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Abstract

The aim of this study was to evaluate different mating strategies among endogamic strains to create F1 populations
of mice, minimising the effect of inbreeding depression on somatic development and embryo yield. Females from the
strains Swiss, CBA and C57Bl/6 were divided in nine experimental mate arrangements. The total numbers of pups
born alive per dam and somatic development, estimated by weighing and measuring the crown-rump length, were
recorded. Superovulation response was evaluated in outbreed females. Litter size differed among endogamic dams,
irrespective of the sire. Somatic development results suggest heterosis and imprinting phenomena, once a differential
parental effect was demonstrated. There was no difference in corpora lutea, ova or embryos recovered (P > 0.05), but
recovery and viability rates differ among F1 groups (P < 0.05). The association of dam prolificity with somatic devel-
opment and superovulation response of the pups should be considered for experimental F1 populations establishment.
The use of outbreed animals, however, did not reduce response variability to hormone treatment.
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Desenvolvimento somatico e produciio de embrides em camundongos
cruzados F1 gerados com diferentes estratégias de cruzamento

Resumo

Objetivou-se neste estudo avaliar diferentes estratégias de cruzamento entre linhagens endogamicas para a formagao
de populagdes de camundongos F1, minimizando o efeito da depressdo por endogamia nos resultados de desenvolvi-
mento somadtico e produgdo de embrides. Fémeas das linhagens Swiss, CBA e C57BI1/6, foram distribuidas em nove
possiveis cruzamentos. Foram registrados o nimero de filhotes nascidos vivos por matriz e o desenvolvimento soma-
tico dos mesmos, mensurado pelo peso e comprimento. A resposta superovulatéria foi avaliada nas fémeas cruzadas.
O tamanho das ninhadas diferiu entre as linhagens das matrizes, de forma independente da linhagem dos reprodutores.
Os resultados do desenvolvimento somdtico sugerem a ocorréncia de heterose e imprinting, uma vez que foi demons-
trado um efeito parental diferenciado. Nao foram observadas diferengas no nimero de corpos liteos, estruturas ou
embrides recuperados (P > 0,05), mas as taxas de recuperag@o e o percentual de embrides vidveis diferiram entre os
grupos (P < 0,05). A associacdo da prolificidade da linhagem das matrizes com as caracteristicas do desenvolvimento
somadtico e resposta superovulatdria dos filhotes deve ser considerada no estabelecimento de populacdes experimen-
tais F1. O uso de animais cruzados, contudo, ndo reduziu a variabilidade da resposta aos tratamentos hormonais.

Palavras-chave: camundongos, embrido, endogamia, imprinting, linhagens.
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1. Introduction

Mice have been extremely important as an animal
model in scientific research, due to the wide range of
possible applications, consistency of results and low
cost. They can be used for the most variable purposes,
from basic research to the development of products for
commercial application, being particularly important in
human and animal health (Andrade et al., 2006). Murine
embryos have been extensively used in developmental
biology studies, including fertilization, embryo develop-
ment, differentiation, morphogenesis and organogenesis
(Dieterlen-Lievre et al., 2005). Their use in biotechnics
development (e.g., chimerism, cloning and transgenesis)
was essential and mice embryos are also the main model
for media and material quality evaluation in this area
(Eakin and Hadjantonakis, 2006).

The vivarium population is composed mainly of col-
onies of animals generated by inbreeding crosses and, as
aresult, highly endogamic (called inbreed). The colonies
are established with the purposes of self-propagation and
generation of animals for experimentation. The use of in-
breed colonies present the advantage of genetic homozig-
ocity (or isogenicity), which means that all individuals
are virtually genetically identical, leading to a uniform-
ity of the inheritable traits (Braggio et al., 2003).

Despite their advantages, endogamic crosses can
have deleterious effects by enabling the expression of re-
cessive genes. Consanguinity reduces genetic variability,
as well as in the phenotypic values, phenomena known as
inbreeding depression (Holt et al., 2005). Genetic selec-
tion for economically important traits, extensively used
in animal production, increases genetic gains but also re-
sults in endogamy, with depression in selection effective-
ness and, in the long term, genetic diversity. Inbreeding
depression causes deficiencies in growth, production,
health, fertility and survival (Notter, 1999; Thompson
et al., 2000; Mc Parland et al., 2007). Endogamy also
negatively affects several reproductive traits, including
sexual maturity, prolificity, testicular diameter and ovar-
ian follicular reserve, and consequently embryo yield
(Falcao et al., 2001; Alvarez et al., 2005).

An option to overcome the negative effects of en-
dogamy in somatic and reproductive parameters in mice
experimental groups would be the production of out-
breed populations specifically for this aim. Davis et al.
(1991) demonstrated the effect of heterosis on reproduc-
tive performance of mice in different environments, us-
ing a factorial crossing design. The aim of this study was
to evaluate different mating strategies among endogamic
strains to create F1 hybrid populations of mice, minimis-
ing the effect of the inbreeding depression in somatic
development and embryo production.

2. Material and Methods

Mice from the strains Swiss, C57B1/6 and CBA
were housed in proper cages, receiving water and food

(Nuvilab, CR1, Nuvital) ad libitum, and in a controlled
environment of 12 hours of light and 12 hours of dark.

2.1. Experimental design

Young females from the endogamic strains Swiss,
CBA and C57Bl/6, 50 days old, were divided in in-
ter- and intra-lineages mating, in a total of nine experi-
mental arrangements (paternal x maternal): Group 1,
Swiss x Swiss; Group 2, Swiss x C57Bl/6; Group 3,
Swiss x CBA; Group 4, C57Bl/6 x C57Bl/6; Group 5,
C57Bl/6 x Swiss; Group 6, C57Bl/6 x CBA; Group 7,
CBA x CBA; Group 8, CBA x Swiss; e Group 9, CBA
x C57Bl/6.

Natural mating was performed using the proportion
of one female per male. The dams were subsequently
transferred to motherhood cages, where they remained
until weaning. Mates were performed in the same period,
aiming for the formation of contemporary generations
from all groups. The number of pups born alive per mat-
ed female was recorded, and the somatic development
was estimated 12 days after birth by weighing with an
analytical balance (Gehaka BG2000) and measuring the
crown-rump length with a pachymeter.

The outbreed F1 females born were transferred af-
ter weaning to collective cages, identified by group. At
the 50™ day of age, they received a conventional supero-
vulation treatment, consisting of an I.P. administration
of 5 U.L. of eCG (Novormon®, Syntex S.A.), followed
48 hours later by 5 U.L of hCG (Vetecor®, Calier), both
diluted in 0.1 mL of a sterile saline solution. Females
were then allowed to mate with CBA males (due to the
best reproductive performance observed in preliminary
studies), also in the proportion of one female per male.

Embryos were collected from the uterine tube and
uterus by flushing with DPBS solution, 72 hours after
mate confirmation by visual inspection of a vaginal plug.
The recovered medium was evaluated in square-lined Petri
dishes, using a stereoscopic microscope (80x), to identify
and classify the embryos. Morphological classification
was performed according to the International Embryo
Transfer Society manual (Stringfellow and Seidel, 1998).

2.2. Statistical analysis

Evaluated traits were submitted to the normality
(Lilliefors) and homocedasticity (Bartlett) tests. Body
weight and length means were submitted to analysis of
variance (ANOVA), and differences among means were
estimated by the Tukey test (P < 0.05). The number of
pups by paternal and maternal lineages, the number of
ovulations and embryo production were analysed by the
Kruskal-Wallis test. Embryo recovery and viability rates
were analysed by the Qui-Square (X?) method. Analyses
were performed using the SAEG Software (Euclides,
1982). Results were presented as mean + SEM.

3. Results

During the generation of the experimental groups, no
effect of paternal lineage was observed (P > 0.05) over
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Table 1. Average of born mice per offspring in different mates of the inbreed strains.

Maternal lineage

Paternal lineage Swiss CS57BL/6 CBA Male average
Swiss 8.80+0.86 6.67 £ 0.88 4.00£0.58 7.56 £0.77
C57Bl/6 8.75 + 1.60 8.00 + 1.08 4.80£0.86 7.00 £ 0.80*
CBA 10.00 + 1.47 8.00 = 1.00 5.75+£0.63 7.93 £0.73*
Female average 9.15+0.70* 7.69 £0.58® 5.10 £ 0.50° -
General average - - 7.50 £0.31

*>Means followed by different letter, in the same row, are different (P < 0.05).
*¥Means followed by different letter, in the same column, are different (P < 0.05).
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Figure 1. Mean weight of mice produced from different in-
breed strains and their respective mates, at 12 days of age. In
the F1 groups the paternal lineage is always indicated first.
a,b,c,d means followed by different letter, in each column,
are different (P < 0.05).
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Figure 2. Mean body length of mice born from different in-
breed strains and their respective mates, at 12 days of age. In
the F1 groups the paternal lineage is always indicated first.
a,b,c means followed by different letter, in each column, are
different (P < 0.05).

Braz. J. Biol., 2010, vol. 70, no. 1, p. 145-149

offspring number (Table 1). However, among maternal
lineages, the mean litter size born in the Swiss strain was
greater than that observed in the CBA (P < 0.05), and
both did not differ from C57Bl/6 (P > 0.05).

Results for mice somatic traits (weight and length)
are presented in Figures 1 and 2. The offspring from the
endogamic Swiss strain was larger and heavier (P < 0.05)
than those born from C57B1/6 and CBA, which did not
differ from each other (P < 0.05). The F1 offspring from
mates with the Swiss strain were heavier than those born
from endogamic CBA and from crosses between C57B1/6
and CBA, when CBA was the paternal lineage (Figure 1).
There was no difference among the outbreed crosses in
relation to body length (P < 0.05), however, the crosses
in which Swiss was the paternal lineage showed a simi-
lar body length to endogamic Swiss animals (Figure 2).
Inbreed and outbreed crosses with the Swiss strain also
resulted in animals with greater body length (P < 0.05)
when compared with the endogamic CBA. When CBA
was the paternal lineage the mate CBA x Swiss exhibited
a lower weight and length (P < 0.05) when compared
with endogamic Swiss, but when Swiss was the paternal
lineage there was no difference (P > 0.05).

After F1 female superovulation 521 ova were recov-
ered, being 414 viable embryos (Table 2). The average
efficiency of the superovulation treatments was 73.1%,
and of embryo production was 63.5%, with a high cor-
relation between the number of corpora lutea visually
identified in the ovaries and the number of ova recovered
(R =60.3, P < 0.05). There was no difference (P > 0.05)
in the number of corpora lutea formed, ova recovered or
viable embryos, but recovery and viability rates differed
(P < 0.05) among groups. The variation coefficient for
these traits ranged from 33.5 to 115.6%; 70.5 to 115.6%
and 76.4 to 175.6%, respectively.

4. Discussion

The aim of this work was to evaluate different mate
strategies among endogamic strains for the production
of FI mice populations. Therefore, parameters related
to reproduction, somatic development and embryo yield
were measured. In the generation of the experimental
groups, there was an effect of the maternal, but not of
the paternal lineage, on litter size. Actually, the Swiss
strain presented the greater prolificity, when compared
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Table 2. Superovulatory response and embryo yield in different F1 groups (Mean £ SEM).

F1 Group Total CL Recovered ova % Viable embryos %o
SW x C57Bl/6 17.56 £1.96 13.63£4.23 68.99° 10.63 £3.84 77.98°
SW x CBA 13.00 £ 7.52 8.75+£5.06 67.31° 8.75+£5.06 100.00*
C57B1/6 x SW 14.62 £ 3.44 7.42+1.92 46.84¢ 2.50+1.18 33.71¢
C57B1/6 x CBA  18.13+3.19 12.71 £ 3.17 61.38° 12.29 £3.11 96.63°
CBA x SW 16.13+4.19 16.38 +5.87 101.55° 15.63 £5.79 95.42°
CBA x C57B1/6 13.90 £2.88 9.71 £3.06 48.92¢ 7.57 £2.73 77.94¢

abed Means followed by different letter, in the same column, are different (%% P < 0.01).

to the others strains used, a trait possibly related to a
larger number of ovulations in natural cycles, since the
effect was independent of the male strain used. The lit-
ter size range observed for the different strains used was
similar to those reported in other studies for colonies
in good health conditions (Festing, 1976; Davis et al.,
1991; Kurnianto et al., 1999). The greater litter size of
the Swiss dam, however, facilitates the establishment of
F1 experimental populations.

Heterosis, or hybrid vigor, is characterised by trait
expression or performance superior to which would be
expected, considering parental breed or lineage (Nelson
et al., 1990; Davis et al., 1991). This effect was not very
clear for weight, a trait in which outbreed mice showed
intermediate values when compared to those of the en-
dogamic strains, but suggested for body length, with the
groups C57B1/6 x CBA and CBA x C57Bl/6 showing a
trend for values higher than those from the respectively
inbreed strains. Precise characterisation of the hetero-
sis effect, however, requires the standardisation of the
progeny (which could not be done with the experimental
design used), as litter size is negatively associated with
parameters such as weight and length (Cowley et al.,
1989). The CBA x Swiss mate, for example, produced
the greater number of pups per dam, which may have re-
stricted somatic development performance in this group.

Endogamic strains presented significant differences
both in weight and length, with the Swiss and the CBA
being the superior and inferior extremes, respectively.
The greater weight of Swiss mice, when compared with
the other strains, affected the development of F1 individ-
uals generated by Swiss outbreed crosses, establishing
weight differences in relation to the other groups. A dif-
ferential parental effect was demonstrated, with differ-
ences in weight and length of the F1 mice in relation to
the endogamic strains depending on which strain was the
sire or dam. Only pups with Swiss as paternal lineage,
for example, presented body length similar to endogamic
Swiss ones.

The parental effect on the offspring somatic develop-
ment suggests the occurrence of imprinting, with expres-
sion of paternal alleles from genes related to develop-
ment, like Igf2. In mice studies using the replacement
of the normal Igf2 gene for the knockout (modified gene
which cannot be expressed), therefore not producing the
Igf2 protein, phenotypic differences were observed de-

pending on parental origin of the knockout gene transmit-
ted. Descendants were of normal size when the knockout
gene was transmitted by the female and small when
the knockout gene was transmitted by the male, show-
ing the maternal allele imprinting of Igf2 (Efstratiadis,
1994). Imprinting has been described as a specific ge-
netic phenomenon, which determines gene expression or
repression depending on parental origin. This phenom-
enon consists of a reversible gamete-specific modifica-
tion which occurs in some genes in parental generation
and can lead to functional differences between maternal
and paternal genomes in the descendants’ diploid cells
(Barlow, 1994).

Means and standard error of recovered ova and via-
ble embryos obtained after superovulation protocol were
coherent with the expected variation for these parameters
in mice (Byers et al., 2006; Wohlres et al., 2006). The
treatment efficiency shows that uncontrolled sources of
variation (i.e., experimental error), remain important.
Individual variation to superovulatory response is nor-
mally high in mice (Maffili et al., 2003) and also in other
species (Hasler, 2003). Although there was great genetic
homogeneity inside each group, factors such as estrous
cycle period, which could directly influence results, can-
not be controlled within the currently used protocols.

The correlation between number of corpora lutea
identified in the ovaries and number of recovered ova
shows that ovary visual inspection can be used to predict
superovulatory results, avoiding flushing and embryo
search in animals presenting poor ovarian response. There
was no difference in the number of corpora lutea, ova
or viable embryos among groups, and values were also
within the range reported for endogamic strains (Wohlres
et al., 2005; 2006). The comparison, however, may have
been clouded by the instable nature of those variables,
impairing characterisation of differences among groups.
In fact, the elevated VC observed is one of the major
problems of in vivo embryo production (Hasler, 2003).
Superovulation also presents a direct negative effect on
mice embryo viability (Ertzeid and Stonreg, 2001) but,
as causes of the loss of developmental competence of
these embryos remain unknown, it is uncertain if strain
or heterosis has any effect on this parameter. Relative
efficiency analysis, nevertheless, showed the highest re-
covery rate (ova/corpora lutea) and the second highest
viable embryo/ova rate among groups in the CBA (pater-
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nal) x Swiss (maternal) mate. This group also presented
the largest numeric mean values for ova and viable em-
bryos.

In conclusion, the association of prolificity of dams
strain and somatic development and superovulation re-
sponse in the pups should be considered when a strat-
egy for production of experimental F1 populations must
be chosen, in particular when the aim is in vivo embryo
production. The use of outbreed animals, however, did
not reduce response variability to hormone treatments,
as initially expected.
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