llluminating the Dark Genome: evaluation
of technologies to assess medically
relevant dark spots

Fritz Sedlazeck
@sedlazeck

College of :
Oct.18,2018 Pt .

HUMAN GENOME SEQUENCING CENTER




Emerging technologies improve genomes

Technology Yield/flow cell Read Length/Range
PacBio Sequel ~10 Gbp ~15 kbp *
ONT MiINion ~10-12 Gbp ~30 kbp *
ONT Promethion ~80 Gbp ~30 kbp *

10x Linked Reads ~30x 100bp paired end/
100kbp
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|dentification of complex SVs with long reads

Long reads: —) G —
(+) SVsin repetitive regions i e e — '
(+) Span SVs

(+) Uniform coverage

(+) Can identify more complex ,
SVs : =

Inversion flanked by deletions: = == =
* Haemophilia A ‘ R ‘

* Only found over long range PCR! — —
(2007)

Sedlazeck et.al. (2018)



ldentification of false positive signals.
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The dark genome

There will never be a fully medical actionable genome .
on short reads alone! '




Comprehensive Genomes Pilot: CCDG

Family Study lllumina, PacBio Oxford 10X . (R:;“ﬁ-psaei?s -
PCR-Free Nanopore | Genomics M)
Ashkenazi Jewish trio 38x 18x 11x 30x 50
HGSC Control Trio >100x 19x 14x 56x 68
HapMap CEU Trio >100x 40x 25x 30x 35
@HGSC

External




TPMT

e TPMT gene - encodes the enzyme that metabolizes thiopurine drugs

e 3drugs: azathioprine, mercaptopurine, thioguanine
o Chemotherapy for pediatric leukemia

e Two variants, rs1800460 and rs1142345 (>8000 bases apart)
o cis: TPMT*1/*3A diplotype (intermediate metabolizer)
o trans: TPMT*3B/*3C diplotype (poor metabolizer)
> *1/*3A diplotypeis more common but less severe than *3B/*3C




|GV viewer

| 1 I [0 T
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Phasing: TPMT
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Phasing: Chr6
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The dark genome

There will never be a fully medical actionable genome

" > = o _ 4
on short reads alone! B T e
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. % AE Long reads: Gene body phasing

: ‘ ~~ 10x genomics: Chr wide phasing.



Phasing: HLA
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HLA-F

o Non-classical HLA class | heavy chain paralogues

o HLA-F regulates the immune system in pregnancy, infection, and
autoimmunity by signaling through NK-cell receptors

o Important for cancer and tumors?

o Several diseases: hepatitis B, Systemic Lupus Erythematosus, and Type 1
diabetes (T1D). 1!

1: PMID 25862890, PMID 26332651, PMID 22544725, PMID 21561677, PMID 25435979, PMID 24350297, PMID 22015712..



HLA-F deletion
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The dark genome

There will never be a fully medical actionable genome

- r Neie
on short reads alone! B T e
: .. ““..r ‘o' - x - ;

A Tm T *;’, y" V detection:

> Ba L Y 1 .
. % AE Long reads: Great

10x genomics: lacking of good software.



SMA: spinal muscular atrophy

* SMN1 and SMN2 are highly similar and are ~850kbp apart.
e 5 bases distinguishthem

* 95% of individuals with spinal muscular atrophy have homozygous
deletions of exon 7 in SMIN1

Centromeric copy Telomeric copy

< >
272 C272
CATT-1 (MS1 CATT1 (171 AG1-CA 212 212 AGl1-CA (171 CATT-1 CMS1
1 T |
GTF2H2 NAIP SMN2 SERF1 SERF1 SMN1 NAIP GTF2H2

o —— ] [ —— R R

SMA genetic map on chromosome 5q13

https://www .togetherinsma-hcp.com/en_us/home/dise ase- ed ucati on/s pinal-muscular-atrop hy. html



SMN1 + SMN2
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SMN1 exon/
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Repeat expansion/contraction
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The dark genome: conclusion

There will never be a fully medical actionable genome

on short reads alone!

= SNP Deletlons Insertions Rearrangements Phasing
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lllumina 10X genomics PacBio Bionano
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Software

NGMLR
Sedlazeck et. al. (2018)

Sniffles
Sedlazeck et. al. (2018)

* Convex gap model * Detection of all SV types

Improved split reads * Also nested/adjacent events

Oxford Nanopore + PacBio *  Oxford Nanopore+ PacBio

* github.com/fritzsedlazeck/Sni
ffles

github.com/philres/ngmir

Crosstich

Clairvoyante ) i
Kirsche et.al.(in prep)

Lou et. al. (in review)

e Phases SV + SNPs
* Neural Network based SNP

calling e Local assembly
. !LUCn;:Sa’f Oxford Nanopore + *  Uses HapCut2 (SNPs) + Sniffles(SVs)

. github.com/aquaskyline/Clairvo e github.com/schatzlab/crossstitch

yante
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