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Abstract
Motivation: Enabling clinicians and researchers to directly interact with global genomic data resources by removing technological barriers is vi-
tal for medical genomics. AskBeacon enables large language models (LLMs) to be applied to securely shared cohorts via the Global Alliance for 
Genomics and Health Beacon protocol. By simply “asking” Beacon, actionable insights can be gained, analyzed, and made publication-ready.
Results: In the Parkinson’s Progression Markers Initiative (PPMI), we use natural language to ask whether the sex-differences observed in Parkinson’s 
disease are due to X-linked or autosomal markers. AskBeacon returns a publication-ready visualization showing that for PPMI the autosomal marker oc-
curred 1.4 times more often in males with Parkinson’s disease than females, compared to no differences for the X-linked marker. We evaluate com-
mercial and open-weight LLM models, as well as different architectures to identify the best strategy for translating research questions to Beacon 
queries. AskBeacon implements extensive safety guardrails to ensure that genomic data is not exposed to the LLM directly, and that generated code 
for data extraction, analysis and visualization process is sanitized and hallucination resistant, so data cannot be leaked or falsified.
Availability and implementation: AskBeacon is available at https://github.com/aehrc/AskBeacon.
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1 Introduction
Global Alliance for Genomics and Health (GA4GH) intro-
duced the Beacon protocol (Rueda et al. 2022) to standardize 
the exchange of genomic and phenotypic information. The 
underlying schema is designed for clinical and research use 
and enables industry-standard security and data governance 
practices. Beacon can jointly query genotypic and phenotypic 
data, with metadata information encoded through ontolo-
gies. However, empowering the community to perform these 
advanced queries requires a user-interface that can hide the 
underlying complexities, such as query combinations across 
collections (Cohorts and Datasets), entity types (Individuals, 
Biosamples, Runs, Analyses and Genomic variants), and re-
turn types (Records, Boolean, Counts), as well as translating 
medical or colloquial terminology to an ontology code, e.g. 
SNOMED.

We developed AskBeacon to abstract the complexities of 
the Beacon schema using large language models (LLMs). 
AskBeacon is a web interface (Supplementary Section S1) on 
top of sBeacon (Wickramarachchi et al. 2023), a cloud-based 
production-ready implementation of the Beacon protocol. It 
acts as the interpreter between a clinical or research question 
and the Beacon schema-formatted query (Fig. 1).

For example, using AskBeacon, clinicians and researchers 
can validate in their data whether the genetically determined 
sex differences in Parkinson’s Disease (Klein and K€onig 
2021) are due to X-linked [RPL10 (Le Guen et al. 2021)] or 
autosomal [SNCA (Angelini et al. 2024)] genetic factors. 
Using natural language, users can perform currently expert- 
only steps such as (i) translating “Parkinson’s disease” to an 
ontology code, (ii) identifying individuals in the cohort with 

the relevant genotypes, (iii) constructing the right query to 
obtain the data, and (iv) analysing the data using custom 
scripts to visualize the results.

AskBeacon can query across federated repositories (Sever 
2023) in the global Beacon Network (Fiume et al. 2019), 
where each node can be stood up securely and efficiently us-
ing an implementation of the Beacon protocol (Fromont et al. 
2024), like sBeacon. This enables even small clinical and re-
search groups, e.g. from underrepresented populations, to 
share genomic data and enable the secure, fully consented, and 
controlled query across human genetic diversity (Supplementary 
Section S2).

With our examples (Supplementary Section S6.3), we aim 
to inspire end-users like clinicians and researchers, and 
by addressing the paper to data providers we hope to em-
power them to meet the demand for interactivity by standing 
up an askBeacon-augmented sBeacon (Wickramarachchi 
et al. 2023) instance.

2 Methods
AskBeacon implements LLM connectors for the Beacon 
schema. AskBeacon is methodology agnostic, enabling new 
LLMs to be added as they become available. We tested the 
chat facility of currently available open [Ollama (2024), 
HuggingFace (Vaswani et al. 2017)] and commercial or 
closed-weighted models [OpenAI models GPT3.5 (Ye et al. 
2023) and GPT 4 (Achiam et al. 2023), Anthropic model 
Claude 3.5 (Anthropic 2024)], as well as two different archi-
tectures (parallel and multi-step) for extracting the necessary 
information to populate a valid Beacon query (Supplementary 
Section S3). Specifically, we tested the individual components 

Figure 1. Gaining actionable insights on genomic data. (1) AskBeacon works with the user to create a valid beacon query. (2) Checks with the User that 
all inferred information is correct (e.g. ontology term, locations, etc.). (3) The user interface has different tabs to process queries in parallel and keeping 
contexts separate. (4) AskBeacon performs data analytics from prompts, presenting the resulting code to the user for optional verification and refinement 
(5). It creates publication-ready visualizations (6).
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of a successful query, such as scope extraction, granularity ex-
traction, variants extraction, and filter extraction as well as 
query validity (Supplementary Section S4).

3 Results
3.1 AskBeacon joins convenience of LLM with 
security of Beacon
For the research question “I want to study how sex differences 
affect individuals with disease,” AskBeacon guides the user 
with prompts until all information for a successful Beacon 
query is presented (Fig. 1.1). AskBeacon does the heavy lifting 
of obtaining ontology terms, interpreting genomic locations, in-
ferring the query structure, and confirming all of this with the 
user (Fig. 1.2). The actual query is executed by Beacon’s soft-
ware development kit (SDK, Supplementary Section S6), 
guaranteeing deterministic results. In our example, the data ex-
traction obtains Individuals with mutations in rs28602900 
(RPL10) and rs356181 (SNCA) from the PPMI (Chahine et al. 
2018) (http://www.ppmi-info.org see acknowledgement). For 
beacon instance that are authorized to provide numeric return 
values, AskBeacon also supports data analytics with prompts 
such as “Plot a pie chart for karyotypic sex” (Fig. 1.4). It auto-
matically generates the required analysis code and displays it 
for the user to confirm or adjust (Fig. 1.5). In our case, Fig. 1.6 
shows that the X-linked marker (RPL10) has no sex difference 
in PPMI, while the autosomal marker on chromosome 4 occurs 
1.4 times more often in males with Parkinson’s than females.

3.2 Modular use of LLM to keep pace with innovation
The parallel extraction approach was more resilient to net-
work failures, incorrect inputs, partial inputs, and malformed 
LLM, however, it consumes more tokens compared to multi- 
step extractor. The multi-step approach can instead pick the 
suitable next chain depending on previous input or terminate 
chains early resulting in lower token consumption. However, 
failures at any point can terminate the query without extract-
ing any information (Supplementary Section S4). Parallel 
workflows better scale to future throughputs with the elevated 
token consumption offset by an expected decrease in cost.

Overall, Gemma 2 was the most suitable open model 
for both parallel and multistep workflows (Supplementary 
Tables S4.1 and S4.2) with average F1 scores of 0.92 and 
0.81 for scope, granularity, variant, and filter extraction 
whereas GPT models were the most suitable commercial 
models with F1 scores of 0.91 and 0.81, respectively. Gemma 
2’s superior performance in parallel workflow may be due to 
its training on knowledge distillation rather than the next to-
ken prediction of GPT-4 (Riviere et al. 2024). Commercial 
models overall had greater performance than open-weight 
models, probably due to the larger model size and up-to-date 
knowledge of bioinformatics and genome beacons. We have 
also presented LLM specific analyses of performance in 
Supplementary Section S5.

3.3 Context management for building progressively 
complex interactions across multiple topics
AskBeacon manages chat histories to enable users to build on 
previous queries. These history objects contain the summary 
of a conversation, specifically the variants, filters, chosen 
scope, and granularity. This enables AskBeacon to request 
additional information to generate a Beacon compliant 

query. As shown in Fig. 1.3 the sBeacon User Interface (UI) 
allows the addition of multiple tabs so different queries can 
be maintained in parallel, enabling concurrent but indepen-
dent querying.

3.4 AskBeacon keeps the human in the loop
AskBeacon keeps data extraction separate from data analysis 
to enable checkpointing from the human expert. All infer-
ences are verified with the user to ensure elements such as on-
tology terms or genomic locations queried are aligned with 
the research question (Fig. 1.2). For users with programming 
capability the generated code for data transformation and 
plotting can be reviewed and amended in an editor before ex-
ecution (Fig. 1.5). This optional step is further supported by 
also displaying both standard output and error streams aid-
ing debugging (Supplementary Section S6).

3.5 Security measures
The analysis and exchange of sensitive data demands strict 
guard-rails to prevent misuse, leakage, or exploitation by ma-
licious actors. While all LLM vendors assure data privacy 
and security contractually, AskBeacon augments this by 
keeping sBeacon as the conduit between the data and the 
LLM, so that data is never exposed to the LLM directly. 
sBeacon ensures the safety of underlying data through state- 
of-the-art data security, with user management adhering to 
GA4GH protocol guidelines. sBeacon also ensures that 
AskBeacon’s data extractors operate at the same level of ac-
cess as the active user, hence no data can be extracted 
through AskBeacon that the user does not already have access 
to. AskBeacon’s analytics is protected by using static code 
analysis and sandboxing, preventing accidental exposure of 
source code, files, or runtime variables. We also perform 
static code analysis before any code execution and remove 
code with adversarial effect.

4 Conclusion
We built AskBeacon to leverage the GA4GH’s Beacon proto-
col and LLMs to enable genomic data analysis using natural 
language across the global Beacon network. In the future, we 
will extend the conversation capability to combine data ex-
traction and analytics task, while retaining our extensive hu-
man checkpointing. This will enable users to ask comparative 
questions between cohorts, with AskBeacon automatically 
choosing the best statistical and visualization method. Given 
that Beacon is a discovery tool, differences in return values 
need to be considered, e.g. while some beacons return indi-
vidual genotypes others might return summary statistics that 
are incompatible with each other. This also extends to differ-
ences in ontologies. We will leverage efforts from the termi-
nology community to translate between different dictionaries 
and develop principles for beacons to communicate across 
different abstraction levels.
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