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ABSTRACT

Epigenetic research explains how chromatin states store biological history, yet a recurring challenge remains:
translating context-level variables (appraisal, learning, perceived threat/safety, structured interventions) into
preregisterable hypotheses about when, where, and how measurable chromatin distributions should change.
This paper introduces Epigenetic Teleonomy, a control-theoretic modeling framework that treats the
epigenome as a regulated dynamical system relaxing toward an operationally defined reference regime. The
practical value is a preregistration-ready language that converts context-to-chromatin questions into (i) explicit
reference construction rules primarily from within-subject baselines (optionally weakly regularized by
population priors), (ii) a single primary distribution-level endpoint quantifying deviation from that reference,
and (iii) a mediated actuation hypothesis in which protocol-defined physical input trajectories influence
chromatin dynamics through measurable neurophysiological mediator trajectories and downstream nuclear
effectors, without requiring a direct chromatin-binding ligand as the explanatory primitive. The framework is
designed to stand or fall on two preregistered discriminative predictions: (1) expectancy-matched
discrimination between algorithmically assigned congruent versus mismatch inputs undera dictionary-locked
congruence definition with adequacy gates, and (2) preregistered early ordering in variance-sensitive fast-proxy
modules that precedes detectable phenotype change. The result is a reviewer-readable bridge from inputs to
chromatin dynamics that is falsifiable via preregistered discrimination tests and out-of-sample identification of
a constrained mediator-to-module actuation map.

KEYWORDS: Epigenetics; control theory; allostasis; information theory; Kullback-Leibler divergence; Jensen-
Shannon divergence; variational free energy; placebo effects; structured inputs; signal encoding; spectral
representations; chromatin remodeling; system identification.
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1. INTRODUCTION: THE TRANSDUCTION
GAP

Epigenetics has matured from a static “histone
code” metaphor into an experimentally grounded
account of chromatin state, memory, and regulatory
plasticity [1, 2]. Yet a persistent explanatory gap
remains: the Transduction Gap—how context-
level variables (context, appraisal, learning history,
perceived threat/safety) become measurable
molecular reorganizations (methylation, histone
marks, accessibility) with module-level specificity.
Reports of relatively rapid molecular shifts are
heterogeneous across tissues, assays, and time
windows; the present paper treats timescale as an
empirical question to be adjudicated by
preregistered sampling schedules and
discrimination tests, not as an assumption.

Placebo-related effects illustrate that context and
learning can recruit brain and neuromodulatory
systems that influence physiology; the literature
emphasizes roles for learning, expectations, and
social cognition and implicates multiple
neurochemical mediators, including opioid and
dopamine systems [6, 7]. Similarly, psychotherapy
has been shown to correlate with methylation
changes in stress-related genes [12, 13]. Standard
models explain how marks persist once set (e.g.,
maintenance processes), but often leave the
directionality = and  targeting of  coherent
reorganization implicit. More broadly, recent work
has argued that biological regulation can be
described in computational and goal-directed terms
across scales, motivating an explicit formulation of
the context-to-chromatin link as a control and
decoding problem [11]. A central practical obstacle
is the reference problem: many phenotypes do not
admit a true “pre-disturbance” epigenetic operating
profile, and within-subject baselines can drift, vary
with season/ circadian timing, or be confounded by
cell composition and batch effects. This paper
therefore treats reference construction as a
preregistered decision problem with explicit stability
checks, rather than an informal assumption.

This paper proposes that chromatin regulation can
be formalized as a reference-regime controlproblem:
stability =~ is maintained by feedback-driven
minimization of deviation from an operational
reference operating regime (“teleonomy” meaning
evolved reference-regime regulation and error
correction —a functional, mechanistic notion distinct
from teleology, and not retrocausality) [3].

1.1. Contributions and claim hierarchy (to
prevent scope drift)
To make the manuscript falsifiable and resistant

to post-hoc narrative repair, the claims are
explicitly hierarchical:

Primary claim (discriminative):  Under
empirically  verified expectancy  matching,
congruent inputs outperform mismatch inputs on a
single preregistered distribution-level endpoint AD
with a preregistered minimal effect size 6p (Section
7.2).

Key secondary claim (directionality): In the
congruent arm, preregistered module subsets S

(i) show the predicted directionality relative to
mismatch, using a preregistered multiple-testing
control (Methods).

Tertiary claim (mechanistic identification,
constrained): A mediator-to-epigenome actuation
map is identifiable only under a strict low-
dimensional subspace constraint with out-of-
sample performance criteria; failure implies broad
modulation rather than selective steering
(Methods).

Optional modeling layer: The SDE/control
formalism is an effective description intended to
guide estimators and preregistration; it is not
required for the primary discriminative
falsification.

2. MATERIALS AND METHODS:
PREREGISTERED EXPERIMENTAL
PROGRAM

2.1. Minimal empirical program (what is
required vs optional)

Required for primary falsification: three-arm
randomized design (C/M/X), dictionary adequacy
gate, expectancy matching gate, preregistered
reference construction with stability gate, a single
primary endpoint AD, a preregistered minimal effect
size 6p, and a preregistered C vs M discrimination
test.

Required for secondary claim: preregistered
module subsets Sy (7) with multiplicity control and
directionality tests.

Optional: SDE/state-space estimation of ¥ and
lag kernels; mechanistic identification of Bs (only
under strict subspace constraint).

2.2. Study design overview

Design: randomized, controlled, three-arm
discriminative trial with two-active-protocol
expectancy matching.

2.2.1. Arms

1. Congruent protocol (C): class assigned by the
dictionary-locked congruence algorithm.
2. Mismatch protocol (M): identical
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format/contact time/scaffolding; class
sampled from preregistered mismatch set.

3. Context-only control (X): supportive
interaction without protocol-defining
structured content.

Key requirement: expectancy and engagemeny

must be empirically matched between C and M

(hard gate) and dictionary adequacy must pass (hard

gate).
2.3. Participants and eligibility

Inclusion/exclusion criteria depend on the target
phenotype; preregister a narrow phenotype to
minimize heterogeneity. Exclude conditions where
tissue remodeling is structurally blocked or where
acute medical interventions dominate outcomes.
Preregister rules for circadian sampling windows,
acute infection, major medication changes, and
recent major stressors.

2.4. Reference definition (primary: within-
subject baseline with stability gate)

The primary reference is within-subject: Qb*¢(y) .

is constructed from preregistered baseline samples
for participant i using the reference decision tree and
baseline stability gate described in the main text.
Preregister the minimum baseline samples np and
the stability test. Population priors may be used only
as a weak regularizer when baseline sampling is
limited, and this choice is preregistered. If Regime S
is admissible, define Qrest only from a preregistered
post-stability window.

2.5. Feature definition vy, endpoint set, and
distributional parameterization 0

Preregister the observable feature map and
define y at the endpoint/module level to reduce
multiple-testing burden. Then preregister the
distributional parameterization: Py(; f) = Py(* |
a(t)).

Hard dimensionality constraint (operational
necessity): Divergence estimation is unstable in
high dimensions at typical sample sizes; therefore

the endpoint dimension is preregistered and
bounded:

M < Mmax, Mmax = 10.

If a higher-dimensional representation is
desired, it must be handled as an exploratory layer;
confirmatory divergence endpoints remain bounded
by Mimax.

2.6. Primary divergence estimator Dx. and
mandatory sensitivity endpoints
(preregistered)

The primary endpoint D() = Dx(Py(; t) Q) is

estimated on the preregistered low-dimensional

endpoint representation.
Default estimator (confirmatory, stability-

first). As the confirmatory default, summarize
endpoints with diagonal Gaussian covariance
(maximally stable at modest N):

Py(- | 6(#) = N(u(t), diag(02(t))),Q() =
Nu+, diag(c*?)).

Compute the corresponding closed-form Dk
under the diagonal model (implemented
componentwise). Full-covariance Gaussian KL is
reported as a preregistered sensitivity estimator
only.

Preregistered covariance regularization
(mandatory, non-adaptive). For any sensitivity
analysis using full covariance, preregister one fixed
rule:

Shrinkage covariance: X «— (1 — a)Zsample + 4
diag(Zsample) with a preregistered shrinkage
choice (e.g, Ledoit-Wolf) and a preregistered
eigenvalue floor Amin applied to ensure PSD and
stable determinants.

Mandatory symmetric sensitivity
endpoints (preregistered). To guard against KL
asymmetry and model misfit, report (regardless of
outcome): Jensen-Shannon divergence JSD(P,, Q) as
a symmetric information-theoretic sensitivity end-
point at least one distribution-free distance on the same
fixed representation (e.g, MMD or Wasserstein-type
distance), with fixed model <class and
hyperparameter ranges.

Non-negotiable rule. All estimators, preprocessing,
tuning rules, and the confirmatory/sensitivity roles are
fixed in preregistration. Post-hoc
endpoint/estimator switching is not permitted.

2.7. Assay strategy and time-scale
alignment (preregistered)

Because response times differ by assay, the
sampling schedule is tied to preregistered relaxation
windows. A minimal preregistered multi-timepoint
scaffold:

1. to: baseline window (repeated samples; np 2 5).

2. ti: early window (e.g., 1-3 hours) for mediators
and fast proxies.

3. tx consolidation window (e.g., 48-168 hours) for
distribution-level chromatin endpoints.

4. t3: optional stability window (e.g., 7-14 days)
used only for the preregistered Regime S
adjudication.

Preregister tissue choice and justify surrogacy
limits (e.g., blood as proxy vs. target tissue).

2.8. Mediator panel s(t) and Identification
Strategy (Strict Subspace Constraint)
Mediator panel. Preregister a mediator
panel s(f) consisting of measurable physiological
outputs plausibly linked to stress/relaxation pathways
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(e.g, HRV components, salivary cortisol/alpha-
amylase, inflammatory cytokines), plus mandatory
nuisance tracking (sleep, circadian timing, acute
illness flags).

The preregistered strict subspace constraint
(identifiability requirement). To resolve the
identifiability crisis inherent in mapping physio}ogical
mediators to high-dimensional chromatin states with
clinical sample sizes (N =~ 50-200), impose a Strict
Subspace Constraint: the target parameter vector
for identification is restricted to Bsun(t) € RM with M
&« N (e.g., M <£5). The components of ., must be
fixed composite scores defined by independent
prior literature (e.g, a specific epigenetic clock
residual, a fixed glucocorticoid sensitivity score, a
fixed inflammatory methylation index). These
definitions are dictionary-locked prior to data
collection; no data-driven feature extraction is
permitted for identification of B..

Discrete-time identification model. For
sampling times #) and t,, define ABsub; = Bsubi(t2)—
Osub,i(to). Using a preregistered kernel family h(r) to
aggregate mediator history (capturing lag), define:

2.9. Expectancy matching and manipulation
checks (hard gate)

Measure expectancy, credibility, and engagement at
multiple timepoints (baseline, post-randomization,
post-session) using preregistered instruments (e.g., a
credibility /expectancy questionnaire and a fixed
engagement scale). Define:

Equivalence margin: € (preregistered; e.g., € =
0.2 SD on expectancy).

Bayesian threshold: 7 (preregistered; e.g,
BFyn >t with 7 =10).

Hard gate: C and M are considered expectancy-
matched only if both conditions hold:

1. TOST equivalence for mean expectancy
difference lies within +e across preregistered
scales.

2. A preregistered Bayesian equivalence criterion
supports practical equality (e.g., BFo1 > 7).

Blinding integrity (mandatory). To
prevent leakage, preregister: a neutral framing script
presenting both C and M as two valid protocol
variants, automated delivery where feasible
(audio/video/app) and fidelity logs, a post-session
arm-guess check (participant and delivery staff) as a
blinding integrity metric. If the expectancy gate
fails, the C vs M discriminative claim is not
evaluated; results are reported as context-
dominated.

Ethics note (preregistered). If mismatch
inputs require partial disclosure to maintain

expectancy matching, preregister the
disclosure/debriefing procedure and require prior
ethics approval for any empirical implementation

2.10. Objective congruence and mismatch
construction (dictionary-locked)

Compute baseline deviation e;i(to) = 68* — 8i(to).
Use the dictionary-locked D = {(k, v Si)} to assign
congruent class kc(i) = arg max; A;x with A;x defined
in the main text. Define mismatch set Ka(i) = {k :
Aix € a0} and sample k from that set, with ao
preregistered and tie-breaking rules fixed. Apply
dictionary adequacy gates before eligibility for the
primary C-M discrimination endpoint.

211. Intervention
(protocol encoding)

specification  u(t)

Preregister each input as a structured sequence:
timing, content units, delivery channel, instruction
sequence, interaction structure, and fidelity metrics.
Define mismatch inputs as class-incongruent while
preserving superficial structure and measured
expectancy.

2.12. Sampling schedule and endpoints
(time-scale alignment)

Timepoints (example): ty (baseline; repeated
baseline samples), t; (1-3 hours post-
intervention for mediators/fast proxies), t> (48-168
hours  post-intervention for  distribution-level
chromatin endpoints), 3 (7-14 days optional for
post-stability regime adjudication).

Primary endpoint: ADg,.c = D(to) — D(t2), with
confirmatory analysis on Regime R and
preregistered sensitivity interpretation for Regime S
(if admissible).

Minimal effect size: 0p preregistered for C-M
discrimination (e.g., in standardized units).

Mandatory sensitivity endpoints: JSD and
one distribution-free distance on the same fixed
representation.

Secondary endpoints: early entropy ordering
AHs(to — t1); phenotype change score AP; mediator
changes As(to — t).

2.13. Multiplicity control and endpoint
hierarchy (preregistered)

To prevent multiple-testing inflation, preregister:
a hierarchical testing scheme (primary AD first; only
then key secondary module-directionality tests), an
alpha allocation plan (e.g., a = 0.05 for primary;
secondary controlled via FDR or alpha-splitting
with fixed thresholds), fixed rules for reporting all
sensitivity analyses regardless of outcome.
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2.14. Statistical analysis plan (minimal,
strong, falsifiable)

2.14.1. Primary discriminative test (clean
coding; context as reference)

Define indicators Ic = 1 for Congruent protocol,
else 0, and Iy =1 for Mismatch protocol, else 0;
Context-only is the reference level (Ic = Im = 0). Fit
a preregistered model:

ADgpec ~ Po + Bclc + Pamlm + PsSaiag + Pes(c *
Sdiag) + Pms(Im % Saiag) + €TZ + €, 3)

where Z includes preregistered covariates (cell
composition, batch, baseline D, medication flags,
circadian window, acute illness flags, etc.).

Key discrimination test: (8c — fun) = 6p under
passing gates.

Key moderation test: (Bcs — fms) > 0.

Falsification: (fc — ffm) <6p or (Bcs — fms) <0
under passing gates.

2.14.2. Secondary directionality tests
(module subsets)
Test preregistered directionality in S () with

preregistered  multiplicity =~ correction  and
preregistered effect direction. No post-hoc module
discovery is permitted for confirmatory claims.

2.14.3. Early ordering test

Test whether entropy reduction precedes
phenotype change: preregister an ordering criterion
such that AHs(to — t1) <0 predicts AP (to — t2) in
the congruent arm more strongly than in
mismatch/context arms.

2.14.4. Estimating x and lag parameters
(optional modeling layer)

Estimate x as an effective contraction rate
(Appendix A), either from decay of D(f) or via
state-space fitting to df(f) with measured mediators
s(t) and preregistered kernel family H(r) (e.g.,
exponential family with parameter 7).

2.15. Batch and cell-composition
preregistered diagnostics (fail rules)

To reduce “this is batch” objections to a checkable
decision rule, preregister:

Batch-predictability check: test whether
batch/plate labels predict arm assignment or
ADgpec beyond a preregistered threshold; if yes,
interpret results as confounded (report as failure of
interpretability).

Composition-shift check: preregister a cell-mix
shift threshold; if exceeded, analyze within a
preregistered stratum or exclude by rule (report
transparently).

2.16. Power and sample size (preregistered
logic)

Because effect sizes are uncertain, preregister a
staged approach: (1) pilot (feasibility + estimator
variance); (2) main study powered on the
interaction (fcs — fums) and on C vs M discrimination
with 6p, with preregistered minimum detectable
effects.

2.17. Data availability and reproducibility

Preregister full protocol scripts, DBP dictionary
artifacts, feature definitions, QC pipeline, baseline
stability tests, blinding/randomization procedure,
kernel family for lag modeling, multiplicity control
plan, and analysis code. Archive the locked
congruence dictionary, its hash, and all input
definitions with timestamped identifiers prior to
recruitment.

3. FORMALIZING THE EPIGENETIC
STATE SPACE

To avoid vague metaphors, we adopt a formalism
compatible with Waddington’s original vision [14] but
stated in operational, preregisterable terms.

3.1 Notation map (to prevent notation

drift)

1. Latent microstate: x € X, microstate
distribution P (x, f).

2. Observable assay space: yons € Y; induced
distribution Py(yobs, 1).

3. Low-dimensional representation: Py( t) = Py(-
| B(t)) with preregistered 6(2).

4. Reference distribution: Q(y); shorthand o7 =
Qy)-

3.2. Microstate distribution P(x,t)

Let x € X denote a high-dimensional microstate
vector (e.g., methylation states at preregistered
regulatory CpGs, chromatin accessibility at
peaks/modules, compositional chromatin-state
features). We represent the organism’s
instantaneous  epigenetic condition as a
probability distribution

P(x,t) (4

rather than a single configuration, capturing

stochasticity and cell-to-cell variability.

3.3. Observation model and induced
distribution P,(y, t)

Most experiments do not observe x directly. Define
a preregistered, assay-accessible projection g and an
observation model that includes measurement error:

Yobs = g(x) + & £ ~ (preregistered error model). (5)
Equivalently, assays define a conditional
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measurement channel P (yops | x). This induces an
observable-level distribution:

J
fﬂﬁm0=P@0£WMIXMX ©)

All divergence and entropy endpoints below are
defined on observable space (i.e., on P;) to prevent
notation drift between microstates and measured
features.

Parametric control representation (to make
gradients well-defined). For modeling and
control, we work with a preregistered low-
dimensignal parameterization of the observable
distribution:

P(:t)=Py(- | 6(t)), (7)

where 0(f) may comprise module-level
means/ cov{ariances, fixed factor scores, fixed
composite indices, histogram masses, or mixture
responsibilities (specified in Methods). Dynamics
and gradients are defined with respect to 6, not
directly with respect to raw sample-level yops.

3.4. Reference attractor oz

(operational reference regime)

Define a reference distribution

0z = Q@) (6
constructed a priori (preregistered). Because
inter-individual epigenetic variability is large, the

primary reference is within-subject.

Preregistered reference decision tree
(operational). Because “pre-disturbance” profiles are
often unavailable, Qi(y) for participant i is
constructed by a preregistered decision rule:

1. Type A (preferred): true pre-disturbance
baseline. If a stable baseline exists before
phenotype onset (rare), use it.

2. Type B (run-in baseline): best-available
stable baseline. Otherwise, collect a run-in
baseline with repeated sampling prior to
randomization.

3. Type C (post-stabilization baseline): If the
phenotype is chronic, define Q:; from a
preregistered “stability window” after clinical
stabilization (with explicit limitations).

4. Optional weak regularization: population
prior. Only if within-subject sampling is
limited, use a weak age/tissue/context-matched
population prior as a regularizer (never as the

Q(y)

primary reference).
Minimum baseline sampling and stability
gate (hard). To reduce regression-to-the-mean

and drift artifacts, baseline construction requires:
A preregistered minimum number of baseline
samples per participant, ng > 5, with preregistered

spacing and circadian window controls. A
preregistered baseline stability test (CV/Drift
check on f and on D within the baseline window).
If stability fails, the participant is excluded from
reference-regime analyses or analyzed under a
preregistered “unstable baseline” sensitivity stratum.

34.1. Regime-agnostic  interpretation:
Restoration vs. Shift (locked decision rule)
To avoid silently assuming “return to baseline”,
the framework preregisters two empirically
adjudicated regimes:
1. Regime R (Restoration): Dynamics reduce
deviation relative to a fixed baseline
reference Qbase,

2. Regime S (Shift): Dynamics stabilize to a new
regime; the relevant post-intervention
reference is Qrest defined from a
preregistered post-stability window.

3.4.2. Operationally:

QPas¢ is constructed from the preregistered run-in
baseline (Type A/B/C).

Qreost js constructed only from preregistered
post timepoints (e.g., t f3) if a post-stability
criterion is met (same CV/Drift gate, preregistered).

Locked regime decision: If baseline stability
passes and post-stability passes, classify as Regime
Rif D(P(t;) Qbase) decreases and remains near (Qbase
across the post window; classify as Regime S if P
(t) and P (t3) are mutually stable yet remain
materially displaced from Qb (thresholds
preregistered). This regime label affects interpretation
only; the primary discriminative claim is evaluated on
the locked primary endpoint (Methods).

3.5. Deviation from
informational divergence

Define divergence from the reference at time f as

High D indicates probability mass displaced from
the reference basin. Empirically, “field defects” and
abnormal variability patterns in methylation have been
investigated in cancer-adjacent normal tissue,
supporting the idea that altered distributions—not
only mean shifts—carry biological signal [4]. The
use of information-theoretic functionals follows
standard foundations [9,10].

Why Dy (P Q) is primary (and what is
checked). Dx (P Q) is asymmetric; here it is used
as an operational “distance from a preregistered
reference regime” under the modeling convention
that Q encodes the target operating regime. To
protect against asymmetry artifacts and estimator

reference  as
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fragility, a symmetric divergence and a distribution-
free distance are preregistered as mandatory
sensitivity endpoints (Methods).

4. DYNAMICS: REGULATION GAIN K AND
THE CONTROL LOOP

41. Potential landscape and regulated
descent

Define an effective potential (error functional)
®(f; 0z) whose minima correspond to stable
operating regimes consistent with oz. The simplest
and most interpretable operational choice is:

®B;0z) =Dk Py(- | 0) Q, (10)

evaluated through a preregistered estimator from
measured data (Methods).

42. Mediated and lagged actuation
(operational transduction path)

A delivered input u(f) is not assumed to act
directly on chromatin coordinates as a universal
primitive. Instead, the operational hypothesis is that
inputs are transduced through measurable mediator
channels (autonomic, endocrine, immune), which
then gate downstream transcription-factor and
remodeling activity. We therefore model a mediated
actuation path:

s(t) =M u(f),c(t) , (11)

where s(f) is a preregistered mediator vector and c(f)
are measured context covariates (expectancy,
credibility, engagement).

Because epigenetic coordinates do not generally
respond on neural timescales, we incorporate a
distributed lag (hysteresis) via a response kernel.
The resulting stochastic dynamics are:

1. ¥ =2 0 is regulation gain (effective error-
correction strength; optionally normalized for
reporting).

2. s(t) are measured mediator signals (e.g., HRV,
cortisol/catecholamines, inflammatory
cytokines), preregistered.

3. B maps mediator fluctuations to epigenetic
coordinates; it is unknown and treated as an
empirically identifiable mapping only under
preregistered identifiability constraints
(Methods).

4. H(r) is a response kernel capturing relaxation
time(s) 7, (assay-dependent, preregistered).

5. ZV2dW(t) is stochastic perturbation
(metabolic/environmental noise).

Status of the actuation map B; (bounded
claim). In biological systems, the actuation map
from measured mediator channels to epigenetic
change is generally not derivable from first

principles. Accordingly, B; is treated here as an
unknown, empirically identifiable, and potentially sparse
mapping whose existence and specificity are
hypotheses to be tested. The framework preregisters
(i) structural constraints on Bs (low-
dimensionality/sparsity and stability), (ii) an
explicit identification procedure with out-of-
sample validation, and (iii) failure criteria under
which any observed effects are interpreted as broad,
non-specific modulation rather than selective steering
(Methods).

4.3. Physical execution (no information-
energy identification)

This framework does not treat information as an
energy source. The energy budget remains
endogenous  (ATP, chromatin remodelers,
transcriptional and signaling networks). The claim
is that structured, informationally salient inputs can
bias which endogenous programs engage and how
strongly through mediator channels, without
assuming that chromatin-level specificity must
originate from a direct chromatin-binding ligand.
ATP-dependent chromatin remodeling complexes
provide a concrete substrate for state transitions and
reconfiguration [5].

44. On the meaning of VD@ (effective
description)

The gradient-flow notation is an effective
description, not a claim that cells explicitly compute
derivatives. @ is an operational functional whose
decrease summarizes relaxation toward a reference
regime under feedback constraints. A natural
candidate in related literature is variational free
energy [10]; accordingly, ® may be interpreted as a
free-energy-like functional under preregistered
approximations, without asserting a literal
optimization algorithm at the molecular level.

5. INFORMATIONAL INPUTS AND
DISCRIMINATION TESTING

5.1. Functional carrier
(restricted and testable)

“Carrier equivalence” is not the claim that
substance never matters. The restricted claim is:
Different physical carriers can be functionally
equivalent only if they converge on overlapping
decoding pathways and produce empirically similar
mediator trajectories s(f) under controlled context
conditions, and only then produce similar
downstream epigenetic dynamics.

A convergent transduction chain can be written
as:

Input — Perception/Inference — Mediator

equivalence
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8 EPIGENETIC TELEONOMY: A CONTROL-THEORETIC FRAMEWORK FOR CONTEXT

Output s(f) — Nuclear Effectors — Chromatin
Remodeling.

Context and learning can modulate symptoms and
physiology via brain systems and neurochemical
mediators, providing a plausible physiological
channel for context-to-chromatin transduction [6,7,
10].

5.2. Protocol-defined informational inputs
(Physically instantiated trajectory
framework)

To avoid methodological narrowing while
keeping the framework falsifiable, we define the
intervention class operationally as any
preregistered, physically instantiated input trajectory
u(f) delivered to the organism under controlled
conditions. The term “informational input” is used in
a strictly operational sense: it denotes reproducible
structure in the delivered physical carrier that can
be quantified independent of outcomes (timing,
intensity, sequencing, and—where applicable—
spectro-temporal representations).

Physical premise (reviewer-tight). The
framework adopts a minimal physical premise: any
input that is experienced by an organism must be
physically instantiated, i.e., realized as a time-
evolving state of some carrier (mechanical,
electromagnetic, electrochemical, or molecular).

In that sense, all experienceable inputs are
time-varying physical trajectories and can be
represented in an equivalent basis (e.g., a spectral
basis for continuous-time signals) by standard signal
decompositions [8,9]. This is a representation-level
statement about physical trajectories and does not
posit a single privileged microscopic mechanism.

Carrier-agnostic  operational specification.
Depending on modality, u(f) may be specified as: an
acoustic waveform (air-pressure dynamics) with
preregistered amplitude envelope, timing and
prosodic  constraints, a  visual = sequence
(electromagnetic ~ input) with  preregistered
luminance/contrast dynamics and timing, a
linguistic script with preregistered temporal
structure and delivery constraints, a behavioral
action schedule with preregistered sequencing and
fidelity metrics, a pharmacological exposure
characterized by identity, dose, and a preregistered
pharmacokinetic time course (a controlled
molecular-state trajectory at the organism level). The
framework does not assume a single privileged
carrier; it tests whether different carriers that
produce matched expectancy and comparable
mediator trajectories can nevertheless be
discriminated by downstream chromatin endpoints
under dictionary-locked congruence rules.

Coupling/entrainment is an  empirical
hypothesis. Biological mediator systems are
oscillatory across scales, and stimulus-to-mediator
coupling can manifest as entrainment, coherence, or
cross-frequency interactions in preregistered
mediator signals [15-17]. The present paper does not
require a universal “resonance mechanism”. Any
coupling between input features and mediator
dynamics is treated as an empirical question
adjudicated by preregistered mediator analyses and
out-of-sample identification criteria.

5.2.1. Complex structured inputs: scripts,
sequences, and interaction protocols

Complex inputs (e.g., multi-step scripts,
interpersonal interaction protocols, or extended
sequences) are treated as structured dynamical
programs rather than as semantic entities. They are
preregistered by: a fixed sequence of units (steps)
with timestamps and duration bounds, physically
measurable delivery constraints (e.g.
amplitude/prosody bounds, pacing, pauses),
interaction structure constraints (turn-taking,
response windows, permitted deviations), fidelity
metrics (adherence scores, timing deviation,
completed-step proportion).

6. RESULTS

6.1. Primary output:
discrimination endpoint

preregistered

The primary result of the framework is a
preregistration-ready decision rule based on the
distribution-level endpoint ADg.. and a fixed
minimal effect size 6p, evaluated under passing
dictionary adequacy and expectancy gates.

6.2. Secondary outputs: directionality and
early ordering

Secondary results are (i) preregistered
directionality tests in the locked module subset Sy
(7)) under preregistered multiplicity control, and (ii)
preregistered early ordering in fast-proxy modules
(entropy reduction preceding detectable phenotype
change), with responders defined independently of AD.

7.FALSIFIABLE PREDICTIONS

7.1. Context effects as generic gain vs.
protocol-specific selective module
recruitment

Context effects can increase global regulatory
engagement (increase effective gain; reduce
generalized noise) without necessarily producing
selective module reorganization. Protocol-specific
effects are hypothesized to produce selective
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recruitment visible as differential reorganization in
preregistered endpoints conditional on
identifiability constraints, dictionary adequacy
gates, and successful expectancy matching.

7.2. Prediction 1: Discriminative
diagnostic moderation under expectancy
matching

Let Sqiag € [0, 1] be a preregistered diagnostic
certainty score (from a standardized algorithm).
Define

E[ADspec | Congruent] = g(Saing), & > 0. (14)

7.2.1. Independent congruence definition

(dictionary-locked, algorithmic)

To  prevent  post-hoc  reinterpretation,
congruence is defined independently of outcomes
viaa preregistered, dictionary-locked target library
with adequacy gates. Let the Congruence
Dictionary be

D = {(k, vi. SO}, (15)

where each entry k defines (i) a fixed target
direction v; in parameter space and (ii) an associated
preregistered module subset S; (modules expected
to respond if k is correct).

Dictionary Build Protocol (DBP): external,
fixed, auditable; no leakage. Each v; is derived
before recruitment under a preregistered Dictionary
Build Protocol (DBP) and is archived with a
timestamped public identifier (e.g., OSF/Zenodo)
prior to recruitment and prior to any outcome
analysis. For each entry k, DBP records:

1. the concrete source list (datasets/papers/repos
with DOI/ Accession),

2. inclusion/exclusion rules and transformation
steps,

3. the fixed feature space y (module/score
vocabulary) and platform mapping rules
(assay harmonization),

4. the estimator producing vy from sources and
the normalization rule v gscdDVi ,

5. a final dictionary hash (freeze identifier) and
timestamp.

No post-hoc edits to D are permitted, and no
information from trial outcomes may influence
dictionary construction (directly or indirectly).

Dictionary adequacy gate (hard). To
prevent degenerate mismatch assignment, a participant
is eligible for C-M discrimination only if all
preregistered adequacy criteria pass:

* minimum classes K 2 Kmin,

*  minimum mismatch-set size |Kwu(7) | = Kymin,

* minimum alignment spread Varx(Aix) 2 Umin.

If the gate fails, the participant enters a
preregistered “dictionary-inadequate” stratum and
is excluded from the primary discrimination analysis
(reported transparently).

Operational congruence rule. Let the
participant’s baseline error vector be e(f)) = 0*—8(to),
where f* is the individual reference (personal
baseline attractor parameterization). Define the
alignment score

The congruent assignment is kc(i) = arg maxy A;x
(ties broken by a preregistered rule). The mismatch
assignment is sampled uniformly from a bottom-
quantile set

Km() ={k: Aix< a0}, (17)

with preregistered threshold ao (e.g., a0 = 0 or
the 20th percentile of A;x across k). This
guarantees mismatch by construction while
preserving format, contact time, and expectancy
matching.

Hard falsification rule (no escape-hatch). If,
under expectancy matching and dictionary
adequacy, the congruent arm fails to outperform
mismatch on the preregistered primary endpoint by
atleast 6p and the preregistered module subset S (i)

fails to show the predicted directionality relative to

mismatch, then the specificity claim (and the

validity of D for this phenotype) is rejected for this
input class. Failure cannot be reinterpreted as

“incorrect congruence” because congruence is

dictionary-locked and algorithmically assigned.

Expectation-matched discriminative design

(two-active-protocol framing):

1. Protocol A (C): class kc(i) assigned by the
dictionary-locked congruence algorithm.

2. Protocol B (M): a class k € Kum(i) sampled
from the preregistered mismatch set, with
identical format, contact time, and scaffolding.

3. Context-only (X): supportive interaction
without protocol-defining structured content.

Falsification: If ADCM spec

under matched expectancy and engagement, the
discrimination claim fails (effects reduce to
nonspecific context).

7.3. Prediction 2: Early ordering in
preregistered fast-proxy modules

Define a preregistered set of variance-sensitive
and plausibly fast-responding proxy modules §,
chosen by explicit criteria:

1. Assay-feasibility criterion: modules
measured reliably at early windows in the
chosen assay/ tissue.

2. Prior constraint: fixed list derived from
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independent prior literature or prior non-
overlapping cohorts; no data-driven module
discovery for primary/secondary endpoints.

3. Multiplicity control: module count and
testing hierarchy are locked prior to
unblinding (Methods). For each module i € §,
preregister a discretization into K metastable bins
(or mixture components). Let pii(f) denote the
estimated probability mass of module i in
bin/component k at time ¢ after cell-composition
adjustment and QC. Define module entropy:

with preregistered weights w; (e.g., uniform or
based on baseline variance).

Responder definition (preregistered;
independent of AD). For Prediction 2, “responders”
are defined before unblinding by fixed thresholds on a
phenotype/clinical outcome score only (or an
independent clinical composite), e.g.,

Responder; := (AP; > po),

with preregistered po and a preregistered rule for
handling missingness. This prevents -circular
selection on the primary divergence endpoint.
Prediction: in responders,

AHs(tearly) < 0 before APhenotype(t) becomes
detectable. (20)

8. DISCUSSION: WHAT THE FRAMEWORK
DOES AND DOES NOT CLAIM

8.1. No retrocausality, no thermodynamic
violation

“Teleonomy” here means reference-regime error
correction produced by evolved architecture
(allostasis), not backwards causation [3]. The
system consumes energy to maintain and restore
order; delivered inputs are transduced through
mediator channels that bias endogenous program
engagement.

8.2. Why a distribution-level divergence
endpoint is useful

A distribution-level endpoint formalizes “distance
from the reference basin” and avoids one-locus
explanations, permitting explicit preregistered
predictions about stability, drift, and recovery—
compatible  with  modular,  multi-factorial
regulation [4]. Because divergence estimation can
be fragile, the Methods preregister symmetric and
distribution-free  sensitivity = endpoints and
numerical safeguards.

8.3. Formal rival-hypothesis set (to prevent
rhetorical framing)

To prevent narrative framing of “context-only” as a
rthetorical category, the framework preregisters a

minimal rival set:

1. HO (Context-only): under  passing
expectancy gates, A = E[AD | C] - E[AD | M
]<dépand (Bcs — Pums) < 0.

2. H1 (Selective recruitment): under passing
gates, A > 0p and preregistered directionality
in S (i) holds relative to mismatch with

preregistered multiplicity control.

3. H2 (Dictionary irrelevant/mismatch): A < dp
while context-only improvements may still
occur (C, M, X can all improve); the specificity
claim fails for this phenotype and dictionary.

8.4. Scope limitations (explicit)

1. The mediator-to-epigenome mapping B: is
unknown and must be identified under
preregistered identifiability constraints; failure
to identify it argues against selective
recruitment.

2. Specificity is claimed at the preregistered
endpoint level (primary AD; key secondary S (1)
directionality), not as a guaranteed locus-level
targeting claim.

3. Lagged responses are expected; early readouts
use fast proxies, while stable methylation
endpoints belong to later windows.

4. Congruence is  dictionary-locked and
algorithmic; it is not redefined after outcomes
are known.

8.5. Likely failure modes (preregister to
avoid post-hoc narratives)

1. Tissue specificity (blood vs. target tissue) and
limited surrogacy.

2. Cell composition confounds and incomplete
adjustment.

3. Lag/time-scale mismatch (assay not aligned with
).

4. Weakly defined Q(y) (reference not
operationalizable or unstable at baseline).

5. Expectancy  mismatches  between  arms
(invalidating the discriminative test).

6. Over-flexible module definitions or endpoint
switching (multiplicity inflation disguised as
“discovery”).

8.6. Preregistered falsification criteria

(skeptic-facing checklist)

The following criteria are preregistered as decision
rules adjudicable from preregistration artifacts, the
locked dictionary, and the reported analyses:

1. Dictionary adequacy gate passes
(required): K =2 Kuin, |Km()| = Ksmin,
and alignment spread above vmin. Otherwise
the participant is not eligible for primary C-
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M discrimination (reported transparently).

2. Expectancy gate passes (required): C and
M satisfy preregistered equivalence on
expectancy/credibility /engagement ~ (TOST
within +e and Bayesian equivalence BFy > 7).
If not, the C vs M specificity claim is not evaluated
and results are reported as context-dominated.

3. Primary discrimination succeeds or fails
cleanly: under passing gates, the preregistered
primary endpoint satisfies AD® — ADM > §p
(with preregistered model and covariates). If
ADC — ADM < §p, the specificity claim fails for
this input class and phenotype under the
locked dictionary.

4. Directionality in the locked module subset:
preregistered directionality in Syc (i) holds

relative to mismatch with preregistered
multiplicity control; failure counts against
selective recruitment even if the primary
endpoint shifts.

5. Sensitivity endpoints agree in sign: Jensen-
Shannon divergence and the preregistered
distribution-free distance yield concordant
qualitative conclusions (at minimum, no sign-
flip indicating estimator fragility).

6. Batch and cell-composition fail rules do
not explain the effect:

e Batch-predictability check: if preregistered
batch/plate identifiers predict arm assignment or
AD above a preregistered threshold, results are
treated as confounded (reported as failure of
interpretability).

e Composition-shift check: if preregistered cell-mix
shift exceeds a preregistered threshold, the
participant enters a preregistered stratum or is
excluded by rule (reported transparently).

7. Identification claim is conditional and
falsifiable: the mediator-to-module mapping
passes preregistered out-of-sample criteria
only under the strict subspace constraint; if CV
performance does not exceed the permuted-
mediator null, the mechanistic identification
claim is rejected and interpretation is limited to
broad modulation.

9. CONCLUSION

Epigenetic =~ Teleonomy reframes chromatin
dynamics as a control-theoretic relaxation problem:
the epigenome is modeled as a distribution evolving
under endogenous energy expenditure while being
regulated toward a preregistered within-subject
reference regime. Regulation gain x summarizes
effective error correction. Protocol-defined input
trajectories are treated as physically encoded,

preregisterable programs that are transduced
through measurable mediator channels and may (as
a falsifiable hypothesis) produce selective
recruitment under preregistered constraints. The
framework stands or falls on preregistered
discrimination tests with a dictionary-locked
congruence  definition, explicit lag modeling,
mandatory expectancy matching and dictionary
adequacy gates, symmetric/sensitivity endpoints,
estimator  safeguards, and  out-of-sample
identification of a constrained mediator-to-module
actuation map.
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10. ABBREVIATIONS AND NOTATION

10.1. Assays / biology

* ATAC-seq: Assay for Transposase-Accessible
Chromatin (sequencing)

* CpG: Cytosine-phosphate-guanine site

*  DNA: Deoxyribonucleic acid

* HPA: Hypothalamic-pituitary-adrenal axis

* HRV: Heart rate variability

10.2. Statistics / modeling / design

* Dx (KLD): Kullback-Leibler divergence

* JSD: Jensen-Shannon divergence

* SDE: Stochastic differential equation

* TOST: Two One-Sided Tests (equivalence
testing)

*  QC: Quality control

*  W(t): Wiener process (Brownian motion)
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10.3. Notation

* x € X: high-dimensional epigenetic microstate
vector (latent biological configuration space)

*  P(x, t): microstate distribution at time #

*  Yobs assay-level observations (noisy)

*  P(yobs | x): measurement channel (assay noise
model)

*  Py(y.t): induced observable distribution over Y

* Q(y): preregistered reference distribution
(primary: within-subject with stability gate;
optional weak population regularizer)

* 0z = Q(y): reference attractor notation used for
the operational reference regime

e O preregistered low-dimensional
parameterization of Py(; f) (module moments,
fixed indices, bin masses, mixture
responsibilities)

*  O(0; 0z): effective potential / error functional
(operationally chosen as divergence to Q)

(autonomic/endocrine/immune signals)

* B.: unknown mediator-to-endpoint mapping
(estimated under preregistered identifiability
constraints)

* H(r): response kernel (lag / relaxation)

» 2: diffusion/noise covariance in parameter
dynamics

* Op: preregistered minimal effect size for C-M
discrimination on the primary endpoint

A APPENDIX A. THE MATH LINK:

Dxi, @, LYAPUNOV STABILITY, AND

NOISE

A.1. Deterministic descent (core Lyapunov
statement)

Let ®(0; 0z) be continuously differentiable and
bounded below, with a (local) minimum at &
corresponding to the reference basin implied by
Q(y). Consider the deterministic dynamics (set

* k = 0: regulation gain (effective strength of inputs and noise to zero):

error-corrective control)

* u(f): delivered protocol-defined input trajectory
estimated by fitting In D(f) vs time over

¢ ot measured context covariates ) 4
(expectancy/engagement/ credibility) preregistered windows.
(i) measured mediator vector
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