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ABBREVIATTION AND SYMBOLS FREQUENTLY USED

28

42
C.D.

COV.

d.f.

gms.

L,S.

I‘. Oﬂ

M. S,

N.S.

S.E,

- body weight at 28 days.

= bogly weight at 42 days.
~ Critical difference.
- co-efficient of variation. f

-~ degree of freedom.

- P value,

~  gramme.

= litter size,

- lines and control erossbreds.
= Mean sum of square,

- non-significance.

- percent.,

- standard error.
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L°N"D REGSDEU.CNNT O N

Heterosis constitutes the heart of the commercial live-
stock production as being practieed today. This in turn depends
upon the degree of heterozygosity which again is principally affee-
ted by the genetic architecture of the populations crossed, "Althou-|
gh free crossing is a danger on the one side which everyone can see,
v00 close inbreeding is a hidden danger on the other". Crosses of

|
distinct genetic groups can be made either for direct production of

commercial animals, or to develop new seed stocks whieh will be useq
|
J

The term heterosis is defined as superiority of the off- |

eventually as parental strains,

spring over the average of the parents. Heterosis is opposite to
inbreeding depression (Falconer 1960)., When inbred lines are Cross—
ed the progeny show an increase in those characters that previously
suffered a reduction from inbreeding. Hybrids are usually more
vigorous and productive than their pure bred parents and thissuperiT
ority of the crossbreds in the form of increased vigor is termed |
"heterosis" whieh includes greater pre and post matal viability, |
faster growth rate, fertility and improved mothering ability. The

phenomenon is not restricted to hybridisation but is also exhibited;

in strains or line crosses of the same breed. The amount of heter—f

e
osis obtainable, usually, depends upon the extent of heterozyg051ty;

attained by the hybrid, which in turn depends upon the diversity of;
|
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lines or strains to be crossed and level of dominance for whieh
heterosis is being exploited. If the population crossed do not di-
ffer in gene frequency there will be no heterosis, and the heterosis

Will be greatest when one allele is fixed in one population and othe%

allele in other population,

Amount of heterosis exhibited by a particular cross depenl
ds upon the difference of the gene frequenecies between the two popu-—

lations crossed. This indicates that the amownt of heterosis will '

increase with the degree of genetiec differences between the two

populations and is limited only by barrier of interspecific sterili-|
ty. Heterosis is also produced by the joint effect of all the loci‘
as the sum of their separate contributions. Hence genes combine |
additively to produce heterosis.(Falconer 1960), Heterosis also |
depends upon directional dominance i.e. dominant gene should have

similar effeet for one particular character; if some loei are domi=!
nant in one direction and some are in the other, their effects willf

be neutralised and ultimately there will be no heterosis.

The conditions under which inbreeding and crossing are

|
\
|

likely to be better means of improvement than selection without
inbreeding is when much of genetie variance of the character is ;
non-additive, Lower heritabilities and large inbreeding depression
for characters long and intensely selected in one direction indica-

tes higher degree of dominance as compared to those selected in.

Crossbreeding and line breeding are of great value in

|

varying directions (Dickerson 1952). '
|

|

J
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. envolving lines of desired character and in exploitation of heterosis

. and in studying specific combining ability of the lines or strains.,

, of inbreeding is almost prohibitive as the majority of lines die-out

- invelvement, and long generation interval. Feasibility of conducting

RAJENDRA AGRICULTURAL UNIVERSITY, M. SC. (A. H.) THESIS, 1974

In large animals crossing inbred lines or strains at different levels

mainly because of infertility, decreased survival rate- before atta-

ining desired inbreeding level, and also because of high financial

any research work in mice is more because the desired level of in-
breeding can be achieved in a short period without more expenditure,
Applicability of mice results to large animals should

obviously be checked before complete confidence can be placed in

application; preliminary results may be obtained with relatively
less expenditure and in short period. DlMouse is more similar to a

cow and a pig than Drosophila; results from the mouse may be much

more readily applied to the large animals inspite of specles varia- J

]
|

tion.

Considering the importance of heterosis in Animal Genetics
and Breeding, it was considered to be of value to conduct a study

like this with specifie populations of diverse genetic architecture
|
|

under a particular set of environment. Although such studies have

been conducted else where also, in view of differing genetic materiﬁ

ental conditions, the studies made may be of use in |
|

The plan during !

als and environm

interpreting heterotic studies in farm animals.

this work has been to study the magnitude of hetercsis while cross-—

ing two inbred lines of mice at different levels of inbreeding. The

lines have been separately crossed to a randomly bred control
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Population, The magnitude of heterosis along with other estimates

of genetic and phenotypic parameters viz, phenotypie correlations

alongwith other Supporting items have been studied as reported in

the subsequent chapters,
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GENETIC THEORIES OF HETEROSIS

Keeble and Pellew (1910) proposed "Dominance theory" of

hybrid'vigour and they suggested that the greater height and vigour |

observed in F1 hybrid pea was possibly due to meeting in zygote of
dominant growth factor in more than one allelomorphic pairs. Bruce
(1910) proved mathematically that there were fewer homozygous rece-

ssives at a particular locus in the F1 population than the mean num-

ber of two parent stocks. He assumed without evidence that dominan-
|

ce was positively related to fitness and cross of two pure breeds |

produces a mean vigour greater than mean vigour of parents.

Theory of "Dominance of linked factor hypothesis" was
advanced by Jones (1917, 1918). This theory rests on the assumption
that vigour is dominant over lack of vigour; when two lines whieh
are homozygous for certain characters having their genotypes aé AAbDb
x aa BB are ecrossed the resultant offspring would be AaBb, Since it

carries one dominant gene at each locus, the offspring would be more

vigorous than either of the parents,
|

'The term heterosis was coined by Shull (1914) in place of

heterozygosis. At early stage, heterosis was usually stated to be

increased vigour in hybrid due to rapid cell division as stimulated |

by heterozygous condition of the genotype. Shull (1912) attributed

"hybrid vigour to the effects of a changed nucleus and wmaltered

cytoplasm upon each other". ) i e - = |
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East (1936) sSuggested that heterozygosity itself is a

ca ; ;
use of heterosis whieh was also an extension of non-linear gene

action postulated earlier by Rasmusson (1933) in order to explain

the inheritance of quantitative characters. East's hypothesis did
not fingd widespread acceptance but the idea of heterosis from intra-|
locular intraction was favoured (Singleton, 1945; Jones, 1945;

Rendel, 1953),

The theory of over-dominance introduced by Hull (1945) |
which explains a situvation where a heterozygous individual (Aa)
excels either of the homozygotes (AA or aa) in performance., Over-

dominance is the result of both the intraetion of allelic genes of

increased non-allelie action.

Lerner (1954) concluded that over-dominance is related

to fitness and is very important.

Falconer (1960) stafed that hetercosis does not merely
depend upon the dominance of the loci but also on their directional
dominance. That is the dominant loei should be dominant in one |
directicon. Heterosis is alseo produced by joint effects of all the

loei as the sum of their separate contributions, se genes combine

additively to produee heterosis.

If the populations crossed do not differ in gene frequenj

cy there will no heterosis, and the heterosis will be greatest when |
one allele is fixed in one population and other allele in the otherﬁ

Amount of heterosis exhibited by particular cross depends upon j

differences of the gene frequencies between ?h?,tW? populations |
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crossed, This indicates that the amount of heterosis will inecrease

with the degree of genetie differences between the two populations,

Epistatic effects and divergence of allelie factors and
interaetion involving several loei play important role in production

of heterosis.

None of the above mentioued theories can adequately
explain the real mechanism of heterosis, and to explain it more

research work needs to be done.

3% 3% % % ¥
* % %
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REVIEW OF LITERATURE

The available relevant literatures have been reviewed

under the following heads:-

1. (a) Heterosis in body weight.
(b) Heterosis in litter size.

2. Inbreeding depression.

3. Environmental and maternal effects.

1. (a) Heterosis in body weight :-

Bell et al. (1953) concluded that the crossing of the |
inbred lines was superior to any other method of breeding for obta- |
ining maximum heterosis for the character which was not highly heri-
table. Recurrent Selection and Reciprocal Recurrent Selection werel

less effective for obtaining maximum heterosis for the character of |
low heritabilitye.

Taketome and Natsuo (1957) studied the performance of

inerosses between inbred iines in mice; they studied mortality from
b
birth to 20 days in two lines D and sc. The F'i erosses between |

these lines, the F2 animals and the back crosses between DxF1 and

se x Py, F, were intermedizte between the parental lines in the

mortality rate whereas the F, and the back crosses showed lower

of offsprings per litter increased markedly when

|
|
|

rates, The number

F1 females were used. The F1 females were also superior in milking
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Welght in a cross between two inbred lines in the mice, increased

ability, as judged by inereased body weight of suckled yowng at 10
to 20 days of age.

Butler (1958) found that the amoumt of heterosis for body

With age. At 60 days of age F1 were heavier, but the differences
were not signifieant at 30 days. He concluded that 30 day weight
was largely a maternal character. However, the same F1 genotypes,

When themselves used as mothers, inecreased the 30 day weight of

their offspring by 10 to 20%.

|

Mason et al. (1960) reported negative heterosis in growthi
rate in a cross of 4 inbred strains according te diallel scheme.
They explained this result in terms of physioclogical function - in

that inbred mother may not be able te meet all requirements of her
crossbred offspring.

Frank et al. (1962) observed reduced growth rate at all

stages in one of the five crosses of inbred mice,

Carmon (1963) mated four strains of mice in a complete
diallel form, Out of four strains, only one was highly inbred, all
his erosses showed considerable heterosis for body weight at 21 and

45 days of age., He also analysed the data in terms of general com-

I
bining ability which was the average performance of a line in hybrid

combination and specifie combining ability, which measured whether |

specifie erosses deviated from expectations based on the average

performance of the parental lines.




Comstock et al. (1963) crossed a strain selected for in-
creased growth described by Rahmefeld et al. (1963) to a long inbred
line at each generation of selection, the superior growth of the

| Grosses over the inbred level did not differ significantly.

Bruell (1964) reported on inheritance of behavioral and
physiological characters of mice and problems of heterosis, over

4000 mice belonging to 13 inbred stains and 31 groups of F, hybrids,

1
He found heterosis influenced only traits which had been subjected

to selection.

Champman (1965) studied reproductive performanee in hybri
female mouse. Crossbred dams were more suitable than inbreds for
obtaining hybrid pregnanecy for sire evaluation owing to the more

uniform influence on the sire progeny.

Bentvelizen et al. (1966) while studying heterosis and
inbreeding depression in respect of reproduction in mice observed
fewer young ones in all the inbred strains than the erosses (due to
smaller number of litters) and showed sterility in the both sexes,
smaller litter size at birth and higher at.preweaning mortality,The
first two characters above were due to the individuwal deleterious

recessive genese.

Heterozygosity of the dam had an important influence on
litter size at birth while heterozygosity of the embryos resulted
in increased parental viability and litter size. A good correlation

between genes and in heterozygous combination and pgrertal viability

wore also observeds , A
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Shibata (1966) made a genetical and biometrical study of
the variabilities of the body weight in the F1 and F hybrids between
two highly inbred albino strains of mice, Two Reciproeally crossed

inbred lines also produced F, generation. Litter size averaged 6.12
and 8,75 in the two purebred lines respectively. Litter size was
7.56 and 8.13 for DM male x SWR female and reciprocal matings res-
pectively, F1 had a litter size of 10.50; Fy exhibited marked hete-
rosis for body weight at 28 days but there was little heterosis

thereafter. There was little or no heterosis in F Body weight

BEe
was less variable in F1s than in purebreds and Fzs.

|
Body weight and litter size study of some inbred strains
and their F, and F, hybrids by Shibata (1967) involved 3 imbred
strains of mice and their F1 and F2 hybrids, ©Significant strain
differences in average litter size (5.84, 6.25, 6.67, in the three
strains respectively) in brother-sister matings were recorded. The
F1animals produced larger litters than in the parental strains,
Males were more in number than females and were also heavier than

females at birth and at 21, 28, and 60 days. Heterosis was observ- |

|

(C.V.) at weaning or 1st week after Weaning were recorded and the |

ed in early stage of growth, Highest coeffieient of variations
same were lowest at 60 days, Variability was not higher in F1

hybrids than in parental strains at corresponding stages; the F2
hybrids showed greatest variability at all stages. ©Signifiecant

J

|

: . i |

negative correlation between litter size and average body weight atj
|

the various stages were found. Very high genetic correlation was
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S T

found between body weight at 21 days and 28 days of age and between
40 and 60 days, but correlation between body weight at weaning and

one week after weaning and that at 60 days of age were very 1ow. The
heritability estimates for body weight at birth and at 40 days were

in F1 hybrids than in the parental strains, 1

Roberts (1967) showed results of crosses between previ-
ously selected line and out crosses, The lines that had reached thef
limit for large size were crossed to form a base population for fur-
ther seleetion for high size weeks weight. Similarly‘the small

lines selected to the limit were ecrossed and the cressbred popula-

tion was selected for low size week weight. In every case, eross [
between two selected lines resulted in heterosis increasing body

weight.

; Kownacki (1968) reported heterotic effeect of inbred x
outbred matings, Matings between inbred male and outbred female
were much more successful than the reverse matings in respect of
mean number and young weaned (8.56 v 6.64); mean individual weights
of offspring at 20 days (8.6 g v 7.16 g for male and 8.42 g v 7.32

g fer female) and mean individual weights of offspring at 4 month
was not significant (29.90 g v 24.44 g). Female offspring from two |
types of matings also did not differ significantly in the size of

the litters (6.80 v 6.88) when they were mated to unrelated outbred |
i

male, i

Randomska et al. (1970) reported heterosis resulting

from erossing of cerfain'inbred strains of laboratory mice single
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€ross reciprocals ang double cross reeiprocals., No heterosis was
observed in the litter size but body weight at 21 days showed hete-
rosis, Significant differences between the parental strains and

their hybrid (upto 84 days) and also significant sex differences

were noted,

Heterosis occurred in respect of litter size when double
crossbreds were obtained. But significant differences in types of
mating were not found, Body weight of the double erosses were much

higher than that of single crosses especially at 12 days.

Nagai (1971) studied heterosis, combining abilities and
maternal abilities in mouse litter weight. Four inbred strains of
mice were mated in all possible comﬁinations to produce inbred and
F1 hybred litters. Bach litter was divided into two groups on the
basis of sex, The total weight of the individuals in each group

(group weight) and number of inadividuals within each group (group

sex) were recorded at birth and 12, 25 and 45 days of age. %he ave«}

rage weight of irdividual within a group was caleculated for each

group. Least square analysis of group weight, group size and avera-|

ge weight were performed. Significant sex difference in group wei- |

ght only at 25 and 45 days was observed. The 4 inbred strains did
not differ signifieantly in group weight at any age. Group weight

was higher in F, hybrids than in outbreds at 4 ages. Heterosis in

1
group weight was mainly due te heterosis in average weight.

Sharme. (1971) ecrossed inbred mice of twe groups recipro-

cally and out erossing was also done. Crossbreds were found to be

|
|
|

I

i
|




inferior by 0.70 g and 1.84 g to their respective mid-parental
values,

(b) Heterosis in litter size:

Eaton (1941, 1953) crossed nine inbred strains to test
their fertility. About half of the crosses produced F, litters
exceeding those of either parent strain, though some erosses were
even inferior. The ecombination of three inbred strains, using a

hybrid dam, gave a greater increase in litter size,

Forsthaefel (1954) took one inbred strain and split some
litter. Some females were mated to their brothers while their 1it-
ter mates were mated to inbred males of another strain, Crossbree-
ding inereased litter size from 4.8 to 6.8, The increase seemed to
be brought about by masking the recessives that reduced viability

in the uterus.

Falconer (1955) and Bateman (1965) concluded that male
had no direct influence on litter size when mated at random to
groups of dams. On the other hand, Finn (1964) found a statistiea-—
11y significant effect. But it is possible that males may occasio-
nally have a low fertilising capacity as Krzanowska (1960) found in
one inbred line., Litter size was partly determined by the genetic
constitution of the dam and as well of litter itself, Butler(1958n
crossed two inbred strains reciprocally. One strain showed an |

increase in litter size whereas the other did not. Butler conclu-

ded that crossbreeding in the dam had a greater and more uniform
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effeet in increasing fertility than eross breeding in the litter.

Bogart et al. (1958) reported that erossing does not al-
Ways result in increased fertility. Four inbred strains according
to diallel scheme were crossed, Heterosis in respect of litter size
in first cross was obtained only in three out of 12 possible crosses
(treating as reciprocal). In five crosses, litter size was near the
mid parental value. In remaining four crosses, litter size was redu+

ced markedly. They interpreted the result as due to endoerine fumc-

tion and also due to highly specific Vitamin requirements of some

crossbreds which the pure strain mother were unable %o provide.

|

|

In miee experiments of Roberts (as cited by Falconer 1960$
after third generation of inbreeding, erosses were made at ranf om
between the lines; in the next generation crosses between the F1s
were made so as to give crossbred mother and the non-inbred young.

The mean litter size observed at the different stages are given

E below,

Litter size

Inbred (litters F = 50%) = 567
Crossbred = 8.5

In this experiment heterosis observed 2.8.

Franks et al. (1962) erossing an inbred strain with five

others observed heterosis in respect of litter size in four crosses

and inferior litter size than either parents in the remaining cro-

S58eSe |

Martin et al. (1963) crossing four strains in complete
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diallel form found non-significant heterosis in 1litter size at birth.

McCarthy (1965) reported the effect of ecrossing inbred

Strains on litter size in mice. Lhree of his four inbred strains

showed an increase in litter size on erossing, whereas the fourth

did not.

Bentvelzan et al. (1966) while studying heterosis and
inbreeding depression in respect of reproduction, found that all the
inbred strains had fewer young ones than the erosses and showed
sterility im both sexes, also smaller litter size at birth and high-|

er preweaning mortality. Heterozygosity of the dam and embryo resul-

|

ted in an increase in prenatal viabi_ ity and thus inereasing litter |

size.

Randomska et al. (1970) reported heterosis resulting from
crossing of certain inbred strains of laboratory mice. No heterosis
in litter size in single reciprocal cross was observed but heterosis

in respect of litter size in double erosses was found.

Evsikov et al. (1972) studied embryo mortality and its
effect on litter size of mice in two lines and their reciproeal
erosses. Postnatal mortality at 5 weeks age was 14.9, 27.2, 7.9,
22.8 respectively., Significant differences between different types
of matings were also observed. Heterosis of the offspring reduced
both pre and post implantation mortality, and reeiprocal differences
indicated that dams genotype also affected embrye mortality.
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2.'lgbreeding depfession:

Butler (1958) reported inbreeding effect on Mac Arthur's
large and small strains through 20 generations of brother sister
mating. Some of the lines failed to survive the inbreeding but
among the survivors, the large mice became smaller when inbred,while
the small one became 1arger. The decrease in large mice was due to
inbreeding depression; the inerease in the small mice was explained
as due to differential fertility, as smallest mice failed to repro-

duce, some line became extinct.

From an outbred population Roberts (1960) derived 30

partially inbred strains and crossed these in random manner, when |
|

i
the inbreeding stage, except for natural selection operating within |

lines. Litter size was found to decline markedly during the inbree-

the inbreeding coefficient had reached 50% with no selection during

ding stage at the rate of about half a mice per 10% inbreeding.

Bowman and Falconer (1960) investigated the influence of |
(a) artificial selection for large litter size during inbreeding and
(b) selection between lines, Lines become exinet as they became
too infertile to maintain. From the same base population as in
Roberts (1960) study, twenty inbred lines were derived and maintai—j
ned by full-sib matings. A decline in litter size ofo56 mouse per
10% of inbreeding was observed which is in close agreement with that
of Roberts. An inbreeding depression in litter size of reughlyo5

mouse per generation was observed both by Roberts and by Bowman and
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. eding coefficient was 0,32,

Faleconer as a result of rapid inbreeding due to full-sib mating,
Falconer (1960) found no reduction in ltter size from inbreeding in

4 population even after 31 generations of inbreeding while the inbre-

Krzanowska (1964) tried to determine the causes of lower

rate of pregnancy observed in inbred mice as compared with ecross

bred animals. Reciproeal eross of two inbred strains and outbred
strains were used. The percentage of females that delivered 1itters!
within 23 days of pairing was much lower in inbred lines than in [
crossbred and outbred only. j

McCarthy (1967) reported effect of inbreeding on compene-i
nt of litter size in miee. Twenty four lines were bred from a base |
population of out bred females by continued full-sib mating. For
inbreeding levels in dams and their litter of O to 25% respectively |
litter size reduced non-significantly by 0.8 offspring and there
were significant reductions of 1.2, 2.3, 3.0, and 2.7 offspring
inbreeding level of 25 (dam) and 38 (litter},38 and 50, 50 and 59,
59 and 67% respectively. In the first inbred generation the deeline
in the litter size was due to reduction in the ovulation rate of

inbred dams and due to increased pre-implantation mortality from
inbreeding of dams.

MeCarthy (1968) re?orted the effect of inbreeding on

birth weight and foetal and plancental growth in mice, Inbreeding

did not cause depression in birth weight. Foetal weight at 17%

days of the gestation was signifieantly depressed in the 2néif?ﬁ:_)
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and 4th generation of inbreeding by 0.042 gms, 0,043 gms and 0.076
gms respectively. This depression was attributed both to inbreeding
in the litter and in the dam. In outbred litters produced by parti-—

ally inbred dams, foetal weight reduced but not significantly.

Sharma (1971) studied the effect of brother sister matings

for two generations in three inbred groups and found decline with

42 days average male weight by 3.32 gms, 0.51 gms and 2,71 gms res-—
pectively and the female average weight by 3.49 gms, 0.63 gms and

2.30 gms respectively as compared to their respective base popula-
tions. Decline in body weight in twoe groups was highly significant |

for both sexes.

Sharma (1971) observed that for every 10% increase of
inbreeding coefficient there was inbreeding depression in litter
size of roughly 0.53 mouse per litter in 1st group 0.16 per litter

in 2nd group and 0.24 per litter in the third group.

White (1972) studied effect of inbreeding upon growth
and maternal ability in mice. Increasing level of inbreeding in
the both sets of experiments significantly depressed birth weight

and weight at 12, 21, 42, and 56 days and also litter size,

%, Environmental and maternal effect on body weight and litter size:

MacDowell et al. (1929) noted that the larger mice ten- '

ded to produce larger 1itters and the smaller ones the smaller

1itter. This is a great matermal effect on the litter size associ-

ated with the body weight of the dam. A large mouse tended to

|
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produce a large litter, with the result that the individual weights

of her daughters were depressed. When these daughters were mated,

they tended to produce smaller litters.

icients relating litter size to the body weight of the dam and size
Of the litter in which the dam was born. The body weight of the dam
was negatively correlated with the size of the litter in which she

Was born, but was positively correlated with the size of the litter

whiech she produced.

Butler and Metrakos (1950) studied the maternal effect

on the body weight by cross-fostering experiment. Whenever strains

of mice were erossed reciprocally, the reciprocal reflected the

maternal and environmental differences in their growth,

1. (1960) had found maternal effects on these characters.

t

"Barnett (1964) studied heterozygosis and survival of

young mice in two temperatures. At both temperatures litter size

tended to be greater when inbred females were mated with males of

another strain than for within strain matings. Random bred mice

had the largest litter size at both temperatures. Survival between

birth and weaning was better at 21°

cal ones.

' Nagai (1971) studied maternal abilities in mouse litter

weight, Maternal effects on group weight differed significantly

Falconer (1953) calculated standardised regression coeff-

Butler (1958), Carmon (1962), Franks et al. (1962),Mason

(, in one cross than the recipro-

|




RAJENDRA AGRICULTURAL UNIVERSITY, M. SC. (A. H.) THESIS, 1974

strains due to maternal effeect.

¥* % K% X
* %%

among the 4 strains studied at 12, 25 and 45 days. These differen-
ces in maternal effects were mainly due to the differences in the
maternal effeect on group sizes. When group weight was adjusted for

group size, a shift in ranking of strains was observed in the inbred
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MATERIALS AND METHODS

Diagram showing plan for experimental mating:

Line B Lince C Line O
3rd generation P (controlf
N
X
?%8‘\ 5{ g9 (% J;
Full—sib\\ Full-sib andombred
mating\ : matlng
N
Y S
4th generation F4 Crossbreds 4th Crossbreds 4
generation. 4th generation
Full-sib Full-sib Randombred
mating mating

v

5th generation F5
)
andombred
¢ o K |
6th generation F6 Crossbreds 6th F6 Crossbreds F6

- generation. 6th generation,

Third generation individuals of line B, C and control

were treated as base population for this experiment.
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MATERTA A 582

The data used in this present study were obtained in a
research experiment (cross breeding study for heterosis), which was
startea in March 1973 and progressed upto 6th generation. The gene-
tic stock employed were (i) a randombred cuntrol group (Line 0) and
(ii) two inbred lines referred to as the "B" and "C" lines. These
lines were developed upto 3rd generation by constant full-sib mating
in the mice laberatory undef the Division of Animal Breeding and
Geneties, Bihar Veterinary College, Patna. This constituted the
base population for the presemt study. Parent stocks were imported
from Indian Veterinary Research Institute, Izatnagar as early as
1967. All the three lines - randombred control group (Line 0),1line

B and line C - were maintained separately under the same set of

conditions.
Out of 150 females and 160 males in line B and 145 fema-
les and 165 males in line C, 60 mice (20 male and 40 female) in

both lines showing the best performance (highest body weight) at
42 days were selected for breeding purpose.

Single sire system was used for each group of breedable

females. The number of females allotted to a male mice varied

accurding to number of females selected from each family 1 : 1 to

B ) The male was allowed to remain with the female for a period

Pregnant females were removed in separate cages for

|

of 16 days. |
The females unable to produce litters[
|

1ittering on the 17th days.
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after 21 days of separation from male mice were culled and not taken

inte acecount,

For the litter size, the live young ones born in each
litter were counted as soon as possible after birth. Iitters at 28
days were weaned, weighed, marked with pieric acid and sexed. The

different sexes were separated and reared in separate cages. All

the mice were weighed at 28 days and 42 days after birth. Abnormal i
|

mice were eulled.

First phase of mating:

Forty females and twenty males of full-sib family were |
selected in both the lines. Among the full brothers those showing ;
best performance at 42 days were selected for mating., Selected
brothers and sisters were allowed to remain in the breeding cage

for 16 days and after that the male was removed andimmedisztely

culled. The pregnant females were separated and kept in separate
cages for littering.

At about 19th to 20th days of gestation, sterilised |

cotton was provided in cages of female mice for nesting. Out of |

o8 in line B and 26 in line C produced 158, 192, litteq
At 28 days litter was weaned, |
j

40 females,

respectively in the 4th generation.

weighed marked with pierie acid.

Second phase of mating:

Out of 106 mice in line B, 60 were females and 46 were
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male, and out of 118 in line C, 60 were female and 58 were males.

Sixty females and twenty males in both lines were selected for bree—
ding purpose. The rest were culled and disecarded, Such families

having no brother or sisters were also disearded from the experiment
Sexwally mature full-sibs were allowed for breeding and to remaimn a
together for 16 days. After 16th days, males were removed and |
females were separated in separate cages for Iittering. Out of 60 |

mice, 50 in line B and 38 in line C produced 258 and 228 litters

|

respectively in the fifth generation, {
i

[

Third phase of mating:

At fifth generation of inbreeding, 15 full-sibs in each

lines having 40 females and 15 males were selected for breeding in

each lines, Those selected mice were kept in breeding cages fer

16 days for breeding. TIwenty three and 32 out of 40 female in line

C and B respectively could litter. Total litter number at birth |

was 104 and 148 for line C and B respectively.

Crossing between line B and C at third generation of inbreeding:

Forty females in each lines wWere randomly grouped in 8

groups in both lines and 10 males were selected on the basis of

their highest performance at 42 days in terms of body weight. SeleT
cted males were numbered from 1 to 10, Groups consisting of 5
Each |

females chosen randomly were made and numbered from 1 to 8.
|

group ;of females of line B were randomly allotted to a male of |
|

: e
1ine C and similXarly females of line C to male of-llne were |
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allotted, Males were removed from the females after 16 days and

pregnant females were separated in separate cages for littering.
Twenty six mice in line B and 20 in line C could litter out of 40
mice having 158 and 122 1itters respectively at birth., Iitters were

Weaned, weighed marked with picrie acid at 28 days.

Crossing the lines at the 5th generation of inbreeding:

Forty femalcs and 10 males in both lines were chosen for
breeding purpose. Females were randomly grouped in 8 groups in each
line. Each group of females was randomly allotted to a male of the

other lime. Thirty four mice of line C and 21 mice of line B produ-

ced litter., The litter number in crossing of C females x B males

and B female x C males were 177 and 159 respectively. i

Crossing between control and lines:

Thirtylbreedéble females and 6 males were chosen in

control population as well as in lines. Females were grouped in

to a selected male mouse of lines B and C. Out of six males, three‘

five groups. Each group of contrecl females was randomly allotted

were from line B and three from line C, Females of lines were ran—:
|

domly allotted to males of control population, TIwenty three femaleg
out of thirty of econtrol group could litter and 20 females out of

30 in lines produced litter when 5th generation individuals were

utilised for breeding. Similarly erossing between control and

|
{
lines were done with the individuals of the 3rd generation. )
|
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Control group :

For control, a group of mice was maintained all along the
experiment., They were mated randomly but without any selection of
parents in respect of performance in terms of body weight and litter

|

size, Total strength of this group in each generation was 40; in

which 32 were females and 8 were males; Groups were made and each

group was allotted one male randemly.

Housing and management:

Mice were maintained in the Miece Laboratory of Department
of Genetics and Animal Breeding, Bihar Veterinary College, Patna. |
Experimental mice were kept in metallic cages of galvanised iron j
sheet having size specification of 10"x72"x6" fixed on 4" iron |
stand in bKight with wire met roof. Normally 4 to 5 adult mice were
maintained in each cage. Half inch Paddy husk was provided as bed-
ding material which is also a good absorbent of droppings. Bedding
materials were changed twice a week. All possible measures were
taken in the laberatory throughout the experimental period in order;
to maintain the mice in good health. Floor of the laboratory was
washed twice a week by phenyl. Cages were washed onece in a week
with Dettol water and after complete drying the mice were shifted
in them. Every time cleaned cages were used for transfer of mice.

A small amount of cotton was placed on bedding material as the ges- |
|
tation period approached its completion, Cotton was wtilised by !

|
miece in nesting the young ones and continued to keep their young ini
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i1t
for several days. Cotton also served as protection against adver-

. rature of the laboratory was maintained within a range of 76° = 96°F%

se climatie rigors.

The experiment lasted from March to November, 1973. Tempe-—

throughout the experimental period with the help of Khas-Khas during

SURmeEr,

All the doors and windows were covered by Khas-Khas mats
and these mats were kept moist by frequent sprinkling of water.
Exhaust fans and electric fans were kept on for all the 24 hours
during fhe summer and the rainy season, Excessive moisture was

controlled by exhaust fan and electric fans during rainy season.

Feeding: |

Mice were provided with semi-liquid meal ad-1ibitum.They
were given unrestricted balanced diet, sufficient to meet the body |
requirement even during the stress period of pregnancy and lactationL
Semi-1iguid meal was prepared by boiling cow milk with wheat flour.
Shark liver oil and Uni-vite C choline were added after cooling the

The following constituted the feed per 100 mice:-

meal.
Milk - & litre.
Wheat - % Kg. |
Shark liver oil - 1 15 5y, i

Uni-vite C choline - 6,5 ml. i

Common salt - 1 tea spoonful. |
|

Empty penicillin vials fitted with glass jets were used




for proviuing water to mice, Such vials filled with water were

inserted wp side-down from the roof of the cages. Mice sucked the

Water through the tip. It alse allewed them some means of exereise

in climbing up and getting down,

Feeding utensils were cleaned every day and every time
after meals. Young mice from a day old to two weeks o0ld were unable
to take any food except suckling. Young mice opened their eyes at
about 10 te 15 days after birth and after 15 to 16 days they started
taking meals. The milk provided were supplied by the Milk Union,
Patna. All along wheat from ration shops was fed., There was great
scarcity of wheat during the latter part of the experiment necessi-
tating the use of damaged wheaf of Food Corporation of India obtai-

ned through Government Cattle Farm, Patna,.

METHODS:

Means, Standard Error, Coefficient of Variation of diff-
erent traits were caleulated as per methods outlines by Snedecor
(1967), Correlation coefficient between litter size at birth and
body weight at 28 days and 42 days, as well testing the significan-
ce of the difference between different group means by t-test were |

also done as per Snedecor (1967).

Heterosis:

Heterosis was taken as superiority of the offspring oveg

the average of the parents, Heterosis is produced by joint effect
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of all the loei as well directional dominanece., If some loei are
dominant in one direction and some in the other their effeet will
tend to cancel out, and no heterosis may be observed, inspite of the
dominant loeci., The amount of heterosis expressed as the difference
between the F, and the mid-parental values, is obtained by subtrac-
ting the mid-parental value from the mean (genotypie) value of the
F4 (Falconer). Heterosis in respect of body weight at 28 days and
42 days alongwith litter size at birth were measured by following

formula in the 4th generation :-

HF4 = MF4 - MP

Where,

HF4 — Magnitude of heterosis measured in the 4th generationjy

4 ~ Stands for mean value of the crossbred (F4)o

MNP
MP -~ Stands for mid-parental value of the 3rd generation.

The amount of heterosis shown by the F, was the differen—

ce between the F6 ecrossbred and mid-parental value (parents were of

fifth generation).
Where,

HF6 - Magnitude of heterosis measured in 6th generation,

i Stands for mean value of the erossbred (F6)°-

MF
MP - Stands for mid-parental value of 5th generation.

Inbreeding coefficient: .é
|

Lines were developed and maintained from generation to

|




generation by full-sib mating.

similar for all individuals of both lines,

The intensity of inbreeding was

The inbreeding coeffi-

RAJENDRA AGRICULTURAL UNIVERSITY, M. SC. (A. H.) THESIS, 1974

cient of individuals of 3rd generation, 4th generation, 5th genera-
tion and 6th generation was calculated by formula given by (Wright

1922).

F = @)nl (1+7,)

7 =

i =

inbreeding coefficient of individual x.

summation of all independent paths of inheritance
which connect sire and dam of x.

n - number of segregations in a specific path between
sire and dam of x.
FA —~ inbreeding coefficient of common ancestor for each

path,. ﬁ

¥ K %K%
% %%
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' Litter size : l

RESULTS AND _DISCUSSION

Mean litter size in R, crossbred offspring of C ¢ x B 5t
and reciprocal crosses were inferior to the mid-parent by 0.80 mouse
per litter and 0.81 mouse per litter respectively (Table 4), but the-
se mean differences of litter size between offspring and mid-parent |
value were found to be non-significant (Table 4). The mean difference

of litter size at birth of F6 crossbred offspring of C ¢ x B d cros-

ses were inferior to mid-parent value by 1.50 mice per litter (Table

5) and the difference was highly significant (Table 5). Average littf

er size in F6 reciprocal crosses (B QX C dﬁ were superior to that

of mid-parent value by 1.03 mice per litter (Table 5). Highly signi-
ficant negative heterosis in respect of litter size of 1.50 mice per
1itter was observed in the crosses of C 9 x B d’whereas in recipro-

cal crosses non-significant heterosis amownting to 1.03 mice per

1litter was noted (Table 5). Similar results of negative heterosis

was observed by Bogart et al,(1960) and Frank et al.(1962).The nega-

tive heterosis might be due to fluectuating endoerine function and

may be attributable to a general heterotic factor that does not alw-

ays yield measurable amount of non-additive genetic variance,The he-

cal crosses in F, seems to be consistent!

|
{

terosis observed in reeipro

with the findings of Martin et al. (1963)., More or less similar

!
|
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results were observed by Eaton (1941, 1955), PForsthaefel (1954),
Butler (1958), MeCarthy (1965) where they observed heterosis in
litter size in some crosses and in some crosses litter size were

near to mid-parent value and in some crosses even inferior to the

mid-parent value,

The negative heterosis as observed in F, and F6 crosses

4
of C o x B g(might be duve to reduced.viability of embryo in uterus
and deereased rate of ovulation in inbred dams along with increased
pre-implantation mortality. Lack of non-additive heterotic faector
and genetic constitution of faetus might also be playing important

role in production of negative heterosis. Non-significant heterosis

in F6 reciprocal erosses might be due to heterozygosity of the

embryo and additive gene action of dominant genes.

Body weight :

Mean body weight of F4 erossbhred offspring of C 9 X B J(;
and reciproecal crosses at 28 days were inferior to the mid-parent |
value by 0,80 gms and 0,03 gms respectively of whica the former was
significantly different from the mid-parent value whereas the latteﬁ

was non-significant. Mean body weight of the same individuals of

cross C 9 x B é‘at 42 days was inferior by 0,70 gms to the mid=

parent value but their mean body weight at 42 days for reciprocal
erosses was superior to the mid-parent value by 0.19 gms (Table 4).;
At 42 days, both were found to be non-significant (Table 4). Nega- f

tive heterosis in the hybrids at 28 days might be due to physielogi
might not be able %o |

cal function of dams-in that inbred @??Fff“
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meet all the requirements of her crossbred offspring., Mason et al.
(1960) founa signiticant departures in growth rate in the direction
Oof reduced growth, Moreover similar result of reduced growth rate

in crossbreds was observed by Franks et al.(1962) and they explained
it as negative heterosis., The present finding is also in coineciden-
ce With Sharma's (1971) findings which were made on the same genetie

stoek,

Mean body weight in FG crossbred offspring of C 9 x B 31
and reciprocal erosses at 28 days excelled the mid-parent value by

0,72 gms and 0.65 gms respectively, Non-significant heterosis of

0.72 gms and 0.65 gms (Table 5) in crosses of C 9 X B 3‘and reciproﬁ
cals respectively was observed in this generation, %his is in agrei
ement with the findings of Comstock et al. (1963) and Rahnefeld |
et al. (1963). Mean body weight of the same individuals at 42 days |

were superior to the mid-parent value by 2.28 gms and 0,77 gms res-:

pectively, Crossbreds of eross C ¢ x B &nand reciprocals exhibited
heterosis amounting to 2.28 gms and 0,77 gms respectively, Heterosis

exhibited in cross of C ¢ x B Jﬂwas highly significant whereas ,

those of reeiprocals were non-significant (Table 5). Mean body

weight at 42 days surpassed the parental limit of the better parent!

in both the erosses (transgressive variation)., Butler (1958),

Carmon (1963), Shibata (1966, 1967), Roberts (1967) and other wor-

kers also found similar results. Heterosis exhibited in F6 in the

crosses of C 9 x B 6‘might be due to the non-additive heterotic

factor as well as additive gene action of dominant genes and their

direectional dominance. B b e SN
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The present study showed that with the inerease in the
value of inbreeding coefficient there was also inerease in heterotiec
effect in the growth rate. At the 5th generation of full-sib mating
maximum heterotic effects was observed as the inbreeding coeffieient
approached 67.2. But in the F, when the inbreeding coefficient of
the parents reached 50% level, the heterotie effect was not found

te be so high. Heterosis measured in F4 were either in negative

direction or little in positive direection.
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TABLE - 1

Table showing averagellitter size at birth in different
. groups and generation with S.E. and C.V. %

Groups/Iines % Generation | Number of ]| Mean ¥ S.E. J C.V.%

dams
X { littered. | {
Line B 3rd 13 7.07 + 0,44 22,63
4th 2 . 58T ResE 30.94
5th 25 5.16 + 0.36 35.07
6th 32 4,62 + 0.27 33.54
Line C 3rd 12 6.58 + 0,51 27,05
4th 26 T-42 £ 0s44 30,45
5th : - 19 6.00 + 0.45 32,83
6th 22 4,72 + 0,23 23,51
Line 0 4th 11 6.00 + 0,68 38,00
(control) 5th 28 5.42 + 0,44 43,54
6th 30 5ol 300535 37,81
Crossbreds of 4th 20 6.10 + 0.37 27570
C @ x B J‘
Crossbreds of 4th 26 6.07 + 6,18 32,28
B 9 X C é‘ -
Lines %. .. 4th 21 6.25 + 0.43 31,52
control mated
reeciproecally.
Crossbreds of 6th 34 5.20 * 0.38 43.36
C e X B
Crossbreds of 6th 21 TebilgraCsd 20,60
Bgx Cc ;
Lines x control 6th 31 5.35 £ 0.35 37.19

mated reeiprocally

i F, eontrol
= E, ,C.V.% of litter size at birth for
e f§3§aih§t bé calculated as observatiogs.yg?eﬁg9% available,
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TABLE - 2

Table showing average weight at 28 days in different
groups and generation with S.E, and C.V. %.

Groups/lines { Generation | Number of | Mean * S.BE. | C.V.%
{ Jobservations] in gms
Line B 3rd 69 12.45 + 0.43 24,85
4-th 106 11029 i 0033 301-91
5th 8l 9.25 % 0.27  26.27
, 6th 96 8.59 + 0,17 19,70
Line C Srd 71 11.18 + 0.42 21,50
4%h 118 10.50 + 0.27 28,09
5th 89 8,79 + 0.18 19,56
6th 66 8.41 + 0.37 11.29
%ineto ) 4th 51 11,390 58 5213
contro 5th 136 9.54 + 0.16 BT
6th 99 825" 6L it5 16,00
Crossbreds of 4th 85 10.77 + 0.21 18,19
C 9 x B
Crossbret}s of 4th 114 19 7870 8,539 28,08
B @ X C
Crossbreds of A%h SN 90 11.14 £ 0,29  25.22
lines x contrel
Crossbreds of 6th 88 9,67 + 0,22 21.82
Cc e x B 3ﬂ
Crossbreds of 6th 69 9,68 + 0,30 26.23
Box C
Lines x control 6th 113 8.26 * 0,15 19,53
erossbreds.

N.B. — Mean + 8.E, and €.V, % for F, contrel eould nov be ealcus
lated as body weight at 28 dgys was not available,
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Table showing average weight at 42 days in different
8roups and generations with S.E, and C.V, %

Groups/lines I Generation ]| Number of [ Mean ¥ S.E.] G.V.%
i Jobservations] in gms

Line B 3rd 69 19.65 + 0,60  21.45
4th 104 18.46 + 0,46 25.46
5th 81 5558 TRO5 3 19,63
6th 96 15.08 + 0,30  19.49

Line C 3rd 67 17.58 + 0.59 17,70
4th 116 17.56 + 0.27  27.93
5th 89 15.18 + 0.30  18.31
6th 64 13.64 + 0,23  13.26

Line 0 4th B 17.56 + 0,55 24,96

(eontrol) 5th 128 15,03 + 0.18  28.07
6th 99 15.54 + 0.17  11.13

Crossbreds of 4th 81 17.78 + 0,26 S5 Eh

C e x B

Crossbreds of 4th 114 18.85 + @.51 29.07

B ¢ xC

Lines x contrel 4th 88 17.82 + 9.33 17.45

crossbred,

Crossbreds of 6th 88 17.4% + 0.35 19,24

Cc @ Xx B

Crossbreds of 6th 69 16,41 + 0.43 21.81

B [ < C

Lines x eontrol 6th 112 13.85 + 0.21 16,53

crossbreds

N.B., - Mean + S.E, and C.V, % for P, control could not be calcu-
lated—as body weight at 42 days was not available,




TABLE - 4

Table showing magnitude of heterosis for litter size
and body weights of F4 offspring,.

] | | |
Characters {Mean mid- gMean off—gDifferences D.F. { t-value
parent value |spring between off- caleculated
C ¢ mnd B J' Ivalue for]spring and {
dSIF4. Imid—parent | {
Y(B ¢ ana ¢ { [values. ] }
Littert (2.90) (6.10) -o.so)w.s. 42 1655
size a .88 6.0 -(0.81)N, s, 1,
birth. : 4 : & 2%
Body weights 11.57 10,77 -0, 80%* 13 2,10
at 28 days (11.81) (11.78) -(0.03)N.8. 160 0,05
in gms.
Body weights 18.48 17,78 -0.70 N.S, 128 1.45
at 42 days (18.66) (18.85) 0.19)N,8. 160 0.22
in gms.

RAJENDRA AGRICULTURAL UNIVERSITY, M. SC. (A- H.) THESIS, 1974

N.B, = The values in the parenthesis indicate
those of the reciprocal crosses,

* denotes significance at 5% level,
N,S, denotes non-signifiecance,
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LABLE = 5

Table showing the magnitude of heterosis for litter
size and body weights of F6 offspring.

X 1 !

Characters |Mean mid- }Mean orf—{Differences g D.F, | t value
Iparent value [spring J[between off- {caleulated
C o and B Ivalue for{spring and | | ;
] dSIFG. {mid-parent | { J
{(B g and C d)] Jvalues. ] ] (
{ X | i

Littert 6.70 5,20 —1,50%* 52 2.83 Jl

size a

birth, (6.54) (7.57) (1.03)N.8, 41 1.94 |

Body weights 8495 9.67 0.72 N.6. 130 1.72

at 28 days

in gmS, (9-03) (9.68) (O.GS)N.S. 95 1.25

Body weights 15413 17.41 2.28%K* 130 5495

bl CU TEENE (57 @6rel) & (07 M 80 i es e e

in gms.

N.B, - The values in the parenthesis indicate
those of the reciprocal crosses.
**% denotes significance at 1% level.

¥ denotes significance at 5% level.
N.S., denotes non-significance,




RAJENDRA AGRICULTURAL UNIVERSITY, M. SC. (A. H.) THESIS, 1974

Interline erossbred
! sbreds, line x eontrol ecrossbred r
eontrel performance, =it

Litter size:

Mean litter size at birth in F, of cross C ¢ x B d, reci-

4
procal and lines x control were superior te the control by 0.10,

0.07 and 0.25 mouse per 1itter.respective1y (Table 6)o. Non-signifi-
cant difference exhibited in the litter size at birth in eross of

lines x control was more than the interline crosses in all cases
(Table 62, 6Ia), Mean litter size at birth in F. of cross Cox Bci
reciprocal and lines x control was superior to the eontrel by 0.07,

2.44 and 0,22 respectively. Highly significant difference between

reciprocal ecross of lines and control was observed,though other

di fferences were non-significant (Table 9).

Body welght

Mean body weight at 28 days in F4 of cross C ¢ x B 3‘and
lines x control were inferior te eontrol mean by 0,62 gms and 0,25
gms respectively whereas mean body weight of crosses B [ C c{was
superior to that of control by 0.39 gms (Table 6b), Both the diffe-
rences either in negative or in possitive direction were non-signi-

fiecant (Table 6Ib). The same at 42 days of cross CexB &t reci-

procal and lines X control exceeded that of the eontroel by 0.22

gms, 1.29 gms and 0.26 gms respectively (Table 6b) ,but the superio-

rity jnrespect of growth rate of erossbreds over the control pepu-

1ation was found to be non-significent (Table 6lc), Highest mean
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difference in body Weight at 28 and 42 days was observed in the

crossbred Offspring of cross B Px C J‘over the control population
(Table 6b,e).

Mean body weight in FG at 28 days of cross C ¢ xXB éﬁ

reciprocal and lines x econtrol was found to be superior in growth

performance over the control by 1.42 gms, 1.43 gms and 0.01 gm res-
pectively, in whieh the 1st two differences were highly signifieant |
whereas the other was non-significant (Table 7). Mean body weight
at 42 days of the same individual in the cross of C ¢ xB J‘and

reciprocal exceeded that of the econtrel by 1.87 gms and 0.87 gms ]
respectively whereas lines x control crossbred mean was exceeded by;
the contrel by 1.69 gms (Table 8); of this, the 1st value was highl}
[

significant whereas 2nd was found to be significant, however, the

last value, though negative in direction, was significant{Table 8).

In this experiment it was observed that better fertility
and growth rate could be obtained by crossing highly inbred lines
as the interline erossbreds were always found to be superior teo
the eontrol as regards the traits in question. Similarly F6 lines
x eontrol erossbred offspring were not found to be superior to

interline crossbred offspring in respect of litter size at birth

and body weights.
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TABLE « 6
Table showing difference in crosses and eontrol population
for different traits of F4.
T (a)_ (b) e (fe)
omparison JLitter size at % Body weight at | Body weight at 42
between I birth 28 days in gms § days in gms
groups. {Mean |Diffe- |Meam imffe- JMean ]Difference
1 jrence. | I rence. | I
C o and B 3¢ 6.10 0.10 1077 . =8L62. 17.78 0,22
Cross,
B [ and C 3# 6,07 0.07 11,78 0.39 18.85 1.29
Cross. '
Lines x 6.25 0,25 11,14 =0,25 1782 0,26
control,
(eontrol) |
TABLE -~ 61
Analysis of variance table showing effects of crossing on
litter size at birth and body weights in F4.
(a) (b) (e)
| { Body weight at | Body weight at
. Sources %_Liiigr size [ 28 days { 42 days
L D.F. % M. S. ! D.F. | M.S. { D.F, } WN.5,
{ { { {
Between 5 3.12 N.So 5 12.37 N.S. 5] 22.79 N,.S.
erosses. i
Within 115 39,53 430 8,16 425 15,48
erossess
Potal. 120 435 430

N.S.

denotes non—-significance,
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TABLE - 7

Analysis of varian
ce table showing effeets of ecrossi
on 28 days body weight (6th generation). s

Sources D.f. W, 8, Fod
Between erosses 5 36.39 UGG
Within erosses 435 3.48

Total. il 440

Table showing signifiecance of diff
erent erosses b
weight at 28 days. g

Compari son .
;igéng' ;g?igzgagionsgdi?gzﬁencei__gég'123i¥eo§;
I £ i I

Foor L 88 - 44  0,72* 0.66 0.87
Feer ™ Foro 88 - 113 A @e 51 0,66
FGCB - F6 0 88 - 99 1.42;* 0,52 0.69
Bl 69 - 128  0.65'N.S. 1.02 1.40
Pee — Peno " 69 - 113 1,42%% 0.54 .72
FGBC = F6 0 69 - 99 1.43** 0.54 0.72
Fezo ~ oo 133 = 499 . 0.08 H 8, ©.55 0,76

N,B.- ** denotes significance at 1% level.
* denotes significance at 5% level.

N.S., denotes non-Bignificance.
— Crossbred offspring of cross C ¢ x B Jﬁ(Fs).

P

6CB
Fepe ~ Crossbred offspring of reciprocal eross (F6)°
F6LO - Crossbred offspring of limes X control (FG)'
F6 i 6th generation control.

- Parents of Fgop Fop' = parents of Fggp,  « °
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- 45 -

TABLE - 8

Analysis of varian '
ce table showing effects of erossings
on 42 days body weight (6th generation). 2

Sources D.F. M. S. F
Between crosses 5 137543 18.64%*
Within erosses i 433 T35

Tetal, 438

Table showing significance of differemnt crosses on
body weight at 42 days.

Comparison between]Number of |  Mean - C,D, value at
groups. %oﬁservationsl difference | __ the level of
] e e
Fees = Zsp 88 ~ 44 2,284 0.98 1.28
F6CB = FGLO 88 - 112 L3551 St 0. 74 0.97
?SCB = F6 0 88" = FOER ST x 0.76 1.00
F6BC - FSP' 69 =~ 28 0.77N.S. 1.33 1.83
FGBC - F6L0 69 = 112 2.56** 0,80 1.05
Fepe = P60 69 =~ 98 0.87* 0.82 1.08
FGLO - F6 0 112 - 98 =1,69** 22 1.68

N,B, — ** denotes significance at 1% level,
* denotes significance at 5% level.
N.,S. denotes non-significance.
6CB ~ Crossbred offspring of eross C 9 x B Jﬂ (FG)'

§8C = Crossbred offspring of reciprocal cross (F6).
F - Crossbred offspring of lines x control (F6)°

6L0
F6 o 6th generation edtntrol.

t -
F5P - Parents of FGCB,FSP parents of FGCB.




RAJENDRA AGRICULTURAL UNIVERSITY, M. SC. (A. H.) THESIS, 1974
95

TABLE - 9
Analysis of vari
ance table showing the eff
on the litter size at b%rth in Fths P
Soureces D, F. AR e &
Between crosses 5 24,76 6.97**
Within ercsses 152 3¢55
Potal. 157

Table showing effects of erossing on litter size at

birth in F6.

Comparison between] Number of | Mean ! C.D. value at

groups. Ioﬁservations } difference } the level of
1 and Nz 5%
FSCB = FP 34 - 20 - 1,50%* 1.20 558
Fepe - Fp' 2 = ‘fap 1.03. M8, “1.29.. .1.78
FGBC - FGLO 21 =" 31 2L 20%% 1.20 1,66
Feez = Fozo 54 = Si -0.15 N.S8. 104 a4
Teep — To o 34 - 30 0.07 N.8. ~ 1.86 = 1,47
Fepe = Too 21. - 359 2. 44%% 1,20  1.66
FGLO - F6 0 3V .~ 39 ©.22 N.S, 1,08 1,50
N.B, - ** denotes significance at 1% level,
* denotes significance at 5% level,

N,S., denotes non-significance,

FSCB ~ Mean litter size at birth of ecross C ¢ x B J¢(F6)'

Fepe ~ Mean litter size at birth in reciprocal cross(FG).

FP — Mean litter size at birth of parents of FGCB'

FP' - Mean litter size at birth of parents of FSBC'

FGLO -~ Mean litter size at birth of eross limes X eontrol.

— Mean litter size at birth of contrel (FG)’

}
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LIN B - B

Litter size :

Decline in mean

litter size at birth from F

3

to F4, P

4

to F

and F

litter respectively were observed,

size from F

s

]

to F

6

5

3 to F4

were non-significant (Table 10).

to F6 by 1,22 mice, 0.69 mouse and 0.54 mouse per

The reduction in mean litter

This result is in close

agreement with that of Robert (1960) in which he observed decline
in litter size of roughly 0.5 mouse per generation. Bowman and
Faleconer (1960) fownd similar result as that of Robert. Sharma
(1971) repérted that for every 10% of inbreeding coefficient there

was depression in litter size roughly 0.53 mouse in one group, 0.16

mouse in second group and 0,24 mouse per litter in third group.

A

F6 might be due to reduction in the ovulation rate of inbred dams

and inereased pre-implantation mortality from inbreeding of dam.

Body weight ¢

Decline in mean body weight of mouse from F3 to F4, F4

to F5 and F5 to F6 at 28 days were 1.16 gms, 2,02 gms and 0,66 gms

respectively (Table 13 )
at 42 days was found %o decline by 1.19 gms,

(Table 12) respectively.

Decline in mean body weight at 28 and 42

was found to be signifiecant whereas F4 to F5 and |

|
|
i
\
\

|
|
|
\

Mean body weight of the same individuals
2,93 gms and 0,45 gms

4o P was signifieant at 1% (Table 11,12)

days from F3 to F4 and F4 5
at 42 days which was significant at 5%

exeept from F3 to F4 |

Depression in the litter size as observed in F,, F; and
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(Table 12) whereas the decline in mean body weight from Fg o Fg

at both ages were non-significant (Table 11, 12). MacCarthy(1968)

reéported depression in mean body weight due to inbreeding., Sharma

(1971) on the same genetic stock and White (1971) observed signifi-

cant depression in mean body weight at different ages.

Decline in body weight, as observed in this experiment
might be due to rapid inbreeding caused by pairing of recessive

genes.

TABLE - 10

Analysis of variance table showing effects of inbreeding
on litter size at birth in line B.

Sources e R M. S. e
Between generations 3 20.87 Jles 1) Teiis
Within generations. a5 2.91

Potal. 96

Table showing significance of difference for different
generations on litter size at birth.

Comparison between] Number of | Mean I C.D. value at
generations. Jobservations] difference J__ the level of

I N1 and N2 I E 5% § 1% |
{ I f { |

Zrd - 4th 15— 15 22% i3 1.49

3rd - 5th 135 -~ 25 1.91%* 1.15 1.52

3rd - 6th 1398 —2a 32 2 dhae Pia 1 il G

4th - 5th 2T =525 0.69 N.S. 0.95 1523

4th - 6th 2T s=5 92 1 25 0.87 1.15

5th - 6th 25 = 32 0.54 N.S5. 0.89 -

** denotes significance at 1% level.
* denotes significance at 5% level.
N.S, denotes non-significance.
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TABLE - 11

dnalysis of variance table showing effects of inbreeding
on body weight at 28 days in line B,

oourees SRS M, S. F.
Between generations 3 265.20" = F7 3FNE
Within generations 348 T+ 05

Total, ol 351

Table showing significance of difference of different

generations on body weight at 28 days.

RAJENDRA AGRICULTURAL UNIVERSITY

I f
Comparison between] Number of f Mean I C.D. value at l
generations, observations i difference % the level of 3
N1 and N2 T SRR T [ 5 T F
X { |
3rd 4th 69 - 106 1,16%* 0.80 1.05
3rd 5th 69 - 81 e 20 %% 0.84 110
3rd 6th 69 =~ 96 St e 0.80 1.05
4th 5th 106 - 8l 2,02%* 0.76 1,00
5th 6th 81 - 96 0.66 N.S. 0.78 - !

%% denotes significance at 1% level.

* denotes signifieance at 5% level.

N.S, denotes non-significance.
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TABLE - 12

Analysis of variance table showing effects of inbreeding

on body weight at 42 days in line B.

Sources D.F. M. S. o
Between generations. 3 411,99  31,04%*
Within generations. 346 1327

Potall, 349

Table showing significance of difference of different

generations on body weight at 42 days.

T
Comparison betweeng Number of ! Mean { C.D., value at
generations. I observations % difference J__the level of

| N, and W, 1 5% [ 1%
j { i i
3rd e 4-th 69 104 1019* 1009 1.44’
3rd - 5th 69 81 An i 1.15 1.51
3rd = 6th 69 96 45T il 1.46
4th - 5th 104 81 2o 93 EX> 1.9035 1.36
§th - 6th 104 96 3,38%* 0.99 1,31
5th = 6th 81 96 0.45 N.S. 1.05 1.39
*% denotes significance at 1% level,
* demotes significanece at 5% level.

N.S. denotes non-significance.
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|LINE-G@.

Litter gsigze

Mean litter size in F4

But the decline in the mean litter size from

was superior to F3 by 0.84 mouse
per litter (Table 13).

F
4 to F5 and F5

litter respectively.

to F. were 1.42 mouse, 1,28 mouse (Table 13) per
The inerease in litter size from F3 to F4 was
to F_ and F

%) 5
Similar results of depre-

non-significant but the decline in litter size from F4
to P, were significant at 5% (Table 13).
ssion in litter size were reported by Roberts (1960), Falconer and

Bowman (1960), McCarthy (1969), Sharma (1971) and White (1972).

to F3 was

unexpected and this might be due to some environmental factor. But

Non-significant inerease in litter size of F4

to F5 and FS to F6

inbreeding due to full-sib mating, causing reduction in the rate of

the decrease in litter of F4

ovulation and inereased pre-implantation mortality of inbred dams,

Out of 40 dams, only 23 littered the F6. Even these dams showed

lower rate of pregnancy. Khazanowska (1964) observed lower rate of

pregnancy in inbred dams. The decrease in pregnaney rate might be

due to inbreeding.

Body weight

Deeline in mean body weight of mouse from F3 to F49

F5 and F5

and 0002 gms’

to F6 at 28 dayswas 0.68 gms,

5.38 gms, 1.54 gums (Table 15) at 42 daysrespectively.

was because of rapid

F to

i
1,71 gms, 0.38 gms (Table 14P

|
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The deerease in body weight at 28 days from F3 to F4 was significant
at 5% and I!‘4 to F5 was significant at 1% level whereas FS to FG was
non-significant (Table 14). The deerease in body weight of the same
individuals at 42 days in F3 to F4 was non-significant whereas that
of F, to FS, 3'5 to F. was significant at 1% (Table 15). Butler
(1958) , MeCarthy (1968) , Sharma (1971) on the same genetie stock,

and White (1972) observed significant depression in body weight.,

This depression was attributed both to inbreeding in the
litters and in the dams, The reduction in body weight might be the
result of pairing of recessive genes and increased homozygoesity of

recessive genes,
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Table

LTABLE —~ 13

Analysis of varianece table showing effects of

inbreeding level on litter 8ize in line C.

Soureces D, F, M, Se
Between generatioms. 3 29,71  8,58%*
Within generations, 75 3+ 46

Total, 78

showing significance

on litter size at birth,

of difference for generations

| T .

Comparison between] Number of { Mean { C€.D. value at
generations, ] observations { difference I]__the level of

I N1 and N2 i : [~ 5% % 1%

{ | |
3rd p— 4th 12 j— 26 "0084 N.S. 1027 1.69
Brd e Sth 12 = 19 0.58 N.S. 1035 1.79
3rd -~ 6th 12 - 22 1.86%* 2[5! e 74
ith - 65tk 26n — |8 1.42% 114 1.48
4th - 6th 26 - 22 2ie TOSE 1,05 1.40

** denotes significance at 1% level.
* denotes significance at 5% level,
N.S., denotes non-significance.
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TABLE — 14

Analysis of variance table showing effectsof inbreeding
on body weight at 28 days in line C,

Sources D.F, M.S, ®
Between generations. 5 1356.65 25.68%*
Within generations. 340 5032

Total,. 543

Table showing significance of difference of different
generations on body weight at 28 days.

] | 1
Comparison between{ Number of { Mean { C.D, value at
generations. § observations | difference | the level of
N, and N, | | 5% I 1%
| | 1 |
3rd - 4th 71 < 118 0,68% 0.66 0.87
3rd = Sth 71 - 89 2039** 0070 0092
4th = 6th 118 =~ 66 : 2,09%* 0,68 0.89
5th -~ 6th 89 =~ 66 0.38 N,S. 0,72 0.95

** denotes significance at 1% level.
* denotes significance at 5% level.
N.S., denotes non-significance.
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PABLE = 15

Analysis of variance table showing effeets of inbreeding
on body weight at 42 days in line C.

Sources D, F, M. S, R
Between generations, | 5o B 20,88%*
Within generations. 328 13,51

Total, 331

Table showing significance of difference of different
generations on body weight at 42 days.

Comparison between] Number of E Mean % ¢.D., value at ;
generations. ] observations | difference I +the level of
g N, and N, 1] § 5% T 1%
i i |
=) L o N- (-] 1.0 =)
F3 F4 67 116 0,02 S g
F3 - F5 67 - 89 2.,40%% AT, 1.54
F3 - F 67 = 64 Ble 945X 1e25 1.62
F4 - F5 116 - 89 DA 1.61 135
F4 - __6 116 - 64 3-92** 1.11 1446
FS = F6 89 - 64 b 1S IAT 1.54 -

%% denotes significance at 1% level.
N.,S., denotes non-significance.
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—————— =

LINE-O0 (control).

Litter size :

There was very little variation in mean litter size of

F4, F_ and F6. Moreover, the variation from generation teo generatiaﬁ

5
was non-significant (Table 16). As the control group was a random-

bred population, significant variation from generation to generation

is normally not expeeted in a fair sized population.

Body weight :

Decline in mean body weight of F4 to FS’ FS to F6 at 28
day were 1.97 gms and 1,17 gms per mouse respectively (Table 17),

and the same at 42 days for F4 to F5 was 2,53 gms per mouse wWhereas

F6 average body weight at 42 days was superior to F5 by 0.51 gms

(Table 18). Mean differences of F, to Fy, Fy to F. at 28 days and i
F, to Fg at 42 days were significant at 1% (Table 17, 18), whereas
mean body weight of F6 was non-significantly superior to F5 body
weight at 42 days{ Table 18), As this control group was randombred
population and significant variation in body weight from generation |

to generation is not normally expected but significant variation

was observed. This unexpected variation might be due to some envi—|

ronmental fluectuation or sampling error.
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TABLE = 16

Analysis of variance table showing effect of generation

on litter size at birth im line O (contrel).
Sourees D.F.o M. S. F.
Between generations. 2 3,06 0.65N, S,
Within generations. 66 4,73
Totale 68
TABLE = 17

Analysis of variance table showing effect of gemeration

on body weight at

28 days line 0 (eontrol).

Sources D.F, M. S. F,
Between generations, 2 167.04 18, 409%%
Within generations. 283 9,03

Total, 285

Pable showing significanece at differences of different
generation on beody weight at 28 days.

Comparison between] Number of 1 Wean 1T C.D. value at
generations. observations | difference ] the level of
N, and ¥, 1 I 5% % 1%
i | i
4th ~ 5th 51 = 136 Vst 0.92 1.21
4th - 6th 584 =~ 99 el Ak 0,99 U o
5th = 6th 136 = 99 1 0.76 1.00

%% denotes significance at 1% level.
¥.S. denotes non-significance.




QABLE - 18

Analysis of variance table showing effects of generation
on body weight at 42 days in line O (econtrol).

Sources D, F, M, S, P
Between generations. g T 11ec IO ot 6o =%
Within generations, 274 tas2h

Total, 276

Table showing significance of
generation on body weight

difference for different
at 42 days.
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1 {
Comparison between | Number of { Mean i €.D, valuwe at
generations, { observations | differemce | the level of
N, and N, 5% 1 1%
i X {
4th - 5th 51 - 128 25 55%% 1.33 1.49
4th - 6th 51 - 98 2.92%% 1.18 1.55
5th = 6th 128 - 098 -0.51N. 8. 0,92 1,21
** denotes significance at 1% level,
N.S, denotes non-significance,

e
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Phenotypie correlation between litter size and body weights @

Simple phenotypie ecorrelation co-efficients were calcula-
ted for the better size and the body weights and the estimates obta-
ined are contained in Table 19.

Barring one estimate, all other correlation co-efficients

turned out to be negative. The estimates were significant statis-—

tieally indicating thereby that the relationship between the two
characters is negative i.e. the mice of larger litter size have
lower bedy weight and vice versa. Comparable figures in literatures

J
l
|
f
eould not be available and hence no cemparison could be made. ‘

|
|
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S UMMARY

With the objective to measure the magnitude of heterosis
exhibited on crossing inbred lines of mice at 50% and 67.2% inbree-
ding level, the present experiment was conducted. The characters
under study were litter size aﬁ birth and bddy weight at 28 and 42
days, The genetic stock involved in this experiment were line B,
Line C and a control group designated as Line O. The experiment was
designed to cross line B and Line C reciprocally as well as with a
control population at 3rd and 5th genmeration so as to give F4 and FG

crossbred offspring and side by side these lines were maintained

separately also,

L ine~- B:

The decline in litter size at birth from F3 to F4, F4 to

6
oz whichsthe 1st was significant and rest turned out to be non-
significant. The decline in mean body weight from F3 to F4, F4 to
F5 and F5 to F6 at 28 days were 1.16, 2.02 and 0.66 gms and at 42
days were 1,19, 2.93 and 0.45 gms respectively., Expept F5 Vs FG
these decline in mean body weight from F3 to F4 and F4 to F5 were
found to be satistically significant.

L, ine - Ct

Mean litter size at birth in F4 was superior to F3 by

were 1.22, 0,69 and 0.54 mice per litter respectively

t
|




e oGE s

' 0.84 mouse per litter but was non-significant whereas litter size
from F4 to F5 and FS to F6 declined significantly by 1.42 and 1.28

mice per litter respectively.

The decline in mean body weight of mice from F3 to F4, F4

to F
(6] 5 and F5 to F6

2.38, 1.54 gms at 42 days respectively. The decrease in mean body

at 28 days was 0.68, 1.71, 0.38 gms and 0,02,

weight at 28 days from F3 to F4 was found to be significant whereas

F4 to F5 was highly significant and F5 to F. was non-significant.The

decrease in mean body weight of the same individuals at 42 days in

F3 to F4 was found to be non-signifieant whereas from F4 to F5 and

F_ ta F

5 g Vere highly significant.

Interline erossbreds, line x control crossbreds versus
control performance:

Mean litter size at birth in F4 offspring of cress C 9 x |

B 3{ reciprocal and lines x control were superior to the control by

0,10, 0,07 and 0.25 mice per litter respectively, but these differe-
’ nce were found to be non-significant. Mean body weight at 28 days
| in F4 offspring of cross C @ x B 3dand lines x control were non-
: significant and inferior to control mean by 0.62 and 0.25 gms respect

RAJENDRA AGRICULTURAL UNIVERSITY, M. SC. (A. H.) THESIS, 1974

tively whereas mean body weight of reciprocal cross was non-signifii

cantly superior to control mean by 0.39 gms. The mean body weight
of the same individuals at 42 days of cross C o x B gi reciproeal

and lines x econtrol were superior to control by 0.22, 1.29, 0.26 gm

respectively. In F4 erossbred mean litter size in lines x control

1
|
S
I
|
i
eross was observed to be more than that of interline erosses whereas
l




' mean body weight was more in reciprocal crosses at both ages.
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Mean litter size at birth in F6 of ecross C 9 x B &1 recl-
procal and lines x control were each superior to control group by

. 0.07, 2.44 and 0.22 mouse per litter respectively. Highly signifi-
cant difference between econtrol and of lines was observed though

other differences turned out to be non-significant.

Mean body weight in F, at 28 days of cross C o x 3B &1 |
reciprocal and lines x control was found to be superior in growth i
performance over the control by 1.42, 1.43 and 0.01 gms respectivelyj
in whieh the 1st two were observed to be highly significant., Mean ‘
body weight of the same individuals at 42 days in the cross C QX
B df reciprocal exceeded that of the control mean by 1.87, 0.87 gms |
respectively whereas lines x control crossbreds was exceeded by the |
control by 1.69 gms, of which the former value was highly significant

and latter was found to be significant, however, the last value

though negative in direction was significant,

In F6 crossbreds mean litter size of reeiprcecal crosses

| was superlor to C o x B &Aand lines x control crosses. The mean
body weight in F6 crossbreds of interlines crossbreds was found to
be superior to that of lines x control erossbreds. Thé/;bpve resu1t|
suggested that to exploit heterosis, interline crossing seemes %o

be better than crossing of highly inbred lines with randombred

population. S

Interline crossing:

Non-significant heterosis in F4 mean litter size of




=% g

9 9 X B Jﬂand reciprocal crosses was found to be .80 and 0.81 mouse
per litter respectively., The magnitude of negative heterosis in
average body weight of crossbred offspring at 28 days was 0.80 and

| 0.03 gms in C ¢xB &ﬂand reeiprocal crosses respectively, of which

the former was significeant whereas latter turned out to be non-signi-

ficant, Non-significant negative heterosis in body weight at 42
days in erossbred offspring of C 9 xB 3ﬂcrosses was estimated to be
0.70 gms whereas in reeiprocal crosses magnitude of non-significant
hetercsis was observed to be 0.19 gms.

Highly significant negative heterosis in F6 litter size

of eress C 9 X B gﬂwas estimated to be 1.50 mice per litter whereas

in reciprocal crosses the mgnitude of hetercsis was 1.03 mice per

litter. The magnitude of heterosis in F6 mean body weight at 28 s
days was 0,72, 0.65 gms and 2.28, 077 gms at 42 days in erossbreds
of C 9 x B Jﬂand reciprocal crosses respectively, Heterosis enhibi-|
ted in mean body weight at 28 days was non-significant whereas it ’
} was highly significant in the case of cross of C 9 x B &ﬁ mice and

| in reciprocal crosses it was noted to be non-significant.

; These results suggest that the magnitude of heteroggs in i

respect of litter size at birth as well as body weight at 28 and 42

RAJENDRA AGRICULTURAL UNIVERSITY, M. SC. (A. H.) THESIS, 1974

days increases with increase in inbreeding coefficient of lines at

<
the two levels.,
Phenotypic correlation coefficients were found to be sig-

nificantly negative in respect of these characters indicating thereb?
J
|
|
|

that mice of larger litter size have smaller body weight and vice-

Vversd.

¥ ¢ %% %
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