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The value of inbred lines in eliminating genetic variability
as a step in achieving uniform and controlled experimental
conditions has been recognized for many years. The laboratory
mouse was the first experimental animal in which there was a
systematic attempt to create inbred lines, and is the one for
which the most strains exist. However, such lines exist for a
number of other laboratory animals (1).

The "“inbreeding coefficient", F, 1is used to measure the
progress of inbreeding. F is the probability that both alleles at
a locus are identical by descent, and has also been loosely
interpreted as the proportion of the genome that is homozygous.
In plant species where selfing is possible, F exceeds 0.9 on the
fourth generation. However, in the animal world, full-sib matings
have normally been the fastest way of increasing homozygosity. F
reaches 0.886 after 10 generations of full-sib mating and 0.986
after 20. The convention for declaring a strain inbred has
generally been 20 generations of full-sib mating. Beyond that
point, the potential gain has not been <considered worth the
additional effort because of the effect of new mutation. Of
course many lines in the mouse have now been inbred for far more
than 20 generations, but, if maintained by separate labs, they
may actually diverge because of new mutation and should be
considered separate sublines.

The problem of inbreeding depression

The phenomenon of inbreeding depression has been recognized
in many species of plants and animals. That is to say, the growth
rate, viability, and/or reproductive success of highly inbred
individuals or lines is often noticably reduced. The reasons for
this are not completely clear. One reason is that inbreeding
makes individuals homozygous for deleterious recessives carried
in the population. However, it 1is equally true that some
individuals will be made homozygous for the "good" alleles, and
if we select from a large enough pool, we should be able to find
individuals homozygous for no deleterious recessives. There are
two problems. The first is that animal breeders in particular
often do not have a large enough pool to select from. This should
not be a problem for the axolotl, where progeny number in the
hundreds per spawning. The second problem is that deleterious
recessives with relatively small effects on fitness may not be
easily recognized. This argues for making our selective criteria
as rigorous as possible and working on several inbred lines
simultaneously so that we will have a choice from which to pick
the best.
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Unfortunately, deleterious recessives may not be the only
reason for inbreeding depression. Some geneticists have
suggested, mainly to explain the amount of genetic variation
observed in natural populations, that heterozygosity per se LS
advantageous. There are few actual examples of this, and Lewontin
(2) argues persuasively that if a significant proportion of genes
showed such a heterozygous advantage, inbreeding depression would
be much more severe than actually observed. Nevertheless, if this
factor comes 1in to play for even a few critical genes, then
inbreeding will always be a losing proposition. However, the fact
that we are dealing with a laboratory population, maintained
under relatively constant and less competitive conditions than a
wild population, may make this less critical than for a wild
population. Thus, we may be able to excuse (and get away with)
maintaining a less than optimally fit line on the grounds of the
usefullness of reduced genetic variability to our experiments.

Inbreeding by gynogenesis

In species with long generation times, 20 generations of
full-sib matings may not be practical. Purdom (3), Nace et al.
(4), and others have suggested using gynogenesis as a means of
rapidly producing homozygous lines. In principle, one may
suppress either first cleavage or second polar body release in an
egg that has been activated in some way. In the first case, the
embryos will be completely homozygous. This method has not been
pursued to a great extent. However, a few years ago my colleague
Laura Gillespie and I worked out optimum conditions for
suppressing first cleavage in the axolotl by both heat shock and
hydrostatic pressure (5). In both cases the survival to hatching
was very low (less than 5%). We suggested that this was likely
due to a combination of trauma caused by the treatment and
homozygosity for deleterious genes carried by the parent. One
might reasonably expect that the rare survivors are those embryos
that fortuitously received no deleterious genes. However, we had
limited success getting these animals to spawn. It would seem
that carrying good genes for survival is no guarantee to carrying
good genes for reproduction.

An added complexity to producing a homozygous line by first
cleavage suppression is propagating the line. As the female
axolotl is heterogametic, we will expect both WW females and ZZ
males, but each animal, though homozygous, will be genetically
different. To get a number of genetically identical animals (a
clone, in other words) we would have to do a second gyno- or
androgenesis. All these animals would be the same sex and, to
propagate them further, we would have to resort to hormonal sex
reversal.

Suppression of second polar body release has been used
successfully to create gynogenetic diploids in the axolotl (6).
However, some proportion of the progeny remain heterozygous
because there is crossing over between the centromere and distal
genes. This is useful for mapping genes relative to centromeres,
but complicates the calculation of the inbreeding achieved, as
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it is not the same for all genes. Different mathematical
approaches have been taken by Nace et al. (4) and Nagy and Csdnyi
(7). Nace et al. make certain assumptions regarding the total map
length and the degree of interference in Rana pipiens, and have
concluded that the "“average" inbreeding coefficient for the
entire genome approaches unity somewhat more rapidly than with
full-sib mating. 1In contrast, Nagy and Csanyi derive a formula
for calculating F, for any gene, based on the observed proportion
(r) of the progeny that remain heterozygous after a single
gynogenetic generation. For the i-th generation:

1

F=1%1-r

If there were no interference, then r would be 2/3 for genes
distant from the centromere and F would reach 0.983 after 10
generations. However, because of interference, the proportion 1is
even higher for some genes. [The reasons for this are discussed
in Nace et al. (4) and Armstrong (8).] Of the genes mapped to
date, the situation is worst for melanoid, which is 59 map units
from 1its centromere (8). Following gynogenesis, 83.7% of the
progeny remain heterozygous. Employing the formula of Nagy and
Csanyi, we calculate that, by the 10th generation, F would have
reached only 0.831, which is less than that achieved by full-sib
mating.

If this calculation is not sufficiently discouraging, then I
suggest the reader take a serious look at the conclusions drawn
by two groups working with trout (9,10). There, some genes remain
heterozygous in nearly 100% of the progeny, indicating very high
interference. Thorgaard et al. (9) have suggested that
chromosomes shorter than a certain length may have only a single
obligate chiasma. Genes distant from the centromere on such a
chromosome will almost always be subjected to crossing over,
making homozygosity through gynogenesis impossible to achieve.
This situation could apply to some of the shorter axolotl
chromosomes.

To inbreed or not to inbreed?

That is one of the questions. The others may include: Can we
avoid it, given the restricted gene pool from which laboratory
axolotls originated? If we do inbreed, what is the best route?

The last may be the easiest to answer. In theory,
gynogenesis by second polar body suppression could be used as a
means of rapid inbreeding if there were no interference. 1In
practice, high interference makes it difficult to achieve
homozygosity for some genes, such that there is no advantage over

* The key word is "obligate". My equations (8), and those used by
others for gene-centromere mapping, predict that very short
chromosomes may have no chiasmata. Mather's data (11) indicates
that, at least in some species, even the shortest chromosomes
have a single chiasma.
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conventional full-sib mating in using gynogenesis by itself.
However, Nagy and Csanyi (12) have recently proposed that
alternating generations of gynogenesis and full-sib mating are
the formal equivalent of a serial selfing scheme of double
generation time. That is, after 10 generations (5 gynogenetic
alternating with 5 full-sib), F should reach 0.969 (4), the
equivalent of 5 generations of selfing.

Suppression of first cleavage in a gyno- or androgenic
haploid egg leads to immediate homozygosity. However, survival is
very low and there are some practical difficulties in maintaining
a line that is either all male or all female. Nevertheless, we
are continuing to investigate this route in our lab.

The answer to the second question is that it may be
difficult to avoid inbreeding completely unless we can outcross
to fresh wild stock from Mexico. Even then, the wild stocks have
been reduced to a remnant of what they once were and are likely
themselves inbred. With luck, they may homozygous for different
alleles from the lab stocks.

The value of an inbred line will not be the same to each
researcher. In our lab, we note interspawning variation in
developmental parameters such as the developmental rate, the
response to refrigeration, and the number of somites at a
particular stage, to name only a few. We mostly wuse random
matings and repeat our experiments with a number of spawnings in
an attempt to eliminate artifacts. An inbred line might make life
simpler.

References

1. Altman, P.L., and D.D. Katz (eds.) 1979 “Inbred and
genetically defined strains of laboratory animals" Federation
of American Societies for Experimental Biology, Bethesda.

2. Lewontin, R.C. 1974 "The Genetic Basis of Evolutionary
Change" Columbia University Press, New York.

3. Purdom, C.E. 1969 Radiation-induced gynogenesis and
androgenesis in fish. Heredity 24:431-445.

4., Nace, G.W., C.M. Richards and J.H. Asher 1970 Parthenogenesis
and genetic variability. I. Linkage and inbreeding
estimations in the frog, Rana pipiens. Genetics 68:349-368.

5. Gillespie, L.L., and J.B. Armstrong 1981 Suppression of
first cleavage in the Mexican axolotl (Ambystoma mexicanum)
by heat shock or hydrostatic pressure. J. Exp. Zool. 218:441-
445, e

‘6. Gillespie, L.L., and J.B. Armstrong 1979 Induction of
. triploid and gynogenetic diploid axolotls (Ambystoma
mexicanum) by hydrostatic pressure. J. Exp. Zool. 210:117-




16

7.

8.

2

10.

1

12.

122.

Nagy, A., and V. Csanyi 1982 Changes of genetic parameters
in successive gynogenetic generations. Theor. Appl. Genet.
63:105-110.

Armstrong, J.B. 1984 Genetic mapping in the Mexican axolotl,
Ambystoma mexicanum. Can. J. Genet. Cytol. 26:1-6.

Thorgaard, G.H., F.W. Allendorf and K.L. Knudsen 1983 Gene-
centromere mapping in rainbow trout: High interference over
long map distances. Genetics 103:771-783.

Thompson, D., and A.P. Scott 1984 An analysis of
recombination data in gynogenetic diploid rainbow trout.
Heredity 53:441-452.

Mather, K. 1937 The determination of position in crossing-
over. II. The chromosome length-chiasma frequency relation.
Cytologia 8:514-526.

Nagy, A., and V. Csanyi 1984 A new breeding system using
gynogenesis and sex-reversal for fast inbreeding in carp.
Theor. Appl. Genet. 67:485-490.



