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Characterising the CYP21A2 gene with Parakit
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The RCCX module in the HLA region

& ~30 Kbp genetic module containing the CYP21A2 gene or its
paralog CYP21A1P.
& Reference and most individuals have bi-modular alleles.
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Pathogenic SNVs/indels or deletions

Most common causes of CYP21A2 disruption and congenital adrenal
hyperplasia (autosomal recessive).
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Challenges

# Clinical tests use combination of PCR amplification, Sanger
sequencing, probe amplification (MLPA)

& Low resolution or low confidence.

The CYP21A2 region



Challenges

# Clinical tests use combination of PCR amplification, Sanger
sequencing, probe amplification (MLPA)

& Low resolution or low confidence.

& Multi-mapping confuses variant caller with short reads.

Linear reference genome

sequencing read } Sequenced genome
I = |

The CYP21A2 region



Cost-efficient Nanopore pipeline

& Only one flow-cell of Nanopore

« ~30X coverage
+ 30 Kbp read N50
= ~99% accurate

Cost-effective long-read sequencing with NAPu



Cost-efficient Nanopore pipeline

NAPU
(Nanopore

& Only one flow-cell of Nanopore Analyais

Pipeline)

« ~30X coverage
+ 30 Kbp read N50
= ~99% accurate

Raw ONT
sequencing
reads

Qo

& Nanopore Analysis Pipeline (U?) to get 1)
haplotype-resolved:
1. small variants (SNPs/indels)
2. structural variants
3. de novo assembly
4. methylation marks

Shasta +
Hapdup

Haplotype
resolved

Assembly

calls (bed)

Kolmogorov, Billingsley, et al. Nature Methods 2023
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Cost-efficient Nanopore sequencing of rare disease patients

+ Four patients suffering from congenital adrenal hyperplasia.
(+ two parents)

& All sequenced with ONT ~30X coverage, 30 Kbp N50, ~99%
accurate.

Cost-effective long-read sequencing with NAPu



Cost-efficient Nanopore sequencing of rare disease patients

+ Four patients suffering from congenital adrenal hyperplasia.
(+ two parents)

& All sequenced with ONT ~30X coverage, 30 Kbp N50, ~99%
accurate.

& NAPu identified some deletions and pathogenic SNVs.

+ Some missing a second hit, others with unreliable phasing.

cing with NAPu



Parakit: paralog toolkit using collapsed pangenomes

Address multi-mapping confusion by mapping to a collapsed
pangenome and by analyzing the alignment profile.
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Parakit: paralog toolkit using collapsed pangenomes

Address multi-mapping confusion by mapping to a collapsed
pangenome and by analyzing the alignment profile.
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RCCX pangenome construction

Minigraph-Cactus with ugly tricks to force module collapsing.

e

GRCh38
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RCCX pangenome construction

Minigraph-Cactus with ugly tricks to force module collapsing.

GRCh38

4 Extacted modules from high-quality human assemblies
HPRC1

HPRCn

Long-read sequencing analysis with Parakit



Pangenome coloring

Identify informative nodes, i.e. specific to module 1 or 2.

Non-specific bubble
/

Clear modulel/2 bubble

Long-read sequencing analysis with Parakit



Reanalyzing sequencing reads with this pangenome

Local reads extracted and aligned to the pangenome (GraphAligner).

Then:
1. Compute read coverage along the module
2. Compute allele support on module-specific bubbles
3. Find reads supporting pathogenic variants
4. Predict diplotype

cing analysis with Parakit



Coverage and allele support on module-specific bubbles
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Variant calling from reads supporting a pathogenic signature

Reads represented by path through pangenome, esp. informative

nodes.

D—|—H—H—.\L Read supporting “normal”
bimodular allele
O = » » = Bl Read supporting deletion/fusion
allele

| [ = = = B Read supporting a
SNP/gene-conversion allele

Sliding window approach to find module switches or isolated nodes.

Long-read sequencing analysis with Parakit



Read supporting fusion or known pathogenic variants
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node ID in the pangenome

SNV is a known pathogenic ClinVar variant.
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Diplotype prediction

1. Enumerate candidate haplotypes.

Not too many but not necessarily two.

2. Select most likely pair based on read alignment and coverage.

Long-read sequencing analysis with Parakit



Diplotype prediction

1. Enumerate candidate haplotypes.

Not too many but not necessarily two.

2. Select most likely pair based on read alignment and coverage.

Work-in-progress. Currently using a read clustering/consensus
approach.

Long-read sequencing analysis with Parakit



Cluster and consensus of module alleles

Clustering/consensus based on the pangenome profile, module-specific nodes only.
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Cluster and consensus of module alleles

Clustering/consensus based on the pangenome profile, module-specific nodes only.
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Cluster and consensus of module alleles

Clustering/consensus based on the pangenome profile, module-specific nodes only.
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Rank candidate diplotypes

Read alignment

Is there a good place to map the reads, esp. long ones?

= average alignment score, weighting reads by their length.

Read coverage

Are the diplotype copy numbers consistent with the read coverage?

= Pearson correlation between node coverage in diplotype and reads.

Long-read sequencing analysis with Parakit



Predicted diplotype

node e module-specific shared module © 1 e both o 2
— -
750 ® o
il
5001 o mem" hap_1
250 o ommnts
) m—
2 0A
=
£2 = -
c @ 15004 -
o< @mo ©
’é B o Y
28 10004 > At =¥
g_ - (L hap_2
- =
cm— sl
500 R
commm— % ‘
04
c T .
E=]
o7 q{ E——SEEEE [cyp21atP]
[
mg  E—— - [ cyp21A2
© EE exon == gene 500 1000

node ID in the pangenome




Summary figure
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imodular alleles also detect
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Comparable results with Pacbio HiFi reads
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Consistent results with parents
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Parakit
& Toolkit to characterize long-reads mapping to the RCCX region
hosting CYP21A2.
& Visualize coverage, allele balance, variant-supporting reads,
predicted diplotypes.
& Found compound-heterozygous pathogenic variants in 4/4 rare
disease patients.

@ https://github.com/jmonlong/parakit
2
\
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https://github.com/jmonlong/parakit

Parakit

& Toolkit to characterize long-reads mapping to the RCCX region
hosting CYP21A2.

& Visualize coverage, allele balance, variant-supporting reads,
predicted diplotypes.

& Found compound-heterozygous pathogenic variants in 4/4 rare
disease patients.

@ https://github.com/jmonlong/parakit
2
\

Add new features (annotate contigs, better diplotype inference).

& Manuscript in preparation.
& Automate construction for other regions.

Long-read sequencing analysis with Parakit


https://github.com/jmonlong/parakit
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Paraphase, a solution for high-fidelity Pacbio long reads

All reads aligned to the CYP21A2 module, then phased them into

haplotypes.
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RCCX gene annotation of the HPRC haplotypes
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