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For many years, the genetic homogeneity of inbred strains of animals and plants
has been taken for granted on the strength of the mathematical theory of inbreed-
ing. More recently, evidence has been accumulating that inbred strains tend to
break up into genetically differentiated sublines following a course of inbreeding
which, according to theory, should have resulted in the fixation of virtually all
the initial genetic variance. A systematic study of skeletal variation in a British
substrain of the inbred strain C57BL of the mouse by the present authors (1957)
showed that in seven sublines which diverged from each other following at least
forty generations of brother-sister mating, thirteen out of twenty-seven skeletal
variants studied occurred with about the same frequency in all sublines; the
remaining fourteen variants occurred in frequencies which differed between
sublines or groups of sublines. Some American sublines of the same inbred strain
which had been separated from each other for a longer period had drifted apart to
a greater extent (Carpenter, Griineberg & Russell, 1957). For any one variant,
subline differences arise by sudden, discontinuous steps. In principle, these may
be due to the segregation of residual gene differences dating from the origin of the
C57BL strain, it being assumed that physiological advantages inherent in hetero-
zygotes greatly delayed the fixation of genes in homozygous condition; or to
mutations which arose following the establishment of a genetically homogeneous
strain. All the available evidence led to the conclusion that the subline differ-
ences observed are the result of mutation rather than segregation. However, it
would still be of interest to know whether a freshly arisen mutation is fixed
promptly in an inbred strain according to theory, or whether it tends to linger in
heterozygous condition for lengthy periods before it ultimately becomes fixed.
In the absence of genetic variance there will be no correlation between parents and
offspring for any given character. The existence and magnitude of parent-offspring
correlations is a measure of the genetic variance present in an inbred strain.

Three inbred strains of mice were available for investigation, C57BL/Gr, A/Gr
and CBA/Gr. Partial pedigrees of the brother-sister pairs whose offspring were
examined are given in Figs. 1-3. Much scope for the differentiation of sublines
was present in the case of C57BL, less in A, and hardly any at all in CBA. The
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Fig. 1. Partial pedigree of the C57BL/Gr strain. The last common pair of ancestors
of the seven sublines (the 'O ' generation) lived in 1941 and was preceded by at least
forty generations of brother-sister matings. The black circles represent such pairs
which produced the young whose skeletons have been examined. From Deol,
Griineberg, Searle & Truslove (1957), by permission of the Wistar Press.
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Fig. 2. Partial pedigree of the A/Gr strain. The 'O ' generation lived in 1948 and
was preceded by at least fifty generations of brother-sister matings.
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Fig. 3. Partial pedigree of the CBA/Gr strain. The ' 0 ' generation lived in 1948
and was preceded by at least fifty generations of brother-sister matings.
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analysis of C57BL has been confined to sublines I-IV; sublines V-VII had to be
omitted as the parents of the various sibships were not available for study. The
characters studied included some thirty skeletal variants, most of which have
been described by the present authors in a series of papers under the general title
' Genetical studies on the skeleton of the mouse' in the Journal of Genetics, vols.
50—55, 1950—57. Most variants are all-or-none characters or can be treated as
such, giving the possibility of four different types of mating:

(1)

(2) - +
(3) +
(4) + +

Where the variants form a minority of the strain (Nos. 1-12, 15, 18, 20-23 and
25-27 in Table 1), matings of types 2-4 have been pooled, with type 4 often not
represented at all. Where the variants form the majority of the strain (Nos. 14,
16, 17, 19 and 29), matings of types 1-3 have been pooled, with type 1 often not
represented. With character No. 29 (size of the processus spinosus of Th II),
which is a continuous variant, large and medium (+ + + and + +) and small
and absent (+ and —) processes have been pooled in C57BL and CBA, but in A,
in which the larger processes are virtually absent, the line has been drawn between
+ and —. For similar reasons the pooling of classes for the same variant often
differs from strain to strain (Tables 1-3); the actual frequencies of the characters
thus cannot be deduced from these tables, but may be obtained from the original
papers. No. 24 (foramina transversaria imperfecta) is a meristic character; on each
of the cervical vertebrae C I I I - C VI, one or both foramina transversaria may be
open gutters, so that any one individual may have from 0 to 8 foramina open.
In this case, matings in which the combined parental count was 5 or less (average
4-00) were compared with matings in which the combined parental count was 6 or
over (average 7-93); in the offspring, individuals with three or less open foramina
were classified as ' —', while animals with four or more open foramina were classi-
fied as ' + ' . Sublines have been treated separately wherever they differ signifi-
cantly from each other in the incidence of a variant; to pool such different sublines
would, of course, lead to spurious parent-offspring correlations: indeed, the exis-
tence of genetically differing sublines was first noticed in our C57BL strain through
such a spurious parent-offspring correlation. In Nos. 15, 24, 26 and 27 of Table 1,
some suhlines have supplied no information, as the parents failed to include
affected (or, in the case of No. 24, high-grade) individuals. For the same reason,
certain variants (No. 4: interfrontal-frontal fusion; No. 13: dyssymphysis of the
processus spinosus of Th I I ; No. 20a: abnormal metoptic roots of the presphenoid;
and No. 28: frontal fontanelle) are not included in Table 1, and similarly in Tables
2 and 3.

In this fashion, the data for all available characters in the three inbred strains
are presented in the form of 2 x 2 tables in Tables 1-3. In each case, the number of
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affected offspring from affected parents (d) is compared with the value expected in
the absence of a parent-offspring correlation {dexv), and the variance of the latter
(Vd) is also given. This variance is calculated on the basis of the Fisher-Irwin-
Yates exact distribution for 2 x 2 tables. For any one table, with n = a + b + c + d
entries, we have

^exP =

Vd =

The total expectation for the whole collection of tables is the sum of the expecta-
tions in the individual tables, and similarly for the variance Vd, the standard
error being the square root of the variance. The P-values given in the last column
of Tables 1-3 are based on x2 tests or, where appropriate, on Fisher's 'exact'
treatment of 2 x 2 tables; the latter values are marked by an asterisk.

A condensed version of the results is given in Table 4. Treating the three inbred
strains separately, the total value of d exceeds its expectation in C57BL and CBA,

Table 4. Test on sum of d values

Strain

C57BL
A
CBA

Total

Observed

2250
1455
3353

7058

Expected

2221-4
1458-6
3343-6

7023-6

A

+ 28-6
— 3-6

+ 9-4

+ 34-4

S.E.j
18-94
13-91
16-22

28-57

J/S.E.^,
1-51
0-26
0-58

1-20

P

013
0-79
0-56

0-23

but falls slightly short of it in A. The difference between observed and expected
values is not significant in any single instance; nor is it significant when the data
from all the three inbred strains are combined. Considering the sixty-six fourfold
tables separately, d is lower than its expectation in thirty-two instances, equals it
once, and exceeds it thirty-three times: an embarrassingly close fit.

In Table 5, the fifty-five individual P-values from the x2 tests of Tables 1-3 are
grouped and compared with their expectations. The observed distribution of

Table 5.

P-value <

Observed
Expected

Distribution of fifty-five V-values from x testi

1
0

01

•55

that

001-0
4
2-2

expected on a

•05 0-051-0

10
11

chance basis

•25 0-251-0-50

18
13-75

; compared with

0-501-0-75

7
13-75

>75

15
13-75

P-values agrees well with that expected on a chance basis (x2 = 6-666; «, = 4;
P = 0-16). The table does not include eleven P-values calculated by means of
Fisher's 'exact' method as these represent only one tail of the distribution; they
range from 0-19 to 0-75.
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In Tables 1-3, there are altogether five values of P of 0-05 or less, the expectation
in a sample of sixty-six being 3-3. In none of these cases does a study of the respec-
tive pedigrees suggest an incipient differentiation of a subline, and presumably
most of them can be regarded as the result of random sampling. However, as in
four out of five instances the deviation is in the direction of a parent-offspring
correlation, there is a suspicion that perhaps one or the other of these bigger
deviations may not have been due to chance alone. But even if one or two out of
a total of sixty-six tests were to indicate a parent-offspring correlation, this would
not alter the conclusion that the three inbred strains examined are essentially
homogeneous with regard to the genes which control the array of skeletal variants
used for this investigation. As the number of genes involved is undoubtedly large,
the test for genetic heterogeneity here reported is clearly a sensitive one.

As all three inbred strains behave alike, and as there is no reason to suppose that
the genes responsible for skeletal variation differ systematically from genes in
general, it is legitimate to conclude that inbred strains in the mouse are genetically
homogeneous in conformity with the theory of inbreeding, except for the forma-
tion of genetically distinct sublines. In addition, the essential absence of genetic
variance within the inbred strains confirms our previous conclusion (1957) that
the formation of sublines is due to mutation rather than segregation, and it shows
that such mutations tend to be fixed promptly in homozygous condition.

Our findings probably have a general application to inbred strains of mice, but
clearly not to inbred strains of other organisms. To mention only two exceptions,
in the rat (Loeb, King & Blumenthal, 1943; see also Billingham & Silvers, 1959)
segregation for histocompatibility genes was still found after 102 generations of
brother-sister mating, and in the chicken (Shultz & Briles, 1953; Briles, Allen &
Millen, 1957; Cock, 1956; Gilmour, 1959) there is evidence for the persistence of
genetic variance in the face of close inbreeding; this is evidently due to the greater
vigour and consequently selective advantage of certain heterozygotes as compared
with either type of homozygote. The genetic structure of inbred strains thus
requires special study in each organism.

SUMMARY
Sixty-six individual tests on an array of skeletal variants showed an essential

absence of parent-offspring correlations in the inbred strains C57BL, A and CBA
in the mouse. It is concluded that these strains, and inbred strains of mice in
general, are genetically homogeneous except for the differentiation of genetically
distinct sublines as the result of mutations.

We are indebted to Dr C. A. B. Smith for advice on statistical matters.
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