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SUMMARY
A mouse experiment was designed to examine whether lifetime production can 

be increased through selection for increased length of reproduction, and data 
at the first generation were examined to find whether the design is feasible 
and promising. About 33 out of 100 pairs of breeders are selected at the 6th 
parity in each of four selected lines while 150 pairs are replaced after the 
1st parity in each of four unselected lines. In the selected and unselected 
lines, litter size is standardized to 8 at birth in two lines but not 
standardized in the other two lines. Based on the heritability estimate for 
the length of reproduction, various selection indexes combining the 
information on relatives were constructed to compare the relative efficiency 
of the indexes.

INTRODUCTION
Lifetime production in farm animals has been of concern to animal 

geneticists because of its impact on the long term profitability of production 
enterprises. When production of an animal is evaluated over a long period of 
time, rather than at a single point in time, the true worth of the animal can 
be evaluated for breeding and economic values. Lifetime production measured 
in units of time (e.g. per day production) shows efficiency of production 
during the period in question. Recently, lifetime performance in cows was 
evaluated for weaning traits (Gaines et al. 1985), economy of heterosis (Nunez 
et al. 1985) and reproductive efficiency (Weise et al. 1985). It has been 
evaluated also in sheep under range conditions (Ercanbrack and Knight 1985) 
and in mice (Newman et al. 1985a,b). However, no experiment with direct 
selection to increase lifetime performance has been conducted in either 
domestic or laboratory species.

The present study was conducted to (1) estimate genetic parameters for 
various lifetime production traits, (2) examine whether the length of 
reproductive life can be increased by genetic selection, (3) evaluate the 
effect of selection for increased length of reproductive life on lifetime 
production and (4) examine the effect of standardizing litter size on response 
to selection. Experimental design and first generation data are presented in 
this paper.

BACKGROUND
Relationships among traits related to lifetime production are shown in a 

path diagram (Figure 1), where G and P stand for genotype and phenotype, 
respectively. Selection was conducted to increase 12-day weight of 
crossfostered litters at first parity (LW12) in M line and 42-day weight of 
individual young in the first litters (BW42) in W line (Nagai et al. 1978).
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Considerable responses to selection were realized over 20 generations of 
selection (Nagai 1978). Mice maintained for 200 days after cohabitation 
produced one to nine litters. When litter size was standardized to eight at 
birth (Nagai et al. 1980) mean litter weight at 20 days (ALW20) was heavier in 
W line than in M line while the number of litters produced during 200 days was 
smaller in W line than in M line. The number of litters produced is a measure 
of the length of reproductive life. Total body weight of young weaned by a 
female during 200 days of reproduction (TLW), a measure of lifetime production 
of females, was highly associated with the number of litters produced (WNU) 
both phenotypically and genetically. Similar results on lifetime production 
were observed when F2 populations were used (Nagai and Yokoyama 1982; Nagai 
et al. 1982). The heritability estimate of the length of reproductive life 
was 0.32 and the estimate of genetic correlation between the number of litters 
produced (the length of reproductive life) and total body weight of young 
weaned was 0.82. These estimates need re-assessment because of the probable 
linkage disequilibrium at the F2 generation.

DESIGN OF EXPERIMENT
Mouse■ A population synthesized from four lines in P and Q stocks [selected 
for increased postnatal maternal performance (Mp and Mq ) and selected for 
increased adult weight (Wp and W q )] was used. It had been maintained 
under random mating without selection for 12 generations and is expected to be 
approaching to linkage equilibrium. Using the synthetic population, eight 
lines were established as shown below:

Table 1. Description of lines in selected and unselected groups.

Group
Sub
group

Litter size 
standardized

Symbol 
of line

Number 
of pairs

Progeny selected 
at parity

Selected I Yes SCI 100 6 or 7
I Yes SC2 100 6 or 7

II No SN1 100 6 or 7
II No SN2 100 6 or 7

Unselected I Yes UC1 150 1
I Yes UC2 150 1
II No UNI 150 1
II No UN2 150 1

Each of the two groups contains two sub-groups : litter size is
standardized to eight (four females and four males wherever possible) at 
birth in sub-group I, whereas litter size is not standardized in sub-group 
II. This experimental design permits evaluation of the effect of 
standardizing litter size on the response to selection for increased 
length of reproductive life, with possible implications for some traits in 
livestock such as dairy cattle and swine.
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Procedures for establishing the eight lines. At the outset of the 
experiment (at Generation 13 of the synthetic population), mice at about 7 
weeks of age were mated at random at the ratio of one male to four females 
(80 males and 320 females in total). Litter size was reduced to eight 
(four females and four males wherever possible) at birth. Four females 
and four males in each litter (1280 females and 1280 males in total) were 
randomly assigned to one of the four lines within sub-groups. Each 
selected line contained 100 females and 100 males, and each unselected 
line contained 150 females and 150 males. Pair-mating was conducted 
randomly at 7 weeks of age to produce offspring (Generation 0). In both 
selected and unselected groups at Generation O, pairs cohabited were 
maintained in the same cage continuously as long as they produced a litter 
until 333 days after cohabitation. Pairs not producing a litter for 50 
days after a previous parturition or the initial mating were discarded.
Maintenance of the selected lines. Progeny born to a pair are discarded 

at 18 days of age until the 5th parity. At the 6th (or 7th) parity, 
progeny from about 33 reproducing pairs are selected to maintain the 
selected line. Three progeny per sex and pair (litter) are used for 
random pair-matings at 7 weeks of age. Parents are maintained (for 
recording the length of reproductive life) as long as they produce a 
litter until 333 days after cohabitation. The procedure is repeated every 
generation.
Maintenance of the unselected lines. Progeny in the first litter are 

used for reproduction. One female and one male of each litter are used 
for random pair-matings at 7 weeks of age.
Timetable. Selection for increased length of reproductive life will be 
conducted in selected lines for six generations while no selection will be 
conducted in control (unselected) lines for 15 generations. Time required 
is about 3.5 years. After the selection or maintenance stage, lifetime 
performance including the length of reproductive life (days from 
cohabitation to the last parturition) will be compared between selected 
and control lines (SC vs. UC and SN vs. UN) and between standardized and 
non-standardized litter size groups (SC vs. SN and UC vs. UN). Time 
required for the evaluation is one year. Total length of time required 
for this experiment is about 4.5 years. Expected inbreeding coefficients 
at the end of the experiment are 0.76% for the selected group and 1.25% 
for the unselected group. The small inbreeding coefficient is not 
expected to affect the comparison mentioned above. In addition to the 
comparison, various traits such as growth, feed consumption, frequency of 
the major histocompatibility haplotypes, ageing of cells, household 
molecules generated by organelles in a cell will be examined to assess 
factors contributing to differences in lifetime performance.

DATA FROM GENERATION 0
Data were collected from the eight lines (Table 2) at the first 

generation (Generation 0) when no selection had been applied. Mean 
lifetime performance is shown in Table 2.
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Table 2. Mean lifetime performance for eight lines of mice at Generation 0

Lifetime
performance
trait

SCI SC2 UC1
Line

UC2 SN1 SN2 UNI UN 2 Approx
S.E.

Number of 
parturitions

5.4 5.2 5.0 5.4 5.9
*

6.2 5.2 5.0 0.3

Total no. of 
young at 18 
days (LS18)

38.4 35.4 34.3 38.2 56.8 54.8 48.2 45.5 2.7

Total body wt. 
of young at 18 
days (g) (LW18)

527 474 465 513 616 604 531 512 30

Days of repro
ductive life 
(DL)

139.7 129.9 125.0 134.6 150.4 157.1 131.2 129.2 7.3

Mean days of
parturition
interval

26.5 25.4 25.4 25.2 25.6 25.8 25.9 25.9 0.4

LS18/DL 0.277 0.276 0.280 0.288 0.390 0.353 0.385 0.369 0.006
LW18/DL 3.824 3.713 3.807 3.866 4.130 3.875 4.110 4.054 0.090
(No. of 
females)

99 99 144 147 97 99 146 146

Litter size was standardized in SCI, SC2, UC1 and UC2 whereas litter size 
was not standardized in SN1, SN2, UNI and UN2.
Litter size and number of breeding pairs over parity. One hundred pairs 

of mice were mated in each of the four selected lines (SCI, SC2, SN1,
SN2). Up to the 6 or 7th parity, litter size (number of young born alive) 
was about nine. Number of reproducing pairs was about 33 at the 7th 
parity. After cohabiting at 42 days of age, about 200 days were required 
to produce the 7th litter. Selection for increased length of reproductive 
life can be conducted at the 6 or 7th parity and the generation interval 
is about 242 days. The progeny of the selected pairs can be saved earlier 
to reduce the generation interval.
Heritability estimates. Heritability was estimated using the 
hierarchical data structure (sire-dam-offspring). Heritability estimates 
from sire components for days of reproductive life were 0.0 and 0.10 for 
the groups with and without standardizing litter size, respectively. 
Heritabilities estimated from dam components were 0.61 and 0.30 in the two 
groups, respectively. Selection of breeding pairs (and their offspring)
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is conducted at a later stage of reproductive life (after 200 days). When 
heritability was estimated using female data obtained between 202 and 333 
days, the estimates (from sire components) for days of reproductive life 
were 0.59 and 0.51 for groups with and without standardizing litter size, 
respectively.
Selection index. In the present selection experiment, 33 reproducing 
pairs are selected at the 6th or 7th parity. However, if selection is 
made earlier among more than 33 dams, some selection criteria are needed. 
Assuming heritability of 0.32 and a common maternal environmental effect 
within a litter of 0.1, a selection index can be constructed considering 
the length of reproductive life of relatives. The indexes constructed and 
the accuracy of selection are as follows:

Index Accuracy Relative accuracy

II D' 0.283 1.000
12 = 0.146D’ + 0.076F’ 0.309 1.092
13 = 0.151D* + 0.055D" 0.300 1.059
14 = 0.136D’ + 0.085F' + 0.050D" 0.319 1.127

where D' , F' and D'' are the length of reproductive life for the dam, the
dam's two full sisters (mean) and the granddam, respectively. As 
expected, the inclusion of the relative's information improves the 
selection accuracy.
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Figure 1. Path diagram showing the relationshiD between lifetime Droduction 
and component traits in mice.

- 0.1

Legend. LW 2; 12-day body weight of a litter; BW42: 42-day body weight of an
individual; WNU: number of litters weaned by a female durinq lifetime;
In ion t0IaI body ”ei9ht of litters weaned by a female durinq lifetime; and 
ALW20: body weight of litters averaged over Dari ties; G and P: genotyrn’c
and phenotypic values, resoectively.
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