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CCS Concepts

- Applied computing —» Computational genomics; - Com-
puting methodologies — Learning paradigms; « Security and
privacy — Data anonymization and sanitization.
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Abstract

Background. Rare diseases collectively affect over 300 million peo-
ple worldwide, yet their underlying causes are not well understood.
Neurofibromatosis type 1 (NF1), affecting approximately 1 in 3,000
individuals, is one such rare disease. Despite being a genetic condi-
tion, the underlying mechanisms of malignant transformation in
NF remain poorly understood, leaving patients with limited thera-
peutic options. While high dimensional genomic data is collected
from the patients, the application of advanced computational and
artificial intelligence (AI) methods to NF1 and other rare diseases is
particularly challenging, as available cohorts are typically small and
heterogeneous, limiting statistical power and model generalizabil-
ity. Interest in rare disease research has spurred the development of
techniques for generation of synthetic patient data to benchmark
new statistical methods, to augment training data, and to facilitate
privacy-preserving data sharing.

While synthetic data generation (SDG) has been explored in
rare disease contexts, the systematic generation and evaluation of
synthetic germline genomic data for rare diseases remains largely un-
explored. Existing methods for synthetic germline data generation
focus on generating single nucleotide variants (SNVs) or operate
on predefined genotype matrices, while others are restricted to
somatic variants. To our knowledge, no prior work generates syn-
thetic germline variant records, including SNVs, as well as insertions
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Transition (Ti) to Transversion (Tv) Ratio Distribution (N=61 samples per group) in NF1 cohort
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Figure 1: SNV transition/transversion (Ti/Tv) ratio comparing
real and synthetic datasets.
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and deletions (indels), learned directly from real variant calls in a
rare disease cohort.

Methods. We generated synthetic germline variant datasets in vari-
ant call format (VCF) by integrating domain knowledge (e.g., pa-
tient profiles and variant classifications) with a decision tree-based
synthetic data generator (CART based SYNTHPOP) trained on 61
patients from NF Data Portal (Synapse). We developed 5 model vari-
ants (A-E) differing in incorporated domain knowledge and sam-
pling strategy. For example, Method D relies only on common and
recurrent variants, while Method E also considers patient-unique
variants. Our code is available on Synapse.

Results. Fig. 1 demonstrates that the Ti/Tv ratio distribution in the
synthetic datasets closely resemble the real NF1 cohort. We will
further refine the models to better capture NF1 cohort characteris-
tics, and evaluate the downstream utility and privacy risks of the
synthetic data. All synthetic datasets are published on Synapse.
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