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• We will test with different hyperparameters on 
outgroup populations, derived allele frequency, 
and downsampling size to see whether the 
directionality output/signs (𝜓) is robust to 
changes.

• We will convert the code from R to Python via 
ARCH for block bootstrap and Ray for parallelism.

• For all genetic computations, the 
correlation of nearby SNPs (single nucleotide 
polymorphisms) is induced by chromosomal 
crossover. We use a block bootstrap to 
estimate standard error by dividing the 
data into consecutive blocks and 
resampling the entire blocks in the 
bootstrap.

• (𝐹#, 𝜓 only) We need to select one/more 
outgroup populations for computation.

• (𝜓 only) When two populations have 
unequal sample sizes at locus 𝑗, we usually 
downsample the large sample to the 
smaller sample size, which follows a 
hypergeometric distribution. In reality, we 
pick a global downsampling size such that 
both populations can downsample to a 
fixed size at all loci.

• (𝜓 only) We consider only rare alleles still 
found in both populations after 
downsampling, applying the filtering 
scheme shown on the right.
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• 𝐹# Shared Drift Statistic
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• Average Number of Pairwise Differences 
(Nucleotide Diversity)

𝜋 𝐴, 𝐵 = +𝑝" 1 − +𝑝# + +𝑝# 1 − +𝑝"

• Range Expansion Statistic (Directionality Index)
𝜓 𝐴, 𝐵; 𝑂 = +𝑝"
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The dataset contains 3,944 modern Hawaiians as well as 
individuals from other Polynesian islands, and the
Hawaiian genotype matrices have been masked to screen 
out SNPs that appear to have an ancestry that is not 
Polynesian (e.g., European, African) using the local 
ancestry classifier Gnomix.

(Left) 
Directionality 
index (𝜓) used 
for settlement 
path inference
on Melanesian
components to
Polynesian
groups.

(Right) 
Directionality 
index (𝜓) used 
for settlement 
path inference
on Native
American
components to
Polynesian
groups.

We introduce some genetic statistics, 
mainly the range expansion statistic 𝜓, 
efficiently computed from the allele 
frequency files of populations, to 
explore some perspectives of the 
historical founder event between 
populations, such as the geographical 
origin of a range expansion, and 
leverage these genetic statistics to 
construct a potential path of migration 
for Polynesian settlement of Hawaii.
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