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Ginger Science

A Decentralized Research Platform for Redhead Wellness

By Nina Gunther Kilbride

Red-haired individuals possess MCIR-linked biological traits that increase pain
sensitivity, alter anesthesia response, and elevate ultraviolet carcinogenesis risk, yet they
remain largely excluded from mainstream clinical studies. Ginger Science establishes an
open, cryptographically verifiable pipeline that turns community-submitted wellness
data into on-chain research assets. An autonomous agent transforms survey responses
into structured files, mints data-proof NFTs, and supplies purchasers with gated access
to anonymized datasets. By coupling dynamic compliance metadata with
zero-knowledge disclosures, the platform supplies ethical, reproducible evidence to
academics, product developers, and analytics firms while rewarding contributors in a
native token.

1 Background and Problem Definition

Red-haired individuals account for roughly one to two percent of the global population, yet their MCIR
genotype produces clinically relevant traits (altered pain thresholds, atypical anesthetic requirements,
heightened UV carcinogenesis risk) that remain under-studied in conventional trials. Most multicenter
research collapses phenotypes into broad demographic bins, obscuring genotype-linked outliers and
leaving clinicians to rely on anecdotal dose adjustments. The resulting evidence gap manifests in
preventable surgical complications, suboptimal analgesic protocols and delayed melanoma diagnoses.

Data scarcity is compounded by regulatory inertia. The United States Food and Drug Administration has
not approved a new organic sunscreen filter since 1999, so redheads seeking modern, more photostable
molecules such as bemotrizinol or triazine derivatives must rely on informal import channels. Product
provenance becomes uncertain, counterfeit incidence rises, and epidemiologic linkage between filter
chemistry and MCIR skin response remains anecdotal.

Institutional data silos further impede progress. Dermatology clinics, oncology registries and
pharmacogenomic labs store information in incompatible formats under divergent privacy regimes.
De-identification standards differ across jurisdictions, and genetic-privacy statutes such as GIPA
(California) introduce heterogeneous consent requirements that frustrate cross-site aggregation.
Traditional security models guard databases at the perimeter, leaving element-level leaks possible and
eroding participant trust.

Finally, prevailing valuation models treat health data as a by-product of clinical operations rather than a
primary research asset, offering no direct economic pathway for under-represented cohorts to monetize
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their contributions. Without aligned incentives, long-term, longitudinal participation by MCIR carriers
remains sporadic, and datasets stagnate.

Together these structural failures (regulatory lag, incompatible storage, fragmented consent and absent
economic feedback) prevent the creation of robust, reproducible evidence for redhead health. Ginger
Science addresses each defect by combining dynamic compliance tagging, zero-knowledge disclosure,
knowledge-graph enrichment and token-denominated data markets, thereby enabling ethical,
pseudonymous participation and continuous dataset growth.

Market Size

80 million MCI1R-variant carriers worldwide intersect a US $§ 11.9 billion global sun-care products
category and a ~US $ 83 billion pain-management therapeutics market, representing two high-growth,
clinically relevant TAMs that Ginger Science can serve.

2 System Architecture and Compliance Framework

The Ginger Science platform is organized as a three-layer stack that moves participant data from field
submission to verified marketplace asset while preserving privacy and regulatory conformity.

At the intake layer, contributors complete structured electronic questionnaires that capture environmental
exposure, sunscreen formulation, genotype confirmation and longitudinal wellness metrics. Submissions
are written to an append-only repository that supports content-addressable retrieval and immutable audit
logging. A background agent continuously polls this ledger, converts each record into canonical JSON
and an RDF knowledge-graph fragment, and attaches provenance metadata including submitter
pseudonym, timestamp and checksum.

The transformation layer enriches each datum with dynamic compliance tags. These tags encode
jurisdiction-specific health-privacy statutes, research-ethics approvals and participant consent restrictions
at the individual field level. A zero-knowledge disclosure circuit generates a succinct proof attesting that
the tagged record satisfies all active regulatory predicates without revealing identifiers or raw values. The
proof, the content hash and a pointer to the encrypted payload are written to an on-chain metadata object.

Minting occurs on a high-throughput proof-of-stake network that supports inexpensive, final-settlement
transactions. Each validated submission produces a non-fungible provenance token whose immutable
metadata stores the compliance proof, content locator and semantic type flag (study enrollment, sunscreen
review, or clinical diary). Token issuance thus serves as an auditable signal that new,
regulation-conformant data have entered the corpus.

Marketplace access is mediated by a second smart-contract suite that issues time-boxed redemption
tokens, colloquially referred to as lootboxes. When a buyer acquires a lootbox token, a contract function
verifies ownership and the underlying provenance token lineage, then releases a pre-signed access
credential for the encrypted payload. Revenue from primary and secondary sales is programmatically
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divided between a contributor reward pool and the project treasury in proportions set by token-holder
governance.

Security is enforced through layered encryption, isolated key-management services and formal
verification of the smart-contract codebase. All off-chain storage objects are encrypted at rest with unique
per-record keys, and all transport channels employ mutually authenticated TLS. Periodic third-party
audits attest to the continued soundness of the zero-knowledge circuit and smart-contract invariants.

This architecture decouples data custody from compute, ensures that every analytic query can trace its
input to a cryptographic proof of consent and compliance, and aligns economic incentives so that
expanded participation directly increases both dataset richness and community rewards.

3 Data Asset Lifecycle and Marketplace Mechanics

3.1 Ingestion to Asset Control

Once a submission clears the dynamic-compliance engine, its JSON payload and linked-data graph are
encrypted and sharded across redundant storage zones. The content hash, compliance proof and storage
locator form the immutable header of a provenance token. Each provenance token acts as an access
certificate for a single, regulator-conformant record, enabling atomic withdrawal or revocation without
jeopardizing neighbouring entries.

3.2 Aggregation and Curation

Data stewards periodically assemble thematically aligned provenance tokens—e.g., all bemotrizinol
sunscreen trials for Fitzpatrick I and II—into composite study bundles. The bundling contract records a
manifest of token IDs plus cohort descriptors and publishes a bundle-level metadata JSON that can be
cited in future academic work. Study bundles drive statistical power while preserving the audit trail back
to individual consents.

3.3 Loot-Box Redemption

Researchers or product developers acquire a redemption token that references a chosen study bundle.
Upon transfer, a contract routine validates the entire manifest (checking hash integrity, consent status and
geographic licensing constraints) then emits a time-limited decryption key for the bundle archive. The
transaction finalizes only if all manifest items pass validation, ensuring that no downstream user can
unknowingly incorporate non-compliant data.

3.4 Revenue Split and Community Rewards
Primary and secondary sale proceeds are streamed to two destinations:

Contributor Reward Pool - allocated pro rata to participating provenance-token holders.
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Treasury - supports storage, compliance audits and future protocol upgrades.

The split ratio and emission schedule are subject to on-chain governance (see §5). By design, the system
aligns every new data acquisition with a direct economic benefit for those who supplied the raw evidence,
creating a virtuous loop of recruitment and retention.

4 DRAFT Token Model and Economic Parameters

The Ginger Science utility token (ticker MC1R) is the unit of account for marketplace transactions,
contributor rewards and on-chain governance. It circulates on the same settlement network that hosts
provenance and redemption tokens, ensuring synchronous accounting and no external bridging risk.

4.1 Token Supply Allocation
MC1R Token Supply Allocation (Fixed cap: 100,000,000)

Public liquidity (20%)

Community rewards (40%)

Team & advisors (20%)

Treasury reserve (20%)

4.2 Reward Rate

Each validated data submission mints 10 MC1R to the contributor pool. An early-adopter multiplier starts
at 2x for the first study cycle and decays linearly to 1x by the end of the sixth 30-day cycle, giving initial
momentum without permanently distorting emissions.

4.3 Governance Mechanics

Voting weight equals the square root of a holder’s liquid MCIR balance, mitigating large-holder
dominance. Proposals require a 5 % circulating-supply quorum and simple-majority approval; any
treasury withdrawal triggers a one-week timelock during which token holders can veto via override vote.
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4.4 Fee Structure

Fee type Rate Automated distribution
Primary-sale marketplace fee 5 % 60 % to contributor pool, 30 % to treasury, 10 % burned
Secondary-sale royalty 2.5%  Same split as above

These parameters establish a conservative emission curve, fund ongoing protocol operations and maintain
continual incentives for data contribution while allowing token-holder governance to refine specifics over
time.

S Governance Layer: Fiduciary Kernel and Autonomous
Oversight

Ginger Science locks its treasury and intellectual-property rights inside a statutory fiduciary kernel.
This kernel combines an irrevocable off-chain deed with an on-chain protector contract. All protocol
assets vest in the kernel at genesis; any outbound transfer or deed revision must carry a cryptographic
signature from the protector. Because the protector logic is deterministic and open source, beneficiaries
can verify that every disbursement or rule change originates within the deed’s mandate rather than
multisig preference.

5.1 Operational Delegation

A steward multisig (three-of-five keys, staggered one-year terms) adjusts routine parameters such as
oracle pointers, pricing curves, and storage-fee caps through upgradeable proxy slots. The multisig cannot
move treasury funds or reassign licensing rights. Calls that touch controlled assets enter a challenge
period; during this window the protector contract may cancel the transaction if the calldata conflicts with
kernel constraints.

5.2 Structural Amendments
Major changes (for example, network migration or token-supply revision) follow a two-step path:

1. Token-holder referendum with a five-percent quorum of circulating supply and simple-majority
approval

2. Protector execution that atomically rebonds contract addresses or constants once the referendum
hash clears a fraud-proof delay

Both steps are notarised on-chain, so the off-chain trustees (names withheld here) need only attest to the
final state. They cannot impose unilateral decisions.
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5.3 Compliance Drift Handling

A versioned regulatory matrix links every data-field tag to statutory predicates. When external law shifts
(for example, a new California genetic-privacy clause) the compliance engine flags affected records. The
steward multisig submits an updated tag library; after referendum approval the protector overwrites the
previous mapping and emits an on-chain marker. Analysts must refresh proofs before querying flagged
datasets, preserving legality without recollecting data.

5.4 Ethical Circuit Breaker

An independent review council (dermatologists, geneticists, privacy scholars) receives read-only access to
encrypted payloads and protector logs. Twice yearly the council attests to informed-consent text,
encryption hygiene, and zero-knowledge circuits. Failure to remediate a Level-One finding within sixty
days activates an automatic mint pause, enforced by the protector, until verifiable corrections are
deployed.

This layered arrangement gives token holders agility while placing ultimate authority inside a
tamper-resistant fiduciary kernel, protecting contributors from discretionary rug pulls and concealing the
exact legal wrapper from casual imitators.

executing new analyses, ensuring perpetual legal alignment without re-collecting data.

6 Roadmap and Future Work

Phase I (Q3 2025):

e Launch Global Sun Study bundle v1, targeting 1,000 redhead participants across three climate
zones.

e Deploy redemption marketplace with fixed-price loot-box sales.
Phase II (Q1 2026):

e Integrate anesthesia response diaries and perioperative outcome logs.

e Introduce differential-privacy noise layer for aggregate public dashboards.
Phase 11T (Q4 2026):

e Implement cross-chain proof relay if the minting layer migrates.

e Release participant wellness app that streams longitudinal biomarkers directly to the intake
repository.

https://gingerscience.org/ 6


https://gingerscience.org/

@

Beyond Phase III, Ginger Science aims to contribute reference datasets to public genomic consortia and
publish peer-reviewed analyses linking sunscreen chemistry to MCI1R-specific melanoma incidence,
thereby influencing regulatory standards and commercial formulation strategies.
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