice room was lighted for 12 hours per day, temperature
was maintained at about 20-22°C and humidity at about 60%. The
standard pelleted feed contained about 20% of crude protein.

All the traits mentioned and also the responses to selection for
individual traits were subjected to statistical analysis.

The following mathematical model was used to calculate the
analysis of variance of the variables examined:

Yijkit = m + aj + bj + abjj + ck + acjk + bejk + abejji + dy +ady +
bdjy + cdyg + abdyjy + acdjk) + bedjig + abedijkg + ejjkit
where:

m = total mean

a; effect of generation
b; effect of sex

ck effect of selection
d; effect of population
abjj, acjy, ... effects of interaction

ejjk1t random effect =1,2,3

For litter size and mortality the effect of sex was not included
in the model. In turn, in the calculations of the response to selec-
tion the effect of the type of selection was not taken into consid-
eration.

In the analysis of variance empirical numbers of litters were
applied in replicates as weight corrections, proportional to the
variance of means. Calculations were made applying a non-ortho-
gonal system.
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Results

The mice used for crossing were characterised by varying
inbreeding coefficients (Table 1). The selected mice had
higher inbreeding coefficients than the unselected (con-
trol) ones which is understandable, since selection prefers
specific genotypes and diminishes genetic variability. Ac-
cording to Robertson (1961), if the trait under selection is
heritable, then inbreeding will be enhanced in selected
lines relative to control lines. Also, in small populations
higher inbreeding occured than in the large ones. The dif-

Table 1. Coefficients of inbreeding in 16-th generation

Population’s size
(number of parents)

Average coefficients of inbreeding

Selected Unselected
10 32.6 29.1
20 26.2 20.1
50° 16.5 10.8
100 9.9 6.1
150 8.6 5.2
200 7.8 4.2
gl
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Fig. 1. Postweaning weight gain of selected mice
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Fig. 2. Postweaning weight gain of unselected mice
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ferences between the selected and control populations, as
also between the smallest and the largest ones, were quite
considerable. In the smallest selected populations the co-
efficient of inbreeding reached an average of 32.6, while
in the control it was only 29.1. In the largest population
-those values reached 7.8 and 4.2, respectively. The de-
gree of inbreeding in individual populations undoubtedly
influenced the results of crossing (Table 2), as will be pre-
sented later.

An analysis of the effect of reciprocal crosses on the
traits was used to compare body weights of animals at the
ages of 21 and 42 days and the weight gains from genera-
tion 16 with those obtained after the first and second
crossing. The tendency to increase (Table 2) can be clearly
seen only at an age of 21 days in both the selected and the
control animals when comparing the mean results from all
the 6 populations for both males and females. Therefore,
after the first and second crossings, the tendency of a
higher 42-day weight and weight gain can’t be distinctly
observed (Table 2, Fig. 1-2). When comparing the mean
effect of crossing in all the 6 populations in the 16th gen-
eration selected animals showed an decrease of weight
gain in males obtained from the 1st crossing (by 1.62%)
and from the second (by 1.24%). In the case of females,
these values were 2.98% and 3.75%, respectively. In the
unselected animals, the 1st crossing produced an increase
and the 2nd decrease in body weight gains (Table 2,
Fig. 2).

As a result of reciprocal crossimgs of the replicates, the
differences between the smallest and the largest popula-
tions decreased. In the case of weight gains in the selected
males, the mean differences between the smallest and the
largest population reached 4.86 g in the 16th generation
but in the Ist and 2nd crossing were only 0.99 g and
0.45 . A similar decrease in those differences occurred
between the females of the smallest and largest popula-
tions — in generation 16 those differences reached 3.02 g,
while after crossing they were only 1.24 g and 0.3 g. In
the unselected populations, after 1st and 2nd crossing, the
body weight at 42 days and weight gains were greater in
the smallest population than in the largest. From those it
can be clearly seen that the crossing of small populations,
where the inbreeding coefficients are higher than in larger
populations, resulted in a higher heterosis.

As seen from the statistical analysis (Table 3) all three
traits discussed were highly significantly (P < 0.01) in-
fluenced by selection and sex. Crossing highly signifi-
cantly influenced the weight on the 21st and 42nd day
and population size influenced highly significantly only
the weight on the 21st day. Also, significant and highly
significant interactions were recorded between crossing
and selection, likewise between crossing and population
size, for all three traits discussed. Highly significant inter-
actions were also ascertained for weight gains between sex
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and crossings, sex and selection, selection and population
size and between crossing, selection and population size,
for weight on the 42nd day; between sex and selection,
population size and selection, for the 21st day between
selection and population size, crossing, selection and
population size.

Litter size increased after reciprocal crossing of the
replicates, both in the selected and control lines (Table 2).
In turn, mortality increased after the first crossing and,
subsequently, fell after the second.

It is shown by the statistical analysis (Table 4) that
litter size and mortality were hightly significantly in-
fluenced by crossing and by population size, while selec-
tion influenced, highly significantly and positively, litter
size. The influence of selection on mortality was not ob-

Table 3. Analysis of variance for body weight at 21 and 42 days
of age and gain in body weight

Source d.f. Weightat Weight at Weight

21st day 42nd day gain

M.S. M.S. M.S.
Crosses (C) 2 1150443 939.462 20.12
Selection (S) 1 4020.792 60181.28% 33448.33%2
CXS 2 30.91b 279.302 118.082
Sex (X) 1 163.742 28758.90%  24363.982
CXX 2 341 90.53 63.682
SXX 1 2.24 474.072 422,943
CXS8XX 2 0.46 19.89 21.21
Population size (P) 5 80.302 57.38 10.74
CXP 10 1992.473 537.333 168.952
SXP 5 49.012 330.972 321.062
XXP 5 1.17 3143 20.48
CXSXP 10 31.538 23.21 41,992
CXXXP 10 1.19 29.78 26.15
SXXXP 5 0.17 5.54 6.66
CXSXXXP 10 0.67 490 4.75
Residual 138 12.76 34.86 16.37

a differences highly significant (P < .01), b differences significant
P<0.5)
d.f. = degrees of freedom, M.S. = mean square

Table 4. Analysis of variance for litter size and mortality

Source d.f. Litter size Mortality
M.S. M.S.

Crosses (C) 2 367.172 4910.393
Selection (S) 1 1814.462 2029.97

CXS 2 11.59 1946.50
Population size (P) 5 135.022 4129.573
CXP 10 13.92 5769.022
SXP 5 109.892 1700.99
CXSXP 10 6.08 1460.452
Residual 72 16.52 551.41

a differences highly significant (P < .01), b differences significant
(P < .05)
d.f. = degrees of freedom, M.S. = mean square
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served. However, ascertained was an influence of the inter-
action between crossing and selection and crossing and
population size on mortality and between selection and
population size on litter and mortality. A three way,
highly significant interaction was found only in the case
of mortality.

Mean response to selection is compared in Table 5 for
6 populations of generation 16 with the response to selec-
tion after the first and second crossing. A clear decrease is
noticed after the first, and next after the second crossing,
for body weights at 21 days of age, both in the case of
males and females. The response to selection for body
weights of 42 day old mice and for weight gains (Fig. 3),
decreases after the first crossing then increases after the
second, but still remains below the mean response to selec-
tion obtained in generation 16.

This fact undoubtedly indicates that crossing had a
more positive effect on body weights of 21 and 42 day
old mice and their weight gains in the control populations
than in the selected ones.

As seen from statistical analysis (Table 6), the response
to selection for the weights at the 21st and 42nd days and
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Fig. 3. Response to selection for postweaning weight gain

Table 6. Analysis of variance of cumulative response to selection
for body weights at 21 and 42 days of age and gain in body weight

Source d.f. Weight at Weight at Weight
21stday 42nd day gain
M.S. M.S. M.S.
Crosses (C) 2 105.28Y  520.24®  208.632
Sex (X) 1 0.29 918.162  795.662
CXX 2 2.08 38.59 40.17
Population size (P) S 92,73  514.892 519.843
CXP 10 49.33 49.89 69.23Y
XXP 5 0.38 9.02 12.69
CXXXP 10 1.84 9.75 8.44
Residual 72 29.51 79.68 32.88

a differences highly significant (P < .01), b differences significant
(P < .05)
d.f. = degrees of freedom, M.S. = mean square

Theor. Appl. Genet. 54 (1979)

Table 7. Analysis of variance of cumulative responses to selection
for litter size and mortality

Source d.f. Litter size Mortality
M.S. M.S.
Crosses (C) 2 22.90 4110.520
Population size (P) 5 173.962 1284.22
CXP 10 11.34 3328.70%
Residual 36 26.56 899.38

a djfferences highly significant (P < .01), b differences significant
(P <.05)
d.f. = degrees of freedom, M.S. = mean square

weight gain were significantly influenced by crossing and
population size. Sex highly significantly (P < 0.01) in-
fluenced weight at the 42nd day and weight gain. Signifi-
cant interactions (P < 0.05) were recorded only between
crossing and population size for weight gain.

The response to selection for litter size increased slight-
ly after crossing (Table 5) but those differences were not
significant (Table 7). Crossing was found to have a posi-
tive influence (P < 0.05) on the response to selection for
the animals mortality. The population size had a highly
significant positive influence (P < 0.01) on the response
to selection for litter size and no influence on mortality.

Discussion

The results of the reciprocal crossing of the control ani-
mals were slightly better than those from reciprocal cross-
ing of selected lines. An interpretation of this phenome-
non is rather difficult as the selected lines were more in-
bred (an average of 32.6 to 7.8%) than the control ones
(an average of 29.1 to 4.2%) and one could expect that
after crossing the selected lines, the heterosis would be
greater than when crossing the control animals. Similar
results were obtained by Bakker et al. (1976) when cross-
ing selected and control lines. He did not observe a greater
influence of heterosis in selected lines when compared
with unselected. It might be explained on the basis of
Wright’s adaptive peaks. It could be that selected lines
tend towards a co-adapted genome which tends to be
broken down in crossing.

The crossing of animals in populations of various sizes,
with differing inbreeding coefficients, generally resulted in
a decrease in differences between the mean values for the
traits investigated. Animals from small populations, with
higher inbreeding coefficients, generally demonstrated,
after crossing, an increase in the value of the traits investi-
gated, while the animals from large populations showed a
decrease in the traits. The decrease in the differences after
crossing seems, in this case, plausible, as animals with
higher inbreeding coefficients in small populations demon-
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strated greater heterosis. Animals in large populations
were characterised by greater selection and small popula-
tions by a greater influence of heterosis. As a result of
these facts the differences between the populations were
rather small.

The more positive effect of crossing the control than
the selected lines caused a decrease in the response to
selection in almost all the traits investigated. Only the
response to selection for litter size and mortality increased
slightly after crossing.
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