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Emerging	technologies	improve genomes



Identification	of	complex	SVs	with	
long	reads

Inversion	flanked	by	deletions:
• Haemophilia	A
• Only	found	over	long	 range	PCR!	
(2007)

Sedlazeck et	al.	Nature	Methods	 (2018)



Short-read	validation	/	False	Positives

ONT	data

PacBio	data

Illumina	data

Insertion	
In	rep.	region

Inversion:

Translocation:

Truncated	reads:

Insertion	
In	rep.	region

Sedlazeck et	al.	Nature	Methods	 (2018)



How	can	we	leverage	these	technologies	in	larger	
cohorts?

Population
Short-Read	

WGS

Long-read	
sequencing

Comprehensive	
Genomes

● Informed	Sample	Selection● Validate	complex	variation
● Novel	SVs
● Phasing	 information
● Variant	Catalogs

● Comp.	methods



4.	How	to	select	samples:	SVCollector

SVCollector for 
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1000	Genomes

Sedlazeck	et	al.	(bioarchive)	

Population TopN SVCollector

AFR 99 60

SAS 0 16

EAS 0 14

EUR 0 6

AMR 1 4

Subpopulation 30.77% 96.15%



SVCollector:	How	it	works?
Variant Sample	1	 Sample	2	 Sample	3	 Sample	4

1 1 0 0 1

2 0 1 1 1

3 1 1 0 1

4 0 0 1 0

5 1 1 0 1

6 0 0 1 0

7 0 1 1 0

8 0 0 1 1

9 1 1 0 1

10 1 1 0 0

11 1 0 0 1
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SVCollector:	How	it	works?
Variant Sample	1	 Sample	2	 Sample	3	 Sample	4

1 - 0 0 1

2 0 - - 1

3 - - 0 1

4 0 0 1 0

5 - - 0 1

6 0 0 1 0
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8 0 0 - 1

9 - - 0 1

10 1 1 0 0

11 - 0 0 1

SUM: 6 6 5 7

0

1

2

3

4

5

6

7

8

Sample	4 Sample	3 Sample	2 Sample	1

Al
le
le
	C
ou
nt
s



SVCollector:	How	it	works?
Variant Sample	1	 Sample	2	 Sample	3	 Sample	4

1 - 0 0 1

2 0 - - 1

3 - - 0 1

4 0 0 1 0

5 - - 0 1

6 0 0 1 0

7 0 1 1 0

8 0 0 - 1

9 - - 0 1

10 1 1 0 0

11 - 0 0 1

SUM: 1 2 3 0

0

1

2

3

4

5

6

7

8

Sample	4 Sample	3 Sample	2 Sample	1

Al
le
le
	C
ou
nt
s



SVCollector:	How	it	works?
Variant Sample	1	 Sample	2	 Sample	3	 Sample	4

1 - 0 0 1

2 0 - - 1

3 - - 0 1

4 0 0 1 0

5 - - 0 1

6 0 0 1 0

7 0 1 1 0

8 0 0 - 1

9 - - 0 1

10 1 1 0 0

11 - 0 0 1

SUM: 1 2 3 0

0

1

2

3

4

5

6

7

8

Sample	4 Sample	3 Sample	2 Sample	1

Al
le
le
	C
ou
nt
s



SVCollector:	How	it	works?
Variant Sample	1	 Sample	2	 Sample	3	 Sample	4

1 - 0 0 1

2 0 - - 1

3 - - 0 1

4 0 0 1 0

5 - - 0 1

6 0 0 1 0

7 0 - 1 0

8 0 0 - 1

9 - - 0 1

10 1 1 0 0

11 - 0 0 1

SUM: 1 2 3 0

0

1

2

3

4

5

6

7

8

Sample	4 Sample	3 Sample	2 Sample	1

Al
le
le
	C
ou
nt
s



SVCollector:	How	it	works?
Variant Sample	1	 Sample	2	 Sample	3	 Sample	4

1 - 0 0 1

2 0 - - 1

3 - - 0 1

4 0 0 1 0

5 - - 0 1

6 0 0 1 0

7 0 - 1 0

8 0 0 - 1

9 - - 0 1

10 1 1 0 0

11 - 0 0 1

SUM: 1 1 0 0

0

1

2

3

4

5

6

7

8

Sample	4 Sample	3 Sample	2 Sample	1

Al
le
le
	C
ou
nt
s



SVCollector:	How	it	works?
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SVCollector:	How	it	works?
Variant Sample	1	 Sample	2	 Sample	3	 Sample	4

1 - 0 0 1
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SVCollector:	Tomato
SVCollector for 
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Sedlazeck et	al.	(bioRxiv)	

• Based	on	354	Illumina	WGS

• 201,201	SV	called	using	SURVIVOR	
based	on:

• DELLY
• Lumpy
• Manta



How	can	we	leverage	these	technologies	in	larger	
cohorts?

Population
Short-Read	

WGS

Long-read	
sequencing

Comprehensive	
Genomes

● Informed	Sample	Selection● Validate	complex	variation
● Novel	SVs
● Phasing	 information
● Variant	Catalogs

● Comp.	methods



ONT	process	on	Tomato	population	
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How	can	we	leverage	these	technologies	in	larger	
cohorts?

Population
Short-Read	

WGS

Long-read	
sequencing

Comprehensive	
Genomes

● Informed	Sample	Selection● Validate	complex	variation
● Novel	SVs
● Phasing	 information
● Variant	Catalogs

● Comp.	methods



Why	another	mapper?
BWA-MEM: NGMLR:



Why	another	mapper?
BWA-MEM: NGMLR:



Improving	long	read	 alignment:	NGMLR

1. Split	the	reads:
• Translocations
• Inversions
• Duplications

2. Improve	alignment:
• Insertions
• Deletions

Philipp
Rescheneder



Simulations/	Evaluation

• Simulate	20	SVs	of	each	type	
using	SURVIVOR

• Simulate	ONT	like	reads
• Evalutated:

• BWA-MEM
• Graphmap
• Minimap2
• LAST
• NGMLR



Results

Precise

Indicated

Wrong

Alignment	stopped	prior

Fragmented

BWA-MEM

Graphmap

Minimap2

LAST

NGMLR



Why	Sniffles?

Leverage	technology:
• All	types	of	SV:	

• DEL,	DUP,	INS,	INV,	TRA
• Cope	with	artifacts

Other	types	of	variations:
• Inverted	tandem	duplication:

• Pelizaeus-Merzbacher disease
• MECP2
• VIPR2

• Inversion	flanked	by	deletions:
• Haemophilia A	



Sniffles

• Parameter	estimation
• Detecting	all	SV	types
• Detect	sequencing	artifacts

• Optional:	
• Genotype	estimation
• Clustering/phasing	of	SVs
• Reports	sequence	resolved	indels



Results

Precise

Indicated

Not	found

Additional	 events



Results

Precise

Indicated

Not	found

Additional	 events

InvDel

InvDup



Software
Sniffles

Sedlazeck et.	al.	(2018)

• Detection	of	all	SV	types

• Also	nested/adjacent	events

• Oxford	Nanopore+	PacBio

• github.com/fritzsedlazeck/Sni
ffles

NGMLR
Sedlazeck et.	al.	(2018)

• Convex	gap	model

• Improved	split	reads

• Oxford	Nanopore +	PacBio

• github.com/philres/ngmlr

Clairvoyante
Lou	et.	al.	(in	review)

• Neural	Network	based	 SNP	
caller

• Illumina+	Oxford	Nanopore +	
PacBio

• github.com/aquaskyline/Clairvo
yante

Crosstich
Kirsche et.al.(in	prep)

• Phases SV + SNPs

• Local	assembly	

• Uses	HapCut2	(SNPs)	+	Sniffles(SVs)

• github.com/schatzlab/crossstitch



Upcoming:	Princess	

• Snakemake pipeline	to:
• Call	SNPs
• Call	SVs
• Phase	SNPs	+	SVs

• Includes	helpful	options
• Parameter	estimation
• Parental	phasing
• Summary	statistics	and	plots

• Read	length
• Mapping	statistics
• Variation	statistics
• Phasing	length	statistics

Medhat Mahmoud
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