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Introduction
Genotyping : Identifying genetic variants in an individual genome from sequencing data, including SNPs, indels, and structural variants.
PanGenie : pangenome-based genotyping tool that represents shared variants from multiple individuals as a pangenome graph. Instead of performing 
read alignment, PanGenie compares k-mers from sequencing reads with allele-specific k-mers in the graph to infer variants. It further integrates 
Hidden Markov Model (HMM) and linkage disequilibrium (LD) information to reconstruct the complete genotype.
Based on PanGenie, our laboratory developed MaskedPanGenie, which introduces spaced seeds (non-contiguous k-mers). By defining “match” and 
“ignore” positions within k-mers, spaced seeds improve tolerance to sequencing errors and increase variant detection sensitivity.
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Although MaskedPanGenie improves error tolerance using spaced seeds, 
it still faces two major limitations.
1. Longer execution time

2. Maybe not the best Spaced k-mer pattern
Sensitivity : Higher sensitivity increases the likelihood of detecting 
true variants.
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Project Background
1. Optimize system structure

2. Fast Spaced Seed Hashing (FSH) algorithm
Using the overlap of adjacent spaced k-mers to avoid redundant 
computation

My Contributions
1. Combine the two optimized versions of the program. Change the 
Spaced k-mer counting algorithm to FSH, then integrate the program into 
the main program.
2. Genotyping results using different seed patterns
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9 human genome datasets, including sequencing reads and 
corresponding variant call sets and do the leave-one-out validation. 
Runtime was used to measure computational performance and wGC, 
precision, recall, and F-score were used to assess genotyping accuracy.
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System-level optimization and FSH-based spaced k-mer counting 
substantially improve the efficiency of MaskedPanGenie. In contrast, 
increasing seed sensitivity yields only marginal gains in genotyping 
accuracy. While MaskedPanGenie performs well on SNVs and indels, 
structural variant genotyping remains challenging. Future work will 
focus on improving the detection and genotyping accuracy of structural 
variants.
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