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Induced mitotic recombination: a switch
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It makes sense that our genome has evolved to have two copies of every gene—just in case something goes wrong, you still have
a spare. But from the perspective of a geneticist, a diploid genome makes finding causative genes somewhat of a challenge, or at
best, time consuming. One solution may be induced mitotic recombination.

Many unicellular organisms are happy
haploids for the majority of their life
cycle, reverting to a diploid phase only
transiently. Haploidy offers distinct
advantages to the survival of unicellular
species because new variants can be
instantly tested, for better or worse,
allowing the species to evolve rapidly in
response to a changing environment. In
contrast, the development and survival
of multicellular individuals requires the
predictable performance of every cell.
The survival of multicellular organisms
is often severely compromised when
small groups of cells misbehave and fol-
low a different program. Thus, somatic
genetic variability is in most cases unde-
sirable. One way that multicellular
organisms minimize somatic genetic
variability is diploidy, which can protect
an organism from the effects of recessive
somatic mutations, and allows germline
mutations to accumulate. In time, these
variants can be functionally assessed
when an individual is generated with two
mutated copies of the same gene in every
cell. These ‘mutants’ are produced by
chance matings in human populations or
by design in model organisms. The pages
of this journal routinely reveal just how
informative this strategy can be in regard
to gene function.

The most widely used experimental
route to analyzing gene function in mice is
through the generation of simple null alle-
les using embryonic stem (ES) cell tech-
nology. By adopting this approach, mice
can be generated in which all cells carry a
homozygous mutation (Fig. 1). Although
this technology is now routine, it can only
be used to assess the earliest function of
the gene under study, as mutational loss of
a gene that is essential for embryogenesis
can cause lethality, precluding examina-
tion of its role in adult mice. A variety of
approaches have been adopted to over-
come this limitation, principally by gener-
ating homozygous mutant cells in a
heterozygous mutant background (Fig. 1).
These prized tools of genetics, which have

been used most extensively in cell-fate and
lineage studies, are known as mosaics. On
page 66 of this issue, Pentao Liu, Nancy
Jenkins and Neal Copeland! describe an

targeting & trapping

approach to generate mosaics in mice by
adopting and developing the principles of
the FLP/FRT site-specific recombination
system used in Drosophila (Fig. 2)2.
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Fig. 2 Cre-ating a mosaic. Cre-mediated recombina-
tion could be used to generate patches of homozy-
gous null cells (BF) in a heterozygous background
(+/D), allowing cell-fate and cell-lineage studies to be
carried out. As induced mitotic recombination can be
bnely controlled by regulating Cre expression, the
development of genetic mosaic animals may be regu-
lated in a cell typeband temporal-specibc manner.

Making mosaic mice
Until now, the most widely used method to
generate mosaics in mice has been the
Cre/loxP conditional knockout approach
(Fig. 1), in which mosaics are generated in
specific tissues by the activity of the cre
recombinase on an allele that has been
flanked by loxP sites®. Unfortunately, this
technique is laborious, requiring complex
targeting schemes, which makes it unsuit-
able for large-scale applications. An alterna-
tive approach to generate and evaluate
homozygous mutant cells is to produce
them in culture through repetitive
targeting” or direct selection of loss-of-het-
erozygosity (LOH) events in high concen-
trations of the antibiotic G418 (refs 5,6; Fig.
1). These cells can then be evaluated in
chimeric mice following their injection into
a host blastocyst. Although this approach
does not always circumvent developmental
problems associated with null genotypes, it
often provides additional information on
the knockout phenotype that couldn’t be
obtained just by examining null embryos.

Loss-of-heterozygosity events selected
in high concentrations of G418 primarily
result from non-disjunction followed by
re-duplication of the remaining chromo-
some. The mechanism that duplicates the
neo selection cassette and provides
enhanced G418-resistance allows muta-
tions on the same chromosome to become
homozygous. In principle, this method
can be used to obtain homozygous
mutant cells for any gene on the same
chromosome as a targeted neo cassette. As
LOH typically occurs at a very low fre-
quency (10-%/cell/generation), and as it is
not possible to select for these types of
events in vivo, it is impractical to use LOH
to generate mutant clones for experimen-
tal purposes unless the clone expands sig-
nificantly (as a tumor, for example).

One genetic background that increases
the frequency of mitotic recombination is
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the Bloom knockout, which is deficient in
the RecQ DNA helicase/BIm protein’.
Bloom-deficient mice and ES cells exhibit
greatly elevated rates of mitotic recombi-
nation, allowing homozygous mutant
daughter cells to be generated from het-
erozygous mothers both in vitro and in
vivo. The rate of mitotic recombination in
Blm-deficient cells is sufficient to enable
homozygous mutant clones to be recov-
ered for any gene, irrespective of its loca-
tion in the genome. Elevated rates of
recombination in Blm-deficient mice
accelerate tumorigenesis, but the events
are probably too infrequent to enable the
examination of mutant cells that do not
have a selective growth advantage.

A switch in time

The rates of recombination reported by
Liu et al.l vary from 10~ to 1072 under
conditions of transient expression of cre
in ES cells. It is likely that the rates will be
higher still under conditions of stable
expression in vivo. In most cases this will
be sufficient to provide large numbers of
mutant clones which can be examined in
tissues of interest. In contrast to the
homozygous mutant clones segregated
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from BIm-deficient ES cells, Liu et al.l
have developed a scheme in which mitotic
recombination can be triggered by con-
trolling the expression of Cre with spatial
and temporal specificity. From experi-
ments on Drosophila, one can anticipate
that induced mitotic recombination will
be widely used to explore gene function by
generating homozygous mutant clones
both in ES cells and in mice. In time,
mitotic recombination will be extended to
other mouse chromosomes and, no
doubt, coupled with cell markers, allow-
ing mutant cells to be distinguished from
their heterozygous neighbors. In this era
where the emphasis is on gene function,
induced mitotic recombination will open
up many new possibilities to explore the
mammalian genome. |
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