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ABSTRACT

We propose the Mothersoul Architecture — anovel multi-agent simulation framework in which
language model (LLM) agents inhabit biologically grounded digital bodies derived from the
Caenorhabditis elegans connectome, live full lifetimes within a simulated ecology, and upon
death return compressed experiential reports to a central generative memory system. New agent
instances receive partia inheritance from this collective memory — implementing a
computational analog of cultural transmission with controlled amnesia. Over successive
generations, the system allows researchers to observe the emergence of territorial behavior,
cooperative signaling conventions, and proto-socia structures without any explicit
programming of these outcomes. The framework unifies three underexplored research frontiers:
(1) embodied Al grounded in real neuroscience, (2) generational cultural emergence in
multi-agent systems, and (3) pharmacological perturbation modeling using a validated
biological substrate. We describe the full technical architecture, a staged implementation path
from minimal prototype to full-scale deployment, and two complete grant proposals targeting
DARPA swarm/counter-swarm intelligence research and NIH pharmaceutical screening
applications.




1. INTRODUCTION AND MOTIVATION

1.1 The Central Question

Contemporary artificial intelligence research has produced systems of remarkable capability — but these
systems lack something that even the simplest biological organisms possess. a body that generates the
motivationa substrate from which cognition emerges. A language model can discuss hunger without ever
being hungry. It can reason about danger without a nervous system calibrated by millions of years of
predation. Rodney Brooks, Antonio Damasio, and Karl Friston have each argued, from different disciplines,
that this separation is not cosmetic — it is the reason current Al systems, however capable, remain
fundamentally alien in their cognition.

The Mothersoul Architecture begins from a different premise. Rather than building intelligence and hoping
the body follows, we build the body first — specifically, the simplest body whose complete nervous system
science has fully mapped — and we ask what happens when a mind, constrained to that body and that
ecology, must discover how to survive, communicate, and transmit what it has learned to those who come
after.

The organism we chose is Caenorhabditis elegans: a 1mm soil nematode with exactly 302 neurons, fully
mapped, whose complete connectome has been publicly available since 1986. Its simplicity is the point.
When complex behavior emerges from this system, it cannot be attributed to hidden complexity in the
substrate — it arises from the interaction of constrained bodies, a competitive environment, and the
accumulated cultural knowledge of prior generations.

1.2 What Makes This Architecture Novel

Prior work in artificial life (Tierra, Avida, OpenWorm) and multi-agent reinforcement learning (JaxMARL,
EconoJax) has explored either biological fidelity or emergent social behavior — but not both
simultaneously, and not with generational memory transmission as a first-class design element. The
Mothersoul Architecture introduces three innovations that distinguish it from existing systems:

* Biologically grounded embodiment: Agent cognition runs through a sensorimotor interface derived
from thereal C. elegans connectome, not an abstract action space. The body shapes what thoughts are
possible.

* LLM-mediated experiencereporting: At end-of-life, each agent generates a natural language report
of its experiences— what it found, what it learned, what it feared — which feeds into the collective
memory system.

* Controlled generational amnesia: New agents receive partial inheritance from the Mothersoul —
enough to carry cultural knowledge forward, not enough to replicate the previous generation wholesale.
This creates genuine novelty in each generation while preserving directional learning, exactly as
biological cultural transmission does.




2. THEORETICAL FOUNDATIONS

2.1 Embodied Cognition and the Somatic Substrate

The embodiment hypothesis holds that intelligence emerges from the interaction of an agent with its
environment through sensorimotor activity. Damasio's somatic marker hypothesis extends this further:
emotional states — fear, hunger, pain, satisfaction — are not labels applied by a reasoning module but are
body states that constitute the motivational architecture within which all cognition operates. An agent
without a body has no somatic markers; its 'decisions are abstract computations unmoored from
consequence.

For the Mothersoul Architecture, this means the worm body is not a display layer on top of the Al brain — it
is the source of meaning. Hunger degrades processing capacity in rea time. Pain triggers immediate
override of current goals. The proximity of another worm generates a conflict between foraging and social
behavior that the agent must resolve under time pressure. These are not simulated constraints — they are the
actual structure of the problem.

2.2 TheFree Energy Principle and Active I nference

Karl Friston's Free Energy Principle provides the unifying mathematical framework for the system. Under
FEP, al living systems minimize the difference between their predictions about sensory states and the actual
sensory states they receive. This 'prediction error' is variational free energy, and minimizing it through either
perception (updating the internal model) or action (changing the world to match predictions) constitutes
active inference.

Critically, FEP unifies homeostasis, emotion, perception, and action into a single mathematical framework.
Hunger is prediction error in glucose models. Fear is prediction error in threat models. Curiosity is the drive
to reduce model uncertainty. All of these emerge naturally in an agent whose body generates continuous
interoceptive signals — precisely what the worm body simulation provides.

2.3 C. elegansas Minimal Viable Nervous System
The choice of C. elegans as the biological substrate is not arbitrary. It possesses severa properties that make
it uniquely suited to this research:

» Complete connectome: All 302 neurons and ~7,000 synapses mapped and publicly available. No
other multicellular organism offers this.

e Invariant structure: The connectome isidentical across al individuals of the species. This means
experimental results are reproducible and inter-agent variation arises from learning, not biology.

» Well-characterized behavior: Decades of experimental literature document exactly how C. elegans
responds to chemical gradients, temperature, touch, hypoxia, and social proximity — providing ground
truth for validating the simulation.



» Established pharmacology: Many neuroactive compounds have known, documented effects on C.
elegans behavior, enabling direct translation between simulation perturbations and wet 1ab experiments.

» Computational tractability: 302 neurons runs on alaptop. Scaling to thousands of simultaneous
agents does not require exotic hardware.

2.4 Generational Memory and Cultural Transmission

Cultural transmission in biological organisms involves the transfer of learned behavioral patterns across
generations through mechanisms other than genetic inheritance — imitation, teaching, social learning, and
symbolic communication. This process is neither perfect fidelity (which would produce a copy, not a
descendant) nor complete noise (which would erase al learning). The productive zone is partia
transmission: enough to carry directional knowledge forward, enough loss to alow genuine novelty.

The Mothersoul implements this computationally. Each generation's experiences are distilled by an LLM
consolidation step into compressed ‘cultural wisdom' vectors stored in a persistent database. New agents
initialize with a weighted sample of ancestral experience — recent generations weighted more heavily, with
stochastic dropout creating the amnesia. This is not metaphor; it is a direct functional analog of the
biological process.

3. SYSTEM ARCHITECTURE

3.1 Overview: Five Coupled Layers

The full Mothersoul Architecture consists of five tightly coupled computational layers, each with a distinct
function and a defined interface to adjacent layers. These run simultaneously: the ecology ticks forward in
discrete time steps, worm bodies translate environmental state into sensory signals, Al brains generate motor
intentions and episodic memories, the Mothersoul consolidates and distills across lifetimes, and an
observation layer records everything for analysis.

L1 Ecology Engine JAX-accelerated 2D grid world: soil patches, bacterial food, chemical diffusion
gradients, temperature fields, obstacle terrain. Ticks at ~1,000 steps/second on
a single GPU. Supports 100-10,000 simultaneous worm agents.

L2 Worm Body Sensorimotor interface derived from C. elegans biology: translates
Simulation environmental grid state into worm sensory signals (chemosensory,
thermosensory, mechanosensory, interoceptive). Translates Al motor outputs

into movement, chemical secretion, and body posture.




Al Brain Layer Per-agent reasoning: small transformer or LLM (1B—7B params) operating on a
compressed sensory state description. Generates motor intentions, maintains
episodic working memory, produces natural language 'thoughts' at key events
(food found, worm encountered, danger sensed).

Mothersoul Central generational memory: vector database of death reports, LLM
consolidation engine, cultural wisdom store. Generates partial-amnesia
initialization packages for new worm instances at birth.

Observation & Records all worm trajectories, encounters, chemical signals, and language
Analysis outputs. Runs emergence detection algorithms. Generates reports and
visualizations per generation.

3.2 TheEcology Engine (L1)

The ecology is a 2D toroidal grid implemented in JAX, enabling full GPU vectorization. Each cell carries
state variables for bacterial density (food), chemical concentration (pheromone/alarm signals secreted by
worms), temperature, and obstacle flags. Diffusion of chemical signals follows a discrete Laplacian
approximation updated each tick. Bacterial density recovers at a configurable rate, creating resource scarcity
dynamics that drive competition.

Resource distribution follows one of severa configurable regimes: uniform (baseline), patchy (clustered
high-value regions separated by desert), dynamic (patches appear and disappear stochastically), and
adversarial (a separate predator agent depletes patches). The choice of regime dramatically influences what
cultural knowledge becomes valuable — patchy environments select for territorial memory; dynamic
environments select for exploration strategies; adversarial environments select for alarm signaling.

3.3 Worm Body Simulation (L2)

Rather than running the full OpenWorm physics engine (which takes 10 hours to simulate 5 seconds of
movement), L2 implements a biologically calibrated sensorimotor abstraction. The connectome's known
sensory neurons map to specific environmental variables, motor neuron activation patterns map to
movement vectors. The abstraction preserves the key architectural features of the biological system while
running at simulation speed.

Interoceptive signals — the body state variables that constitute motivation — are modeled explicitly:
nutrient level (decays over time, restored by feeding), thermal stress (deviation from optimal temperature
range), mechanical damage (accumulated contact history), social arousal (proximity to other worms), and
reproductive drive (cycles with age). These signals are passed directly into the Al brain layer as first-class
inputs, not optional context.

3.4 TheAl Brain Layer (L3)



Each worm instance runs a dedicated Al brain that receives compressed sensory state as input and produces
motor commands plus episodic memory entries as output. Two implementation modes are supported
depending on available compute and research objectives:

Mode A — Small Network Brain (research scale): A compact recurrent neural network (4-8M
parameters) trained with homeostatic reinforcement learning. Thousands of worms run simultaneously on a
single GPU. Suitable for studying emergent population dynamics over many generations.

Mode B — LLM Brain (rich cognition mode): A small language model (1B—7B parameters, e.g., Llama
3.2 1B or Phi-3.5 Mini) receives sensory state as a structured natural language prompt and generates both
motor intentions and natural language 'inner monologue.' This mode enables the death report mechanism
and produces the richest observable behavior, but runs fewer simultaneous agents. Suitable for qualitative
analysis of individual cognition and cross-agent communication studies.

The death report — generated in Mode B when nutrient level reaches zero or damage threshold triggers
mortality — is a structured natural language summary: what regions the worm explored, what other worms
it encountered, what strategies proved effective, what caused its death. This report enters the Mothersoul
pipeline.

3.5 The Mothersoul (L4)
The Mothersoul is the architectural innovation that distinguishes this system from prior multi-agent work. It
consists of three components:

» Death Report Archive: A vector database (Chroma, Weaviate, or pgvector) storing all death reports
as embedding vectors with metadata (generation number, worm 1D, lifespan, territory occupied,
encounters, cause of death). Retrieval uses semantic similarity search.

» Consolidation Engine: An LLM called at generation boundaries that reads the death reports of the
completed generation and produces a 'cultural wisdom distillation' — compressed lessons about the
environment, effective strategies, and social observations. This runs once per generation, not per worm,
keeping API costs bounded.

* Birth Initialization Package: For each new worm, the Mothersoul generates a partial initialization: a
retrieved sample of ancestral memories weighted by recency and relevance, plus the current cultural
wisdom distillation. A configurable dropout rate implements amnesia— setting dropout to 0.0 produces
perfect cultural transmission; 1.0 produces a naive newborn; 0.3-0.5 produces the productive
partial-amnesia regime that best mirrors biological cultural transmission.

4. IMPLEMENTATION: STAGED DEPLOYMENT PLAN

The system builds in four stages, each producing standal one publishable results. Hardware requirements and
costs escalate with each stage, allowing a researcher to begin on a standard laptop and scale as funding
arrives.



Timeline Component Deliverable

1 Weeks 1-3 Connectome Grid World Python implementation of C. elegans
connectome in 2D ecology. 10-50 worms, RL
brains, SQLite Mothersoul. Runs on any

laptop.

2 Weeks 4-8 LLM Brains + Death Reports Swap RL brains for local Llama 3.2 1B.
Worms generate natural language inner
monologue and structured death reports.
Mothersoul runs Claude API consolidation.
~$20/month in API costs.

3 Months 3-5 JAX Scale-Up on Cloud GPU Migrate ecology to JAX. Deploy on AWS
gddn.xlarge (~$1.50/hr). Run 500-5,000
simultaneous worms. Mode A RL brains at
population scale, Mode B LLM for sampled
individuals. Observe tribal emergence.

4 Months6-12 | Full Architecture + Pharmacology | Add connectome perturbation API. Run drug
Module simulation experiments. Full Mothersoul with
pgvector on RDS. Analysis dashboard. Produce
publications and grant demo packages.

4.1 Minimum Viable Prototype: Step-by-Step I nstructions
The following instructions build a working prototype on any computer with Python 3.9+ installed. No GPU,
no cloud account, no paid API keys required for Phase 1. Estimated setup time: 2—4 hours.

Step 1: Clonethe connectome baseline

git clone https://github.conl nategri/nematodui no git clone
https://github. coml adanmar bl est one/ si npl e- C-el egans pip install nunpy matplotlib scipy
net wor kx
This gives you a working Python implementation of al 302 neurons and their connections, plus the
lightweight simulation framework.



Step 2: Build the ecology grid

# Create a 100x100 grid with bacterial food patches # and chem cal diffusion. ~50
lines of Python using NunPy. # See Section 4.2 for the conpl ete code skel eton.

The grid world is the simplest possible: a 2D array where each cell holds afloat for food density and another
for pheromone concentration.

Step 3: Wirethe sensorimotor interface

# Map grid cell values to connectone input neurons: # ASHL/ASHR -> chem cal gradient #
AFD -> tenperature # ALM PLM -> touch (wall/worm proximty) # Map notor neuron
averages -> dx, dy novenent

Thisis the critical trandation layer. The worm's actual sensory neuron names from the connectome map to
specific environmental variables.

Step 4: Add the SQL ite M other soul

# At worm death, |log: generation, lifespan, trajectory, # encounters,
max_food density found, cause of death # At generation end, summarize |logs into a JSON
'wi sdomi # dict that biases newborn initialization weights.

Even without an LLM, a simple statistics-based consolidation (average successful trajectory, most-visited
food cells) produces meaningful generational learning.

Step 5: Run and observe

pyt hon not hersoul _simpy --worns 20 --grid 100 \ --generations 50 --food-regi me patchy
\ --ammesia 0.4 --output ./logs/run001

Watch the logs. By generation 10-20, you should observe worm populations clustering near historically
productive food patches even in new worm generations — the first signal of cultural transmission.

4.2 Core Code Skeleton
i mport nunpy as np
inmport json, sqglite3, time

from connect one i nport CEl egansConnectone # from si npl e- C- el egans

cl ass Ecol ogy:

def __init__ (self, size=100, n_food_patches=8):

sel f.food = np.zeros((size, size))

sel f. pheronone = np. zeros((size, size))

sel f. _seed _food(n_food patches)

def tick(self):

self.food = np.clip(self.food + 0.001, 0, 1.0) # regrowh



sel f. pheronone *= 0.98 # diffusion/decay

cl ass Wor mAgent :

def __init_ (self, worm.id, ecology, nenory_ package):
sel f. brain = CEl egansConnect one()

self.x, self.y = ecol ogy.random enpty_cel |l ()
self.nutrient = 1.0

self.age = 0

sel f.episodic log =[]

sel f. appl y_nenory(nmenory_package) # Mothersoul inheritance
def step(self, ecol ogy):

sensors = sel f.sense(ecol ogy)

nmotors = sel f.brain. step(sensors)

sel f. nove( not or s)

self.nutrient -= 0.002

if ecol ogy.food[self.x, self.y] > 0.1:

self.nutrient = mn(1.0, self.nutrient + 0.05)

ecol ogy. food[sel f.x, self.y] -= 0.05

return self.nutrient > 0

def death_report (self)

return {'age': self.age, 'log' : self.episodic_|og,

"peak_nutrition': max(e['n'] for e in self.episodic_|og)}

cl ass Mot hersoul

def __init__(self, db_path="nothersoul.db")
sel f.conn = sqlite3.connect (db_pat h)

sel f._init_db()

def store_death(self, gen, report):

sel f. conn. execut e(' | NSERT | NTO deat hs VALUES (?,?)'
(gen, json.dunps(report)))

sel f. conn. commi t ()

def get _birth_package(sel f, ammesi a=0.4):

# Retrieve recent wi sdom apply dropout

wi sdom = sel f. get | atest_ w sdom()
return {k: v for k,v in wi sdomitens()

if np.random randon() > ammesi a}




5. PREDICTED EMERGENT BEHAVIORS

The following behaviors are predicted to emerge without explicit programming, based on theoretica
grounds and analogy with existing multi-agent simulation literature. They constitute the primary
experimental observables of the system.

Territory and Geography

Worms carrying Mothersoul memories of productive food patches will exhibit higher initial foraging
efficiency, establishing effective presence in those regions before naive worms arrive. Over generations this
produces stable population geography — proto-territories that persist across generations even as the
individual worms composing them are replaced.

Alarm Signaling Conventions

In environments containing predator agents or high-danger zones, worm pheromone secretion in danger
regions will, through the Mothersoul, bias descendants to avoid those regions. Over generations, culturally
transmitted avoidance of specific pheromone signatures constitutes a primitive alarm language —
meaningful chemical communication that was not programmed.

Cooperative Foraging vs. Defection

When food patches require multiple worms to fully exploit (large patches that one worm cannot deplete
before dying), evolutionary pressure favors worms that can signal food location to others. Counter-pressure
favors solitary hoarders. The equilibrium between these strategies — and how it shifts with resource
abundance — constitutes alive laboratory for studying the origins of cooperation and defection.

Lineage Differentiation

With partial amnesia, different lineages of worms will accumulate different subsets of cultural knowledge
depending on stochastic inheritance and local experience. Over many generations, genetically identical
worms with different Mothersoul inheritance histories will exhibit reliably different behaviora profiles —
the computational analog of culture as a heritable phenotype independent of genetics.

Proto-Social Roles

In LLM Brain mode, worms with richer Mothersoul packages may develop behaviora speciaizations —
consistently exploring vs. exploiting — that are visible in their natural language inner monologue. The
emergence of differentiated socia roles in a population of identical agents is a key prediction of the
architecture and a primary publication target.




6. GRANT PROPOSAL A: DARPA SWARM / COUNTER-SWARM
INTELLIGENCE

FUNDING VEHICLE: DARPA Young Faculty Award (YFA) 2025 / SBIR Phase |

Target Program: Disruptive Emergent Technology thrust; Swarm and Counter-Swarm topic area

Requesting Organization: Independent researcher or small LLC (SBIR Phase | requires SAM.gov registration)

Requested Amount: $250,000 (Phase |, 18 months) | Path to $1.5M Phase Il

Program Officer Target: DARPA DSO (Defense Sciences Office) or TTO (Tactical Technology Office)

Submission Window: YFA FOA typically opens October; SBIR BAAs open quarterly

6.1 Executive Summary

Current autonomous swarm systems are brittle: they operate on hand-coded behavior trees that adversaries
learn to predict and exploit within hours of first contact. The fundamental problem is that swarm tactics are
programmed rather than evolved — they cannot generate genuinely novel strategies because no mechanism
exists for the swarm to learn from experience across operational deployments.

We propose the Mothersoul Architecture as a training platform for the next generation of adaptive swarm
intelligence. By running millions of simulated swarm lifetimes in a competitively pressured digital ecology,
the system evolves emergent coordination strategies, alarm conventions, and territorial behaviors that were
never explicitly programmed — and transfers them to physical swarm platforms as behavioral priors.

6.2 Technical Approach

The biological grounding in C. elegansis not incidental to the defense application — it is the core technical
argument. Biological swarms (ant colonies, bee swarms, fish schools) have solved coordination problems
under adversarial pressure for hundreds of millions of years. The nematode connectome represents the
simplest complete implementation of these solutions. By running simulated evolution over this substrate
under configurable adversarial pressure, we extract coordination strategies that nature has aready validated.

Baseline Ecology Implement the full five-layer Mothersoul Architecture on GPU cluster.
Platform Validate against known C. elegans behavioral literature.

Adversarial Agent Add configurable adversary agents: area-denial predators mimicking
Introduction electronic warfare; resource-denial agents mimicking logistics
interdiction; deception agents that emit false food signals.




Generational Strategy
Extraction

Counter-Swarm
Simulation

Transfer to Physical
Platform

Run 1,000+ generations under each adversarial regime. Extract
emergent coordination strategies from Mothersoul cultural wisdom
store. Classify strategy types: evasion, deception, alarm, coalition.

Pit two Mothersoul populations against each other with opposing
objectives. Observe co-evolutionary arms race dynamics. Extract both
offensive and counter-strategy pairs.

Encode extracted behavioral priors as initialization packages for
quadrotor  microswarm  (Crazyflie 2.1). Demonstrate that
Mothersoul-trained priors outperform hand-coded baseline on novel
obstacle courses.

6.3 Innovation and Differentiation from Prior Art

Existing swarm Al research (DARPA OFFSET, commercial drone swarm systems) uses one of two
paradigms: centralized planning with distributed execution, or fixed decentralized behavior rules. Both fail
under novel adversarial conditions because they cannot generate tactics their programmers did not
anticipate. The Mothersoul Architecture differsin three ways:

» Generative, not parametric: Strategies emerge from simulated evolution, not from a parameter space
that human designers defined in advance.

* Biologically validated substrate: The C. elegans connectome provides a coordination architecture
tested by evolution against real predators — not a synthetic graph designed by engineers.

» Adversarial co-evolution: Running opposing Mothersoul populations against each other generates
both attack and defense strategies simultaneously, solving the counter-swarm problem as a byproduct of

the training regime.

6.4 Budget Justification (Phase | — $250,000)

Category Amount Justification

Personne (Pl + 05 FTE | $145,000 18 months; Pl at $80K + developer at $65K prorated
devel oper)

Cloud Computing (AWS GPU) $42,000 p3.2xlarge at $3.06/hr, 80% utilization, 18 months
LLM API Costs | $18,000 Consolidation calls, ~$1,000/month at scale

(Anthropic/OpenAl)

Physical Swarm Platform | $15,000 20-unit swarm for Phase |.5 transfer demo

(Crazyflies)




Overhead and Indirect Costs

$30,000

12% indirect rate as independent researcher LLC

TOTAL

$250,000

6.5 Deliverables and Milestones
» Month 3: Baseline five-layer architecture running; validated against C. elegans behavioral literature

» Month 6: Adversarial agent typesimplemented; first 100-generation runs completed under each

regime

» Month 10: 1,000+ generation runs completed; strategy taxonomy published (arXiv preprint)

» Month 14: Counter-swarm co-evolution framework complete; offensive/defensive strategy pairs

extracted

» Month 18: Physical transfer demonstration; Phase |1 proposal submitted; peer-reviewed publication

submitted

6.6 Path to Phase |1 and Commercialization

Phase Il ($1.5M, 36 months) would scale to 10,000+ worm agents with full LLM brain mode, integrate with
DARPA's existing virtual test environments (OFFSET VE), and produce a deliverable behavioral prior
package for direct integration with DoD swarm platforms including Perdix, LOCUST, and the Replicator
initiative's target platforms. Commercialization path includes licensing the Mothersoul training engine to
defense contractors (Anduril, Shield Al, Joby Defense) and SaaS deployment of the simulation platform for

non-defense swarm robotics applications.




7. GRANT PROPOSAL B: NIH/PHARMA —IN SILICO NEMATODE
PHARMACOLOGY

FUNDING VEHICLE: NIH SBIR Phase | (R43) — National Institute of Neurological Disorders
and Stroke (NINDS)

Program Announcement: PA-24-185 (SBIR Phase I) or PA-24-184 (STTR with academic partner)

Secondary Targets: NIA (aging/neurodegeneration), NIMH (behavioral pharmacology), NSF SBIR
(Al/computational tools)

Requesting Organization: Small business (LLC with <500 employees; Pl must have >51% ownership)

Requested Amount: $314,000 (Phase I, 12 months) | Path to $2.0M Phase Il

Earliest Submission: Standard NIH SBIR receipt dates — February 5, June 5, October 5

7.1 Specific Aims

Background: C. elegans is one of the primary model organisms for pharmaceutical neuroscience research.
Its fully mapped connectome, transparent body, short lifespan, and well-characterized response to hundreds
of neuroactive compounds make it the standard first-pass screening organism for CNS drug candidates.
However, live-worm assays are slow (2—3 week experiments), expensive (trained wet lab staff), and cannot
easily model multi-generational or population-level drug effects.

Gap: No validated computational platform currently exists that can simulate C. elegans pharmacological
responses at population scale with generational learning dynamics. Existing in silico C. elegans models
(OpenWorm, Neural Interactome) do not include population ecology, generational transmission, or drug
perturbation modules.

Aim 1: Build and validate the C. elegans phar macological simulation platform

Implement the full Mothersoul Architecture with a connectome perturbation API that modifies synaptic
weights and neuron excitability parameters to model the known effects of reference compounds (Ilevamisole,
aldicarb, fluoxetine, ivermectin) on C. elegans behavior. Validate smulation output against published wet
lab behavioral assays.



Aim 2: Demonstrate population-level and generational drug effect modeling

Run multi-generational simulations under chronic sub-lethal exposure to reference compounds. Characterize
how cultural transmission dynamics change under pharmacological perturbation — do medicated
populations learn faster or slower? Do drug effects compound, attenuate, or reverse across generations?

Aim 3: Pilot screening of novel CNS drug candidates

In collaboration with a pharmaceutical partner, apply the platform to screen a panel of 20 novel neuroactive
compounds against behavioral endpoints. Compare predicted behavioral profiles with wet |ab validation data
from the partner's existing C. elegans screening program.

7.2 Innovation

This project is innovative because it is the first platform to combine the complete C. elegans connectome
with population ecology simulation, generational memory transmission, and pharmacological perturbation
modeling. This combination enables three categories of experiment that are impossible with current tools:

* Chronic low-dose population studies. Model the behavioral effects of sustained sub-lethal exposure
across multiple worm generations — approximating the clinical context of chronic drug treatment far
more faithfully than single-worm acute assays.

* Cultural transmission phar macology: Measure how drug exposure affects the quality and content of
cultural knowledge passed to offspring — directly relevant to research on epigenetic drug effects and
intergenerational trauma models.

» Scalable pre-screening: Screen hundreds of compoundsin silico at $0.01 per compound (vs.
$500-5,000 for wet lab assays) to prioritize candidates before animal testing, reducing both cost and
animal use.

7.3 Approach
The pharmacological perturbation module adds three interfaces to the base M othersoul Architecture:

» Connectome Perturbation API: Exposes synaptic weights and neuron excitability parameters as
adjustable values. Drug compounds are characterized by their effects on specific neuron classes
(cholinergic, GABAergic, serotonergic) and implemented as parameter shifts. Initial compound library
based on published C. elegans pharmacology literature (>200 characterized compounds).

» Behavioral Endpoint Library: A suite of standardized behavioral assays implemented in simulation
— chemotaxis index, thrashing rate, body bends/minute, food consumption rate, social aggregation
index — directly matching published wet lab assay protocols for cross-validation.

» Generational Exposure Protocol Engine: Configures drug exposure schedules: acute, chronic,
intermittent, developmental (early-life only), and multigenerational. Records Mothersoul transmission
dynamics under each exposure regime, enabling direct study of epigenetic and cultural transmission
effects.



7.4 Budget Justification (Phase | — $314,000)

Category Amount Justification

Personnel (Pl  + Research | $178,000 Pl 0.6 FTE ($72K), RS 1.0 FTE ($85K), 12 months

Scientist)

Bioinformatics Consultant $24,000 Wet |ab validation coordination and data interpretation

Cloud Computing $28,000 AWS GPU instances for simulation runs at scale

Wet Lab Validation (subcontract) | $45,000 Partner lab running reference compound assays for
cross-validation

Software Licenses and APIs $12,000 LLM API costs, database services, analysistools

Overhead (26% modified total | $27,000 NIH-standard indirect cost rate for small business

direct)

TOTAL $314,000 Within NIH SBIR Phase | $314,506 cap (FY 2024)

7.5 Commercialization Plan

The commercial product following Phase Il is a SaaS platform: WormScreen — an in silico C. elegans
pharmacology screening service accessible via web interface and API. Target customers include CNS drug
discovery teams at pharmaceutical companies ($10B+ market), academic neuroscience labs ($500M NIH
funding annually to C. elegans researchers), and contract research organizations (CROs) seeking to reduce
animal testing costs. Pricing model: $500-2,000 per compound screened, or $5,000-50,000/month SaaS
subscription for high-volume customers. Conservative Year 3 revenue projection: $2.4M ARR with 8-12
pharmaceutical customers.

7.6 Academic Partnership Strategy

The STTR mechanism (PA-24-184) permits direct academic collaboration, making this an ideal vehicle for
formalizing relationships with existing C. elegans research groups. Target partners include WormBase
(Cdifornia Institute of Technology) for connectome data access and validation, and at least one wet lab C.
elegans group at a Texas research university (UT Southwestern, Rice, or TAMU — all within reasonable
proximity) for cross-validation subcontracts. The STTR requires a minimum 30% of the budget to flow to
the academic partner, which is easily satisfied by the wet 1ab validation subcontract in Aim 3.

8. HARDWARE REQUIREMENTSBY PHASE




Phase Hardware Specs Cost Capability
Phase 1 (| Your current | Any Python-capable laptop or | $0 20-50 worms, RL brains, 50
Prototype | computer desktop. 8GB RAM minimum. generationsin ~2 hours
) No GPU required.
Phase 2 | Same computer | Add Anthropic APl  key | $20/mo | 5-10 worms with LLM brains,
(LLM + API (~$20/month) or run Llama death reports, basic Mothersoul
Brains) 3.2 1B localy (requires 8GB
VRAM or 16GB RAM for
CPU mode).
Phase 3 | AWS 4 vCPUs, 16GB RAM, 1x | $0.53/hr | 500-2,000 worms, JAX ecology,
(Scale) g4dn.xlarge NVIDIA T4 GPU (16GB | (spot) 1,000 generations/day
VRAM). Spot instance pricing
available.
Phase 4 | AWS p3.2xlarge | 8 vCPUs, 61GB RAM, 1x | $3.06/hr | 5,000-10,000 worms, full LLM
(Full) cluster NVIDIA V100 GPU. Or: 4x | or $0.90 | sampling, pharmacology module,
g4dn.xlarge with distributed | (spot) real-time dashboard

JAX.

9. DISCUSSION: THE DEEPER SIGNIFICANCE

9.1 On the Simulation/I nstantiation Question
The most profound question the Mothersoul Architecture raises is whether a sufficiently complete
simulation of an embodied, socially embedded, generationally continuous agent constitutes something more
than simulation. At 302 neurons we are unlikely to approach this threshold — but the architecture is

designed to scale. The C. elegans connectome is the proof of concept; the framework applies at any level of
biological complexity.

What the system will definitively demonstrate, even at the worm scale, is the gap between a wiring diagram
and a mind. OpenWorm has had the complete connectome for over a decade and still cannot reproduce the
worm's natural behavior. The Mothersoul Architecture adds what is missing: a body with stakes in its own
survival, an ecology that creates real pressure, and a mechanism for knowledge to accumulate across
generations. Whether this produces something we would call experience remains open. What it produces,

demonstrably, will be something richer than we have seen from connectome simulation alone.

9.2 On the Relationship to Current Al Devel opment




The dominant paradigm in Al development — scale the model, scale the data, evaluate on benchmarks —
has produced remarkable results but increasingly encounters the limits of disembodied learning. The
Mothersoul Architecture represents a complementary research program: rather than making larger models
smarter about the world, make smaller models that live in a world. The worm does not know more than
GPT-4. But the worm has something at stake. That difference may matter more than capability as the field
matures.
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