The Isogenic Trap

How a structural preference for genetically uniform mice protects reproducibility at the
expense of translation and a proposal for a concrete pilot in epilepsy research

A Concrete Anchor

In 1996, deletion of the p53 gene in mice on a mixed 129/Sv x C57BL/6
background was reported to confer protection against kainic-acid—induced excitotoxic
cell death — a finding that appeared to implicate p53 in seizure-induced
neurodegeneration. A subsequent reanalysis by Schauwecker showed that the
apparent neuroprotection was attributable to the genetic background, not to the p53
deletion: the same knockout failed to confer protection on backgrounds intrinsically
susceptible to excitotoxic cell death. The mechanism the field had inferred was, in
effect, an artifact of the strain on which the experiment happened to be run.

The Bottleneck

A large share of preclinical disease-modeling work in neuroscience, particularly
with genetically engineered mice, is built on a single inbred background — most often
C57BL/6 (“Black 6”). This is by design: inbred isogenic lines minimize between-animal
genetic variance, which raises the apparent reproducibility of any given experiment,
which makes a study easier to publish, which makes the next investigator more likely to
use the same line. Reviewers trained on this strain expect to see it. Pilot data in any
other background reads as a confound. Funding follows publication, and publication
follows the strain.

The result is a field that is internally consistent and externally fragile. We are very
good at producing replicable findings in a near-monoculture, and we are conspicuously
bad at producing findings that survive the genetic-background heterogeneity that
actually defines human patient populations. Most neurological disorders — including
those with a clear monogenic component — present with substantial phenotypic
variability in humans precisely because the brain is nonstandard across individuals and
context-dependent: the same lesion in two different cortical architectures produces two
different syndromes. A model system that controls away the very variability that defines
the human disease is sufficiently distinct from the disease it purports to model.



Why This Is Hard to Fix Inside the Existing System

An individual investigator cannot unilaterally exit this equilibrium. Switching to a
genetically heterogeneous resource (e.g. a four-way or eight-way cross such as the
Collaborative Cross or a Diversity Outbred stock) exposes the investigator to three
compounding penalties. First, increased phenotypic variance reduces statistical power
for a fixed cohort size, demanding larger and more expensive studies. Second,
reviewers will, in good faith, ask the investigator to also run the experiment in C57BL/6
“for comparability,” doubling the work. Third, a negative result in a non-standard
background is often read as a failure of the model rather than as informative evidence
about the original finding. The structural incentives push every individual lab back to the
strain that the previous lab used.

The Testable Hypothesis

For a representative set of seminal preclinical epilepsy findings established in
C57BL/6, a non-trivial fraction shows a significant background-by-treatment interaction
when reproduced in genetically heterogeneous animals — i.e., the effect size, direction,
or pharmacological profile changes meaningfully across genetic backgrounds.

Why Epilepsy Is the Right Testbed

Epilepsy research is unusually well-suited to be the pilot domain for this hypothesis, for
four reasons:

- Seizures are unambiguous behaviorally (Racine scale, latency-to-seizure,
mortality) and electrographically (video-EEG with chronic depth electrodes)

- Strain background is already known to strongly modulate seizure phenotype.
C57BL/6 is not uniformly resistant across all seizure models, but its threshold
differs sharply from strains such as DBA/2J and FVB/N for kainate,
pentylenetetrazol, and audiogenic paradigms — with documented effects on
seizure susceptibility, seizure-induced cell death, and pharmacological response.

- Established induction protocols are portable. Kainic acid, pilocarpine,
pentylenetetrazol, kindling, and several monogenic models (e.g., Scn1a, Kcng2)
have well-characterized protocols that can be applied directly to
mixed-background animals, allowing direct comparison without inventing new
methods.

- The clinical translation gap is documented and large. Approximately one-third of
patients with epilepsy remain pharmacoresistant despite a steady stream of
preclinically validated antiseizure compounds.



The Proposed Pilot

| propose a coordinated, pre-registered replication initiative — provisionally, the
Heterogeneous-Background Reproduction Project for Epilepsy (HBRP-E). It is layered,
so that the first-year minimum-viable version is fundable and informative on its own, and
the larger version is a clearly defined extension if the pilot succeeds.

Phase 1: Minimum-viable pilot (first 12—18 months

Targets: Three preclinical epilepsy findings established primarily in C57BL/6, selected
by a small advisory panel for high citation impact and direct relevance to clinical-stage
hypotheses. Two should involve pharmacological intervention; one should be a
genetic-modifier finding, to span both classes of claim.

Backgrounds: Each finding is reproduced in (a) C57BL/6J as a positive control and (b) a
defined F2 mixed background (e.g., C57BL/6J x DBA/2J, given the well-characterized
seizure-susceptibility QTL differences between these strains). A third arm using a
Diversity Outbred or Collaborative Cross panel is included for one of the three findings,
to demonstrate scalability.

Sites: Two to three independent labs per finding, to disentangle background effects from
site effects. Multi-site replication is the primary robustness metric, not within-strain
consistency.

Endpoints and statistics: Primary endpoints are pre-registered before any animal is
dosed and consist of (i) seizure latency, (ii) Racine-scale severity, (iii) survival, and (iv)
where applicable, electrographic seizure burden quantified by automated detection on
chronic video-EEG. The primary statistical test is the background-by-treatment
interaction in a mixed-effects model, with site as a random effect. Secondary analyses
report effect-size distributions across genotypes and per-site replication fidelity.

Outputs: All findings — replicated, partially replicated, or failed — are deposited in a
public registry and submitted as a Registered Report so that publication does not
depend on the direction of the result.

Phase 2: Extension (contingent on Phase 1 results)

If Phase 1 detects significant background-by-treatment interactions for any of the three
findings, the project scales to 10—15 seminal findings across multiple epilepsy models
and adds a forward arm: hypotheses that produced negative or weak results in C57BL/6
— and were therefore shelved — are tested in heterogeneous backgrounds. If Phase 1
is null — heterogeneous backgrounds reproduce C57BL/6 findings faithfully across all
three targets — that is itself a publishable, field-relevant result, and the case for scaling
weakens substantially.
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