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Fig. 4: Visualizing the MHC and C4 pangenome graphs. (a) odgi draw layout of the MHC pangenome graph extracted from a whole human pangenome
graph of 90 haplotypes. The red rectangle highlights the C4 region. (b-e) odgi viz visualizations of the C4 pangenome graph, where 8 paths are displayed:
2 reference genomes (chm13 and grch38 on the top) and 6 haplotypes of 3 individuals. (b) odgi viz default modality: the image shows a quite linear
graph. The longer links at the bottom indicate the presence of a structural variant (long link) with another structural variant nested inside it (short link on
the left). Indeed, human C4 exists as 2 functionally distinct genes, C4A and C4B, which both vary in structure and copy number (Sekar et al., 2016). The
longer link indicates that the copy number status varies across the haplotypes represented in the pangenome. Moreover, C4A and C4B genes segregate in
both long and short genomic forms, distinguished by the presence or absence of a human endogenous retroviral (HERV) sequence, as also highlighted by
the short nested link on the left. (¢) Color by path position. The top two reference genomes and 2 haplotypes (HG01952#2) go from left to right, while 5
haplotypes go in the opposite direction, as indicated by the black color on their left. (d) odgi viz color by strandness: the red paths indicate the haplotypes
that were assembled in reverse with respect to the 2 reference genomes. (e) odgi viz color by path depth: using the Spectra color palette with 4 level of
path depths, white indicates no depth, while grey, red, and yellow indicate depth 1, 2, and greater than or equal to 3, respectively. Coloring by path depth,
we can see that the two references present two different allele copies of the C4 genes, both of them including the HERV sequence. The entirely grey paths
have one copy of these genes. HGO1071#2 presents 3 copies of locus (orange), of which one contains the HERV sequence (gray in the middle of the
orange). In HG01952#1, the HERV sequence is absent. (f) Bandage layout of the C4 pangenome graph, annotated by using odgi position. Green nodes
indicate the C4 genes. The red rectangle highlights the regions where C4A and C4B genes differ. (g) Annotated bandage layout of the C4 region where
C4A and C4B genes differ due to single nucleotide variants leading to changes in the encoded protein sequences. Node labels were annoted by using odgi
position. (h) Visualization of odgi untangle output in the C4 pangenome graph: the plots show the copy number status of the sequences in the C4 region
with respect to the grch38 reference sequence, making clear, for example, that in HG00438#2, the C4A gene is missing.

visualizations of the pangenome graphs allow an unprecedented high-
level perspective on variation in pangenomes, and have also been critical
in the development of pangenome graph building methods. However, an
interactive solution that combines the 1D and 2D layout of a graph with
annotation and read mapping information across different zoom levels
is still missing. Recent interactive browsers are reference-centric (Beyer
etal.,2019; Yokoyama et al.,2019; Durant et al., 2021; Liang and Lonardi,
2021) or focus primarily on 2D (Wick et al., 2015; Gonnella et al., 2018).
Our graph sorting and layout algorithms can provide the foundation for

future tools of this type. We plan to focus on using these learned models
to detect structural variation and assembly errors.

ODGI has allowed us to explore context mapping deconvolution of
pangenome graph structures via the path jaccard metric. This resolves
a major conceptual issue that has strongly guided existing algorithms to
construct pangenome graphs. Previously, great efforts have been made to
prevent the “collapse” of non-orthologous sequences in the graph topology
itself (Li et al., 2020). This has been seen as essential to making these new
bioinformatic models interpretable. While our presentation is primarily
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qualitative, our work demonstrates that we can mitigate this issue by
exploiting the pangenome graph not as a static reference, but as a dynamic
model of the mutual alignment of many genomes. Because pangenome
graphs can contain complete genomes, we are able to query them to
polarize the information they contain in easily-interpretable and reusable
pairwise formats that are widely supported in bioinformatics. ODGI also
projects variation graphs into vector and matrix representations that allow
the direct application of machine learning and statistical models to the
pangenome. We expect that ODGI will provide a reference interface
between pangenomic and genomic approaches to understanding genome
variation.
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