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ABSTRACT
AI-driven genomic research remains hindered by fragmented repos-
itories, inconsistent metadata standards, and uncertainties about
data validity and reuse. We propose a federated meta-layer to aggre-
gate genomic datasets from multiple public sources into a unified
discovery repository. To automate validation and enhance reliabil-
ity, we introduce a proof-of-concept large language model-based
agent that autonomously generates and executes code to validate
dataset availability, structural integrity, and labeling correctness.
Inspired by autonomous scientific discovery frameworks such as
the robot scientist [11], our approach simplifies genomic dataset dis-
covery and verification, aiding the exchange of genomic discovery
among different research facilities by enhancing the efficiency of
genomic database retrieval and curation. Our proof-of-concept im-
plementation is publicly available at https://github.com/samblouir/
agents_for_genomics.
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1 INTRODUCTION
Genomic research increasingly leverages AI for tasks such as variant
detection and disease prediction. Fragmentation across repositories
(NIH dbGaP [1, 8], EGA [13], and individual labs) and inconsistent
metadata hinder data discoverability and trustworthiness. Despite
standardization efforts (GA4GH [9], ELIXIR [2]), verifying metadata
accuracy remains challenging due to manual or nonexistent quality
checks [4, 5].

Current genomic data-sharing practices have resulted in wide-
spread fragmentation. Datasets are scattered across public reposi-
tories and individual lab websites, each using different metadata
standards and documentation practices. Community initiatives
like GA4GH [9] and ELIXIR [2] have improved some standard-
ization, yet challenges remain in verifying metadata accuracy and
dataset reliability, especially when considering the size of these
data sources [4].
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Existing public genomic databases provide valuable open-access
data, but inconsistencies in metadata standards and limited quality
verification pose significant challenges. Labs independently manage
metadata annotations, sometimes resulting in stale, mislabeled,
or poorly structured data [5]. Community-driven initiatives have
partially addressed standardization, but data validity and quality
checks remain manual, inconsistent, or, in the worst case, non-
existent.

We propose a lightweight, federated meta-layer that enhances
genomic data discoverability while promoting responsible AI gover-
nance. Our approach combines the aggregation of multiple sources
(including HuggingFace [16], NCBI [3], and other sources of ge-
nomic datasets), and introduces an automated AI-agent pipeline
that validates dataset structure, labels (if applicable), and meta-
data accuracy, helping ensure trustworthy data sharing without
excessive manual burden from adjusting past projects [6, 7].

Primarily inspired by successful community-oriented platforms
such as HuggingFace, we propose a federated meta-layer that inte-
grates automated dataset validation and searching. Our approach
seeks not only to enhance data discoverability but also to ensure
metadata accuracy and structural integrity through an AI-driven
validation agent.

2 TECHNICAL APPROACH: FEDERATED
META-LAYERWITH AI VERIFICATION

Our architecture includes two complementary components:

2.1 Search Engine
By spreading and aggregating search results across multiple sources,
our meta-layer can allow researchers to more easily learn where
data can be directly sourced, find out about additional disclaimers,
and learn how to correctly cite or reuse it [6, 7]. PIs and labs can
see direct benefits of clarifying their documentation for AI-driven
verification. Having verified usage guides can lead to increased
citations and collaborations.

2.2 AI Agent for Data Validity and Structure
Verification

To proactively ensure data quality and structural accuracy, we de-
ploy an automated AI agent that performs routine dataset validation
tasks:

The AI agent can attempt to load and parse dataset samples,
ensuring they match advertised metadata structures. For example,
documentation should be straightforward to follow. Clear discrepan-
cies can be discovered by an agent, reducing code-related overhead
and annoyances involved. The agent writes code to train a small
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classifier (or other model) on this data, and make basic verifica-
tions that elements such as sequence labels are aligned. Possible
annotation errors can be automatically flagged for review based on
excessive model non-convergence.

2.3 Proof-of-Concept Agent Implementation
We demonstrate a working proof-of-concept by leveraging NousRe-
search Mistral 24B DeepHermes [15] as an agent. We provide our
code at https://github.com/samblouir/agents_for_genomics. Here,
the agent locates the dataset online, downloads it, and attempts to
validate the genomic labels by training a small model on the "hu-
man vs. worm" dataset from GenomicsBenchmarks [10]. We note
this is a simple and minimal example. Passing automated checks
like these, like other forms of software testing, can help improve
trust in metadata and labels.

3 USE CASE: ANTIBIOTIC-RESISTANCE
DATASET

A researcher studies antibiotic-resistant genes in bacterial pathogens.
Previously, this required manual data discovery across isolated web-
sites with uncertain metadata accuracy.

With our meta-layer and AI agent:

(1) A researcher can search and receive aggregated results from
NIH, independent lab pages, and other sources [7, 9].

(2) Each entry includes validated metadata, direct links, explicit
usage guidelines, and ready-to-run AI code examples for
immediate integration into their research.

(3) Automated AI-agent verification can help assure the re-
searcher of metadata accuracy.

4 EVALUATION
Quantitative measures of dataset discovery can be clearly marked
by watching historical download and citation rates for relevant pa-
pers. Model outputs can be audited by authors or other community
members verifying and contesting flagged datasets.

5 DISCUSSION
A meta-layer with AI-driven validation can significantly enhance
genomic data discovery and responsible usage by centralizing meth-
ods to communicate with authors, distribute datasets, and share
documentation and code to use the data. Such an automated plat-
form can promote responsible, efficient data reuse with potentially
minimal manual overhead.

Although platforms such as HuggingFace have gained wide pop-
ularity in the NLP and computer vision domains, its adoption in the
genomics community remains limited [14]. Challenges include inte-
grating vastly different data formats, maintaining accuratemetadata
and instructions for large (and often sensitive) datasets, and ad-
dressing other considerations unique to genomics. Community-led
governance can help establish standards for an approach that could
allow researchers to benefit from the speed and ease of a platform
similar to HuggingFace [12].

Additionally, continuous refinement or upgrades to the AI-driven
verification methods may be needed to keep pace with the evolving

field—but we have seen standards naturally emerge in other fields
as incentives exist, such as increased citations.

6 CONCLUSION
We propose a community-led meta-layer website and dataset con-
gregator to help boost the proliferation and implementation of
genomic data for researchers, augmented by an AI-driven verifica-
tion agent that attempts to verify metadata validity and structure.
With enhanced verification techniques, such as automated BLAST
sequence checking and improved data integrity verification, such a
solution can promote trustworthy and transparent genomic data
sharing. This platform simplifies responsible AI reuse and reduces
barriers for researchers, advancing efficient and ethical genomic AI
research.

7 LIMITATIONS
Although our proof-of-concept agent works to verify a relatively
simple binary genomic classification task, real-world datasets can
have more complex structures or require domain-specific validation
steps. Privacy, ethical guidelines, and regulatory considerations for
human genomic data also demand careful planning and might limit
data sharing distribution or even links or references to the source,
in certain contexts. Future work should address these aspects to
ensure that AI-assisted validation can be robust and inclusive to
researchers throughout the field.
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