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Summary

Growing evidence has indicated that genetic factors contribute to the etiology of seizure disorders.
Most epilepsies are multifactorial, involving a combination of additive and epistatic genetic
variables. However, the genetic factors underlying epilepsy have remained unclear, partially due
to epilepsy being a clinically and genetically heterogeneous syndrome. Similar to the human
situation, genetic background also plays an important role in modulating both seizure
susceptibility and its neuropathological consequences in animal models of epilepsy, which has too
often been ignored or not been paid enough attention to in published studies. Genetic homogeneity
within inbred strains and their general amenability to genetic manipulation have made them an
ideal resource for dissecting the physiological function(s) of individual genes. However, the
inbreeding that makes inbred mice so useful also results in genetic divergence between them. This
genetic divergence is often unaccounted for but may be a confounding factor when comparing
studies that have utilized distinct inbred strains. The purpose of this review is to discuss the effects
of genetic background strain on epilepsy phenotypes of mice, to remind researchers that the
background genetics of a knockout strain can have a profound influence on any observed
phenotype, and outline the means by which to overcome potential genetic background effects in
experimental models of epilepsy.
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1. Introduction

Epilepsy is one of the most prevalent neurological disorders affecting people of all ages
(Chang and Lowenstein, 2003; Meldrum, 1992). Although epilepsy affects between 1-3% of
the population and many cases are familial, only a few epilepsy genes have been mapped;
likely due to the genetic complexities that underlie the most common epilepsies (Gurnett and
Hedera, 2007; Ottman, 1997; Scheffer and Berkovic, 2003). Moreover, the heterogeneity of
the epilepsies, epileptic seizures, and differences in individual patient susceptibility render
the identification of genetic loci responsible for differential susceptibility to both seizures
and its consequences challenging in humans. Although the importance of genetic factors in
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determining susceptibility to seizure induction and its neuropathological consequences is
generally accepted, the specific genes responsible for this susceptibility are largely
unknown.

Most traits and diseases are genetically complex, resulting from combinations of several
genes or from interactions between genetic and environmental factors (Lander and Schork,
1994; Moore and Nagle, 2000). Epileptic disorders are no exception to this rule in that they
are quantitative traits, resulting from variation in multiple genes with small to moderate
effect (reviewed in Rees, 2010; Steinlein, 2010). Inter-individual variation in epilepsy
susceptibility suggests that some subpopulations are at increased risk to the detrimental
effects of seizures, and it has become clear that genetic background is an important
susceptibility factor.

Mouse models offer an attractive strategy for investigating complex neurological disorders,
such as epilepsy. The majority of genetic studies, especially those involving disease, have
employed mice, not only because their genomes are so similar to that of humans, but also
because of their availability, ease of handling, high reproductive rates, and availability of
extensive sequence data for inbred strains (http://www.informatics.jax.org/). In addition,
inbred mouse strains demonstrate significant strain differences (i.e. genetic heterogeneity) in
susceptibility to a variety of seizure induction agents as well as the consequences of
seizures, thus providing a starting point for dissecting genetic influences involved in
modulating complex traits in humans. Similar to the complexity observed in humans, the
determinants of this differential susceptibility in murine populations are probably
multigenic, and still remain to be determined. Thus, the opportunity to study discrete
epilepsy mutations on a diverse choice of strain backgrounds, to develop better models, and
identify the impact of genetic modifiers on seizure severity, incidence and its consequences
is now available. This review aims to update on the issue of genetic background as a
potential confound in studies of epilepsy and to discuss genetic factors contributing to
variance in results from different laboratories.

2. Mouse models of epilepsy: genetic heterogeneity

Rodent models of chronic epilepsy based on chemoconvulsant-induced status epilepticus
capture many of the key features of acquired human epilepsy. Animals injected with
chemoconvulsants, such as kainic acid or pilocarpine, undergo repetitive limbic seizures and
status epilepticus for several hours followed by a variable latent period, lasting between days
and several weeks, preceding a chronic phase characterized by spontaneous seizure activity
(Hellier et al., 1998; Leite et al., 2002). In particular, many of the features of the
neuropathology of medically intractable temporal lobe epilepsy in human tissue, such as
neuronal loss and sprouting of recurrent axons (Babb et al., 1991; De Lanerolle et al., 1998;
Houser et al., 1990; Mathern et al., 1995) are similar to those changes found in rodents
subjected to status epilepticus induced by systemic kainic acid or pilocarpine (Ben-Ari,
1985; Buckmaster and Dudek, 1997; Gorter et al., 2001; McNamara et al., 1992; Turski et
al., 1983; Williams et al., 2004). However, while inbred mouse strains have played a critical
role in biomedical research due to their genetic homogeneity within inbred strains, genetic
divergence between inbred mouse strains can serve as a confounding factor when comparing
studies that have utilized different inbred strains. In particular, even in the absence of
engineered mutations, different inbred strains can vary drastically in their susceptibility to
clinically relevant diseases.

For example, susceptibility to chemically or electrically induced seizures has been studied
extensively in genotypic and phenotypic diverse mouse strains (Ferraro et al., 1995; Frankel
et al., 2001; Kosobud and Crabbe, 1990; McKhann et al., 2003; McLin and Steward, 2006;
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Mdiller et al., 2009; Winawer et al., 2007). It has previously been established that genetic
background can considerably affect the seizure thresholds of mice. Loci responsible for
strain differences in susceptibility to seizures, triggered by chemoconvulsants, such as kainic
acid, or non-pharmacological manipulations, have been mapped to specific mouse
chromosomes (Ferraro et al., 1997, 2001, 2004, 2007a,b, 2010, 2011; Todorova et al., 2006).
The identified genomic loci map to chromosomes 1, 2, 4, 5, 7, 10, 11, 12, 15 and 18 with the
highest density on chromosomes 1, 5, 7, and 10 where loci from several different crosses
coincide. Congenic strains have been used to confirm and fine-map some of these seizure
susceptibility loci, as well (Ferraro et al., 20073, 2010).

Furthermore, just as in human studies (Gambardella et al., 2009) genetic background has
been implicated in the genesis of hippocampal sclerosis in inbred mouse strains. Because of
their diverse genetic background, inbred strains of mice manifest strikingly different patterns
of background pathology. A specific phenotype can even vary in one mouse strain or
disappear in another strain. Moreover, genetic background may be related to the severity of
seizure-induced damage. Inbred strains of mice differ in their tendency to develop cell death
after chemically-induced seizure induction with some standard inbred mouse strains being
relatively resistant to hilar and pyramidal cell loss in spite of similar seizure severity
(McKhann et al., 2003; McLin and Steward, 2006; Schauwecker and Steward, 1997;
Schauwecker, 2003; Schauwecker et al., 2004; Shuttleworth and Connor, 2001). However,
the genetic basis of variation in seizure-induced cell death remains unclear.

There are significant differences in the amount of hippocampal cell death after seizures
between strains and also different patterns of neurodegeneration in affected brain areas.
Therefore, hippocampal cell death after seizures and the related molecular mechanisms
might not be a general phenomenon, but depend on a complicated interaction between the
genetic background and the protocol of seizure induction. Furthermore, while little is known
about the distinct factors that cause strain differences in hippocampal vulnerability following
seizure induction, modifying genes and quantitative trait loci (QTL) are now recognized as
exerting a major influence on regulating the susceptibility to seizure-induced cell death
(Kong et al., 2008; Lorenzana et al., 2007; Schauwecker et al., 2004; Schauwecker, 2011).
Nevertheless, the genetic basis of variation in seizure-induced cell death remains unclear.

3. Mouse models of epilepsy: gene deletions

Genetic factors play a key role in the etiology of epilepsy (reviewed in Anderman, 1982;
Bate and Gardiner, 1999; Elmslie and Gardiner, 1995; Gardiner and Lehesjoki, 2000;
Serratosa, 1999; Steinlein, 1999). In the quest for better animal models of epilepsy,
genetically manipulated mice have been generated by homologous recombination to
examine the effect of gene mutation on epilepsy phenotype. Genetic background plays a
critical role in knockout mouse phenotypes (Sanford et al., 2001), including epilepsy, which
has too often been ignored or not been paid enough attention to in the published studies. The
vast majority of mouse models in use to study genetic influences on seizures and seizure-
induced cell death are reverse genetic models in which a single gene is identified for study
based on its known function or known involvement in human epilepsy and then it is
manipulated in a mouse. Results from a number of studies (Ferraro et al., 2010; Mohajeri et
al., 2004; Schauwecker, 2000; Yagi et al., 2009; Yu et al., 2007) clearly demonstrate that the
genetic backgrounds of targeted mutants used in epilepsy research can affect susceptibility
to seizures (Table 1) and its neuropathological consequences (Table 2) and must be carefully
controlled.

As strain background can significantly influence susceptibility to either seizures or their
pathological consequences, results from genetically modified mice may be difficult to
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interpret due to the influence of modifier genes and differences in the homogeneity of the
background strain. As an example, in Tables 1 and 2, nearly 40% of the reverse genetic
animal models shown have varying strain contributions from any one individual strain.
Thus, some mutations are likely to have different consequences in different genetic
backgrounds. Studies performed over the last 10 years have clearly illustrated that
phenotypes caused by specific genetic modifications are strongly influenced by genes
unlinked to the target locus. As an example of this phenomenon, Bruno4Ff mutant mice have
several different kinds of seizures, depending upon genotype, age, and strain background
(YYang et al., 2007). Furthermore, susceptibility to pentylenetetrazole seizures in mice differs
when the knockout loci are present on C57BL/6, 129/Sv, or FVB/N backgrounds (Ferraro et
al., 1998). The effect of strain background on the severity of epilepsy caused by a sodium
channel mutation (Scn2a®54) has also been reported, suggesting that the strain SJL/J carries
alleles at one or more modifier loci that increases the incidence and severity of seizures
caused by the mutation (Bergren et al., 2005).

In addition to the modulating effects of genetic background on seizure susceptibility, there is
an important variability in the susceptibility of different mouse strains, in response to
systemic injections of chemoconvulsants such as kainate, to display the characteristic pattern
of hippocampal neurodegeneration observed in rats. Thus, while a number of studies have
reported neuroprotective effects against seizure-induced cell death in response to a targeted
mutation, it has been difficult to discern whether any putative reductions in neuronal injury
result from the targeted mutation or the background genotype (see Table 2). For example,
while others have reported that deletion of the p53 gene in animals of a mixed genetic
background (129/Sv x C57BL/6) conferred protection against KA-induced degeneration
(Morrison et al., 1996), previous studies in our lab have indicated that irrespective of the
genetic background, a p53 mutation did not influence KA-induced cell death even on those
genetic backgrounds susceptible to excitotoxic cell death (Schauwecker, 2002). Thus, the
difference in susceptibility to KA-induced cell death was attributable to a difference in the
progenitor strains used to establish the F2 background upon which the knockout existed.
These results illustrate that the effect of genetic background has important implications for
studies assessing the potential neuroprotective effects of particular genes on seizure-induced
cell death.

4. Gene deletions: The flanking gene effect

While mouse models of epilepsy can facilitate genetic dissection through the availability of
sophisticated transgenic and knockdown techniques to explore gene function, several
caveats exist with regard to the design of these experiments. For example, most researchers
incorrectly assume that even when a knockout mice is extensively backcrossed to an inbred
strain for 10 or more generations (99.6% ‘pure’ inbred strain), that any phenotypic effects
observed are due to a single-gene ablation. Unfortunately, this is not the case as despite one's
best efforts, some percentage of embryonic stem (ES) cell-derived genetic material
(typically 129-derived) will remain in the genome; this indeterminate region of ES-derived
genetic material is often referred to as the “flanking region’ (as reviewed by Crusio, 2004).
This is because even when extensive backcrossing has occurred, recombination is generally
random throughout the genome and thus, a knockout/congenic does not have a 100% pure
strain background. It is possible that these strains can still contain discrete regions of
residual ES-derived genetic material that may act in isolation or likely produce epistatic
interactions with the targeted gene of interest. As one generally does not know which genes
are linked to the targeted gene, any phenotypic effects observed could be the result of the
ablated gene, flanking genes, and/or an epistatic interaction between the ablated gene and
the flanking gene(s).
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5. Mixed background: The use of hybrid strains

A further complicating factor resulting in phenotypic variability in penetrance and/or
expressivity is nearly always due to the knockout allele being present on a mixed or hybrid
genetic background. In such cases, targeted mutants are generated by micro-injecting 129
strain embryonic stem cells, which have undergone homologous recombination to knock out
the targeted gene, into C57BL/6 (B6) blastocysts, which then develop into B6/129 chimeras.
Sometimes researchers maintain the targeted mutation on this mixed B6/129 background by
intercrossing the mutants to create F2 mice. However, it can be difficult to discern whether
the particular phenotypic effects that a knockout mouse exhibits are the result of particular
gene effects when the genetic context originated from a particular embryonic stem (ES) cell
line or the result of an inbred mouse strain. Moreover, as the 129 mouse strain encompasses
a large number of genetically (Simpson et al., 1997) and behaviorally (Balogh et al., 1999;
Cook et al., 2002; Montkowski et al., 1997) distinct substrains, phenotype characterization
of the genetically modified mouse can be difficult to assess due to the presence of
anatomical, genetic, and behavioral abnormalities. For example, each targeted epilepsy
mutant on a B6:129 mixed background maintained by intercrossing inherits a unique
proportion of seizure-resistant and seizure-susceptible alleles that may affect its epilepsy
susceptibility. This is due to the fact that most studies compare homozygous mutant,
heterozygous mutant, and wild-type littermates of an F2 population to determine
phenotypical changes resulting from the null mutation. However, it is important to note that
the genetic background composition of these hybrid mice varies among littermates because
of gene segregation from the hybrid (F1) parents. The result is that the alleles of genes that
surround the targeted locus in a hybrid background can be derived from one strain in
homozygous mutant mice, yet be of another strain in wild-type mice. Thus, even when one
attempts to ‘backcross’ the mice to a genetically well-defined background, backcrossed mice
keep holding the 129-strain genes close to the targeted locus reflecting the original ES cell
strain. The possibility that subtle phenotypical changes such as behavior differences may be
caused by the surrounding 129 genomes other than the targeted one has been raised
extensively (Gerlai et al., 2001).

6. Complications in interpretation of findings from other laboratories

A number of studies have investigated and described epilepsy in rodents, but it is difficult to
compare these studies with each other due to experimental differences including background
strain effects, epistatic interactions between the background strain and the mutation,
developmental effects of a null mutation, method of seizure induction, and differences in
experimental endpoints. Recent studies have raised concerns about the use of mice with an
inappropriately controlled genetic background, which sometimes leads to distorted
experimental outcomes (Crusio, 2004; Gerlai, 2001; Linder, 2001, 2006; Mohajeri et al.,
2004).

6.1 Genetic background

Converging observations indicate that discrepancies in a number of different pathological
and physiological features among different knock-out lines could be the result of genetic
background. First and foremost, it is likely that they are due to a strain effect - especially if
analyses are conducted using F2 mice on a different mixed genetic background. Secondly,
genetic background can significantly affect both susceptibility to seizure induction, as well
as the severity of seizure-induced damage, as discussed above. For example, the DBA/2J
strain has been shown to be somewhat seizure sensitive (Ferraro et al., 1995, 1997)
irrespective of the mode of seizure induction, and the C57BL/6 strain has previously been
shown to be resistant to neuronal death induced by kainate administration (Schauwecker and
Steward, 1997; Schauwecker et al., 2004). Thus, apart from differences in experimental
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procedures, it is likely that disparate results are due to the use of different genetic
backgrounds.

6.2 Residual background genome

Discrepancies between laboratories using the same null mutant strain could be the result of
genetic influences that subsequently affect the background strain. For example, some
authors note that animals were backcrossed for 4 or 5 generations, which is substantially
reduced from the requisite 10 generations considered a “full” backcross. Thus, each time the
mouse with the knockout is crossed with a mouse of a constant genetic background, the
average percentage of the genetic material of the offspring that is derived from that constant
background increases. One of the disadvantages of inadequate backcrossing of mice is that
sections of the genome from the non-recurrent parents are often still present and can have
unwanted traits associated with them. Importantly, even mice that have been made congenic
by extensive backcrossing to one strain, such as C57BL/6, can retain small regions of 129-
derived material in areas elsewhere in the genome that are resistant to genetic recombination
(Eisener-Dorman et al., 2009). Thus, it is possible that subtle genetic variation can interact
with the targeted mutation in an epistatic fashion. As a result, the genetic background of
these mutants can be an unpredictable determinant of the phenotypic outcome.

Interactions between a mutation and genetic background may be especially relevant to the
study of a candidate gene. While it has been reported that genetic factors can contribute to
the risk for epilepsy disorders, no single gene accounts for more than a small proportion of
the overall risk (reviewed in Rees, 2010; Steinlein, 2010). This is likely due to the
understanding that both genetic and environmental factors contribute to susceptibility,
however it remains unclear how their interaction influences risk. Therefore, traits such as
susceptibility to seizure-induced cell death and seizure susceptibility are likely to result from
epistatic gene-gene interactions and gene-environment interactions. As a result, any
functional interactions between a given mouse mutation and its effect on seizure
susceptibility and genetic background may be relevant to understanding the polygenic nature
of epilepsy and/or seizure disorders.

6.3 Substrains

Diversity within substrains, especially as is prevalent within the 129/Sv strain, can become
an issue when trying to take into account ‘flanking gene’ issues, as discussed earlier. There
is a tremendous amount of genetic diversity among the 129/Sv substrains of mice and as
such, 129 substrains have been classified according to their common parental lineages
(http://www.informatics.jax.org/mgihome/nomen/strain_129.shtml): P (the original parent
strain); S (strains derived from a congenic strain outcrossed to introduce the steel mutation);
and T (derived from the 129 congenic that originally carried a teratoma mutation). However,
the origin and history of some mutations maintained on a 129 background is unknown.

As well, this has become an even thornier issue recently with the use of different substrains
of C57BL/6 mice. C57BL/6J mice were developed at The Jackson Laboratory, while
C57BL/6N mice were developed at The National Institutes of Health, and C57BL/6C mice
were derived from C57BL/6N mice at The National Cancer Institute. C57BL/6NCrl mice
are obtained from Charles River Laboratories, which originally obtained their substrain from
the NIH. While others have reported behavioral and substrain polymorphism differences
among these C57BL/6 substrains (Matsuo et al., 2010; Tsang et al., 2005; Zurita et al.,
2010), it is imperative that Investigators state explicitly which substrain was used.
Moreover, it is also important to reduce the use of incomplete informal abbreviations to
designate strain names. For example, B6 is a common abbreviation used for C57BL/6 mice,
but it is unclear which substrain of C57BL/6 mouse was examined. This is also applicable to
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the genetic background of mutants, as it is possible that genetic variation between and
among substrains could interact with the targeted mutation to modify gene:gene interactions.

7. Experimental solutions to resolve the issue of genetic background
(Figure 1)
7.1 Controlling for genetic background

Even if one does not use a mixed background, it is important to take into consideration
phenotypic differences for studying mutants as they could affect the mutant phenotype,
exaggerating or masking seizure-induced cell death or other defects. In particular, the
genetic background onto which a gene-targeted allele is placed can cause considerable
variation that can present itself as completely different phenotypes, as variations in
penetrance of phenotype, or as variable expressivity of phenotype. Thus, compared to
mutants on a mixed genetic background, those on a pure genetic background will give a
more definitive answer to the function of the targeted gene because such mutants and their
controls will differ only with respect to the targeted gene. As well, while it is imperative to
employ appropriate breeding strategies to control for potentially confounding genetic
background issues, the mutation of interest should be studied in two or more genetic
backgrounds to determine if the same phenotype is observed in each background. This
would enable one to determine if there are any interactions between the genetic background
and the presence or absence of the gene product of interest.

7.2 Constructing targeted mutants

When one is considering the use of a targeted mutation, however, one must take into account
that any variation observed for a given phenotype may not necessarily be the result of the
loss of gene function alone. Strategies that may be considered for this purpose are described
in Figure 1. For example, when constructing targeted mutations, one should try to construct
genetically altered strains that are coisogenic to controls (Linder 2006; Silver, 1995) and on
well-defined ES cell lines and well-defined genetic backgrounds. Breeding of mutant and
control animals should be accomplished through the same line (e.g. same parents), otherwise
different recombinant inbred lines will be established in which large chromosomal pieces
containing a multitude of genes will differ. Thus, littermates should be utilized in all
experiments such that genetic variance will not be a contributing factor in phenotype
modification.

As powerful as it may be, the genetic knockout approach also has its intrinsic limitations
that may confound the correct interpretation of the phenotypic analysis of knockout mice.
For example, it can be a faulty strategy to continuously inbreed and maintain

separate */*, ¥/ and "~ lines, as this will result in genetic drift and potentially the creation of
phenotypic line differences that are unrelated to the mutant line. Such extraneous mutated
genes (“hitchhiker” or “passenger) may become incorporated into the genome of future
generations creating serious artifacts for phenotyping. As a result, random segregation
events occurring over many generations will generate different alleles for background genes
and could potentially influence the phenotype of the mutation. When these extraneous
mutated genes are transmitted to future generations, they can introduce false positives or
false negatives into the interpretation of the phenotype of the mutation.

Placing a mutation on several different genetic backgrounds allows the study of different
aspects of gene function that might not be apparent on a single genetic background.
However, if the use of a single inbred strain for genetic manipulation is not possible, then
congenic mice should be created. Congenic strains are created by transferring a short
segment of the chromosome around a marker gene of interest from one strain into an inbred

Epilepsy Res. Author manuscript; available in PMC 2012 November 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Schauwecker

Page 8

genetic background by repeated backcrossing and selection (Weil et al., 1997). However, it
is important to note that the use of congenic strains does not completely eliminate the
potential confound of “passenger” genes. For example, the persistence of phenotypic
differences between homozygous null mutants and wild type animals may be due to the
proximity of the “passenger” and targeted genes on the chromosomal segment and
difficulties in separating the effects between the two genes. For example, it has been
estimated that hundreds of ES cell donor genes can flank a target mutation locus even after
12 generations of backcrossing (Bolivar et al., 2001; Crusio, 1996; Gerlai, 1996; Wolfer and
Lipp, 2000; Wolfer et al., 2002). If polymorphisms in the flanking genes exist between the
ES cell donor strain and the congenic strain, there may be phenotypic differences that exist
between the homozygous null mutants (-) and the wild type controls (*/*) that are
inaccurately attributed to the mutation (Bolivar et al., 2001; Gerlai, 1996; Wolfer et al.,
2002). Lastly, to definitively demonstrate that null mutation of a specific gene is responsible
for phenotype modification, one could perform a ‘rescue’ experiment, in which the knockout
phenotype is rescue by in vivo complementation, typically bacterial artificial chromosome
(BAC) transgenesis. This process entails the design of a BAC construct that contains the
wild-type gene of interest, microinjection of the resulting construct into embryos, and then
implantation of the embryos into pseudo pregnant females. Transgenic mice are identified
by genotyping for the BAC transgene and these animals are then crossed to knockout mice
to generate mice that carry the BAC transgene on the knockout background. Transgene
rescue of mouse gene function by BAC-encoded transgenes have been reported for several
loci (Ferraro et al., 2007b; Kibar et al., 2003; Means et al., 2001). One of the advantages of
this approach is that the BAC transgene is present during development and should
theoretically show an expression pattern similar to the endogenous gene. Such rescue
strategies support the interpretation that the original deficit in the knockout mouse was due
to the gene mutation and not to some other nonspecific effect.

While the development of BAC transgenic mice has helped overcome the limitations of
traditional transgenic approaches, BAC transgenic mice are privy to caveats and potential
confounds in interpretation as well. For example, like conventional transgenics, it is possible
that essential mouse sequences at the site of the transgene integration may be disrupted. As
well, BAC transgenes can integrate into more than one genomic location (Chandler et al.,
2007), as the precise site of integration of a BAC transgene cannot be well controlled.
Similarly, because BAC transgenes are much larger constructs as compared to conventional
transgenes, they are more susceptible to fragmentation (Chandler et al., 2007; Deal et al.,
2006). Nevertheless, BAC transgenics are a potentially feasible way to complement the loss
of mouse gene function and can complement gene modification strategies currently in use.

7.3 Flanking gene effects

One viable solution used to eliminate flanking gene effects on a mutant gene of interest is to
create a coisogenic strain by using an ES cell line and a background strain all derived from
the same inbred strain. The creation of targeted mutant mice with C57BL/6J ES cells is one
such alternative. Some have suggested that the solution to the flanking gene problem is to
apply speed-congenic techniques to rapidly repeatedly backcross mice to a preferred inbred
background, followed by genotyping for the absence or presence of the mutation. However,
even though this technique is highly effective at reducing the size of the flanking region, a
small flanking region will still exist that could exceed more than 300 genes (Crusio, 2004;
Wolfer et al., 2002). However, if one is utilizing already created ‘null mutants’ to assess a
particular phenotype, to assess the possibility of ‘flanking gene’ effects, one could broadly
scan the genetic background for regions of variability by whole-genome single nucleotide
polymorphism (SNP) genotyping, using the vast number of known single-nucleotide
polymorphisms. Even though it may be difficult to identify each and every 129-derived
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locus, it may help identify regions of variability that contain one or more genes influencing
the observed phenotype As well, the use of a polymorphic marker for the targeted genomic
region that can permit rapid exclusion of flanking allele effects is equally useful. Lastly, all
Investigators should be explicit as possible about which inbred strains (and/or substrains) are
under study, as well as their gender and age. For targeted mutants, the genetic background
should also be explicitly stated, including either the percentage of recipient genome and/or
the number of backcrosses performed in order to determine whether flanking (“passenger”)
gene effects may be substantial.

8. Conclusions

In summary, this brief review has stressed potential pitfalls and artifacts that can complicate
the interpretation of experimental results. It is important to consider the genetic background
of mouse models used in epilepsy research as well as the map position of the gene to be
targeted. The availability of numerous inbred strains represents a useful tool for the genetic
dissection of the basis of differential susceptibility to seizures and seizure-induced cell
death. Knowledge of which genes maintain the balance between susceptibility and resistance
may help to develop pharmacogenetic strategies tailored to individual genomes in order to
improve our therapeutic protocols. As well, the ease by which the mouse genome can be
experimentally manipulated makes the mouse invaluable for dissecting the pathogenetic and
pathophysiologic mechanisms underlying the epilepsies in humans. However, it is important
to not only recognize the benefits of knockout technology, but also its potential caveats. Due
to the means by which many knockout mice are created, phenotypes originally attributed to
the knockout gene under study may actually be attributed to tightly-linked loci immediately
flanking the ablated gene, or even to unlinked loci located throughout the genetic
background of the knockout strain. Thus, the importance of genetic heterogeneity in the
investigation of the genetic basis underlying the penetrance of specific phenotypes cannot be
underestimated. It is important to keep in mind that the construction and propagation of any
mutant mouse must address not only the single gene mutation, but also the genetic
background.
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Experimental Strategy to Decrease the Influence of Genetic Background

Does the background strain provide an appropriate baseline to study the predicted effect of the
mutation?

o ey
-

Standardize environmental conditions Select appropriate
(husbandry, diet, exercise) background strain

P
T

Mutant and control lines must come from
the same colony and have the same
‘genetic background.’

Could there be flanking genes present (e.g. use of mixed background)?

2
"

Consider whole-genome genotyping of Report the phenotype
SNPs o identify flanking regions

Can the phenotype be rescued (use of in vivo complementation)?
’

*Potential flanking sequence from
Mutation of the gene is responsible for o e interfering with backg g
the phenotype strain genes.

*Transgene expression levels may
depend on the transgene copy number

Figure 1.
Experimental Strategy to Decrease the Influence of Genetic Background
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