. Minimalist testbeds. Reduce complexity by isolating the smallest module that preserves the candi-
date mechanism (3-6 chromophores, reconstituted cryptochrome fragments, single-enzyme constructs).
Minimal systems narrow free parameters and increase reproducibility.

. Measurement toolset. Use ultrafast 2D electronic spectroscopy and single-photon timing for exci-
tonic coherence; pulsed EPR / time-resolved spin resonance for radical-pair lifetimes; single-molecule
fluorescence or optical/magnetic tweezers for catalytic turnover and fidelity. Combine structural con-
straints (cryo-EM/X-ray) with dynamics.

. Perturbation toolkit. Implement controlled dephasing (viscogens, engineered site disorder, polymer
matrices), isotopic substitution (H->D) to alter hyperfine/tunnelling rates, narrowband RF fields for
selective spin perturbation, and temperature/phonon engineering to tune vibronic coupling.

. Classical-model parity. Always compare to optimized classical baselines: Forster/Redfield-type
hopping networks, stochastic kinetic Monte Carlo, and classical transition-state models. Parameterize
classical models from the same structural and energetic data used by quantum models.

. Metrics defined.

o Functional delta (?F): change in measurable function (yield, sensitivity, fidelity) upon suppressing
the putative quantum resource.

o Coherence half-life (?1/2): coherence persistence within the functional timescale window.

o Resource-gap index (RGI): (Measured function - Best classical prediction)/experimental uncer-
tainty. RGI » 1 signals a robust quantum gap.

. Statistical and replication standards. Require blinded replication across independent labs, effect-
size reporting (Cohen’s d or equivalent), and explicit error budgets for instrumental vs. biological
variance.

. Falsifiability. A quantum claim is credible only if (a) ?F correlates quantitatively with ?71/2 under
controlled perturbations, (b) RGI remains significant after exhaustive classical-model tuning, and (c)
results scale predictably from minimal scaffolds to native complexes.

. Computation-experiment loop. Use QM /MM and open-system quantum simulations to generate
quantitative, testable predictions (spectral signatures, temperature scalings, isotope dependencies) that
guide perturbations and interpret outcomes.



