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1. Supplementary for Evaluation Metrics
We evaluated our model in terms of evaluation metrics including the concordance rate (CR), the Hellinger score, the scaled Euclidean norm (SEN) score, and the imputation quality score (IQS) (Stahl et al., 2021). In the following equations for different metrics,  is the row vector of the original values,  is the corresponding row vector of the imputed values, and  is the number of samples.
CR is the ratio of correctly imputed SNPs out of all SNPs (Stahl et al., 2021):
⑴
where M is the number of matching SNPs, and G represents the total number of SNPs.
Hellinger score is a measure of the distance between two probability distributions (Roshyara et al., 2014):
⑵
where  and  are the trinomial probability distributions of the true genotype at g and the imputed genotype for each sample, respectively. The original true genotype probability of  can be defined as
⑶ 
where
⑷
and parameter  is the probability of genotyping errors ().
Similarly, the imputed true genotype probability of  can be defined as:
⑸
SEN score calculates the scaled Euclidean distance between the imputed dosage and true dosage per SNP per sample (Roshyara et al., 2014):
⑹ 
where  and  are defined as follows:
⑺ 
⑻ 
IQS adjusts for chance agreement to assess the imputation accuracy with an emphasis on rare variants and is calculated based on the observed proportion of agreement () and the chance agreement () as follows (Lin et al., 2010):
⑼
where   and are defined as:
⑽
⑾
[bookmark: _Hlk112032758]For each SNP across N samples, each cell of  in a  table (e.g., imputed genotypes for AA, AB, and BB, and true genotypes for AA, AB, and BB) represents the number of samples with imputed genotype i and true genotype j, and  and  are the marginal frequencies that would occur if genotypes are called randomly with the same marginal rates.
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