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Supplementary Figure 1: Flagger results summarizing the proportion of each
assembly that was labeled by Flagger as collapsed, duplicated, erroneously
assembled, or properly assembled (haploid).



0.6

0.8

1.0

10 20 30 40 50
Sequencing depth

%
 v

al
id

 a
lle

le
s

Effect of sequencing depth on validation with Flagger

Supplementary Figure 2: The proportion of alleles that pass validation with
Flagger in a genome versus it’s sequencing depth.



2

4

6

8

10

12

14

16

18

20

0 200 400 600
Allele frequency bin

In
va

lid
 a

lle
le

s 
(%

) 

Filtering of alleles

Supplementary Figure 3: The proportion of alleles that failed validation and
were discarded, stratified by allele frequency.
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Supplementary Figure 4: Distribution of allele lengths in a highly poly-
morphic simple tandem repeat with a unit length of 27bp (CHM13v2
chr14:30135899-30138115) with 560 observed alleles.
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Supplementary Figure 5: Genome ancestry mapping results with somalier
based on on SNVs, for genomes with more than 10% EUR contribution.
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Supplementary Figure 6: Population structure obtained using a PCA projec-
tion of the full set of GA4K and HPRC SVs that were called with minigraph.
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Supplementary Figure 7: Population structure obtained using a PCA-UMAP
projection that was trained on a subset of GA4K and HPRC SVs that were
called with minigraph.
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Supplementary Figure 8: Repeat spectrum in allele sequences in the
pangenome, masked with RepeatMasker and stratified by allele type. Only
alleles that are 80% covered by the annotation over their span are shown.
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Supplementary Figure 9: Repeat spectrum in allele sequences that are unique
to GA4K, masked with RepeatMasker and stratified by allele type. Only
alleles that are 80% covered by the annotation over their span are shown.
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Supplementary Figure 10: Span of sequence that is covered by short-reads
and Iso-Seq reads in contigs that are in a proband’s assembly but that are
not anchored in the genome graph.
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Supplementary Figure 11: Amount of sequence in unanchored contigs in each
genome that does not map to chm13v2.0 and is not covered by repeats.
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Supplementary Figure 12: A) Recall and B) precision density distribution of
minigraph genotypes against PBSV for figure 3A.
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Supplementary Figure 13: Fraction of Chromosomal Microarray (CMA) SV
calls reproduced by minigraph across CMA samples.
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Supplementary Figure 14: The proportion of allele sharing between pairs of
siblings versus the lowest sequencing depth of the genome pair.
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Supplementary Figure 15: Allele sharing distribution between siblings in
GA4K (twins excluded and low coverage pairs included), calculated with
PBSV versus minigraph.
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Supplementary Figure 16: Allele sharing distribution between randomly per-
muted sibling pairs in GA4K, calculated with PBSV and SURVIVOR versus
minigraph.
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Supplementary Figure 17: A) Distribution of non-reference alleles per hap-
lotype, stratified by HPRC and GA4K cohorts, B) per diploid genome in
GA4K. C) Number of SVs called by PBSV per diploid genome.
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Supplementary Figure 18: SV burden of each genome in GA4K vs the se-
quencing depth of the genome.
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Supplementary Figure 19: Long D4Z4 repeat alleles in GA4K can range from
10 kbp up to 100 kbp in length.
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Supplementary Figure 20: SV frequency spectrum stratified by type.
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Supplementary Figure 21: Density of GA4K-only SVs in 1 Mbp windows
across the genome.
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Supplementary Figure 22: Distance distribution of SV alleles that are unique
to GA4K from the nearest gene, stratified by allele frequency.



Pathogenic variant in AARS2

Supplementary Figure 23: Pathogenic variant in AARS2. Showing minigraph
haplotype structures with frequencies and the UCSC genome browser view
of the overlapping PBSV calls.



PBSV call:
GA4K139-04.BND.chr17:76062957
Position: chr17:75958638-75958637

Inversion in ACOX1

Supplementary Figure 24: Inversion in the ACOX1 gene. Showing minigraph
haplotype structures with frequencies. Each haplotype is an ordering of
nodes. The minigraph bubble representing the inversion is also shown.
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Supplementary Figure 25: Whole genome sequencing with short and long
reads of the KMT2E deletion in GA4K178-01 viewed in the Integrated Ge-
nomics Viewer (IGV). Initially called by Dragen 3.6.3 but was not flagged
since the OMIM gene field was missing from AnnotSV likely due to late ad-
dition of the gene to OMIM (original report of KMT2E related disease or
O’Donnell-Luria-Rodan syndrome/OMIM:618512, was in 2019). This family
was then routed to HiFi-GS where the diagnostic variant was detected and
reported.
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