Resolving variation in polymorphic regions of the human genome
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Clusters of genomic variation

The human genome contains numerous
repeat-rich polymorphic regions whose
population structure Is just starting to be
systematically described. These regions,
called variation clusters, produce large
sets of inconsistent variant calls (fig 1).
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ure 1. A variation cluster. Read alignments in a
bps variation cluster located in KCNMB2 gene.
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Variation clusters are usually excluded
from tertiary analysis because it Is
difficult to interpret and catalog them.

Annotating variation clusters

We developed a method for cataloguing
clusters of genomic variation in WGS
HiFI sequencing data. This method
works by computing variation profiles of
iIndividual HiFI samples and then finding
regions where the profiles deviate from
the baseline levels (fig 2).
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Figure 2. Segmentation of variation profiles. (A)
Variation profiles of 100 HiFI samples in the KCNMB2
variation cluster. (B) Corresponding variation scores.

Once the exact boundaries of variation
clusters have been determined, they
can be analyzed with TRGT, a method
for genotyping low complexity, repetitive
regions that we developed previously.t
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Variation clusters across the genome

We identified 18,558 variation clusters In
the GRCh38 genome across 100 HPRC?
samples, all of which spanned over

250 bps In the reference genome. About
94% of these clusters contained tandem
repeats (TRs). The number of TRs In a
cluster correlated with its size (fig 3).
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Figure 3. Tandem repeats In variation clusters.
The number of distinct simple tandem repeats
contained In a cluster stratified by the cluster length.

The variation clusters have polymorphic
length across the 100 HPRC samples
(fig 4), with over 76% of loci achieving
the mean average deviance score (MAD)
of at least 50.
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Figure 4. MAD scores. Distribution of variation cluster
mean average deviance scores for HPRC samples.

One example Is a variation cluster on
chrl4 which is composed of three motifs
IN various configurations (fig 5).
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Figure 5. A polymorphic variation cluster. Alleles of
a variation cluster composed of three distinct TRs.

Variation clusters in cancer

To demonstrate that our method can be
used to find cancer-specific variation, we
applied It to three prostate tumor-normal
pairs. We identified 95 tumor-specific
expansions that were also expanded
relative to the 100 HPRC controls (fig 6).
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Figure 6. A tumor-specific expansion. A variation
cluster containing a tumor-specific expansion that Is
highly polymorphic in the 100 HPRC controls.

We also confirmed that our method can
identify a repeat that expands In length
from normal to polyp to adenocarcinoma
samples originating from the same
Individual (discovered by Katherine
Wang and Graham Erwin) in LIMD1, a
reported tumor suppressor gene (fig 7).
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Figure 7. A progressive expansion. A progressive
repeat expansion in the 5 UTR of the LIMD1 gene.

Conclusion

We propose a method for annotation and
subsequent analysis of the entire variation
clusters that overcomes typical problems
assoclated with inconsistent variant calls
Inherent to these regions of the genome.
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