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Overview

A hybrid quantum-classical pipeline for detecting epistatic
(SNP-SNP interaction) signals in autism spectrum disorder
(ASD), using SPARK whole-exome sequencing data and IBM

gate-based quantum hardware.
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Discussion

Cross Method Gene Convergence
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Giant component (LOCAL SEARCH + CLASSICAL METHODS)
1567 SNPs, 718 genes
(hub gene HDAC1 highlighted in orange)

« QAOA's demonstrated value is architectural — consistent, reproducible
seeding for classical search (robustness) — not raw top score; we report

the weaker z-score honestly rather than only the favorable chart.

- Gate-based quantum advantage for epistasis detection is an open

question, not an established result, and we frame every claim accordingly.

- The hardware benchmark yields an empirically measured feasibility

ceiling (~15-20 qubits) for this ansatz and depth on current IBM hardware,

not a theoretical estimate.

« Co-expression between the two core genes is similar in magnitude in ASD
and control tissue — a general excitatory-neuron pattern rather than clear

ASD-specific rewiring.

QAOA Sampling Seeding

Sampling confidence vs. scale
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Results Comparison

Transpiled circuit depth (hardware)
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Random-seeded vs QAOA-seeded local search,
by classical scoring method
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Convergence consistency,
by classical scoring method
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QAOA sub-neighborhood (SEEDING ONLY)

15 SNPs, 8 genes

(hub gene HDAC1 shown in orange)
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Model Pipeline

Hybrid quantum-classical epistasis detection pipeline
SPARK whole-exome sequencing -> ASD candidate genes

1. COHORT & VARIANT DATA
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SPARK cohort Whole-exome VCFs
100 people (50 ASD / 50 ctrl) chr1-6, bcftools merged
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7,091 candidate genes
unbiased, all chr1-6 coding
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2. VARIANT FILTERING
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MAF/missingness filter -> Ml rank -> corr. dedup -> per-gene cap

1,921,464 raw variants -> 4,891 SNPs across 2,257 genes (94% novel vs. SFARI)
scikit-learn, SciPy, pandas
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3. NETWORK CONSTRUCTION
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BioGRID SSI network

HDAC1 hub identified

NeEDL =2-evidence criterion — degree 89, network-dominant
giant component: 1,567 SNPs / 718 genes 15-SNP ego-neighborhood seed set
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4. QUANTUM-SEEDED SEARCH (QISKIT)
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gate-based, IBM R2P, Qiskit
validated vs. brute force: 99.6%
of optimal energy

QAOA seeding Real hardware benchmark
ibm_fez, ibm_miami

8-40 qubits: <2% error to 20q,
breakdown at 409 (depth 125,605)
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5. CLASSICAL LOCAL SEARCH (GENOME-WIDE)

QAOA- vs random-seeded native, z = 3.10
low run-to-run variance
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native, z = 5.68
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ARHGEF3 + PPP2R2C

recovered by all 4 independent methods
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6. SINGLE-CELL VALIDATION (VELMESHEYV 2019)
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Differential expression

Scanpy/AnnData, Mann-Whitney U

73/170 tests significant (FDR)
104,559 cells, 17 cell types

Co-expression analysis

Spearman rho, ASD vs. control

strongest in L2/3, L5/6 neurons
similar magnitude both groups
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Outcome
QAOA-seeded search: consistent, reproducible seeding
(robustness axis), not top raw score. Two independently
. converged, single-cell-validated ASD candidate genes. )
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